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Abstract 

Marine species are unhindered with regards to movement in the ocean and some species are 

known to voyage over long distances in search for food, mates, breeding grounds, etc. 

Understanding the distribution and movements of apex predators, such as killer whales, is 

essential to learn more about their impacts on species in lower trophic levels as well as 

allowing scientists to gain more information on their population ecology, population 

structure and genealogy. In this study, photo-identification data was used to investigate 

whether killer whales exhibited long-term site-fidelity to a herring spawning ground off 

Iceland. Data collected in the summer of 2001 was analyzed and compared to data from 

2008-2020. Of 69 identified killer whales identified in 2001, 37.7% were re-sighted in the 

time period 2008-2020. Lagged identification rates indicated that this population followed a 

closed population model, even though some emigration and re-immigration occurred. 

Transition probabilities show high site-fidelity within time periods as well as a low 

probability of individuals being re-sighted between time periods. Identifying factors that 

drive differences in movements is relevant for us to monitor population changes and changes 

in movement patterns, which may indicate changes in lower tropic levels. 
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1 Introduction 

1.1 Photo-identification 

Identification of individuals can offer insights into a species behaviour and ecology. For 

instance, it provides information on individual variation relating to different factors, such as 

social structure, behaviour, movement, and population size (Gope et al., 2005). Some 

examples include estimating survival probabilities for manatees (Trichechus Linnaeus) 

(Langtimm et al., 2004), studying population dynamics for whale sharks (Rhincodon typus) 

(Holmberg et al., 2009), and it may also assist in measuring the sex ratios of some turtle 

species as well as evaluating their abundance (Schofield et al., 2008). 

Methods used to identify individual animals can be divided into two types: invasive methods 

and non-invasive methods. Mark-recapture is an example of an invasive method, where 

individuals are captured, marked with an identity tag and released. Later the marked 

individuals must be recaptured to collect data from the tag. Using a non-invasive approach 

to identification makes it easier to collect data as well as reducing disturbance to the animals 

being studied (Zheng et al., 2016). One such method is photo-identification. 

The first cetacean photo-identification studies were initiated in the early 1970s and allowed 

researchers to do longitudinal studies of individuals to better understand their life history 

and population biology (Bigg et al., 1976; Bigg, 1982; Urian et al., 2015; Jourdain et al., 

2021). This method can be applied to the study of animal populations of different taxa by 

taking photographs of individuals with a focus on physical features, such as shapes and 

natural markings (Stevick et al., 2001). Natural markings include scars, wounds and 

pigmentation patterns on the body as well as the shape of the dorsal and caudal fins in the 

case of whales and sharks. For example, white-beaked dolphins (Lagenorhynchus 

albirostris) are identified by their dorsal fin and white patches, (Bertulli et al., 2016) but 

humpback whales (Megaptera novaengliae) are identified using the pattern on their fluke 

(Urian et al., 2015). Killer whales (Orcinus orca) were one of the first marine mammal 

species to be studied using this method. These dolphins are excellent candidates for photo-

identification since they are easily recognizable due to their large dorsal fins and unique 

coloration patterns (Ford, 2009). Their identifying features include: (1) the shape of their 

saddle patch and any markings on it, such as scars; (2) the size and shape of their dorsal fin 

and any visible nicks and scars (Bigg, 1982); and (3) the shape of their eyepatch has been 

used in some cases, mostly for younger individuals since they are often lacking natural 

markings (Tavares et al., 2017). For these dolphins, photo-identification has been used to 

study spatial distribution and movement patterns, social structure, population size, diet and 

more (Bigg, 1982; Samarra & Foote, 2015; Esteban et al., 2016; Kuningas et al., 2014). Also, 

it has been used to differentiate between different killer whale populations by analysing 

variation in pigmentation and shape of the dorsal fin (Young et al., 2011). 
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1.2 Killer whales – Species introduction 

1.2.1 Taxonomy, biology and ecology 

The killer whale, also known as orca, is an animal of the suborder Odontoceti (toothed 

whales), in the Family Delphinidae and is the only extant species of the Genus Orcinus 

(Ford, 2009). As mentioned above, the killer whale is easily distinguished by its unique 

coloration and large dorsal fin. The ventral side, along with their lower jaw and the underside 

of their flukes are white, while their dorsal side, apart from the saddle patch and the eyepatch, 

are black. These dolphins display sexual dimorphism with males being typically larger with 

inordinate appendages, including the pectoral flippers, dorsal fin, and fluke (Ford, 2009).  

They are the largest of the delphinids with adults ranging in size up to 9.0 m (males) and 7.7 

m (females; Ford, 2009). Male sexual maturation begins at about 15 years of age, when the 

dorsal fin starts growing rapidly until they reach sexual maturity at just over 20 years of age 

(Ford, 2009). Females seem to mature earlier than males since it is common that they give 

birth to their first viable calf at around 12-14 years of age. Little is known about the gestation 

and weaning periods for these animals in the wild, since they are not commonly observed 

giving birth (Olesiuk et al., 2005). Nonetheless, studies of captive killer whales have shown 

that the gestation period is 15-18 months (Duffield et al., 1995) and it has been assumed that 

weaning is at 1-2 years of age. The females are believed to have a longer life expectancy 

than males, with an average of 50 and 30 years, respectively. The females are believed to be 

able to live up to a maximum of 80-90 years while male maximum longevity is between 50-

60 years (Ford, 2009). 

As their common name suggests, these animals are apex predators that are able to adapt their 

hunting behaviour, easily allowing them to feed on a variety of prey, including fish, sea 

turtles, birds, invertebrates, pinnipeds, and cetaceans (Jefferson et al., 1991; Ford & Ellis, 

2006). However, different populations are known to specialize on specific prey depending 

on their habitat (Samarra et al., 2018).  

Although only one species of killer whales is recognized, sympatric ecotypes have been 

reported in the Pacific and Antarctic oceans (Ford et al., 1998). Three different populations 

of killer whales have been discovered in the North Pacific which have been named the 

residents, the transients and the offshores (Ford et al., 1996; de Bruyn et al., 2013). DNA 

analysis has confirmed that these populations are genetically distinct and that there is little 

gene flow between them, indicating that they do not interbreed, and that speciation is taking 

place (Ford et al., 1996; Morin et al., 2010). The predominant difference between these 

ecotypes is their diet which influences their behaviour, social system, and movement patterns 

(de Bruyn et al. 2013). Examinations of stranded killer whales have shown that the residents 

prefer eating teleost fish, in particular salmon, while the transients only seem to prey on 

marine mammals such as pinnipeds and porpoises (Ford et al., 1996). Little is known about 

the diet of the offshore killer whales, but stable isotope studies suggest that their preferred 

diet likely consists of fish (Herman et al., 2005; Ford et al., 2011). Similar studies have also 

shown that these killer whales contain high levels of PCBs and DDT, indicating that they 

are likely preying on long-living fish, such as rockfish, tuna, and sharks (Dalheim et al., 

2008). Tooth wear and field observations of foraging has been reported for the offshores, 

which is likely to result from them eating sharks, at least in part (Ford et al., 2011). Also, 

deep rake markings, often found on the bodies of residents and transients, are not as common 
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on the offshores, in their case observed rake marking are often wider and shallower, which 

can also indicate tooth wear among these populations (Dalheim et al., 2008). These findings 

cannot rule out that these killer whales are feasting on marine mammals, although field 

observations deem it unlikely (Herman et al., 2005; Dalheim et al., 2008). 

Similarly, three ecotypes have been found in the Antarctic as well, termed A, B and C, 

respectively (de Bruyn et al., 2013; Pitman & Durban, 2010). These ecotypes also differ in 

their prey preferences as well as their colour patterns and size. Type A specializes in preying 

on Antarctic minke whales, Type B on seals, and Type C, also known as Ross Sea killer 

whale, on fish (Pitman & Durban, 2010; Forney & Wade, 2006). In the North-east Atlantic, 

there are thought to be at least three genetically distinct populations of killer whales: one 

tied to the Northeast mackerel (Scomber scombrus) stock, one tied to the North Atlantic 

herring (Clupea harengus) stock and one tied to the North Atlantic bluefin tuna (Thynnus 

thynnus) stock (Foote et al., 2011), although the ecology and ecotype divisions in the North 

Atlantic are less well understood.  

Since the genetic differentiation between all these ecotypes is very clear, some scientists 

believe that they should be classified as different subspecies or even species. However, there 

is a lack of agreement in the scientific community because there is not sufficient knowledge 

about the evolution of these ecotypes and their taxonomy has not been formally revised 

(Morin et al., 2010; Riesch et al., 2012). 

Studies of parasite in killer whales have reported two species of barnacles (Xenobalanus 

spp.) (Kane at al., 2008; Víkingsson, 2004) and two species of whale lice (Cyamus spp.) 

(Pfeiffer, 2009), as well as sea lampreys (Petromyzon marinus) and remoras (Remora 

remora) (Samarra et al., 2012; Guerrero-Ruiz & Urban, 2000), three nematode species, two 

cestode species, six trematode species, and two species of acanthocephalans (Raverty et al., 

2020). Few diseases have been described in these whales, nonetheless, studies of stranded 

whales have reported bacterial and virus infections as causes of death (Gaydos et al., 2004). 

 

1.2.2 Migration and distribution 

Apart from humans, killer whales have the most global distribution of any mammal on Earth 

(see Fig 1). They have a cosmopolitan distribution in all the world’s oceans, from the Arctic 

and Antarctic waters and throughout the tropics (Ford, 2009). They appear to be most 

abundant in areas of high productivity, at higher latitudes and in coastal waters, although 

they are also known to occur in offshore and tropical waters (Bigg, 1987; Forney & Wade, 

2006). Even though they have such a wide distribution these dolphins are not very abundant, 

with an estimated global population of about 50,000 animals (Forney & Wade, 2006).  

Currently, killer whales are labelled as data deficient on the International Union for 

Conservation of Nature (IUCN) Red List of Endangered Species (Reeves et al., 2017). The 

species was last evaluated in June 2017 and it is unlikely that the status has changed in the 

past five years, the reasons being that these animals live in the ocean and their movements 

are unrestricted, which makes it difficult to gather information on their abundance, 

taxonomic status, ecology, and behaviour. All killer whale ecotypes are protected under the 

Marine Mammal Protection Act, which was enacted by the 92nd United States Congress in 

1972. Only two populations have received special protections under U.S. federal law: (1) the 
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Southern resident killer whales, which are found along the coast of southeast Alaska and 

south to California, and are listed as endangered, and (2) the AT1 transients, that are found 

in the waters of south Alaska, and are listed as depleted (NOAA, n.d.). 

 

 

Fig. 1 An approximate representation of killer whale distribution in the world (blue) (NOAA, 

n.d.). 

 

1.2.2.1. Distribution in the North-East Atlantic 

Killer whales in the North Atlantic have been documented to be a seasonal migrant 

throughout the Barents Sea (Sakshaug et al., 2009), also occurring around Svalbard (Kovacs 

& Lydersen, 2008), along the coast of Norway and into the Norwegian Sea (Similä et al., 

1996). They have been recorded in deep waters of the central North Atlantic and are known 

to occur in Iceland (Víkingsson, 2004), Greenland (Heide-Jorgensen, 1988), as well as the 

Faroe Islands (Bloch & Lockyer, 1988). They are also found in the British Isles year-round, 

mostly in the north and north-western parts (Evans, 1988; Foote et al., 2010). 

 

1.2.3 Social structure 

Killer whales are highly social animals that can be found in groups ranging in size from a 

single individual to two dozens or more (Ford, 2009). The best studied population of killer 

whales are the North Pacific residents. Their social units are composed of a matriarch and 

her matriline, meaning the oldest living female and her philopatric descendants (male and 

female), which may span up to four generations of matrilineally-related individuals (Bigg et 

al., 1990; Tavares et al., 2017; Ford 2009). The bonds between the individuals in these 

groups are very strong and individuals rarely leave the group for extended periods of time 

(Ford, 2009). Individuals within the group communicate with each other using calls, clicks 
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and whistles (Miller et al., 2004; Filatova et al., 2015). These sounds have been observed to 

differ from one group to another so that distinct groups have different dialects (Ford, 1989). 

 

 

1.2.4 Killer whales in Iceland 

Photo-identification has proved useful to identify killer whales in Icelandic waters. These 

studies have been conducted in Iceland by the Marine and Freshwater Research Institute of 

Iceland (MFRI) since the 1980s (Sigurjónsson et al., 1988) and more recently, in association 

with whale watching platforms and the University of Iceland. Dedicated research has been 

lacking for this population and there is still relatively little knowledge of their foraging 

ecology, movement patterns and population structure, regardless of these dolphins being 

known as frequent visitors to Icelandic waters (Víkingsson, 2004; Sigurjónsson et al., 1988; 

Samarra et al., 2017). 

Most Icelandic killer whales belong to a population that specializes in preying on the North 

Atlantic herring stock, feeding on it year-round (Sigurjónsson et al., 1988), although, some 

of these whales are known to migrate to Scotland on a regular basis, where they prey on 

seals (Samarra & Foote, 2015; Samarra et al., 2018). Before the collapse of the Norwegian 

spring-spawning herring stock in the 1960s, the stock migrated between Iceland and Norway 

(Jakobsson, 1980; Jakobsson and Ostvedt, 1999) and it is believed that the killer whales 

followed this migration (Jonsgård & Lyshoel, 1969). Following the collapse, the herring 

stock was mostly confined to the coastal areas of Iceland and Norway (Jakobsson & 

Stefánsson, 1999; Dragesund et al., 1997). Photo-identification of killer whales between 

Iceland and Norway found no matches in the following decades (Foote et al., 2010). Recent 

observations of the Norwegian spring-spawning herring stock report that it has expanded its 

range and is now found off the north and east coast of Iceland during the summer months 

(IESSNS, 2021). These new developments may lead to the Norwegian killer whales 

migrating to Iceland again. 
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2 Objectives 

Understanding the distribution and movements of apex predators is essential to learn more 

about their impacts on species of lower trophic levels as well as allowing researchers to gain 

more information on their population ecology, population structure and genealogy (Samarra 

& Foote, 2015; Samarra et al., 2017). As mentioned above, killer whales are labelled as data 

deficient on the IUCN Red List of Endangered Species. Because of this, there is not sufficient 

data on their taxonomic status as well as their behaviour and ecology. Killer whales in 

Icelandic waters have been classed as “least concern” (Unnsteinsdóttir, 2018), even though 

data is still lacking about the structure of North Atlantic killer whale populations (Foote et 

al., 2010). 

The objective of this project is to better understand the movements of Icelandic killer whales 

by comparing the individual killer whales occurring in a herring spawning ground in two 

different time periods (2001 and 2008-2020) using photo-identification. This project will 

investigate if the same individual killer whales have been returning to this area to feed over 

the past 20 years. 
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3 Methods 

3.1 Materials and methods 

Data collected by small research boats and helicopters in Vestmannaeyjar (Fig. 2) in May-

July of 2001 were made available by the Icelandic Orca Project. During these research tours, 

killer whales were photographed from their left side using digital cameras and lenses. 

Pictures of the right side were also taken opportunistically.  

 

Fig. 2 A map of Vestmannaeyjar (Vestmann archipel topographic map-fr.svg, 2008). 

Photo-identification (Bigg, 1982) was used to distinguish individual killer whales using both 

left and right-side pictures. However, individuals not matched to the catalogue were only 

added to the final dataset if a good quality left-sided picture existed. Initial sorting of 

acceptable quality photographs involved looking for the presence of the dorsal fin and saddle 

patch areas. Some individuals were excluded due to the inability to identify them accurately 

relating to poor quality pictures, a result of the whale being too far away or the picture being 

blurry. Subsequently, the killer whales were identified based on their saddle patch pattern 

and body scars as well as the shape and size of their dorsal fin and any present nicks and 

scars.  

Individuals were matched to a previous photo-identification catalogue of Vestmannaeyjar 

from 2008-2020, held by the Icelandic Orca Project which consists of 467 identified 
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individuals. Each individual in the catalogue has been given an identification number starting 

with “IS” and ending with a three-figure number (from 001-467). The catalogue has been 

divided into “Adult males” and “Others” (females and juveniles).  

3.2 Data processing and analysis 

Analysis of lagged identification rates (i.e., the probability of re-identifying an individual 

after various time lags, see Whitehead, 2001) was used to evaluate the likelihood of an 

individual sighted in one time period, t, would be resighted in another time period, t + ∆t 

(Whitehead, 2001). If permanent emigration or mortality occurred, the lagged identification 

rates may fall and then rise with time lag. If there had been movement of individuals between 

the two time periods, a non-zero likelihood of an individual to be reidentified could be 

expected. Eight models were assessed: (1) Petersen (closed population model); (2) Schnabel 

(closed population model): (3) Jolly-Seber; (4) mortality: (5) mortality and trend; (6) 

reimmigration model; (7) reimmigration and mortality; (8) general (Whitehead, 2009). After 

evaluating the models, the best-fitting model was chosen, that which minimised the quasi 

Akaike’s Information Criterion (QAIC, see Whitehead 2007). Additionally, QAICc was run 

to correct for the small sample size and the models were evaluated based on their distance 

from the QAICc of the best fitting model. The difference between the QAIC of the best 

fitting model and other QAIC models is the degree of support for the less favoured models. 

Differences within 2 AIC units indicate significant support, between 4-7 AIC units indicates 

less support and >8 AIC units is the least support for the other models (Anderson & 

Burnham, 2004). Only models within 2.0 QAICc were kept.  

Transition probabilities between the two time periods were estimated. This provides the 

likelihood of an individual being sighted in both time periods, as well as within the same 

time period (Whitehead, 2001).  

All analyses were carried out using the program SOCPROG 2.9 (Whitehead, 2009). 
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4 Results 

In the dataset from 2001, killer whales were encountered 19 times over a three-month time 

period (May-July) (Table 1). From those encounters I identified a total of 69 whales, of 

which 33 (47.8%) were males and 36 (52.2%) were females or juveniles. Of the identified 

whales, 57 (27 males and 30 females/juveniles) were only sighted once. However, 12 

individuals (6 males and 6 females/juveniles) were observed during two or more 

encounters. The total number of individuals identified varied from a minimum of 1 to a 

maximum of 17 per day (excluding the days where photo quality was too poor to be able to 

identify any individuals). The data from 2001 included a total of 1056 photos, of which 

502 were usable and 554 were deemed of poor quality.  

The comparison of photo-identification data collected in 2001 with the 2008-2020 

catalogue resulted in a total of 26 re-sighted individuals (Fig. 3). This represented 37.7% of 

the 69 individuals identified in total from the 2001 data and 5.6% of the 467 individuals 

currently in the catalogue.  

 

Table 1 Summary of days with killer whale encounters in 2001 

Date Total per day Unidentified No. IDs 

28/5/2001 6 5 1 

30/5/2001 5 0 5 

1/6/2001 17 13 4 

8/6/2001 13 8 5 

9/6/2001 0 0 0 

10/6/2001 2 1 1 

12/6/2001 0 0 0 

13/6/2001 1 0 1 

15/6/2001 1 0 1 

16/6/2001 12 7 5 

21/6/2001 0 0 0 

22/6/2001 0 0 0 

8/7/2001 2 1 1 

9/7/2001 4 2 2 

10/7/2001 6 4 2 

11/7/2001 11 5 6 

15/7/2001 5 4 1 

18/7/2001 7 3 4 

The number of IDs refers to the number of individual killer whales matched to the 2008-

2020 catalogue. The Unidentified column represents all remaining individuals from that day 

that were not matched to the catalogue. For days where the total per day equals zero, the 

pictures were of too poor quality to identify any individuals. 
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Fig. 3 Example of photographic matches of Icelandic killer whales: a IS059 matched 

between past (left, sighted in 2001) and from catalogue (right); b IS119 matched between 

past (left, sighted in 2001) and from catalogue (right). 

 

The discovery curve, showing the cumulative number of individuals identified (x-axis) 

compared to new identified individuals (y-axis) over both time periods (2001 and 2008-

2020, respectively), suggests that the identification of new individuals increases markedly 

as more new identifications are made and starts to even out once re-sightings become more 

common (Fig. 4).  

Based on the time lags between re-sightings, the lagged identification rate (LIR) for the 2001 

data was calculated and plotted (Fig. 5). As mentioned in the methods, eight models were 

tested by parameters for emigration, reimmigration and mortality rates. The model that best 

fitted the LIR over the three-month period corresponds with the closed population. This 

model assumes that no immigration, emigration, birth or death occurs during the sampling 

period, as well as the probability of resighting an individual remains constant throughout the 

time period (Whitehead, 2009). The model was chosen based on the lowest QAICc value, 

which was: QAICc = −2 · L∗ /cˆ + 2 · K · M/(M − K – 1) = 141,02. Here K is the number of 

parameters, L is the summed likelihood function and M is the sample size. 
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Fig. 4 Discovery curve calculated as the number of killer whales identified per encounter. 

 

 

Fig. 5 Lagged identification rates (i.e., a calculation of the probability of reidentification of 

individuals after various time lags, see Whitehead, 2001) of individual killer whales within 

2001. SU2001 refers to Suðurland 2001 (South Coast 2001). Error bars were calculated using 

nonparametric bootstrap standard errors (100 bootstrap replicates). The best fitting model 

for the same area, corresponding with a closed population, is represented by the blue line. 
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High transition probabilities within both time periods (1.00 and 0.96, respectively) show that 

there is high site fidelity, as suggested by the lagged identification rate (Table 2). The 

transition probabilities from 2001 to 2008-2020 of approximately 0.04 show that there are 

low probabilities of the individuals identified in 2001 to be reidentified in 2008-2020. 

Transition probabilities back in time from 2008-2020 to 2001 were removed from the table. 

 

Table 2 Within and between transition probabilities of Icelandic killer whales in the two 

time periods (2001 and 2008-2020, respectively) including the total number of identified 

individuals in each area or re-sighted between the time periods. 

From   To   

    2008-2020 2001 

2008-
2020 

n 467  - 

  Transition probability 1 - 

2001 n  26  69 

  Transition probability 0.04 0.96 
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5 Discussion 

This study shows that the killer whales from two decades ago are not the same ones we have 

been seeing for the past 14 years. This low re-identification rate has two likely explanations: 

(1) emigration from the area; (2) high mortality/recruitment rates. Even though studies have 

suggested that some Icelandic killer whales have high site fidelity to Icelandic waters 

(Samarra et al., 2017), emigration from the population is not unlikely. Individuals or groups 

might not be returning to the same area because of ecological changes, especially those 

related to prey type and its availability (Simmonds & Eliott, 2009). Additionally, surveys 

made in Icelandic and adjacent waters suggest a large population of offshore killer whales 

(Sigurjónsson et al., 1989), which may be passing through Icelandic coastal waters. This 

population of killer whales is currently a mystery to scientists since there is little information 

about their ecology, movement, and population dynamics. Little information is available 

about the mortality of killer whales in the North Atlantic. However, survival rates have been 

calculated for killer whales in Norway, showing differences in estimated survival rates 

between Atlantic and Pacific killer whale populations, with males in the North Atlantic have 

higher survival rates compared to males in the North Pacific, and females in the North 

Atlantic having lower survival rates than females in the North Pacific. (Kuningas et al., 

2014).  

The discovery rate curve for photo-identified individuals shows a high rise in the 

identification of new individuals in the beginning of the survey period. The curve evens out 

as more individuals are re-identified, which suggests that towards the end of the 2008-2020 

time period nearly a complete coverage of the population has been achieved. The lagged 

identification rates for the 2001 data showed some highs and lows, which indicates that there 

is some emigration and re-immigration in the population. Though, it never quite reached 

zero which suggests that some individuals stay in the area for longer periods of time. 

Modelling of sighting patterns suggested that the movement patterns for the identified 

individuals followed a closed population model.  

The transition probabilities show that there is high fidelity within time periods and that the 

same individuals are more likely to be seen in the same time period. Additionally, they show 

low probabilities of individuals being re-sighted between the time periods, supporting the 

statement that many of the whales observed in 2001 are not being re-sighted >6 years later. 

Table 2 does not show results for transition probabilities from 2008-2020 to 2001, it is not 

possible since the individuals from the catalogue would have to travel back in time to be re-

sighted in 2001. We must take into account that the data provided for this study is from 2001, 

i.e., that the quality of the photos corresponds with the quality of the digital cameras used at 

the time. For example, comparison between two cameras, the Nikon d1x (which was a 

popular DSLR camera in 2001) and Nikon D4 (which is a common camera for 

photographing nature today) shows that the d1x had 5.3 million effective pixels while the 

D4 has 16.2 million effective pixels (Nikon, n.d. a; Nikon, n.d. b). This shows that 

technology has advanced a great deal in the last two decades and suggests that if the quality 

of the cameras used in 2001 was similar to those we have today, it is a good possibility that 

more individuals would have been identified in this study. 

As mentioned above, only 26 individuals were re-identified in 2001 after comparison to the 

2008-2020 catalogue. There is a six-year time gap between the two time periods which is a 

likely explanation for this low re-identification rate. Stable features, such as the size and 
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shape of the dorsal fin, and natural markings (nicks and scars) on killer whales can change 

between years, therefore, it can prove difficult to keep track of individuals and identify them 

if there are large time gaps between re-sightings. Also, having longer datasets may help with 

understanding the exact movement patterns of killer whales, providing better information 

their site fidelity, for how long they are faithful to a site and whether they are returning 

periodically or regularly. Thus, having data from the years surrounding 2001, as well as a 

larger survey area, could give better insight into the site fidelity of this population as well as 

their patterns of movement. 

The behavioural ecology of many animal species is believed to reflect specific adaptations 

formed by unique ecological factors that influence the evolution of a species or population. 

As mentioned above, killer whales have been researched for a few decades and scientists 

have for a long time known of their importance to their ecosystems. Since these animals are 

apex predators, their behaviour and ecology reflect the conditions of the trophic levels below 

them, as well as the dynamics of their ecosystem. Long-term studies of long-lived species, 

such as killer whales, are necessary to understand the patterns of their movements and site 

fidelity, allowing scientists to monitor populations, as well as changes in movement pattern, 

which may be indicative of changes in their prey distributions, due to natural factors or 

climate change. 
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