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Abstract 

Human marine activities around the world have been increasingly noticed as responsible for 

negative impacts on marine animals. Through a photographic analysis, the scars on Icelandic 

killer whale dorsal fins and saddle patches were counted and classified, in order to have an 

overview of the potential anthropogenic impacts affecting these cetaceans. Indeed, 

entanglement in fishing gear and boat strikes are common issues affecting a number of 

cetaceans every year and the tightly intertwined daily life of killer whales and fishermen of 

Iceland gives sense to this study. The results of the scar-based analysis showed a minimum 

entanglement estimate of 8.98% and a minimum boat strike estimate of 3.24% for killer 

whales in Iceland. There were significant differences in line scars, rake marks and notches 

for males and females with proportionally more male individuals affected. There were 

significant differences in line scars and rake marks for individuals of different diet; putative 

prey switching whales being more affected than presumed herring specialists. There was a 

significant difference in notches between adults and juveniles where adults were more 

affected than juveniles. The entanglement results are considered low as compared to the 

results for a similar study on Icelandic humpback whales suggesting either that the issue is 

less important for smaller cetaceans, or that the identification of scars cannot be done as 

easily for killer whales as for humpback whales for physical reasons. The study suggests an 

introduction of specific fishing gear to reduce the occurrence of entanglement events as well 

as speed regulations to limit vessel strikes. Further research should include fishermen’s or 

sailors’ observations of anthropogenic interactions, but also a veterinarian’s help to 

effectively identify disease-related scars. 

Útdráttur 

Skaðsemi sjávarútvegs á lífríki sjávar hefur í auknum mæli vakið athygli á heimsvísu. Til 

þess að fá yfirsýn yfir þessa hugsanlegu skaðsemi af mannavöldum, hafa ör íslenskra 

háhyrninga verið talin og flokkuð með greiningu á ljósmyndum. Myndgreiningin leiddi í ljós 

algeng vandamál eins og að háhyrningar flækjast í veiðafæri og bátaárekstra sem hafa slæm 

áhrif á líf margra háhyrninga ár hvert. Greiningin á örum sýndi að lágmarkslíkur á því að 

háhyrningur á Íslandi flækist í veiðifæri er um 8.98% og lágmarkslíkur á því að verða fyrir 

bát er um 3.24%. Marktækur kynjamunur var á línulegum örum, tannförum og skörðum 

háhyrninganna en karlkyns háhyrningar voru hlutfallslega með fleiri áverka. Einnig var 

marktækur munur á línulegum örum og tannförum eftir mismunandi fæðu háhyrninganna og 

voru háhyrningar sem nærast bæði á fiski og spendýrum með fleiri áverka en háhyrningar 

sem taldir eru nærast einungis á síld. Auk þess var marktækur munur á skörðum hjá 

fullorðnum og ungum háhyrningum en fullorðnir háhyrningar voru með fleiri áverka en þeir 

ungu. Niðurstöður úr rannsókn á háhyrningum sem hafa flækst í veiðafæri, bornar saman við 

svipaða rannsókn á hnúfubökum, sýna að íslenskir háhyrningar eiga í minni hættu á að 

flækjast í veiðifæri en íslenskir hnúfubakar. Þessar niðurstöður gefa til kynna að slíkar 

flækjur hafa ekki eins mikil áhrif á minni hvaldýr, eða að erfiðara sé að greina ör háhyrninga 
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eins vel og ör hnúfubaka vegna mismunandi uppbyggingu hvaldýranna. Í rannsókninni er 

ráðlagt að kynntur verði til sérstakur veiðibúnaður sem dragi úr líkum á því að hvalir og 

önnur dýr flækjast í honum. Einnig er ráðlagt að lögð verði fram reglugerð um hámarkshraða 

til þess að draga úr árekstrum hvala og báta. Frekari rannsóknir ættu að taka mark á 

athugunum sjómanna á sambandi sjávarútvegs við lífríki sjávar auk þess að styðjast við hjálp 

dýralækna á greiningu öra á réttmætan hátt. 
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1 Introduction 

Entanglement phenomena are well known, but the issue has been emphasized in the recent 

years with the change of fishing gear technology. The propylene ropes that constitute the 

nets are stronger than before and therefore more efficient in catching their target species. 

However, they also have effects on other, non-target, species who become entangled, such 

as marine mammals, who may spend a long time trying to free themselves from the nets 

they get entangled in (Félix et al., 2011; Knowlton et al., 2012; Moore & Van der Hoop, 

2012). The strong ropes also cause more severe injuries on the animals than before, and 

the smallest animals are very vulnerable due to their lack of strength (Knowlton et al., 

2005; Mann, Smolker, & Smuts, 1995; NOAA, 2011). For example, research conducted 

by Mazzuca et al. (1998) showed that more than half of humpback whales (Megaptera 

novaeangliae) who died during entanglement events in Hawaii were calves. 

In addition to causing injuries to the animals, entanglement can also induce infection of 

wounds, hormonal disorders (Cassoff et al., 2011), difficulties to feed, difficulties to swim 

(Butterworth et al., 2012), and post-traumatic stress symptoms (St. Aubin, 2002). 

Entanglement of marine mammals involves several types of fishing gear such as longlines 

(Gilman et al., 2006), gillnets (Dawson, 1991), purse-seine nets (Birkun Jr, 2002), bottom 

trawlers (Fertl & Leatherwood, 1997), but also ghost nets and marine debris (Beachum, 

2019; Laist, 1997; Simmonds, 2012). While the non-lethal entanglements of humpback 

whales and bottlenose dolphins (Tursiops truncatus) for example, seem to be commonly 

studied around the world (Félix et al., 2018; Johnson et al., 2005; Neilson 2006; Robbins 

& Mattila, 2004), similar studies on killer whales (Orcinus orca) are scarcer. Killer 

whales have been witnessed in the past with scars corresponding to nets or longlines 

(Gilman et al., 2006; Visser, 2000). The reason why killer whales get trapped into fishing 

gear seems to be because they associate the sound of the gear with the availability of fish. 

Therefore, when human fishing activities start, the killer whales hear it and come very 

close to the gear to have a chance to feed on the same fish. However, they usually feed 

on the fish only when the fishing gear is hauled up, particularly in the case of longline 

fishing (Visser, 2000). Also, some killer whales have been witnessed being patient next 

to the longline buoys until the start of hauling activity (Visser, 2000). This behavior is 
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referred as depredation (Samarra et al, 2018; Secchi & Vaske, 1998). These behaviors do 

not only increase the chances for these animals to be entangled in fishing gear, but also 

to be hit by the boat in the vicinity. Boat strikes can have very detrimental impacts on the 

animals especially if they have been hit by the propeller blades (Visser, 1999). However, 

fishing vessels are not solely responsible for collisions with whales as these events 

involve a wide range of ships including cargo ships, private vessels, passenger ships and 

ferries (Laist et al., 2001). 

Entanglement events and boat strikes are events that can occur all over the world, but it 

is interesting to look at the situation in Iceland because the Icelandic killer whales have 

for a long time associated with fishermen. Indeed, not only killer whales have been 

depredating longlines for quite a few decades pushing fishermen to change their fishing 

method (Samarra et al., 2018), but in the Faroese waters, not far from Iceland, they have 

also been observed tearing nets to prey on the catch of purse-seiners or gillnetters (Bloch 

& Lockyer, 1988). In the 1950s, killer whales were accused of destroying nets of Icelandic 

fishermen and stealing their fish catch. Fishing being the most important income source 

of the country, the Icelandic Office requested American Navy to bomb the animals with 

machine guns and rockets (Anonymous, 1956). Fishing methods responsible for 

entanglement on marine mammals are widely used in Iceland and include for example 

gillnets to catch lumpfish (Cyclopterus lumpus) (Kennedy et al., 2014), trawlers to catch 

herring (Clupea harengus) (ICES, 2017) that used to be caught by purse seiners in the old 

days (Similä, 2005), and the few longlines still used today to catch Greenland halibut 

(Reinhardtius hippoglossoides) and Atlantic halibut (Hippoglossus hippoglossus) 

(Samarra et al., 2018). All the previous stated species are known prey of killer whales 

(Samarra et al., 2018). In 2019, Basran et al. found a minimum entanglement estimate as 

high as 24.8% for humpback whales of Iceland. Since killer whales are smaller and have 

a high tendency to swim in the proximity of fishing vessels, it is worth looking at how 

much these animals are impacted by human activities, especially considering their 

behavior, in the same waters. I looked at entanglement of killer whales in comparison 

with humpback whales of Iceland, considering percentages lower than 5% as low 

entanglement rates; percentages between 5% and 50% as moderate entanglement rates 

and percentages higher than 50% as high entanglement rates. This study was designed to 

look at the scarring of killer whale individuals identified between 2006 and 2015 in 
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Iceland in regard to anthropogenic (including entanglement and vessel strikes) and natural 

scars and comparing different groups of individuals. 

1.1 Entanglement 

1. What are minimum and maximum estimates for entanglement events in Icelandic 

killer whales? 

a. 𝐻0: The entanglement rates are not significantly high for the Icelandic 

killer whale population. 

b. 𝐻1: The entanglement rates are significantly high (>50%) for the Icelandic 

killer whale population. 

2. How to address the entanglement issue through the management of fishing gear 

in the oceans? 

Aim: To determine how prevalent is the occurrence of entanglement events in the killer 

whale population of Iceland, and how to address this problem for conservation. 

1.2 Vessel strikes 

1. What are minimum and maximum estimates for vessel strikes in Icelandic killer 

whales? 

a. 𝐻0: The vessel strike rates are not significantly high for the Icelandic killer 

whale population. 

b. 𝐻1: The vessel strike rates are significantly high (>50%) for the Icelandic 

killer whale population. 

2. How to address the vessel strikes issue through the management of sea traffic? 

Aim: To determine how prevalent is the occurrence of vessel strike accidents in the killer 

whale population of Iceland, and how to address this problem for conservation. 

1.3 Groups of individuals 

1. How do individuals differ in their scarring depending on sex? 

a. 𝐻0: There is no significant difference between males and females or 

juvenile males for any type of scarring. 
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b. 𝐻1: There is a significant difference between males and females or juvenile 

males concerning some types of scars. 

2. How do individuals differ in their scarring depending on age? 

a. 𝐻0: There is no significant difference between adults and juveniles for any 

type of scarring. 

b. 𝐻1: There is a significant difference between adults and juveniles 

concerning some types of scars. 

3.  How do individuals differ in their scarring according to diet? 

a. 𝐻0: There is no significant difference between putative prey switching 

whales and presumed herring specialists for any type of scarring. 

b. 𝐻1: There is a significant difference between putative prey switching 

whales and presumed herring specialists concerning some type of scars. 

Aim: To determine if sex, age or diet can influence the occurrence of scars on killer 

whales. 
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2 Background 

2.1 Orcinus Orca 

2.1.1 Biology 

Orcas (Orcinus Orca), or more commonly called “killer whales” are marine mammals 

whose name precedes their reputation. Indeed, killer whales are apex predators in the 

oceans as they have no predator apart from humans. They are part of the suborder 

Odontoceti as toothed cetaceans and are the largest member of the Delphinidae family 

(Ford, 2009; Reeves, 2002). Killer whales are easily recognized due to the size of their 

dorsal fins (especially for males) and the contrast of their colors: white ventrally, black 

dorsally, with white eye patches and grey saddle patches. Variation of colors and shapes 

exist depending on the area where a population lives (Ford, 2009). Orcas grow to 6-9m 

long and males are larger than females. They weigh approximately 3800-5600kg and an 

adult male’s dorsal fin usually grows up to 1-1.8m (Reeves, 2002).  

 

Figure 1 Killer Whale (Encyclopædia Britannica, Inc., 2002). 

Similar to most odontocetes, killer whales use sound for social and traveling purposes. 

The different kinds of sounds they produce are calls, clicks and whistles (Ford, 2009) and 

studies have shown that the sounds may differ from one group to another, in a similar 

manner to humans who have different dialects according to where they are from (Ford, 

1989). 
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2.1.2 Distribution 

Killer whales have, after humans, the most global distribution of any mammal on Earth 

as they can be found in both hemispheres and in very different areas such as the cold 

Arctic Ocean, or the warm waters of the Mediterranean Sea (Reeves, 2002). 

 

Figure 2 Distribution of Orcas in the World (blue) (NOAA, n.d.c). 

In Iceland, most of the killer whales are known to feed on herring during the summer 

months (Samarra et al., 2017) in the spawning grounds of herring located around the 

Westman Islands (Jakobsson & Stefansson, 1999). Killer whales are also seen around the 

Snæfellsnes peninsula and the Reykjanes peninsula, as well as in North Iceland, at various 

periods of the year (Samarra et al., 2017). Killer whales do not always stay in Icelandic 

waters, as it was found that at least 11 individuals from the Icelandic population have 

been identified moving regularly between Iceland and Scotland (Samarra & Foote, 2015). 

In addition, five killer whales sighted in Iceland were also seen off the coast of Italy very 

recently (Squires, 2019). 

2.1.3 Feeding and behavior 

Killer whales feed on a wide range of different prey from fish to mammals; they have 

been witnessed foraging on baleen whales, toothed whales, pinnipeds, moose, rays or 

even sharks. They live in matrilineal pods, with which they have a lot of social 

interactions. Their social bonds are essential to hunting strategies especially when hunting 
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large prey (Reeves, 2002). It is common that a pod specializes on a particular prey: for 

example, a pod could depend heavily on herring while another one would depend heavily 

on seals (Phocidae). Killer whales have also been seen competing with fishermen for the 

same fish (Reeves, 2002). Each population has their own way of hunting prey according 

to its kind. Typically, killer whales feeding on herring in Norway and Iceland use the 

“carrousel feeding” method, where they surround the herring and force them to come 

closer to the surface using their tail, their body or releasing bubbles underneath schooling 

fish (Similä & Ugarte, 1993) . Killer whales rely on echolocation and acoustics to 

coordinate with their pod while hunting. However, in pods that mainly feed on marine 

mammals, acoustics are very rarely used to avoid being detected by prey (Deecke et al., 

2005). 

2.2 Human impacts on killer whales and 
conservation concerns 

Killer whales and humans have for a long time known each other. While coastal 

indigenous communities considered killer whales as a symbol of power or as a spiritual 

symbol (Matkin & Saulitis, 1997), other societies feared the apex predator and even 

persecuted the species by illegally killing them to avoid depredation. However, the 

reputation of these big marine mammals has been improving in recent years thanks to 

their appearance in culture including popular movies and documentaries (Ford, 2009). 

Nevertheless, orcas are still at risk when they meet the path of humans whether it is for 

fishing purposes or entertainment.  

In the old days, killer whales were traditionally hunted for their meat in some countries 

like Norway and this tradition has been carried until today in Greenland, Japan and 

Indonesia (Ford, 2009). The live capture of marine animals for entertainment purposes 

became popular as it cultivated the curiosity of the public for the richness of aquatic 

wildlife. The capture of wild killer whales to be placed into captivity in marine 

amusement parks started in the United States in 1961 around the state of Washington on 

the West Coast (Jett & Ventre, 2015). The capture occurred in the area for ten years 

(Williams & Lusseau, 2006) until the court of Washington ordered the Seaworld 

entertainment parks to not let their hunters come back to capture killer whales in the area. 

The hunt shifted to the south coast of Iceland, where a considerable number of killer 
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whales were captured to be sent to amusement parks (Sigurjónsson & Leatherwood, 

1988). 

Detrimental impacts on killer whales are also caused by human actions on an indirect 

level. Indeed, fisheries can have negative impacts simply by depleting a fish population 

on which the local killer whales especially feed on (Ford, 2009). For example, in Alaska, 

conservation of salmon (Salmonidae) habitat and population is essential for killer whales 

depending on this species during the summer months inducing the implementation of 

fishing quotas for the said species (Matkin & Saulitis, 1997). In Iceland and Norway, in 

the 1960’s, overexploitation and climate change caused an important collapse of the 

herring stocks for more than a decade (Hamilton et al., 2004; Krovnin & Rodionov, 1992), 

leading Norway to set up a national quota to help the stocks recover (Krovnin & 

Rodionov, 1992). In addition to a scarcity of food abundance due to the presence of 

fisheries, many cetaceans are accidentally taken into coastal and offshore fishing nets (Le 

Duc, 2009). Although involuntary for fishermen, this type of event can have very negative 

impacts on the animals’ welfare and survival. Marine mammals entangled in fishing gear 

or ghost nets might die rapidly from asphyxia if the line or net keeps them from going 

back up to the surface to breathe. An animal able to breathe at the surface but still partly 

entangled in fishing gear or ghost nets may survive longer but may also find itself unable 

to feed, to defend itself or to move rapidly enough to follow the migration of its pod 

(Butterworth et al., 2012). An animal who was able to free itself from entanglement in 

fishing gear or ghost nets might suffer infection from the open wounds caused by the 

ropes (Cassoff et al., 2011). In any case, even an animal that managed to free itself without 

any wound or scratch, can keep symptoms of stress for several days after the event (St. 

Aubin, 2002). In studies looking at entanglement scars on pictures of live whales, only 

non-lethal entanglement events are taken into account. Lethal entanglement events may 

be unsampled, especially if the animal does not strand after its death allowing the 

assessment of the cause of death. 

2.2.1 Entanglement 

Interactions between marine mammals and fishing gear are complex and can involve any 

species and any kind of gear. Whether it be the animals stealing the fish or the bait from 

the fishermen, or the damage of fishing nets due to an entanglement event, the 



 9 

consequences are ecologically and economically negative (Gilman et al., 2006). 

Entanglement events occur in different types of fishing gear but not all of them. The 

fishing methods mentioned below are known to be used in Iceland and are also 

acknowledged as responsible for entanglement events on small cetaceans (Birkun Jr, 

2002; Dawson, 1991; Fertl & Leatherwood, 1997; Sigurjónsson & Leatherwood, 1988; 

Similä, 2005). Killer whales of Iceland typically feed on herring, but they also prey on 

lumpfish, Greenland halibut and Atlantic Halibut (Samarra et al., 2018). Herring has been 

traditionally caught by purse seiners in Iceland (Similä, 2005) and is now caught by 

trawlers (ICES, 2017). Lumpfish is caught using gillnets (Kennedy et al., 2014) while 

Greenland halibut and Atlantic halibut are still fished today by a few fishermen using 

longlines (Samarra et al., 2018).  

Longlines 

A longline is a type of fishing gear used in the pelagic or the benthic area. Its principle is 

very similar to angling but doesn’t require a human presence holding the line and can 

potentially catch more than one fish at a time. The pelagic longline is attached to buoys 

that float at the surface to allow an easy retrieval of the line. Each end of the line is held 

by marker buoy to avoid confusion on where the line ends. The main line carries several 

snoods on its length; each of them ends with a baited hook. The pelagic longline is used 
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worldwide for tunas (Scombridae), swordfish (Xiphias gladius), marlins (Istiophoridae) 

and dolphinfish (Coryphaena hippurus) (Gilman et al., 2006).  

Longlines can also be set at the bottom of the sea and instead of floating at the surface, 

only the two marker buoys float, while the rest of the line is held on the seabed using 

Figure 3 Pelagic longline (top) and demersal longline (bottom) (Australian 

Government, & Australian Fisheries Management Authority, n.d.a). 
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anchors and weights. Demersal longlines are generally used to catch Atlantic Cod (Gadus 

morhua) and Pacific Halibut (Hippoglossus stenolepis) (Gilman et al., 2006).  

Interactions between cetaceans and longlines have for long been observed and it is 

believed that odontocetes remember sounds of longline boats and voluntarily find them 

hoping to feed on the baited fish (Gilman et al., 2006; Fertl & Leatherwood, 1997). There 

are cases of depredation where killer whales have targeted longlines and fed on the 

hooked fish. In the study of Peterson et al. (2014) killer whales have been recorded 

depredating demersal longlines for sablefish (Anoplopoma fimbria), Pacific halibut 

(Hippoglossus stenolepis) and Greenland turbot (Reinhardtius hippoglossoides) in the 

Bering Sea, Aleutian Islands and Western Gulf of Alaska. These events led to damage in 

fishing gear as well as an increase the cost of fuel for fishermen who needed to stay longer 

at sea to have a profitable catch.  On occasions, fishermen would respond to these events 

by moving the longlines to another area and the pod would follow the boat (Secchi & 

Vaske, 1998). According to the study of Samarra et al. (2018), in Iceland as well, killer 

whales have been observed depredating longline fisheries for Greenland halibut and 

Atlantic halibut. The loss was such for the fishermen that they even had to modify their 

fishing method to nets in 2002, to overcome this problem. Nowadays, most of the 

Greenland halibut is fished by trawlers although a few fishermen still use longlines or 

gillnets (Samarra et al., 2018). These depredation events can result in entanglement or 

wounds caused by the hooks (Gilman et al., 2006).  

Gillnets 

A gillnet is a type of net that is set at the bottom of the ocean with the help of anchors and 

weights. The top line of the net is maintained up by corks that are attached all along the 

top line. Both ends of the net are attached to mark buoys for an easy retrieval from the 

surface. 
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Figure 4 Gillnets (NOAA, n.d.a). 

In Iceland, killer whales are known to feed upon lumpfish (Samarra et al., 2018), a species 

that is caught using gillnets during the breeding season (Kennedy et al., 2014). Killer 

whales and most odontocetes travel using echolocation to find their way in space. 

However, the nylon monofilament with which the gillnets are made, have a very close 

density to water making it difficult for delphinids to notice the nets, and hence potentially 

favoring entanglement (Dawson, 1991; Hembreed & Harwood, 1987). Other studies have 

shown that delphinids could detect the nets but still got accidentally entangled. 

Hypothetically that could mean the animals expect to see physically what they detect by 

echolocation and therefore make mistakes when nets are almost invisible (Dawson, 1991; 

Peddemors et al., 1990). 

Purse-seine nets and bottom trawlers 

Purse-seine nets are vertical nets used to surround the fish. The bottom line of the net is 

then pulled tight to trap the fish in the net. Bottom trawlers resemble big bags made of 

nets connected to a boat dragging them on top of the seabed catching whatever finds itself 

swimming in its way. Small cetaceans like bottlenose dolphins for example, feeding on 

the targeted fish happen to accidentally be bycaught in purse-seines during feeding 

(Birkun Jr, 2002). Killer whales often interact with purse-seiners and/or bottom trawlers 

around the world, as in following their sound (Fertl & Leatherwood, 1997) and swimming 

around the fishing fleet to feed on fish or to wait for the discarded bycatch (Fertl & 

Leatherwood, 1997), for example. In Iceland, killer whales mostly feed on herring, which 
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used to be traditionally fished with purse-seine nets. At the time, killer whales were 

recorded feeding around herring purse-seiners and occasionally would get stuck inside 

the net. It was one of these occasions that led to the start of the live-capture industry which 

ran from 1976 until 1988 (Sigurjónsson & Leatherwood, 1988; Similä, 2005). Several 

hundred kilograms of herring were released in front of the killer whales to attract them 

and surround them with the nets. The nets were hauled up and the undesired animals were 

released. The live-caught animals were sold to Europe, North and South America, and 

Japan to be displayed into marine parks for entertainment. In 1984, one of the live-

captured killer whales passed away due to injuries to its neck during the capture 

(Sigurjónsson & Leatherwood, 1988), showing bycatch and entanglement events can 

have detrimental impacts. Today, herring is most of the time caught in trawlers (ICES, 

2017). There have been some cases where killer whales were trapped in trawlers and died 

in the Bering Sea, Aleutian Islands and Alaska (Fertl & Leatherwood, 1997). 

 

Figure 5 Purse-seine net (NOAA, n.d.b). 
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Figure 6 Bottom-trawler (Australian Government, & Australian Fisheries Management 

Authority, n.d.b). 

Ghost nets and other marine debris 

While marine debris is a rather general term used for any kind of waste disposed of in the 

oceans, we call “ghost nets” any type of fishing gear that has been lost, forgotten or 

deliberately dumped into the ocean. Although discarded, these nets may continue 

catching fish or crustaceans unnecessarily (Laist, 1987). In several studies on marine 

debris, minke whales (Balaenoptera acutorostrata) and humpback whales have been 

found entangled in ghost nets or exhibiting scars highly suggesting entanglement in such 

marine debris (Simmonds, 2012). During summers 2018 and 2019, killer whales were 

spotted off the coast of Algarve, Portugal, entangled in fishing gear presumed to be ghost 

nets (Mar Ilimitado, 2018, 2019). Such reports have not been recorded in Iceland. 

Although there is no research done on the hazards of ghost nets specifically on killer 

whales, a study from Laist (1997) has found a case of entanglement in discarded rope and 

floats suggesting it is most likely that, similarly to minke whales and humpback whales, 

killer whales are also at risk of being exposed to entanglement in ghost nets. 

Other types of marine debris, but particularly plastic, also constitute a hazard for marine 

and coastal species, from fish to marine mammals as well as reptiles and birds. For 

example, no later than in December 2019, a juvenile sperm whale (Physeter 
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macrocephalus) was found stranded on a beach of the Isle of Harris, Scotland, with about 

100kg of marine debris in its stomach including ropes, plastic bags and wrapping straps 

(Beachum, 2019). To this day however, little is known about the effects of plastics on 

killer whales. 

2.2.2 Collision with boats 

The increase of marine traffic in the recent years (Peters et al., 2011) has been impacting 

the marine ecosystems in matters of noise pollution (Ghosh & Rubly, 2015; Halliday et 

al., 2017), fuel discharge (Ghosh & Rubly, 2015; Hansen, 1992), and waste and sewage 

discharge (Ghosh & Rubly, 2015). In addition to all these new components in the ocean, 

the ships navigate at a relatively fast pace, especially on commercial shipping routes 

where the container vessels are very big, and they have to do long travels in a limited 

time. The first ship strike that would have killed a whale is believed to have occurred in 

the 1800s when the vessels increased their speed to 13-15 knots (Laist et al., 2001). 

However, the frequency of ship strikes then would have been pretty low and a real 

increase in these accidents was observed between the 1950s and the 1970s due to an 

increase in the number of vessels and their speed. Strikes can be caused by any kind of 

vessel of any size, but the ones that cause most damage operate at a speed of at least 14kn 

(Laist et al., 2001). Since then, the number of ship strikes has not decreased.  

When a whale is hit by a boat, the most damaging part of the ship for the animal is the 

propeller. When the engine is on, the propeller blades are spinning, just like a fan, and 

thrusting a column of water away, creating a force pushing the boat forward. At high 

speed, it takes time for the engine to stop the propeller blades from rotating. Therefore, if 

a whale is noticed too late by the captain, the propeller cannot be stopped in adequate 

time to avoid collision. As seen in the study of Visser (1999), after a strike, the damage 

caused to the animal is often severe, like several deep “V” cuts in the body/fin/tail (Figure 

1 and 2 in Visser, 1999). Severe injuries may cause death, but when they don’t, “an orca 

increases its energy expenditure from 7 to 33% to heal wounds and bone fractures and up 

to 125% to heal severe burns” (Visser, 1999). These high energy expenditures along with 

a reduced food intake may increase the metabolism of the individual. This important loss 

of energy may cause a reduction in breeding behaviors as well as a loss of fitness. It seems 

that groups including one or more killer whales that carry severe injuries travel as many 
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kilometers as the other groups, but at a slower pace, as if the group adapted its pace to the 

injuries of the wounded whale(s) (Visser, 1999). In 1973, an incident was reported 

involving a killer whale and a ferry in the Strait of Georgia, BC, Canada. A calf was hit 

by the propeller and it was seen bleeding. However, since the vessel left shortly after the 

incident there is no evidence of the recovery of the whale, of its survival or of the potential 

negative impacts resulting from the accident (Laist et al., 2001).  

 

2.3 Killer Whales of Iceland 

In Iceland, killer whales and humans have for a long time been interacting in diverse 

situations. As previously mentioned, killer whales have been competing with fishermen 

for various prey and interacting with various fishing gear. The depredation of killer 

whales on longlines for Greenland halibut and Atlantic halibut pushed the fishermen to 

adopt other fishing methods, as they were failing at hauling enough fish (Samarra et al., 

2018). Reports from the 1960s in the Faroese Islands and Iceland claimed killer whales 

were a nuisance to the herring, mackerel (Scomber scombrus) and halibut fisheries as they 

constantly damaged the nets while pulling out the netted fish (Bloch & Lockyer, 1988). 

With the killer whales coming so close to the fishing boats, the chances for them to get 

entangled in fishing gear or to be accidentally hit by a fishing vessel increased. When 

marine parks started to emerge in the entertainment business in North America, Europe 

and Japan, fishermen used this proximity with Icelandic killer whales to live-capture them 

and sell them to these marine parks (Sigurjónsson & Leatherwood, 1988). In the last 

decades, shipping activities have increased and are due to increase even more in the future 

in the Arctic and around Iceland due to the melting of Arctic sea ice and the opening of 

new shipping routes in the Arctic Ocean (Peters et al., 2011), increasing the risks for 

marine mammals to get hit by vessels. 

To this day, we have identified in Iceland more than four hundred individual killer whales 

in Iceland that can be seen regularly around the Westman Islands and in the Snæfellsnes 

peninsula. Some individuals identified in Iceland were identified as well in Scotland, 

showing migrations between Iceland and Scotland depending on the season, to feed on 

different prey (Samarra & Foote, 2015). The Icelandic killer whale population is mostly 
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known for feeding on herring; however, some different trends have been observed over 

the years, in both Iceland and Scotland, suggesting that some individuals have a more 

diverse range of prey including marine mammals, fish and seabirds (Samarra & Foote, 

2015; Samarra et al., 2018). Since these trends have been noticed, these individuals have 

been referred to as “putative prey switching whales” (Samarra et al., 2018). It is possible 

that other individuals in the population have mixed diet too but due to a lack of detailed 

information on their diet, all other individuals in this study were considered as feeding on 

herring. 
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3 Methods 

3.1 Study Area and research organization 

The research took mostly place around the Westman Islands as it is one of the main 

spawning grounds of herring around Iceland (Jakobsson & Stefánsson, 1999), but some 

of the data also come from other areas like Faxaflói, Snæfellsnes or Skjálfandi Bay. 

 

Figure 7 Map of Iceland showing the study site Vestmannaeyjar. 

The research was carried out with the help of the Icelandic Orca Project: a program where 

researchers collaborate to follow Icelandic killer whales on the long term in order to know 

as much as possible on this one population. The program has worked since 2008 and 

created over the years a photo-identification catalogue of killer whale individuals seen 

around Iceland. The researchers collected different kinds of data including behavior, 

acoustic communication, or biology.  
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3.2 Photo-Identification 

Identification of scarring on marine mammals requires first to differentiate the 

individuals. The method used is photo-identification (Bigg, 1982); as it is the easiest way 

to define an individual from another. There are ways to photo-identify individuals of most 

marine mammal species. The humpback whales for example are identified by their fluke 

pattern (Schevill & Backus, 1960; Urian et al., 2015); the white-beaked dolphins 

(Lagenorhynchus albirostris), on the contrary, are identified by their white patches and 

dorsal fin (Bertulli et al., 2016). For the killer whales, the identifying features are the 

dorsal fin shape and any nicks and notches on it and the shape and any scarring patterns 

in the light grey-colored region below and behind the dorsal fin: the saddle patch (Bigg, 

1982; Figure 8). 

 

Figure 8 Adult male individual IS075(left); Adult female or juvenile individual IS171 

(right) and their saddle patches (circled in red) (Samarra et al., 2017). 

The saddle patch pigmentation is unique to each individual, just like a fingerprint. The 

shape and size of the dorsal fin can also help differentiate the sex of the individuals since 

adult males have a taller and straighter dorsal fin than females and juveniles (Young et 

al., 2011). 

3.3 Material and methods 

The research was divided in two main groups: the boat-based group, who navigated 

around the Westman Islands to find whales and photograph them (and also for other 
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research purposes, e.g. collect biopsies, and acoustic recordings), and the land-based 

group, who looked through binoculars and a theodolite to monitor the occurrence of the 

species in the area. The material used for the research on the boat were digital SLR 

cameras, e.g. Canon EOS70D, Canon EOS50D and Canon EOS77D equipped with zoom 

lenses. The data collected was recorded in the 2006-2015 photo-identification catalogue 

of Vestmannaeyjar that I used for my research (Samarra et al., 2017). The catalogue 

currently consists of 432 individuals, identified between 2006 and today. Each individual 

in the catalogue was given an Icelandic identification number starting with “IS” and 

followed by a 3-figure number going from 001 to 432. The catalogue is divided into 

“Adult Males” and “Others” folders because adult males can be easily distinguished from 

all other animals based on the size of their dorsal fin (Figure 8). However, adult females 

are very difficult to differentiate from large juvenile males, due to the size of the dorsal 

fin being similar. As a result, the category “Others” included both juvenile males and 

females and adult females. Juveniles, identifiable individuals over 1 year old that have 

not reached mature size (both sexes), were also distinguished from whales of apparently 

larger size including adult and subadult males and females.  

By convention, killer whales are only added to a photographic catalogue when a good 

quality picture of the left side exists. Sometimes it is possible to match the left and right 

sides of an individual and include both in the catalogue. Most of the individuals in the 

Icelandic Orca Project catalogue include a picture from the left side and a picture from 

the right side, but some of them consist of only the left side picture. If a picture of one of 

the two sides was missing or of poor quality, only the good quality picture was used in 

the study. Of the 432 individuals, 352 had both side pictures and the other 80 only had 

the left side picture. Each picture has been analyzed individually, looking at the 

percentage of scar coverage over the visible surface, as well as classifying and counting 

the scars into categories. The pictures of too poor quality were removed from the study. 

Pictures from the catalogue only included the dorsal fin and saddle patch (see Figure 8 

for examples) and thus did not allow for marks in other parts of the body to be assessed. 

3.4 Photographic analysis and data analysis 

Picture contrast adjustments were made using Adobe Photoshop 7 to reveal more detail 

in the dorsal fin and saddle patch. The presence of marks on the dorsal fin, saddle patch 
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or the part of the body visible in catalogue pictures was collected and recorded into a data 

sheet. The data sheet is a table where every individual has been analyzed separately 

looking at:  

• The percentage of scar coverage over the visible surface (any type of scar) 

• The number of marks classified into different categories  

• The picture quality  

The scar coverage was measured using the freehand selection tool on ImageJ, for both 

the left-side and the right-side picture of each individual. The measured scar coverages 

for each side picture were added together and divided by the sum of the measured visible 

surfaces of each side picture to result in a percentage combining both sides. Figure 9 

shows how the visible surface of a left-hand side picture was selected to be measured in 

ImageJ. This method was inspired from the Robeck et al. (2019) study that defined scar 

coverage in four percentage blocks (0%, <25%, 25-50%, >50%).  

 

Figure 9 Example of visible surface selection on ImageJ (Samarra et al., 2017). 
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As per the study by Friday et al. (2000), the picture quality was defined according to 

clarity, contrast, and overall quality. For each category a “Good”, “Average”, or “Bad” 

appreciation was given. The pictures with a majority of “Bad” appreciations were 

discarded. The marks collected on the data sheet were divided into four categories: rake 

marks (Robeck et al., 2019), line scars, notches/nicks (Kügler and Orbach, 2014), and 

skin disease(s) (Bertulli et al., 2008). The collapsed dorsal fins and back deformities had 

already been studied for this population (Alves et al., 2017; Jourdain et al., 2017) and 

therefore have not been recorded in this study although they may also have been caused 

by interactions with boats. When the exact number of scars could not be determined, a 

minimum estimate was recorded. Two rows also included respectively “entanglement” 

and “boat strike” to determine if, according to the position, the category or the size of the 

marks, a whale could have potentially been through such an event. Table 1 is an example 

of what the data sheet looked like. The figures found in the studies done by Visser (1998; 

1999), Kügler and Orbach (2014) and Félix et al. (2018) were used as supporting material 

to identify the source of the marks or scars with as much accuracy as possible. 

Table 1 Extract of the collection data sheet 

ID IS001 

Sex Male 

 LHS RHS Combined 

Coverage (%) 0,92% 7,11% 3,72% 

Clarity Good Average  

Contrast Good Good  

Overall Good Average  

Entanglement scar(s)   - 

Propeller strike(s)   - 

Rake mark(s)  1 1 

Scratch(es) 2 5 7 

Notch(es)   - 

Skin disease   - 

Comment    

Total   8 

 

If there was an entanglement, it is most likely that the whale has been entangled from 

the front, as in swimming into a net or a line. Therefore, the marks generated by such an 

event are often situated in the front half of the whale, although it is possible that the 
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dorsal fin or the tail gets entangled too (Félix et al., 2018). Entanglement scars can be 

recognized notably because of the notches they can cause on the skin or the dorsal fin 

(Figure 7 in Visser, 1998). As I looked at pictures from the catalogue, I had only access 

to a restrained area of the body to make my analysis. Therefore, I could not see analyze 

scars on the tails of the animals. 

Boat strikes can occur without involving the propeller, in which case it would be more 

difficult to differentiate from an entanglement event as the outcome scar would 

potentially be a notch as well. However, since whales swim horizontally, we can assume 

this type of scar could occur from the front, back or sideways and therefore, be located 

on either the rostrum, the leading/trailing edges of the dorsal fin, or the sides of the body. 

Propellers on the other hand can be more harmful as their blades are very sharp and spin 

very fast. Propeller strikes can cause severe damage on whales such as deep incisions in 

the body (Figure 2 in Visser, 1999). 

Rake marks are bite marks easily recognizable as they are usually a series of 2 or more 

parallel scratches (Figure 10). They could be from killer whales or from any other 

marine animals they interacted with. It is possible to determine the species from which 

the rake marks originate by measuring the spacing between the teeth (George et al., 

1994; Naessig & Lanyon, 2004). A study done in Iceland on the prey of killer whales 

found that the range of species killer whales could prey on is very diverse as it includes 

5 different species of toothed marine mammals, such as pilot whales (Globicephala 

melas), white-beaked dolphins, harbor porpoises (Phocoena phocoena), grey seals 

(Halychoerus Grypus) and harbor seals (Phoca vitulina) (Samarra et al., 2018). 

Supposing the prey try to defend themselves, that could explain some of the rake marks 

found on killer whales.  
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Figure 10 Rake marks on adult male IS015 (Samarra et al., 2017). 

Line scars can be caused by contact with other killer whales or contact with a rough 

surface (Figure 11). Notches and nicks can be located on any part of the body, but they 

mostly occur on the trailing or the leading edge of the dorsal fin (Figure 11). Usually, 

small cuts are referred to as “nicks” and larger cuts as “notches”. However, in this study, 

they are always referred to as “notches”. These marks can be caused by impacts with 

boats, entanglement events or simply interactions with conspecifics or other animals. 
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Figure 11 Notches on the trailing edge of the dorsal fin (circled in red) and line scars 

(arrows) on the saddle patch of IS030 (Samarra et al., 2017). 

Killer whales have sensitive skin that can be scarred due to skin diseases or parasites. 

(Figure 12). For example, the sea lampreys are parasites who attach to a host and leave a 

mark on their skin (Figure 2 in Samarra et al., 2012). 
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Figure 12 Mark identified as originating from a skin disease or parasite (circled in red) 

on IS041 (Samarra et al., 2017). 

Once all the data was analyzed and categorized in the data sheet, an estimated percentage 

of the Icelandic killer whale population that has been once trapped or entangled in fishing 

gear was calculated using the methodology of Robbins and Mattila (2004). The data in 

the entanglement and the boat strike categories was divided into 3 subcategories of 

probability: “high”, “uncertain” and “low”. These subcategories were inspired from the 

study of Robbins and Mattila (2004): I have not used “coding areas” but instead I used 

the pictures of Visser (1998 & 1999) and Félix et al. (2018) as support for my analysis. 

When the scars were such as it was obvious that they were not caused by natural causes, 

then the probability chosen was “high”. Those with no scars or with only natural scars 

were classified as “low”. The “uncertain” category was left for the cases in which it was 
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difficult to tell if the scar was naturally caused or not. The percent of the sample 

categorized as “high” probability of entanglement event was considered as a minimum 

entanglement estimate using the formula: 

"ℎ𝑖𝑔ℎ"

("ℎ𝑖𝑔ℎ" + "𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛" + "𝑙𝑜𝑤")
 

The estimate for maximum entanglement will be calculated using the following formula: 

("ℎ𝑖𝑔ℎ" + "𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛")

("ℎ𝑖𝑔ℎ" + "𝑢𝑛𝑐𝑒𝑟𝑡𝑎𝑖𝑛" + "𝑙𝑜𝑤")
 

The 95% confidence intervals were calculated using the following formula: 

𝐶𝐼 = 1.96√
𝑝 ∗ (100 − 𝑝)

𝑛
 

 (where p = percent of the sample represented by a category, n = total number of 

individuals). 

I used RStudio to conduct statistical tests, such as Student’s t-test, and Kruskal’s test to 

identify differences between different datasets (as in males versus females for example). 

Before running the Student’s t-test, it was sometimes necessary to transform the data into 

a normal distribution using the logarithm and the square root functions and to conduct a 

variances test. The graphs were drawn using Google Sheets or Microsoft Excel, using 

simple average functions to represent visually the differences or the similarities. The same 

methodology and calculations were applied to the marks suggesting boat strikes. 
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4 Results 

Out of the 432 whales present in the catalogue, 31 had to be removed from the study due 

to poor quality of their pictures or poor contrast. For the remaining 401 whales, 145 are 

known to be Adult Males, based on the size of their dorsal fin, and 256 are classified as 

Others, which includes Adult Females and Juveniles. 60 individuals included in the 

“Others” category were classified as Juveniles due to their apparent body size. A total of 

696 pictures were analyzed for the purposes of this study.  

4.1 Scar coverage 

Since the data collected includes percentage of scar coverage and the number of scars, I 

tried to use both types of data. However, as it was not possible to get a normal distribution 

for the number of scars, the percentage of scar coverage was used instead. Adult males 

can be easily distinguished from other whales due to their taller dorsal fin. Because it was 

not possible to distinguish juvenile males from females, I compared the scar coverage of 

adult males to all other individuals (category “Others”). Using RStudio, I used a square 

root distribution to have a normal distribution of the data, after which I ran a variance test 

to compare the variances before running Student’s t-test. The variance test gave a p-value 

of 0.32. The significance level being 0.05, the p-value is greater so there is no significant 

difference between the variances, and I can run Student’s t-test. At a 5% significance 

level, there is a significant difference (p-value = 1𝑒−09) between the mean scar coverage 

of the Adult Males when compared to Others. The results show a mean of 15.79% for 
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Adult Males and 9.86% for Others, meaning that, on average, adult males have a 

significantly greater coverage in scars than other individuals (Figure 13). 

 

Figure 13 Bar plot showing the average scar coverage of Adult Males (blue) and 

Others (red). 

Secondly, I compared the percent of scar coverage in killer whales who are believed to 

feed on fish (herring) and the “putative prey-switching” whales, the whales who are 

known for having a more diverse diet. A total of 14 whales are classified as putative prey 

switching while 2 whales have been matched between Iceland and Scotland, but their 

prey preferences are less clear. I first did a minimum average representation and used 

exclusively the 14 putative prey switching whales only as opposed to the 387 other killer 

whales feeding on herring. I transformed the data using square root to have a normal 

distribution in RStudio. The variance test gave a p-value of 0.89 so there is no significant 

difference between the variances, allowing me to use a Student’s t-test. At 5% 

significance level, the t-test showed a significant difference (p-value = 0.00) in the mean 

scar coverage of the killer whales feeding on herring compared to the putative prey 

switching whale. The result showed a mean of 25.94% for putative prey switching whales 

and a mean of 11.50% for the whales preying on herring, meaning that the putative prey 

switching whales have a greater scar coverage than the ones feeding on herring (Figure 

14). 
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Figure 14 Bar plot showing the average scar coverage of putative prey switching 

whales (brown) and whales feeding on herring (blue). 

To get a maximum average representation, I compared the 14 putative prey switching 

whales together with the 2 whales that also travel to Scotland for whom the prey 

preferences are uncertain with the whales exclusively feeding on herring. I transformed 

the data using square root to have a normal distribution in RStudio. The variance test gave 

a p-value of 0.61 so there is no significant difference between the variances, and I 

conducted a Student’s t-test. At a 5% significance level, the t-test showed a significant 

difference (p-value = 5.329𝑒−05) in average scar coverage between the killer whales 

feeding on herring and the putative prey switching whales (including the two whales 

known to travel to Scotland but whose prey preferences are unknown). The results 

showed a mean of 25.84% for putative prey switching whales and a mean of 11.43% for 

the whales preying on herring, meaning that the putative prey switching whales have a 

greater scar coverage than the ones feeding on herring (Figure 15). Including the two 

killer whales with unknown prey preferences that also travel to Scotland, therefore, did 

not change the results. In subsequent analyses, I have always considered the two whales 

classified as uncertain as part of the whales feeding on fish. 
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Figure 15 Bar plot showing the average scar coverage of putative prey switching 

whales (including 2 whales of unknown prey preferences, in brown) and whales feeding 

on herring (blue). 

Finally, I compared the different age categories as there are a total of 60 juveniles among 

the individuals recorded in the catalogue. I normalized the distribution of the data for both 

adults/subadults and juveniles using a square root. When I ran the variance test the p-

value was 0.07, meaning there is no significant difference between the variances. At a 5% 

significance level, there is no significant difference (p-value = 0.84) between the mean 

scar coverages of the adults/subadults and the juveniles. Figure 16 shows the closeness 

of the means for both categories. 
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Figure 16 Bar plot showing the average scar coverage of adults/subadults (dark blue) 

and juveniles (orange). 

Table 2 Number of individuals and their average scar coverage according to sex, age and 

diet. 

 Number of individuals Average scar coverage 

Males 145 15.79% 

Others 256 9.86% 

Juveniles 65 12.53% 

Adults/subadults 336 11.91% 

Putative prey switching 14 25.94% 

Putative + uncertain 16 25.84% 

Uncertain 2 25.12% 

Uncertain + Herring diet 387 11.50% 

Herring diet 385 11.43% 

 

4.2 Entanglement events 

Of the 401 individuals, 36 were categorized with a high probability of entanglement 

making the minimum entanglement estimate 8.98% (n=401, 95% CI: 6.18%-11.78%) for 

the Icelandic killer whale population. Two individuals were classified in the category 

“uncertain” since there were not enough pictures to determine if there could have possibly 

been entanglement. By adding the whales with a high probability and the whale with an 
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uncertain probability the maximum entanglement estimate is 9.48% (n= 401, 95% CI: 

6.61%-12.35%). 

To identify any differences in the occurrence of entanglement events in adult males and 

others, I ran a Student’s t-test after verifying the equality of variances. The results of the 

t-test gave a p-value of 0.16 at a 5% significance level, meaning that there is no significant 

difference in the proportion of adult males and others involved in entanglement events. 

Figure 17 shows the relative closeness between adult males and others. 

 

Figure 17 Bar plot showing the proportion of adult males (blue) and the proportion of 

others (red), involved in entanglement events. 

To identify a difference in the occurrence of entanglement events in putative prey 

switching whales and fish-eating whales, it was not possible to normalize all the data; 

therefore, a Wilcox test was conducted instead of a Student’s t-test. The test resulted in a 

p-value of 0.53, meaning that there is no significant difference between the putative prey 

switching whales and the whales feeding on herring in matter of entanglement events 

(Figure 18). 
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Figure 18 Bar plot showing the proportion of putative prey switching killer whales 

(brown) and the proportion of fish-eating whales (blue), involved in entanglement 

events. 

When I compared the different age categories, it was not possible to normalize the 

distribution of the data for both adults/subadults and juveniles, so I ran a Wilcox Test 

instead of the Student’s t-test. The test resulted in a p-value of 0.08, meaning that there is 

no significant difference between adults/subadults and juveniles for entanglement scars 

(Figure 19).  

 

Figure 19 Bar plot showing the proportion of adults/subadults (dark blue) and the 

proportion of juveniles (orange), involved in entanglement events. 
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4.3 Vessel strikes 

For the potential boat strike events, 13 individuals were categorized as “high probability”, 

giving a minimum boat strike estimate of 3.24% (n= 401, 95% CI: 0%-6.53%) for the 

Icelandic killer whale population. One individual had a slightly curved dorsal fin 

supposing there was some kind of impact responsible for the curious shape of the fin. 

Therefore, it has been categorized as “uncertain” along with 3 other whales. The addition 

of the 13 “high probability” whales with the 4 whose categorization was “uncertain”, 

gives a maximum boat strike estimate of 4.24% (n=401, 95% CI: 0.56%-7.92%). 

To identify any differences in the occurrence of boat strikes in adult males and others, I 

ran a Student’s t-test after verifying the equality of variances. The results of the t-test gave 

a p-value of 0.46 at a 5% significance level, meaning that there is no significant difference 

between adult males and others in matter of boat strikes. Figure 20 illustrates the 

similarity between the proportion of adult males and others involved in boat strikes. 

 

Figure 20 Bar plot showing the proportion of adult males (blue) and the proportion of 

others (red), involved in boat strikes. 

Only one of the whales found with a probability of boat strike belonged to the putative 

prey switching group, while 14 belonged to the whales feeding on herring. It was not 

possible to normalize the data and I ran a Wilcox test. The test resulted in a p-value of 
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prey switching whales and the ones on herring diet in matter of boat strikes, at a 5% 

significance level (Figure 21). 

 

Figure 21 Bar plot showing the proportion of putative prey switching killer whales 

(brown) and the proportion of fish-eating whales (blue), involved in boat strikes. 

When comparing the age categories, it was not possible to normalize the data, so I ran a 

Wilcox test instead of the Student’s t-test. The test gave a p-value of 0.29, so there is no 

significant difference in rake marks between adults/subadults and juveniles (Figure 22). 

 

Figure 22 Bar plot showing the proportion of adult/subadult (dark blue) and juvenile 

(orange) killer whales being involved in boat strikes. 
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4.4 Rake marks 

A total of 291 whales presented rake marks, which represents an estimated 72.57% of the 

Icelandic killer whale population. Of a total of 5353 scars, 1185 were classified as rake 

marks, making a proportion of 22.14% of the scars found on Icelandic killer whales. 

For adult males and others, I calculated the mean number of rake marks per individual. 

To identify any differences in the number of rake marks between adult males and others, 

I ran a test of Kruskal and Wallis. At a 5% significance level, the results of the test gave 

a p-value of 4.277𝑒−11, meaning that there is a significant difference in the mean number 

of rake marks for adult males and others. For adult males, the mean amount of rake marks 

per individual is 4.85 and 1.88 for the others (Figure 23). 

 

Figure 23 Bar plot showing the average number of rake marks exhibited by adult males 

(blue) and others (red). 

For putative prey switching whales and the ones feeding on herring, I used the same 

method. To identify any differences in the number of rake marks between putative prey 

switching whales and the herring specialists, I ran a test of Kruskal and Wallis. At a 5% 

significance level, the results of the test gave a p-value of 2.048𝑒−08, meaning that there 

is a significant difference in the mean number of rake marks for putative prey switching 

whales and the herring specialists. For putative prey switching whales, the mean amount 

of rake marks per individual is 8.57 and 2.75 rake marks for the herring specialists (Figure 

24). 
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Figure 24 Bar plot showing the average number of rake marks exhibited by putative 

prey switching killer whales (brown) and killer whales feeding on fish (blue). 

I ran a test of Kruskal and Wallis to identify any differences in the number of rake marks 

between adult/subadult and juvenile killer whales. The test gave a p-value of 0.41 

meaning there is no significant difference in the mean number of rake marks for 

adults/subadults and juveniles. Figure 25 shows the average number of rake marks per 

individual for each age group.  

 

Figure 25 Bar plot showing the average number of rake marks exhibited by 

adult/subadult (dark blue) and juvenile (orange) killer whales. 
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4.5 Line scars 

I found a total of 3584 line scars distributed on 361 whales which makes an estimated 

90.02% of the Icelandic killer whale population; 66.95% of the total number of scars 

counted were line scars. To identify any differences in the number of line scars between 

adult males and others, I conducted a test of Kruskal and Wallis. At a 5% significance 

level, the results of the test gave a p-value of 8.636𝑒−07, meaning that there is a 

significant difference in the number of line scars for adult males and others. For adult 

males, the mean amount of line scars per individual is 13.78 and 6.2 for the others (Figure 

26). 

  

Figure 26 Bar plot showing the average number of line scars exhibited by adult males 

(blue) and others (red). 

As previously, to identify a difference in the number of line scars per individual for 

putative prey switching whales and the ones who feed on herring, I considered the 2 

individuals for which the prey preferences are uncertain as part of the whales exclusively 

feeding on fish for the statistical tests and figure. To identify a difference, I conducted a 

test of Kruskal and Wallis. At a 5% significance level, the results of the test gave a p-

value of 1.216𝑒−06, meaning that there is a significant difference in the average number 

of scars for putative prey switching whales and the ones who feed on fish. Putative prey 

switching whales exhibit an average of 22.86 line scars per individual, while the herring 

specialists exhibit only 8.43 (Figure 27). 
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Figure 27 Bar plot showing the average number of line scars exhibited by putative prey 

switching killer whales (brown) and killer whales feeding on fish (blue). 

I ran a test of Kruskal and Wallis to identify any differences in the number of line scars 

between adult/subadult and juvenile killer whales. The test gave a p-value of 0.87 

meaning there is no significant difference in the mean number of line scars for 

adults/subadults and juveniles. Figure 28 shows the average number of line scars per 

individual for each age group.  

 

Figure 28 Bar plot showing the average number of line scars exhibited by 

adults/subadults (dark blue) and juveniles (orange). 
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4.6 Notches 

A total of 229 whales were found with notches, which represents an estimated 57.11% of 

the Icelandic killer whale population. There were 455 notches, which makes a proportion 

of 8.50% of the scars identified on Icelandic killer whales.  

To identify any differences in the average number of notches exhibited by adult males 

and others, I conducted a test of Kruskal and Wallis. At a 5% significance level, the results 

of the t-test gave a p-value of 0.01, meaning that there is a significant difference between 

the mean number of notches for adult males and for others. For adult males, the mean 

number of notches per individual is 1.46 and 0.95 for the others (Figure 29). 

 

Figure 29 Bar plot showing the average number of notches exhibited by adult males 

(blue) and others (red). 

As previously, in order to identify a difference in the number of notches per individual 

for putative prey switching whales and the herring specialists, I considered the 2 

individuals for which the prey preferences are uncertain as part of the herring specialists 

for the statistical tests and figure. In order to identify a difference, I conducted a test of 

Kruskal and Wallis. At a 5% significance level, the results of the test gave a p-value of 

0.65, meaning that there is no significant difference in the mean number of notches for 

putative prey switching whales and whales who feed on fish. Figure 30 illustrates the 

average number of notches exhibited by each diet group. 
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Figure 30 Bar plot showing the average number of notches exhibited by putative prey 

switching killer whales (brown) and killer whales feeding on fish (blue). 

I ran a test of Kruskal and Wallis to identify any differences in the number of notches 

between adult/subadult and juvenile killer whales. The test gave a p-value of 0.07 

meaning there is no significant difference in the mean number of notches for 

adults/subadults and juveniles. Figure 31 shows the average number of notches per 

individual for each age group.  

 

Figure 31 Bar plot showing the average number of notches exhibited by 

adults/subadults (dark blue) and juveniles (orange). 
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4.7 Skin diseases 

I found a total of 106 scars coming most likely from skin diseases or dermatologic 

disorders, which represents 1.98% of the scars found on Icelandic killer whales. These 

scars were found on 33 different individuals, an estimated 8.23% of the population.  

To identify a difference in the average number of skin disease-related marks between 

adult males and others, a test of Kruskal and Wallis was conducted. The test resulted in a 

p-value of 0.54, meaning that there is no significant difference in the number of disease-

related marks exhibited by adult males and others (Figure 32). 

 

Figure 32 Bar plot showing the mean number of marks related to skin disorders 

exhibited by adult males (blue) and others (red). 

In order to identify a difference in the number of skin disease marks between putative 

prey switching whales and the ones who feed on fish, I considered the 2 individuals for 

which the prey preferences are uncertain as part of the whales exclusively feeding on fish 

for the statistical tests and figure. I conducted a test of Kruskal and Wallis. The test 

resulted in a p-value of 0.98, meaning that there is no significant difference between 

number of disease-related marks in putative prey switching whales and in whales feeding 

on fish. Figure 33 illustrates the average number of exhibited skin disease marks in 

putative prey switching whales compared to whales feeding on fish. 
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Figure 33 Bar plot showing the mean number of marks related to skin disorders 

exhibited by putative prey switching killer whales (brown) and herring specialists 

(blue). 

I ran a test of Kruskal and Wallis to identify any differences in the number of marks 

related to skin diseases between adult/subadult and juvenile killer whales. The test gave 

a p-value of 0.30 meaning there is no significant difference in the mean number of skin 

disease marks for adults/subadults and juveniles. Figure 34 shows the average number of 

disease-related marks per individual for each age group.  

 

Figure 34 Bar plot showing the mean number of marks related to skin disorders 

exhibited by adults/subadults (dark blue) and juveniles (orange). 
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In order to have a better overview of the results, the bar plots have been combined by 

groups. Therefore, 3 different figures show the occurrence of entanglement and boat 

strikes for the sex (Figure 35), diet (Figure 37) and age (Figure 39) groups. There was no 

significant difference between adult males and others, putative prey switching whales and 

herring specialists, and adults/subadults and juveniles for both entanglement and boat 

strikes. Similarly, the average number of scars per individual for each type of scars are 

shown in three different figures comparing sex (Figure 36), diet (Figure 38) and age 

(Figure 40). In the sex groups comparison, there was a significant difference in rake 

marks, line scars and notches. There was a significant difference in rake marks and line 

scars between the diet groups. No significant difference was found between the age 

groups. 

 

Figure 35 Combined bar plot showing the proportions of adult males and others 

potentially involved in entanglement events or boat strikes. 

12,07%

3,10%

7,62%

4,10%

0,00%

5,00%

10,00%

15,00%

Entanglement Boat Strikes

P
ro

p
o

rt
io

n
 o

f 
in

d
iv

id
u

al
s

Occurrence of entanglement and boat strikes in 
adult male killer whales and others

Adult Males Others



 47 

 

Figure 36 Combined bar plot showing the average number of scars for adult males and 

others for different scar types; the categories for which there was a significant 

difference are marked with a yellow star. 

 

Figure 37 Combined bar plot showing the proportions of putative prey switching 

whales (brown) and whales relying on fish (blue) potentially involved in entanglement 

events or boat strikes. 
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Figure 38 Combined bar plot showing the average number of scars for putative prey 

switching whales (brown) and whales relying on fish (blue) for different scar types; the 

categories for which there was a significant difference are marked with a yellow star. 

 

Figure 39 Combined bar plot showing the proportions of adult/subadult (dark blue) and 

juvenile killer whales (orange) potentially involved in entanglement or boat strikes. 
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Figure 40 Combined bar plot showing the average number of scars for adult/subadult 

(dark blue) and juvenile killer whales (orange) for different scar types.  
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5 Discussion 

5.1 Entanglement and boat strikes 

In this study, I found relatively low estimates of entanglement events (estimates for whole 

Icelandic population: 8.98-9.48%) and boat strikes (estimates for whole Icelandic 

population: 3.24%-4.24%) in Icelandic killer whales in general. In comparison, a study 

completed by Basran et al. in 2019 on entanglement events on Icelandic humpback whales 

showed an estimate of 24.8-50.1%. This difference in entanglement rates of the two 

species could be due to a low ratio of human interactions with killer whales. Indeed, we 

know that herring is currently caught only in trawlers (ICES, 2017), lumpfish, Atlantic 

halibut and Greenland halibut only in gillnets (Kennedy et al., 2014; Samarra et al., 2018) 

and purse seine nets are not in use anymore. Therefore, we could conclude that the 

entanglement problem in killer whales is minimal in Iceland. However, there were 

methodological issues with the present study that should be considered. Due to time 

limitations, only pictures from the catalogue were used in this study. Pictures from the 

photo-ID catalogue were not always adequate for identifying these kinds of scars. Indeed, 

most of the pictures showed only the dorsal fin and the saddle patch, giving less space to 

conduct a more profound analysis of the scars of killer whales. This suggests that in the 

future, further analysis of several pictures or as many as possible from each individual 

may help provide more reliable estimates of non-lethal entanglement scars in Icelandic 

killer whales. In addition, the thickness of killer whales’ skin could have also been an 

obstacle to identifying scars and the data might show different results from the true 

entanglement and boat strike rates (Chiarello et al., 2017; Surmont, n.d.). 

However, in some cases, the scars were severe enough to be able to tell they were related 

to human interactions. For example, I classified the female individuals IS072 and IS116 

(Figure 41) as “high” in entanglement and in boat strikes due to the severe scars on their 

dorsal fins.  
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Figure 41 IS072 (left) and IS116 (right) both showing evidence of human impacts that 

could be fishing gear or a collision with a boat (Samarra et al., 2017) 

By looking at these pictures, it is easy to tell that for both individuals, the cut came from 

the leading edge of the dorsal fin. The dorsal fins being so thick on the leading edge, these 

cuts could have been done most likely by a fishing line or an impact with the hull of a 

boat or propeller. Because it is not possible to prove the origin of these marks, it happens 

that sometimes individuals were classified as “high probability” for both entanglement 

and boat strikes. This does not mean they have been exposed to both events, but that they 

most likely have been exposed to one or the other. 

Another interesting example is IS118 (Figure 42), a male individual for whom it was 

supposed it went through an entanglement event or boat strike due to the curious posture 

of its dorsal fin. The dorsal fin is not entirely collapsed but also is not standing straight 

and it appears that there was a point of pressure on its leading edge (circled in red on 

Figure 42). For this reason, it is supposed that an impact might have hit this whale’s dorsal 

fin, after which event it could not go straight up ever again. 

These 3 individuals are all part of the whales feeding on fish, which supports the 

supposition that they could have been trying to feed on fish when they were entangled, or 

that they were in a relative closeness of a boat with the aim of feeding on the fish targeted 

by the boat which might have costed them to be hit by it. Looking at these individuals we 

can suppose that they went through severe stress when the accidents occurred which could 

have had detrimental consequences on their lifestyle, whether it be the ability of feeding, 
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swimming or interacting with their pod at least during the healing process. Now that the 

wounds are healed, the scars they left potentially have consequences on the way they 

swim. For IS072, IS116 and IS118, it is possible that they have difficulties swimming as 

their injuries may have affected their locomotion. In multiple studies (Alves et al., 2017; 

Jourdain et al., 2017; Kastelein et al., 2016; Lingham-Soliar, 2004), it has been found that 

the dorsal fin of marine mammals or fish is essential to their dynamism, and that their 

swimming can be altered if the dorsal fin is bent or abnormal.  

 

Figure 42 IS118 from the left hand side and from the right hand side (Samarra et al., 

2017) 

5.2 Differences between adult males and others 

Overall, I found a significant difference between the adult males and others in both the 

average coverage in scars (respectively 15.79% and 9.86%) and in some of the average 

number of scars looked at separately (Rake Marks: 4.85 and 1.88; Line Scars: 13.78 and 

6.20; Notches: 1.36 and 1.13). In all cases, adult males had a significantly higher number 

of scars or scar coverage. There are two potential reasons for this. The first one would be 

that because the “others” section covers juveniles of both sexes, we could assume that 

younger animals have proportionally less scars than older killer whales simply because 

they had a shorter exposure time to sources of scarring. However, this might be unlikely 

given other analysis results from this study comparing adults/subadults and juveniles: no 

significant difference was found for any category tested between adults/subadults and 
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juveniles. The second one could be that adult males in general, are involved in more 

interactions where they would be likely to hurt themselves than adult females or juveniles. 

A study done by Robeck et al. (2019) looked at the occurrence of rake marks in killer 

whales of the north eastern Pacific (Figure 43) and classified the whales according to their 

age and the severity of their scars. The study found a higher occurrence and severity of 

rake marks in male individuals as they age, meaning that, the older the whale is, the more 

scars it has, and even more so if it is a male. 

 

Figure 43 Graphs showing the occurrence of rake marks in killer whales according to 

sex (M: blue; F: pink) and severity of the scars (from Robeck et al., 2019) 

Supposing this pattern is true for scars in general and not only for rake marks, both 

reasons, according to this paper, could explain why more of the adult males have a higher 

coverage in scars compared to adult females and juveniles. However, in other analyses 

results comparing adults/subadults to juveniles, there was no significant difference in the 

average number of rake marks between the age categories suggesting juveniles are as 

socially active as adults and subadults. The difference in notches can be explained due to 

the difference in dorsal fin height. Adult males have significantly higher and straighter 

dorsal fins than adult females or juveniles with a maximum of 1.8 meters (Reeves, 2002). 
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5.3 Differences between killer whales of different 
diet 

Killer whales who feed on marine mammals tend to have not only a larger scar coverage 

(25.84%-25.94%), but there is also a higher average number of exhibited scars for most 

categories in comparison to the whales who feed on fish (11.43%-11.50%). The scar 

categories in which putative prey switching whales have a significantly higher number of 

scars than whales feeding on fish are rake marks (Putative: 8.57, Fish: 2.75) and line scars 

(Putative: 22.86, Fish: 8.43). This notably makes sense if we assume all rake marks are 

not from only orcas but maybe also seals, dolphins or other toothed whales. The line scars 

could have originated from their prey as well, such as seal claws (Podt & IJsseldijk, 2017). 

There was no significant difference in the proportion of whales believed to be involved 

in entanglement events or boat strikes between putative prey switching whales and the 

ones feeding on fish. However, it is worth mentioning that while feeding on fish, killer 

whales might put themselves at risk when feeding close to fishing grounds or fishing 

boats. 

5.4 Differences between adults/subadults and 
juveniles 

There was no significant difference between adults and juveniles for any category tested 

in this research. This shows killer whales can have scars or not regardless of their age. It 

might imply that juveniles are almost as socially active as adults/subadults since there 

was no significant difference in the average number of rake marks. Although these results 

can mean both age groups are similarly impacted by human actions it is important to 

stress again that lethal entanglement and boat collision events were not recorded in this 

study. Indeed, it is realistic to imagine that a juvenile caught in fishing gear has more 

difficulty to free itself than an adult/subadult due to its lack of strength (Neilson, 2006). 

5.5 Rake marks 

Although rake marks were the second most present type of scarring found in this study 

(represent 22.14% of all identified scars; affect 72.57% of the population), there was a 

large and significant difference between adult males and others, which is comparable to 
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the study mentioned earlier in the section 5.1, completed by Robeck et al. in 2019 where 

males had rake marks to a more severe degree than females. Rake marks occur mostly 

during social behaviors within a pod or between two different pods. According to the 

previously cited study, it appears that adult males are involved in more social behaviors 

that involve biting each other than females. In this same paper, biting is described as a 

method for social communication but also part of an agonistic behavior during 

altercations or rough play. A chapter from Baird (2000) focused on the foraging and 

hunting specializations of transient and resident killer whales of the North Pacific 

mentioned a study from Rose (1992) that stated young males gather to play together as in 

body contact and sexual behaviors. These sexual behaviors can involve biting and sexual 

aggression leading to rake marks (Robeck et al., 2019). Males have been recorded as 

socializing significantly more than females (Rose, 1992), and this could be the 

explanation for the males having more rake marks than females in the Icelandic 

population. Baird (2000) suggested different pods usually meet during the summer 

months outside of feeding time to simply interact with each other. Baird (2000) also 

implied that breeding occurs between pods rather than within a pod suggesting there 

would be high social activity between individuals. When social activities can involve 

biting as a game or as affection, the study also suggested residents and transients might 

not be in excellent terms as it supposes the transients may, on occasion, feed on weak or 

young residents. This supposition could explain why in the Icelandic population, putative 

prey switching killer whales exhibit a higher average number of rake marks (8.57) as 

compared to the whales feeding on fish (2.75): the latter might attack the putative prey 

switching individuals to protect their weak individuals and dissuade their predators from 

attacking (Baird, 2000). However, this theory was proven wrong in the case of killer 

whales of Iceland by the study done by Tavares et al. in 2017, as herring-eating killer 

whales have been seen in proximity to putative prey switching individuals on feeding 

grounds and no aggression has ever been observed.  

It is more probable that the difference in average number of rake marks between mammal-

eating and herring-eating killer whales is due to a broader range of species responsible 

for these marks in the putative prey switching population. It is possible to determine 

which species is responsible for rake marks by measuring the spacing between the teeth 

rakes: killer whales have a spacing of 2.5-5cm between each tooth (Naessig & Lanyon, 
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2004). Since this study was done using a photographic catalogue, it was not possible to 

measure the spacing of rake marks in centimeters, due to the difference in distance 

between the whale and the camera in each picture. However, it was possible to compare 

the spacing between teeth of different rake marks on the same whale, using the software 

ImageJ. The individual IS086, for example, is classified as a putative prey switching killer 

whale and exhibits different rake marks for which it was possible to measure the spacing 

between rakes and compare. As shown in Figure 44, the mammal-eater IS086 exhibits 

rake marks of different spacing, suggesting the animal making the purple mark (12) was 

a different animal than the one responsible for the green mark (20). 

 

 

Figure 44 Measurement of spacing between the rakes of individual IS086 in arbitrary 

unity (Samarra et al., 2017) 

5.6 Line scars 

The “Line scars” category is the one that counted the most scars in all categories 

representing 66.95% of all the counted scars in this study. They are exhibited by almost 

the entire population with 90.02% of the individuals affected. It is difficult to estimate the 

origin of line scars, as they can be caused by several different things, from rocks, to 

interactions with conspecifics or even other marine species, as well as fishing gear. The 

position of line scars matters regarding entanglement identification: a scratch located 
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anywhere in front of the dorsal fin could more likely come from an entanglement event 

than if located behind, and this measurement was considered in this study. For putative 

prey switching whales, some of them being known for feeding on seals off the coasts of 

Scotland, line scars could have been caused during hunting behaviors as the orcas go very 

close to the shore to hunt for seals and sometimes may hit rocks or sediments on their 

way. During these behaviors, it is not impossible that seals attempt to defend themselves 

and scratch their predators with their claws. Additionally, a study done off Vancouver 

Island, British Columbia by Ford in 1989 mentions a behavior called “beach-rubbing” 

where resident pods have been witnessed rubbing and rolling on their dorsal, lateral and 

ventral surfaces on gravel and pebble beaches. This behavior could typically be the source 

of some line scars; however, such behavior has never been witnessed in the Atlantic 

population. We can suppose there are other factors responsible for line scars in killer 

whales in the Atlantic that are not yet known by the scientists. 

5.7 Notches 

Notches represent only 8.5% of the overall number of scars, however more than half of 

the population exhibits one or more (57.11%). This result tells us it is somewhat common 

for killer whales to have notches. Adult males exhibit a significantly higher average 

number of notches (1.46) as compared to females and juveniles (0.95). The reason for this 

may be the size of the dorsal fin, where most of the notches are located. Adult males have 

a straight and high dorsal fin (1 to 1.8 meters high) while adult females and juveniles have 

a curved and shorter dorsal fin (Reeves, 2002); therefore, adult males have a larger dorsal 

fin surface exposed to scarring than adult females and juveniles. Notches can be caused 

by diverse reasons like social interactions between conspecifics, or due to anthropogenic 

actions like an impact with a boat, or a prior entanglement. The high occurrence of these 

scars in the population (57.11%) suggests most of them are naturally caused, especially 

the smaller ones, given the fragility of the trailing edge of dorsal fins. However, when 

notches were found on the body or on the thick leading edge of the dorsal fin, they were 

considered more likely as human caused through entanglement/boat strike events. 
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5.8 Skin diseases 

Skin diseases represent a small proportion of the scars found (1.98%) and there was no 

significant difference between adult males and others (respectively 8.28% and 8.20%) 

nor between whales of different diet (putative prey switching: 8.31%; fish diet: 6.25%) 

nor between adults/subadults and juveniles (respectively 8.80% and 5%). These results 

imply that the killer whale population of Iceland is healthy when it comes to skin disease, 

and that there is an equal distribution between individuals regardless of their sex, their 

age or their diet. It is important to note that most of the scars that would not apply to any 

of the categories “Rake marks”, “Notches” or “Line scars” were classified as skin 

disorders. The skin disorders appeared to be very diverse from one whale to another and 

there did not seem to be a prevalent disorder in particular. They ranged from multiple 

tattoo-like lesions of white or black color to depigmentation of the skin. Some studies 

focused on skin diseases in cetaceans, found diverse disorders in killer whales including 

papillomaviruses, dermatitis with invasive ciliated protozoa, cutaneous nodules and sea 

lamprey predation bite marks (Bertulli et al., 2008; Van Bressem et al., 2008, 2015). 

5.9 Particular case 

There were some whales for whom it was difficult to identify scars due to poor or 

excessive light on the picture or due to the singularity of the shape or color of the scars. 

A very good example of this is the female individual IS114 (Figure 45), who exhibits a 

white patch on its back. The patch appears like a paint stain and is relatively whiter than 

the saddle patch. There is so far no explanation to this mark, but it could be a birthmark. 
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Figure 45 IS114 and its "white patch" (Samarra et al., 2017) 
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6 Management 

6.1 Fishing gear 

Since a lot of marine animals who get entangled in fishing gear are delphinids, it is a good 

idea to think about a solution that could interact with their sonar or their hearing in order 

to prevent them from getting entangled. An idea of using sound emitters of a frequency 

range similar to the hearing range of delphinids on gillnets and longlines could help to 

warn them of the presence of fishing gear. However, these devices require batteries to 

function properly, and are at risk to deteriorate due to corrosion. These technical issues 

would require additional time from fishermen to go where the gillnets or longlines are 

deployed for regular maintenance (Dawson, 1991). On the other hand, these sound 

emitters could be set on purse seine nets or bottom trawlers since they would use the 

battery and be exposed to corrosion only when using the boat to deploy the nets and 

collect the fish. However, it is worth mentioning that sound emitters could have a reversed 

effect on cetaceans since some of them could become curious about the new sound 

(Dawson, 1991). In the case of orcas especially, it is known that they are able to remember 

the sound of boats setting nets (Fertl & Leatherwood, 1997), so that they could prey on 

the same fish. In a study from Tixier et al. (2015) completed in the Crozet Islands, some 

high amplitude acoustic devices were set up to repel killer whales and keep them from 

depredating longlines. At first it was a success and the animals fled, but after some time 

they got used to the sound continued their depredating activities. In these cases, the sound 

emitters could act as an alarm for the whales that dinner is ready, instead of pushing them 

away (Dawson, 1991). 

Furthermore, a good step towards the reduction of entanglement and bycatch of marine 

mammals would be to educate young people and fishermen about these issues and the 

consequences they have for the environment. In fact, fishermen could benefit from this 

knowledge due to the fact that these instances as well as depredation could cause damage 

to fishing gear (Basran, 2014; Bloch & Lockyer, 1988; Secchi & Vaske, 1998). 

Regulations could also be set up in regard to ghost nets, to discourage fishermen from 

abandoning their damaged gear at sea. If harbors gave a small amount of money to seamen 

for each damaged net collected at sea, the fishermen might be less tempted to abandon 
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their gear. In addition, the damaged nets could be disposed of correctly and maybe 

recycled. 

In 1997, NOAA prepared a plan called the Atlantic Large Whale Take Reduction Plan 

(2019a) to reduce entanglement events (Figure 46). The plan proposes weak links 

between the floats or buoys and the gillnets so that if contacted by a whale, the line would 

automatically break. This plan is currently applied in the United States and it could be 

interesting to consider such a plan in Europe and around Iceland. 

 

Figure 46 Weak link gillnets proposed for the Atlantic Large Whale Take Reduction 

Plan (Higgins & Salvador, 2010). 
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6.2 Vessel strikes 

To reduce physical impacts between vessels and cetaceans, it is recommended to reduce 

speed in specific areas such as areas where cetaceans are known to breed, travel or feed. 

Some regulations already exist in Iceland such as the Code of Conduct for responsible 

whale watching (ICEWHALE, 2015). This code shows how to approach a whale 

responsibly by providing rules for the three zones around the whale. When entering a 3 

km perimeter around the whale, the boat enters the Searching Zone, and it should be 

reducing speed and keep a lookout. The Approaching Zone starts at 300 meters or less 

around the whale and by then, the boat should have reduced speed to maximum 5 to 6 

mph. If there are other vessels in the area, they should take turn and each of them should 

not spend more than 30 minutes around the same whale. When the whale and the boat are 

less than 50 meters apart the engines should be stopped (Figure 47). 

 

Figure 47 Code of Conduct for responsible whale watching (ICEWHALE, 2015). 

A regulation called Reducing Ship Strikes to North Atlantic Right Whales has been set 

around the east coast of the United States by NOAA (2019b). This regulation implies that 

every vessel longer than 65 feet must reduce their speed to 10 knots or less along the coast 

during periods where the north Atlantic right whales (Eubalaena glacialis) are in the area. 
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A similar regulation could be applied in Icelandic waters to protect killer whales and other 

cetaceans from getting hit by vessels.  
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7 Limitations 

The percentages of scars caused by entanglement events and boat strikes were 

significantly low compared to the other scars that were found (entanglement: 0,69%; boat 

strikes: 0.28%; rake marks: 22.14%; line scars: 66.95%; notches: 8.50%; skin diseases: 

1.98%). It is important to say that determining if such events occurred without witnessing 

them is difficult for any species but especially for small cetaceans like odontocetes. 

Indeed, humpback whales tend to show entanglement scars on their tail slack, and it is 

easy to have a picture of their fluke during whale watching. Killer whales on the other 

hand, are expected to get entangled mostly from the front (the dorsal fin being an 

obstacle). Therefore, as this study was based on pictures from the photo-ID catalogue, the 

pictures included only the dorsal fins and the saddle patches from the individuals, and it 

was difficult to analyze the front part of the animals. Dorsal fins of killer whales are very 

thick in the front and very thin in the back, and for this reason, it is very common for them 

to have notches in the back of their fin. It is so common that these notches are in fact used 

for the photo-identification of killer whales. Additionally, the skin of killer whales is 

made of an outer very thick rubber-like layer that tends to be difficult to mark if not by a 

sharp object or surface (Figure 48). For this reason, there is most likely a possibility that 

a higher number of killer whales were at least once involved in entanglement or vessel 

strike events than what the results of this study show. On another note, some of the most 

severe scars suggest a common high probability for entanglement or vessel strike events. 

Therefore, as it is impossible to fully prove the origin of the injuries, some of the 

individuals have been classified as “high probability” for both events although it is more 

likely that they have been implied only in one or the other. Because of this double 

classification, it is possible that the estimates on entanglement or boat strikes are biased 

and that either one or the other is estimated higher than reality.  
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Figure 48 Structure of the orca‘s integument: 1. Epidermis 2. Dermal papillae 3. 

Dermis 4. Hypodermis 5. Subcutaneous muscles 6. Collagen fibers 7. Elastic fibers 8. 

Fat cells (Surmont, n.d.). 

Conducting a scar-based analysis based on pictures only and moreover, from a photo-ID 

catalogue, implies a less precise analysis of the data, due to the pictures’ quality, the 

framing of the picture and the accuracy to interpret what is seen. In addition, analyzing 

scars to find out what caused them can be difficult as it isn’t always obvious. A lot of 

scars implied dermatological disorders and it was not possible to identify the origin of the 

scar or the disease from the pictures, due to a lack of time to reach out to veterinarians 

specialized in marine mammals, and a too broad range of potential diseases or infections 

mentioned in scientific literature. 
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8 Conclusion 

The results of this study suggest that entanglement (estimates for whole Icelandic 

population: 8.98-9.48%) and boat strikes (estimates for whole Icelandic population: 

3.24%-4.24%) occur in killer whales in Iceland but not as much as for larger whale 

species like humpback whales (24.8%-50.1% as found in Basran et al., 2019). The 

limitations of this study however suggest that these results could not be totally realistic. 

Indeed, considering that the population represented in this study only consists of alive 

individuals it is not possible to discuss the number of individuals that might have passed 

away following an entanglement event, a boat strike or even an agonistic interaction with 

a conspecific or another animal. Additionally, the skin of killer whales being very thick, 

it is sometimes impossible to see scars from such events as there might be no mark left 

following the event. The entanglement issue could be addressed by the education of 

young people and fishermen, a money compensation for the recycling of damaged gear, 

or modifying the existing fishing gear with sound devices to repel cetaceans or weak links 

on nets that would break when encountered by a whale. On another note, vessel strikes 

could be avoided with a decrease in speed in areas where cetaceans are present. Further 

research needs to be done in matter of anthropogenic events, possibly using additional 

methods to sample individuals as in underwater photography to have a more complete 

observation of the scars all over the bodies, interviewing sailors and fishermen that have 

witnessed dying or distressed killer whales following an entanglement event or a collision 

with a boat, and eventually observing carcasses of dead individuals to identify potential 

anthropogenic causes of death. 

Concerning the other types of scars which are linked to more natural causes like rake 

marks for example, this study could confirm previous research done on the social 

behavior of killer whales, suggesting that adult males having a tendency to interact more 

with each other into playing and sexual behaviors as compared to females and juveniles. 

It also suggests that the Icelandic putative prey switching killer whales may have a higher 

number of rake marks from interacting with other species they prey on. Further research 

will be needed regarding the skin diseases such as having the disorders identified by a 

veterinarian, and researching the potential causes of these diseases whether they are 

genetic/natural or indirectly caused by human intervention (Persistent Organic Pollutants, 

PolyChlorinated Biphenyls, oil spills etc). 
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