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Glossary  

Term Description 

Ambient noise All sound except that resulting from the deployment, operation or 

recovery of the recording equipment, and its associated platform, where 

“all sound” includes both natural and anthropogenic sounds. 

Bandwidth The frequency range within a recording system is sensitive. The frequency 

range (Hz) is obtained by subtracting the lower from the upper cut-off 

frequency. 

Broadband level The sound pressure level obtained over a wide frequency range with 

defined bandwidth. 

Centre frequency The geometric mean of the lower and upper cut-off frequencies. Please 

note that the intensities should be averaged before converted into 

decibels. 

Clipping 

 

Clipping occurs when the recording system is saturated beyond its 

maximum sound pressure or voltage capacity. This results in 

underestimation of sound levels as well as spectral distortion. 

Continuous sound Imprecise term meaning a sound for which the mean square sound 
pressure is approximately independent of averaging time.  
A sound with no clear definable beginning or end, with no bandwidth 

restrictions, and a large time bandwidth produced when the frequency 

range is broadband. Continuous sounds have finite power, but may have 

infinite or at least undefined energy. 

Decibel (dB) Decibel (dB) is a measure of the level of acoustic pressure. It quantifies 
the perception of sound level. It is a logarithmic scale that describes a 
multiple of a reference value. As the sound volume doubles, the value in 
decibel increases by 3 dB. In marine acoustics, the reference level of 
decibel is 1 μPa (micro Pascal).  
Using decibel is the standard in marine acoustics. The reason is that it can 

handle both with low and high values thanks to its logarithmic scale. The 

Pascal unit alone cannot easily represent the variation of sound levels 

from low to high and is therefore not used in marine acoustics. 

Discrete Fourier 

Transform (DFT) 

The discrete Fourier transform (DFT) is the conventional method for 

spectrum analysis usually implemented using a fast Fourier transform 

(FFT) algorithm. 

Dynamic range The dynamic range of the measuring system is the amplitude range over 

which the system can faithfully measure the sound pressure. It ranges 

from the noise floor of the system (self-noise, which defines the lowest 

measurable signal) to the highest amplitude of signal that may be 
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measured without significant distortion. The system’s dynamic range 

should be chosen to be sufficient to enable the highest expected sound 

pressure to be recorded faithfully without distortion or saturation caused 

by the hydrophone, amplifier and ADC. 

Fast Fourier 

Transform 

The Fast Fourier Transform (FFT) is a mathematical method for 

transforming a function of time into a function of frequency. Sometimes it 

is described as transforming from the time domain to the 

frequency domain. 

Fourier 

transform (FT)  

Fourier transform (FT) is a mathematical transform that decomposes 

a function (often a function of time, or a signal) into its 

constituent frequencies. The term Fourier transform refers to both 

the frequency domain representation and the mathematical 

operation that associates the frequency domain representation to a 

function of time. 

Frequency response The frequency response of the measuring system is its sensitivity as a 

function of frequency. It is desirable for the frequency response to be 

adequate for faithfully recording all frequency components of interest 

within the measured signals. This requires that the hydrophone, and any 

amplifier and filter, have a sufficiently broad bandwidth. The minimum 

and maximum frequency of interest will depend upon the motivation for 

the measurement; one example might be the minimum and maximum 

frequency of hearing of relevant marine receptors; alternatively, it may be 

the frequency range radiated by a specific source. 

Mean square sound 

pressure 

The time integral of squared sound pressure over a specified time 

interval, divided by the duration of the time interval. Expressed in units of 

squared pascals (Pa2). 

Natural ambient noise Ambient noise in the absence of any contribution from anthropogenic 

sources. 

Noise Noise is in direct contrast to signals, but is always depending on receiver 
and context. What one receiver considers noise may be a signal to 
another. Even for the same receiver the exact same sound can be either 
signal or noise, depending on context.  
“Noise” can be used in a more restrictive meaning where adverse effects 

of sound are specifically described or when referring to specific technical 

distinctions such as “masking noise” or “ambient noise”. 

Percentile level A percentile corresponds to the proportion of time and space for which 
the noise exceeds a given level.  
In the context of underwater noise, it is defined as the level LN that is 
exceeded N percent of the time interval considered. For example, L1 is 
the level that is exceeded 1% of the time.  
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The L1 is a measure for the maximum level. It is a more robust estimate 

than taking just the maximum observed level, since the latter may be an 

outlier caused by a single event, such as rattling of the anchoring system 

or other types of self-noise. Accordingly, L99 and L95 are used to describe 

the minimum level. L50 is the median level. 

Power spectral 

density level 

Power spectral density level is expressed in dB re 1 µPa²/Hz and 

represents the average sound pressure for each band of width 1 Hz. 

Ten times the logarithm to the base 10 of the ratio of the spectral density 
of a quantity per unit bandwidth, to a reference value.  
An example is the mean-square sound-pressure spectral density, which is 

expressed in units of dB re 1 μPa2/Hz. 

Reference pressure 1 μPa in underwater acoustics.  
 

Root mean square 

(RMS) sound pressure  

The square root of the mean square pressure, where the mean square 
pressure is the time integral of squared sound pressure over a specified 
time interval divided by the duration of the time interval. The RMS sound 
pressure is calculated by first squaring the values of sound pressure, 
averaging over the specified time interval, and then taking the square 
root. The RMS sound pressure is expressed in pascals (Pa). The averaging 
time must always be stated. 

Sensitivity The sensitivity of the hydrophone and measuring system should be 

appropriately chosen to fit the expected amplitudes of the sound of 

interest. The aim in the choice of the system sensitivity is to avoid poor 

signal-to-noise ratio for low amplitude signals and avoid nonlinearity, 

clipping and system saturation for high amplitude signals. 

Spectrum A quantity expressed as a function of frequency, either as a narrowband 

spectrum (e. g. 1 Hz bands) or as aggregated bands (e. g. 1/3-octave 

bands). Spectra can be derived by various methods, such as an FFT or 

filtering with a set of band-pass filters. A critical requirement of a proper 

spectrum is that the sum of the power in all bands should equal the total 

power of the signal. 

Sound  

 

The term “sound” is used to refer to the acoustic energy radiated from a 

vibrating object, with no particular reference for its function or potential 

effect. “Sounds” include both meaningful signals and “noise” (defined 

below), which may have either no particular impact or a range of adverse 

effects. 

Sound Pressure Level The sound pressure level (SPL) is a measure of the effective pressure of a 
sound, averaged in time, and relative to a standard reference pressure. 
More specifically it is the root mean square (RMS) acoustic pressure 
expressed as a level, in decibels (dB). The reference value of SPL for sound 
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in water is one micropascal (1 μPa), leading to SPL being expressed in units 
of decibels relative to 1 μPa, or alternatively dB re 1 μPa. 
The sound pressure level (SPL) may be calculated as either:  
(i) ten times the logarithm to base 10 of the ratio of the mean square sound 
pressure over a stated time interval to the reference value of sound 
pressure squared;  
or  
(ii) twenty times the logarithm to base 10 of the ratio of the root mean 
square sound pressure over a stated time interval to the reference value 
for sound pressure.  
The two expressions for sound pressure level are mathematically identical, 
they are sometimes referred to as “mean-square-sound-pressure level” 
and “root-mean-square-sound-pressure level” to distinguish them. When 
using mean-square-sound-pressure level, the reference value is sometimes 
stated as 1 μPa2, leading to mean-square-sound-pressure level being 
expressed in units of dB re 1 μPa2. 

Sound Exposure Level Sound exposure level (SEL) takes the different duration of sounds into 
account and it is a measure of the accumulated energy over a defined 
period (often 1 second). It also allows the comparison of sounds of different 
durations. The SEL is the integral of the squared acoustic pressure with 
respect to time, expressed as a level in decibels over defined period.  

System Self-Noise The system self-noise of the measuring system is a crucial parameter 

when measuring low levels of sound, and governs the minimum sound 

pressure that may be measured by the system. The contaminating noise 

within the measuring system arises from two sources: noise generated by 

the hydrophone and recording system and noise generated by the 

deployment platform or mooring, the rig. For measurement of low 

amplitude signals, the system self-noise is a key parameter. High self- 

noise can originate from poor choice of hydrophone and amplifiers, or 

from pick-up of electrical noise generated by the electronics and data 

storage system (the latter can sometimes generate electrical spikes which 

are recorded as spurious signals). The self-noise should be expressed as 

spectrum level, either in μV/Hz at the amplifier input or back-calculated 

as μPa/Hz at the hydrophone and it should be at least 6 dB below the 

lowest noise level of interest. 

Third-octave 

frequency band 

A frequency band whose bandwidth is one third of an octave, where an 

octave represents a doubling in frequency. One third of an octave is a 

frequency ratio corresponding to a ratio of 21/3 ≈ 1.2599. 

The third-octave bands used for analysis are those defined in the 

international standard IEC 61260:1995 (equivalent to EN 61260:1996). 

The centre frequencies as described in Commission Decision 2010/477/EU 

(i.e. 63 and 125 Hz) are nominal centre frequencies and can be 

interpreted either in decimal or binary.  
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1. Introduction 
CeNoBS project aims to improve second cycle of MSFD implementation for Descriptor 1 –cetacean 

and Descriptor 11- noise in the Black Sea, by achieving greater consistency and coherence in 

determining, assessing and achieving good environmental status (GES). The project will directly 

support the assessment of the extent to which GES for D1 and D11 have been achieved in the Black 

Sea region after the implementation of the 1st cycle of the MSFD and to provide the BS Members 

States with practical outcomes and means for cooperation to contribute to the next 6-year cycle of 

MSFD for both Descriptors, in particular for updating their monitoring programmes and their 

programmes of measures.  

Regarding Descriptor 11, the project has the following specific objectives: 

- Strengthening capacities of BS competent authorities in D11 monitoring through transferring 

lessons learnt and good practices developed in other marine regions (Mediterranean – 

QUITEMED project);  

- Increase of national expertise to implement effective noise monitoring through the regional 

training workshop on D11 monitoring; 

- Implement pilot activities on noise monitoring in Romania, Bulgaria, Turkey and Ukraine.  

This report is the deliverable of the Activity 3.3 “Operational pilot(s) on noise monitoring”, Work 

Package 3 “Assessing and supporting the development of D11 monitoring in the Black Sea”. The pilots 

are based on progress of TG Noise’s work [1, 2] and on recommendations from previous regional 

projects implemented as QUIETMED and BIAS, including in other marine region such in the 

Mediterranean and Baltic Sea.  

 

2. Pilot activities purpose 
The main aim of the pilot activities is to show how a marine acoustic monitoring exercise leads to 

assess the underwater noise level in dedicated locations (Romania, Bulgaria) in the Black Sea.  

Moreover, in correlation with the D1 marine mammals/cetaceans, a C-POD pilot study could be 

assured in Turkey in order to assess the disturbance of the traffic over the marine mammal distribution 

and movement.  

Together with the ACCOBAMS partner details of the pilots will be established during the training 

workshop on D11 monitoring.  

 

3. IO-BAS pilot study, Bulgaria 

3.1 Noise Monitoring Location  

The Bulgarian site for monitoring underwater noise was selected to measure ambient noise specifically 

for indicator 11.2.1 on continuous low frequency sound. The pilot study was undertaken at a location 

as detailed in Table 3-1 and shown in Figure 3-1. The exact deployment site has an acceptable distance 

(~800 m) from a shipping lane, depth 28m, distance to closest shore ~3km and the seafloor is of soft 

material (silt and sand) (Figure 3-1, left).   



Activity 3.3: Operational pilot(s) on noise monitoring  

  Page | 10  

The location meets Category B monitoring requirements [1, 2]. It is close to one main shipping lane 

(e.g. for commercial fishing boats, cruises, cargo vessels bulk cargo and container shipping) as can be 

seen in Figure 3-1 (right) depicting traces of shipping activities from or to Varna port. 

 

 

 

Figure 3-1: Bulgarian pilot area (left) and shipping density in the Bulgarian Coast area (right, 
source: Marine Traffic). 

 

 

Table 3-1: Pilot Underwater Noise Monitoring Location. 

Location GPS Coordinates 

IO-BAS pilot study, Bulgaria 43° 3' 36'' N ,  27° 56' 60'' E 

 

3.2 Noise Monitoring Methodology 

At the monitoring location, a SM3M sound recorder was deployed to continuously measure ambient 

noise levels over a month, as detailed in Table 3-2. It is expected that the monitoring duration is 

sufficient to cover various weather conditions, sea state, as well as a wide range of shipping and other 

operational activities within the pilot area so that the typical baseline noise environment and MSFD 

ambient noise indicators could be established based on the recording data. Underwater noise levels 

were monitored from 28 September to 26 October 2019.  
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    Table 3-2: Acoustic System Deployment Information.  

Location 
Sensitivity Settings 

(dB re 1v/μPa) 
Depth (m) Deployment Period 

IO-BAS pilot study, 
Bulgaria 

- 164.7 28 
28 September – 26 October 

2019 

 

Due to the continuous recording settings and alkaline battery capacity, the recorded data covers 

approximately 16 days (369 hours) and 744 audio files with total volume of 475.87 GB. 

 

 

3.2.1 Equipment  

The Wildlife Acoustics Song Meter SM3 Marine (SM3M) Submersible bioacoustics recording system 

was used for the pilot study. The SM3M Submersible system has the capability of long term monitoring 

of ambient noise levels for baseline characterisation as well as capturing high level anthropogenic 

noise such as from pile driving and seismic airguns. The SM3M Submersible logging system comprises 

an electronic circuit board, a heavy duty polyvinyl chloride (PVC) cylindrical housing unit and a top cap 

with built-in hydrophone unit. The electronic circuit board includes integrated battery bay, control 

panel, liquid-crystal display (LCD) screen and four memory slots. Figure 3-2 shows the SM3M system. 

Specifications for the system and the settings for this pilot monitoring are listed in Table 3-1. The 

sensitivity of each hydrophone is calibrated to a 0.1dB resolution by the manufacturer. This calibrated 

value is taken as the average value over the band from 200 Hz to 1.6 kHz in 100 Hz interval. The 

frequency responses for four hydrophone options are presented in Figure 3-3. The frequency response 

for the ultrasonic hydrophone is constantly flat up to 80 kHz, with variations of less than 2dB. 

 

        

 

Figure 3-2: SM3M System with top cap containing hydrophone unit, cylindrical housing unit and 
circuit board (left). 
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Figure 3-3: Frequency Responses for Different Hydrophone Options (SM3M-user-guide.pdf). 

 

 

Table 3-3: Detailed Specifications –SM3M Submersible System 

Key Features Specification Details Settings for pilot 

Working depth Up to 150m 28 m 

Operating 
temperature 

0°C to 40°C  20°C 

Dimensions 16.5cm in diameter/79.4cm in length - 

Weight 
Without batteries - 9.5kg in air; Fully 

populated with batteries - 13.5kg in air and 
1.5kg buoyancy in salt water 

- 

Power 
Maximum 32 alkaline D cell batteries or 

lithium manganese batteries ( 4.5 to 17V DC) 
32 alkaline D cell Energizer 

Sampling rate 4kHz to 96kHz 96kHz 

Storage Up to 2 TB  with 4 SDXC 512GB with 4 SDXC Cards 

Recording 
schedules 

Programmable Continuous 

Data format WAV or WAC (compressed)  WAV 

Dynamic range 78 to 165dB re 1Pa with 0 gain input - 

Gain setting 0 dB or 12 dB  Gain AUTO - 0dB 

Hydrophone 

Hydrophones of different specifications (Low 
Noise, Standard, Ultrasonic, High-SPL) can be 

selected depending on the monitoring 
purpose 

Ultrasonic hydrophone unit; 
High-SPL hydrophone unit 
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Noise floor with 
ultrasonic 

hydrophone 

-112 dBfs/sqrt(Hz) @48 kHz rate, 1 K 
input impedance, 0 dB gain 

- 

Calibration 

The electronics of the board and 
hydrophones were calibrated and are not 
expected to shift the value in years, unless 

some damage occurs. 

Data were calibrated 
according to the 
manufacturer’s 
specifications  

 

3.2.2 Deployment and Retrieval 

Deployment was carried out by IO-BAS team aboard the fishery boat “Elis” on 28th September 2019. 

The survey equipment was deployed on a static mooring in a water depth 28m. The package 

consisted of a single line mooring, anchored on the seabed by a concrete weight (40kg) and 

configured to avoid any metal-on-metal connections that might generate noise with movement. The 

sensor platform was fixed at 3m above the seafloor. The deployment configuration is in line with the 

recommendations in [2, 3]. 

The SM3M Song Meter system was programmed at the shore to finalize the data acquisition timings.  

The schematic diagram of the mooring system, equipment deployment and retrieval process is 

illustrated in Figure 3-4. 

 

 
Figure 3-4: Schematic diagram of the mooring system is given along with the deployment and 
retrieval photographs of the Song Meter SM3M. (A, B): Recorder on board, sealed and assembled 
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with other deployment accessories, including acoustic release, anchoring weights, float buoy and 
ropes; (C, D): Recorder attached to the anchor point and floating above seabed with buoyancy and 
ready to be deployed; (E): Release deck unit and dunking transducer enables communications and 
acoustic release used during retrieval; (F): Recorder retrieved after approximately 29 days 
deployment. 
 

 

3.2.3 Data Processing and Analysis 

The continuous monitoring data collected from the pilot location was processed and analysed with 

the aim to compute the MSFD ambient noise indicators.  

In total, 737 sound files were batch processed and analysed following the steps as detailed below 

using MATLAB scripts.  

Data processing and analysis procedure includes following stages: 

 

Pre-processing  

Pre-processing is a basic step in processing of the acoustic recordings for an adequate extraction of 

noise indicators. 

During the pre-processing the raw signals recorded in audio file format (*.wav) were tested for time 

coverage of data, size and length of the recorded files, non-numerical values in the recorded data files, 

and test of clipping. Files recorded before deployment and after retrieval of the system were also 

removed.  

Processing  

In the case of the MSFD indicator11.2.1 the targeted quantities are the averages of sound pressure 

level (SPL; in dB re 1Pa) of the 1/3-octave bands 63 (56-71Hz) and 125Hz (112-141Hz). In addition, 2 

kHz (1778-2239 Hz) band was also obtained. 

The quantitative processing steps performed on the raw acoustic data files were: 

1. Calculate spectra: Compute the 1 s and 60s power spectral density (PSD) and band levels.  

The Welch [6] averaging technique is implemented for estimating power spectra with a 1 second time 

segment and Hann window, and without segment overlap. A discrete Fourier transform (DFT) is used, 

which yields a frequency resolution of 1 Hz for the SM3M sampling rate.  

2. Calculate band levels: One-third octave band metrics. 

Frequency band metrics are computed from the 1 second, 1 Hz resolution spectral data. The spectra 

are summed between the band start and stop frequencies to obtain the 1 s band-limited sound 

pressures. Since the 1 Hz bands do not align with the one-third octave band start and stop frequencies, 

the PSDs in the bins that straddle two 1/3 octave bands are divided according to the percentage 

overlap with the stop and start frequency of the adjacent bands. The 1 s band-limited squared sound 

pressures are then averaged over 60 s to obtain the metrics at that temporal resolution. The results 

are converted to decibels.  

3. Calibration data: Apply single calibration factor 

SPLs (dB re 1 μPa) are computed directly from the time series and converted to pascals using the 

hydrophone sensitivity (165 dB re 1 V µPa-1) and the SM3M pre-amplifier gain (0 dB),. 
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The metrics generated by the analysis were stored for later use by plotting and reporting software.  

The results were also used to compute the acoustic metrics and statistics for the longer temporal 

analysis window. The time window (snapshot duration) over which the various statistics are calculated 

was specified as:  1s, 60 s, 1 hour and 1 day. 

3.3 Results 

The data was processed to obtain SPL in dB re 1 µPa. Measures in the 1/3 octave bands 63 Hz, 125 Hz 

and additionally 2 kHz have been computed according to signal processing procedure described above. 

All 1/3 octave indicators were extracted and graphical representing using Matlab scripts. 

Noise sources and variability 

Sea noise spectrogram obtained from signal PSDs averaged over each 30-minute recording (see Figure 

3-5), representing the entire pilot monitoring period, was created to visually examine noise data for 

long-term variations. The spectrogram is displayed with a logarithmic frequency scale from 10 Hz to 

48 kHz and a fixed colour scale bounded within 50 dB and 100 dB re 1 µPa2 Hz-1. The colour scale 

bounds were fixed so as to standardise the plots and optimise the colour dynamic range for the 

intensity of weak and strong signals observed in the dataset. The spectrogram highlight signal types 

which are either intense and/or persist across the averaging time (e.g. intense ship noise). 

Natural (physical) noises, such as wind and rain noise typical of the autumn season, were difficult to 

recognize due to masking by anthropogenic sounds. 

The biological sounds identified from the recordings could represent the low frequency part of 

bottlenose dolphin (T. truncates) and/or harbour porpoise (P. phocoena) vocalizations. The lower 

frequency vocalizations (about 0.2 to 50 kHz) are likely used in social communication or to locate and 

identify objects such as food. Social signals have their most energy at frequencies less than 40 kHz. 

Higher frequency clicks (40 to 150 kHz) are primarily used for echolocation. 

According to expectations, the anthropogenic noises associated with shipping activity dominated the 

underwater noise environment in the monitored area. The major sources of this noise were various 

ships and boats moving past the recording site (Figure 3-5, these appear as narrow, high-amplitude 

vertical lines with peaks typically between 0.1 and 1 kHz on the spectrogram). In addition, there were 

shorter or longer periods of tonal noises, which were most likely machinery noise from vessels 

operating nearby (e.g. from on-board motors and pumps). 

Statistics of the spectrum level of noise recorded at monitoring location is demonstrated in Figure 3-

5 and Figure 3-6. The major variations in the noise spectrum level exceeding 20 dB were observed at 

frequencies from approximately 10 Hz to 1 kHz. This wider frequency band (0.01–1 kHz) approximately 

corresponds to the nominal range of shipping noise (0.01–10 kHz; [4]).  

 

https://www.sciencedirect.com/science/article/pii/S0025326X13006802#b0270
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Figure 3-5: Frequency analysis of sound recorded per day at pilot location for the monitoring period 
(September - October 2019). The power spectrum density (PSD, colour-coded) is integrated over 60 
s, displayed in dB re 1uPa2 Hz-1 and plotted as a function of frequency (in logarithmic units) over 
time. 

 

Figure 3-6: Spectra illustrating the percentile metrics and the arithmetic mean SPL, together with 
the underlying noise level distribution (SPD, spectral probability density) from frequency analysis 
of sound recorded at pilot location for the monitoring period (September - October 2019). 

MSFD ambient noise indicators  

For the data obtained in the pilot project the results for ambient noise indicators are presented in the 

form of the following graphical representations: SPL versus time, Spectral representations (for 1/3 

octave and narrowband) and level statistics (level histogram, cumulative distribution, percentile levels 

and boxplot). 

Figure 3-7 and 3-8 show the noise levels at the central frequency of each 1/3 octave band up to 20 

kHz for the monitoring period. 
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Figure 3- 7: 1/3 octave band analysis (colour-coded) per day for the monitoring period (September 
- October 2019), integrated over 1 s and plotted as a function of frequency (in logarithmic units) 
over time. Frequency range: 10 Hz–20 kHz. 
 

 
 

Figure 3-8:  Spectra illustrating the percentile metrics and the arithmetic mean SPL in the 1/3 octave 
bands, together with the underlying noise level distribution (SPD, spectral probability density) from 
frequency analysis of sound recorded at pilot location for the monitoring period (September - 
October 2019). Frequency range: 10 Hz–20 kHz. 
 

 

Figure 3-9 presents the noise levels at the 63 Hz, 125 Hz and 2 kHz 1/3 octave bands and the median, 

mean, and 5th and 95th percentiles. 
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Figure 3-9: Sound pressure levels measured at pilot location in the 63 Hz (top), 125 Hz (middle) and 
2 kHz (bottom) third-octave bands after 1-second windowing and 60-second averaging, and 
statistics. Frequency range: 10 Hz–48 kHz. 
 

 

A method to obtain statistical information from noise recordings is to plot a histogram. Figure 3-10 

presents the noise level distribution of the basic 1 second SPLs for 63, 125 and 2 kHz 1/3 octave bands.  

 
 

Figure 3-10: Level histograms of 1 second values for 63, 125 and 2 kHz 1/3 octave bands. 
 

The distribution of values for each frequency band may be displayed in the form of a “box plot” -

another way of expressing statistical information showing the median or mean and selected 
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percentiles, useful to assimilate daily trends. The box plots of the 63 Hz and 125 Hz for the whole 

monitoring period are shown in Figure 3-11 and Figure 3-12. The plots were generated from the 60 s 

averages in 63 and 125 Hz 1/3 octave bands for each day of the monitoring period.  

 
 

Figure 3-11: Boxplot showing the variation in the 63 Hz 1/3 octave band levels for the monitoring 
period. 
 

 

 
 
Figure 3-12: Boxplot showing the variation in the 125 Hz 1/3 octave band levels for the monitoring 
period. 
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Table 3-4 presents the summary results for ambient noise levels in 64 Hz, 125 Hz and 2 kHz one-third 

octave bands over 1s snapshot duration and frequency range 10 Hz   20 kHz for the monitoring 

period.  

 
 
Table 3-4: Statistics of the SPL in one-third octave bands. 

Metric 1/3 octave band SPL ( dB re 1 µPa ) 

Frequency 63 Hz 125 Hz 2000 Hz 

5th percentile 69.75 71.51 76.45 

25th percentile 75.51 76.53 78.97 

Median 80.55 80.9 82.39 

75th percentile 85.15 87.52 86.22 

95th percentile 93.11 97.50 91.36 

99th percentile 101.68 107.62 99.82 

RMS level 93.91 96.48 108.98 

 

 

3.4 Conclusions 

Following Commission Decision 2010/447/EU (and 2017/848/UE) the 1/3 octave bands around 63 Hz 

and 125 Hz are employed as ambient noise indicators. For the Bulgarian part of the Black Sea, addition 

2 kHz centre frequency band was also used due to the fact that ambient noise peak appears frequently 

in this band.  

TSG Noise monitoring guidance 2014 [2] recommends to include one or more third octave bands in 

the frequency range up to 20 kHz. Since the IO-BAS measurements covered a much larger frequency 

range, monitoring at 1/3-octave bands within this wide frequency range provides coverage of the 

frequencies used by most marine species in the Black Sea. It will also allow subsequent analysis and 

indicators based on these metrics to use approaches such as auditory weighting to better reflect the 

risk of impact based on the frequency composition of noise. For that reason all 1/3 octave bands would 

be evaluated in the future at national level. 

 

 

https://www.sciencedirect.com/science/article/pii/S0025326X17306124#t0010
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4. NIMRD pilot study, Romania 

4.1 Noise Monitoring Locations 

The underwater noise measurement done in the Romanian waters near Vama Veche was of interest 

due to the fact that it is in the protected area “Marine coastal aquatorium 2 Mai - Vama Veche” and 

the background noise should be minimum. 

The experiment took three days, during which the meteorological conditions were fair most of the 

time and instable in some instances, forcing us the recover the boat and head back to port for shelter. 

In one case the storm came so fast that we had no time to get back on the sea to recover the boat and 

the equipment, so we had to wait the storm and hope that the boat and equipment was all was all 

right. 

The experiment was done using two boats. One from which the measurement was done and one for 

assistance to ensure transport to and from the site. The boat from which the experiment was done 

had a large anchor to which we took its coordinates and announced its position the naval captaincy 

and coast guard to ensure its safety. 

Table 4-1: Pilot Underwater Noise Monitoring Location. 

Location GPS Coordinates (decimal degrees) 

NIMRD “Grigore Antipa” pilot study, Romania 43.763432 N, 28.615509 E 

 

The experiment was done on the 20 m isobath and the hydrophone was approximately at the middle 

of the water column.  

 

Fig. 4-1: Romanian pilot area (south of Mangalia) 
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4.2 Noise Monitoring Methodology 

The experiment was done with the LAN-XI Data Acquisition System - Type 3050 coupled with the 

battery, which were stored in a sealed Pelicase that was tied down to the boat to prevent it to move 

around. The cable from the hydrophone was also inserted in the Pelicase via a seal to prevent water 

from getting in and damaging the equipment if the sea state would get bad (which it had, in the last 

day, and the boat was filed with water due to a storm lasting 2 hours). The boat was left unmanned 

at anchor for several hours per day. Even so it was watched upon with a binocular, as the boat was far 

from the shore and hard to spot with the naked eye. 

  

Fig. 4-2: Setting marine noise recording parameters  

 

 

Boat

Bottom 
weight

Hydrophone ½ 
water depth

Small buoy

 

Fig. 4-3: Launching the boat to record marine underwater noise (left), work procedure diagram 

(right) 

To keep the hydrophone straight in the water mass, a 1 kg of rubberized led weight was tied to it. The 

boat was free to rotate around in the currents and the hydrophone was free to dangle in the water 

mass without the worry of noise interfering from the boat tugging on the anchor moor. The boat was 
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brought back into the port at night for safety reasons and the battery was recharged. In fact, the 

battery was the main factor that kept the experiments short. 

 

Table 4-2: Acoustic System Deployment Information.  

Location 
Hydrophone sensitivity 

 (dB re 1v/μPa) 
Hydrophone 

depth (m) 
Deployment Period 

NIMRD “Grigore Antipa” 
pilot site, Romania 

-173,5 10 23 -25 June 2021 

 

The underwater noise data was collected in three days summing up to 15 H and 16 with a total 

volume of 49 GB 

 

4.2.1 Equipment 

Acquisition System 

The LAN-XI Data Acquisition System - Type 3050 is designed to cover as many sounds and vibration 

measurement applications as possible. Type 3050 comes in two basic variants, offering the choice 

between four and six high-precision input channels with an input range from DC to 51.2 kHz. The 

module is plug-and-play, the device has a magnesium cast for a rugged industrial use in the field and 

can run on AC, DC, battery, or power over Ethernet (PoE). It has a batter module type 2831-A that is a 

rechargeable Li-ion battery with an output voltage of 14.8 V and a capacity of 6400 mAh.  It can be 

connected to a single module or mounted in a frame. The battery can power the module for over 

seven hours, before needing to be recharged. 

 

Hydrophones 

Table 4-3: Detailed Specifications of the hydrophones 

Key Features Specification Details 

Voltage sensitivity with cable at 20° 56 uV/Pa ± 15 uV 

Charge sensitivity 0.42 

Capacitance with integral cable 7500 

Frequency range re. 250 Hz 
0.1Hz to 100 kHz (+1/−6.5 dB) / 0.1Hz to 

160 kHz (+3.5/−10.0 dB) 

Operating temperature range -30 to +80 

Max operating static pressure 260 dB = 9.8 × 10^6 P 

Dimensions 93 mm (3.66 inch) 

Length 1 50 m 

Length 2 150 m 
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Figure 4-4: The LAN-XI Data Acquisition System, battery module and hydrophone 
 

 
Figure 4-5: Typical receiving frequency characteristics of the hydrophone (dB re 1 V/μPa) 

 

The hydrophones have very good omnidirectional characteristics. Typical directivity patterns of the 

hydrophones in water are shown in Figure 4-6. This polar directivity pattern is measured in free-field 

conditions achieved by means of gating techniques in a water tank.  This method requires a standard 

hydrophone as a projector and the unknown hydrophone as the receiver whose polar directivity 

pattern is to be determined. 

 

 
Figure 4-6: Typical directivity pattern 
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4.2.2 Data Processing and Analysis 

The data was processed to SPL in dB re 1 µPa, since the recording stations are scattered along the 

coast, the data obtained from each station was averaged to make the maps and plots. The recorded 

data (.wav files) were processed using PAMGuide, a Matlab script that can export the data as excel 

files and as graphical representations. The maps were made using ESRI’s ArcMap software. 

 

 

4.3 Results 

The research done on underwater noise at the Romanian coast has focused on the initial results of 

underwater background noise to establish a baseline of the sound pressure level. To see the 

background noise level, several crops were made to the audio files after obtaining the primary results, 

in order to isolate the parts were the underwater noise coming from different factors (e.g., fishing 

boats, bulk ships, coast guard vessels, dolphins, etc.) was absent. 

To observe the difference between the background noise level and the foreground noise level 

(coming from different underwater noise sources), two files were selected and compared. 

a. Background noise level situation 

 
Figure 4-7: Power spectral density of the background noise level 
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Figure 4-8: Noise level statistics of the background noise level 

 
Figure 4-9: Sound pressure level (SPL) vs time – left and the cumulative distribution function vs SPL 

– right, of the background noise level 

 

b.  Background noise level plus the noise produced by a bulk ship arriving in the roadstead of 

Mangalia harbour 

 
Figure 4-10: Power spectral density of a ship approaching the harbour 
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Figure 4-11: Noise level statistics of the bulk ship noise level 

 

 
Figure 4-12: Sound pressure level (SPL) vs time – left and the cumulative distribution function vs 

SPL – right, of the bulk ship noise level 

 

By comparing the power spectral density image of the two situations (a. and b.), the ship’s arrival can 

be observed, as the intensity of the sound modifies. The ship is far away several kilometres from the 

pilot site, and the ship is slowly moving, not producing a lot of underwater noise. Whereas if it was 

leaving the port the underwater noise level would be different, grater in respect to when is coming to 

a stop. 

The values of the noise levels at the 63 Hz, 125 Hz for the two situations are presented below. 

 

Table 4-4: Noise level statistics for the two situations 

Situation a. Background noise b. Bulk ship noise 

Frequency 63 Hz 125 Hz dB 63 Hz 125 Hz dB 

5th percentile 18,65 9,46 72,04 14,34 13,88 77.47 

25th percentile 26,39 17,34 76,06 23,15 23,86 81.79 

75th percentile 34,75 25,84 81,64 34,89 36,15 87,61 
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95th percentile 41,02 33,98 84,86 41,67 42,11 91,78 

99th percentile 46,19 42,58 86.65 46,04 45,45 94,45 

Average 30,40 21,63 79 28,80 29,52 84,65 

 

It can be noticed that in the first situation the noise values are smaller (small exception in the 63 Hz 

frequency band) than the noise recorded in the second situation. 

Regarding the sound produced by marine mammals/cetaceans, the pilot site experiment was 

successful in recording a short sound produced at 50 kHz. The underwater noise could represent a 

biological sound produced by a cetacean that would manly represent the clicks used for echolocation. 

The sound produced was a bit higher than 90 dB as shown in the figure below. After analysing the 

noise, it was possible to identify that the noise was short, about one second each, three such sounds 

were identified in a one and a half minutes. The V shape of the noise produced seen in the spectrogram 

is due to the pass by of the noise source (like from north to south).  

 
Figure 4-13: Power spectral density of a mammal/cetacean passing by the hydrophone 

(logarithmic frequency representation 
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Figure 4-14: Power spectral density of a mammal/cetacean passing by the hydrophone (linear 

frequency representation) 

 

The means of identifying the species that produced the sound are not available for us at this time. To 

obtain such information a data base of sounds produced by cetaceans needs to be created for every 

species. The recordings need to be combined with observation to identify the species in the sea. This 

by its own would take years to accomplish. 
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Most of the audio files are 3 hours long and were split into 50 minutes each as the original files are 

too large for the computer to process and analyse the data. The final result in figure 4-15 of the daily 

power spectral density is comprised of all power spectral density results obtained from the 50 minutes 

and smaller audio files. In the results below the first and last noise that appears in the spectrograms 

is the sound produced by the engines of the boat that was used to travel to and from the pilot site. 

The rest of the sounds are made by fishing boats that activate in the region and a vessel that was 

investigating the boat from which we did the measurement. 

 

4.4 Conclusions 

The Romanian pilot site experiment offered new insight on underwater noise, offering the possibility 

to distinguish the differences between the background noise level and other underwater sounds.  

At this moment the Romanian underwater noise baseline can be defined by the results of the first 

situation in which no other noise appears in the background and by its statistical data that provides 

the SPL [dB re 1μPa] values, 79 for the median and 80.5 RMS level. In the other case where the ship is 

present, the SPL values are 84.5 for the median and 86.7 for the RMS level. With more pilot sites in 

the future, the precision of the background noise level will grow. 

 

 

5. TUDAV pilot study, Turkey 
In connection to Descriptor 1 –cetacean and Descriptor 11- noise in the Black Sea, a pilot study using 

an F-POD was carried out by Turkish Marine Research Foundation (TUDAV) in the Turkish coast in 

order to assess the effect of marine traffic over the cetacean distribution and movement.  

5.1 Monitoring Location  

A pilot study was undertaken at a location at the Black Sea entrance of the Istanbul Strait (Filburnu 

N4111.847' E2907.045') (Figure 5-1). This location was selected due to the accessibility but it was also  

 the well-protected area from human disturbance which may cause the damage or loss of the 

recording device. We have carried out some acoustic monitoring studies previously at this location. 

Another important aspect of this location is that it is at the entrance of the Istanbul Strait, one of the 

busiest waterways in the world. 
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Figure 5-1: The pilot study area in the Turkish coast  

 

 

5.2 Monitoring Methodology 

At the monitoring location, an F-POD was deployed to understand the presence and activity of 

cetaceans by the detection within the FPOD app the ‘trains’ of echo-location clicks. It has 20 kHz to 

160 kHz omni-directional hydrophone. Cetacean were monitored from 4 May to 24 July 2020. The F-

POD was placed 5m below the sea surface where the sea bottom was 20 m deep. The monitoring 

study was conducted only during the set net fishery season therefore the recorded data covers 

approximately 81 days (1946 hours).  

3.2.1 Equipment  

An F-POD (Chelonia Limited, U.K.) was used for the pilot study (Figure 3-2). F-PODs log very large 

numbers of cetacean clicks. Cetacean detection is performed in post-processing in the F-POD app by 

the detection and classification of coherent sequences – trains – of clicks found within the raw data. 

The F-POD stores more information of higher quality on each click to enable improved train detection 

and species classification, so the need for visual validation is reduced (Table 3-1). Originally it was 
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planned to deploy a C-POD, but by the time of the preparation of this study, an F-POD, which is actually 

an upgraded version of C-POD, became available, thus an F-POD was rented and used.  

 

        

 

Figure 5-2: The F-POD used in this study before deployment. 
 

Table 5-1: Detailed technical specifications of F-POD 

Key Features Specification Details 

Working depth At least 100m 

Dimensions 9cm in diameter/71cm in length 

Weight Without batteries – 2.35kg in air 

Power 10 D cell  

Sampling rate 20 kHz to 160 kHz 

Storage Removable 32 GB micro SD card 

Recording schedules set to log 1 minute in 2 or 5 or 10 minutes 

Hydrophone Omni-directional 
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5.2.2 Deployment and Retrieval 

An F-Pod was deployed to monitor cetacean clicks at the Black Sea entrance of the Istanbul Strait near 

a set net as shown in Figure 5-3. The data were collected between 4 May and 24 July 2020.  

 

 
 

Figure 5-3: Schematic diagram of the mooring system and retrieved F-POD after 81 days of 
deployment. 

5.2.3 Data Processing and Analysis 

After the data were downloaded to the laptop, there were two files; first start 4.5.2020 14:32 end 

13.6.2020 08:49 and second, start 13.6.2020 08:49 end 24.7.2020 17:27. Totally, the F-POD monitored 

for 81 days, 2 hours, and 57 minutes. After the analyses, totally 31,861,600 clicks were detected 

(Figure 3-4). Cetacean detection positive minutes (DPM) per day was 1014 for the first and 978 for the 

second period. 
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Figure 5-4: Summary of the data collected by the F-POD in two files. 
 

 

DPM, a minute in which at least one dolphin click train is detected. Daily distribution of cetacean 

detection positive minutes (DPM) throughout the study period is shown in Figure 3-5. The clicks were 

constantly detected for the 81-day study period. It is not possible to distinguish three species of 

cetaceans, namely bottlenose dolphins, common dolphins and harbour porpoises. Thus there can be 

some shift in the presence of each species. In July towards the end of the study period, gradual 

decrease of detection was observed.  
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Diel distribution of DPM by hours from the accumulated data is shown in Figure  3-6. Although the 

clicks were detected throughout the day, there are slight decreases in the early morning (5:00-7:00) 

and in the evening (19:00-20:00), suggesting that cetaceans move to other places or become 

acoustically less active.   

 

 
Figure 5-5: Total number of cetacean DPM per day (DPM: detection positive minutes). 

  

 

 
Figure 5-6: Diel distribution of the cetacean DPM by hours from accumulated data for the entire 

monitoring period of 81 days. 
 

5.3. Relation of cetacean presence and marine traffic 

The marine traffic through the Istanbul Strait is extremely heavy in general as well as its entrance on 

the Black Sea side (Figure 5-7).  In spite of this traffic, we confirmed the presence of cetaceans in our 

study area during early summer. To investigate fully the relationship between cetaceans and traffic, 

we planned to compare our acoustic data collected by the F-POD with the marine traffıc data collected 

by the Ministry of Transportation.  
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Figure 5-7: Marine traffic in the Istanbul Strait and the adjacent areas in the Black Sea and 
Marmara Sea. (Source: www.marinevesseltraffic.com) 

 
Cetaceans depend on sounds to communicate and echolocate underwater. Marine traffic creates 

considerably loud noise which can affect acoustic activities of cetaceans. The data on ship traffic were 

provided by the Ministry of Transportation and Infrastructure, Directorate General of Coastal Safety 

upon our request. Table 5-2 shows a part of the data in its original format. They included the records 

of only the large ships via VTS (Vessel Traffic Service) and the size ranging between 25 and 300m in 

length, mainly tankers, cargo and container carriers. The total of 7858 ships were recorded for the 

sampling period with F-POD, with the average of about 97 ships per day passing through the Strait. 

Considering the location of the F-POD near the northern end of the Istanbul Strait facing the Black Sea, 

the approximate time for the ships to pass near the sampling location was calculated, then the number 

of ships within 10 minutes corresponding to the time batch of the F-POD was determined. Table 5-3 

shows the summary of both ship traffic and cetacean occurrence as Dolphin Present Minutes (DPMs) 

by F-POD. 

Table 5-2: The first few rows of the original ship traffic data for the Istanbul Strait provided by the 

Ministry of Transportation and Infrastructure. (*Direction: GK-From South to North, KG-From North to 

South)  

No Direction* Type 
Length 

(m) 
Width 

(m) 
Dwt 

Tonnage 
Gross 

Tonnage 
Net 

Tonnage 

Entrance 
to the 
Strait 

Exit 
from 
the 

Strait 

Passa
ge 

Time 
(hours

) 

1 GK TANKER 182,6 27,3 37211 23217 10113 
4 May 
2020 
20:00 

4 May 
2020 
21:34 

1,6 

2 GK 
CHEMICAL 

TANKER 
100,6 16,6 5991 3553 1715 

4 
May2020 

20:10 

4 May 
2020 
22:19 

2,2 

3 GK 
GENERAL 
CARGO 

118,8 13,0 3761 2827 1195 
4 May 
2020 
20:20 

4 May 
2020 
22:30 

2,2 

4 GK 
GENERAL 
CARGO 

80,6 14,2 3959 2544 1542 
4 May 
2020 
20:25 

4 May 
2020 
22:55 

2,5 
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5 GK 
GENERAL 
CARGO 

132,6 18,6 10975 7008 4161 
4 May 
2020 
20:30 

4 May 
2020 
22:10 

1,7 

6 GK 
GENERAL 
CARGO 

108,0 15,0 3104 2571 983 
4 May 
2020 
20:40 

4 May 
2020 
23:00 

2,3 

7 GK 
BULK 

CARRIER 
199,9 32,3 63500 36336 21330 

4 May 
2020 
20:50 

4 May 
2020 
22:24 

1,6 

8 GK 
GENERAL 
CARGO 

109,2 16,3 6603 4671 2406 
4 May 
2020 
21:00 

4 May 
2020 
22:25 

1,4 

9 GK 
GENERAL 
CARGO 

88,2 15,5 4052 2977 1490 
4 May 
2020 
21:05 

4 May 
2020 
22:49 

1,7 

10 GK 
GENERAL 
CARGO 

108,4 14,8 3100 2597 1033 
4 May 
2020 
21:10 

4 May 
2020 
23:17 

2,1 

11 GK 
BULK 

CARRIER 
196,0 32,3 58419 34402 19580 

4 May 
2020 
21:20 

4 May 
2020 
22:48 

1,5 

12 GK 
GENERAL 
CARGO 

125,9 20,0 10385 7617 3520 
4 May 
2020 
21:25 

4 May 
2020 
23:04 

1,7 

 : : : : : : : : : : 

 

Table 5-3: Frequency distribution of DPMs to the number of ships passing per 10 mins. 

 Number of ships per 10 minutes  

DPMs per 
10 minutes 

0 1 2 3 4 5 Total 

0 589 462 178 28 4 0 1261 

1 222 185 64 7 2 0 480 

2 206 150 58 4 3 0 421 

3 217 149 57 5 1 0 429 

4 204 161 48 5 4 1 423 

5 253 186 63 11 0 0 513 

6 279 208 60 10 2 0 559 

7 331 250 69 14 3 1 668 

8 501 306 105 19 1 1 933 

9 785 501 184 27 4 2 1503 

10 2265 1551 567 88 15 2 4488 

Total 5852 4109 1453 218 39 7 11678 

 

Fig. 5-8 shows the total DPMs were at the highest value when there was no ship passing by, then 

decreased as the number of ships increased. However, similar trend was observed in the number of 

ships in the Fig.5-9. This implies that the cetacean occurrence was not related to the passing ships. 

The Chi-square analysis for the test of independency between the number of ships and the DPMs was 

not significant (p=0.4562). 
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Fig. 5-8:  Total DPMs detected by F-POD to the number of ships passing per 10 minutes in the 

Istanbul Strait. 

 

Fig. 5-9: Frequency distribution of the number of ships passing per 10 minutes in the Istanbul 

Strait. 

 

DPMs per 10 mins ranges from 0 (absent or silent) to 10 (continuously present). Their frequency 

distribution during the study period is shown by Fig. 5-10. It shows that there were two modes at 0 

and 9-10 DPMs, which means that cetaceans were either absent/silent or continuously clicking. This 

pattern was seen in all traffic conditions, except 5 ships per 10 mins, which were recorded only in 7 

occasions. In fact, 9 and 10 DPMs per 10 mins constitutes 51%, more than a half of all DPMs (Fig. 5-

11).  

0 1 2 3 4 5
0

5000

10000

15000

20000

25000

30000

35000

40000

45000

To
ta

l D
P

M
s

Ships per 10mins



Activity 3.3: Operational pilot(s) on noise monitoring  

  Page | 41  

 

Fig. 5-10:  Frequency distribution of DPMs per 10 minutes recorded by F-POD. 

Fig. 5-11: The proportion of DPMs per 10 minutes recorded by F-POD in the Istanbul Strait. 

 

 

5.4 Conclusions 

The Istanbul Strait is situated between the Black Sea and the Marmara Sea, and is one of the narrowest 

and busiest straits in the world. For centuries, the Istanbul Strait has been the most important route 

for oil and cargo transportation between the Black Sea and the Mediterranean Sea. The strait has also 

heavy domestic marine traffic mostly in the southern part. Adding to its economic importance, the 
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Istanbul Strait is an important fish migration route and critical habitats for cetacean species (Öztürk 

and Öztürk 1996).  

 

Local traffic create noise in the 2 and 10 kHz range. Large vessels create signals both in bands below 1 

kHz (main engine, electrical instruments) cavitation noise creates higher frequency bands. Ship mean 

broadband sound pressure levels (20–40,000 Hz) for all ship classes combined measured 110 ±4dB 

(Gazioğlu and Okutan 2016). Background noise levels of 120 kHz were 78.5 ± 0.8 (SD), 75.5 ± 1.2 and 

78.5 ± 0.8 dB in the Black Sea, the Sea of Marmara, and the Mediterranean Sea, respectively (Mutlu 

2005). According to Tombul and Alpar (2016) the noisiest area is located between Beşiktaş and 

Üsküdar in the southern part of the Istanbul Strait, where the noise levels are 125 dB at low and mid 

frequencies (Tombul and Alpar, 2016).  

 

The norther part of the Strait where our F-POD monitoring station was located is more “calm” part of 

the Strait, because the city centers are located mostly in the southern part of the Strait. Underwater 

noise levels are between 110 and 100dB for low frequency (100 Hz) and mid frequency (1000 Hz) 

(Tombul and Alpar, 2016). Not surprisingly, higher cetacean sighting rates in the northern part of the 

strait, less urbanized than the southern part, have been reported (Dede et al. 2016). 

 

A long term passive acoustic monitoring (PAM) survey in the Istanbul Strait has been carried out by 

Dede et al. (2014), Kameyama et al. (2014), Öztürk et al. (2019), and the behaviour of bottlenose 

dolphin and harbour porpoise in relation to marine traffic was studied by Baş et al. (2015, 2017a, b). 

Most of the click trains detected were recorded during the night time in the middle of the Strait (Dede 

et al. 2014). With regards to the diel pattern of cetacean presence, it is assumed that ship traffic has 

a definite effect, as heavy traffic is a likely stressor for cetaceans. The commuter traffic is much 

reduced during the night time, thus it may be easier for cetaceans to enter the Strait (Dede et al. 

2014). Speed and distance of vessels played a considerable role in the directional responses of 

bottlenose dolphins (Baş et al. 2017b). High-speed ferries and high-speed boats were the most 

significant source of disturbance for bottlenose dolphins (Baş et al. 2015). In autumn, the presence of 

purse seine vessels leads bottlenose and common dolphins to change their behaviour and are related 

with a decrease of energy intake in porpoises (Meza et al. 2020). 

 

In conclusion, the cetacean presence indicated by acoustic activities was not influenced significantly 

by marine vessels passing by. However, the data we obtained through the Ministry of Transportation 

did not include the records of  local traffic such pleasure high speed boats, fishing vessel, ships for 

transportations etc. In future studies, other kinds of vessels should be investigated as well as the noise 

levels of all the vessels to better understand the effect of underwater noise on these animals. 

 

Our results of the cetacean occurrence pattern is in well agreement with the previous studies, namely 

their constant presence and diel pattern (Ozturk et al.2019). Deployment of an F-POD does not require 

complicated set-ups and downloading/analysing data collected by an F-POD is user-friendly. Thus we 

conclude that monitoring cetacean acoustic activity in the Black Sea area with an F-POD is feasible and 

recommended for further studies.   
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