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Abstract 
Killer whale (Orcinus orca) pulsed call repertoires can provide information on the 
relatedness of groups and populations. Killer whales in Iceland and Norway are presumed 
to belong to the same ecotype and to have been in contact prior to the collapse of the Atlanto-
Scandian herring stock in the 1960s but the actual level of contact between the two 
populations is unknown. Using data collected between 2005 and 2016 this study provides a 
detailed description of the call repertoire of killer whales in Iceland and updates existing 
catalogues of the Norwegian population. 42 call types and 30 subtypes are described in 
Iceland and 32 call types and 21 subtypes in Norway. Measurements of time and frequency 
parameters of 5752 calls (nIceland = 4,037, nNorway = 1,715) showed significant differences for 
most parameters but a high overlap between the populations. A discriminant function 
analysis classified 57% of calls correctly, thus performing only slightly better than a by-
chance classification. However, a visual and aural comparison of all call types did not yield 
any matches between Icelandic and Norwegian calls, indicating the two populations have 
different call repertoires. This stands in contrast with expectations of similarities in the 
repertoires due to the presumed past contact between the populations. The consistent 
difference in repertoires suggests that if the populations have been in contact before they 
were likely not one totally mixed population. 

Útdráttur 
Efnisskrár háhyrninga (Orcinus orca) af taktslagsköllum geta veitt upplýsingar um 
skyldleika hópa og stofna. Íslenskir og norskir háhyrningar eru taldir tilheyra sama afbrigði 
háhyrninga og eru taldir hafa verið í samskiptum fyrir hrun norsk-íslenska síldarstofnsins á 
sjöunda áratugnum. Umfang samskipta á milli stofnanna tveggja er þó óþekkt. Hér er lögð 
fram nákvæm lýsing á kallaefnisskrám háhyrninga við Ísland og jafnframt er endurskoðuð 
skrá um köll hjá norska stofninum, byggð á gögnum sem safnað var á árunum frá 2005 til 
2016. Alls var lýst köllum af 42 tegundum og 30 undirtegundum frá háhyrningum við Ísland 
og 32 tegundum kalla og 21 undirtegund kalla frá Noregi. Mælingar á tíma og tíðni 
kennistærða 5752 kalla (nÍsland = 4.037, nNoregur = 1.715) sýndu marktækan mun á flestum 
kennistærðum, en þó töluverða skörun á milli stofna. Aðgreiningarfalls greining flokkaði 
57% kallanna rétt og flokkaði því aðeins lítilsháttar betur en tilviljanakennd flokkun. Með 
beitingu á sjónrænum- og hlustunarsamanburði reyndist hinsvegar engin samsvörun á 
norskum og íslenskum köllum. Hljóðasafn þessara tveggja stofna eru því ólík. Búast hefði 
mátt við líkindum í hljóðasöfnum stofnanna vegna líklegra samskipta þeirra á milli á árum 
áður. Hinn stöðugi munur í hljóðasöfnunum bendir til þess að þótt stofnarnir hafi ef til vill 
verið í samskiptum, þá hafi þeir ekki áður verið einn og sami samblandaði stofninn. 
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1 Introduction 

1.1 Acoustic communication and repertoires 
Communication is usually thought of as the sharing of information between two individuals 
(Slater, 1983). In acoustic communication, information is transmitted from one individual 
(the sender) to another (the receiver) via an acoustic signal. The transferred information 
helps the receiver to decide on a response, which will affect the fitness of both, the sender 
and the receiver (Bradbury and Vehrenkamp, 1998). This process does not need to be 
restricted to two individuals but can involve an entire communication network (Mcgregor 
and Peake, 2000). 

The study of animal communication can provide important insights. Communication is a 
central part of animal behaviour and it can help us identify what types of information animals 
share between each other (e.g. identity, status, mood, discoveries in the environment). As 
animal signals evolve over time, they can also provide information on evolutionary 
principles and they are important factors in studies of reproductive isolation and speciation 
(Bradbury and Vehrenkamp, 1998). Animal communication can also be used to solve other 
research problems. For example, acoustic signals can be used to identify inconspicuous 
species, which can be especially useful for the study of marine organisms that are difficult 
to observe.   

The acoustic repertoire of a species includes all the acoustic signals that are used by the 
species. The size of the repertoire varies with the number of questions the signals address 
(functional diversity) and with the number of alternatives the signals encode (variant 
diversity) (Bradbury and Vehrenkamp, 1998). If the signals are stereotyped they allow for 
classification based on acoustic characteristics, such as frequency, time and amplitude. 
Biological validity of such classifications is usually provided through linkage to behaviour 
but ultimately needs to be tested through playback experiments (McGregor, 2013). 

When studying the variations in repertoires, it is important to distinguish between geographic 
variation and dialects. Geographic differences occur between spatially separated populations 
that do not mix. Dialects are differences on a local scale, between neighbouring populations 
that potentially mix (Au and Hastings, 2008). Dialects have been described in many species 
of birds (Baker and Cunningham, 1985) but seem to be rare in mammals.  The only cetaceans 
known to have dialects to date are sperm whales (Physeter microcephalus Linnaeus, 1758) 
(Weilgart and Whitehead, 1997) and killer whales (Orcinus orca Linnaeus, 1758) (Ford, 
1991).  

Numerous animals produce repertoires of highly stereotyped sounds. The most famous 
example are probably the songs of birds, which young birds learn and improve until they 
match the stereotyped adult versions (e.g. Lynch 1996). In cetaceans there are several species 
that have stereotyped repertoires of sounds. Humpback whales (Megaptera novaeangliae, 
Borowski, 1781), for example, sing stereotyped songs. These songs are highly structured 
into units, phrases and themes and all males within a population sing the same song at any 
one time. However, songs vary between different populations and evolve over time (Winn 
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et al., 1981). Despite intensive study, the function of the song still remains unclear. It has 
mainly been proposed to be a sexual advertisement to females or a signal to establish 
dominance or maintain space between males (see Helweg et al., 1992 for a summary). 
Another example of stereotyped signals in cetaceans are the signature whistles of bottlenose 
dolphins (Tursiops truncatus Montagu, 1821). Every bottlenose dolphin produces an 
individually distinctive whistle that they develop within their first year of life. This whistle 
is thought to provide individual recognition (Tyack, 2000). It may also be mimicked by other 
individuals, most likely to address each other (Janik, 2000). These examples show that vocal 
repertoires can vary on different levels, from populations to individuals. Therefore, 
understanding and comparing these repertoires can provide insights into differences between 
individuals, groups or populations, which can provide information on the function of 
different signals and evolutionary processes.  

1.2 Killer whales 
The killer whale, Orcinus orca Linnaeus, 1758, is the only extant species of the genus 
Orcinus and the largest member of the family Delphinidae in the order Cetartiodactyla, 
suborder Odontoceti. 

Killer whales are a globally distributed species and occur in all oceans, from tropical to 
temperate and high-latitude waters, in coastal and in pelagic habitats. However, higher 
densities are found in the polar regions and in coastal waters as well as areas of high 
productivity (Forney and Wade, 2006). 

Killer whales are apex predators and feed on a variety of prey. Over 140 species have been 
recorded as killer whale prey, including mammals (other cetaceans, pinnipeds, sirenians and 
mustelids), a variety of fish species (especially salmon, herring, cod, tuna and various 
elasmobranchs), squid, octopus, sea turtles and sea birds (Ford, 2009). Thus, on a global 
scale, killer whales are generalists. Local populations, however, are often highly specialised 
on a certain prey type or species. The resident killer whales of the North Pacific for example, 
feed almost exclusively on Chinook salmon (Oncorhynchus tshawytscha Walbaum, 1792) 
(Ford and Ellis, 2006). 

Killer whales are highly social animals and can be found in groups ranging from one 
individual to several hundred (Perrin, 1982). The best studied population of killer whales are 
the so-called residents in the North Pacific. They have been studied since the 1970s and have 
become a model for studies of killer whales worldwide. The basic social unit of the residents 
is the matriline, which includes the oldest surviving female and all her male and female 
offspring and remains associated for life (Bigg et al., 1990). The next social level is the clan, 
which contains several matrilines that all share at least a part of their acoustic repertoire 
(Ford, 1991). Even though matrilines of different clans may travel together, they do not share 
any pulsed calls (Ford, 1991). The broadest social level, before the population, is the 
community, which includes matrilines that share an area and associate with each other but 
will not associate with another community (Bigg et al., 1990). Evidence from several other 
populations supports that there are long-term associations between individuals with limited 
dispersal from maternal groups (Baird, 2000) but not all associations seem to be as strong as 
in the residents (Tavares et al. 2016). 
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1.3 Acoustic behaviour of killer whales 
Light is scarce in the marine environment and sound propagates much more efficiently under 
water than in air, making it the ideal signal to use for marine organisms (Au, 1993). Many 
marine animals use sound to navigate, forage and communicate. Through echolocation 
odontocetes have perfected the use of sound underwater. Killer whales are known to produce 
three types of sounds: clicks, whistles and pulsed calls (Figure 1) (Steiner et al., 1979; Ford, 
1989). While these categories are useful to organise and study sounds, they actually represent 
parts of a continuum from single broadband pulses (single clicks) to narrow-band sinusoidal 
signals (whistles), where pulsed calls lie in the middle between the two (Murray et al., 1998). 

 

 

Figure 1: Example of a spectrogram showing different types of killer whale vocalisations. 

1.3.1 Clicks 

Killer whale clicks are very short pulses of sound with a wide frequency bandwidth that are 
typically emitted in series (Schevill and Watkins, 1966; Ford, 1989). They can reach peak-
to-peak source levels up to 224 dB re 1 µPa @ 1 m (Au et al., 2004). Killer whale clicks are 
used as echolocation signals and thus function in the detection and localisation of prey (Ford, 
1989; Barrett-Lennard et al., 1996). 

1.3.2 Whistles 

Killer whale whistles are tonal sounds with a continuous waveform (Ford, 1989; Thomsen 
et al., 2001). They can reach source levels of up to 193 dB re 1 µPa @ 1 m peak-to-peak and 
generally have a frequency of 6-12 kHz but can extend lower and much higher, even into 
ultrasonic ranges (Ford and Fisher, 1982; Samarra et al., 2010). While most whistles are 
variable, showing no apparent similarities in spectrographic analysis, some are highly 
stereotyped and can be classified (Riesch et al., 2006, 2008). These stereotyped whistles are 
stable over long time periods and vary between ecotypes, but do not differ with social 
affiliation of groups like pulsed call repertoires (Riesch et al., 2006; Riesch and Deecke, 
2011). Whistles appear to function in the close-range acoustic communication between killer 
whales, facilitating and coordinating social interactions (Ford, 1989; Thomsen et al., 2002; 
Riesch et al., 2006).   
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High frequency whistles, extending into the ultrasonic range with fundamental frequencies 
up to 75 kHz were first reported from Iceland, Norway and Scotland (Samarra et al., 2010). 
They have since been described for killer whales from the North Pacific (Filatova et al., 
2012b; Simonis et al., 2012), the Antarctic (Trickey et al., 2014; Reyes Reyes et al., 2017) 
and the South Atlantic (Andriolo et al., 2015). But they do not seem to be universal (Samarra 
et al., 2010; Filatova et al., 2012b). The function of high frequency whistles is unclear but 
they have been suggested to play a role in short-range communication (Samarra et al., 2010; 
Filatova et al., 2012b) or as echolocation signals for long-range detection (Simonis et al., 
2012; Andriolo et al., 2015).  

1.3.3 Pulsed calls 

Pulsed calls (hereafter calls) are the most commonly produced sounds of killer whales and 
have been studied in more detail than clicks and whistles. They are burst pulse sounds 
consisting of rapidly repeated pulses. The inter-pulse interval is much shorter than in 
echolocation clicks, therefore they appear tonal, as frequency-modulated sounds with several 
sidebands (Schevill and Watkins, 1966). Killer whale calls usually have the majority of their 
energy between 500 Hz and 25 kHz and source levels of 131-176 dB re 1 µPa @ 1 m root-
mean-square (Miller, 2006; Holt et al., 2011). They often have several components with 
abrupt changes in pitch (Ford, 1989) and can contain two separately modulated frequency 
contours: a low frequency component (LFC) and a high (or upper) frequency component 
(HFC) (Figure 2). Calls with two frequency components are referred to as two-voice or 
biphonic calls, as opposed to monophonic calls, which only have one frequency contour 
(Ford, 1987; Strager, 1995; Miller and Bain, 2000). The high-frequency components are 
usually single units that occur only once in a call (Yurk, 2005). 

 

 

Figure 2: Spectrogram of a killer whale call. The low frequency contour (LFC), high 
frequency contour (HFC) and sideband interval (SBI) are indicated by arrows. The 
different parts of the call are shown above the image. 

 

Part 1 Part 2

LFC

HFC

SBI
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Calls can be separated into discrete, variable and aberrant calls (Ford, 1989). The majority 
of calls are discrete, meaning that they have distinctive structural properties, are repetitive 
and can be divided into different categories or call types. Aberrant calls are based on a 
discrete call type but are highly modified. Variable calls cannot be arranged into clear 
structural categories and are not repetitive (Ford, 1989). 

The structure and properties of discrete calls make them recognizable over long distances, 
against background noise and provide potential for accurate localisation. While the low 
frequency component of a call is omni-directional, the high frequency component (if present) 
is highly directional, possibly providing cues on the direction of movement of the signaller 
(Miller, 2002). Therefore, calls are thought to serve as contact signals, aiding the 
maintenance of group cohesion and the coordination of spatial organisation and behaviour 
of the group (Ford, 1989; Miller, 2002).  

Call types in most killer whale populations do not vary between different behaviours, 
indicating that there is no context specific meaning (Ford, 1989). However, the so-called 
AT1 transient population in Alaska shows higher use of short, low amplitude calls during 
foraging, which presumably is a trade-off between maintaining contact and detection by their 
marine mammal prey (Saulitis et al., 2005). Lone travelling AT1 transient males use higher 
amplitude calls that transmit over longer distances and thus aid detection of the group. 
However, no call type is produced exclusively during a specific behavioural state. The only 
killer whale call type that has been linked to a certain behaviour is the ‘herding call’ in 
Icelandic killer whales. This long, low frequency call has only been recorded during feeding 
activity and is presumed to be directed towards the herring prey, probably increasing feeding 
efficiency (Simon et al., 2006; Samarra, 2015).  

While there is little evidence for context specific meaning of killer whale calls, the frequency 
at which calls are used varies between different behaviours and populations. The fish-eating 
residents of the North Pacific for example, increase calling activity during foraging, 
socialising and travelling, while they are almost completely silent when resting (Ford, 1989). 
The sympatric mammal-eating transients on the other hand are silent while foraging, 
probably to avoid detection by their prey, and only start vocalising after a successful attack 
(Deecke et al., 2005) or in social contexts (Saulitis et al., 2005). Norwegian and Icelandic 
killer whales have high rates of echolocation and calling during feeding and are mostly silent 
when travelling (Simon et al., 2007; Samarra and Miller, 2015). Calling rates of Norwegian 
killer whales have also been shown to be higher during cooperative ‘carousel feeding’ (see 
1.4) as opposed to during less cooperative feeding strategies (Similä and Ugarte, 1993; Van 
Opzeeland et al., 2005). There is also evidence that the types of calls used vary with the 
presence and absence of other killer whale groups, indicating a function in group 
identification (Weiss et al., 2007; Foote et al., 2008; Filatova et al., 2009). 

Killer whale call repertoires are not universal but vary between populations, ecotypes and 
groups. The repertoires of the North Pacific resident killer whales have been studied in most 
detail and show vocal variation at two levels: between clans and between matrilines within 
clans (Ford, 1991). Each clan has a unique repertoire, which includes calls used by members 
of matrilines within the clan but not by other matrilines. Each matriline produces a set of 7-
17 call types, some of which are shared with other matrilines in the clan. The shared calls 
may however be rendered differently between matrilines, leading to group specific dialects 
(Ford, 1991). Even individuals within the same matriline show slight variations in calls 
(Nousek et al., 2006). Group-specific call repertoires have been identified in several other 
populations (Strager, 1995; Yurk et al., 2002; Filatova et al., 2007; Sharpe et al., 2017). 
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Killer whale call repertoires are thought to be learned, rather than genetically encoded (Ford, 
1991; Deecke et al., 2000; Foote et al., 2006). Due to the strong matrilineal bonds, calls 
therefore provide a measure of maternal relatedness, with shared calls indicating a 
relationship between individuals and groups (Ford, 1991; Yurk et al., 2002; Deecke et al., 
2010). Differences in repertoires accumulate over time as groups split apart (Ford, 1991; 
Miller and Bain, 2000). The main mechanisms of divergence are thought to be learning 
errors and innovation (Ford, 1991; Yurk et al., 2002), horizontal transmission (Deecke et al., 
2000; Filatova et al., 2010, 2013) and selection (Yurk et al., 2002; Filatova et al., 2012a). 
While it is not known how fast killer whales can change their repertoires, the general 
structure of calls appears to be relatively stable over tens of years (Ford, 1991; Foote et al., 
2008). 

1.3.4 Repertoire comparisons and classification of killer whale 
calls  

The first step in comparing repertoires is to decide on an appropriate classification of 
vocalisations. However, the objective definition and validation of call types can be difficult. 
Killer whale call repertoires are traditionally described using visual and aural examination 
of spectrograms (Ford, 1987; Strager, 1993). Although this method is somewhat subjective, 
it has been validated as reliable and repeatable (Deecke et al., 1999; Yurk et al., 2002). In 
order to overcome the problem of subjectivity, automated classification methods have been 
developed (Deecke et al., 1999; Shapiro et al., 2011). While these methods have provided 
good results, they can have difficulties recognising biologically meaningful categories, such 
as sound patterns specific to certain individuals, populations or clearly defined contexts 
(Deecke and Janik, 2006). In addition, classifications are usually supported by quantitative 
methods. These either involve measurements of different time and frequency parameters of 
the calls or the extraction of the frequency contour to represent the entire signal. 
Measurements of time and frequency parameters have been used more frequently but there 
is little agreement on which metrics to use (see 2.4).  

Studies of killer whale call repertoires have revealed strong patterns of variation between 
groups, ecotypes and populations. Dialects reflect the variation in repertoires at the group 
level (see 1.3.3). Repertoire comparisons between ecotypes have shown that call repertoires 
differ between ecotypes even if they inhabit the same geographical area (Ford, 1987; 
Filatova et al., 2007). Variation in frequency parameters reflects even finer relations. For 
example, the offshore ecotype of the North Pacific has higher minimum frequencies than the 
resident and transient ecotypes (Foote and Nystuen, 2008). Furthermore, North Pacific 
transients have lower frequencies than North Pacific residents and North Atlantic killer 
whales (Foote and Nystuen, 2008; Filatova et al., 2015a), reflecting what has been found in 
genetic studies: that North Pacific residents are more closely related to North Atlantic killer 
whales than to their transient neighbours (Morin et al., 2010). Even at the population level, 
repertoire similarity is not an indicator of geographical distance, as a study investigating four 
populations of resident killer whales in the North Pacific found no direct correlation between 
the two (Filatova et al., 2012a). 

1.4 Killer whales in Iceland and Norway 
In the North-east Atlantic there are presumed to be at least three different populations of 
killer whales: one associated with the North Atlantic herring (Clupea harengus Linnaeus, 
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1758); one associated with the Northeast mackerel (Scomber scombrus Linnaeus, 1758) 
stock and one partly associated with North Atlantic Bluefin tuna (Thunnus thynnus Linnaeus, 
1758) (Foote et al., 2011). Icelandic and Norwegian killer whales belong to the population 
associated with North Atlantic herring and early studies indicated that they specialise on 
herring as prey (Sigurjonsson et al., 1988; Similä et al., 1996; Simon et al., 2007). They are 
morphologically similar and genetically closely related (Foote et al., 2009; Morin et al., 
2010). Thus, they have been proposed to be two populations of a common ecotype, the 
‘herring-eating Scandinavian killer whales’ (Simon et al., 2007).  

Both Icelandic and Norwegian killer whales, use a ‘carousel feeding’ strategy, by which they 
cooperatively encircle schools of herring and slap them with their tails to stun the fish before 
eating them one by one (Similä and Ugarte, 1993; Samarra and Miller, 2015). However, not 
all killer whales in Iceland and Norway feed exclusively on herring. Recent studies have 
shown that about half of the Icelandic population seem to be herring specialists, following 
the herring year-round (Samarra et al., 2017b, 2017a). Movement and foraging patterns are 
less clear for the other part of the population but at least some of these whales regularly 
migrate to Scotland, where they hunt seals (Samarra and Foote, 2015; Samarra et al., 2017b). 
Similarly, some killer whales in Norway appear to prey upon seals (Vongraven and Bisther, 
2014; Jourdain et al., 2017), while the majority follows herring year-round (Similä et al., 
1996). 

Before its collapse in the 1960s, the Atlanto-Scandian herring stock migrated between 
Iceland and Norway (Jakobsson and Østvedt, 1999) and it is thought that the killer whales 
moved between the two locations as well (Jonsgård and Lyshoel, 1970). The collapse of this 
stock led to a change in the herring distribution and resulted in the herring retreating closer 
to the coastal areas of Iceland and Norway (Jakobsson and Stefánsson, 1999; Kvamme et 
al., 2003). Studies using photo-identification data collected in Iceland and Norway since the 
1980s found no matches of killer whales between Iceland and Norway, indicating that little 
or no movement occurs between the populations (Sigurjonsson et al., 1988; Foote et al., 
2010). However, little dedicated photo-identification effort was collected in Iceland, 
hindering full comparisons of potential movements between the two regions. The Norwegian 
spring-spawning (NSS) herring stock has recently expanded its range and is now found off 
east and northeast Iceland during the summer months (IESNS, 2018). This recent 
development may mean that Norwegian killer whales following the NSS herring are coming 
towards Iceland again, potentially leading to encounters between Icelandic and Norwegian 
killer whales. A photo-identification catalogue comparison using more recent data collected 
in the two locations is underway (Samarra, unpublished data), however sampling in the areas 
off the Icelandic coast where NSS herring feed would be crucial to investigate the question 
of potential present contact between these populations. 

The acoustic behaviour of Icelandic and Norwegian killer whales is very similar: both have 
high rates of echolocation and calling during feeding but are mostly silent when travelling 
(Simon et al., 2007; Samarra and Miller, 2015). High frequency whistle repertoires and time-
frequency parameters are similar between the two populations but different from those of 
the North Pacific (Samarra et al., 2015). On the other hand, low frequency signals (<300 Hz) 
have been reported from Icelandic killer whales but have not been found in recordings from 
Norway or any other killer whale population to date (Samarra et al., 2016). They have been 
linked to feeding but since they were not recorded in all feeding events their function remains 
unclear (Samarra et al., 2016). Call repertoires of killer whales in Iceland and Norway are 
not as well studied as in the North Pacific. Group-specific call repertoires were suggested 
for killer whales in Iceland but these results were preliminary, as they were based on a small 
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sample size of recordings (Moore et al., 1988). In Norway killer whales were found to have 
group-specific repertoires, similar to those of the North Pacific residents (Strager, 1995). In 
agreement with their group-specific repertoires, Norwegian killer whales are presumed to 
live in stable matrilines, similar to the North Pacific residents, but with the males possibly 
separating and adopting more nomadic lifestyles (Bisther and Vongraven, 1995). Icelandic 
killer whales however, appear to live in a more fluid, fission-fusion dynamic multilevel 
society with no clear nested hierarchical structure of coherent social units (Tavares et al., 
2016). Due to this more dynamic social structure it is often difficult to isolate groups and 
investigate group-specific repertoires, thus to date there is little knowledge whether these 
exist in killer whales in Iceland. 

Comparisons of the call repertoire of Icelandic and Norwegian killer whales have been 
attempted to various degrees. An early study comparing a small set of recordings from 
Icelandic and Norwegian killer whales suggested that the two populations have calls of 
similar frequency and component structure but distinct repertoires with no shared call types 
(Moore et al., 1988). Using a larger sample size from Norway, Strager (1995) was able to 
match two calls from Norway to calls recorded by Moore et al. (1988) in Iceland. One of the 
calls is structurally complex and thus unlikely to have evolved independently (Strager, 
1995). Both calls have only been recorded from one Norwegian pod, which is the most 
isolated of the pods described (Strager, 1995). However, small sample sizes particularly for 
Iceland, have precluded a more thorough comparison of the repertoire of the two 
populations. Data collection for both studies occurred between 1983 and 1992 and Icelandic 
data had only been collected in the east of Iceland during two consecutive winters. More 
recently, Shamir et al. (2014) investigated the performance of an automated image 
comparison method to classify calls recorded by audio sensors carried by individual killer 
whales and both long-finned (Globicephala melas Traill, 1809) and short-finned pilot whales 
(Globicephala macrorhynchus Gray, 1846). This study included calls recorded in three 
sensors deployed in killer whales in Iceland and 10 sensors deployed in killer whales from 
Norway and found detectable differences between the calls recorded in both locations. 
Danishevskaya et al. (2018) investigated whether independent observers could correctly 
detect differences and similarities in repertoires of killer whale populations from different 
ecotypes, from different oceans and from different subpopulations of the same population. 
While both North Pacific resident killer whales and North Atlantic killer whales were easily 
distinguished from North Pacific transient killer whales, Icelandic and Norwegian call 
repertoires were difficult to distinguish from North Pacific resident type killer whales. 

Although these earlier studies have attempted to some degree to compare the call repertoires 
of killer whales in both locations, an updated, comprehensive analysis using large sample 
sizes collected over several years and locations particularly for Iceland, has not yet been 
conducted. Such an extensive analysis is needed in order to draw conclusions on the fine-
scale acoustic relatedness of Icelandic and Norwegian killer whales.  

1.5 Purpose of the study, aims and objectives 
The two killer whale populations in Iceland and Norway provide interesting study 
opportunities. They are highly similar in morphology, genetically (Foote et al., 2009; Morin 
et al., 2010) and in their behaviour (Similä and Ugarte, 1993; Samarra and Miller, 2015). 
While presumed to be part of one genetic population and the same ecotype, the actual level 
of contact between whales occurring in these geographically distant locations is unknown. 
They are thought to have been in contact prior to the collapse of their main prey, Atlantic 
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herring, in the 1960s (Jonsgård and Lyshoel, 1970).  However, studies on movements were 
conducted using photo-identification information from both locations collected after the 
herring collapse and did not reveal any movement between locations (Sigurjonsson et al., 
1988; Foote et al., 2010).  

Culturally transmitted information can respond more rapidly to changes than genetically 
formed traits (Cavalli-Sforza and Feldman, 1981) and thus calls may be able to provide 
information on population changes on a shorter timescale, that cannot be detected through 
genetics. Both the previous photo-identification studies and the earlier acoustic research 
relied on relatively small data sets and were focussed on data from the 1980s. Recently, 
extensive acoustic material has been collected from Icelandic and Norwegian killer whales, 
providing the opportunity to investigate the acoustic separation of the two populations in 
more detail.  

The aim of this study is to provide the first comprehensive and updated comparison of the 
call repertoires of Icelandic and Norwegian killer whales to provide insight into the 
relatedness of these populations. Large datasets are available for both populations but lack 
consistent classification. To create a base for this and further work, the calls of killer whales 
from Iceland and Norway will be classified and catalogued. The Norwegian calls will be 
compared to several existing catalogues (Strager, 1995; Van Opzeeland et al., 2005; Shapiro, 
2008), which will be expanded as needed. The Icelandic calls will be classified and used to 
provide an updated catalogue for the Icelandic population, which will be compared whenever 
possible to the only previous study (Moore et al., 1988). Due to the presumed lack of 
movement between the two populations, the hypothesis is that the call repertoires of 
Icelandic and Norwegian killer whales will differ and that no or few call types will be shared.  
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2 Methods 

2.1 Data collection 
Acoustic recordings were made at different locations in Iceland and Norway (Figure 3) 
during 2005 – 2016 using a variety of methods (Table 1). The recording systems used were: 
a 16-element towed hydrophone array recording onto an Alesis ADAT-HD24 XR (frequency 
response: 0.022–44 kHz, ±0.5 dB; Miller & Tyack 1998; Alesis, Cumberland, RI); a 2-
element towed array with Benthos AQ-4 (Teledyne Benthos, Falmouth, MA) and Magrec 
HP-02 pre-amplifiers (Magrec Ltd., Lifton, UK; frequency response: 0.1–40 kHz, ±3 dB) 
recording onto a Marantz PMD671 (frequency response: 0.02–44 kHz, ±0.5 dB; Marantz 
America LLC, Mahwah, NJ) or a Sound Devices 702 (frequency response: 0.001–40 kHz, 
±0.5 dB; Sound Devices LLC, Reedsburg, WI); a 4-element vertical array (High Tech Inc. 
94-SSQ with pre-amplifiers; frequency response: 0.002–30 kHz; High Tech Instruments, 
Long Beach, MS) connected to an Edirol FA-101 soundcard (frequency response: 0.02–40 
kHz, +0/-2 dB; Roland Corporation US, Los Angeles, CA) and recording onto a laptop using 
PAMGUARD (Gillespie et al., 2008) or connected to a Roland R-44 (frequency response: 
0.02–40 kHz, +0/-3 dB; Roland Corporation US, Los Angeles, CA); a single hydrophone 
(High Tech Inc. 94-SSQ with pre-amplifiers; flat frequency response: 0.002–30 kHz) 
recording onto a laptop using Adobe AUDITION 2.0, or recording onto a M-Audio 
Microtrack II (M-Audio, Cumberland, RI); and movement and sound recording tags attached 
to killer whales using suction cups (“Dtags”; flat frequency response: 0.6–45 kHz; Johnson 
& Tyack 2003). Except for Dtags, all recording systems had a lower frequency response 
varying between 0.002 and 0.1 kHz. In 2014 (22 February to 31 March) an Ecological 
Acoustic Recorder (EAR, Lammers et al. 2008), was deployed at ~30m depth in inner 
Kolgrafafjörður, Iceland, recording for 5 min every 10 min at a sampling rate of 64 kHz.  

 

 

Figure 3: Map showing the recording areas in Iceland and Norway. 
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Table 1: Summary of recordings analysed. Recording methods included towed (TA) and 
vertical hydrophone arrays (VA), single hydrophones (SH), ecological acoustic recorders 
(EAR, Lammers et al. 2008) and Dtags (Johnson and Tyack, 2003). Calls refers to the 
number of high quality calls extracted from the recordings. 

Location Region Year Season Recording 
method 

Sampling 
rate 
(kHz) 

Recording 
duration 
(hh:mm) 

Days 
(N) 

Calls 
(N) 

Norway Vestfjord 2005 Winter Dtag 96 19:37 5 2169 

 Vestfjord 2006 Winter Dtag 96 07:53 4 661 

 Vestfjord 2008 Spring Dtag 192 03:46 1 1 

 off Vesterålen 2009 Spring Dtag 192 04:14 1 436 

 off Vesterålen 2009 Spring Dtag 96 13:21 1 47 

Iceland Vestmannaeyjar 2008 Summer VA 96 15:52 7 6 

 Vestmannaeyjar 2009 Summer Dtag 192 12:17 2 2517 

 Vestmannaeyjar 2009 Summer Dtag 96 04:12 2 332 

 Vestmannaeyjar 2009 Summer VA 192 29:47 13 45 

 Vestmannaeyjar 2009 Summer TA 96 16:13 6 7 

 Vestmannaeyjar 2010 Summer SH 48 01:55 2 19 

 Vestmannaeyjar 2010 Summer SH 96 00:20 1 5 

 Vestmannaeyjar 2010 Summer TA 96 05:02 2 60 

 Vestmannaeyjar 2013 Summer VA 96 04:37 10 0 

 Vestmannaeyjar 2014 Summer TA 48 06:15 3 205 

 Vestmannaeyjar 2014 Summer TA 192 12:02 6 188 

 Vestmannaeyjar 2014 Summer SH 96 05:34 4 47 

 Vestmannaeyjar 2015 Summer TA 192 52:43 17 387 

 Vestmannaeyjar 2015 Summer TA 96 01:36 1 40 

 Vestmannaeyjar 2015 Summer SH 96 00:27 1 0 

 Vestmannaeyjar 2016 Summer TA 192 22:57 8 319 

 Vestmannaeyjar 2016 Summer TA 96 12:24 4 205 

 Breiðafjörður 2013 Winter VA 96 10:37 14 113 

 Breiðafjörður 2013 Winter SH 96 07:23 16 261 

 Breiðafjörður 2013 Winter Dtag 240 05:33 3 127 

 Breiðafjörður 2014 Winter SH 96 03:03 7 37 

 Breiðafjörður 2014 Winter VA 96 02:54 6 0 

 Breiðafjörður 2014 Winter EAR 64 432:10 38 889 

 Breiðafjörður 2014 Winter Dtag 192 04:37 1 31 
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Visual observations were usually conducted during all acoustic recordings, except for the 
EAR recordings. No other marine mammals were visually observed or acoustically detected. 
Only in the winter of 2014 white-beaked dolphins (Lagenorhynchus albirostris Gray 1846), 
and pinnipeds were occasionally observed but never in close proximity to the killer whales. 
In 2015 and 2016 long-finned pilot whales (Globicephala melas Traill, 1809) were recorded 
visually and acoustically. Pilot whale vocalisations are distinctly different from killer whale 
calls, so they could easily be separated. Usually there was little or no overlap between 
vocalisations of killer and pilot whales. Killer whale calls recorded during phases of pilot 
whale vocalisation were not included in the analysis. 

Dtags used in Norway in 2006, 2008 and 2009 were part of a controlled exposure experiment 
study on the effects of naval sonar on killer whales (Miller et al., 2011). Therefore, killer 
whales were exposed to sonar playbacks some time after tagging. Only the part of the 
recording prior to sonar exposure was included here, any calls produced during exposure 
were excluded from further analysis. 

2.2 Acoustic analysis 
All recordings from Iceland were analysed visually and aurally using Audacity 2.1.2 
(Hanning window; FFT = 8,192 for 96 and 192 kHz sampling rates and FFT = 4,096 for 48 
kHz sampling rates). Recordings from Norway were analysed using Adobe Audition 2.0 
(Blackmann-Harris window; FFT = 2,048 or 4,096, for 96 and 192 kHz sampling rates, 
respectively). The start and end of each call was marked and based on signal-to-noise ratio, 
overlap with other sounds and overall clarity of the call, each call was assigned a quality 
from 1 (poor) to 3 (high) (Figure 4). Only quality 3 calls were used for further analysis. 

 

 

Figure 4: Summary of the criteria used in call quality assignment. 
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2.3 Call classification and comparison 
Calls were classified based on visual and aural examination of spectrograms, focussing on 
structural characteristics and aural qualities (Ford, 1987; Strager, 1995). The entire data set 
was classified by the author. A second independent observer cross-validated the 
classification. If there was disagreement between the observers, both observers reviewed the 
classification and if no consensus could be reached the call was labelled as ‘unknown’. At 
least three call examples were required to define a new type or subtype.  

The Norwegian call types were matched to previously published catalogues (Strager, 1993; 
Van Opzeeland et al., 2005; Shapiro, 2008). Similarities to the catalogues of Strager (1993) 
and Van Opzeeland et al. (2005) were noted but only a limited comparison was possible due 
to the quality of the spectrograms in these catalogues. Strager (1993) defined the first 34 call 
types, Van Opzeeland et al. (2005) added call types N35 to N63 and Shapiro (2008) added 
call types N64 to N103. Newly defined types were therefore numbered N104 onwards. 

The only published classification of calls from Iceland was conducted by Moore et al. 
(1988), who classified 24 call types based on a few hours of recordings from East Iceland. 
This was followed by a description of call type I36, the ‘herding call’ by Simon et al. (2006). 
Comparisons to the Moore et al. (1988) catalogue were made whenever possible and call 
types that could not be compared or that were different from previously described calls were 
numbered from I37 onwards. 

To describe differences in the basic structure and complexity of call types, call types were 
assigned different categories. ‘Upsweep’ and ‘downsweep’ correspond to a difference of 
±>0.5 kHz between the mean start and end frequency. Any calls that had less than 0.5 kHz 
difference between the start and end frequency were classified as ‘other’. All call types were 
assigned to be either monophonic or biphonic and the number of parts within each call type 
was counted (Ford, 1987; Strager, 1993).  

Each Icelandic call type and subtype was compared to all Norwegian call types and subtypes 
by visual and aural inspection. Matches between the call types were categorised as ‘possible’ 
and ‘likely’ matches. A likely match shows high similarity with a complete or nearly 
complete match in frequency contour, while possible matches show some degree of 
similarity but are not complete matches, e.g. a part of the contour is not totally matched. All 
available examples within each call type were considered in the comparison. Any call types 
found to be comparable but not similar enough to be classed as possible or likely matches 
were also highlighted. 

2.4 Call measurements 
A search of the literature on killer whale call classification and comparisons between 
populations was undertaken to decide on a suitable set of parameters to measure from killer 
whale calls in this study. Besides the overall duration of calls, variations in sideband interval 
and frequency were most commonly measured (Table 2). Because the focus of this study is 
to compare frequency contours between two populations, overall duration, start, end, mid, 
maximum and minimum frequency were measured (Figure 5). This provides a simple 
description of the frequency contour that can support the visual and aural comparison.  
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Measurements were taken from the fundamental frequency, where possible. If some or all 
points were only clearly visible in higher harmonics, measurements were taken from these 
harmonics and divided by the number of harmonics to obtain the fundamental frequency 
(Watkins, 1967). In biphonic calls, measurements were only taken from the low frequency 
component.  

Calls were not divided into segments but considered over their entire duration. This meant 
that in some call types where a short pause separates two parts of a call, the pause was 
included in the measurements (e.g. N72.2, I44). Further details on measurements for 
individual call types are provided in the catalogues in the appendixes. Due to variations in 
call quality, not all parameters were measured from all calls.  

The measurements were taken using a custom MATLAB R2017a routine. This routine 
displays a spectrogram of the call and a crosshair cursor is placed on the relevant points to 
take the measurements. Call parameters were only extracted if they were clearly visible in 
the spectrogram. The precision of the measurements is in the order of 50-100 Hz and 50-100 
ms (Samarra et al., 2016). 

 

 

Figure 5: Measurements taken from Icelandic and Norwegian killer whale calls. 
Measurements were taken of the start, mid and end frequency (black crosses) and of the 
maximum and minimum frequency (white crosses). The high frequency component (HFC) 
was not measured. 

2.5 Statistical analysis 
Descriptive statistics (standard deviation, mean, coefficient of variation, minimum and 
maximum) for each variable were calculated for each call type and reported in the call 
catalogues. To compare the variables measured between the two locations, Mann-Whitney 
U-tests were used, due to the non-normality of all distributions (Shapiro-Wilk normality 
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tests: p < 0.01). The significance level was adjusted using a Bonferroni correction for 
multiple comparisons (0.05/14 = 0.004). 

A discriminant function analysis (DFA) was applied to investigate differences in discrete 
calls between Iceland and Norway. All measured time and frequency parameters were 
included and location was used as the grouping variable. The jackknife cross-validation of 
the lda function of the MASS Package 7.3-35 in RStudio 1.1.456 for Mac OS was applied 
to test classification success based on the DFA. The overall proportion of correct 
classifications and the correct classifications by location were calculated and compared to a 
by-chance accuracy of 50%. 
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3 Results 

3.1 Classification 
A total of 670 hours and 30 minutes of recordings were collected from Iceland and 48 hours 
and 52 minutes from Norway. The difference in recording time between Iceland and Norway 
is mainly due to 432 hours of recording collected in Iceland using an EAR in the winter of 
2014. From the recordings 5,944 quality 3 calls were extracted from Iceland and 3,215 from 
Norway.  

Approximately 90% (n = 5,374) of the extracted calls from Iceland were discrete and were 
classified. About 9% (n = 525) were variable and 1% (n = 45) were aberrant calls. The 
discrete calls from Iceland were assigned to 42 call types and 30 subtypes. Three call types 
could be matched to existing classifications. Call type I36 as described by Simon et al. (2006) 
was an exact match. A likely match to I5 as described by Moore et al. (1988) was found but 
had slight differences and was numbered as a new subtype, I5.5. Similarly, likely matches 
to I11 were found but described as new subtypes, numbered I11.3 onwards. All other call 
types were new and given new numbers: I37 to I75. 

Of the Norwegian calls approximately 95% (n = 3,059) were discrete, 4% (n = 133) variable 
and 1% (n = 23) aberrant. The Norwegian discrete calls were assigned to 32 types and 22 
subtypes. Most calls could be matched to the previous catalogues (Strager, 1993; Van 
Opzeeland et al., 2005; Shapiro, 2008) and only types N104 to N110 were newly described 
here. See full catalogues in Appendix A (Iceland) and B (Norway) for spectrograms, 
measurements and detailed description of call types. 

3.2 Comparison of calls between Iceland and 
Norway 

The basic structure of calls varies between Iceland and Norway (Table 3). In both locations 
about half of the calls could not be clearly identified as upsweep or downsweep. However, 
there are almost no downsweep calls in Norway, while they make up 18% of Icelandic calls. 

The level of complexity within each call type also differs between the two locations (Table 
4). In Iceland the proportion of biphonic calls is smaller than in Norway, where 
approximately half the calls are biphonic. However, the majority of Icelandic calls has two 
or more parts, while most Norwegian calls have only one or two parts. 

No ‘likely’ matches of calls types between Iceland and Norway were found but seven call 
types were found to be ‘possible’ matches. All of these call types are relatively simple in 
structure. For each possible match the most similar examples are shown here but the 
comparison was undertaken considering all examples within a call type, thus accounting for 
the variation. To see this variation refer to the catalogues in Appendix A and B. Overall, the 
visual and aural comparison suggested little call type sharing between the two populations. 
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Table 3: Differences in basic call structure of killer whale calls from Iceland and Norway. 
Number of call types with percentage in brackets given for each category. ‘Upsweep’ and 
‘downsweep’ correspond to a difference of ± >0.5 kHz between the start and end 
frequency. Any calls that had less than 0.5 kHz difference between the start and end 
frequency were classified as ‘other’. 

Location Upsweep Downsweep Other 
Iceland 22 (31%) 13 (18%) 37 (51%) 
Norway 25 (46%) 2 (4%) 27 (50%) 

 

Table 4: Differences in complexity of killer whale calls from Iceland and Norway. Number 
of call types with percentage in brackets given for each category. 

Location Monophonic Biphonic Number of parts 
   1 2 3 4 5 
Iceland 51 (71%) 21 (29%) 19 (26%) 40 (56%) 11 (15%) 2 (3%) - 
Norway 26 (48%) 28 (52%) 33 (61%) 15 (28%) 4 (7%) - 2 (4%) 

 

3.2.1 Possible matches 

Call types I49.2 and N107 (Figure 6) have a similar overall structure. However, the start of 
I49.2 shows a more gradual increase in frequency, which is especially apparent when 
listening to the calls. Call type N107 is usually preceded by a short element of clicks, which 
is not seen in I49.2.  

  

  

Figure 6: Possible matches: Call types I49.2 (left) and N107 (right). 

 

Call type I59.1 is a possible match to call types N55.3 (Figure 7) and N97 (Figure 8). All 
three call types are biphonic and have a similarly shaped LFC. However, N55.3 is generally 
a continuous upsweep shape, both in the LFC and the HFC, while I59.1 is upsweep for the 
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most part of the call but at the end, both the LFC and HFC go down again. This difference 
is especially clear when listening to the calls. N97 sounds similar to I59.1 but shows distinct 
differences in the spectrogram. The LFC does not sweep down at the end and the HFC shows 
a distinct increase around the middle of the call and ends before the LFC. Call type I59.1 is 
very variable and therefore the overall call type was not thought to be a likely match to either 
N55.3 or N97. 

 

  

Figure 7: Possible matches: Call types I59.1 (left) and N55.3 (right).  

 

  

Figure 8: Possible matches: Call types I59.1 (left) and N97 (right).  

 

Call type I62.1 was considered a possible match to N73.3 (Figure 9) and N107 (Figure 10). 
The calls differ at the start. Call type I62.1 has a more gradual increase in frequency than 
N73.3 and N107 is usually preceded by a short element of clicks, which is lacking in I62.1. 
Call type N73.3 is a distinct upsweep shape, while I62.1 is usually relatively stable in 
frequency and only a few examples are slightly upsweep. Call type I62.1 is very variable 
and therefore the overall call type was not thought to be a likely match to either N73.3 or 
N107. 
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Figure 9: Possible matches: Call types I62.1 (left) and N73.3 (right).  

 

  

Figure 10: Possible matches: Call types I62.1 (left) and N107 (right).  

 

Call type I64 is a possible match to N110 (Figure 11). While the calls are structurally similar, 
not all examples of I64 have a HFC but all examples of N110 do. Call type N110 should be 
viewed with caution, as there are only three examples and all are from the same recording 
and were recorded sequentially. 

Call type I75 and N73.5 (Figure 12) were considered possible matches. Both call types have 
a flat, slightly upsweeping frequency contour. However, call type I75 has a start element of 
clicks that is lacking in N73.5. The start of N73.5 is characterised by a small shift in 
frequency, while I75 starts with a more gradual frequency increase. 
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Figure 11: Possible matches: Call types I64 (left) and N110 (right).  

 

  

Figure 12: Possible matches: Call types I75 (left) and N73.5 (right).  

 

3.2.2 Call types with comparable features 

Some call types showed comparable features between Iceland and Norway but could be ruled 
out as matches. They are shown here to illustrate the similarities in the repertoires.  

Call types I37.1 and N77 (Figure 13) showed comparable features but are not matches. The 
end of the call is different as well as their aural qualities. 

Call types I41.1 and N92.2 (Figure 14) also showed some similarity but are clearly not 
matches. Call type N92.2 is a biphonic call that starts with a HFC that is lacking in call type 
I41.1. Call type I41.1 generally has a small frequency shift at the start, while call type N92.2 
starts with a small increase in frequency. 
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Figure 13: Call types I37.1 (left) and N77 (right) showed some similarity in overall 
structure but can be clearly separated as different types.  

 

  

Figure 14: Call types I41.1 (left) and N92.2 (right) showed some similarity in overall 
structure but can be clearly separated as different types. 

3.3 Quantitative analysis 
Measurements were taken of 6,859 calls (nIceland = 4,619, nNorway = 2,240). All of these 
measurements were used for the descriptive statistics presented in the catalogues (see 
appendices). Of these, 5,752 (nIceland = 4,037, nNorway = 1,715) calls allowed for measurements 
of all six variables and were used for the multivariate comparison between the Icelandic and 
the Norwegian repertoire. Frequency range was calculated as the difference between the 
maximum and minimum frequency. Descriptive statistics of the entire Icelandic and 
Norwegian call repertoires are presented in Table 5. High coefficients of variation for all 
variables in both locations indicate high variability in the data. 

Figure 15 shows that there is high overlap between Iceland and Norway for the time and 
frequency variables measured. Although there was considerable overlap between the two 
locations for all variables, the comparison of variables revealed significant differences 
between Iceland and Norway for all parameters (Mann-Whitney U-tests: Start frequency W 
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= 3,847,798; p = < 0.004; mid frequency W = 2,894,660; p = < 0.004; minimum frequency 
W = 3,193,642; p = < 0.004; maximum frequency W = 3,001,471; p < 0.004; frequency 
range W = 3,015,550; p = < 0.004; duration W = 2,932,546; p = < 0.004), except end 
frequency (W = 3,310,537; p = 0.009). The distributions of the parameters (Figure 16) show 
that the significant differences are mostly caused by relatively small changes in distribution, 
such as a shifted peak or median. 

Despite some differences in the parameter comparison, the DFA showed high overlap 
between the two locations. The overall correctly classified proportion of calls was 57%, 
compared to a by-chance correct classification of 50%. The classification success was 
similar for both locations, with 59% of Icelandic and 52% of Norwegian calls correctly 
classified. Therefore, the DFA performed only slightly better than a by-chance classification, 
suggesting low distinction in the time and frequency variables of calls recorded in both 
locations. 

 

Table 5: Descriptive statistics of killer whale calls from Iceland and Norway. Sample sizes 
are indicated for each location in brackets. The values presented are the mean ± Standard 
Deviation with the Coefficient of Variation as a percentage in brackets and minimum and 
maximum values in square brackets. Frequency variables are given in kHz and duration in 
seconds. 

Location Iceland 
(n = 4037) 

Norway 
(n = 1715) 

Start frequency 1.1 ± 0.7 
(64.4%) 
[0.1-5.8] 

1.0 ± 0.8 
(79.2%) 
[0.1-6.3] 

End frequency 1.3 ± 0.8 
(60.8%) 
[0.3-7.7] 

1.5 ± 1.3 
(85.8%) 

[0.1-12.2] 
Mid frequency 1.0 ± 0.5 

(50.8%) 
[0.2-6.4] 

1.3 ± 1.1 
(86.5%) 
[0.2-8.6] 

Minimum frequency 0.6 ± 0.3 
(42.1%) 
[0.1-2.6] 

0.7 ± 0.7 
(89.8%) 
[0.1-6.4] 

Maximum frequency 1.9 ± 1.2 
(60.8%) 
[0.5-7.8] 

2.1 ± 1.2 
(59.4%) 

[0.3-12.2] 
Frequency range 1.3 ± 1.2 

(93.1%) 
[0-7.0] 

1.3 ± 0.9 
(64.3%) 
[0.1-7.3] 

Duration 1.0 ± 0.6 
(63.9%) 
[0.1-5.2] 

1.1 ± 0.5 
(44.2%) 
[0.1-3.0] 
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Figure 15: Boxplot summary of the frequency and time variables measured from killer 
whale calls in Iceland and Norway. Horizontal lines represent medians, boxes show 
interquartiles and whiskers indicate the values within 1.5 times the interquartile range. 
Outliers are shown as single points. 

 

      

Figure 16: Kernel density plots summarising the differences between different time and 
frequency measurements taken from Icelandic and Norwegian killer whale calls. Mann-
Whitney U-tests revealed significant differnces in the distributions of all parameters, 
except end frequency. 
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4 Discussion 
The majority of killer whale calls recorded in Iceland and Norway were discrete and allowed 
for classification. The analysis based on the measured time and frequency parameters 
showed high overlap between both locations but significant differences between the 
distributions of all parameters, except end frequency. However, as the distribution plots 
show, this analysis is sensitive to relatively small differences in distribution. Considering all 
variables together, the discriminant function analysis did not perform much better than 
chance. Thus, overall time and frequency parameters of Icelandic and Norwegian call 
repertoires are very similar. Although a larger number of call types and subtypes were 
described in Iceland, the ratio of call types to subtypes is very similar between both locations, 
indicating a similar level of structuring within the repertoires. The basic structure of the call 
types was also similar in both locations but there were very few downsweep calls recorded 
in Norway. The complexity of each call type varies at different levels. While in the Icelandic 
call types complexity is reflected through a higher number of parts within calls, more of the 
Norwegian call types are biphonic. Therefore, the Icelandic and Norwegian repertoires are 
very similar in overall structure as well as time and frequency parameters. However, the 
differences become apparent when the call types are investigated in more detail. No shared 
call types were found between the two locations, showing that the repertoires are clearly 
different from each other. 

The small variation in the measured time and frequency parameters is consistent with 
previous studies, as Icelandic and Norwegian killer whales are presumed to belong to the 
same ecotype (Simon et al., 2007). Call frequency parameters have been shown to be similar 
across oceans but to vary between ecotypes. While North Pacific resident and transient 
populations as well as killer whales from Iceland and Norway cover the same frequency 
range, the North Pacific transients have overall lower frequencies than the other populations 
(Foote and Nystuen, 2008; Filatova et al., 2015a). The differences between North Pacific 
residents and killer whales from Iceland and Norway are less clear. The fundamental 
frequency varied significantly between both groups but the difference is less pronounced 
than the difference to the North Pacific transients and there is no significant difference 
between the frequencies of the high frequency components (Filatova et al., 2015a). Thus, 
time and frequency parameters allow for some distinction but seem to be a relatively coarse 
metric that may not distinguish details of relatedness between populations. 

The differences in overall call structure and complexity of calls within the repertoires 
indicate that the complexity of a repertoire varies at different levels. The majority of 
Icelandic calls had two or more parts, while most Norwegian calls only had one part. On the 
other hand, about 70% of Icelandic calls were monophonic, while in Norway about half of 
the calls were biphonic. In Iceland some calls existed with and without a HFC (e.g. I53), 
suggesting that the HFC may be added as a different layer to the call, providing additional 
information. Indeed, research into the function of the HFC indicates that it might provide 
information on the direction of travel of the caller and that these calls may serve as long-
range cohesion signals (Miller, 2002, 2006; Filatova et al., 2009). However, variation of 
these broader structural categories between groups or populations has been little explored to 
date. It has been suggested that killer whales may compose their calls from different subunits 
(Yurk, 2005; Shapiro et al., 2011). Investigating Norwegian killer whale calls Shapiro et al. 
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(2011) suggest that these subunits provide a simpler basic unit than an entire call and that 
assembling of calls through subunits is a way to increase the overall repertoire. However, 
subunits from Norwegian calls matched North Pacific resident and transient calls, indicating 
that each population of killer whales may use a portion of a universal inventory of subunits 
(Shapiro et al., 2011). Thus the subunit approach may be too fine scale, i.e. not allowing for 
enough variation, to be relevant for the distinction between populations. The presence of 
many call parts in the Icelandic killer whale call repertoire suggests that at least some of the 
calls could also be built from subunits. The structure of call type I43 further supports this 
idea and future investigation of these subunits could provide insight into the complexity of 
the repertoires and whether Icelandic and Norwegian killer whale calls are built from the 
same subunits.  

Using a much larger sample of recordings, particularly for Iceland, this study supports little 
call type sharing between Icelandic and Norwegian populations. No shared call types 
between the two populations were also found in a study using a small sample of calls (Moore 
et al., 1988). Danishevskaya et al. (2018) found that human observers did not place calls of 
Icelandic and Norwegian killer whales in the same groups but in the same clusters with North 
Pacific resident calls. This indicates that there are similarities between the Icelandic, 
Norwegian and North Pacific resident repertoires but that Icelandic and Norwegian 
repertoires have discernible differences. However, most observers in the study were 
untrained and classification varied strongly between individuals. To date only one study 
indicates a link between Icelandic and Norwegian killer whale call repertoires. Strager 
(1995) found two matches between calls recorded from Norway and calls recorded from 
Iceland by Moore et al. (1988). None of these call types were recorded in this study. It is 
possible that an increased sample size, especially from Norway, would lead to a match 
between Icelandic and Norwegian call types. Nevertheless, the coverage of Icelandic call 
types is presumed to be high and neither of those two call types has been found. Even in 
entirely separated populations, there is a chance for similarity due to the physical constraints 
of the sound production apparatus and random convergence (Filatova et al., 2016).  

The clear difference in the two call repertoires provides information about the connection 
between the two populations. Both populations are very similar in behaviour, morphology 
and genetically (Similä and Ugarte, 1993; Foote et al., 2009; Morin et al., 2010; Samarra 
and Miller, 2015). More importantly, the two populations are thought to have been in contact 
until as recently as the 1960s (Jonsgård and Lyshoel, 1970). Thus, similarities in their call 
repertoires could have been expected. However, the consistent difference in the repertoires 
of this and previous studies suggests that if the populations have been in contact before, they 
may not have been one totally mixed population. This hypothesis is supported by two factors. 
Firstly, killer whale call repertoires provide a measure of relatedness. In North Pacific, 
resident killer whales groups that are closely related share more calls than more distantly 
related groups (Ford, 1991; Yurk et al., 2002). Not only the overall repertoire but also the 
structure of individual call types reflect relatedness (Deecke et al., 2010). Therefore, no 
shared call types indicate distant relation. Secondly, killer whale call repertoires are thought 
to be highly conserved. The repertoires of North Pacific residents for example, have been 
shown to be stable for more than 30 years (Ford, 1991; Foote et al., 2008). Changes may 
occur in individual call types. For example, the duration of several calls from North Pacific 
resident pods increased over a 28 year period (Wieland et al., 2010). However, the actual 
structure of call types appears more stable. Deecke et al. (2000) found that the acoustic 
similarity of one of two call types decreased between matrilines over a period of 12-13 years 
but the changes did not lead to improved distinction between the two matrilines. Adding the 
fact that killer whales are long-lived animals, with females having a life expectancy of 50-
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80 years (Olesiuk et al., 1990), the consistent difference in repertoires of Icelandic and 
Norwegian killer whales coupled with the presumed long-term stability of their repertoires 
suggest that it is unlikely that two entirely different repertoires evolved in the time frame of 
only 50 to 60 years. Although future studies will be necessary to assess repertoire stability 
and the relationship between repertoires and group relatedness in killer whales in Iceland 
and Norway, this study suggests the two populations have not been totally mixed prior to the 
1960s. 

Both Icelandic and Norwegian killer whales are highly vocal during feeding but almost silent 
when travelling (Simon et al., 2007; Samarra and Miller, 2015). Their high frequency whistle 
repertoires are also very similar (Samarra et al., 2015), suggesting a connection between the 
two populations. However, despite similarities in much of their vocal behaviour, differences 
in the acoustic repertoires have been highlighted previously. Icelandic killer whales use the 
‘herding call’ presumably to manipulate prey, which has not been recorded in Norwegian 
killer whales, despite them using the same feeding strategy (Simon et al., 2006). 
Furthermore, Icelandic killer whales use low frequency sounds that to date appear unique to 
the population (Samarra et al., 2016). This mix of shared and unshared features of the 
Icelandic and Norwegian killer whale acoustic repertoires supports the idea that the 
populations were potentially connected but not totally mixed. 

The movement patterns of Icelandic and Norwegian killer whales are likely highly 
influenced by their herring prey. A large part of the Icelandic killer whale population are 
thought to follow the Icelandic summer spawning (ISS) herring stock, while the Norwegian 
killer whales exploit the Norwegian spring spawning (NSS) herring stock (Sigurjonsson et 
al., 1988; Similä et al., 1996; Samarra et al., 2017a). The abundance and distribution of both 
stocks can undergo large long-term changes (Dragesund et al., 1997; Óskarsson et al., 2009) 
and predators pursuing this prey need to be able to adapt accordingly. Therefore, it is possible 
that Icelandic and Norwegian killer whales have different movement patterns but do get in 
contact when the range of their prey overlaps. 

Recently, both the ISS and NSS herring stocks are expanding again (Óskarsson et al., 2009; 
IESNS, 2018). The NSS herring is now found off east and northeast Iceland in the summer. 
Thus, contact between Icelandic and Norwegian killer whales might already be occurring or 
could occur again in the upcoming years, providing interesting opportunities to study the 
interaction and connection of the two populations. For example, the occurrence of call types 
coupled with photo-identification could provide insights into the movement patterns 
between the two populations. 

Variation in killer whale dialects has been studied in detail but little research has been done 
comparing repertoires between populations and across oceans. Questions on the variation of 
the complexity and structure of calls between groups and populations have also been rarely 
addressed. It has been shown that there is a limit to variation in call types due to the sound 
production apparatus and that this is reflected in similar call types between unrelated 
populations (Filatova et al., 2016). For example, Norwegian killer whale calls share the same 
basic features as calls described in the North Pacific but have greater average duration and 
fewer call parts (Strager, 1995). Filatova et al. (2012a) showed that the diversity of 
monophonic and biphonic calls differs little between populations and that there is no 
correlation between call repertoires and geographical distance. These examples indicate that 
there might be little variation in the structure of call types between populations, however, 
there are examples that indicate the opposite when even greater geographical distances are 
considered. Antarctic killer whales for example, appear to produce calls types that show a 
high amount of frequency modulation (Richlen and Thomas, 2008; Schall and Opzeeland, 
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2017). Such call types seem rare in killer whales in the Northern hemisphere but the 
differences have not been studied in detail.  

Furthermore, the combination of different calls into stable sequences, termed compound 
calls has been documented in Norwegian killer whales but has not been studied in much 
detail elsewhere (Strager, 1995; Shapiro et al., 2011). It has been observed in Iceland and on 
a smaller scale in the North Pacific residents and transients (Ford, 1991; Saulitis et al., 2005; 
Filatova et al., 2015b). Compound calls might over time merge into stable stereotyped calls 
with multiple syllables, which might be further reduced to simpler calls that might then be 
again combined into compound calls (Filatova et al., 2015b). The combination of calls into 
compounds could largely increase the complexity of a repertoire and thus further 
investigation of compound calls could provide information on call evolution and levels of 
repertoire complexity. 

In conclusion, this study provides an extensive description of the repertoire of Icelandic 
killer whales and updates existing catalogues of Norwegian killer whale calls. The two 
repertoires have similar time and frequency parameters but no shared call types. This 
suggests that if the two populations have been in contact prior to the Atlanto-Scandian 
herring stock collapse in the 1960s, they may not have been totally mixed. Recent changes 
in the herring distribution might lead to renewed contact between the populations, which 
would provide an interesting opportunity to study possible changes in the repertoires. The 
variation in time and frequency parameters as well as the structure and complexity of calls 
across populations and oceans has been little investigated but the results of this study indicate 
that they could provide important insights into how killer whales assemble their calls and 
how much variation there is between populations.  
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Appendix A  
Catalogue of killer whale calls from 
Iceland 
This catalogue includes all call types recorded from killer whales in Iceland between 2008 
and 2016. Recordings were made in Vestmannaeyjar and Breiðafjörður.  

Spectrograms were created using a Hann window and FFT sizes of 1,024 for 48 kHz 
sampling rates, 2,048 for 64 and 96 kHz sampling rates, 4,096 for 192 kHz sampling rates 
and 5,120 for 240 kHz sampling rates, with a 87.5% overlap. The main spectrogram shows 
a typical example of the call type and the two smaller spectrograms show differing variants 
in order to indicate the variation within the call type. Frequencies are given in kHz and time 
in seconds. 

Measurements taken are shown in a table below the images. It was not always possible to 
take measurements of all parameters from all calls, therefore the sample size is indicated in 
the measurements table. In biphonic calls measurements were taken only of the low 
frequency contour.  

The text segment gives a description of the calls, including classification decisions, issues 
with measurements and other relevant information.  

 

Abbreviations: 

N = Number of samples 

CV = Coefficient of variation (Standard deviation/mean x 100) 

Min = Minimum value measured 

Max = Maximum value measured 

LFC = Low frequency component 

HFC = High frequency component  
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Call I5.5 
 

 
 

Table A 1: Summary of measurements of call I5.5. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 9 1.07 31.38 0.65 1.67 
Start frequency 9 1.10 5.88 1.02 1.21 
End frequency 8 0.81 5.06 0.73 0.86 
Mid frequency 9 0.98 35.96 0.63 1.45 
Maximum frequency 9 0.66 7.20 0.58 0.71 
Minimum frequency 9 1.39 4.62 1.26 1.45 
Total number of calls 10     
Recording events 1     

 

Call type I5.5 is a biphonic downsweep call, consisting of two parts that are separated by a 
downward frequency shift in the LFC and an upward shift in the HFC. 

The call is considered a likely match to call type I5 described by Moore et al. (1988). Moore 
et al. (1988) had described call types I5.1 to I5.4. Call type I5.5 was considered a new 
subtype, since it was not an exact match to these subtypes. 
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Call I11.3 
 

 
 

Table A 2: Summary of measurements of call I11.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 9 0.74 31.12 0.53 1.20 
Start frequency 9 1.34 25.45 0.82 1.87 
End frequency 9 1.89 26.27 1.32 3.03 
Mid frequency 9 2.04 11.90 1.76 2.46 
Minimum frequency 9 1.23 16.01 0.83 1.51 
Maximum frequency 9 2.34 15.36 1.85 2.90 
Total number of calls 10     
Recording events 6     

 

Call type I11.3 is a monophonic upsweep call. The call structure is simple with a slight 
downsweep at the end, sometimes preceded by small frequency shifts. 

Call types I11.3 to I11.6 are considered likely matches to call types I11.1 and I11.2 as 
described by Moore et al. (1988). Due to small differences they were numbered as new 
subtypes. 
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Call I11.4 
 

 
 

Table A 3: Summary of measurements of call I11.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 437 0.99 22.37 0.57 3.05 
Start frequency 430 0.81 41.05 0.12 2.04 
End frequency 431 2.27 42.88 0.94 7.73 
Mid frequency 437 1.44 25.50 0.77 2.06 
Minimum frequency 431 0.81 37.95 0.16 1.80 
Maximum frequency 430 2.98 34.52 1.34 7.81 
Total number of calls 462     
Recording events 31     

 

Call type I11.4 is a monophonic upsweep call. The call has a distinct end with a varying 
number of up and down frequency modulations. 

Call type I11.4 is considered a likely match to call type I11.2 as described by Moore et al. 
(1988). Due to the quality of the spectrograms published, it is unclear whether I11.2 has a 
HFC and therefore call type I11.4 was numbered as a new subtype.  
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Table A 4: Summary of measurements of call I11.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 27 1.38 10.72 1.17 1.68 
Start frequency 27 0.66 14.07 0.29 0.77 
End frequency 27 1.26 12.17 0.83 1.58 
Mid frequency 27 0.94 12.53 0.42 1.07 
Minimum frequency 27 0.63 13.68 0.30 0.72 
Maximum frequency 27 1.70 13.22 1.05 1.98 
Total number of calls 37     
Recording events 4     

 

Call type I11.5 is a monophonic upsweep call. The call is very similar to subtype I11.4 but 
has a distinct second part that is missing in I11.4. 
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Call I11.6 
 

 
 

Table A 5: Summary of measurements of call I11.6. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 19 1.87 33.93 1.05 2.99 
Start frequency 19 0.80 28.26 0.23 1.24 
End frequency 18 1.25 39.45 0.65 2.45 
Mid frequency 19 1.23 10.62 1.02 1.57 
Minimum frequency 18 0.76 22.96 0.29 1.05 
Maximum frequency 19 1.83 18.64 1.28 2.49 
Total number of calls 20     
Recording events 6     

 

Call type I11.6 is a biphonic call. The LFC is very similar to subtype I11.4. The HFC is a 
simple, slightly upsweep contour. Often there is a short upsweep sound at the end of the call, 
separated by a short pause. 

Measurements were taken excluding the short upsweep sound at the end because it was not 
present in all calls. 
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Call I36 
 

 
 

Table A 6: Summary of measurements of call I36. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 253 2.65 40.69 0.51 5.19 
Start frequency 246 0.95 29.90 0.26 1.62 
End frequency 252 1.20 29.76 0.50 2.43 
Mid frequency 253 0.97 26.14 0.46 1.57 
Minimum frequency 251 0.90 27.75 0.28 1.32 
Maximum frequency 252 1.22 28.43 0.51 2.42 
Total number of calls 287     
Recording events 47     

 

Call type I36 is a monophonic call. The structure is very simple with almost no frequency 
modulation. In many examples the call has a short upsweep at the end. 

Call type I36 is the so-called ‘herding call’, previously described by Simon et al. (2006).  
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Call I37.1 
 

 
 

Table A 7: Summary of measurements of call I37.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 8 0.74 18.10 0.61 0.92 
Start frequency 8 0.58 24.79 0.26 0.68 
End frequency 8 1.22 25.09 0.87 1.68 
Mid frequency 8 0.64 7.29 0.53 0.67 
Minimum frequency 8 0.56 22.29 0.27 0.64 
Maximum frequency 8 1.22 25.14 0.88 1.68 
Total number of calls 11     
Recording events 1     

 

Call type I37.1 is a monophonic upsweep call. The call is characterised by a small frequency 
shift at the start and an upsweep at the end. In most examples there is a short element of 
clicks at the beginning of the call. 
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Call I37.2 
 

 
 

Table A 8: Summary of measurements of call I37.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.86 22.96 0.58 1.05 
Start frequency 5 0.49 33.72 0.27 0.63 
End frequency 5 1.12 21.76 0.81 1.43 
Mid frequency 5 0.78 29.40 0.63 1.19 
Minimum frequency 5 0.44 38.25 0.25 0.62 
Maximum frequency 5 1.26 25.88 0.85 1.76 
Total number of calls 6     
Recording events 1     

 

Call type I37.2 is a monophonic upsweep call. The call is very similar to subtype I37.1 but 
has a second part. 

Measurements were taken of the entire call, including the short pause.  
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Table A 9: Summary of measurements of call I37.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 3 0.60 6.50 0.55 0.63 
Start frequency 3 0.65 4.39 0.62 0.67 
End frequency 3 0.96 5.22 0.91 1.01 
Mid frequency 3 0.66 3.36 0.64 0.68 
Minimum frequency 3 0.64 4.49 0.62 0.67 
Maximum frequency 3 0.96 5.94 0.92 1.03 
Total number of calls 4     
Recording events 1     

 

Call type I37.3 is a monophonic upsweep call. The call is similar to subtypes I37.1 and I37.2 
but the added part at the end is distinctly upsweep. 

Measurements were only taken of the first part of the call, since the second part was mostly 
poorly visible.  
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Table A 10: Summary of measurements of call I38. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 58 0.48 27.07 0.21 0.88 
Start frequency 35 0.36 14.28 0.20 0.50 
End frequency 58 4.89 11.98 3.19 6.53 
Mid frequency 43 0.84 83.23 0.30 3.00 
Minimum frequency 41 0.31 10.39 0.21 0.37 
Maximum frequency 57 5.07 12.28 3.15 6.66 
Total number of calls 121     
Recording events 2     

 

Call type I38 is a monophonic upsweep call. It is clearly separated into two parts. The first 
part is very flat in contour. The second part is always strongly upsweeping but varies in 
structure. In some examples there is a short pause between the two parts. 

Measurements were taken of the entire call, including the short pause. 
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Call I39 
 

 
 

Table A 11: Summary of measurements of call I39. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 67 0.51 26.19 0.27 1.05 
Start frequency 67 1.55 45.37 0.35 4.10 
End frequency 66 1.97 29.30 0.98 3.80 
Mid frequency 67 1.30 22.49 0.90 2.23 
Minimum frequency 66 1.08 15.35 0.35 1.37 
Maximum frequency 67 2.32 26.05 1.57 4.12 
Total number of calls 80     
Recording events 10     

 

Call type I39 is a monophonic call. It is clearly separated into two parts by a downward 
frequency shift. In most examples there is also a third part at the start of the call, which is 
either clicks or a short upsweep sound. 
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Call I40.1 
 

 
 

Table A 12: Summary of measurements of call I40.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 68 0.75 46.79 0.37 2.40 
Start frequency 68 1.12 51.52 0.42 2.69 
End frequency 68 3.01 25.99 1.22 5.31 
Mid frequency 68 2.39 16.52 1.22 3.37 
Minimum frequency 68 1.12 50.46 0.39 2.63 
Maximum frequency 68 3.05 24.34 1.22 5.20 
Total number of calls 70     
Recording events 12     

 

Call type I40.1 is a monophonic upsweep call. The call is relatively high in frequency and 
the contour is usually very flat. The call often starts with a short upsweep and varies in 
duration. 
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Call I40.2 
 

 
 

Table A 13: Summary of measurements of call I40.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 1.17 55.15 0.52 2.65 
Start frequency 10 1.04 44.74 0.73 2.29 
End frequency 10 3.38 22.26 2.36 4.71 
Mid frequency 10 2.74 12.90 2.29 3.14 
Minimum frequency 10 1.13 46.43 0.71 2.31 
Maximum frequency 10 3.18 20.51 2.37 4.06 
Total number of calls 11     
Recording events 4     

 

Call type I40.2 is a monophonic upsweep call. The call has the same features as subtype 
I40.1 but has a distinct upward frequency shift. 
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Call I41.1 
 

 
 

Table A 14: Summary of measurements of call I41.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 208 0.79 35.52 0.37 2.15 
Start frequency 204 0.67 27.21 0.27 1.22 
End frequency 166 0.59 17.08 0.38 0.94 
Mid frequency 208 0.57 13.39 0.43 0.82 
Minimum frequency 201 0.47 16.15 0.21 0.71 
Maximum frequency 205 0.71 22.13 0.46 1.20 
Total number of calls 228     
Recording events 16     

 

Call type I41.1 is a monophonic call. The call has a very simple in structure and is low in 
frequency. In many examples there is a small shift in frequency at the start, which is 
sometimes separated by a short pause. 

Measurements were taken of the entire call, including the short pause if present.  
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Call I41.2 
 

 
 

Table A 15: Summary of measurements of call I41.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.20 24.04 0.14 0.28 
Start frequency 10 0.61 10.88 0.50 0.71 
End frequency 9 0.62 17.57 0.50 0.75 
Mid frequency 10 0.59 10.12 0.50 0.71 
Minimum frequency 10 0.47 7.83 0.40 0.53 
Maximum frequency 10 0.69 8.51 0.59 0.80 
Total number of calls 11     
Recording events 1     

 

Call type I41.2 is a monophonic call. It is similar in structure to subtype I41.1 but shorter in 
duration.  
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Table A 16: Summary of measurements of call I42.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 24 1.43 34.13 0.74 2.88 
Start frequency 24 0.81 79.32 0.44 3.45 
End frequency 24 0.93 42.45 0.49 2.29 
Mid frequency 24 1.12 16.01 0.77 1.45 
Minimum frequency 24 0.59 18.43 0.46 0.85 
Maximum frequency 24 1.39 40.71 0.92 3.53 
Total number of calls 28     
Recording events 8     

 

Call type I42.1 is a biphonic call. The LFC is slightly upsweep but the frequency often goes 
down again at the end. The HFC is also upsweep and goes down at the end. The HFC 
sometimes has a downward frequency shift at the start. 
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Call I42.2 
 

 
 

Table A 17: Summary of measurements of call I42.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 7 2.95 36.09 1.84 5.04 
Start frequency 7 0.81 62.61 0.40 1.72 
End frequency 7 0.62 47.73 0.42 1.26 
Mid frequency 7 1.04 7.96 0.90 1.15 
Minimum frequency 7 0.42 17.95 0.29 0.52 
Maximum frequency 7 1.44 32.97 1.11 2.40 
Total number of calls 8     
Recording events 2     

 

Call type I42.2 is a biphonic call. It is similar in structure to subtype I42.1 but has an added 
second part. The second part is similar to the first but shorter and mostly lower in frequency.  
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Call I43.1 
 

 
 

Table A 18: Summary of measurements of call I43.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 238 0.79 26.22 0.30 1.99 
Start frequency 237 1.38 48.44 0.33 4.95 
End frequency 210 0.67 25.26 0.43 1.95 
Mid frequency 238 0.59 36.21 0.33 3.29 
Minimum frequency 238 0.49 19.38 0.27 1.15 
Maximum frequency 238 3.05 30.35 1.18 5.69 
Total number of calls 284     
Recording events 14     

 

Call type I43.1 is a monophonic downsweep call. The call has two parts that are separated 
by a downward frequency shift. Apart from a short upsweep at the start the two parts show 
little frequency modulation. 

Call types I43.1 to I43.9 are unique in that it appears they are be built from the combination 
of several elements (Filatova et al., 2015b).  
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Call I43.2 
 

 
 

Table A 19: Summary of measurements of call I43.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 153 0.95 21.31 0.49 2.18 
Start frequency 153 2.65 48.00 0.46 5.82 
End frequency 121 0.80 30.22 0.51 2.80 
Mid frequency 153 0.72 146.08 0.27 6.44 
Minimum frequency 152 0.36 16.55 0.21 0.53 
Maximum frequency 153 5.67 17.13 2.86 7.39 
Total number of calls 195     
Recording events 19     

 

Call type I43.2 is a monophonic downsweep call. The call is divided into two parts that are 
separated by a downward frequency shift. The first part starts with a short upsweep, after 
which it is relatively stable in frequency. The second part is characterised by a dip in the 
frequency contour, followed by little frequency modulation. 

The CV for the mid frequency is unusually high because the middle of the call sometimes 
fell onto the first part of the call, which is much higher in frequency.  
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Table A 20: Summary of measurements of call I43.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 221 1.13 27.63 0.50 2.60 
Start frequency 221 1.48 13.25 0.79 1.91 
End frequency 154 0.90 21.47 0.52 1.57 
Mid frequency 221 0.67 59.60 0.23 1.89 
Minimum frequency 217 0.38 22.70 0.20 0.63 
Maximum frequency 220 1.87 9.61 1.11 2.75 
Total number of calls 259     
Recording events 25     

 

Call type I43.3 is a biphonic downsweep call. The call is similar to subtype I43.2 but has an 
added HFC. The HFC only extends over the first part of the call and is slightly upsweep. 
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Call I43.4 
 

 
 

Table A 21: Summary of measurements of call I43.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 60 1.02 23.10 0.60 1.87 
Start frequency 60 2.46 54.77 0.88 5.05 
End frequency 44 1.30 22.04 0.73 2.08 
Mid frequency 60 0.71 168.37 0.26 5.79 
Minimum frequency 60 0.35 13.74 0.24 0.47 
Maximum frequency 60 4.91 16.99 1.34 5.79 
Total number of calls 82     
Recording events 12     

 

Call type I43.4 is a monophonic downsweep call. In some examples the first part of the call 
could be an independently modulated HFC (see lower right example). The call is separated 
into three parts. The first part is high in frequency and starts with a short upsweep. The 
second part is much lower in frequency and often has a small frequency shift at the start. The 
third part is of intermediate frequency and is not always clearly visible. 

The CV of the mid frequency is unusually high because the middle sometimes fell onto the 
first part of the call which is much higher in frequency.  
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Table A 22: Summary of measurements of call I43.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 170 0.88 29.58 0.47 2.10 
Start frequency 170 0.79 28.22 0.31 2.20 
End frequency 138 1.25 16.83 0.50 1.71 
Mid frequency 169 0.43 92.14 0.18 2.39 
Minimum frequency 166 0.29 23.03 0.18 0.73 
Maximum frequency 168 1.99 26.46 0.99 2.83 
Total number of calls 204     
Recording events 16     

 

Call type I43.5 is a monophonic call. The call is divided into three parts and similar in 
structure to subtype I43.4. However, the first part of the call is lower in frequency than in 
subtype I43.4, where it is usually around 4 kHz but definitely above 3 kHz. In call type I43.5 
the first part of the call is usually around 2 kHz but always below 3 kHz. 
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Table A 23: Summary of measurements of call I43.6. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 6 0.93 20.08 0.61 1.17 
Start frequency 6 1.17 7.34 1.10 1.30 
End frequency 5 1.43 6.27 1.29 1.54 
Mid frequency 6 0.48 8.09 0.45 0.56 
Minimum frequency 5 0.46 5.64 0.43 0.50 
Maximum frequency 5 1.40 11.95 1.12 1.57 
Total number of calls 6     
Recording events 3     

 

Call type I43.6 is a monophonic call. The call is very similar to subtype I43.5 but has an 
added part of clicks that almost appear tonal at the start. The second part corresponds to the 
first part in subtype I43.5 but is much shorter. 

Measurements were taken excluding the clicks at the start. 
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Table A 24: Summary of measurements of call I43.7. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 88 0.44 25.10 0.19 0.79 
Start frequency 88 1.25 33.06 0.71 2.48 
End frequency 75 1.46 16.77 0.78 2.23 
Mid frequency 88 0.59 61.91 0.18 1.95 
Minimum frequency 84 0.41 23.66 0.15 0.61 
Maximum frequency 78 1.57 23.08 1.07 3.14 
Total number of calls 98     
Recording events 11     

 

Call type I43.7 is a biphonic call. The HFC starts before the LFC and ends soon after the 
start of the LFC. The HFC is relatively flat in contour with a short increase in frequency at 
the start and sometimes also at the end.  

In all call types measurements were only taken of the LFC. For consistency, measurements 
of call type I43.7 also only include the LFC. It should be noted that this affects the measured 
duration.    
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Table A 25: Summary of measurements of call I43.8. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 50 0.88 33.34 0.60 2.17 
Start frequency 50 1.00 16.24 0.61 1.37 
End frequency 48 1.59 16.30 0.80 2.18 
Mid frequency 50 1.00 38.43 0.37 1.73 
Minimum frequency 47 0.49 19.82 0.33 0.96 
Maximum frequency 50 1.60 15.56 1.16 2.16 
Total number of calls 54     
Recording events 11     

 

Call type I43.8 is a biphonic upsweep call. The call has three parts. The first and the third 
part are similar in frequency but separated by the second, lower frequency part. The HFC 
only extends over the duration of the first part and is an upsweep contour. 
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Table A 26: Summary of measurements of call I43.9. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 70 0.91 39.17 0.55 1.95 
Start frequency 70 1.20 54.71 0.59 4.99 
End frequency 60 1.43 19.49 0.69 2.19 
Mid frequency 69 1.32 49.20 0.33 5.81 
Minimum frequency 47 0.40 28.80 0.19 0.65 
Maximum frequency 66 1.79 47.77 1.03 5.81 
Total number of calls 82     
Recording events 20     

 

Call type I43.9 is a monophonic call. The call is similar in structure to subtype I43.8 but is 
lacking the HFC.  
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Table A 27: Summary of measurements of call I44. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 273 0.92 38.08 0.34 2.40 
Start frequency 271 1.69 29.09 0.61 4.18 
End frequency 207 0.86 42.08 0.37 2.16 
Mid frequency 273 0.84 32.48 0.48 1.91 
Minimum frequency 235 0.55 22.27 0.36 1.15 
Maximum frequency 272 1.84 25.51 0.99 4.29 
Total number of calls 404     
Recording events 46     

 

Call type I44 is highly variable. Most examples are monophonic but some examples may 
have an added HFC but it is often not clear (see main image). The LFC is often downsweep 
but sometimes also relatively straight. The call is distinguished by a unique, short first part, 
which is especially clear when listening to the call. The first part is sometimes separated by 
a short pause. 

Measurements were taken of the entire call, including the short pause if present. 

  



81 

Call I45 
 

 
 

Table A 28: Summary of measurements of call I45. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 812 0.93 45.72 0.22 2.57 
Start frequency 809 0.73 27.14 0.20 1.53 
End frequency 758 1.01 25.04 0.04 1.96 
Mid frequency 812 0.96 15.45 0.54 1.64 
Minimum frequency 774 0.69 25.52 0.27 1.24 
Maximum frequency 811 1.12 17.41 0.64 1.96 
Total number of calls 863     
Recording events 51     

 

Call type I45 is a monophonic call. The call is very simple in structure but highly variable. 
The call is distinguished by clicks at the start, followed by a very simple, usually slightly 
downsweep contour. However, in some cases the contour is very straight or even slightly 
upsweep. 

Measurements were taken excluding the clicks at the start.  
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Table A 29: Summary of measurements of call I46. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 47 0.28 14.29 0.17 0.39 
Start frequency 47 1.24 18.78 0.35 1.66 
End frequency 46 1.09 23.87 0.65 2.02 
Mid frequency 47 0.92 19.47 0.65 1.91 
Minimum frequency 47 0.77 13.96 0.33 0.98 
Maximum frequency 47 1.56 24.39 1.00 2.54 
Total number of calls 67     
Recording events 4     

 

Call type I46 is a monophonic call. The call is short in duration and has little frequency 
modulation, except for one or two shifts at the start. Sometimes the frequency shift is 
separated by a short pause. 

Measurements were taken of the entire call, including the short pause if present. 
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Table A 30: Summary of measurements of call I47. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 49 0.97 13.69 0.64 1.33 
Start frequency 49 0.80 11.82 0.63 1.10 
End frequency 47 1.32 29.01 0.88 2.31 
Mid frequency 49 1.27 11.64 0.92 1.55 
Minimum frequency 49 0.81 10.21 0.59 1.01 
Maximum frequency 49 1.45 20.28 1.01 2.27 
Total number of calls 51     
Recording events 1     

 

Call type I47 is a biphonic upsweep call. The call starts with clicks, followed by a mostly 
straight or upsweep contour, which usually has an increase in frequency at the end. The HFC 
starts after the clicks, is upsweep in contour and ends before the LFC. 

Measurements were taken excluding the clicks at the start. 
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Table A 31: Summary of measurements of call I48.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 118 0.91 42.30 0.31 2.00 
Start frequency 118 0.91 21.03 0.38 1.94 
End frequency 108 0.79 25.17 0.27 1.77 
Mid frequency 118 0.70 16.95 0.31 1.20 
Minimum frequency 116 0.66 17.41 0.29 1.00 
Maximum frequency 118 1.02 16.88 0.76 1.92 
Total number of calls 124     
Recording events 15     

 

Call type I48.1 is a monophonic call. The call starts with clicks and the main contour is 
characterised by a short downward shift in frequency at the start.  

Measurements were taken excluding the clicks at the start. 

  



85 

Call I48.2 
 

 
 

Table A 32: Summary of measurements of call I48.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.60 16.77 0.35 0.67 
Start frequency 10 1.23 5.17 1.14 1.32 
End frequency 10 1.24 17.31 0.98 1.76 
Mid frequency 10 0.91 15.56 0.70 1.18 
Minimum frequency 10 0.57 9.80 0.50 0.67 
Maximum frequency 10 1.37 14.05 1.14 1.78 
Total number of calls 10     
Recording events 4     

 

Call type I48.2 is a monophonic call. It is similar in structure to subtype I48.1 but has an 
additional distinct dip in frequency. 

Measurements were taken excluding the clicks at the start. 
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Table A 33: Summary of measurements of call I48.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 6 1.00 43.39 0.59 1.76 
Start frequency 6 0.89 25.43 0.44 1.05 
End frequency 4 1.02 17.88 0.82 1.20 
Mid frequency 6 1.03 8.01 0.96 1.17 
Minimum frequency 4 0.81 25.07 0.51 0.94 
Maximum frequency 6 1.54 9.00 1.39 1.70 
Total number of calls 6     
Recording events 4     

 

Call type I48.3 is a monophonic call. It is very similar in structure to subtype I48.1. However, 
the call is not always preceded by clicks and the frequency shift at the start of the main 
contour is more pronounced. 

Measurements were taken excluding the clicks at the start if present. 
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Table A 34: Summary of measurements of call I49.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 16 0.99 33.41 0.65 1.80 
Start frequency 9 0.55 24.00 0.35 0.67 
End frequency 16 0.70 20.67 0.46 1.18 
Mid frequency 16 0.65 14.66 0.50 0.96 
Minimum frequency 15 0.22 19.30 0.16 0.32 
Maximum frequency 16 0.71 20.20 0.52 1.20 
Total number of calls 29     
Recording events 6     

 

Call type I49.1 is a monophonic call. It is characterised by a small down and up shift in 
frequency at the start, which sometimes could also be a series of clicks. 
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Table A 35: Summary of measurements of call I49.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 13 1.18 38.08 0.66 2.06 
Start frequency 9 0.31 24.17 0.21 0.47 
End frequency 13 0.81 16.80 0.59 1.03 
Mid frequency 13 0.69 10.94 0.60 0.81 
Minimum frequency 10 0.31 19.43 0.20 0.42 
Maximum frequency 13 0.82 16.18 0.62 1.05 
Total number of calls 15     
Recording events 4     

 

Call type I49.2 is a monophonic upsweep call. The call similar to subtype I49.1 but is missing 
the first part.  
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Table A 36: Summary of measurements of call I50. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.58 23.85 0.40 0.75 
Start frequency 5 0.72 16.98 0.52 0.80 
End frequency 4 1.24 11.88 1.09 1.41 
Mid frequency 5 1.11 16.29 0.84 1.28 
Minimum frequency 5 0.60 7.28 0.56 0.67 
Maximum frequency 4 1.24 12.65 1.07 1.41 
Total number of calls 6     
Recording events 2     

 

Call type I50 is a monophonic upsweep call. The call has a flat contour with a slight upward 
frequency shift.  
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Table A 37: Summary of measurements of call I51. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 216 0.69 26.46 0.18 1.54 
Start frequency 216 0.66 29.96 0.23 2.22 
End frequency 215 1.45 24.22 0.79 3.07 
Mid frequency 216 1.30 23.25 0.76 2.76 
Minimum frequency 216 0.62 20.92 0.23 1.00 
Maximum frequency 215 1.46 23.95 0.84 3.04 
Total number of calls 216     
Recording events 35     

 

Call type I51 is a monophonic upsweep call. The call is preceded by a series of clicks and is 
very distinct when listened to.  

Measurements were taken excluding the clicks at the start.  
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Table A 38: Summary of measurements of call I52. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 21 0.58 20.98 0.35 0.87 
Start frequency 21 1.12 17.84 0.54 1.34 
End frequency 21 1.49 19.59 0.93 2.17 
Mid frequency 21 1.34 9.55 0.99 1.60 
Minimum frequency 21 1.11 19.08 0.49 1.31 
Maximum frequency 21 1.56 16.60 1.12 2.31 
Total number of calls 21     
Recording events 5     

 

Call type I52 is a monophonic call. The call starts with a series of clicks followed by a 
relatively flat contour, which is sometimes slightly upsweep. In some examples it appears 
that the call has an added HFC (see lower right example) but it is not clear. 

Measurements were taken excluding the clicks at the start. 

  



92 

Call I53.1 
 

 
 

Table A 39: Summary of measurements of call I53.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 85 0.63 27.22 0.38 1.20 
Start frequency 74 0.46 33.53 0.27 1.07 
End frequency 85 1.81 30.73 0.79 2.85 
Mid frequency 85 1.50 29.90 0.73 2.54 
Minimum frequency 74 0.44 31.56 0.29 1.11 
Maximum frequency 85 1.82 30.76 0.79 2.89 
Total number of calls 91     
Recording events 23     

 

Call type I53.1 is a monophonic upsweep call. The call has a distinct upward frequency shift 
at the start. 
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Table A 40: Summary of measurements of call I53.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 43 0.82 33.42 0.51 1.75 
Start frequency 40 0.45 17.24 0.35 0.74 
End frequency 42 2.09 19.12 1.30 3.32 
Mid frequency 43 1.53 13.49 1.15 2.05 
Minimum frequency 40 0.45 13.06 0.36 0.70 
Maximum frequency 42 2.11 18.27 1.32 3.33 
Total number of calls 45     
Recording events 10     

 

Call type I53.2 is a biphonic upsweep call. The call is very similar in structure to subtype 
I53.1 but has an added HFC.  
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Table A 41: Summary of measurements of call I54.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 121 1.15 37.18 0.56 2.37 
Start frequency 121 2.32 16.39 1.41 3.58 
End frequency 107 0.60 18.72 0.33 0.92 
Mid frequency 121 0.92 45.67 0.36 2.12 
Minimum frequency 114 0.59 18.45 0.34 0.80 
Maximum frequency 121 2.34 15.22 1.39 3.58 
Total number of calls 124     
Recording events 14     

 

Call type I54.1 is a monophonic downsweep call. The call is characterised by a clear 
downward frequency shift, which sometimes includes small additional up and down shifts. 

  



95 

Call I54.2 
 

 
 

Table A 42: Summary of measurements of call I54.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 54 1.07 26.53 0.57 1.78 
Start frequency 54 2.42 7.64 1.95 2.86 
End frequency 47 0.50 16.77 0.30 0.69 
Mid frequency 54 0.85 55.73 0.39 1.88 
Minimum frequency 51 0.49 15.72 0.31 0.64 
Maximum frequency 54 2.45 5.98 2.14 2.88 
Total number of calls 57     
Recording events 8     

 

Call type I54.2 is a monophonic downsweep call. The call is similar to subtype I54.1 but has 
a second downward frequency shift. 
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Table A 43: Summary of measurements of call I54.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.92 29.56 0.56 1.41 
Start frequency 10 2.43 10.88 2.06 2.88 
End frequency 10 0.49 33.91 0.33 0.86 
Mid frequency 10 1.24 37.61 0.52 2.02 
Minimum frequency 10 0.49 32.78 0.35 0.86 
Maximum frequency 10 2.46 10.65 2.16 2.94 
Total number of calls 10     
Recording events 5     

 

Call type I54.3 is a monophonic downsweep call. The call is similar to subtypes I54.1 and 
I54.2 but has three distinct downward shifts in frequency. 
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Table A 44: Summary of measurements of call I55. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 35 0.67 30.18 0.26 1.16 
Start frequency 31 0.76 42.10 0.23 1.49 
End frequency 33 0.93 15.78 0.65 1.24 
Mid frequency 35 1.68 16.49 1.17 2.35 
Minimum frequency 30 0.68 33.19 0.24 0.99 
Maximum frequency 34 1.90 16.99 1.31 3.16 
Total number of calls 38     
Recording events 11     

 

Call type I55 is a monophonic call. It has a simple contour, first increasing and then 
decreasing in frequency.  
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Table A 45: Summary of measurements of call I56. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.66 2.23 0.65 0.68 
Start frequency 5 0.94 16.98 0.76 1.09 
End frequency 5 1.42 7.48 1.32 1.58 
Mid frequency 5 1.16 3.19 1.13 1.22 
Minimum frequency 5 0.93 19.17 0.73 1.20 
Maximum frequency 5 1.45 7.01 1.35 1.59 
Total number of calls 5     
Recording events 1     

 

Call type I56 is a monophonic call. It is characterised by two frequency shifts at the start 
followed by a slightly upsweep contour. 

All five examples of the call were recorded in the same recording and sequentially. 
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Table A 46: Summary of measurements of call I57. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 8 0.67 22.91 0.53 0.93 
Start frequency 8 0.81 16.44 0.60 0.97 
End frequency 8 0.75 8.89 0.63 0.82 
Mid frequency 8 0.73 9.13 0.61 0.80 
Minimum frequency 7 0.47 15.27 0.39 0.59 
Maximum frequency 8 0.84 12.90 0.68 0.99 
Total number of calls 9     
Recording events 5     

 

Call type I57 is a monophonic call. The call has a small frequency shift at the start but 
otherwise little frequency modulation. 
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Table A 47: Summary of measurements of call I58. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 9 1.17 34.08 0.91 2.02 
Start frequency 9 0.43 26.49 0.31 0.70 
End frequency 9 0.99 19.70 0.76 1.34 
Mid frequency 9 0.85 9.28 0.74 0.97 
Minimum frequency 9 0.42 27.17 0.31 0.71 
Maximum frequency 9 1.00 18.75 0.76 1.37 
Total number of calls 11     
Recording events 6     

 

Call type I58 is a biphonic upsweep call. The LFC is very simple. The HFC often has a small 
shift in frequency at the start and usually ends before the LFC. 
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Table A 48: Summary of measurements of call I59.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 40 2.12 32.70 0.77 3.37 
Start frequency 40 0.85 20.53 0.47 1.18 
End frequency 40 1.74 32.61 0.36 3.13 
Mid frequency 40 1.83 21.81 1.03 2.40 
Minimum frequency 40 0.74 19.44 0.37 1.13 
Maximum frequency 40 2.30 16.47 1.43 3.39 
Total number of calls 42     
Recording events 15     

 

Call type I59.1 is a biphonic upsweep call. The LFC is mostly upsweep but decreases slightly 
in frequency at the end. The HFC is also upsweep and decreases at the end. The call type is 
highly variable and regularly shows small frequency changes throughout the main LFC 
contour. 
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Table A 49: Summary of measurements of call I59.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.98 11.71 0.81 1.06 
Start frequency 4 0.83 20.25 0.63 1.04 
End frequency 4 2.32 12.81 2.04 2.69 
Mid frequency 4 1.48 16.68 1.28 1.82 
Minimum frequency 4 0.77 13.09 0.66 0.90 
Maximum frequency 4 2.30 12.97 2.04 2.68 
Total number of calls 4     
Recording events 3     

 

Call type I59.2 is a biphonic upsweep call. The call is similar to subtype I59.1 but both the 
LFC and HFC are continuously upsweep until the end of the call. The LFC and HFC often 
have small frequency shifts throughout the main contour. 
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Table A 50: Summary of measurements of call I60.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.85 8.86 0.77 0.91 
Start frequency 4 0.78 22.01 0.67 0.98 
End frequency 3 0.67 44.13 0.46 0.88 
Mid frequency 4 1.61 4.56 1.52 1.66 
Minimum frequency 2 0.54 15.02 0.48 0.59 
Maximum frequency 4 1.70 7.92 1.56 1.83 
Total number of calls 3     
Recording events 2     

 

Call type I60.1 is a monophonic call. It is characterised by a short increase in frequency at 
the start and a longer decrease in frequency at the end.  
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Table A 51: Summary of measurements of call I60.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 37 0.94 41.02 0.52 2.29 
Start frequency 35 0.80 37.57 0.50 1.62 
End frequency 20 0.58 55.66 0.29 1.77 
Mid frequency 37 1.63 13.69 0.59 2.06 
Minimum frequency 19 0.52 23.64 0.30 0.77 
Maximum frequency 37 1.75 7.84 1.51 2.10 
Total number of calls 37     
Recording events 11     

 

Call type I60.2 is a biphonic call. The call is similar in structure to subtype I60.1 but has an 
added HFC. The HFC has a strong increase in frequency at the start and a strong decrease at 
the end. 
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Table A 52: Summary of measurements of call I60.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.41 11.94 0.35 0.47 
Start frequency 5 1.79 2.92 1.74 1.85 
End frequency 5 1.48 15.30 1.32 1.85 
Mid frequency 5 1.85 8.60 1.68 1.98 
Minimum frequency 5 1.50 14.61 1.32 1.87 
Maximum frequency 5 1.87 7.09 1.72 1.98 
Total number of calls 6     
Recording events 2     

 

Call type I60.3 is a biphonic call. The call is similar in structure to subtype I60.2 but is 
lacking the increase in frequency at the start of the LFC. The decrease in frequency at the 
end of the LFC is also less clear. The HFC is a continuous upsweep and lacks the increase 
and decrease that is distinct in subtype I60.2. 
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Table A 53: Summary of measurements of call I61. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 3 0.66 5.24 0.62 0.69 
Start frequency 3 0.92 13.50 0.79 1.04 
End frequency 3 2.10 6.05 1.95 2.19 
Mid frequency 3 1.25 22.94 1.05 1.58 
Minimum frequency 3 0.87 24.52 0.67 1.10 
Maximum frequency 3 2.17 2.50 2.13 2.23 
Total number of calls 3     
Recording events 1     

 

Call type I61 is a biphonic upsweep call. The call has a distinct upward frequency shift in 
the LFC. The HFC is slightly upsweep and has short increases in frequency at the start and 
end. 

All three examples of the call are from the same recoding. 
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Table A 54: Summary of measurements of call I62.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 76 0.69 34.66 0.41 1.45 
Start frequency 75 0.72 19.14 0.34 1.09 
End frequency 76 1.24 17.46 0.78 1.82 
Mid frequency 76 1.13 15.71 0.78 1.63 
Minimum frequency 75 0.72 18.38 0.34 1.15 
Maximum frequency 76 1.25 17.32 0.80 1.82 
Total number of calls 77     
Recording events 21     

 

Call type I62.1 is a monophonic upsweep call. The call is very simple in structure, with an 
increase in frequency at the start and little frequency modulation after that. 
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Table A 55: Summary of measurements of call I62.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 13 0.79 19.88 0.51 0.98 
Start frequency 13 0.80 17.66 0.59 1.02 
End frequency 13 2.16 20.41 1.34 3.07 
Mid frequency 13 1.15 11.21 0.96 1.35 
Minimum frequency 13 0.75 11.70 0.58 0.88 
Maximum frequency 13 2.17 19.41 1.47 3.09 
Total number of calls 13     
Recording events 6     

 

Call type I62.2 is a monophonic upsweep call. The call is similar in structure to subtype 
I62.1 but has a distinct upsweep at the end. 
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Call I63 
 

 
 

Table A 56: Summary of measurements of call I63. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 33 0.20 42.75 0.07 0.41 
Start frequency 33 0.86 28.26 0.42 1.37 
End frequency 33 1.21 17.85 0.94 1.72 
Mid frequency 33 1.21 16.60 0.96 1.70 
Minimum frequency 33 0.83 25.12 0.42 1.41 
Maximum frequency 33 1.27 15.73 1.02 1.72 
Total number of calls 34     
Recording events 7     

 

Call type I63 is a monophonic call. The call is very short and starts with a series of clicks. 
The contour usually shows a few small frequency modulations. 

Measurements were taken excluding the clicks at the start. 
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Call I64 
 

 
 

Table A 57: Summary of measurements of call I64. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.76 38.65 0.52 1.53 
Start frequency 10 0.54 23.08 0.39 0.75 
End frequency 10 1.59 14.64 1.26 1.99 
Mid frequency 10 1.24 14.16 0.90 1.43 
Minimum frequency 10 0.55 26.15 0.33 0.74 
Maximum frequency 10 1.60 14.32 1.30 1.96 
Total number of calls 10     
Recording events 3     

 

Call type I64 is a monophonic upsweep call. Some examples might have an added HFC (see 
upper right example) but it is not clear.  
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Call I65 
 

 
 

Table A 58: Summary of measurements of call I65. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 1 0.51 - - - 
Start frequency 1 0.80 - - - 
End frequency 1 0.98 - - - 
Mid frequency 1 1.01 - - - 
Minimum frequency 1 0.80 - - - 
Maximum frequency 1 1.01 - - - 
Total number of calls 3     
Recording events 2     

 

Call type I65 is a biphonic call. The LFC has a small shift in frequency at the start. The HFC 
starts after this frequency shift and has a strong decrease in frequency at the start and increase 
at the end.  

  



112 

Call I66 
 

 
 

Table A 59: Summary of measurements of call I66. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.94 18.52 0.73 1.14 
Start frequency 4 3.38 8.85 3.03 3.73 
End frequency 4 1.53 19.96 1.15 1.71 
Mid frequency 4 2.58 30.96 1.76 3.41 
Minimum frequency 4 1.35 19.44 0.96 1.52 
Maximum frequency 4 4.50 2.83 4.32 4.63 
Total number of calls 4     
Recording events 2     

 

Call type I66 is a monophonic downsweep call. The call starts on a relatively high frequency 
which decreases strongly around the middle of the call, followed by some minor frequency 
modulations.  
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Call I67 
 

 
 

Table A 60: Summary of measurements of call I67. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.78 17.77 0.65 0.95 
Start frequency 5 0.63 32.78 0.43 0.94 
End frequency 5 2.75 9.91 2.38 3.04 
Mid frequency 5 0.99 1.02 0.98 1.00 
Minimum frequency 5 0.61 27.22 0.45 0.88 
Maximum frequency 5 2.76 6.87 2.54 2.94 
Total number of calls 5     
Recording events 1     

 

Call type I67 is a biphonic call. Both the LFC and the HFC show little frequency modulation, 
except for small increases at the start and the end. 

All five examples of the call are from the same recording and were recorded sequentially. 
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Call I68 
 

 
 

Table A 61: Summary of measurements of call I68. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.34 25.14 0.27 0.43 
Start frequency 2 0.92 8.79 0.86 0.98 
End frequency 4 0.31 5.81 0.29 0.33 
Mid frequency 4 0.74 14.06 0.61 0.86 
Minimum frequency 4 0.32 7.40 0.29 0.35 
Maximum frequency 4 1.18 10.94 1.03 1.34 
Total number of calls 4     
Recording events 3     

 

Call type I68 is a monophonic downsweep call. The call is separated into two parts. The first 
part is usually short and lower in frequency but can also be a series of clicks. The second 
part is a downsweep contour. 
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Call I69 
 

 
 

Table A 62: Summary of measurements of call I69. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration - - - - - 
Start frequency - - - - - 
End frequency - - - - - 
Mid frequency - - - - - 
Minimum frequency - - - - - 
Maximum frequency - - - - - 
Total number of calls 95     
Recording events 1     

 

Call type I69 is a monophonic call. The call looks and sounds similar to a buzz. However, it 
is highly stereotyped and has a distinct end, where frequency bands are visible.  

No measurements were taken of this call type, as it is not possible to distinguish clear 
frequency contours. 
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Call I70 
 

 
 

Table A 63: Summary of measurements of call I70. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 14 0.57 22.46 0.43 0.78 
Start frequency 14 1.01 33.48 0.65 1.58 
End frequency 14 1.24 5.81 1.11 1.41 
Mid frequency 14 1.12 7.29 0.90 1.22 
Minimum frequency 14 0.85 14.17 0.69 1.11 
Maximum frequency 13 1.65 14.82 1.36 2.08 
Total number of calls 15     
Recording events 2     

 

Call type I70 is a monophonic call. The call has little frequency modulation except for a 
small downward shift in frequency. 
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Call I71 
 

 
 

Table A 64: Summary of measurements of call I71. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 30 1.32 24.78 0.50 2.16 
Start frequency 30 0.95 21.49 0.56 1.26 
End frequency 25 0.54 26.55 0.41 0.99 
Mid frequency 30 0.60 14.03 0.39 0.79 
Minimum frequency 29 0.47 14.40 0.37 0.65 
Maximum frequency 30 1.12 14.33 0.73 1.46 
Total number of calls 34     
Recording events 1     

 

Call type I71 is a monophonic call. The call is mostly downsweep and all examples show 
small frequency modulations throughout the main contour. 

  



118 

Call I72.1 
 

 
 

Table A 65: Summary of measurements of call I72.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 30 0.81 22.13 0.52 1.34 
Start frequency 30 1.44 37.96 0.63 2.61 
End frequency 29 0.95 18.24 0.64 1.36 
Mid frequency 30 0.78 23.27 0.44 1.22 
Minimum frequency 30 0.55 28.19 0.27 1.05 
Maximum frequency 29 1.48 36.80 0.67 2.66 
Total number of calls 32     
Recording events 10     

 

Call type I72.1 is a monophonic downsweep call. The call has a distinct frequency shift that 
leads to similar aural qualities despite variations in duration before the shift.  
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Call I72.2 
 

 
 

Table A 66: Summary of measurements of call I72.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.97 39.93 0.67 1.93 
Start frequency 10 1.37 20.96 0.93 1.76 
End frequency 10 0.61 12.74 0.46 0.75 
Mid frequency 10 0.94 31.42 0.54 1.36 
Minimum frequency 10 0.55 14.45 0.39 0.65 
Maximum frequency 10 1.41 21.44 0.93 1.85 
Total number of calls 13     
Recording events 5     

 

Call type I72.2 is a monophonic downsweep call. Similar to subtype I72.1 the call has a 
downward frequency shift but the shift usually occurs around the middle of the call and the 
two subtypes can be clearly distinguished when listened to. 
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Call I72.3 
 

 
 

Table A 67: Summary of measurements of call I72.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 23 0.69 35.60 0.37 1.38 
Start frequency 23 2.26 22.94 1.43 3.70 
End frequency 17 0.85 24.86 0.66 1.41 
Mid frequency 23 0.81 23.45 0.63 1.27 
Minimum frequency 23 0.70 21.65 0.52 0.97 
Maximum frequency 23 2.28 22.51 1.45 3.64 
Total number of calls 23     
Recording events 6     

 

Call type I72.3 is a monophonic downsweep call. The first part of the call is distinctly 
downsweep and the second part is straight or slightly upsweep.  
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Call I72.4 
 

 
 

Table A 68: Summary of measurements of call I72.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 17 0.53 35.88 0.27 1.03 
Start frequency 17 2.23 15.36 1.45 2.92 
End frequency 10 1.41 31.39 1.15 2.65 
Mid frequency 17 1.24 5.67 1.11 1.36 
Minimum frequency 17 1.14 13.88 0.62 1.30 
Maximum frequency 17 2.40 8.49 2.14 2.94 
Total number of calls 17     
Recording events 1     

 

Call type I72.4 is a monophonic downsweep call. The call is separated into two parts by a 
downward shift in frequency.    
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Call I73 
 

 
 

Table A 69: Summary of measurements of call I73. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 3 0.69 3.57 0.66 0.71 
Start frequency 3 0.68 38.26 0.44 0.96 
End frequency 3 1.04 12.91 0.89 1.15 
Mid frequency 3 1.50 6.52 1.41 1.60 
Minimum frequency 3 0.44 2.47 0.42 0.44 
Maximum frequency 3 1.46 24.38 1.07 1.77 
Total number of call 5     
Recording events 3     

 

Call type I73 is a monophonic call. The call starts with a series of clicks followed by several 
frequency shifts. 

Measurements were taken excluding the clicks at the start. 
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Call I74.1 
 

 
 

Table A 70: Summary of measurements of call I74.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 3 0.87 4.34 0.83 0.90 
Start frequency 3 0.82 6.07 0.77 0.86 
End frequency 3 0.87 4.29 0.84 0.91 
Mid frequency 3 1.17 9.12 1.07 1.28 
Minimum frequency 3 0.80 3.60 0.77 0.82 
Maximum frequency 3 1.63 11.70 1.43 1.82 
Total number of calls 6     
Recording events 3     

 

Call type I74.1 is a biphonic call. The call has three parts that all show high variation. The 
HFC only extends over the duration of the first part of the LFC. 
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Call I74.2 
 

 
 

Table A 71: Summary of measurements of call I74.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 6 0.98 29.29 0.73 1.50 
Start frequency 6 0.84 13.24 0.63 0.97 
End frequency 6 2.35 6.33 2.12 2.52 
Mid frequency 6 1.52 31.66 1.07 2.17 
Minimum frequency 6 0.82 14.10 0.60 0.91 
Maximum frequency 6 2.36 4.53 2.25 2.50 
Total number of calls 7     
Recording events 1     

 

Call type I74.2 is a biphonic call. The call has two parts. The first part including the HFC is 
very similar to subtype I74.1. The second part is a short upsweep sound separated by a short 
pause. 

Measurements were taken only of the first part of the call. 
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Call I75 
 

 
 

Table A 72: Summary of measurements of call I75. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 11 0.55 18.72 0.41 0.75 
Start frequency 9 0.48 35.56 0.22 0.71 
End frequency 11 0.79 20.35 0.63 1.11 
Mid frequency 11 0.67 19.17 0.49 0.90 
Minimum frequency 9 0.45 32.09 0.24 0.65 
Maximum frequency 11 0.79 20.01 0.64 1.13 
Total number of calls 12     
Recording events 2     

 

Call type I75 is a monophonic call. The call starts with a series of clicks, which is followed 
by a relatively flat, often slightly upsweep contour. 
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Appendix B  
Catalogue of killer whale calls from 
Norway 
This catalogue includes all call types recorded from killer whales in Norway between 2006 
and 2009. Recordings were made in Vestfjord and off Vesterålen.  

Spectrograms were created using a Hann window and FFT sizes of 2,048 for 96 kHz 
sampling and 4,096 for 192 kHz sampling rates, with a 87.5% overlap. The main 
spectrogram shows a typical example of the call type and the two smaller spectrograms show 
differing variants in order to indicate the variation within the call type. Frequencies are given 
in kHz and time in seconds. 

Measurements taken are shown in a table below the images. It was not always possible to 
take measurements of all parameters from all calls, therefore the sample size is indicated in 
the measurements table. In biphonic calls measurements were taken only of the low 
frequency contour.  

The text segment gives a description of the calls, including classification decisions, issues 
with measurements and other relevant information. 

 

Abbreviations: 

N = Number of samples 

CV = Coefficient of variation (Standard deviation/mean x 100) 

Min = Minimum value measured 

Max = Maximum value measured 

LFC = Low frequency component 

HFC = High frequency component 
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Call N8 
 

 
 

Table B 1: Summary of measurements of call N8. N indicates the number of samples from 
which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.85 2.93 0.83 0.88 
Start frequency 3 0.52 10.03 0.47 0.57 
End frequency 4 2.54 17.89 2.12 2.96 
Mid frequency 4 0.93 14.80 0.81 1.13 
Minimum frequency 3 0.55 9.56 0.50 0.60 
Maximum frequency 4 2.52 17.82 2.11 2.92 
Total number of calls 4     
Recording events 1     

 

Call type N8 is a biphonic upsweep call. The LFC and HFC both increase in frequency over 
the duration of the call and the HFC usually starts before the LFC. 
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Call N9.2 
 

 

 

Table B 2: Summary of measurements of call N9.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 16 1.64 12.95 1.17 2.09 
Start frequency 9 0.46 16.47 0.35 0.57 
End frequency 16 2.40 8.17 2.11 2.78 
Mid frequency 16 1.94 27.62 0.33 2.40 
Minimum frequency 9 0.28 5.65 0.26 0.32 
Maximum frequency 16 2.41 7.81 2.12 2.73 
Total number of calls 21     
Recording events 1     

 

Call type N9.2 is a monophonic upsweep call. The call has two parts, separated by a large 
frequency shift around the middle of the call. Both parts are relatively stable in frequency 
but there is a distinct small shift in frequency at the start of the call.  

The call is very similar to call type N72.5 but can be distinguished by the small frequency 
shift at the start and the frequency of the second part of the call, which is around 0.6 kHz 
lower than in N72.5.   
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Call N10.1 
 

 

 

Table B 3: Summary of measurements of call N10.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 30 0.61 29.63 0.29 1.04 
Start frequency 24 0.42 33.59 0.25 0.89 
End frequency 30 1.53 37.94 0.65 2.78 
Mid frequency 30 0.70 27.45 0.43 1.33 
Minimum frequency 25 0.38 16.41 0.27 0.84 
Maximum frequency 30 1.53 38.03 0.65 2.77 
Total number of calls 51     
Recording events 4     

 

Call type N10.1 is a biphonic upsweep call. The call is highly variable but characterised by 
a relatively low LFC with a simple upsweep shape. The HFC typically starts before and ends 
after the LFC. It has a distinct frequency shift at the start and in some examples the HFC 
decreases again at the end. 
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Call N10.2 
 

 

 

Table B 4: Summary of measurements of call N10.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 22 0.81 25.79 0.47 1.03 
Start frequency 20 0.38 13.25 0.31 0.48 
End frequency 20 0.60 5.29 0.56 0.67 
Mid frequency 22 0.57 5.25 0.52 0.66 
Minimum frequency 20 0.38 12.93 0.29 0.48 
Maximum frequency 20 0.63 6.49 0.56 0.71 
Total number of calls 34     
Recording events 2     

 

Call type N10.2 is a biphonic call. The LFC is very simple and slightly upsweep. The HFC 
starts before the LFC and has some frequency modulation at the start. In some cases the call 
is preceded by a short upsweep sound (see example on the lower right). 

Shapiro (2008) classified call type N10.2 as a separate type, N93. However, it was included 
in type N10 here because of the visual and acoustic similarity to the other subtypes. 
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Call N10.3 
 

 

 

Table B 5: Summary of measurements of call N10.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.88 15.58 0.69 1.02 
Start frequency 4 0.26 13.34 0.23 0.31 
End frequency 5 0.44 4.51 0.40 0.45 
Mid frequency 5 0.37 5.02 0.34 0.39 
Minimum frequency 4 0.27 12.52 0.22 0.30 
Maximum frequency 5 0.44 3.78 0.42 0.46 
Total number of calls 7     
Recording events 1     

 

Call type N10.3 is a biphonic call. The LFC is simple and slightly upsweep. The HFC lasts 
over about half of the duration of the call and is strongly upsweep in contour. A short 
upsweep sound at the start appears to be part of the call but is not always clearly visible.  

Shapiro (2008) classified call type N10.3 as a separate type, N79. It was included in type 
N10 here because of the visual and acoustic similarity to the other subtypes. 
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Call N10.4 
 

 

 

Table B 6: Summary of measurements of call N10.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 15 1.24 12.93 0.96 1.52 
Start frequency 14 0.41 19.60 0.29 0.51 
End frequency 13 1.23 24.80 0.71 1.61 
Mid frequency 15 0.54 10.92 0.43 0.62 
Minimum frequency 15 0.39 19.62 0.29 0.52 
Maximum frequency 13 1.23 25.04 0.69 1.60 
Total number of calls 17     
Recording events 4     

 

Call type N10.4 is a biphonic upsweep call. The HFC starts before the LFC and is 
characterised by a strong increase in frequency at the start and the end. The LFC is relavitely 
flat in contour with a small increase in frequency at the end. 

Shapiro (2008) classified call type N10.4 as a separate type, N95. It was included in type 
N10 here because of the visual and acoustic similarity to the other subtypes. 
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Call N10.5 
 

 

 

Table B 7: Summary of measurements of call N10.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 3 0.57 19.25 0.45 0.65 
Start frequency 3 0.54 9.99 0.50 0.60 
End frequency 3 0.93 9.71 0.88 1.04 
Mid frequency 3 0.87 5.02 0.83 0.92 
Minimum frequency 3 0.53 5.77 0.51 0.56 
Maximum frequency 3 1.01 7.35 0.93 1.06 
Total number of calls 4     
Recording events 1     

 

Call type N10.5 is a biphonic call. Visually it is the most different from the other subtypes 
but was placed in this type because of its aural similarity. The LFC is higher in frequency 
than in the other subtypes but is also a continuous upsweep. There appears to be a shift in 
frequency at the start of the LFC but it is not always clear. The HFC starts before the LFC 
and has a large upwards shift in with the start of the LFC. 

All four examples are from the same recording.   
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Call N12.1 
 

 

 

Table B 8: Summary of measurements of call N12.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 300 1.64 21.37 0.90 2.96 
Start frequency 238 1.03 24.80 0.56 1.93 
End frequency 298 0.74 20.35 0.40 1.62 
Mid frequency 301 1.60 22.42 1.06 2.50 
Minimum frequency 297 0.68 16.10 0.48 1.13 
Maximum frequency 294 2.53 16.15 1.60 3.68 
Total number of calls 353     
Recording events 3     

 

Call type N12.1 is a monophonic downsweep call. It is characterised by a strong upsweep in 
frequency at the start, followed by a long, continuous downweep until the end of the call. 
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Call N16.1 
 

 

 

Table B 9: Summary of measurements of call N16.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 63 0.89 13.30 0.57 1.18 
Start frequency 62 1.27 29.76 0.61 3.23 
End frequency 63 1.24 20.59 0.84 2.17 
Mid frequency 63 1.01 9.83 0.78 1.32 
Minimum frequency 63 0.89 11.95 0.61 1.09 
Maximum frequency 63 1.41 25.67 0.86 3.23 
Total number of calls 67     
Recording events 2     

 

Call type N16.1 is a biphonic call. The HFC starts before the LFC and increases over the 
duration of the call. It is characterised by strong increase in frequency at the start and an 
abrupt shift in frequency around the start of the LFC.   

Shapiro (2008) classified call type N16.1 as a separate type, N69. However, the call strongly 
resembles N16ii in Strager (1993). All subtypes of N16 appear to be combinations of the 
same elements (Shapiro et al., 2011). N16.1 was therefore numbered to show the sequence 
of these elements.  
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Call N16.2 
 

 

 

Table B 10: Summary of measurements of call N16.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 98 1.04 24.14 0.58 1.81 
Start frequency 95 1.51 45.57 0.68 4.59 
End frequency 98 2.37 22.40 1.24 4.70 
Mid frequency 98 1.24 7.27 0.97 1.58 
Minimum frequency 96 0.96 13.85 0.53 1.16 
Maximum frequency 98 2.49 23.65 1.69 4.70 
Total number of calls 107     
Recording events 2     

 

Call type N16.2 is a biphonic upsweep call. It is similar to subtype N16.1 but has an added 
second part, which is separated by an upward frequency shift. 

  



138 

Call N16.3 
 

 

 

Table B 11: Summary of measurements of call N16.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 105 1.41 13.51 0.98 2.39 
Start frequency 104 1.27 27.26 0.56 2.40 
End frequency 104 0.97 13.12 0.75 1.83 
Mid frequency 105 1.69 17.52 0.75 2.25 
Minimum frequency 105 0.82 14.95 0.54 1.77 
Maximum frequency 105 2.03 6.62 1.58 2.54 
Total number of calls 108     
Recording events 2     

 

Call type N16.3 is a biphonic call. The call has three parts. The first two parts are similar to 
subtypes N16.1 and N16.2. The third part is added and is lower in frequency than the first 
two parts. The HFC ends with the second part. 

Shapiro (2008) classified call type N16.3 as a separate type, N91. However, he did note and 
investigate the unit-like structure (Shapiro et al., 2011).  
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Call N16.4 
 

 

 

Table B 12: Summary of measurements of call N16.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 2.19 8.07 2.01 2.41 
Start frequency 5 2.70 44.70 1.24 3.70 
End frequency 5 2.35 7.51 2.14 2.54 
Mid frequency 5 1.90 33.04 0.99 2.48 
Minimum frequency 5 0.93 4.95 0.86 0.98 
Maximum frequency 5 3.03 23.41 2.21 3.72 
Total number of calls 5     
Recording events 1     

 

Call type N16.4 is a biphonic call. It appears to be built from two repetitions of subtype 
N16.2.  

Shapiro (2008) classified call type N16.4 as N91.2 (see N16.3). 
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Call N16.5 
 

 

 

Table B 13: Summary of measurements of call N16.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 2 2.66 19.07 2.30 3.02 
Start frequency 2 0.88 6.11 0.84 0.92 
End frequency 2 0.79 10.27 0.73 0.84 
Mid frequency 2 0.99 21.65 0.84 1.15 
Minimum frequency 2 0.72 5.62 0.69 0.75 
Maximum frequency 2 2.23 7.23 2.12 2.35 
Total number of calls 3     
Recording events 3     

 

Call type N16.5 is a biphonic call. It appears to be built from the combination of subtypes 
N16.2 and N16.3  

Shapiro (2008) classified call type N16.5 as N91.3 (see N16.3). 
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Call N21.1 
 

 

 

Table B 14: Summary of measurements of call N21.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 51 1.26 16.70 0.70 2.03 
Start frequency 51 1.21 32.46 0.66 2.46 
End frequency 51 0.93 6.54 0.80 1.08 
Mid frequency 51 0.96 6.20 0.80 1.11 
Minimum frequency 51 0.77 8.18 0.58 0.86 
Maximum frequency 51 1.30 23.97 0.91 2.38 
Total number of calls 54     
Recording events 2     

 

Call type N21.1 is a biphonic call. The HFC usually starts shortly before the LFC and first 
increases in frequency. With the start of the LFC the HFC decreases in frequency and ends 
around the middle of the call. 
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Call N21.2 
 

 

 

Table B 15: Summary of measurements of call N21.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 19 1.86 9.91 1.44 2.18 
Start frequency 19 1.01 19.60 0.75 1.45 
End frequency 19 0.82 18.15 0.58 1.15 
Mid frequency 19 1.01 11.28 0.64 1.13 
Minimum frequency 19 0.65 8.13 0.55 0.77 
Maximum frequency 19 1.12 11.24 0.95 1.45 
Total number of calls 20     
Recording events 1     

 

Call type N21.2 is a biphonic call. The first part of the call is very similar to subtype N21.1 
but the HFC extends over the whole part. The second part is lacking the HFC and is a simple 
contour with little frequency modulation. The two parts are often separated by a short pause. 

Measurements were taken from the entire call, including the short pause. 
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Call N23.2 
 

 

 

Table B 16: Summary of measurements of call N23.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 22 1.04 10.72 0.72 1.17 
Start frequency 4 0.35 21.54 0.25 0.43 
End frequency 22 1.04 6.07 0.96 1.26 
Mid frequency 22 0.73 10.15 0.59 0.80 
Minimum frequency 5 0.24 5.93 0.23 0.27 
Maximum frequency 22 1.04 5.82 0.95 1.25 
Total number of calls 31     
Recording events 2     

 

Call type N23.2 is a monophonic upsweep call. It is preceded by a short upsweep sound.  

Measurements were taken only of the main call, not including the short upsweep sound. 
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Call N32 
 

 

 

Table B 17: Summary of measurements of call N32. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 215 1.31 10.23 0.85 1.64 
Start frequency 162 0.99 23.53 0.50 2.16 
End frequency 215 0.83 15.85 0.60 2.31 
Mid frequency 215 0.94 39.69 0.58 2.52 
Minimum frequency 214 0.76 10.77 0.48 0.94 
Maximum frequency 198 2.58 14.80 0.83 4.17 
Total number of calls 260     
Recording events 2     

 

Call type N32 is a monophonic downsweep call. It has two parts that are separated by 
downward shift in frequency. 
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Call N55.1 
 

 

 

Table B 18: Summary of measurements of call N55.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 7 0.81 14.79 0.62 0.98 
Start frequency 7 1.19 40.51 0.52 1.70 
End frequency 7 3.72 7.33 3.48 4.13 
Mid frequency 7 2.89 3.33 2.81 3.09 
Minimum frequency 7 1.25 42.02 0.53 1.77 
Maximum frequency 7 3.73 7.22 3.48 4.12 
Total number of calls 7     
Recording events 1     

 

Call type N55.1 is a biphonic upsweep call. The LFC is a simple upsweep contour that 
sometimes has a short frequency shift at the start. The HFC is also upsweep and extends to 
about the middle of the call. 
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Call N55.2 
 

 

 

Table B 19: Summary of measurements of call N55.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 44 1.16 42.07 0.23 1.90 
Start frequency 44 1.25 18.22 0.45 1.52 
End frequency 43 3.33 15.42 2.00 4.50 
Mid frequency 44 1.79 10.17 1.37 2.17 
Minimum frequency 44 1.26 17.45 0.47 1.50 
Maximum frequency 43 3.34 15.24 1.97 4.46 
Total number of calls 53     
Recording events 4     

 

Call type N55.2 is a biponic call. Like in subtype N55.1 the LFC is simple and upsweep but 
the contour levels off towards the end of the call. The HFC is longer than in subtype N55.1. 
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Call N55.3 
 

 

 

Table B 20: Summary of measurements of call N55.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 25 1.60 13.78 1.03 1.92 
Start frequency 24 0.53 40.07 0.33 1.25 
End frequency 18 1.86 50.83 0.60 3.46 
Mid frequency 25 1.01 37.28 0.61 1.98 
Minimum frequency 24 0.50 34.56 0.31 0.85 
Maximum frequency 25 2.71 14.46 2.25 4.09 
Total number of calls 30     
Recording events 6     

 

Call type N55.3 is a biphonic upsweep call. The LFC has an upward shift in frequency 
around the middle of the call. In some examples this increase is more gradual (see example 
on the bottom right). The HFC also increases in frequency around the middle of the call but 
continues to increase until the end. 
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Call N64 
 

 

 

Table B 21: Summary of measurements of call N64. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 37 0.96 32.89 0.66 1.96 
Start frequency 37 0.60 29.30 0.46 1.52 
End frequency 36 0.53 22.13 0.43 1.14 
Mid frequency 37 0.58 16.49 0.45 0.97 
Minimum frequency 37 0.51 16.96 0.43 0.94 
Maximum frequency 37 0.66 28.41 0.53 1.68 
Total number of calls 46     
Recording events 2     

 

Call type N64 is a monophonic call. The call has two parts that are separated by a short 
pause. The second part is slightly downsweep but with very little frequency modulation. 

Measurements were taken only of the second part of the call since the first part was often 
poorly visible.  
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Call N66 
 

 

 

Table B 22: Summary of measurements of call N66. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 125 0.58 15.57 0.44 0.97 
Start frequency 124 1.40 26.24 0.79 2.40 
End frequency 123 1.65 18.82 1.25 4.52 
Mid frequency 125 1.34 5.43 1.13 1.53 
Minimum frequency 125 0.89 9.40 0.59 1.30 
Maximum frequency 122 1.74 19.61 1.26 4.55 
Total number of calls 132     
Recording events 2     

 

Call type N66 is a short biphonic call. The HFC starts before the LFC with a distinct peak, 
after which it is very flat in contour. The LFC is slightly upsweep but with little frequency 
modulation. 

Call type N66 is usually followed by call types N67 and N76. These three calls thus appear 
to make up a compound call as described by Strager (1993, 1995). 
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Call N67 
 

 

 

Table B 23: Summary of measurements of call N67. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration - - - - - 
Start frequency - - - - - 
End frequency - - - - - 
Mid frequency - - - - - 
Maximum frequency - - - - - 
Minimum frequency - - - - - 
Total number of calls 172     
Recording events 6     

 

Call type N67 looks and sounds similar to a buzz. However, it is highly stereotyped and is 
always closely associated with other call types. For example, it occurs often between calls 
N66 and N76. These three calls thus appear to make up a compound call as described by 
Strager (1993, 1995). 

No measurements were taken of this call type, since it is not possible to distinguish clear 
frequency contours.  
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Table B 24: Summary of measurements of call N72.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 53 1.09 26.92 0.58 1.73 
Start frequency 22 0.19 38.77 0.14 0.46 
End frequency 52 0.75 46.38 0.22 2.06 
Mid frequency 50 0.34 48.44 0.17 0.90 
Minimum frequency 23 0.17 25.47 0.14 0.35 
Maximum frequency 52 0.76 45.44 0.29 2.10 
Total number of calls 74     
Recording events 4     

 

Call type N72.1 is a monophonic upsweep call. It is relatively low in frequency and simple 
in structure. 
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Call N72.2 
 

 

 

Table B 25: Summary of measurements of call N72.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 125 1.19 19.95 0.66 1.95 
Start frequency 45 0.18 20.05 0.10 0.27 
End frequency 113 2.11 33.20 0.95 4.72 
Mid frequency 125 0.45 30.34 0.19 0.80 
Minimum frequency 46 0.17 13.30 0.10 0.20 
Maximum frequency 113 2.11 33.06 0.97 4.69 
Total number of calls 231     
Recording events 6     

 

Call type N72.2 is a monophonic upsweep call. It is similar to subtype N72.1 but has an 
additional short final part, which is often separated by a short pause. 

Measurements were taken of the entire call, including the short pause if present. 

  



153 

Call N72.3 
 

 

 

Table B 26: Summary of measurements of call N72.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 38 1.28 11.42 0.76 1.57 
Start frequency 22 0.18 17.29 0.13 0.24 
End frequency 37 2.68 23.76 1.54 5.19 
Mid frequency 38 0.57 17.78 0.39 0.79 
Minimum frequency 22 0.17 13.24 0.13 0.20 
Maximum frequency 37 2.91 22.34 1.66 5.13 
Total number of calls 50     
Recording events 3     

 

Call type N72.3 is a monophonic upsweep call. It is similar to subtype N72.2 but has two 
short final parts. The second of these parts is always separated by a short pause, while the 
first final part may or may not be separated by a pause. 

It is possible in some examples that the two final parts are actually one long final part (see 
subtype N72.4), which was not fully perceived. If no connection between the two parts was 
visible it was assumed that there was none. 

Measurements were taken from the entire call, including all pauses.  
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Call N72.4 
 

 

 

Table B 27: Summary of measurements of call N72.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 170 1.25 16.66 0.41 1.99 
Start frequency 109 0.21 20.68 0.12 0.38 
End frequency 168 2.53 19.65 0.85 3.98 
Mid frequency 170 0.47 20.71 0.27 0.83 
Minimum frequency 106 0.18 16.16 0.13 0.33 
Maximum frequency 163 2.58 19.21 0.90 3.98 
Total number of calls 240     
Recording events 7     

 

Call type N72.4 is a monophonic upsweep call. It is similar to the other subtypes of N72 but 
is distinguished by a long second part, which is sometimes separated by a short pause. 

Measurements were taken from the entire call, including the short pause if present. 
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Call N72.5 
 

 

 

Table B 28: Summary of measurements of call N72.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 6 1.33 22.73 0.75 1.58 
Start frequency 1 0.23 NA 0.23 0.23 
End frequency 6 3.09 16.57 2.48 4.00 
Mid frequency 5 0.47 15.98 0.41 0.59 
Minimum frequency 2 0.21 0.93 0.20 0.21 
Maximum frequency 6 3.11 15.73 2.59 4.00 
Total number of calls 11     
Recording events 3     

 

Call type N72.5 is a monophonic upsweep call. It is similar to the other subtypes of N72 but 
has a very long second part.  

Call type N72.5 is similar to call type N9.2 but does not have the small frequency shift at the 
start that characterises N9.2. The start of the contour of call type N72.5 is a more continuous 
increase. The frequency of the second part of the call is around 0.6 kHz higher than in call 
type N9.2.  
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Call N73.1 
 

 

 

Table B 29: Summary of measurements of call N73.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 237 0.62 21.11 0.33 1.37 
Start frequency 175 0.45 41.20 0.17 1.05 
End frequency 234 0.90 28.00 0.31 1.71 
Mid frequency 237 1.25 15.71 0.80 1.95 
Minimum frequency 174 0.45 40.19 0.18 0.93 
Maximum frequency 237 1.45 23.53 0.86 2.99 
Total number of calls 298     
Recording events 7     

 

Call type N73.1 is a monophonic call. The call is highly variable but is characterised by a 
small peak in frequency at the start, followed by a steady increase in frequency. Just before 
the end of the call the frequency decreases again. 
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Call N73.2 
 

 

 

Table B 30: Summary of measurements of call N73.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 28 1.16 18.71 0.77 1.64 
Start frequency 23 0.67 20.00 0.35 0.90 
End frequency 28 1.12 10.58 0.85 1.36 
Mid frequency 28 1.15 7.39 0.95 1.26 
Minimum frequency 23 0.67 16.10 0.33 0.80 
Maximum frequency 28 1.21 7.71 0.96 1.39 
Total number of calls 35     
Recording events 2     

 

Call type N73.2 is a monophonic upsweep call. Like subtype N73.1 it has a small shift in 
frequency at the start. 

Shapiro (2008) classified call type N73.2 as a different type, N26.2. However, call type N26 
in Strager (1993) looks very different and there is no description of subtype N26.2. Call type 
N73.2 is very similar though to the other subtypes presented here and was therefore 
numbered N73.2.   
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Table B 31: Summary of measurements of call N73.3. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 15 1.14 18.23 0.64 1.38 
Start frequency 15 0.41 24.79 0.19 0.59 
End frequency 15 1.60 7.30 1.35 1.87 
Mid frequency 15 1.41 4.80 1.26 1.53 
Minimum frequency 15 0.41 23.24 0.20 0.57 
Maximum frequency 15 1.62 7.12 1.37 1.87 
Total number of calls 15     
Recording events 2     

 

Call type N73.3 is a monophonic upsweep call. The contour is very simple but includes a 
small frequency shift at the start. 
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Call N73.4 
 

 

 

Table B 32: Summary of measurements of call N73.4. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 30 0.43 25.39 0.25 0.76 
Start frequency 17 0.30 39.77 0.18 0.68 
End frequency 30 0.86 23.20 0.67 1.33 
Mid frequency 30 0.81 17.07 0.62 1.12 
Minimum frequency 30 0.31 37.56 0.17 0.65 
Maximum frequency 17 0.91 19.78 0.71 1.33 
Total number of calls 33     
Recording events 4     

 

Call type N73.4 is a monophonic upsweep call. The contour is often similar to subtype N73.1 
but it is flatter and lacking the downward shift in frequency at the end. 

Shapiro (2008) classified call type N73.4 as a separate type, N80. The call is very similar 
though to the other subtypes presented here and was therefore numbered N73.4. 
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Call N73.5 
 

 

 

Table B 33: Summary of measurements of call N73.5. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.92 28.31 0.69 1.34 
Start frequency 5 0.45 13.36 0.38 0.52 
End frequency 5 0.68 7.53 0.62 0.74 
Mid frequency 5 0.68 5.94 0.64 0.73 
Minimum frequency 5 0.44 13.46 0.37 0.50 
Maximum frequency 5 0.69 5.63 0.65 0.74 
Total number of calls 5     
Recording events 1     

 

Call type N73.5 is a monophonic call. It has almost no frequency modulation, except for a 
small frequency shift at the start. 
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Call N74 
 

 

 

Table B 34: Summary of measurements of call N74. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 11 1.27 26.97 0.87 1.91 
Start frequency 4 0.41 29.49 0.28 0.52 
End frequency 10 0.77 25.00 0.38 0.94 
Mid frequency 11 0.87 6.48 0.77 0.95 
Minimum frequency 4 0.37 26.76 0.28 0.51 
Maximum frequency 11 0.95 5.50 0.88 1.04 
Total number of calls 13     
Recording events 2     

 

Call type N74 is a monophonic call. It starts with a series of clicks, followed by a slight 
upsweep. Just before the end the contour goes down again.  

Call type N74 is always preceded by call type N73.1 but N73.1 is not always followed by 
N74. The two calls appear to make up a compound call as described by Strager (1993, 1995). 
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Table B 35: Summary of measurements of call N76. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 37 0.34 18.52 0.24 0.56 
Start frequency 37 1.02 17.10 0.68 1.53 
End frequency 37 0.93 21.20 0.80 2.04 
Mid frequency 37 0.86 8.97 0.68 1.18 
Minimum frequency 37 0.83 10.12 0.65 1.17 
Maximum frequency 37 1.06 19.99 0.80 2.06 
Total number of calls 39     
Recording events 2     

 

Call type N76 is a biphonic call. The call is short and the LFC has almost no frequency 
modulation. The HFC starts before the LFC and shows a short increase at the start often with 
two distinct shifts in frequency. 

Call type N76 is usually preceded by call type N67, which is often preceded by call type 
N66. These three calls thus appear to make up a compound call as described by Strager 
(1993, 1995).  
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Table B 36: Summary of measurements of call N77. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 88 0.68 28.66 0.35 1.19 
Start frequency 86 0.42 29.37 0.24 0.80 
End frequency 79 1.30 21.31 0.54 2.12 
Mid frequency 88 0.41 10.38 0.30 0.54 
Minimum frequency 86 0.33 11.70 0.24 0.46 
Maximum frequency 79 1.33 19.69 0.55 2.12 
Total number of calls 114     
Recording events 7     

 

Call type N77 is a monophonic upsweep call. It has a small downward shift in frequency at 
the start and a generally stronger upward shift in frequency at the end. 

Call type N77 has some similarity to call type N72 but is distinguished by the shift in 
frequency at the start and by aural examination. 
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Table B 37: Summary of measurements of call N78.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 44 0.52 23.43 0.32 0.77 
Start frequency 43 3.90 34.44 1.37 6.30 
End frequency 44 6.96 11.13 5.39 8.44 
Mid frequency 44 7.16 12.35 5.10 8.63 
Minimum frequency 43 3.90 33.97 1.32 6.36 
Maximum frequency 44 7.32 11.47 5.37 8.82 
Total number of calls 47     
Recording events 3     

 

Call type N78.1 is a monophonic upsweep call. The call has a very high frequency and almost 
sounds like a whistle but is highly stereotyped.  
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Table B 38: Summary of measurements of call N78.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.69 25.57 0.50 0.91 
Start frequency 4 5.35 13.60 4.60 6.06 
End frequency 5 11.29 13.20 8.74 12.22 
Mid frequency 5 7.23 4.78 6.86 7.63 
Minimum frequency 4 5.39 13.88 4.72 6.14 
Maximum frequency 5 11.23 12.83 8.74 12.20 
Total number of calls 7     
Recording events 2     

 

Call type N78.2 is a monophonic upsweep call. The call is similar to subtype N78.1 but the 
frequency increases throughout the call. 
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Table B 39: Summary of measurements of call N81. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration - - - - - 
Start frequency - - - - - 
End frequency - - - - - 
Mid frequency - - - - - 
Maximum frequency - - - - - 
Minimum frequency - - - - - 
Total number of calls 105     
Recording events 2     

 

Call type N81 looks and sounds similar to a buzz. However, it is highly stereotyped and has 
a distinct start, where frequency bands are visible. 

No measurements were taken of this call type, as it is not possible to distinguish clear 
frequency contours.  
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Table B 40: Summary of measurements of call N92.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 12 0.74 26.16 0.49 0.99 
Start frequency 12 0.69 16.47 0.54 0.96 
End frequency 12 0.76 18.31 0.56 1.03 
Mid frequency 12 0.74 13.04 0.59 0.93 
Minimum frequency 12 0.58 14.51 0.47 0.76 
Maximum frequency 12 0.79 15.13 0.63 1.04 
Total number of calls 15     
Recording events 2     

 

Call type N92.2 is a biphonic call. Both, the LFC and the HFC have very little frequency 
modulation. The HFC starts before the LFC and ends shortly after the start of the LFC.   
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Table B 41: Summary of measurements of call N96. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 8 0.35 23.76 0.27 0.51 
Start frequency 8 1.58 32.25 0.80 2.27 
End frequency 8 1.49 16.74 1.28 1.89 
Mid frequency 8 1.42 4.78 1.30 1.51 
Minimum frequency 8 1.24 16.83 0.84 1.43 
Maximum frequency 8 2.19 5.33 2.02 2.33 
Total number of calls 8     
Recording events 1     

 

Call type N96 is a monophonic call. It has a series of clicks at the start and at the end. The 
middle part of the call has a dip in frequency around the middle and a distinct peak just 
before the end. 
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Table B 42: Summary of measurements of call N97. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 11 1.49 9.06 1.33 1.76 
Start frequency 11 0.76 9.46 0.67 0.90 
End frequency 11 1.80 12.00 1.41 2.14 
Mid frequency 11 1.50 7.57 1.37 1.78 
Minimum frequency 11 0.77 9.60 0.69 0.91 
Maximum frequency 11 1.88 8.63 1.65 2.14 
Total number of calls 11     
Recording events 1     

 

Call type N97 is a biphonic upsweep call. The LFC increases steadily over the duration of 
the call. The HFC starts before the LFC and has upward shifts in frequency at the start and 
around the middle of the call. It ends before the LFC. 
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Table B 43: Summary of measurements of call N98. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 5 0.38 29.99 0.21 0.48 
Start frequency 5 0.81 14.80 0.69 0.98 
End frequency 5 1.89 42.04 0.88 2.68 
Mid frequency 5 1.16 9.88 0.98 1.27 
Minimum frequency 5 0.79 12.35 0.65 0.90 
Maximum frequency 5 2.02 31.22 1.41 2.72 
Total number of calls 5     
Recording events 1     

 

Call type N98 is a biphonic upsweep call. The HFC starts before the LFC and is upsweep in 
contour but decreases in frequency at the end.   
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Table B 44: Summary of measurements of call N100. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 8 0.78 28.48 0.50 1.07 
Start frequency 8 0.58 9.49 0.54 0.69 
End frequency 8 0.75 45.17 0.46 1.43 
Mid frequency 8 0.53 8.74 0.43 0.57 
Minimum frequency 8 0.51 8.82 0.43 0.56 
Maximum frequency 8 1.63 6.63 1.51 1.79 
Total number of calls 8     
Recording events 1     

 

Call type N100 is a biphonic call. The LFC has a small downward frequency shift at the start 
and a stronger upward shift at the end. The HFC starts before the LFC with an increase in 
frequency and mirrors the shape of the LFC after that. 
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Table B 45: Summary of measurements of call N102.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.45 31.31 0.27 0.61 
Start frequency 3 0.85 3.55 0.82 0.88 
End frequency 4 1.33 31.29 0.98 1.85 
Mid frequency 4 1.55 15.46 1.40 1.91 
Minimum frequency 4 0.94 25.46 0.79 1.30 
Maximum frequency 4 2.58 19.40 1.86 2.94 
Total number of calls 4     
Recording events 2     

 

Call type N102.1 is a biphonic call. The call is very variable. It seems to be preceded by a 
short sound, which may be connected to the main part of the call by clicks. The main part of 
the call shows a distinct peak towards the end. The HFC is an upsweep contour with a 
frequency shift at the start.   
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Table B 46: Summary of measurements of call N102.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 6 0.48 24.47 0.33 0.65 
Start frequency 6 0.80 37.48 0.59 1.39 
End frequency 6 0.67 21.51 0.52 0.90 
Mid frequency 5 0.79 12.23 0.68 0.90 
Minimum frequency 6 0.57 7.24 0.53 0.62 
Maximum frequency 5 1.06 25.72 0.75 1.41 
Total number of calls 6     
Recording events 1     

 

Call type N102.2 is a biphonic call. It is very variable. The LFC has little frequency 
modulation except for a small increase and decrease. The HFC is generally upsweep but 
highly variable. A larger sample of this call subtype might lead to further differentiation into 
subtypes. 
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Table B 47: Summary of measurements of call N104. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 34 0.57 62.27 0.12 1.13 
Start frequency 31 1.04 31.58 0.54 1.64 
End frequency 32 1.14 41.84 0.52 1.97 
Mid frequency 34 0.81 24.69 0.51 1.15 
Minimum frequency 34 0.73 21.86 0.46 1.01 
Maximum frequency 30 1.23 36.10 0.56 1.98 
Total number of calls 36     
Recording events 3     

 

Call type N104 is a biphonic call. The LFC has little frequency modulation. The HFC starts 
before the LFC and is an upsweep contour. 

Shapiro (2008) classified call type N104 as  call type N76.2. While the two call types look 
similar they sound very different and therefore N104 was classified as a separate type.  

Call type N104 is always preceded by call type N55 and the two calls seem to make up a 
compound call as described by Strager (1993, 1995).   
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Table B 48: Summary of measurements of call N105.1. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.48 7.01 0.44 0.52 
Start frequency - - - - - 
End frequency 4 2.44 7.75 2.19 2.59 
Mid frequency 4 0.73 19.27 0.59 0.90 
Minimum frequency - - - - - 
Maximum frequency 4 2.42 9.13 2.12 2.61 
Total number of calls 4     
Recording events 1     

  

Call type N105.1 is a monophonic upsweep call. The call is preceded by clicks and has an 
upward shift in frequency around the middle.  

All four examples are from the same recording and were recorded sequentially. 
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Table B 49: Summary of measurements of call N105.2. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration - - - - - 
Start frequency - - - - - 
End frequency - - - - - 
Mid frequency - - - - - 
Maximum frequency - - - - - 
Minimum frequency - - - - - 
Total number of calls 3     
Recording events 1     

 

Call type N105.2 is a monophonic upsweep call. The call is similar to subtype N105.1 but 
longer in duration and the frequency increase is more gradual.  

All three examples are from the same recording and were recorded sequentially. 

The quality of the call examples did not allow for measurements. 
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Table B 50: Summary of measurements of call N106. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 4 0.63 36.25 0.43 0.83 
Start frequency 4 2.44 11.08 2.07 2.70 
End frequency 4 1.37 42.11 0.79 2.07 
Mid frequency 4 0.61 20.34 0.50 0.73 
Minimum frequency 4 0.57 16.30 0.48 0.66 
Maximum frequency 4 2.43 10.25 2.11 2.70 
Total number of calls 6     
Recording events 1     

  

Call type N106 is a monophonic downsweep call. The call has two parts. The frequency 
decreases in the first part and increases again slightly in the second.  

Shapiro (2008) classified call type N106 as a subtype of N77. The call also looks very similar 
to N9vi in Strager (1993). Based on the visual and aural differences this call was classified 
as a separate type of both.  
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Table B 51: Summary of measurements of call N107. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 9 0.49 11.60 0.43 0.62 
Start frequency 9 0.37 15.07 0.30 0.46 
End frequency 9 0.92 9.28 0.82 1.08 
Mid frequency 9 0.94 11.03 0.86 1.18 
Minimum frequency 9 0.38 13.29 0.31 0.44 
Maximum frequency 9 0.98 10.62 0.90 1.21 
Total number of calls 9     
Recording events 1     

 

Call type N107 is a monophonic upsweep call. The contour is simple, with a small increase 
in frequency at the start, followed by little frequency modulation.   
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Table B 52: Summary of measurements of call N108. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 18 0.74 19.17 0.37 1.05 
Start frequency 14 1.21 11.46 0.99 1.53 
End frequency 18 1.77 9.08 1.49 1.96 
Mid frequency 18 1.53 7.59 1.30 1.69 
Minimum frequency 14 1.20 8.16 1.04 1.34 
Maximum frequency 18 1.77 9.07 1.50 1.96 
Total number of calls 24     
Recording events 3     

 

Call type N108 is a biphonic upsweep call. The HFC starts before the LFC with some 
frequency shifts. The HFC usually ends with the LFC but sometimes ends before.  
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Table B 53: Summary of measurements of call N109. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 10 0.61 4.20 0.57 0.65 
Start frequency 10 0.61 11.54 0.53 0.71 
End frequency 10 0.28 61.49 0.14 0.74 
Mid frequency 10 0.41 9.16 0.32 0.47 
Minimum frequency 10 0.23 20.22 0.16 0.30 
Maximum frequency 10 0.63 9.92 0.54 0.74 
Total number of calls 14     
Recording events 1     

  

Call type N109 is a biphonic call. The LFC is generally straight and slightly downsweep but 
may show some frequency modulation. The HFC strongly increases in frequency at the start 
and at the end of the call.  
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Table B 54: Summary of measurements of call N110. N indicates the number of samples 
from which measurements were possible, CV is the coefficient of variation expressed as a 
percentage, Min and Max show the minimum and maximum values measured. Duration is 
in seconds, frequencies are shown in kHz. The total number of calls indicates how many 
examples of the call were found in the recordings and recording events shows at how many 
different days the call was recorded. 

Measurement N Mean CV Min Max 
Duration 2 0.45 9.81 0.42 0.48 
Start frequency 2 0.42 1.06 0.42 0.42 
End frequency 2 0.95 19.93 0.82 1.09 
Mid frequency 2 0.88 0.23 0.88 0.88 
Minimum frequency 2 0.43 4.16 0.42 0.44 
Maximum frequency 2 1.07 2.58 1.05 1.09 
Total number of calls 3     
Recording events 1     

 

Call type N110 is a biphonic upsweep call. Both, the LFC and HFC are upsweep and the 
HFC start before the LFC. 

All three examples are from the same recording and were recorded sequentially. 

  


