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Abstract

In this project, five underwater acoustic monitoring stations have been
built in Miaoli and Yunlin waters according to the principle of double
gradient. 2 surveys are completed in May and August respectively,
collecting recording data of at least 14 days each time. As for sound
monitoring of white dolphins, the echolocation detection rate of the two
stations in the waters near Yunlin is higher than that of the three stations in
the Miaoli sea area, indicating that the frequency of activities of the white
dolphins in the Yunlin sea area is higher. The shallow coastal waters are
the main foraging habitats for Indo-Pacific humpback dolphin. 73.5% of
echolocation events occurred at night, while only 26.5% of that occurred at
day. This shows that only a small part of group activities can be detected
using the traditional monitoring method. Compared to echolocation events,
the probability of detecting whistling is lower. Displaying the results of
echolocation sound detection can provide more detailed information about

the activities of the Indo-Pacific humpback dolphins.

In terms of ocean soundscape, the night chorus of croaker can be
detected in waters near both Miaoli and Yunlin counties. Among them, the
length of time and the number of days of occurrence of the two stations in
Yunlin and Zhonggang Xikou in Miaoli are higher, indicating that the prey
fish resources of Indo-Pacific humpback dolphins are in the estuary. The
habitat is relatively rich. The temporal and spatial change trend of the
animal sound diversity index is similar to that of fish chorus, showing that
there are many types of vocal fish appearing in the summer estuary waters.
Whether it is in Miaoli or Yunlin waters, the noise of boats can be
frequently detected during the recording, but during the first monitoring of
the waters of Miaoli, the underwater noise originating from the submarine
cable laying project was frequently detected. In addition, in the frequency
range below 500 Hz, the piling noise of the Miaoli Haineng wind farm can
also be detected. The sound pressure value during piling period is 20

decibels higher than that during non-piling periods, indicating that the
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piling noise of the offshore wind farm has a significant impact on the ocean

soundscape within the white dolphin habitat.

The results show that passive underwater acoustic monitoring can
assist in grasping the change of white dolphins’ activities effectively. Long-
term monitoring of the ocean soundscape can not only provide information
on the distribution of white dolphin prey resources, habitat quality, etc., but
also gives a picture of the human activities around the recording site. These
acoustic indexes can exhibit the changes of the white dolphin population
and habitat ecology at various time scales, compensate the insufficiency in
visual observation survey, and can also assist the authorities in evaluating
with quantitative data the interrelationship among human activities, habitat
ecology, and white dolphin population. This evaluation can serve as

scientific basis in formulating conservation policies.
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#Colab F 8 > > i < Fig * o

(1) 7 AR RSLing fh e B 3 2 S e AL & o

(2) %3 AT G £Colab? » £ T BE MR B~ 0 T B
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T eoeB QR

Q 1 from google.colab import drive
2 drive.mount (" /content/drive’ )

Go to thiz URL in a browser: https://accounts. google. com/o/oauth? fauth?elient 1d=54T318589803-6bnfakBadefdnd e dpfeetiddlhcObrcdi. apps. goog]

Enter your authorization code:

1 4.1-1 #1452 44 3¢ Colab

B) §Frd P LA ELEEFETARRL AR E PR RA
17 1 £ Soundscape Viewer {r clickdata visualization 14 2 H i
python® * ehF LA 471 & (Hl4.1-2)
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(4) #=ie 7B R OERA 4 (F14.1-3)
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LA ST B B
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(c) HEFfHHF~ SRk

¢ * batch _processing eriparams_spectrogram #-4x 5 4 #&
LR R T T Sk

® i+ %8B (environment) - k¥ (wat)

® F R (frange): ¥ i+ 5 Hz> 3% * [min, max]

P 5

® i RHART LR (FFT _size) @ Tt B8k
(Fd - B 220N 3 ) o ot flic § B BT
B erolf 5 fiEAT R o

@ P B HE R AT ZESDE R

(window_overlap) A2 0 o <1 2 B eniE o

(d) 2% Aekq i
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4] * params_spectrogram_detection:& 7 5 %14 jp| » K T
VAR & '

® PiLHR (source) . #-hA EAIPN 0P &R

® i EBEE (threshold) : B £ (dB)
® | Fte (minimum interval ) : ™ ehfy B §E
(s) » MS P BE RIS - 283 RS

® Gtkkiny (folder id) : % Zspm Aerfhkmy

( 4 https://drive.google.com/drive/u/0/folders/16

UGDh-32QfXe8IVcAS1-2w7VCzRIzZ5DW 1> ¥
#_16UGDh-32QfXe81VcAS1-2w7VCzRIzZ5DW ) -

(g) &=

O run#eT i TR A BGE TR BT RhA T o B %
LA PR B MR R L 0 Aok b % 2 5 5323.2105280
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© | model = supervised_nmi()
2 model.load model(filename = /content/drive/MyDrive/¥HRE _BIERETEERESEA THED BAIEMT_Qi8FESSREE RN ITRTE/ BT BHEEL/Click_nodel noise_fish_finder20210720. mat’)

check
equancy bin: 0.0 Hz and 96000.0 Hz
: 1500.0 Hz

5] 1 batch = batch processing(folder=" /content/drive/lyDrive/{8{RE_&EHHRERERESBA THBIBRNE MT_QEFEs @RS e/ BEHETH)
2 batch.params_spectrogram(enviromment='wat’, fft_size=128, f_range=[0, 96000], prewhiten percent=0, window_overlap=0.5)
2 batch.params_adaptive_prewhiten(eps=0.1, smooth=3)
4 batch.params_separation(model, iter = 10, additional basis=2)
5 batch.params_spectrogram detection(sourcesl, threshold=0. 41, minimm interval=0. 002, folder_id=" 16UGDh-320Xe81VcAS1-2u7VCzR1z5DY )
6 batch.run()

Id entified 3 files
zo ile no. 0 :5323.210528071028. wav, in total: 3 files/content/soundscape_IR/soundscape_visver/utility.py:196: RuntineWarning:

divide by zero encountered in logl0

7 3 pridld:
invalid value encountered in true_divide
Processing file no. 1 :5323.2105280715%8. wav, in total: 3 files/content/soundscaps_] dscape_viever fsource_: tion. py:314:

invalid value encountered in true_divide
Prossssing file no. 2 :5323.210528072028. vav, in total: 3 files/content/soundscape_IR/soundscape_viever/utility.py:196: Runtine¥arning:
divide by zero encountered in logl0

/

tion. py:314:

invalid value encountered in true_divide

B 4.1-3 £ BRI LR A AR EAT L FTHR
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(a) FI* click_processing:f B~ 6 7 if P35 B % % ctxt F 4§
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A PERY S 2021F 0 R OEFE R B pEAL 0k o

(b) 1% original_detection.to_csv& & @ P F AL = 5 CSVHR % ©
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LR HRR EALB R A BIAG L ocsy
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e
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(a) pd.read_csvif B~ & & (& enCSViE %

(b) i * noise_filter:k T #k§ ¥ B f e p &m0
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® HETH (click) = %2 B D
® G|z (min snr) g £ (dB)
® BHEFIERTHAR (max_smoothness) - &g
PR g Re i plE S
(c) i * effort_calculatezx T_id ;P& % TXTHE X #r iz ¥ > 3K
iy YA E
® Fhxi=% (folder) @3k T W P& % TXTH & 91 ix

B o
=R
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o

~

L Ea
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enE (> (year initial ) * 3K 5 2000F& > F] 5 F %
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® hk&d LR (recording length) @ ¥ — 4%
e
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(d) @ 7 plot ici () %7 # N e 7 1S QRBE
PR o

m 1

i"r@Eéﬂii%ﬁéi& K* BRAT_BIBRE SRR T CliEay csv', sep=’\t')
N smoothness=0. 5)
vs/:ﬁﬁ% N“E”ﬂ “@E@ﬁii%@i& KT RIS _EERER S ERIEER S AT SRR/ TXT/ : ’, initial='5323.”

signals left.
are 189 signals left
Removin othed clicks, there are 183 clicks left.

Bl4.1-5 FUBE BTN > URBRY B2 75

(7) ¥a+ B8 HEREE (F4.1-64.1-74.1-8)

BEFMP BECEAS - IRAFTLI S AL B
ARAR R o R E F]L IR Fp R A3 mlﬁ:E'Jﬂ% % i
R
(a) * temporal changes:* & 45 %18 jp|"E % P I chee

R LPER 347 R (time_resolution) * " 3 T ApF I ) fic
R ET S

(b) * plot_temporal changes.'g % ¥ &1 P& ¥ pF & cree &

REBCFEFCRHEEIR A FAR
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(d) g W3 BT 2 s

O TiopEmE

® P

click _after_filter. temporal_changes (time_resolution=60%30)
click_after_filter.plot_temporal_changes (min number_trains=10, fig width=20, fig_height=8)
click_after_filter.plot_click_summary(}

A S

click after filter.plot_train summary()

& new spreadsheet has been created.
Columns in the spreadsheet: ['Time', 'Recording Time (s
Columns in the spreadsheet: ['Time' ‘Recording Time (s)° ‘Number of clicks']
Columns in the spreadsheet: ['Time' ‘Recording Time (s)' ‘Number of clicks'
‘Ratio of short-range clicks']

Columns in the spreadsheet: ['Time' ‘Recording Time (s)' ‘Number of clicks'
‘Ratio of short-range clicks' ‘Number of trains']
/content/clickdata_visualization/data_processing.py:26@: RuntimeWarning:

invalid value encountered in true_divide
Jusr/local/lib/python3.7/dist-packages/numpy/core/fromnumeric.py:3373: RuntimeWarning:
Mean of empty slice.
Jusr/local/lib/python3.7/dist-packages/numpy/core/_methods.py:17@: RuntimeWarning:
invalid value encountered in double_scalars

Columns in the spreadsheet: ['Time' ‘Recording Time (s)° ‘'Number of clicks’

‘Ratio of short-range clicks® ‘Number of trains®
‘Mean number of clicks/train’]

Number of trains

Number of clicks Ratio of short-range clicks Mean number of clicks/train

@ KH- AL BIEL- SR FrEFLR

06
5000
16
« 20
0s
14
4000
200 12
15 04
3000 0
2 03 150
8
10
2000
02 100 6
5 4
1000
01 50
2
0 0 00 0 o
J < A 3 & S & J < A 3 & S &
& &g G AR
PO ot P o
LA 32— 2 . RE [P 24
2, ~ v =4
Bl 4.1-6 5 W4 Eu PIEF R e
8000
w6000
5
g
5
E 4000
£
-
2000
04

o B B 10 12 14 0 40 60 B0 100 120 140 2 4 [
Duration (ms) Inter-click interval (ms) Signal-to-noise ratio (dB)

Bl 4.1-7 3 W45 Bengr s
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N

AT R A

400

300

Number of trains

100

2 3
Duration (s}

0N &
Mean inter-click interval (ms}

B 418 % W4 5 & g s

E# (F4.1-9) -

Bk 3 GiE -
) %&5’1

06:00:00'], col2

60 80 100

1§ P B (coll _range) : ['Az4p' !
coll range=["2021-05-07

120 140

=)

0 0 0 40

Number of clicks

2.
|

%

Bk R F PER R ® 7 train_drop-H-

%7 (coll) PR ('Time')

(=
=

]
12:00:00,2021-05-19

'ICI Diversity', col2 range=[0, 5],

noise_train=noise_train

LA s ) sy s—

(b) @ ICI » M > MieiT
it

noise_train=np. array([1)

noise_train=click_after_filter. train_drop(col coll_range=[’ 2021-05-07 12:00:00’,’ 2021-05-19
noise_train=click_after_filter. coll_range=[’ 2021-05-19 00, 2021-05-23
noise_train=click_after_filter. coll_range=[’ 2021-05-23 15:00:00°,’ 2021-05-24
noise_train=click_after_filter. coll_range=[’ 2021-05-24 00, 2021-05-25
noise_train=click_after_filter. coll_range=[’ 2021-05-25 23:00:00’,’ 2021-05-26
noise_train=click_after_filter. coll_range=[’ 2021-05-26 00", 2021-05-26
noise_train=click_after_filter. coll_range=[ 2021-05-27 ' 20:00:00°,’ 2021-05-28

coll_range=[’ 2021-05-28
coll_range=[’ 2021-05-30

lick_after_filter.
click_after_filter.

00", 2021-05-30
007, 2021-05-30

17:30:

noise_train=click_after_filter. coll_range=[’ 2021-05-30 00°,” 2021-06-01
noise_train=click_after_filter. col1_range=[ 2021-06-01 02:30:00’,’ 2021-06-01
noise_train=click_after_filter. coll_range=[’ 2021-06-01 13:30:00’,’ 2021-06-01

click_after_filter. train_result=click_after_filter. train result.drop(noise_train)
click_after_tilter. train_click_check (max_ici=0.2)
click_after_filter.plot_ici()

Inter-click interval (ms)

3L e T E—————
N s .

May 21 May 23 May 25

B 1S FERR

v oo B R

06:00: Diversity’, col2 range=[0, 6], noise_train=noise_train)
o Diversity’, col2 range=[0, 6], noise_train=noise_train)
06:00: Diversity', col2 range=[0, 6], noise_train=noise_train)
0 Diversity’, col2_range=[0, 5], noise_train=noise_train)
03:30: Diversity', col2 range=[0, 6], noise_train=noise_train)
1 Diversity', col2 range=[0, 6], noise_train=noise_train)
06:00: Diversity’, col2 range=[0, 6], noise_train=noise_train)
o Diversity’, col2 range=[0, 5], noise_train=noise_train)
23:00: Diversity', col2 range=[0, 6], noise_train=noise_train)
0 Diversity', col2 range=[0, 6], noise_train=noise_train)
10:20: Diversity', col2 range=[0, 6], noise_train-noise_train)
14:00:00'], col2="ICI Diversity’, col2_range=[0, 5], noise_train=noise_train)

|| :| i 3

l ' l o ’

Yo H [ i |

May 27 May 20 May 31 Jun2

B 4.1-9 £ F sk 0 R4 Rl B R R
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9) WHHEET PSS (F4.1-10)

& * click_after_filter.save ¥ ¥ -1 jp| & % siclickfotrains

4 click_after_filter.
5 click_after_filter. save (f

BOAREREURT R RIFIRRE A SRkF T Bl 4y
SRR ERERT > FlA ) RiT B R KA A 3 < § iR
B W TR o ph b o d AN ST e & ?;;g,:gﬁ,-»; y (g
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RITe AR o EHe 70 BRER VRT B R EER
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PIT a0 € 728 E LA E R €D enliin o Flpt A W
P PR b o FREE - B T O AREFEH W LA KT RS

SRR TR AR (T 2 G B MR R T2 - R A

BplEEd3 2 NHARGBNBETTPLEEZTEZRE -
FEST P EREEIFR 254k T A RIET R A

T3 B Ry o P o TR PRIRET R P > KA 1 RS
oS04 g kTR G 9 AR R ?‘Tm751>ff§ e g

ERBBES R0 AR BT ARRETREEY RF R
F o6 ARED TR B M S o E T 2 B R A

WoplpTa 2 B IVIRNA > A E U ‘13:4” e ivd R (Receiver
operating characteristic curve ) :®is #-73] A 24 H Bl ¢ & - B
(Time frame ) hZ|%)ig 4 > 2 & 27T > & § (Areaunder the curve
HAHAUC) # & 091 (B4.2-1) o — Lk » AUCH#ciE /13 % 3
— 2 B ARFR T - AR e N 4 AR o
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Inter-click interval (ms)

click interval (r
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GitHub % = + > 3% & 12 Python #2. ;% 3% 2 #£ B G B 2 42 ;% 75
( https://drive.google.com/file/d/InqYRIZ6HF3z_dX6Ply2aEMnXoXfw
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- FEROERF

- BEXEEEN

. R TEERES R TX TR IS,
2. SHHECSVIERE,
3. BcsvigEERERARE, BEREFENASHICSVEID,

2 #elick_data=e

HéDl——ﬂ

Bk

3 #click data. o

- BBREEE

1 RS HHENCSVIER, IHNERSHEHNSE, BaEERansRsE.
2. REEASRTXTIHSFENME, SEETARESHE,
3. EEERTAGS RIS (SR RESENSITERITAISSR)

1 click_data=pd. read_csv(' /content/drive/MyDrive/##i#&#]
2 click_after filter=noise_filter(click data, min_snr
3 elick_after_filter. effort_calculate(path="/content
click_after filter. plot_ici()

5 elick_after_filter. temporal _changes (time_resolution=560%30)

click_after_filter. plot_temporal_changes(min_number_trains=10, fig width=20, fig height=8
7 click_after_filter. plot_click_summary ()

elick_after filter plot_train_summary ()

MyDrive

Detected 33534519 signals.

Removing isolated signals, there are 516472 signals left.
Removing trains with a few pulses, there are 219040 signals left.
Removing unsmoothed clicks, there are 215665 clicks left.
Example: 5323.210531161533_S1.txt

Please review whether the date and time are retrieved correctly.
Year: 2021

Month: @5

Day: 31

Hour: 16

Minute: 15

Second: 33
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b3k T BF £ p| (passive acoustic monitoring, PAM ) 45 %
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# 1.1-1 Soundtrap 300HF & % 4.1

REAP i

HEF E R 20 Hz-150 kHz + 30 dB

P 3t am (10 Hz-2 kHz) f % 2 kHz 2+ 2

P FEEWG 5 37dB (¥ 1 1 uPa)

B R E BT #* (400kHz)

B & 576,288, 192, 96, 72, 48 kHz ( HF model )

i E (ADC) 16-bit SAR

iRl 256 GB

pO2RF 4 iR £k 13
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Instruments

SoundTrap ST300 Digital Sound Recorders
STD & HF models -

S —— I

e Industry leading audio fidelity
e Very low self-noise

e 60 kHz and 150 kHz bandwidth models

Irnstrurnents' C
e Up to 13 days continuous recording on internal battery /))j
e Up to 70 days continuous with optional external battery (3 x D cell) SoundTrep
e Simple operation with IR remote control
e Sealed, low maintenance, flood proof housing
e Fast USB offload
e Toothed whale Click detection (HF only) ‘ ot

The SoundTrap 300 series are compact self-contained underwater sound
recorders for ocean acoustic research. The STD model is intended for general
purpose use with a working frequency range of 20 Hz to 60 kHz. While the HF
model offers 20 Hz to 150 kHz bandwidth for higher frequency bioacoustic
research. Both feature very low self-noise, ensuring beautiful recordings in
even the quietest places.

An internal battery enables continuous recording for up to 13 days, or 56 days on a 10 minute per hour duty
cycle. For longer deployments plug in the optional external battery pack for up to 70 days continuous recording.
Up to 256 GB of internal memory coupled with lossless audio compression provides storage for up to 65 days
continuous recording at 72 kHz.

Data offload and battery recharge are done via a high quality wet plug. The housing therefore never needs
opening eliminating the usual worries about o’ring maintenance and moisture ingress. Weighing less than 500 g
in air, hydrophone deployment has never been so easy.

Output files are in the industry standard WAV format. Ancillary sensors are included for logging temperature
and tri-axial acceleration. The included software offers flexible deployment options for sample rate, gain
control, filtering, delayed start and duty cycle. Plus the included water proof IR remote control makes for
convenient in-the-field ad hoc measurements. Each instrument is supplied with a calibration certificate and
features self-calibration checks for confirmation of performance in the field.



Detailed Specifications

Bandwidth

STD model 20 Hz - 60 kHz + 3dB

HF model 20 Hz - 150 kHz = 3dB

Self-noise Better than sea-state 0 (100 Hz - 2 kHz)

STD model Less than 34 dB re 1 pPa above 2 kHz

HF model Less than 37 dB re 1 puPa above 2 kHz

Gain Two gain settings - Low noise and high dynamic range.

Maximum level before clipping approx. 186 dB re 1 pPa

High Pass Filter 400 Hz selectable high pass for high energy sites

Sample rates

STD model 288, 144, 96, 48, 36 & 24 kHz

HF model 576, 288,192, 96, 72 & 48 kHz
ADC 16-bit SAR

Calibration Factory OCR calibration certificate

BAT LIGHT

Self-calibration check

Pistonphone coupler available

www.Ocean Instruments co.nz

Control Waterproof IR remote control for manual record start/stop.

Ancillary sensors Temperature - 0.1°C precision, 1°C uncalibrated accuracy in water
Acceleration — For detecting orientation, or cable strum / platform vibration.

Tri-axial accelerometer, +/- 8g, Sampling up to 1 Hz



Click Detection

HF model only. Allows detection and journaling of high frequency marine mammal sonar clicks. Detector runs in
parallel with normal recording process. Conserves memory by simultaneously using a low sample rate for WAV
recording and high sample rate for click detection. See user manual for more information.

Memory 128 or 256 GB Note - loss-less audio compression provides 3-4 times compression, thereby
allowing for up to 1TB of wav file storage.

Internal battery An internal rechargeable battery provides power for up to 13 days continuous operation

External battery The optional external battery housing takes 3 x D cell batteries, and provides up to 70 days
continuous operation.

Connectivity Wet pluggable connector for connection to GPS or radio telemetry.

Maximum depth 500m (Extended depth version available on request)

Dimensions: 200mm L x 60mm D (excluding connector dummy)

Weight Approx. 500g in air



Recording Endurance Table (128GB memory)

Sample Duty Cycle Endur With external
Rate(kHz) ance battery (days)
(days)

36 Continuous 13 64

36 10 minutes 56 278
per hour

48 Continuous 13 51

48 10 minutes 56 278
per hour

96 Continuous 13 25

96 10 minutes 56 153
per hour

144 Continuous 13 17

144 10 minutes 56 102
per hour

288 Continuous 8 8

288 10 minutes 51 51
per hour

576 Continuous 4 4

576 10 minutes 25 25
per hour

Table values assume atypical X3 compression rate of 3x and water temp above 20 degrees Celsius.

dBre 1 uPa

Noise Floor

frequency (kHz)
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1 About this guide

This guide begins with a ‘Quick start’ section to help you get going with your new SoundTrap, including
software installation and basic deployment instructions. This is followed by several sections containing
more detailed information around operation, deployment, maintenance and troubleshooting. It is
highly recommended you read the entire guide to ensure you have a good understanding of the

instrument and how to get the most from its capabilities.



2 Quick start guide

To start using your SoundTrap you’ll need to install the SoundTrap Host software.

2.1 Install the SoundTrap host on your PC

e Pre-installation Notes:
o The SoundTrap host software supports Windows 7 and 8 (32 or 64 bit versions).
o Do not connect the SoundTrap to your computer until you have completed the
SoundTrap host software installation.
o The installation will be smoother if you're logged into windows as an administrator.

e Visit www.Oceanlnstruments.co.nz/downloads/ to download the software.

e Download and run the installer.

e Once the install completes, run the SoundTrap Host application.

2.2 Connect SoundTrap to your PC

e Connect the SoundTrap using the USB cable provided.
e The drivers will take a couple of minutes to install. Once complete you should see your
SoundTrap appear in the ‘Device List’ on the left, as shown in figure 1.

e Select your SoundTrap by clicking its label on the left.


http://www.oceaninstruments.co.nz/downloads/

File Tools Help

Device List:

SoundTrap 134783019

Figure 1 - The Device List

2.3 Check SoundTrap Status

Note the ‘Status’ panel on the right (Figure 3). Verify that the battery has sufficient charge

and the memory is not full.



an SoundTrap Host 1.3.1.17088 0 5 S — - - - - o | o |

File  View Tools Help

Status
. Ay Retri Deploy
Device List: feve
Recording Stars ST202HF
SoundTrap 805326873 @ Immediately upon USB disconect () Attime:  Thursday . January 01, 13:.00:00 [E~ SRS N

Battery Remaining: 16% (3.67 V)
() Manually via remote control Memory Capacity: 31 GB
Recording Schedule Memory Remaining: 58%
[ Periodic Recording 10 Seconds Temperature: 28.2 deg C

10 Seconds

Atemate Seral 330107417

Audio Options Audio Hardware D 1
Figh Pass Fiter (ST200 only) PreAmp Gain fﬂ*gga&:r’sﬁ“sg?}; 34
@ Off © On @ Low @ High Memory ID:
Fimware Version: L
1.1.0.2 M
Sample Rate kHz) Dec 21 2015
5 = = = = = = -, Disable T
@576 D28 D192 D14 O O ©O48 O "
sampling
Detector
© Neme @ HFCick
Ancillary Sensors
Pressure [T] Acceleration Temperature Log once every |10 +| seconds
(]
Other

[] Disable calibration tones [F] Log GPS

Figure 2 — Deploy Control

2.4 Configure the deployment

e Select the ‘Deploy’ tab as shown in figure 2.
e Configure the deployment parameters as follows:

o The ‘Recording Starts’ section determines when recording will begin. Recording can
begin immediately on disconnection of the USB cable, at a pre-determined date and
time, or manually using the IR remote control. Note that the remote can always be
used to override the other options.

o The ‘Recording Schedule’ section provides selection of continuous or periodic
recording. For continuous recording simply leave the ‘Periodic Recording’ option
unchecked.

o Options available in the ‘Audio Options’ will vary according to your device’s
capabilities. Options include the following:

=  Channel Selection selects which channels to record on.



= Sample Rate should be set based on the frequency band of interest and
data rate considerations. A 96 kHz sampling rate is often a good choice for
general environmental noise measurements. Contact Ol support if unsure.

=  Preamp Gain should usually be set to ‘High’. This will result in a maximum
SPL before clipping of approximately 172 dB re 1 uPa. The ‘Low’ setting
should be used for very noisy environments such as in the vicinity of pile
driving. The low setting increases the maximum SPL to around 184 dB, but
comes at the cost of lower sensitivity.

= High pass filter. This should usually be turned off. Generally only used in
high energy sites or when towing a SoundTrap behind a boat. Turning this
on reduces sensitivity in the band 0 to 600 Hz, while leaving higher

frequencies unaffected.

o Detector — see HF Click Detector section below.
o Ancillary sensors — select those you want to log and at what interval. See following

section for details.

Once you've made your selections click the deploy button which will save the settings and
you’re ready to go!

The instruments internal clock is synchronised to your PC when you click the deploy button.
If you change your mind about something, just re-select the instrument from the ‘Device

List’.

Your SoundTrap is supplied with a dummy plug for the wet connector. Please ensure that

you remember to use it when deploying the SoundTrap in order to prevent damage.



2.5 Beginrecording using the IR Remote Control

You may use the remote control to start recording.

e Press ‘START to start recording.

e Press ‘STOP’ to stop recording. PLAY  STATUS  ARM
e If you have set a recording to start recording at a

later time, the recorder will blink red to indicate it CAL BAT LIGHT

is ‘armed’ and waiting.
e The ‘armed’ state is cancelled by pressing Stop key.
e Re-enable the armed state by pressing the ARM

button.

www.Ocean Instruments .co.nz

e You can verify recording has started by checking
for slow blinking of the status (green) indicator.
e Note that the remote is splash proof and designed to tolerate wet hands. Don’t attempt

to use it underwater — you’ll be disappointed.



2.6 Data Offload
Once you're done recording, reconnect your SoundTrap to your PC and select the Retrieve Tab, as

shown in figure 4.

File Tools Help

Device List:

Clock: 11/02/14 5:46:20

SoundTrap 134783019 Battery Remaining: 25% (3.73 V)

Memory Capacity: 32 GB
Memory Remaining: 4%
Delete All
Cpen Save Folder

Decompress

Temperature: 23.4 deg C

2014 11:15:55 am.
2014 11:34:04
2014 11:5213 am.

2014 12:10:22 pm.

Altemate Seral 2318686763
Offloader Version: 1.12
Fimware Version:
1.0.0.18
Jan 23 2014
13:.09:57

mm DD D Dm o mm

2
2

9
9
9
9
9
9
9
9
9
1
1
g
g
9
9
9
9
g
g
g
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Figure 3 — Retrieve Tab

o You will see a list of files in the SoundTrap’s memory, including the file name (made from the
device serial number plus local date and time), date recorded, approximate size and whether
it has yet been downloaded to your computer’s hard drive.

e Download individual files by right clicking the file and selecting ‘download’.

e By default all files will be downloaded to a ‘SoundTrap’ folder under My Documents. This
default location can be changed under the ‘Tools’ menu.

e C(Click the ‘Open Save Folder’ button to open the download folder location.

e To download all files, select all files using the shift key, then click the ‘Download’ button.

e To delete, click the ‘Delete All’ button. Files cannot be deleted individually.



For faster download in the field, or to save disk space, un-check the ‘Decompress’ checkbox.
This will disable the decompression step of the offload process, meaning you will end up
with ‘sud’ files only. These can be decompressed into wav files at a later time using the ‘File

Extraction’ option under the tools menu.



3 More details

3.1 Data Files

Downloads produce several types of files:
o ‘sud’ files which are the raw downloaded file. This is a compressed file and therefore
ideal for storing or sending of complete recordings. It can then be decompressed at
a later time into the following constituent file formats.
o ‘waV’ files containing the audio. This is a Microsoft WAV format file that can be
opened by any media player, matlab, raven etc.
o ‘xml’ files which contain metadata such as date recorded, gain setting, etc.

o ‘csv’ files containing ancillary sensor data (e.g. temperature)

All file types follow the same naming convention consisting of the device serial number followed by

the date and time of the start of the recording in the format YYMMDDHHMMSS.

For duty cycled recording there will usually be one file per recording period. For continuous
recording a maximum file length of 1036800000 samples (2GB of wav) will determine the length of

the files. This equates to 1 hour recordings for a 288khz sample rate.

Where smaller than 2G files are desired for continuous recording it is recommended to set a duty
cycle with ‘zero off time’. For example, a duty cycle of 30 minutes every 30 minutes will result in

continuous 30 minutes files with no missing samples between files.

3.2 Battery charging

SoundTrap uses an internal rechargeable Lithium ion battery. The battery is recharged by plugging
the SoundTrap into a computer’s USB port, or other USB power supply. Look for the blue LED
indicator to confirm that the battery is charging. Once the charging cycle completes the blue
indicator will extinguish. Charging time for ST202 (STD or HF) is approximately 8 hours for a

completely discharged battery. Some additional notes about battery charging:

e The battery will charge while data is being offloaded over the USB.

e The charge level reported by the SoundTrap Host software (in percentage and voltage
terms) is only accurate to within approximately 10%. Determination of whether the battery
is fully changed should be by observation of the blue LED indicator, NOT the approximation

given by the Host software.



Once the battery reaches full charge (blue indicator extinguished) the charge indicator in
the Host software will start to fall. The charging process will restart once the charge
indicator drops to around 90%. Do not be concerned that the battery is not fully charged.
Provided the blue LED is not lit, the battery should be considered fully charged.

Battery charging will be quicker when the SoundTrap is not connected to the host software.
If the green LED is NOT flashing (indicating USB communication mode) battery recharging
will be quicker. As such, for quickest recharge time do not start the Host software, or
alternatively charge the SoundTrap from a USB power supply rather than a computer.

The battery should not be left for long periods in a discharged state. When storing a
SoundTrap for the off-season, ensure the battery is fully recharged before placing in
storage. To ensure battery longevity, give the battery a top up once every 3 months.

If the SoundTrap has been left unused for several months the battery may be in a severely
discharged condition. In order to recover from this state the SoundTrap will begin trickle
charging the battery until it reaches a normal state. This process can be very slow if the
SoundTrap is connected to the Host software. See the trouble shooting guide if your

SoundTrap has trouble recovering from this condition.



3.3 Using the optional external battery pack

The ST300 series products support the connection of an external battery pack. Connection of the
battery pack is straightforward. First fit the battery pack with 3 x fresh D cell alkaline batteries,

carefully ensuring correct polarity.

We strongly recommend using Energizer brand batteries. Advertised endurances are based on this
brand, and performance of other brands is unknown. Most importantly, Energizers are guaranteed
not to leak electrolyte when left in a discharged state. Other battery brands may leak, possibly

causing damage.

Before opening the housing always check for flooding by shaking the recorder and listening for water
sloshing around inside. If flooding is suspected, then be aware that the housing may be pressurised
and therefore potentially dangerous. Carefully relieve any pressure by opening the small seal screw

at the base of the housing.

Before closing the battery housing ensure that the o’ring seal is perfectly clean, free from nicks or
other damage, well lubricated and properly seated. Generously apply silicon o’ring grease on both
the o’ring and the tubes sealing surface. Close the housing by screwing closed by hand until the
shoulder snugs up against the titanium tube. You may choose to use a lever arm (e.g. screwdriver)
through the holes provided top and bottom. However difficulty in screwing home the cap may
indicate insufficient o’ring lubrication; do not apply excessive force — instead correct by applying

o’ring lubricant.

Fit the supplied cable between the battery pack and SoundTrap, using the supplied plastic collars to
lock the two connectors. It is then important that you verify the supply of power from the external
battery to the SoundTrap. Do this by pressing the ‘BAT’ button on the IR remote and observing the
SoundTrap’s red status LED. If all is well you should see two long red flashes. Note that there is a 10
second delay between connecting the battery and the software determining that the supply is
stable. Observation of the two long flashes is confirmation that the external battery is available, has

viable batteries, and is ready to go.

A single short red flash indicates a problem. In this event, disconnect the external battery and

inspect for correct battery insertion and adequate battery condition.



3.4 Calculation of deployment endurance

An excel spreadsheet is provided on the web site to help with the calculation of deployment times
for differing deployment parameters. The spreadsheet provides deployment estimates, as well as
identifying one of three possible deployment constraints: battery capacity, memory capacity, or file

count. While the first two are obvious, the file count constraint requires explanation.

The file system used by SoundTrap currently has a minimum file size of 4 MB. When using periodic
recording, if the programmed ‘record for a period of’ period is very short, the resultant file may be
smaller than the minimum file size. This will result in inefficient usage of memory, and the
deployment may be artificially memory limited. For example, a SoundTrap 202 has 64 GB of

memory; dividing this by the minimum file size of 4 MB gives a maximum of 16000 files.

This limitation becomes an issue when using low sample rates in combination with X3 compression.
By experimenting with the periodic recording parameters in the deployment spreadsheet it will

become clear how to best avoid this limitation.



3.5 Ancillary Sensors

All SoundTraps include temperature and accelerometer sensors. Logging of these is enabled by
selecting the corresponding checkbox in the deployment screen of the SoundTrap Host software.
Note that logging can only take place while the recorder is awake, meaning that sensor logging is

subject to the same duty cycle as that configured for audio recording.

Sensor data is offloaded alongside audio data, and is decompressed into CSV format files, one file

per sensor, per audio recording.

Temperature data is recorded in degrees Celsius. Note
that these measurements are only valid when the
instrument is fully submerged, and that
measurements made in air will be incorrect due to
internal heat build-up, particularly when connected to

USB and recharging the battery.

Accelerometer data is recorded as unscaled 16 bit
values ranging +/- 32768. The full scale sensitivity of
the accelerometer is +/- 2 g, meaning each count
represents 61 ug. The orientation of the
accelerometers axis for the ST300 is shown in the

adjacent diagram. Older ST200 models have the X and

Y axis transposed. Note that the X & Y axis are not
easily discerned as the rotation of the sensor within
the housing varies. This is generally of little Figure 4 - Accelerometer axis for ST300
consequence for inclination and cable strum

applications, but where required can be measured by placing the recorder in a known static
orientation, observing the resultant measurements and solving for gravitational acceleration. For
those wanting more detailed information on the accelerometer sensor characteristics, please refer

to the datasheet for the Kionix KXTI9.



3.6 ST4300 multi channel recording

The ST4300 supports connection of up to four external hydrophones. These are connected via four
wetplugs at the base of the recorder. Each wetplug has a number adjacent to it relating it to the

channel selection in the deployment settings.

ST4300 output files are multichannel wav files where the channel numbering is from lowest to
highest physical channel number. For example - recording on channels 2 and 4 only would result in a

two channel wav file with the 1%t wav channel pertaining to the 2" physical channel.

Recording endurance will be reduced by increased channel count due to both increased power
consumption and data rate. We recommend using our online endurance calculator to make these
calculations. Note that the calculator assumes use of HTI-96-MIN hydrophones which consume

approximately 3.6 mW. Use of other hydrophones may give different results.
Compatible hydrophones can be obtained from High Tech Inc USA with model code:
HTI-96-MIN/3V/Low Noise/SoundTrap/-165dB.

This model has bandwidth of 30 kHz. For higher frequency models we recommend discussing your

requirements with HTI.

While use of other manufacturers hydrophones is possible we advise a cautious approach. To be
compatible hydrophones must operate on a 3V supply with a max power draw of 10 mW. Contact

Ol for more information including connector pin-out.

Is is critical that unused channel connectors are protected with dummy wet plugs. Failure to do so

will result in damage.



3.7 Deployment hardware

The anchoring scheme used is very dependent on the goals of the data collection in combination

with the deployment environment. Thankfully
SoundTraps are more easily deployed than traditional
acoustic recorders due to their small size. A SoundTrap’s

weight in water is approximately 0.5 kg.

Most often the hydrophone is located near the sea
floor, using an anchored line. This involves running a line
between a heavy anchor weight and either a surface or
sub-surface float. A sub-surface float is often best, as it
is less affected by weather/swell and is less likely to be
tampered with. The SoundTrap should be attached to
the line a couple of meters off the bottom. Two grooves
in the housing circumference provide attachment points
for cable ties or hose clamps for this purpose. Do not
place fasteners around the soft rubber section at the
centre of the housing as this may damage the
diaphragm. There are also two lanyard attachment
points which can be used to provide additional

security/redundancy.

Be mindful that a taut line combined with strong
currents may result in ‘cable strum’ which may disrupt
your recordings. In this case a rigid frame may be more

appropriate.

Deploying with the external battery housing

The external battery housing has two cable tie slots,

bottom and top. Cable ties should be threaded through the

Figure 5 - Typical deployment including external

battery

associated holes so they cannot slip off. When using an external battery housing the weight of the

complete system in water is approximately 1.5 kg. It is important to ensure that the battery and



recorder are secured to the line such that there is minimal stress on the power cable. See the image

alongside as an example.

3.8 Housing maintenance

SoundTrap ST200 & ST300 series recorders come in two housing types — standard and deep with 500
and 1000m depth rating respectively. Both types of housing are filled with mineral oil in order to
achieve their depth rating. You will notice an air bubble visible through the transparent window,

which over time will tend to grow in size.
Standard housing (500m rated)

Most ST300 recorders are of this type. For this housing topping up is only necessary when deploying
deeper than 100m. If the air bubble becomes larger than approximately 12 mm diameter and you

intend to deploy beyond 100m then you must top it up.
Deep Housing (1000m rated)

This housing is recognisable by the soft rubber diaphragm around it's middle section. Most ST200
series recorders are of this type. When using these housings at any depth it is important to check
that the mineral oil is topped up. If the air bubble is larger than approximately 12 mm diameter, the

oil must be topped up.
Topping up procedure

Topping up is done via the filler port screw, located next to the wet plug socket. This is best achieved
using a syringe and large gauge needle (16 gauge works well). The oil should be a good quality

mineral oil, as commonly available from drug stores. Feel free to send us an email if you are unsure.



3.9 Software updates

New software releases will be made available via the Ocean Instruments website. You may which to
subscribe to our email list in order to receive notification of these updates. The update procedure is
generally straightforward — simply install the new software over top of the existing by running the

msi file and following the usual Windows software install prompts.

The software updates will typically include updates to both the windows software as well as the
device firmware. The updating of the device firmware is an automatic process that occurs when

pressing the ‘deploy’ button.

3.10 MSP firmware updates

From time to time a software release may include an update to the ‘MSP’ firmware. This is a special
section of the device firmware that changes infrequently. In the rare event that an MSP update is
required, the user will be advised during the deploy procedure and will be asked to connect the
‘reset battery’. This is a security feature that ensures the MSP firmware cannot be unintentionally
modified. In order to proceed you will need a 9V battery. When asked to ‘connect the reset battery’
you should connect the 9V battery to the battery connector provided on the USB cable. Note that
you must make this connection in one smooth motion, being careful not to ‘bounce’ the
connections between the battery and the contacts. Once the connection is made you can click the
OK button as per the software instructions. You will then be asked to remove the reset battery. This
done, the MSP firmware update will proceed and complete within a few seconds. If presented with
the error message “MSP Erase failed”, it is likely that the connection of the battery was not smooth —
please try again, this time ensuing that the contacts come together in a smooth motion, without

bouncing.

3.11 Calibration

Each SoundTrap is factory calibrated from new. The standard factory calibration consists of a piston
phone calibration at 250 Hz, performed for both low and high gain settings. The calibration data is
not shipped with the hydrophone, but instead made available online from the calibration page of

the Ocean Instruments website http://www.oceaninstruments.co.nz/

The calibration data is provided as an end-to-end value. This measure is provided for both high and
low gain settings, and represents the SPL that will result in a normalised (+1.0) wav file with a full-

scale signal ie 2.0 units peak to peak.


http://www.oceaninstruments.co.nz/

Note that in contrast to traditional hydrophone systems, with SoundTraps there is no need to be
concerned with sensitivity in voltage terms. Because SoundTraps integrate the recorder and
hydrophone in a single package, there is a fixed relationship between sound pressure and the
resultant wav file data, thereby simplifying calibration and eliminating the need for voltage

calculations.

Application of the calibration data varies depending on the software used. Descriptions follow for

some of the most commonly used software.

MATLAB

To convert wav data to units of uPa, simply scale by the end-to-end calibration value. Example code:

[y, Fs] = wavread(filename) ; % read wav data from file

cal =173.3; % value from calibration sheet

cal = power (10, cal / 20); % convert calibration from dB into ratio

y=y *cal; % multiply wav data by calibration to convert to units of uPa
PAMGUARD

PAMGAURD expects calibration data in terms of gain and ADC range. To work around this, specify a
preamplifier gain of the calibration value * -1.0 (eg -176.0) and specify the Peak-Peak voltage range
as2.0V.

PAMGuide

PAMGuide provides several convenient calibration schemes. For SoundTrap data select the end-to-

end calibration type and enter a system sensitivity of the calibration value * -1.0 (eg -176.0).

Audacity

Audacity reports SPL in units of dB re full scale. To scale SoundTrap data use the following:

Value in dB re 1 uPa = audacity value + end-to-end calibration — 3dB;

For example, if the end-to-end value from the calibration sheet is 176.0 dB, and audacity reports a

level of -70 dB, the calibrated SPL is 103.0 dB re 1 uPa.



Calibration Tones

By default, a series of calibration tones will be audible at the beginning of each recording. These can
be used to check the calibration of the recording. After applying the calibration to a recording, the

SPL of the 1 kHz tone should be equal to the calibration tone level stated on the calibration sheet.

If the calibration tones are an annoyance, they can be disabled on the deploy tab. However, we
recommend keeping them enabled where possible as they provide a useful check of system

calibration and performance.

ST4300 Calibration

ST4300 recorders have a fixed gain of -4dB. Overall system calibration is determined by the
hydrophone used. This is calculated by adding recorder gain to the hydrophone calibration. For
example, using a hydrophone with a sensitivity of 177 dB re 1uPa will result in an overall system
calibration of 173 dB. This is the SPL that will result in a normalised (£1.0) wav file with a full-scale

signal ie 2.0 units peak to peak. This can be applied to data using the application examples above.



3.12 Troubleshooting

First port of call when experiencing problems is to check that you are using the most up to date

software. Oftentimes small issues are most easily resolved by updating the software — please try this

first. The latest software can be downloaded from here:

www.OceanlInstruments.co.nz/downloads/

Problem: SoundTrap doesn’t appear in device list when plugged into computer

Solution: This is usually due to the batteries being dead flat. When deploying for long periods the

battery may become discharged to the point the device is incapable of communicating over the USB.

Quickest solution is to:

N v o k~ w N oE

Disconnect the SoundTrap from the USB

Close the SoundTrap Host software

Reconnect the SoundTrap to the USB

If the blue LED indicator does not light, press the STOP button on the remote
The blue LED indicator should now light to indicate battery is charging.
Leave for at least 30 minutes to allow the battery to recover.

Start the host software and confirm device connects.

Problem: Offload process reports errors and produces smaller than expected files.

Solution: This indicates errors with USB communication. Common causes include:

1. Offloading when the recorder battery is very low - recharge overnight and try again

2. Using a external hard drive on the same set of ports - this can overload the USB controller.
3. Using a USB hub - try connecting directly to the computer

4. Using a low-quality laptop - try a better computer

5. The recorder wetsocket is in poor condition - carefully clean internal contacts.

Problem: SoundTrap still won’t connect despite having recharged the batteries.

Solution: In cases of extreme battery discharge (e.g. a SoundTrap that has been in storage for

several months), it may be necessary to reset the device hardware. Before doing the reset, first


http://www.oceaninstruments.co.nz/downloads/

ensure you have recharged the battery as above, preferably leaving to charge overnight in order to

recondition the battery. Then perform a hardware reset:

1. Disconnect the SoundTrap from the computer USB port, leaving the offload cable attached
to the SoundTrap.

2. Momentarily touch a 9V battery to the battery clip on the offload cable.

3. You should see the green LED blink to indicate a successful reset.

4. Point the IR remote at the clear window and press ‘STOP’, press a couple of times to be sure
it is received.

5. Connect the SoundTrap to the USB.

8. Start the host software and confirm device connects.

Problem: SoundTrap battery won’t recharge, or reports wildly fluctuating battery charge.

Solution: This most often occurs in cases of complete battery discharge followed by a long period of
disuse. For future avoidance of this problem ensure that you store SoundTraps with the battery in a

charged state. The battery can often be recovered using the following method:

Connect the SoundTrap to a USB wall charger, such as that used for a mobile smart phone.
Leave on charge for a minimum of 48 hours.

Reconnect to a PC and check that battery reports full charge (i.e. > 85 %).

Ll S

If the problem persists contact Ocean Instruments to arrange for the battery to be replaced.

Problem: IR Remote is not working.
Solution:
1. Check that it has a battery. These are not suppled due to shipping restrictions. Correct
battery type is the commonly available CR2032. Be sure to remove the plastic insulator
sheet before inserting the battery.

2. Ensure that you are pointing the remote directly at the clear window at the top.



4 Appendices

4.1 SoundTrap HF Click Detector

The SoundTrap ‘HF Click’ Detector is a general purpose high frequency click detector followed by a
snippet extractor. The detector is designed to detect most odontocetes and is intended to be used
as a first pass, guiding you to times in your recordings with lots of transients. You would typically use
the detector with a low detection threshold so that it makes a lot of false detects but also detects
most genuine clicks (i.e., high sensitivity, low specificity). You then evaluate the reported detections
in Pamguard to reduce obvious false detects, to classify clicks into species groups, and to identify
bouts, as you would with a continuous wideband recording. The benefits of doing on-board click
detection are that you get much longer recording times from your SoundTrap and you can identify
times of interest more quickly when you get the data back. The downside of course is that you do
not have the full wideband recording on the SoundTrap. This is mitigated in SoundTrap’s detector by
recording a short snippet of wideband sound around each detection. A few 100's of ps is often all
that is needed to classify odontocete clicks into general classes. The detector can be configured to
also make a continuous recording at lower bandwidth that allows you to quantify the general
ambient noise conditions, an important factor affecting detector performance, as well as the

presence of low frequency whistles that can help with species identification.

4.1.1 Click detector

The click detector comprises an approximate pre-whitening filter followed by a power-in-band
Constant False Alarm Rate (CFAR) detector. The whitening filter (a 35kHz high-pass filter) corrects
the typical low-frequency emphasis of underwater ambient noise creating a more spectrally-
balanced signal for the detector. The power-in-band detector consists of a highpass Finite Impulse
Response (FIR) filter (approximate 3 dB bandwidth 115 - 160 kHz) followed by a moving average
power estimator. The duration of the moving average window is a user parameter (see below). In
parallel, the power of the full bandwidth whitened signal is measured using a much longer
exponential window to give an estimate of the ambient noise power. This is used to adjust the
absolute detection threshold: a detection will be made if the power-in-band is greater than the
ambient power by more than the Relative Detection Threshold (RDT) which is a user parameter.
When a detection is made, the time of the detection and the ambient noise power at the time are

passed to the snippet extractor. A user-selectable blanking time must then elapse before another



detection can be made. This blanking-time is useful to avoid detecting echoes from a click or to

prevent detecting a large number of clicks if an animal is buzzing near the recorder.

4.1.2 Snippet extractor

For each detection, an entry is added to the detection log and a snippet of wideband sound
surrounding the detection time is saved. The snippet starts and ends a user-selectable time before
and after the detection (user parameters: pre-trigger and post-trigger). Evidently, saving longer
snippets per detection means that the memory is used up more rapidly so this feature allows the
user to trade-off the amount of context that is saved for each detection against the total recording
time. It is important to note that the snippet is taken from the whitened sound and so is high-pass

filtered.

4.1.3 User parameters

The user parameters can be set by clicking the ‘Configure’ button in the Detector section.

«m HF Click Detecter Configuration &J

Threshold |10 = dB Integration time |10 us

L1 1L

Blanking time 1000 = us

Store Snippets

Snippet pre tig |75 “| Snippet post tig | 750 : us

Reset to defaults Cancel | | QK

Threshold: The level in dB that the power-in-band must exceed the ambient noise level by for a
detection to take place. A value of 12 dB will have a high detection rate but will produce many false
positives. A value of 20 dB will detect only strong transients that are well above the ambient noise

floor.

Integration Time: Set this to the approximate duration of the clicks of interest. For most delphinids
you would use a short averaging time, e.g., 70 ps, while for beaked whales, porpoises and NBHF
delphinids, an averaging time of 150-300 us would be appropriate. If you are interested in detecting

any toothed whale click, you can either go with a long averaging time (which will reduce the SNR of



short transients and so give poorer detection of delphinids) or an intermediate value which will tend

to reduce sensitivity to both short and long transients but not by much.

Blanking time: Time that must then elapse after a detection before another detection can be made.
Useful to avoid detecting echoes from a click or to prevent detecting a large number of clicks if an

animal is buzzing near the recorder.
Store Snippets: Select to enable storage of detection snippets.

Snippet pre- and post-trigger durations: The time with respect to the detection at which the snippet
will be taken. The snippet starts pre-trigger seconds before the detection and ends post-trigger
seconds after the detection. These are both limited to 1.5 ms maximum which is more than long
enough to cover odontocete clicks. The number of samples saved per snippet is determined by the
sum of the pre- and post-trigger times. With the maximum settings, 1728 samples will be saved per

snippet.

4.1.4 Output File formats

The ST click detector produces two additional output files per recording with suffixes 'bcl' and 'dwv'.
These are in addition to the .wav and .xml files generated normally. The Pamguard interface
automatically interprets these files when displaying detection and continuous recording results. For
users interested in accessing the data using other interfaces, the details of the file formats are given

below:

e xml This is the metadata file produced by SoundTrap to document each recording. The
ST detector adds metadata about the detector and the user settings to this file.

e wav Thisis a Microsoft WAV format file containing the decimated continuous sound
recording produced in parallel with the detector. The sampling rate is selected by the user
but would typically be 48kHz or 96kHz to maximize recording time. By default, sound data is
compressed in the SoundTrap using the lossless X3 compressor but this is transparent to the
user: the .wav file contains the reconstituted uncompressed data.

e dwv Thisis a Microsoft WAV format file containing the wideband sound snippets for each
detection. The sampling rate is 576 kHz and the snippets are arranged contiguously with a
constant number of samples per snippet. The size of each snippet is set the by the pre- and
post-trigger user parameters. The snippet size in samples will be close to
round((pre+post)*576e3) but the precise sample count can be found in the .xml file (see the

Matlab tools for an example of how to extract this information automatically). By default,



snippet sound data is compressed using the lossless X3 compressor but this is transparent to
the user: the .dwv file contains the reconstituted uncompressed data. Up to 100000 snippets
will be saved per recording (i.e., per output file). If more detections are made over this
interval, they will be reported in the BCL file (see below) but no snippet will be saved. This
puts an upper limit on the memory usage rate making it easier to calculate for how long the
SoundTrap will be able to record.

bcl This is a comma-separated-variable (CSV) text file containing information about

detections. Each line has 7 columns with the following format:

Seconds (in Unix seconds), Microseconds, Report type, Infol,Info2,Info3,Info4,

To obtain high enough resolution, timing information is spread over two fields (Seconds and
Microseconds). The time of each entry is then Seconds+Microseconds/1e6. The four Info
fields are determined by the report type of which there are two. Detections have a report
type of 'D'. The next two fields (Infol and Info2) indicate whether a snippet was saved (1 or
0) and the noise level at the time of the detection. Fields Info3 and Info4 are not used in
detection reports. The second report type is an effort report which has a type of 'E'. The
effort report indicates the times over which the detector was operating. There will usually
be an on-effort report at the start of each recording (i.e., with a detector state of 1) and an
off-effort report at the end of each recording. The on-effort report has no other data and so

appears as: seconds,microseconds,E, 1,,,

The off-effort report appears as: seconds,microseconds,E,0,noise level,ndets,nsaved,

where ndets is the total number of detections made since going on effort and nsaved is the
number of these for which snippets were saved. In both report types, the noise level is given
in Centibels, i.e., 100 log10(p) where p is the noise power referenced to the recorder
calibration. The absolute threshold used for each detection is then p+10~(RDT/10). If no

detections were made throughout a recording, the BCL file will contain two lines:

start_time,microseconds,E,1,,,

end_time,microseconds,E,0,noise level,0,0

If there are detections, they will be bracketed between these lines and the appropriate

detections counts will be changed in the off-effort report. The BCL file can be read and



displayed by Excel, Libre Office, Open Office etc. See also the Matlab tools for a function to

read this file format.

4.1.5 Click Detector Caveats and Cautions

While every care has been taken in producing the SoundTrap Click Detector, this is free software
offered as is in the hope that it will be useful: there is no warranty, implied or otherwise, nor
implication of fitness for any particular purpose. Please use responsibly! Test that the code functions
correctly on your SoundTrap before deploying it, e.g., by setting the RDT to 12 dB and then tapping
lightly on the hydrophone with a finger nail. Even if the code is functioning, it may not detect clicks
because of poor signal-to-noise ratio, because of inappropriate user settings, or because of a poor

mooring design (the same problems that would give you a bad continuous recording).
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Kruskal-Wallis test #& Z_{é 2. % % o

Index Times Area N  Median 25% 75% H P value

Click trains % - *# & Ml 23 0.000 0.000 0.000 65.687 <0.001
M2 25 0.000 0.000 12.500
M3 25 0.000 0.000 83.000
Y1 14 335.000 187.500 626.750
Y2 14 683.500 273.750 1148.250
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Ml 17 0.000 0.000 0.000 55.016 <0.001
M2 17 0.000 0.000 78.000

M3 17 192.000 77.500  558.000

Y1 17 778.000 379.500 1387.500

Y2 17 309.000 197.500 577.500

22 LEREF -2 5 XDAPTL0 Anv BT R AR R G
Wilcoxon rank-sum test # T_{s 2. % % o

Index Area Times N  Median 25% 5% P value

Click trains M1 - AP A 23 0.000 0.000 0.000 0.232

EI - ] 17 0.000 0.000 0.000

M2 %-=F#3A 25 0.000 0.000 12.500 0.244
EO - O] 17 0.000 0.000 78.000

M3 %-=#h 25 0.000 0.000 83.000  <0.001
EI - ] 17 192.000 77.500  558.000

Yl - ZAA 14 335.000 187.500 626.750  0.031
L - 0 17 778.000 379.500 1387.500

Y2 F- IR A 14 683.500 273.750 1148.250 0.092
Y- =xHBA 17 309.000 197.500 577.500




110 # S# G IR0 A 0 BAIRE LR R T EH T RE A7

32 F-FE2 5 -BLYF LT PR AN LB LR 0 & Kruskal-
Wallis test # %_{s 2. % % o

>~

ik

Index Times Area N Median 25% 75% H P value

Accumulation time % — X 4 M1 23 0417 0.000 1.167 47.631 <0.001
M2 25 0.000 0.000 0.958
M3 25 1333  0.000 2.708
Y1 14 2083 1.625 3.000
Y2 14 2792 2521 3479

S M1 17 37750 2875 4375 54.696 <0.001
M2 17 1.667 0917 2.250
M3 17 3.583 3.333 4458
Y1 16 4500 4.083 6.812
Y2 16 6458 4.646 8.312

Eu
Iy

Fw RERHF-Z25-ALDF2Z AL EE R O 5 Wilcoxon

rank-sum test ¥ T_{s 2. &% o

Index Area Times N  Median 25% 75% P value

Accumulation time M1 EI - ] 23 0.417 0.000 1.167 <0.001

Fo=aAh 17 3.750 2.875 4.375

M2 %-=#3A 25 0.000 0.000 0.958 <0.001
E o I 17 1.667 0.917 2.250

M3 %-=x#h 25 1.333 0.000 2.708 <0.001
oAk 17 3.583 3.333 4.458

Y1 F-ZHE 14 2.083 1.625 3.000 <0.001
[ 16  4.500 4.083 6.812

Y2 - EZHE 14 2.792 2.521 3.479 <0.001
L 16  6.458 4.646 8.312
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F- X2 R -XBLYPF LT R AP HEEL TR R § Kruskal-
Wallis test ¥ T_is 2. &% o

+
= T

Index Times Area N  Median 25% 75% H P value
Diversity % - =# & Ml 23 0.000 0.000 0.000 51.490 <0.001
M2 25 0.000 0.000  0.00502
M3 25 0.0651 0.00502  0.220
Y1 14 0.134  0.0968 0.225
Y2 14 0.136  0.0729 0.203
F-xR A M1 17 0.155 0.115 0.233 63.061  <0.001
M2 17 0.000 0.000 0.0798
M3 17 0.245 0.166 0.277
Y1 17 0.288 0.266 0.401
Y2 17 0.405 0.332 0.444
5 AEREY-XE2 5B LHPFALP S HMELA TR & Wilcoxon

rank-sum test ¥ T_{s 2. &% o

Index Area Times N  Median 25% 75% P value
Diversity Ml  %-=#%& 23 0.000 0.000 0.000  <0.001
¥R A 17 0.155  0.115 0.233
M2 %-=#% 25 0.000 0.000 0.00502 0.238
¥-=x#»4& 17 0000 0000  0.0798
M3 %-=#%& 25 00651 0.00502  0.220 0.007
¥oxBAE 17 0245 0.166 0.277
YI %-=#% 14 0.134 0.098 0225  <0.001
F-o=HA 17 0288  0.266 0.401
Y2 %-=x#% 14 0136 0.0729 0203  <0.001
F-=BA 17 0405  0.332 0.444
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%< F-RE2F-XBLYT LT R E Tk & B0 #00 & Kruskal-
Wallis test # %_{s 2. % % o
Index Times Area N  Median 25% 75% H P value
Passingship % - % # % Ml 23 4.000 2.000 4.000 51.887 <0.001
M2 25 4.000 3.000 5.500
M3 25 6.000 3.000 7.500
Y1 14 19.000 13.750  21.250
Y2 14 13.000 9.750 17.500
E - N Ml 17 3.000 1.500 4.000 59.976  <0.001
M2 17 1.000 0.000 3.000
M3 17 4.000 3.500 6.500
Y1 17 17.000 14.000  21.000
Y2 17 14.000 10.000  18.000

+
ER

N .

TARY AT

w4 I 0 & Wilcoxon rank-

sum test ¥ T_is 2. B % o

Index Area Times N  Median 25% 75% P vale
Passing ship Ml LR ] 23 4.000 2.000 4.000 0.331

- I 17 3.000 1.500 4.000
M2 %-=32 25 4.000 3.000 5.500 <0.001

- I 17 1.000 0.000 3.000
M3 %-=32 25 6.000 3.000 7.500 0.777

- I 17 4.000 3.500 6.500
Yl R -] 14 19.000 13.750  21.250 0.676

- 0 17 17.000 14.000  21.000
Y2 ¥-ZBh 14 13.000 9.750 17.500 0.648

- 0 17  14.000 10.000  18.000
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24 F-FZ25-_ZALPF LT R 2fenk £ Rt 0 i Kruskal-
Wallis test # %_{s 2. % % o
Index Times Area N Median 25% 75% H P value
Noise % - =# 4% MIl 23 0.0206 0.0247 0.0364 39.317 <0.001
M2 25 0.0447 0.0267 0.0519
M3 25 0.0635 0.0464 0.0725
Y1 14 0.0290 0.0173  0.0332
Y2 14 0.0195 0.0142 0.0234
- i M1 17 0.0127 0.00524 0.0194 14.545 0.006
M2 17 0.0197 0.0103 0.0323
M3 17 0.0386 0.0129 0.0459
Y1 17 0.0244 0.0146 0.0328
Y2 17 0.0196 0.0117 0.0330

FoL AEREY - XE2 RSB LYFI e &I 0 5 Wilcoxon rank-

sum test ¥ T_is 2. B % o

Index  Area Times N Median 25% 75% P value
Noise MIl EE L 23 0.0260 0.0247  0.0364  <0.001
- ] 17 0.0127  0.00524 0.0194
M2 %-=#3A 25 0.0447 0.0267  0.0519  <0.001
EI - ] 17 0.0197 0.0103  0.0323
M3 %-=#3A 25 0.0635 0.0464  0.0725  <0.001
¥-XHA 17 0.0386 0.0129  0.0459
Y1 R - 14 0.0290 0.0173  0.0332 0.691
E I - 0 17 0.0244 0.0146  0.0328
Y2 R - 14 0.0195 0.0142  0.0234 0.662
L - 0 17 0.0196 0.0117  0.0330

2Lt- 5o PR R E TR ARG AR R

e T is 2% o

& Kruskal-Wallis test

Index Times Area N Median 25% 75% H P value
Piling %- =<# 4% M1 333 122.567 120.783 124.202 587.603 <0.001
M2 397 127.395 125.643 129.817
M3 397 120.898 118.746 122.375
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