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 Abstract 
 

Growing human populations and economic activity have a negative impact to 

marine ecosystem, such as marine pollutions, overexploitations, extinction of species 

and following shrink of biodiversity. Small cetaceans, which belong to suborder 

Odontoceti, are one of the important mammals that include likely-to-be-extinct species 

because of human activities in the last decade. More than half of small cetacean species 

are listed as “Endangered” or “Data Deficient” in the International Union for 

Conservation of Nature (IUCN) Red List. For effective conservation, the knowledge of 

their basic ecology is necessary. 

 In the present study, I focused on the population observed in the Istanbul Strait. 

Three species are observed in this area; harbor porpoise Phocoena phocoena, bottlenose 

dolphin Tursiops truncatus and short-beaked common dolphin Delphinus delphis. All of 

them are threatened subspecies but their ecology based on long-term constant 

observation has not well documented. I applied passive acoustic monitoring (PAM) with 

new species discrimination and animal density estimation method to fit on the situation 

of the Istanbul Strait and obtained the ecological information. The PAM is now widely 

used for study on small cetaceans, but the species discrimination based on acoustic 

information is still challenging. I proposed the discrimination method between harbor 

porpoise and delphinids and evaluated the accuracy by model. Also, I proposed the 

animal density estimation method which combine the line transect distance sampling 

approach with point transect estimations in consideration of the misclassification rate of 

species. 

 Two-year continuous PAM was conducted by fixed acoustic tag (A-tag) in the 

middle of the strait in 2010–2011. I revealed that harbor porpoise were detected most in 

spring (March–May), and there are almost no detections in winter (December–

February). On the other hands, delphinids were observed throughout the year during 

nighttime. The porpoises distinctively showed short inter-click intervals that imply the 

feeding behavior in spring, suggesting that they were foraging the migrating pelagic fish 

in spring. It was supported by the previously reported stomach contents of the stranded 

porpoises which were found in the Marmara Sea and the Turkish coast of the Black Sea. 



 The animal density and distribution in whole strait were estimated by towed 

PAM in 2013. Animal density and distribution are one of the most fundamental 

information for conservation. In the Istanbul Strait, only the distribution of bottlenose 

dolphin has been available so far. I applied proposed density estimation method which 

can cover wider range of area by line transect approach based on acoustic cue based 

point transect distance sampling estimation. Also, I considered misclassification rate of 

species in estimator. The density was estimated as average of all seasons, it was 0.013 

individuals km
-2

 (CV = 0.612) for harbor porpoise and 0.033 individuals km
-2

 (CV = 

0.823) for delphinids, respectively. The distribution of harbor porpoise tended to be 

dispersed in the strait, but that of delphinids tended to be localized in north entrance to 

the Black Sea. The 50% kernel core area did not overlap between harbor porpoise and 

delphinids, suggesting the core habitat separation.  

 I developed the PAM methodology that is suitable for the small cetacean 

species appeared in the Istanbul Strait, and obtained the ecological information in 

present study. The results revealed the difference of seasonal behavior, distribution and 

animal density between harbor porpoise and delphinids within the strait. It implies the 

effectiveness of PAM also in the multi-species-observed noisy area, and the importance 

to consider the interspecific difference of ecology for effective conservation 

management. 
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Chapter 1 Introduction 
 

Introduction 

 

 

 

1.1. Social Environment Surrounding Small Cetaceans 

Growing human populations and economic activity affect the marine 

environment in various ways, including effects from marine development, pollution, 

overfishing, and the introduction of invasive species. These impacts result in habitat 

alteration or loss and even the extinction of species. Biodiversity loss is now of great 

concern globally.  

Small cetaceans are important species not only because many are endangered 

and threatened by anthropogenic disturbances but also because they are top predators in 

marine ecosystems. Top predators are considered as key species for maintaining the 

marine ecosystem because the predation risk has considerable effect on the marine 

trophic cascade and community by inflicting mortality and inducing behavioral 

modifications on prey and subsequent lower levels of species in a food chain (Heithaus 

et al., 2008; Verity and Smetacek, 1996). Because of their position in the food chain, 

cetaceans are useful to monitor ecological integrity. 

Recent social demands for the protection of marine diversity have accelerated 

the introduction of Marine Protected Areas (MPAs). Although there is no conclusive 

definition of an MPA, the International Union for Conservation of Nature (IUCN) has 

defined an MPA as “A clearly defined geographical space, recognized, dedicated and 

managed, through legal or other effective means, to achieve the long-term conservation 

of nature with associated ecosystem services and cultural values” (IUCN 2008). In the 



2 

 

Convention on Biological Diversity (CBD)-tenth meeting of the Conference of the 

Parties (COP 10), it was declared that “10% of coastal and marine areas, especially 

areas of particular importance for biodiversity and ecosystem services, are conserved 

through effectively and equitably managed, ecologically representative and 

well-connected systems of protected areas and other effective area-based conservation 

measures” to improve the status of biodiversity by safeguarding ecosystems, species, 

and genetic diversity. Many studies have suggested that the MPAs can be an effective 

tool to mitigate anthropogenic impacts on marine mammals (reviewed by Hoyt, 2011). 

However, this assertion has to take into account the ecology of the target species, such 

as resting, socializing, feeding, or choice of breeding ground (Ashe et al., 2010; Hoyt, 

2011). Both the distribution and the spatiotemporal habitat use data are necessary to 

establish effective MPAs. A study used behavioral data to establish a conservation 

strategy for terrestrial animals (Jeffries and Brunton, 2001); however, this kind of 

approach is not widely used for MPAs. One explicit reason for this is a lack of basic 

ecological information regarding small cetaceans compared with terrestrial animals. 

 

1.2. Passive Acoustic Monitoring 

1.2.1. Development of Acoustic Monitoring 

A traditional approach to observing wild populations of small cetaceans is 

through visual observation from the water surface. Previous studies have revealed the 

distribution, population density, surface behavior, or habitat use of animals based on 

visual observations. However, the information accessible from the surface represents 

merely a fraction of their total behavior manifested when cetaceans rise to the surface 

and only during daylight hours and during relatively good weather conducive to visual 

observations. In particular, in the case of hard-to-find species such as the harbor 

porpoise Phocoena phocoena and finless porpoise Neophocaena asiaeorientalis, 

effective visual observations cannot be performed at sea during wind speeds above the 

Beaufort wind scale 2 (light-breeze) (Evans and Hammond, 2004; Shirakihara et al., 

2007). An additional problem is that the quality of information can show high variation 

between observers or between surveys because of the differences in observation 

experience or limitation of survey effort among individuals and surveys, respectively. 
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Within recent decades, acoustic observation has seen widespread use for 

research on small cetaceans as a complementary method of visual observation 

(Mellinger et al., 2007). In passive acoustic monitoring (PAM), we record the 

underwater sounds emitted from animals to obtain ecological data such as behavior, 

distribution, population density, or habitat usage. Notably, acoustics is almost the only 

tool that allows long-term observation of submerged animals that are not visible from 

the surface, and PAM has the added advantage of not interfering with the behavior of 

animals, and its use is not restricted by the availability of visible light or unfavorable 

weather conditions.  

Small cetacean calls can be roughly classified into two categories based on 

physical features: tonal sound and pulsed sound (Fig. 1.1). The tonal sound can be 

described as a “whistle,” which has a relatively long duration over a narrow frequency 

band (2–35 kHz) and generally with frequency modulation. The pulsed sound has a 

shorter duration over a broad frequency band (5–150 kHz) and can be further 

categorized into two different types based on the general function: burst pulse and clicks. 

Burst pulse and whistle calls are considered to be used for intraspecies communication. 

On the other hand, clicks are mainly used within biosonar signals. It is known that small 

cetaceans emit clicks and listen to the echoes of sounds bouncing off various objects to 

achieve environmental cognition underwater. This phenomenon is called echolocation. 

Many small cetaceans frequently emit clicks at a rate of >1 click min
−1

 on average, e.g., 

every 12.3 s in the harbor porpoise and every 6.4 s in finless porpoise on average 

(Akamatsu et al., 2007). We can easily determine whether a small cetacean species is 

located within the monitoring area by detecting clicks. It has been confirmed that the 

probability of animal detection using PAM is higher than that by visual observation for 

some species [e.g., Yangtze finless porpoise Neophocaena asiaeorientalis 

asiaeorientalis (Akamatsu et al., 2008; Kimura et al., 2013), the Ganges River dolphin 

Platanista gangetica gangetica, and the Irrawaddy dolphin Orcaella brevirostris 

(Akamatsu et al., 2013)]. PAM is now introduced at many research sites as the standard 

monitoring method. 
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Fig. 1.1  The spectrogram of a whistle (a), burst pulse (b), and click (c) recorded 

from a bottlenose dolphin [44.1 kHz sampling rate, 512 points of Fast 

Fourier Transform (FFT) size, hamming window, and 50% overlap]. 

 

1.2.2. Acoustic Monitoring Device: A-tag 

There are three types of PAM based on the difference of survey platforms. A 

towed platform of PAM is generally employed simultaneously with visual observations. 

When using this method, a stand-alone underwater recorder or hydrophone with a cable 

is towed from the rear of the research vessel. Many studies have used this method to 

compare the probability of detection of PAM to that using visual observation (Akamatsu 

et al., 2008) and wide-range spatial distribution (Dong et al., 2011). 

When using the stationary type of PAM, a stand-alone autonomous underwater 

recorder is used within a fixed monitoring point. The device is generally fixed on a 

(a) (b) 

(c) 
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mooring, buoy, or the sea floor and can operate without human intervention after 

deployment. This method enables continuous long-term monitoring to determine the 

seasonal change in temporal distribution (Kimura et al., 2012; Verfuß et al., 2007) and 

population density (Hildebrand et al., 2015; Marques et al., 2013). More than 40 types 

of different autonomous underwater recorder have been developed (Sousa-Lima et al., 

2013). 

The bio-logging platform is additionally provided for PAM. Bio-logging is a 

relatively novel approach compared with the two previously mentioned survey 

platforms and is defined as “The investigation of phenomena in or around free-ranging 

organisms that are beyond the boundary of our visibility or experience” (Boyd et al., 

2004). In the case of PAM, the stand-alone underwater recorder is attached to the animal. 

This method is commonly used in conjunction with another device, such as an 

accelerometer, thermometer, depth meter, or camera to obtain behavioral data from the 

same individual. The D-tag is a representative device that can record sounds, depth, 

temperature, and acceleration along with geomagnetic data in the latest version 

(Johnson and Tyack, 2003; http://soundtags.st-andrews.ac.uk/dtags/). 

Although there are an enormous number of available recording devices, most 

can be used for only one of the three types of survey platforms. The acoustic tag (A-tag; 

Fig. 1.2) was initially invented for the bio-logging type of PAM (Akamatsu et al., 2005); 

however, it can also be used within a fixed and towed survey without major mechanical 

changes. The A-tag (ML200-ASII; Marine Micro Technology, Inc., Saitama, Japan) is 

an event recorder targeting the biosonar sounds (clicks), which records sound pressure 

and the time difference of arrival of sound (TDOA) between two hydrophones when the 

sound is higher than the preset threshold (138 dB peak-to-peak re 1 µPa). The A-tag 

does not store the waveform of sounds and consists of two hydrophones placed 60 cm 

apart, a central processing unit (CPU) (PIC18F6620; Microchip, USA), a 128-MB flash 

memory, and 2 UM1 batteries. The CPU, flash memory, and batteries are housed in a 

waterproof aluminum case (Fig. 1.2). A passive two-pole bandpass filter of 55–235 kHz, 

which includes the peak frequency of major small cetacean species such as harbor 

porpoise (129–145 kHz; Villadsgaard et al., 2007) and bottlenose dolphin (23–134 kHz; 

Au, 1993), was used.  
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The sensitive frequency of each hydrophone can be chosen at approximately 

130 kHz or 70 kHz according to the target species. 

 

 

 

Fig. 1.2  The fixed type (a) and towed type (b) of A-tag. 
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1.3. Study Area 

1.3.1. The Istanbul Strait (Bosphorus) 

The Istanbul Strait is located as the boundary between Europe and Asia which 

connects the Black Sea and the Marmara Sea (Fig. 1.3). It is one of the narrowest 

channels in the world with approximately 31 km long, 0.7–3.5 km wide and 35.8–110 m 

deep (Alpar and Yüce, 1998). The strait is consisted 2 layer of water column because of 

the difference of water density, caused by different salinity and temperature, between 

the Black Sea and the Mediterranean Sea. Moreover, the water flow of each layer is 

opposite. The upper layer, which is consisted of the low salinity water from the Black 

Sea (approx. <20), flows from the Black Sea toward the Marmara Sea. On the other 

hand, the lower layer which is consisted of the high salinity water from the 

Mediterranean Sea (approx. >30), flows from the Marmara Sea toward the Black Sea 

(Tarkan et al., 2005; Yüce, 1996). This specific oceanographic feature functions as the 

biological barrier or corridor for Mediterranean or Black Sea species. The high salinity 

of the Black Sea water likely limits the distribution of some marine creatures. For 

example, 11 cephalopod species has been recorded in the Marmara Sea but no 

cephalopod is known from the Istanbul Strait and the Black Sea. The recorded decapod 

species is 177 in all Turkish water but only the 17 species can be found in the Black Sea 

(Öztürk and Öztürk, 1996). The benthic species is poor in the Black Sea water when 

compared with the Mediterranean Sea and the Marmara Sea because of the low salinity 

and the an intensive anoxic water.  

Since the strait is the only water way connecting the Black Sea to Mediterranean 

Sea through the Marmara Sea, it is important corridor especially for the economies of 

the countries around the Black Sea. Official government statistics reported that 130 

commercial cargo vessels and 2500 domestic vessels pass through the strait per day on 

average (Baş et al., 2015). 

 

 

 



8 

 

 

 

 

 

Fig. 1.3  Study area, the Istanbul Strait. The red arrow indicates the fixed acoustic 

observation point.  
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1.3.2. Small Cetaceans 

Three small cetacean species from two families are regularly observed in the 

strait: one porpoise species, namely the harbor porpoise P. phocoena and two delphinids, 

namely the bottlenose dolphin Tursiops truncatus and the short-beaked common 

dolphin Delphinus delphis (Fig. 1.4–1.6). All three species are considered as genetically 

and morphologically independent subspecies that mainly inhabit the Black Sea. The 

species we observed in the strait possibly belong to these subspecies. Only the harbor 

porpoise was not only genetically and morphologically but also geographically isolated 

from the other populations approximately 5,000 years ago (Fontaine et al., 2010). 

Although observed delphinids in the strait were considered as belonging to the Black 

Sea subspecies, the extent of the area used as a habitat range within the region bounded 

by the Black Sea to the north eastern Aegean Sea through the Marmara Sea and 

Canakkale Strait (Dardanelles) remains unknown. All the observed delphinids are 

considered as endangered subspecies; the harbor porpoise and delphinids are listed as 

“Endangered,” whereas the short-beaked common dolphin is listed as “Vulnerable” by 

IUCN Red List of Threatened Species (Birkun 2008, 2012; Birkun et al., 2008). The 

Istanbul Strait, the Marmara Sea, and the Canakkale Strait are reported as important 

areas for all small cetacean species within the Agreement on the Conservation of 

Cetaceans of the Black Sea, Mediterranean Sea, and contiguous Atlantic Area 

(ACCOBAMS), which was signed among 23 countries in Europe (Notarbartolo and 

Birkun, 2010; http://www.accobams.org/index.php). These areas are proposed as MPAs 

for the Black Sea small cetaceans; however, Turkey has to date not signed the 

agreement, and no MPAs currently exist along the Turkish coast (Notarbartolo di Sciara 

and Birkun, 2010; Baş et al., 2014). 
Early findings suggest that short-beaked common dolphin migrate from the 

Mediterranean Sea to the Black Sea through the Marmara Sea and the Istanbul Strait 

during spring and return during autumn (Öztürk and Öztürk, 1996). In addition, a group 

of bottlenose dolphins and short-beaked common dolphins were observed to migrate 

from the Aegean Sea toward the Marmara Sea during April–May (Berkes, 1977). The 

trigger for these migrations is considered to be pelagic fish, such as sand smelt Atherina 

boyeri, sprat Sprattus sprattus, anchovy Engraulis encrasicolus and horse mackerel 

Trachurus trachurus, which migrate from the Aegean Sea or the Marmara Sea to the 

Black Sea during spring (Berkes, 1977; Dede et al., 2013; Öztürk and Öztürk, 1996). 
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However, regular migration might be prevented by the current heavy marine traffic and 

other ecological stresses affecting the strait (Öztürk and Öztürk, 1996). In addition, 

detailed information of the timing of migration, local distribution, behavior of each 

small cetacean species, or explicit evidence of migration in recent years is lacking.  

  

 

 

 

 

 

 

Fig. 1.4 Bottlenose dolphins (Photo 

by Ayhan Dede). 

 

 

Fig. 1.5 Short-beaked common 

dolphins (Adopted from Protected 

Resources Division, Southwest 

Fisheries Science Center, La Jolla, 

California. 

swfsc.nmfs.noaa.gov/PRD/) 

 

 

 

 

Fig. 1. 6 Black Sea harbor porpoise 

((a) Photo by Sergey Krivokhizhin 

/Brema Lab. Adopted from 

Notarbartolo di Sciara and Birkun 

2010; (b) Photo by Arda M. Tonay) 

  

(a) (b) 
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1.4. Objectives 

The objectives of the current study are to develop the PAM methodology for 

multiple species observation and to obtain ecological information for small cetaceans 

observed in the Istanbul Strait. As mentioned in section 1.2, PAM is now widely used 

for small cetacean research; however, the simultaneous observation of multiple species 

is challenging because of the methodological limitations of discriminating between 

multiple species by acoustics. Because the ecology of each species must be different, 

especially in harbor porpoise, the ecology of each species must be determined for 

effective conservation, including seasonal behavior changes, animal density, and 

distribution.  

 

1.5. Structure of Thesis 

The outline of this thesis is organized as follows: 

 Chapter 2: describes a method for discriminating between species using acoustics, 

between the harbor porpoise and delphinids. 

 Chanter 3: describes a proposed new acoustic-based density estimation approach 

for application over a wide area with consideration of species discrimination 

accuracy. 

 Chapter 4: describes the long-term seasonal change of occurrence and acoustic 

behavior in each family after adapting the newly developed species discrimination 

method described in Chapter 2 

 Chapter 5: describes the wide-range distribution and estimated animal density after 

adapting the newly developed species discrimination method described in Chapter 2 

and the proposed density estimation approach described in Chapter 3. 

 Chapter 6: is general discussion regarding the effectiveness and limitations of the 

newly developed PAM methodology in Chapter 2 and Chapter 3. In addition, this 

chapter integrates the results of Chapter 4 and Chapter 5 with implications for the 

conservation of small cetaceans in the Istanbul Strait. 
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Chapter 2 Acoustic Family Discrimination Method 
 

Acoustic Family Discrimination Method 

 

 

2.  

Summary 

A simple discrimination method between Delphinidae and Phocoenidae based on the 

comparison of the intensity ratios of two band frequencies (130 and 70 kHz) is proposed. 

Biosonar signals were recorded at the Istanbul Strait (Bosphorus) in Turkey. 

Simultaneously, the presence of the species was confirmed by visual observation. Two 

types of thresholds of two-band intensity ratios, fixed and dynamic threshold, were 

tested for identification. The correct detection and false alarm rates for porpoises were 

0.55 and 0.06 by using the fixed threshold and 0.74 and 0.08 by using the dynamic 

threshold, respectively. When the dynamic threshold was employed, the appropriate 

threshold changed depending on the mix ratio of recorded sounds from both 

Delphinidae and Phocoenidae. Even under biased mix ratios from 26% to 82%, the 

dynamic threshold worked with >0.80 correct detection and <0.20 false alarm rates, 

whereas the fixed threshold did not. The proposed method is simple but quantitative, 

which can be applicable for any broadband recording system, including a single 

hydrophone with two frequency band detectors. 
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Chapter 3 Density Estimation Using Acoustic Cues 
 

Density Estimation Using Acoustic Cues 

 

 

3.  

Summary 

Reliable estimation of population density is one of the most basic information to 

understand ecology and the status of conservation of wild animals. Today, the distance 

sampling is the most common density estimation method for small cetaceans. In this 

method, the distance from the survey line (line transect) or point (point transect) to 

objects of interest, usually it is an individual or a cluster of animals, is used as key 

information for density estimation (reviewed by Buckland et al., 2001). Recent rapid 

development of PAM for marine mammals provided the idea of using animal’s sounds 

to density estimation. Acoustic cue based density estimation method was developed for 

point transect sampling; however, the coverage area by single acoustic detector is quite 

limited. For reliable estimation in broad survey area, we need several detectors. In 

addition, current estimation has not considered the misclassification of detected species. 

New density estimation method which combines line transect survey approach with 

point transect estimator with consideration of species misclassification was proposed in 

this chapter. It can be useful for multi-species density estimation in large survey area. 
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Chapter 4 Seasonal Change in Presence and Acoustic Behavior 
 

Seasonal Change in Presence and Acoustic 

Behavior 

 

 

4.  

Summary 

To understand how sympatric small cetaceans co-exist in the Istanbul Strait, long-term 

fixed passive acoustic monitoring of harbor porpoises and delphinids was conducted for 

two years (2010–2011) in the middle of the strait by applying the species discrimination 

method described in Chapter 2. Both families of cetaceans appeared in the monitoring 

area from spring to autumn, but there are only a few detections of porpoise in winter. 

Clear seasonal differences in location and behavior were found only for porpoises. 

Porpoise click trains were detected more from the south of the monitoring station in 

spring. Delphinids appeared in all directions during the nighttime (2100–0400 h) in all 

seasons. The median inter-click interval for porpoises was 40.6 ms in spring, but it 

lengthened to around 100 ms in summer and autumn. Those of delphinids did not show 

such clear differentiation among seasons, ranging from 64.0 ms to 88.8 ms. The strait is 

a well-known migration pathway for pelagic fish in spring. The results in this chapter 

suggest that the porpoises and delphinids come to the middle of the strait for different 

reasons, and the short inter-click intervals imply that intensive feeding behavior is 

exhibited only by porpoises in spring. 
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Chapter 5 Distribution and Density 
 

Distribution and Density 

 

 

5.  

Summary 

Information on the distribution and population density is essential for the conservation 

management of wild animals, including the small cetaceans in the Istanbul Strait. Most 

of this information has been obtained based on visual observation; however, recent rapid 

development of the PAM methodology has enabled the estimation of the distribution 

and population density of small cetaceans by monitoring of their sounds. Boat based 

acoustic towing survey was conducted within whole Istanbul Strait in 2013. The animal 

density was estimated using the proposed density estimation method in Chapter 3 and 

the core was core area of distribution was estimated by using the kernel method. The 

density was estimated as average of all seasons, it was 0.013 individuals km
-2

 (CV = 

0.612) for harbor porpoise and 0.033 individuals km
-2

 (CV = 0.823) for delphinids, 

respectively. The distribution of harbor porpoise tended to be dispersed in the strait, but 

that of delphinids tended to be localized in north entrance to the Black Sea. The 50% 

kernel core area did not overlap between harbor porpoise and delphinids, suggesting the 

core habitat separation. 
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Chapter 6 General Discussion 
 

General Discussion 

 

 

6.  

6.1. Ecology of the Small Cetaceans in the Istanbul Strait 

with the Implication for Conservation 

In this study, I proposed acoustic species discrimination method (Chapter 2) and 

density estimation method (Chapter 3) which complement the defects of existing PAM 

methodology. In addition, I applied proposed methods to reveal the seasonal change in 

presence and underwater behavior of harbor porpoise and delphinids (Chapter 4), and to 

estimate the density and distribution (Chapter 5) in the Istanbul Strait. The possible 

difference of strait utilization between harbor porpoise and delphinids was revealed by 

summarizing the results in Chapter 4 and Chapter 5. 

The harbor porpoises were observed within whole strait, but dispersed core areas 

were estimated in the middle to north parts of the strait from the towed PAM. Two-years 

fixed PAM in the middle point of the strait revealed porpoises were mainly detected 

from spring to summer and almost no detections in winter. Previous study suggested 

that the small cetaceans come into the strait affected by the migrating pelagic fish 

(Öztürk and Öztürk 1996) which is suggested as the main prey in spring to early 

summer for them (Tonay et al., 2007). Our results were consisted with these studies, 

porpoise appeared to the monitoring area in spring to summer, and have used the sonar 

signals with short ICIs in spring. It is known that the short ICIs were observed when 

they were either of socializing or feeding. Taking into account the previous studies, the 

observed short ICIs possibly connected with the feeding behavior. Besides prey 
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availability, marine traffic may affect the presence on animals; however, the all 

commercial fishing were banned regardless of seasons around fixed monitoring area and 

the number and type of vessels observed around monitoring area is not highly variable 

among seasons (Baş et al., unpublished data; Dede et al., 2013). Therefore, ship traffic 

is unlikely to provide the reason of seasonal difference in presence. 

The delphinids were mainly observed in the north part of the strait by the towed 

PAM. This localization trend was supported also by previous study (Baş et al., 2014). 

Previous visual observation suggested that there are not many encounters in the middle 

point of the strait without summer; however, two-years fixed PAM in this area revealed 

that they were detected during nighttime throughout the seasons. The results of our 

studies did not show clear seasonal change of occurrence frequency and sensing 

distance, it did not support the hypothesis that small cetaceans come to the strait for 

foraging in spring at least in the middle of the strait. It is suggested that the primary 

pray species are slightly different between harbor porpoise and delphinids (especially 

bottlenose dolphin) in the Black Sea (Birkun 2002). In addition, bottlenose dolphin 

distribute in the south and north part of the strait during daytime in spring (Baş et al., 

2014). Taking into account these previous studies, it is suggested that the delphinids 

distribute north or south of the strait during daytime but come to or pass through the 

middle of the strait during the nighttime, and used different prey or geographical prey 

ground from harbor porpoise.  

This study revealed the possible separation of geological distribution and 

feeding ground/species between harbor porpoise and delphinids within the Istanbul 

Strait. In terms of conservative ecology, we need to set the different conservation 

management strategy for each species based on the difference of their usage of the strait. 

Our results suggest that small cetacean species, especially delphinid species, appear in 

the middle of the strait not only in spring but also in other seasons. Baş et al., (2014) 

proposed MPAs for bottlenose dolphins with seasonal priority, including the middle of 

the strait during spring. I agree that the middle of the strait is important to both harbor 

porpoises and delphinids as a feeding ground and traveling pathway in spring; however, 

we should consider that delphinids might use this area throughout the year during the 

nighttime. This mismatch is a good example of showing the traditional visual 
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observation might not enough to construct effective management strategy. It is 

necessary to use multiple methods, such as PAM for nighttime observation, tracking by 

tag to estimate individual home range or genetic sampling to examine the group 

structures, to understand the real biology of animals. 

 

6.2. Applicability of the Proposed Methods to Other Species  

In this study, I proposed acoustic species discrimination method (Chapter 2) and 

density estimation method combining the line transect approach to the point transect 

estimation. I discuss the possibilities of future applications of proposed method in this 

section. 

The acoustic discrimination between harbor porpoise and delphinids with 

estimation of accuracy is possible by using one parameter, two-frequency intensity 

comparison, in proposed method. I developed this method using the acoustic event 

data-logger A-tag in the Istanbul Strait; however, this method can be applied to other 

species producing narrow-band high frequency (NBHF) and broad band clicks, and by 

other acoustic device. So far, totally three families, one genus and two species were 

reported as producing NBHF clicks; family Kogiidae, Phocoenidae, Pontoporiidae, 

genus Cephalorhynchus, and two species of Lagenorhynchus hourglass Dolphin and 

peale's dolphin (Morisaka, 2012). Whereas, most of other small cetaceans produce 

broad band clicks. There are many areas in the world that both NBHF clicks type and 

broad band clicks type species are observed simultaneously. Especially most of family 

Phocoenidae species inhabit coastal water, which is the area many PAMs are conducted 

in, without overlapping the habitat with more than two NBHF clicks type of species. 

The proposed method is effective to observe coastal NBHF clicks type of species with 

discrimination from other broad band type of species. In addition, two-band intensity 

ratio between low frequency (around 70 kHz) and high frequency (around 130 kHz) can 

be obtained by other broad band acoustic recorders. Obtaining the ground truth acoustic 

data which is confirmed by visual observation is the most important part of this method. 

If we obtain the ground truth data once, the proposed method can be used for different 

species independent from the monitoring device. 

The density estimation method which combines the line transect approach with 
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point transect estimation by considering misclassification of species was proposed in 

present study. The previous acoustic line transect sampling need to count the individual 

animals to estimate density, by counting the number of track line of sounds as individual 

(Gerrodette et al., 2011), the number of each detection as individual by assuming that 

animals are not to be detected as cluster (Gillespie et al., 2005; Hastie et al., 2003) or 

the number of each detections with estimation of the group size obtained by visual 

observations (Barlow and Taylor 2005). If the survey area was exposed by high density 

of marine traffic, sometimes the track of phonating animals were covered by underwater 

noises. These heavy marine noises make the individual counting difficult. In addition, it 

is not reasonable to assume that animals were detected not as cluster except some 

solitary species. On the other hands, point transect sampling do not need to count 

individual animals, we need the acoustic cue instead. However, we need several number 

of monitoring device to cover large survey area, it is costly and might need some effort 

to equal the parameter of a detections among different devices. Present method is 

effective in the area that has similar situations as the Istanbul Strait which is exposed 

heavy marine traffic and difficult to employ several monitoring device. 

Similar with the visual observations, PAM is now one of the standard methods to 

study marine mammals. However, still there are some limitations to expand the 

applicable study area and species, such as ambiguity of species classifications and 

deficiency of standardized equipment or detection threshold. I believe this study solved 

some of these problems and contributed for further development of PAM methodology. 

  



21 

 

References 

Akamatsu, T., Matsuda, A., Suzuki, S., Wang, D., Wang, K., Suzuki, M., Muramoto, H., 

Sugiyama, N., Oota, K., 2005. New stereo acoustic data logger for free-ranging. 

Mar. Technol. Sci. J. 39, 3–9. 

Akamatsu, T., Nakamura, K., Kawabe, R., Furukawa, S., Murata, H., Kawakubo, A., 

Komaba, M., 2010a. Seasonal and diurnal presence of finless porpoises at a 

corridor to the ocean from their habitat. Mar. Biol. 157, 1879–1887. 

Akamatsu, T., Teilmann, J., Miller, L. a., Tougaard, J., Dietz, R., Wang, D., Wang, K., 

Siebert, U., Naito, Y., 2007. Comparison of echolocation behaviour between 

coastal and riverine porpoises. Deep Sea Res. Part II Top. Stud. Oceanogr. 54, 

290–297. 

Akamatsu, T., Ura, T., Sugimatsu, H., Bahl, R., Behera, S., Panda, S., Khan, M., Kar, 

S.K., Kar, C.S., Kimura, S., Sasaki-Yamamoto, Y., 2013. A multimodal detection 

model of dolphins to estimate abundance validated by field experiments. J. Acoust. 

Soc. Am. 134, 2418–2426. 

Akamatsu, T., Wang, D., Wang, K., 1998. Echolocation range of captive and 

free-ranging baiji (Lipotes vexillifer), finless porpoise (Neophocaena 

phocaenoides), and bottlenose dolphin (Tursiops truncatus) 104, 2511–2516. 

Akamatsu, T., Wang, D., Wang, K., Li, S., Dong, S., 2010b. Scanning sonar of rolling 

porpoises during prey capture dives. J. Exp. Biol. 213, 146–152. 

Akamatsu, T., Wang, D., Wang, K., Li, S., Dong, S., Zhao, X., Barlow, J., Stewart, B.S., 

Richlen, M., 2008. Estimation of the detection probability for Yangtze finless 

porpoises (Neophocaena phocaenoides asiaeorientalis) with a passive acoustic 

method. J. Acoust. Soc. Am. 123, 4403–11. 



22 

 

Alpar, B., Yüce, H., 1998. Sea-level variations and their interactions between the Black 

Sea and the Aegean Sea. Estuar. Coast. Shelf Sci. 46, 609–619. 

Ashe, E., Noren, D.P., Williams, R., 2010. Animal behaviour and marine protected 

areas: incorporating behavioural data into the selection of marine protected areas 

for an endangered killer whale population. Anim. Conserv. 13, 196–203. 

doi:10.1111/j.1469-1795.2009.00321.x 

Au, W.W.L., 1993. The Sonar of Dolphins. Springer. 

Baldi, P., Brunak, S., Chauvin, Y., Andersen, C.A.F., Nielsen, H., 2000. Assessing the 

accuracy of prediction algorithms for classification: an overview 16, 412–424. 

Barlow, J.A.Y., Taylor, L., 2005. Estimates of sperm whale abundance in the 

Northeastern temperate Pacific from a combined acoustic and visual survey 21, 

429–445. 

Baş, A.A., Amaha Öztürk, A., Öztürk, B., 2014. Selection of critical habitats for 

bottlenose dolphins (Tursiops truncatus) based on behavioral data, in relation to 

marine traffic in the Istanbul Strait, Turkey. Mar. Mammal Sci. 31, 979–997. 

Benoit-Bird, K.J., Au, W.W.L., 2003. Prey Dynamics Affect Foraging by a Pelagic 

Predator (Stenella longirostris) over a Range of Spatial and Temporal Scales. 

Behav. Ecol. Sociobiol. 53, 364–373. 

Berkes, F., 1977. Turkish Dolphin Fisheries. Oryx 14, 163–167. 

Birkun, A. 2012. Tursiops truncatus ssp. ponticus. The IUCN Red List of Threatened 

Species 2012: e.T133714A17771698. 

http://dx.doi.org/10.2305/IUCN.UK.2012.RLTS.T133714A17771698.en 

Birkun Jr., A.A. 2008. Delphinus delphis ssp. ponticus. The IUCN Red List of 

Threatened Species 2008: e.T133729A3875256. 

http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T133729A3875256.en. 



23 

 

Birkun, Jr. A.A., Frantzis, A. 2008. Phocoena phocoena ssp. relicta. The IUCN Red 

List of Threatened Species 2008: e.T17030A6737111. 

http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T17030A6737111.en. 

Birkun, Jr. A.A., Krivokhizhin, S., Komakhidze, A., Mukhametov, L., Shpak, O., 

Goradze, I., Komakhidze, G., Kryukova, A., 2006. Wintering concentrations of 

Black Sea cetaceans off the Crimean and Caucasian coasts., in: Abstr. 20th Annual 

Conf. of the European Cetacean Society. 

Birkun, Jr. A.A., Krivokhizhin, S. V., Glazov, D.M., Shpak, O. V., Zanin, A. V., 

Mukhametov, L.M., 2004. Abundance estimates of cetaceans in coastal waters of 

the northern Black Sea: Results of boat surveys in August-October 2003., in: 

Marine Mammals of the Holarctic: Collection of Scientific Papers after the 3rd 

Internat. Conf. pp. 64–68. 

Boyd, I.L., Kato, A., Ropert-coudert, Y., 2004. Bio-logging science : sensing beyond 

the boundaries. Mem. Natl. Inst. Polar Res. (Special issue) 1–14. 

Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L., Borchers, D.L., Thomas, 

L., 2001. Introduction to distance sampling estimating abundance of biological 

populations. Oxford University Press, Oxford. 

Caillat, M., Thomas, L., Gillespie, D., 2013. The effects of acoustic misclassification on 

cetacean species abundance estimation. J. Acoust. Soc. Am. 134, 2469–2476. 

Cañadas, a, Hammond, P., 2008. Abundance and habitat preferences of the short-beaked 

common dolphin Delphinus delphis in the southwestern Mediterranean: 

implications for conservation. Endanger. Species Res. 4, 309–331. 

Chen, C.-T., Millero, F.J., 1977. The Sound Speed in SeawaterSpeed of sound in 

seawater at high pressures. J. Acoust. Soc. Am. 62, 1129–1135. 



24 

 

Conn, P.B., McClintock, B.T., Cameron, M.F., Johnson, D.S., Moreland, E.E., Oveng, 

P.L., 2013. Accommodating species identification errors in transect surveys. 

Ecology 94, 2607–2618. 

Conn, P.B., Ver Hoef, J.M., McClintock, B.T., Moreland, E.E., London, J.M., Cameron, 

M.F., Dahle, S.P., Boveng, P.L., 2014. Estimating multispecies abundance using 

automated detection systems: ice-associated seals in the Bering Sea. Methods Ecol. 

Evol. 5, 1280–1293. 

Croll, D.A., Clark, C.W., Acevedo, A., Tershy, B., Gedamke, J., Urban, J., Suki, B., 

2002. Only male fin whales sing loud songs. Nature 417, 809–811. 

Darling, J.D., Berube, M., 2001. Interactions of singing humpback. Mar. Mammal Sci. 

17, 570–584. 

Dede, A., Öztürk, A.A., Akamatsu, T., Tonay, A.M., Öztürk, B., 2013. Long-term 

passive acoustic monitoring revealed seasonal and diel patterns of cetacean 

presence in the Istanbul Strait. J. Mar. Biol. Assoc. United Kingdom 94, 1195–

1202. 

Deecke, V., Ford, J., Spong, P., 2000. Dialect change in resident killer whales: 

implications for vocal learning and cultural transmission. Anim. Behav. 60, 629–

638. 

Dong, L., Wang, D., Wang, K., Li, S., Dong, S., Zhao, X., Akamatsu, T., Kimura, S., 

2011. Passive acoustic survey of Yangtze finless porpoises using a cargo ship as a 

moving platform. J. Acoust. Soc. Am. 130, 2285–2292. doi:10.1121/1.3625257 

Evans, P.G.H., Hammond, P.S., 2004. Monitoring cetaceans in European waters. 

Mamm. Rev. 34, 131–156. 

Fontaine, M.C., Tolley, K. a, Michaux, J.R., Birkun, A., Ferreira, M., Jauniaux, T., 

Llavona, A., Oztürk, B., Oztürk, A. a, Ridoux, V., Rogan, E., Sequeira, M., 

Bouquegneau, J.-M., Baird, S.J.E., 2010. Genetic and historic evidence for 



25 

 

climate-driven population fragmentation in a top cetacean predator: the harbour 

porpoises in European water. Proc. Biol. Sci. 277, 2829–37. 

Francois, R.E., Garrison, G.R., 1982a. Sound absorption based on ocean measurements: 

Part I: Pure water and magnesium sulfate contributions. J. Acoust. Soc. Am. 72, 

896–907. 

Francois, R.E., Garrison, G.R., 1982b. Sound absorption based on ocean measurements . 

Part II : Boric acid contribution and equation for total absorption. J. Acoust. Soc. 

Am. 72, 1879–1890. 

Gallus, A., Dähne, M., Verfuß, U.K., Bräger, S., Adler, S., Siebert, U., Benke, H., 2012. 

Use of static passive acoustic monitoring to assess the status of the “Critically 

Endangered” Baltic harbour porpoise in German waters. Endanger. Species Res. 18, 

265–278. 

Gavrilov, A.N., McCauley, R.D., Gedamke, J., 2012. Steady inter and intra-annual 

decrease in the vocalization frequency of Antarctic blue whales. J. Acoust. Soc. 

Am. 131, 4476–4480. 

Gedamke, J., Costa, D.P., Dunstan, A., 2001. Localization and visual verification of a 

complex minke whale vocalization. J. Acoust. Soc. Am. 109, 3038–3047. 

Gerrodette, T., Taylor, B.L., Swift, R., Rankin, S., Jaramillo-Legorreta, A.M., 

Rojas-Bracho, L., 2011. A combined visual and acoustic estimate of 2008 

abundance, and change in abundance since 1997, for the vaquita, Phocoena sinus. 

Mar. Mammal Sci. 27, E79–E100. 

Gillespie, D., Caillat, M., Gordon, J., White, P., 2013. Automatic detection and 

classification of odontocete whistles. J. Acoust. Soc. Am. 134, 2427–2437. 

Gönener, S., Özdemir, S., 2012. Investigation of the interaction between bottom gillnet 

fishery (Sinop , Black Se ) and bottlenose dolphins (Tursiops truncatus) in terms of 

economy. Turkish J. Fish. Aquat. Sci. 12, 115–126. doi:10.4194/1303-2712-v12 



26 

 

Harris, D., Matias, L., Thomas, L., Harwood, J., Geissler, W.H., 2013. Applying 

distance sampling to fin whale calls recorded by single seismic instruments in the 

northeast Atlantic. J. Acoust. Soc. Am. 134, 3522–3535. 

Hastie, G.D., Swift, R.J., Gordon, J.C.D., Slesser, G., Turrell, W.R., 2003. Sperm whale 

distribution and seasonal density in the Faroe Shetland Channel. J. Cetacean Res. 

Manag. 5, 247–252. 

Heithaus, M.R., Frid, A., Wirsing, A.J., Worm, B., 2008. Predicting ecological 

consequences of marine top predator declines. Trends Ecol. Evol. 23, 202–210. 

Hiby, A.R., Ward, A.J., 1986. Analysis of cue-counting and blow rate estimation 

experiments carried out during the 1984/85 IDCR minke whale assessment cruise. 

Rep. Int. Whal. Comm. 473–476. 

Hildebrand, J.A., Baumann-Pickering, S., Frasier, K.E., Trickey, J.S., Merkens, K.P., 

Wiggins, S.M., McDonald, M. a, Garrison, L.P., Harris, D., Marques, T. a, Thomas, 

L., 2015. Passive acoustic monitoring of beaked whale densities in the Gulf of 

Mexico. Sci. Rep. 5, 16343. 

Hoyt, E., 2011. Marine Protected Areas for Whales, Dolphins and Porpoises: A world 

handbook for cetacean habitat conservation and planning, Second. ed. Earthscan, 

London, U.K. 

IUCN 2008. World Commission on Protected Areas, Establishing Marine Protected 

Area Networks Making It Happen, IUCN-WCPA, National Oceanic and 

Atmospheric Administration and The Nature Conservation, 112 

Jacobson, E.K., Forney, K. a., Harvey, J.T., 2015. Acoustic evidence that harbor 

porpoises (Phocoena phocoena) avoid bottlenose dolphins (Tursiops truncatus). 

Mar. Mammal Sci. 31, 386–397. 

Jeffries, D.S., Brunton, D.H., 2001. Attracting endangered species to “safe” habitats: 

responses of fairy terns to decoys. Anim. Conserv. 4, 301–305. 



27 

 

Jepson, P.D., Baker, J.R., 1998. Bottlenosed dolphins (Tursiops truncatus) as a possible 

cause of acute traumatic injuries in porpoises (Phocoena phocoena). Vet. Rec. 143, 

614–615. 

Johnson, M., Madsen, P.T., Zimmer, W.M.X., de Soto, N.A., Tyack, P.L., 2004. Beaked 

whales echolocate on prey. Proc. Biol. Sci. 271, S383–386. 

Johnson, M.P., Tyack, P.L., 2003. A digital acoustic recording tag for measuring the 

response of wild marine mammals to sound. IEEE J. Ocean. Eng. 28, 3–12. 

Johnston, A., Thaxter, C.B., Austin, G.E., Cook, A.S.C.P., Humphreys, E.M., Still, D. a., 

Mackay, A., Irvine, R., Webb, A., Burton, N.H.K., 2015. Modelling the abundance 

and distribution of marine birds accounting for uncertain species identification. J. 

Appl. Ecol. 52, 150–160. 

Kameyama, S., Akamatsu, T., Dede, A., Öztürk, A.A., Arai, N., 2014. Acoustic 

discrimination between harbor porpoises and delphinids by using a simple 

two-band comparison. J. Acoust. Soc. Am. 136, 922–929. 

Kimura, S., Akamatsu, T., Li, S., Dong, L., Wang, K., Wang, D., Arai, N., 2012. 

Seasonal changes in the local distribution of Yangtze finless porpoises related to 

fish presence. Mar. Mammal Sci. 28, 308–324. 

Kimura, S., Akamatsu, T., Li, S., Dong, S., Dong, L., Wang, K., Wang, D., Arai, N., 

2010. Density estimation of Yangtze finless porpoises using passive acoustic 

sensors and automated click train detection. J. Acoust. Soc. Am. 128, 1435–1445. 

Kimura, S., Akamatsu, T., Wang, D., Li, S., Wang, K., Yoda, K., 2013. Variation in the 

production rate of biosonar signals in freshwater porpoises. J. Acoust. Soc. Am. 

133, 3128–3134. 

  



28 

 

Kyhn, L. a, Tougaard, J., Thomas, L., Duve, L.R., Stenback, J., Amundin, M., 

Desportes, G., Teilmann, J., 2012. From echolocation clicks to animal 

density--acoustic sampling of harbor porpoises with static dataloggers. J. Acoust. 

Soc. Am. 131, 550–560. 

Kyhn, L. a., Tougaard, J., Teilmann, J., Wahlberg, M., Jørgensen, P.B., Bech, N.I., 2008. 

Harbour porpoise (Phocoena phocoena) static acoustic monitoring: laboratory 

detection thresholds of T-PODs are reflected in field sensitivity. J. Mar. Biol. 

Assoc. United Kingdom 88, 1085–1091. 

Lewis, T., Gillespie, D., Lacey, C., Matthews, J., Danbolt, M., Leaper, R., McLanaghan, 

R., Moscrop, A., 2007. Sperm whale abundance estimates from acoustic surveys of 

the Ionian Sea and Straits of Sicily in 2003. J. Mar. Biol. Assoc. UK 87, 353–357. 

Li, S., Akamatsu, T., Wang, D., Wang, K., 2009. Localization and tracking of phonating 

finless porpoises using towed stereo acoustic data-loggers. J. Acoust. Soc. Am. 126, 

468–475. 

Lin, T.-H., Chou, L.-S., 2015. Automatic classification of delphinids based on the 

representative frequencies of whistles. J. Acoust. Soc. Am. 138, 1003–1011. 

Linnenschmidt, M., Beedholm, K., Wahlberg, M., Højer-Kristensen, J., Nachtigall, P.E., 

2012. Keeping returns optimal: gain control exerted through sensitivity 

adjustments in the harbour porpoise auditory system. Proc. Biol. Sci. 279, 2237–

2245. 

Linnenschmidt, M., Teilmann, J., Akamatsu, T., Dietz, R., Miller, L. a., 2013. Biosonar, 

dive, and foraging activity of satellite tracked harbor porpoises (Phocoena 

phocoena). Mar. Mammal Sci. 29, E77–E97. 

Madsen, P.T., Carder, D.A., Bedholm, K., Ridgway, S.H., 2005. Porpoise clicks from a 

sperm whale nose - convergent evolution of 130 kHz pulses in toothed whale 

sonars? Bioacoustics-The Int. J. Anim. Sound its Rec. 15, 195–206. 



29 

 

Madsen, P.T., de Soto, N.A., Arranz, P., Johnson, M., 2013. Echolocation in 

Blainville’s beaked whales (Mesoplodon densirostris). J. Comp. Physiol. A. 

Neuroethol. Sens. Neural. Behav. Physiol. 199, 451–469. 

Marques, T. a, Thomas, L., Martin, S.W., Mellinger, D.K., Ward, J. a, Moretti, D.J., 

Harris, D., Tyack, P.L., 2013. Estimating animal population density using passive 

acoustics. Biol. Rev. 88, 287–309. 

Marques, T. a, Thomas, L., Ward, J., DiMarzio, N., Tyack, P.L., 2009. Estimating 

cetacean population density using fixed passive acoustic sensors: an example with 

Blainville’s beaked whales. J. Acoust. Soc. Am. 125, 1982–94. 

Marques, T., Munger, L., Thomas, L., Wiggins, S., Hildebrand, J., 2011. Estimating 

North Pacific right whale Eubalaena japonica density using passive acoustic cue 

counting. Endanger. Species Res. 13, 163–172. 

Martin, S.W., Marques, T. a., Thomas, L., Morrissey, R.P., Jarvis, S., DiMarzio, N., 

Moretti, D., Mellinger, D.K., 2013. Estimating minke whale (Balaenoptera 

acutorostrata) boing sound density using passive acoustic sensors. Mar. Mammal 

Sci. 29, 142–158. 

Matthews, B.W., 1975. Comparison of the predicted and observed secondary structure 

of T4 phage lysozyme. Biochim. Biophys. Acta 405, 442–451. 

Mcdonald, M.A., Mesnick, S.L., Hildebrand, J.A., 2006. Biogeographic characterisation 

of blue whale song worldwide : using song to identify populations. J. Cetacean Res. 

Manag. 8, 55–65. 

Mellinger, D.K., Kathleen, M., Stafford, S.E., Moore, R.P., Matsumoto, H., 2007. An 

overview of fixed passive acoustic observation methods for cetaceans. 

Oceanography 20, 36–45. 

Morisaka, T., 2012. Evolution of Communication Sounds in Odontocetes : A Review. 

Int. J. Comp. Psychol. 25, 1–20. 



30 

 

Notarbartolo, di S.G., Birkun, A., 2010. Conserving whales, dolphins and porpoises in 

the Mediterranean and Black Seas: An ACCOBAMS status report. 

Oleson, E., Calambokidis, J., Burgess, W., McDonald, M., LeDuc, C., Hildebrand, J., 

2007. Behavioral context of call production by eastern North Pacific blue whales. 

Mar. Ecol. Prog. Ser. 330, 269–284. 

Oswald, J.N., Rankin, S., Barlow, J., Lammers, M.O., 2007. A tool for real-time 

acoustic species identification of delphinid whistles. J. Acoust. Soc. Am. 122, 587–

595. 

Otani, S., Naito, Y., Kawamura, A., Kawasaki, M., Akiko, K., 1998. Diving behavior 

and performance of harbor porpoises, Phocoena phocoena, in Funka bay, 

Hokkaido, Japan. Mar. Mammal Sci. 14, 209–220. 

Öztürk, A.A., Dede, A., Tonay, A.M., Öztürk, B., 2009. Cetacean Surveys in the 

Istanbul (Bosphorus) Strait in 2007-2008. 

Öztürk, B., Öztürk, A.A., 1996. On the biology of the Turkish straits system. Bull. 

l’Institut Oceanogr. Monaco 17, 205–221. 

Patterson, I.A.P., Reid, R.J., Wilson, B., Grellier, K., Ross, H.M., Thompson, P.M., 

1998. Evidence for infanticide in bottlenose dolphins : an explanation for violent 

interactions with harbour porpoises ? 265, 1167–1170. 

Payne, R.S., McVay, S., 1971. Songs of humpback whales. Science. 173, 585–597. 

Philpott, E., Englund, a., Ingram, S., Rogan, E., 2007. Using T-PODs to investigate the 

echolocation of coastal bottlenose dolphins. J. Mar. Biol. Assoc. UK 87, 11. 

Quick, N.J., Janik, V.M., 2012. Bottlenose dolphins exchange signature whistles when 

meeting at sea. Proc. Biol. Sci. 279, 2539–2545. 

Rankin, S., Barlow, J., 2005. Source of the North Pacific “boing” sound attributed to 

minke whales. J. Acoust. Soc. Am. 118, 3346–3351. 



31 

 

Rasmussen, M.H., Akamatsu, T., Teilmann, J., Vikingsson, G., Miller, L. a., 2012. 

Biosonar, diving and movements of two tagged white-beaked dolphin in Icelandic 

waters. Deep Sea Res. Part II Top. Stud. Oceanogr. 88-89, 97–105. 

Roch, M. a., Soldevilla, M.S., Burtenshaw, J.C., Henderson, E.E., Hildebrand, J. a., 

2007. Gaussian mixture model classification of odontocetes in the Southern 

California Bight and the Gulf of California. J. Acoust. Soc. Am. 121, 1737–1748. 

Ross, H.M., Wilson, B., 1996. Violent interactions between bottlenose dolphins and 

harbour porpoises. Proc. R. Soc. B Biol. Sci. 263, 283–286. 

Sayigh, L., Tyack, P., Wells, R., Scott, M., 1990. Signature whistles of free-ranging 

bottlenose dolphins Tursiops truncatus: stability and mother-offspring comparisons. 

Behav. Ecol. Sociobiol. 26, 247–260. 

Seber, G.A.F., 1982. The Estimation of Animal Abundanceand Related Parameters. 

Blackburn Press. 

Shirakihara, K., Shirakihara, M., Yamamoto, Y., 2007. Distribution and abundance of 

finless porpoise in the Inland Sea of Japan. Mar. Biol. 150, 1025–1032. 

Simard, P., Hibbard, A.L., McCallister, K.A., Frankel, A.S., Zeddies, D.G., Sisson, 

G.M., Gowans, S., Forys, E.A., Mann, D.A., 2010. Depth dependent variation of 

the echolocation pulse rate of bottlenose dolphins (Tursiops truncatus). J. Acoust. 

Soc. Am. 127, 568–578. 

Simon, M., Nuuttila, H., Reyes-Zamudio, M.M., Ugarte, F., Verfub, U., Evans, P.G.H., 

2010. Passive acoustic monitoring of bottlenose dolphin and harbour porpoise, in 

Cardigan Bay, Wales, with implications for habitat use and partitioning. J. Mar. 

Biol. Assoc. UK 90, 1539–1545. 

Soldevilla, M.S., Henderson, E.E., Campbell, G.S., Wiggins, S.M., Hildebrand, J. a, 

Roch, M. a, 2008. Classification of Risso’s and Pacific white-sided dolphins using 

spectral properties of echolocation clicks. J. Acoust. Soc. Am. 124, 609–624. 



32 

 

Sousa-Lima, R.S., Norris, T.F., Oswald, J.N., Fernandes, D.P., 2013. A review and 

inventory of fixed autonomous recorders for passive acoustic monitoring of marine 

mammals. Aquat. Mammalsc 39, 23–53. 

Spitz, J., Rousseau, Y., Ridoux, V., 2006. Diet overlap between harbour porpoise and 

bottlenose dolphin: An argument in favour of interference competition for food? 

Estuar. Coast. Shelf Sci. 70, 259–270. 

Tarkan, A.N., İşinibilir, M., Tarkan, A.S., 2005. SeasonalVariations ofthe Zooplankton 

Composition and Abundance in the Istanbul Strai. Pakistan J. Biol. Sci. 8, 1327–

1336. 

Teilmann, J., Miller, L. a, Kirketerp, T., Kastelein, R. a, Madsen, P.T., Nielsen, B.K., 

Au, W.W.L., 2002. Characteristics of echolocation signals used by a harbour 

porpoise (Phocoena phocoena) in a target detection experiment. Aquat. Mamm. 28, 

275–284. 

Thomas, L., Buckland, S.T., Rexstad, E. a, Laake, J.L., Strindberg, S., Hedley, S.L., 

Bishop, J.R., Marques, T. a, Burnham, K.P., 2010. Distance software: design and 

analysis of distance sampling surveys for estimating population size. J. Appl. Ecol. 

47, 5–14. 

Thompson, P., White, S., Dickson, E., 2004. Co-variation in the probabilities of sighting 

harbor porpoises and bottlenose dolphins. Mar. Mammal Sci. 20, 322–328. 

Thompson, P.M., Brookes, K.L., Cordes, L.S., 2015. Integrating passive acoustic and 

visual data to model spatial patterns of occurrence in coastal dolphins. ICES J. Mar. 

Sci. 72, 651–660. 

Todd, V.L.G., Pearse, W.D., Tregenza, N.C., Lepper, P.A., Todd, I.B., Diel, I.B., 2009. 

Diel echolocation activity of harbour porpoises (Phocoena phocoena) around 

North Sea offshore gas installations. ICES J. Mar. Sci. 734–745. 



33 

 

Tonay, A.M., Dede, A., Öztürk, A.A., Öztürk, B., 2007. Stomach mach content of 

harbour porpoises (Phocoena phocoena) from the Turkish western Black Sea in 

spring and early summer. Rapp. Comm. Int. pour l’exploration Sci. la Mer 

Méditerranée 38, 616. 

Tonay, A.M., Öztürk, B., 2003. Cetacean bycatches in turbot fishery on the western 

coast of the Turkish Black Sea. Int. Symp. Fish. Zool. Mem. Ord. Prof. Dr. Curt 

Kosswig his 100th birth Anniv. 23–26. 

Verfuß, U.K., Dähne, M., Gallus, A., Jabbusch, M., Benke, H., 2013. Determining the 

detection thresholds for harbor porpoise clicks of autonomous data loggers, the 

Timing Porpoise Detectors. J. Acoust. Soc. Am. 134, 2462–2468.  

Verfuß, U.K., Honnef, C.G., Meding, A., Dähne, M., Mundry, R., Benke, H., 2007. 

Geographical and seasonal variation of harbour porpoise (Phocoena phocoena) 

presence in the German Baltic Sea revealed by passive acoustic monitoring. J. Mar. 

Biol. Assoc. UK 87, 165–176. 

Verity, P.G., Smetacek, V., 1996. Organism life cycles , predation , and the structure of 

marine pelagic ecosystems. Mar. Ecol. Prog. Ser. 130, 277–293. 

Villadsgaard, A., Wahlberg, M., Tougaard, J., 2007. Echolocation signals of wild 

harbour porpoises, Phocoena phocoena. J. Exp. Biol. 210, 56–64. 

Wartzok, D., Ketten, D.R., 1999. Marine Mammal Sensory Systems, in: Biology of 

Marine Mammals. pp. 117–175. 

Westgate, A.J., Read, A.J., Berggren, P., Koopman, H.N., Gaskin, D.E., 1995. Diving 

behaviour of harbour porpoises, Phocoena phocoena. Can. J. Fish. Aquat. Sci. 52, 

1064–1073. 

Wilson, B., Batty, R.S., Dill, L.M., 2004. Pacific and Atlantic herring produce burst 

pulse sounds. Proc. Biol. Sci. 271, S95–97. 



34 

 

Wisniewska, D.M., Johnson, M., Beedholm, K., Wahlberg, M., Madsen, P.T., 2012. 

Acoustic gaze adjustments during active target selection in echolocating porpoises. 

J. Exp. Biol. 215, 4358–4373. 

Yack, T.M., Barlow, J., Calambokidis, J., Southall, B., Coates, S., 2013. Passive 

acoustic monitoring using a towed hydrophone array results in identification of a 

previously unknown beaked whale habitat. J. Acoust. Soc. Am. 134, 2589–2595. 

Yüce, H., 1996. Mediterranean Water in the Strait of Istanbul (Bosphorus) and the 

Black Sea Exit. Estuar. Coast. Shelf Sci. 43, 597–616. 

 

 

 




