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Abstract 

The conservation management of wild cetaceans depends on knowledge of their 

population structure and dynamics, and how human activities impact upon resource 

use and behaviour.  The short-finned pilot whale (Globicephala macrorhynchus) is 

believed to possess a complex social structure, with a high degree of bonding 

among familial group members that results in natal group philopatry.  As the 

subject of intense tourism activity, the pilot whale population around the Atlantic 

island of Tenerife was studied to determine spatial distribution, the degree of site 

fidelity, and the social structure from 2005-2008, using behavioural data and a 

photo-identification image database consisting of ca. 55,000 photographs compiled 

by citizen scientists. 

 

There were 382 well-marked individuals identified, which varied in the degree of 

site fidelity from those encountered throughout the study period to those that were 

only seen once.  At least 22 individuals were matched to a previous study, 

demonstrating residency spanning 19 years.  The distribution of whales in the study 

area was not random or uniform, and higher rates of encounter occurred offshore 

at depths of 800-2100 m.  The area is important for breeding, calving and foraging, 

with a core area measuring 99.1 km2 identified. 

 

Social analyses, based on the associations of photo-identified individuals, suggested 

that the study area contains groups of animals with long-term, constant 

relationships, with 11 longitudinally stable social clusters identified using 

hierarchical cluster analysis.  However a large proportion of the population forms 

short-term bonds or has no apparent affiliation with other conspecifics.   

 

Future studies should focus on increasing the extent of study area as the full ranging 

behaviour of the pilot whales may not have been encompassed here.  The long-

term site fidelity and stable relationships demonstrated in this island-associated 

population, may need to be more closely monitored, given the increasing concerns 

about anthropogenic disturbance in the Canary Islands. 
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1.1 Introduction 

We are becoming increasingly aware of the anthropogenic impacts on the marine 

environment and the specific threats that are affecting cetaceans worldwide.  Some 

species are in serious decline, with one considered functionally extinct as a result of 

anthropogenic activity (Baiji (Lipotes vexillifer); Turvey et al. 2007; 2010) and others 

are likely to follow without drastic action (e.g. Vaquita (Phocoena sinus); Rojas-

Bracho et al. 2006).  As a consequence, it is becoming more important than ever to 

understand the behaviour and population dynamics of such large, long-lived 

mammals, so that we can learn how to effectively conserve and introduce policies for 

their protection.   

 

To date, there are 90 species of cetacean but the total number is continually being 

revised as more populations are considered to be separate species (Committee on 

Taxonomy 2014) and the phylogenetics and cladistics continue to be questioned (i.e. 

LeDuc et al. 1999; Price et al. 2005).  Cetaceans show great diversity in their 

morphology, distribution and behaviour (Perrin 1991).  Species range in size from a 

1.5 m adult Vaquita up to a 33 m blue whale (Balaenoptera musculus) (Perrin 1991; 

Rojas-Bracho et al. 2006; Ballance 2009).  They are found throughout the world’s 

oceans and rivers, from the polar regions to the tropics, inhabiting coastal waters to 

the open ocean.  Their social behaviour varies considerably, from the mostly solitary 

existence of an adult male sperm whale (Physeter macrocephalus; Whitehead 2001) 

to the matrilineal social systems of killer whales (Orcinus orca), in which neither sex 

permanently disperses from their natal group (Bigg et al. 1990; Baird 2000).  In these 

complex social societies, the targeted removal of specific individuals, simulating live-

capture or drive fisheries, can lead to a break down in social structure (Williams and 

Lusseau 2006).   

 

Site fidelity, the tendency of an individual to return to an area or remain there over 

an long period of time (McSweeney et al. 2007; Baird et al. 2008b) has been shown 

for many mysticetes such as humpback whales (Megaptera novaeangliae) which 

return to the same seasonal feeding and breeding grounds year after year (Clapham 
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2000).  In some coastal populations of delphinids, site fidelity has been shown to vary 

widely, for example in false killer whales (Pseudorca crassidens) found around the 

main islands in Hawaii some individuals were only ever seen once whereas others 

showed long-term site fidelity to the area with sightings spanning 20 years (Baird et 

al. 2008a).  Such hotspots of occurrence are driven by habitat preferences for areas 

of upwelling or specific sea surface temperatures (SST) or physical properties such as 

depth and seabed slope, which all ultimately influence prey availability (Baird et al. 

2008a; Baird et al. 2008b). 

 

As apex predators, cetaceans are ecologically important and they have an economic 

value too (Whitehead et al. 2000b) as a key resource of the tourism industry (Lusseau 

et al. 2006).  Yet studying cetaceans is notoriously difficult; they spend a large part of 

their lives submerged and out of sight, they are highly mobile and able to cover vast 

distances and the logistics of studying these animals given their offshore location 

poses a unique range of problems (Ballance 2009).  To provide insights into the social 

behaviour and population dynamics of cetaceans large, long-term data sets are 

required, and obtaining such quantities of data is expensive and labour intensive.  To 

overcome some of these challenges we need to find cost-effective ways to collect 

data on the environment and declines in species.  An effective way to do this is using 

citizen science.  Not only does it allow vast amounts of data to be collected or for 

large quantities of data to be processed, both of which would be infeasible or costly 

for trained researchers, but it also provides a unique platform for the general public 

to become and feel involved in scientific research, which normally would occur 

behind closed doors (Silvertown 2009; Dickenson et al. 2012).  This serves as a 

method to engage with people and allows them to play a pivotal part in scientific 

discoveries and the monitoring of species and populations.   

 

Thousands of whale watching boats operate around the world on a daily basis, and 

although they are not without their impact on cetaceans (i.e. Lusseau 2004; Lusseau 

et al. 2006; Bejder et al. 2006b), they provide a platform of opportunity to study 

cetaceans in their natural habitat.  Combining whale watching with citizen science, is 

an underutilised resource yet it is a cost-effective and valuable method of collecting 
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large volumes of data both spatially and temporally, which could be used to vastly 

improve our understanding of coastal populations of cetaceans. 

 

In this thesis the site fidelity, social structure and distribution of short-finned pilot 

whales (Globicephala macrorhynchus) found off the south west coast of Tenerife are 

analysed using data collected by citizen scientists on-board whale watching boats.  

This chapter provides an introduction to; the target species, the Canary Islands and 

citizen science. 

 

1.2 Pilot Whales (Globicephala Lesson, 1828) 

1.2.1 Phylogeny 

Globicephala, comes from the Latin word “globus” meaning round ball or globe and 

the Greek word “kephale” meaning head, because of the rounded, bulbous, globe 

shaped melon that is characteristic of the species in this genus (Bernard and Reilly 

1999; Olson and Reilly 2002).  There are currently two recognized species in the 

Globicephala genus, which are known collectively as the pilot whales or pot head 

whales (Shirihai 2006).  They are believed to have derived their name as pilot whales 

from their habit of swimming in a line behind one key individual that would lead the 

pod but also from the belief that they guided or “piloted” fishermen to shoals of 

herring (Watson 1981). 

 

The two species in this genus are G. macrorhynchus Gray, 1846, commonly known as 

the short-finned pilot whale and G. melas Traill, 1809, previously known as G. 

melaena Traill, 1809, commonly known as the long-finned pilot whale.  Although 

there are only two recognised pilot whale species at present, the current consensus 

is that perhaps there is a complex of more than two separate species or subspecies 

within the genus, however the taxonomic status is still unresolved (Taylor et al. 2011).   
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1.2.2 Distribution and Site Fidelity 

Pilot whales are widely distributed and abundant throughout the world’s oceans 

(Olson 2009; Oremus et al. 2009).  The long-finned pilot whale occurs antitropically 

in the cooler waters at the higher latitudes of both hemispheres (Kasuya and Marsh 

1984) and the short-finned pilot whale occurs throughout the warm temperate to 

tropical waters of the Atlantic, Pacific and Indian Oceans (Bernard and Reilly 1999).  

Pilot whales are often seen near to the edge of the continental shelf, with studies 

showing short-finned pilot whales to have a particular preference for areas where 

the bathymetry shows high relief around the 1000 m depth contour (Dohl et al. 1983; 

Hui 1985; Heimlich-Boran 1993; Montero and Arechavaleta 1996; Olson and Reilly 

2002; Wells et al. 2013).  Some long-finned pilot whale populations have marked 

seasonality in their distribution moving further inshore or offshore, which is thought 

to be correlated with the spawning of squid (Sergeant 1962a; Payne and Heinemann 

1993).  The preference for a specific depth range may also be a result of their diet 

and highlight the areas where squid can most easily be caught (Hui 1985).  Studies on 

the stomach contents of both long-finned and short-finned pilot whales indicate a 

diet consisting primarily of squid (Sergeant 1962a), but there are variations in the 

species of squid they feed on and the depths at which they are found (i.e. neritic or 

oceanic) (Seagars and Henderson 1985; Overholtz and Waring 1991; Gannon et al. 

1997a; Gannon et al. 1997b; Mintzer et al. 2008; Fernández et al. 2009).  From 

strandings in North Carolina for example, Mintzer et al. (2008) found that short-

finned pilot whales fed on deep-water species of oceanic squid, whereas those off 

the Pacific coast fed predominately on neritic species.  Studies using DTAGs on short-

finned pilot whales in the Canary Islands showed that the depth of foraging dives 

followed a circadian rhythm with deeper dives being performed during the day, likely 

for hunting deep-water prey, with dives recorded to a maximum of 1018 m (Aguilar 

Soto et al. 2008). 

 

Pilot whales are documented as being nomadic (Olson and Reilly 2002), yet patterns 

of residency have been described for short-finned pilot whales in the Canary Islands 

(Heimlich-Boran 1993), Hawaii (Shane and McSweeney 1990; Mahaffy 2012) and 
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Madeira (Alves et al. 2013) with individuals captured throughout and between years.  

Nevertheless, there are often also a high proportion of transient individuals that are 

only seen once, with no repeat sightings even among years (Heimlich-Boran 1993; 

Mahaffy 2012; Alves et al. 2013).  The pilot whales in these studies have 

demonstrated great variability in the degree of site fidelity ranging from individuals 

with sightings spanning 14 years through to those seen only once (Alves et al. 2013). 

 

1.2.3 Physiology 

Pilot whales are one of the largest delphinids and they have a robust body with a 

thick tail stock, a bulbous melon, a barely discernible beak and a falcate dorsal fin 

which has a wide base relative to its height (Bernard and Reilly 1999; Olson and Reilly 

2002; Shirihai 2006; Jefferson et al. 2008; Olson 2009) (Figure 1.1).  As the common 

species names indicate, the long-finned pilot whale has slightly longer pectoral fins 

(1/5 of overall body length) compared to the short-finned pilot whale (1/6 of overall 

body length) (Olson and Reilly 2002).  There is however some overlap between the 

two species (Bloch et al. 1993b) and this difference can be difficult to observe in the 

field.  Adult pilot whales reach an average size of 6 m (Olson 2009), although the long-

finned pilot whales are generally considered to be slightly larger than the short-

finned pilot whale (Yonekura et al. 1980; Kasuya and Marsh 1984).   

Figure 1.1. A short-finned pilot whale photographed off Tenerife, showing the robust 

body, bulbous melon, and falcate dorsal fin that are characteristic of pilot whales.  

Image credit: AWF volunteers (November 2007). 
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With the exception of the differences in pectoral fin length, the long-finned and 

short-finned pilot whales are similar in their external appearance, making them 

difficult to distinguish at sea (Jefferson et al. 2008; Olson 2009).  They are both 

predominately black, brown or dark grey, with some individuals showing a distinct 

saddle patch and post-orbital blaze (Bernard and Reilly 1999; Olson 2009).  However, 

the size and clarity of the pigmentation of the saddle patch and post-orbital blaze 

have been shown to be highly variable within and between populations (Yonekura et 

al. 1980; Miyashita et al. 1990).  Their prevalence is also affected by sex, body length 

and age (Bloch et al. 1993b).  Despite this, Rone and Pace (2012) have developed a 

technique for distinguishing between the two species off the east coast of the United 

States.  Their method uses a combination of pigmentation patterns and 

morphometrics to distinguish between the two species, although they state that the 

prominence of the pigmentation patterns were highly variable in both species, with 

the intensity ranging from barely visible to prominent. 

 

Pilot whales also have ventral markings which consist of an anchor shaped marking 

on the throat that tapers into a mid-ventral blaze that extends posteriorly and widens 

towards the genitals to form a genital patch (Sergeant 1962b; Bernard and Reilly 

1999; Olson 2009).  The ventral markings are often of light or pale coloration in long-

finned pilot whales whereas in short-finned pilot whales the markings are much 

darker (Sergeant 1962b; Yonekura et al. 1980; Bloch et al. 1993b).  The ventral 

markings are also however, often difficult to observe at sea and due to the variation 

in the coloration and markings, they too are not considered to be reliable for 

distinguishing between the species.   

 

Despite the apparent similarities in appearance, the two species can be readily 

identified during culls or stranding events due to pronounced skeletal variances.  

Short-finned pilot whales have a shorter, broader skull with between seven and nine 

teeth in each side of the upper and lower jaws, whereas long-finned pilot whales have 

a narrower skull and between nine and 12 teeth in each row (Bernard and Reilly 1999; 

Olson and Reilly 2002; Olson 2009).  The low number of teeth is a result of tooth 

reduction that is typical of squid-eating cetaceans (Olson and Reilly 2002; Taylor et 
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al. 2011).  Analysis of the stomach contents of dead or stranded individuals has also 

provided evidence of a diet composed entirely of squid (Seagars and Henderson 

1985; Fernández et al. 2009).  In other populations, although squid remained the 

primary food source, fish also formed a component of the diet (Sergeant 1962a; 

Overholtz and Waring 1991; Gannon et al. 1997a; Gannon et al. 1997b; Mintzer et al. 

2008). 

 

Short-finned and long-finned pilot whales are difficult to distinguish at sea and it is 

usually their distribution throughout the world’s oceans that allows them to be 

classified (Jefferson et al. 2008).  However, their identification is further hindered by 

the overlap of the northern limit of the short-finned pilot whale and the southerly 

limits of the long-finned pilot whale in certain areas of the world, for example in the 

northwest Atlantic (Rone and Pace 2012). 

 

Pilot whales display a high degree of sexual dimorphism (Bernard and Reilly 1999; 

Jefferson et al. 2008), with adult males not only longer in length than females but 

also showing more pronounced melons and much larger dorsal fins (Olson 2009).  

Sergeant (1962b) recognised adult males by their “supramaxillary pots” and dorsal 

fins with a thick leading edge (Sergeant 1962b).  Some studies suggest that the larger 

melons and dorsal fins seen in males may be the result of their larger body length 

rather than a result of sex, as both have been shown to increase with increasing 

length (Yonekura et al. 1980; Bloch et al. 1993b).  However, a recent study by Augusto 

et al. (2013), used genetic analysis alongside photo-identification and showed that 

sex could not be determined from long-finned pilot whale fin images.  A similar study 

has not yet been completed for short-finned pilot whales, so we cannot be sure if the 

same can be assumed (Alves et al. 2013). 

 

1.2.4 Social Structure and Behaviour 

Pilot whales are thought to display a behaviour known as natal group philopatry, 

where there is no dispersal by neither females nor males from the maternal group 

(Amos et al. 1991a; 1991b; 1993a; 1993b).  It is a rare behaviour among mammals 
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(Greenwood 1980) and the only well supported example of natal group philopatry is 

in the resident form of the Orca (Orcinus orca), off the Northwest coast of America 

(Bigg et al. 1990).  When the males reach sexual maturity it is thought that they leave 

the maternal group at certain times of the year in search of mating opportunities with 

females outside their family group, but return after mating so neither males nor 

females permanently leave the maternal group.  In long-finned pilot whales genetic 

analyses using samples collected from the drive fisheries in the Faroe islands (i.e. 

Amos et al. 1991a; 1991b; 1993a; 1993b; Fullard 2000), have shown that the pods 

caught were composed of closely related adult females and their offspring and that 

sexually mature males refrained from mating with related females within their natal 

pod.  There was no indication that either sex dispersed from the natal group (Amos 

et al. 1993b).  Oremus et al. (2013) have more recently considered the relatedness of 

long-finned pilot whales using mtDNA as an indicator of maternal lineage at mass 

stranding events in New Zealand and Tasmania, Australia.  Their data showed that 

the stranded pilot-whales were not necessarily composed of extended matrilines (i.e. 

individuals that are all related to the same ancestral female), but instead were 

composed of individuals from multiple matrilines (i.e. aggregations were made up of 

a number of smaller stable matrilineal social units which coalesce to form a larger 

group).   

 

Such large scale genetic studies have not been conducted for short-finned pilot 

whales but there have been a several studies using photo-identification to study the 

social structure.  Off Tenerife, short-finned pilot whales were found in stable groups 

of mixed sex and age, providing some support for a matrilineal social system 

(Heimlich-Boran 1993).  In Hawaii, individuals exhibited preferential associations with 

stable social units, although some dyads did disassociate gradually over time 

(Mahaffy 2012).  A small number of genetic samples taken from the Madeiran 

population indicated at least some degree of social philopatry and photo-

identification showed that individuals did not associate randomly and formed stable 

social groups, with some displaying long-lasting relationships (Alves et al. 2013).  

These data are also indicative of natal group philopatry.  Photo-identification studies 

on long-finned pilot whales in the Strait of Gibraltar also provide evidence to support 
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a hierarchical social system composed of several clans made up of several pods, 

where pods consist of several matrilineal units, similar to those seen in killer whales 

(de Stephanis et al. 2008c).  Long-finned pilot whales in Nova Scotia were shown to 

form short-term associations with casual acquaintances which lasted from hours to 

several days, but after approximately four days individuals had dissociated from the 

majority of individuals – splintering into subsets of individuals whose associations 

lasted periods of years (Ottensmeyer and Whitehead 2003).   

 

Pilot whales are one of the most common species of cetacean to mass strand (Evans 

et al. 2005; Wells et al. 2013).  Often most of the individuals that strand are seemingly 

healthy with no sign of disease, and it is thought that the strong social bonds between 

individuals is an underlying reason during such an event (Amos et al. 1993b; Olson 

and Reilly 2002; Oremus et al. 2013).  It is also this cohesive nature of the bonds 

between individuals that allows them to be easily herded by boats in drive fisheries 

(Amos et al. 1991b).   

 

Another rare phenomenon observed in short-finned pilot whales is that of a post-

reproductive life stage in females.  In the animal kingdom it is rare to come across 

post-reproductive individuals as most organisms have evolved to function 

reproductively for at least as long as their life expectancy (Austad 1994).  Female 

short-finned pilot whales cease ovulating by the age of 40, yet have been recorded 

to reach 63 years of age suggesting a substantial post-reproductive life stage (Kasuya 

and Marsh 1984; Marsh and Kasuya 1984; Whitehead and Mann 2000).  There is also 

evidence for mating in post reproductive females (Kasuya et al. 1993).  This post-

reproductive stage may favour kin selection and increase the fitness of the group by 

transferring the knowledge and experience the older females possess (McAuliffe and 

Whitehead 2005; Johnstone and Cant 2010). 

 

1.2.5 Threats and Conservation Status 

Pilot whales have been exploited for centuries across the world.  The largest catches 

occur off Japan, where small coastal whaling stations and drive fisheries take several 



 
11 

hundred short-finned pilot whales each year (Taylor et al. 2011).  There is also the 

well documented traditional subsistence hunt or ‘grindadráp’ in the Faroe Islands, 

where long-finned pilot whales are harvested annually (Bloch et al. 1993a; van Ginkel 

2005; Fielding 2010).  Between 2003 and 2014 there were 6,761 whales killed 

(Hagstova Føroya 2014) with an estimated 900-1000 whales taken each year, 

although there is great variance around this estimated mean (Fielding 2010).  Since 

pilot whales are classed as small cetaceans there are no quotas imposed on the 

fisheries by the International Whaling Commission (IWC) (van Ginkel 2005; Fielding 

2010).  In addition to this, the IWC commercial whaling moratorium, which has been 

applied to all stocks since the 1985/1986 season, does not stop whaling for scientific 

research or aboriginal subsistence whaling by indigenous tribes (International 

Whaling Commission 2015).  Therefore, there are also active fisheries in St. Vincent, 

St. Lucia, the Philippines, Indonesia and Sri Lanka (Taylor et al. 2011).  Most of these 

fisheries take pilot whales for bait or human consumption.  The meat is consumed or 

sold in local markets and some skulls are even cleaned and sold as curios (Taylor et 

al. 2011).  In the Faroes, the meat and blubber is distributed for free among the 

participants of the hunt and the residents in the district where the hunt has taken 

place (Fielding 2010).  The whaling is often highly localised and globally it does not 

seem to have impacted pilot whale abundance.  However, should the taxonomy of 

the Globicephala genus be subject to change, some of the newly classified species 

could be extremely vulnerable to such highly localised hunting (Taylor et al. 2011). 

 

It seems that neither over-exploitation nor the recent increase in public pressure 

threaten the occurrence of events such as the grindadráp.  It may however be 

contamination of the meat and blubber with pollutants that eventually brings them 

to an end (Fielding 2010).  There is growing concern that pilot whales accumulate a 

wide range of pollutants such as heavy metals, which may cause health problems 

when eaten.  In the Faroes for example, where pilot whale meat forms a substantial 

component of the diet, Weihe et al. (1996) found that levels of mercury in expectant 

mothers hair and umbilical cord blood correlated with the number of whale meat 

dinners they had consumed.  Some levels were high enough to risk neuro-behavioural 

dysfunction in the child.  Long-finned pilot whales are known to carry and concentrate 



 
12 

higher levels of mercury and cadmium than other marine mammal species, yet there 

is no evidence for a toxic problem in the population from the biological data collected 

indicating that pilot whales have a high tolerance to these heavy metals (Caurant et 

al. 1993; Caurant and Amiard-Triquet 1995; Caurant et al. 1996).  Pilot whales have 

also been found to carry high concentrations of persistent organochlorides (POPs), 

such as DDT and PCBs, in their blubber (Borrell and Aguilar 1993; Borrell et al. 1995; 

Weihe et al. 1996; Dam and Bloch 2000).   

 

As with all cetaceans worldwide, pilot whales are also at risk from accidentally being 

caught by a variety of fisheries (Taylor et al. 2011).  Incidental catches of short-finned 

pilot whales have been reported in a number of fisheries (Gannon et al. 1997a; Julian 

and Beeson 1998) and the cause of death from stranded pilot whales have also been 

attributed to interaction with fisheries (Arbelo et al. 2013).  There are however, likely 

to be more taken incidentally or killed through interaction with fishing gear than are 

reported (Bernard and Reilly 1999). 

 

Pilot whales are susceptible to anthropogenic noise, which again is also a concern for 

cetaceans worldwide.   Sound travels faster and further in water than in air (Hatch 

and Wright 2007) and as such cetaceans depend on it as their main sense (Weilgart 

2007a) using it for many important elements of survival such as foraging, 

communication, navigation and for the detection of predators or threats (Wright et 

al. 2007; Weilgart 2007b).  However, as a result of this they are likely to be sensitive 

to anthropogenic noise and disturbances (Rendell and Gordon 1999; Weilgart 2007b).  

Sources of anthropogenic noise in the ocean include but are not limited to; shipping, 

exploration for and extraction of minerals and hydrocarbons, seismic exploration, 

military activity (i.e. naval sonar) and recreational activities (Hatch and Wright 2007; 

Wright et al. 2007; Weilgart 2007b; Erbe 2012). 

 

Ocean noise may bring about a behavioural response, cause auditory masking (i.e. a 

reduction in the audibility of sounds due to an interfering noise) and can have 

detrimental physiological damage ranging from a temporary, reversible reduction in 

hearing sensitivity (temporary threshold shift) to a permanent, unrecoverable 
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hearing reduction (permanent threshold shift) (Gordon et al. 2001; Southall et al. 

2007).  In some extreme cases, there is evidence to suggest that some sounds may 

even have concussive effects or cause physical damage to tissues and organs, which 

may even been fatal (Gordon et al. 2001; Erbe 2012).  Rendell and Gordon (1999) 

showed that long-finned pilot whales reacted at least vocally, by showing an increase 

in whistles, to military sonar pulses produced in the Ligurian Sea.  Although the 

reason for the vocal reaction was unclear, they state that it could have indicated a 

response ranging from curiosity to fear or even pain.  In contrast to this, Bowles et al. 

(1994) showed that there were no vocalisations by long-finned pilot whales during 

the transmission of low frequency sounds (57 Hz) even though they had been heard 

during 23% of the baseline surveys.  More recently Jensen et al. (2009) suggested that 

short-finned pilot whales could experience up to a 58% reduction in their 

communication range from small vessels in close proximity travelling at 5 knots. 

 

Anthropogenic noise from shipping is not the only potential impact shipping has on 

cetaceans.  There is increasing global concern regarding collisions between cetaceans 

and a variety of vessels from sailing boats to fast ferries (Ritter 2007; Carrillo and 

Ritter 2010; Ritter 2010, 2012).  There are also concerns that some short-term 

behavioural responses to boat interactions and whale watching may have long-term 

consequences (Lusseau 2003; 2004; Bejder et al. 2006a; Lusseau and Bejder 2007).  

The levels of dolphin and boat interactions have been linked to a decline in relative 

abundance (Lusseau et al. 2006; Bejder et al. 2006b).  Such concerns over the 

negative impacts of whale watching has led to strict codes of conduct being 

implemented across the industry, which are often enforced by the local governments 

(Garrod and Fennell 2004). 

 

Despite the apparent increasing threats and continued exploitation, pilot whales are 

generally considered to be abundant throughout the world’s oceans (Olson 2009; 

Oremus et al. 2009).  Estimates of abundance do exist for several populations (see 

Taylor et al. 2008; Olson 2009; Taylor et al. 2011 for a full list of estimates) but there 

has not been any attempt to estimate their global abundance (Taylor et al. 2008; 

2011) nor have many population sizes been estimated.  As a result of this, both the 
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long-finned (Taylor et al. 2008) and short-finned (Taylor et al. 2011) pilot whales are 

classed as data deficient and their population trend classed as unknown on the 

International Union for Conservation of Nature (IUCN) Red List of Threatened 

Species.  The IUCN Red List provides the most comprehensive global conservation 

status for plants and animals (Rodrigues et al. 2006).  Butchart et al. (2005) state that 

it “is widely recognised as the most authoritative and objective system for classifying 

species by their risk of extinction”.  It is therefore an essential tool for conservation 

and decision making internationally (Rodrigues et al. 2006).  Both species are also 

listed under the Convention on International Trade in Endangered Species of Wild 

Fauna and Flora (CITES) Appendix II, which strictly regulates the trade of the listed 

species as they are considered to be at least at risk of being detrimentally affected by 

international trade. 

 

Some pilot whale populations may face highly localised and specific threats and as 

such the data deficient classification applied by the global IUCN Red List may afford 

them little protection.  Therefore, in addition to the global classifications, there are 

often also regional and population specific conservation status’s applied.  For 

example the short-finned pilot whales found in the Canary Islands, the target species 

for this study, are also listed under European Union (EU) wide legislation.  They are 

listed in Annex II for strictly protected fauna species under the Convention on the 

Conservation of European Wildlife and Natural Habitats (Bern Convention) and in 

Annex IV for animal and plant species of community interest in need of strict 

protection under the Council Directive 92/43/EEC on the conservation of natural 

habitats and of wild fauna and flora (EU Habitats Directive).  In addition to CITES, 

member states also have to implement their own regulations, and so pilot whales are 

also controlled under the EU Wildlife Trade Regulations and are listed under Annex A 

of the Commission Regulation (EU) No 1320/2014 1st December 2014 (amending 

Council Regulation (EC) No 338/97) on the protection of species of wild fauna and 

flora by regulating trade therein (EU regulation of trade of fauna and flora).  In 

addition to the global and EU legislation, there is further local legislation from the 

Canary Island government.  Short-finned pilot whales are listed as having Special 

Protection in the 2010 Canarian Catalogue of Protected Species and in the State 
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Catalogue their status is classed as Vulnerable (Law 4/2010 4th June 2010, of the 

Canarian Catalogue of Protected Species presented in Boletín Oficial de Canarias 

(BOC) number 112, 9th June 2010). 

 

1.3 The Canary Islands 

1.3.1 Island Geography 

The Canary Island archipelago is a group of volcanic islands in the north-east Atlantic 

between latitude 27°39’N and 29°24’N and longitude 13°25’W and 18°10’W (Riera et 

al. 2014).  Together with the Azores, Madeira, the Selvagens (the Savage Islands) and 

the Cape Verde Islands, the Canary Islands form part of the biogeographical region of 

Macaronesia (Fernández-Palacios et al. 2011).  These five archipelagos are all 

considered to be of volcanic origin, which are thought to have formed during a 

process described by the hotspot model (Fernández-Palacios et al. 2011).  The origin 

and evolution of the Canary Islands is still under debate, although evidence suggests 

it is a hotspot island chain (Carracedo et al. 1998; Guillou et al. 2004). 

 

The Canary Islands are the largest of the archipelagos in the Macaronesia region, 

covering 7,493 km2 in a chain which extends roughly 500 km (Anguita and Hernán 

2000; Riera et al. 2014; Becerril et al. 2015).  Using the north easterly tip of Tenerife 

as a marker, the Azores are positioned 1,300 km to the north west.  Madeira and the 

Selvagens are closer, located almost directly to the north of the Canary Islands at 

approximately 450 km and 170 km respectively.  The Cape Verde islands are  

1,400 km to the south west from the most southerly tip of Tenerife.  At its nearest 

point (on the east coast of Fuerteventura), the Canary Islands are located some  

100 km off Morocco on the north-western coast of the African continent (Figure 1.2).   
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The Canary Island archipelago consists of seven major islands (Lanzarote, 

Fuerteventura, Gran Canaria, Tenerife, La Gomera, La Palma and El Hierro) and a 

number of smaller islets (i.e. La Graciosa, Isla de Montaña Clara, Isla de Alegranza, 

Isla de Lobos) (Nogales et al. 2006; Riera et al. 2014) (Figure 1.3).   

Figure 1.2.  The location of the Canary Islands in relation to the North West coast of 

Africa and the other oceanic archipelagos that together form the biogeographical 

region of Macaronesia. 
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The Canary Islands are on a slow-moving tectonic plate, on Jurassic (150-170 Ma) 

oceanic lithosphere which is close to the continental margin (Carracedo et al. 1998; 

Fullea et al. 2015).  As a result of this and their hotspot formation, they show a general 

East to West age progression, with the oldest exposed volcanic rocks in the far east 

on Fuerteventura (20.2 Ma) and the youngest in the west on El Hierro (1.12 Ma) 

(Guillou et al. 2004; Fullea et al. 2015).   

 

Tenerife is considered to be at the peak of its development (Guillou et al. 2004) and 

is likely to be approaching volcanic dormancy (Carracedo et al. 1998).  Meanwhile the 

islands to the far west (El Hierro and La Palma), are still considered to be incomplete 

(Guillou et al. 2004) and in the most active phases of volcanism (Carracedo et al. 

1998).  El Hierro is the youngest of the islands and is located at the most south-

Figure 1.3.  The topography and bathymetry of the Canary Island archipelago 

showing their position some 100 km off the African continent.  The islands and islets 

shown from west to east are: El Hierro (far southwest), La Palma (far northwest), La 

Gomera, Tenerife, Gran Canaria, Fuerteventura, Isla de Lobos, Lanzarote, Isla 

Graciosa, Isla de Montaña Clara and Isla de Alegranza. 
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westerly point of the archipelago (Carracedo et al. 1998; Guillou et al. 2004; López et 

al. 2012).  Submarine eruptive vents are common off El Hierro (Becerril et al. 2015) 

and the most recent submarine volcanic activity between October 2011 and March 

2012 (González et al. 2013), triggered some 10,000 earth quakes (López et al. 2012).  

In contrast, the islands to the east of Tenerife are in the advanced stages of erosive 

dismantling (Carracedo et al. 1998; Guillou et al. 2004; Carracedo et al. 2007) but they 

have not yet become entirely volcanically dormant (Fernández-Palacios et al. 2011). 

 

Tenerife is the largest island (2,036 km2) in the archipelago and home to Mount Teide, 

the highest mountain in Spain and with the summit at a height of 3,718 m above sea 

level, it is also the highest peak in the Atlantic (Barton et al. 1998; Perez et al. 2005; 

Carracedo et al. 2006; Nogales et al. 2006).  The island is thought to have initially 

emerged as three separate shield volcanoes, which merged to construct the island 

into its present form (Guillou et al. 2004).  The resulting island is triangular in shape, 

with Teide (a stratovolcano) at its centre (Guillou et al. 2004).  The island is still 

volcanically active, with the last eruption in 1909 (Carracedo et al. 2007).  There was 

a period of heightened onshore seismic activity between April and July 2004 which 

caused tremors, low magnitude earthquakes and emissions of gas plumes from Teide, 

however no major eruption followed this activity (Carracedo et al. 2006; Martí et al. 

2009).  Any predictions of future eruptions are hindered by the low number and 

irregularity of eruptions in Teide’s past (Carracedo et al. 2007). 

 

Due to the volcanic nature of the islands and their location off the continental shelf, 

each of the islands are independent edifices which rise steeply from the sea floor, 

resulting in very deep channels of water between the islands (Anguita and Hernán 

2000).  In some cases the channels are in excess of 2,000 m (Barton et al. 1998) and 

the abrupt bathymetry of the islands, with only a narrow shelf, results in deep water 

similar to that of the open ocean being found relatively close to the shore (Navarro-

Perez and Barton 2001). 

 

The Canary Islands are located in a transitional zone between the cool, nutrient rich 

upwelling waters off the continental shelf of northwest Africa and the warmer, 
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oligotrophic (nutrient poor) open ocean waters of the subtropical gyre of the north 

Atlantic (Arístegui et al. 1997; Barton et al. 1998).  In the north east Atlantic region, 

the subtropical gyre is characterised by three currents: the North Atlantic Current, 

the Azores Current and the Canary Current (Sala et al. 2013).  The Azores Current is 

the south east branch of the Gulf Stream (Sala et al. 2013) and is therefore the main 

circulating current of the subtropical gyre in the north east Atlantic (Hernández-

Guerra et al. 2002).  Near the archipelago of Madeira, an eastward branch of the 

Azores Current joins the Canary Current, which flows parallel to the African coast, 

flowing from the north east towards to the southwest through the Canary Island 

archipelago (Hernández-Guerra et al. 2002; Sala et al. 2013).  The Portugal Current 

contributes to the Canary Current, but to a lesser extent (Barton 2001).  These 

currents flow near to the surface, but there is also a subsurface pole-ward 

undercurrent which flows beneath the Canary Current as far as the Canary Islands 

(Barton 2001).  The mean sea surface temperature (SST) near the Canary Islands 

varies from 18°C in January to 22.5°C in August (Navarro-Perez and Barton 2001).  

There is a variation of 0.5°C between the east and west of the archipelago, with the 

warmer water having been recorded in the west. 

 

The prevailing winds on the Canary Islands are the trade winds, which blow 

predominately from the north east.  As a result of this, the winds flow along the coast 

of Africa forcing Ekman transport of the surface water, which in turn creates 

upwelling along the coast (Barton 2001; Hernández-Guerra et al. 2002).  The trade 

winds vary seasonally causing a slight seasonal variation in the position of the Canary 

Current, which is closer to Africa during the summer and further offshore during the 

winter (Barton 2001).   

 

As a result of the topography of the Canary Islands, they act as a natural barrier to 

the south-westward flow of both the Canary Current and the prevailing north easterly 

trade winds (Barton et al. 1998).  This results in the leeward side (the south westerly 

side) of the islands having calmer seas and a warmer, drier climate (Barton et al. 

1998).  The blocking of the Canary Current and the trade winds also produces 

significant eddies in the wake downstream of the archipelago resulting in mesoscale 
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turbulence, which has important implications for the productivity of the region 

(Barton et al. 1998; 2004).  These cyclonic eddies force cold nutrient rich water into 

the euphotic zone, enhancing primary production (Arístegui et al. 1997; Barton et al. 

1998).  The structure of this system is important biologically for the formation and 

transport of organic matter in the Canary region (Arístegui et al. 1997), providing a 

contrast between the oligotrophic waters of the oceanic subtropical gyre and the 

fertile upwelling region (Barton et al. 1998). 

 

The Canary Current and influence of the trade winds not only dictate oceanographic 

conditions, but climatic conditions too.  Given the position of the Canary Islands, 

some 4° north of the Tropic of Cancer and their close proximity to Africa and the 

Sahara, the islands would be expected to be desertic (Navarro-Perez and Barton 

2001).  However, as a result of the influence from the trade winds and the cool waters 

of the Canary Current, the climate is much cooler than would be expected.   

 

1.3.2 Remarkable Biodiversity 

The Canary Islands are a region of remarkable biodiversity with high levels of 

endemism in plants and animals (Juan et al. 2000) found across both the terrestrial 

and marine environments (Riera et al. 2014).  The area is also important for cetaceans 

with an exceptional number of species having been observed.  Hoyt (2005b) describes 

the Canary Islands as having “some of the richest and most accessible cetacean fauna 

in the world” and the diversity in the Canary Islands is much higher than the 

surrounding areas (Aguilar et al. 2001).  Of the 62 species recorded across the Atlantic 

Islands (from Greenland to the Falkland Islands) (Hoyt 2005b), 47% (29 species) have 

been seen in the Canary Islands (Hoyt 2011).  Twenty-four species have been 

encountered off the island of Tenerife (Carrillo et al. 2010), up to 23 off La Gomera 

(Ritter 2001; Ritter et al. 2011), 14 off La Palma (Pérez-Vallazza et al. 2008) and at 

least 13 off Lanzarote (Politi et al. 1997).  This makes the waters of the Canary Islands 

an important area for cetaceans, and given the relatively small size, likely makes it 

one of the most diverse areas for cetaceans in the world (Ritter 2001; Arbelo et al. 

2013).  Such high cetacean biodiversity is likely due to a combination of factors.  The 
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oceanographic characteristics such as the temperature and the calm waters off the 

southwest coasts of the islands likely contribute, along with the lack of continental 

shelf, which causes great depths of water near to the coast (Arbelo et al. 2013) 

resulting in the presence of coastal, oceanic and deep water species.  

 

As a result of such extraordinary cetacean diversity across the Canary Island 

archipelago, there have been calls for many years for a marine mammal sanctuary to 

be instated, which would cover all of the islands or at least a large proportion of them, 

but the idea appears to still be on hold (Hoyt 2005a; 2011).  Despite this, there are a 

number of areas across the Canary Islands designated to protect bottlenose dolphin 

(Tursiops truncatus) habitat, and these areas often include other cetacean species as 

well.  Originally such areas were known as sites of community importance (SCI) and 

they were introduced as part of the EU Habitats Directive, Natura 2000 

(http://natura2000.eea.europa.eu/).  Now they are known as special areas for 

conservation (SAC) and there are 12 sites for the protection of bottlenose dolphins in 

the Canary Islands covering 1,573 km2 (Hoyt 2011) (Figure 1.4).  These sites were 

declared under order ARM/2417/2011 on 30th August by which areas were declared 

special marine conservation sites of community importance in the Macaronesia 

biogeographical region of the Natura 2000 network and the corresponding 

conservation measures were approved (Boletín Oficial del Estado (BOE) number 221, 

14th September 2011).  Within the SAC, the conservation measures control pollution 

(e.g. vessel discharge, oil spills and lost fishing gear), provide habitat protection (i.e. 

anchoring in seagrass is prohibited) and species protection (e.g. capturing protected 

species and feeding animals to attract them are prohibited).  There are specific 

regulations stipulated for commercial fishing, whale watching and maritime transit, 

plus additional recommendations for the following activities: professional and 

recreational fishing, aquaculture, installation of pipelines for energy provision (e.g. 

oil and gas), water sports and diving. 

http://natura2000.eea.europa.eu/
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1) Mar de Las Calmas (ES7020057) 7) Sebadales de Playa del Inglés (ES7010056) 

2) Franja marina de Fuencaliente (ES7020122) 8) Área marina de La Isleta (ES7010016) 

3) Franja marina Santiago-Valle Gran Rey (ES7020123) 9) Bahía del Confital (ES7010037) 

4) Franja marina Teno-Rasca (ES7020017) 10) Playa de Sotavento de Jandía (ES7010035) 

5) Sebadales de Güigüí (ES7011005) 11) Sebadales de Corralejo (ES7010022) 

6) Franja marina de Mogán (ES7010017) 12) Sebadales de La Graciosa (ES7010020) 
 

Figure 1.4.  Twelve special areas for conservation (SAC) across the Canary Island 

archipelago designated as part of the EU Habitats Directive for the protection of 

bottlenose dolphins (Tursiops truncatus).  Depth contours are shown every 500 m.   

 

The largest SAC in the Canary Islands is off the south west coast of Tenerife.  The SAC 

known as the “Franja marina Teno-Rasca” (site code ES7020017) covers 694.9 km2 

and approximately 75 km of coastline between Punta de Rasca in the south of the 

island and Punta de Teno in the north extending approximately 15 km out to sea.  

This area was designated to protect three listed species in the Nature Directive: the 

bottlenose dolphin, loggerhead turtle (Caretta caretta) and green turtle (Chelonia 

mydas) and three habitat types listed in the Habitats Directive: sandbanks, reefs and 

sea caves (http://eunis.eea.europa.eu/sites/ES7020017).  Twelve other species of 

cetacean, including short-finned pilot whales, are also listed in the area, but unlike 

bottlenose dolphins they are not listed under Annex II of the Council Directive 

92/43/EEC of the EU Habitats Directive, which only lists species of community interest 

whose conservation requires the designation of special areas of conservation.   
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1.3.3 Whale Watching 

Due to the year round good weather, the Canary Islands are one of the top 

destinations for Europeans to holiday, with daily direct flights to most European 

capital cities (Elejabeitia and Urquiola 2009).  There are many tourist activities on 

offer, including a well-established whale watching industry, which was estimated in 

2008 to have attracted 625,000 people, generating over €19.8 million from ticket 

sales alone (Elejabeitia and Urquiola 2009) and accounting for at least 5% of global 

whale watchers that year (O’Connor et al. 2009).  Elejabeitia and Urquiola (2009), 

also estimated that 70% of the whale watching vessels operating in the Canary Islands 

operate out of the island of Tenerife, carrying 75% of the passenger capacity.  In 

Tenerife during 2008, there were 26 licensed whale watching vessels in operation, all 

operating out of Los Gigantes, Puerto Colón and Los Cristianos on the south west 

coast of Tenerife (Figure 1.5).  

 

 

Figure 1.5.  A map to show the three whale watching ports (Los Gigantes, Puerto 

Colón and Los Cristianos) on the south west coast of Tenerife.  The neighbouring 

island of La Gomera is also shown.  
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There are many contributing factors to the success of the whale watching industry in 

Tenerife.  The cetaceans are near to the shore, with bottlenose dolphin encounters 

sometimes occurring directly outside of the harbour walls.  Encounters with 

cetaceans are almost guaranteed, with most operators offering another trip free of 

charge if there are no sightings during the excursion.  In 1998, the whale watching 

industry in Tenerife estimated that there had been 300-315 clear whale watching 

days (Hoyt 2005b; O’Connor et al. 2009).  As a result of these stable weather 

conditions and the constant presence of short-finned pilot whales (Heimlich-Boran 

1993) and bottlenose dolphins (Escorza et al. 1992), the industry is able to operate 

year-round.  This is in contrast to many whale watching destinations, which have to 

operate seasonally either as a result of poor weather which limits the excursions 

during some seasons or because they only encounter migratory species which are 

present at specific times of the year.  Another factor contributing to the success of 

the industry is the wide range of services on offer to suit the needs of most clientele.  

The trips range from those that are dedicated whale watching vessels to those that 

offer trips that also encompass a swim and a full cooked meal on-board.  

Furthermore, the whale watching ports are easily accessible and are based in the 

three main touristic areas on the south west coast of the island, with the majority of 

operators even offering free hotel pickups as part of their whale watching packages. 

 

Whale watching in the Canary Islands began in the late 1980s and went through a 

period of rapid growth, which was unregulated and lacked a legal framework (Hoyt 

2005b; Elejabeitia and Urquiola 2009).  In a report to the IWC, Elejabeitia and 

Urquiola (2009), reported that the highest number of licensed vessels in the Canary 

Islands were recorded during 1997, with 56 boats (93% of all authorised boats in the 

Canary Islands) operating off Tenerife.  However, since then, with the introduction of 

government legislation and intense competition between operators, the whale 

watching industry has shown a general decline in operations.  Even though the 

number of vessels in operation decreased, the carrying capacity showed a general 

increase peaking during 2004, although since then there has been a return to 

operators using smaller vessels.  By 2008, there were just 26 authorised whale 

watching vessels off Tenerife.  O’Connor et al. (2009) report a sizeable reduction in 
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whale watchers in the Canary Islands with an estimated decrease of -4.8% between 

1998 and 2008.  

 

The industry in the Canary Islands has been regulated by the local government since 

1995, when it issued the decree 320/1995 of 10th November by which cetacean 

observation activities were regulated (BOC number 148, 20th November 1995).  This 

was later updated under decree 178/2000 of 6th September (BOC number 133, 6th 

October 2000).  Regulations were put in place to reduce the disturbance and negative 

impact on cetacean behaviours (Elejabeitia and Urquiola 2009).  As part of these 

regulations operators have to have a trained whale-watching guide on board and 

follow the whale watching code of conduct.  In order to identify boats that are 

authorised for whale watching, permitted boats have to fly the “Blue Boat” flag.  

Operators have to reapply every year with the year for which the boat is authorised 

to operate shown on the flag. 

 

Whale watching is not without impact, but it can be a valuable tool for the 

conservation of whales, not least as an alternative to whaling, but as a platform to 

engage with the general public.  They can also be valuable platforms for scientific 

research on whales, because independent research on free-ranging cetaceans is 

expensive.  Some operators allow researchers on board to conduct scientific 

research, which otherwise would be too costly for the scientific community to 

complete. 

 

1.3.4 The Pilot Whales of Tenerife 

One of the target species for the whale watching industry in Tenerife is the short-

finned pilot whale.  Off Tenerife, short-finned pilot whales can be found year round 

and are one of the most frequently sighted species, accounting for 34.1% of sightings, 

with only bottlenose dolphins being encountered more often (48.5% of sightings) 

(Carrillo et al. 2010).  In the channel of water found between the south west coast of 

Tenerife and the neighbouring island of La Gomera is a resident population of an 

estimated 388 short-finned pilot whales (Globicephala macrorhynchus), along with  
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transient visitors seen only once (Heimlich-Boran 1993).  The fact that a large number 

of individuals were only seen once or twice, led Heimlich-Boran and Heimlich-Boran 

(1990) to suggest that there is either a large population in the area or that it is an 

open fluid population.   

 

Pilot whales have also been documented off the north east coast of Tenerife, near 

Santa Cruz, although most sightings in the study occurred off the south west coast 

between Los Cristianos and Caleta de Adeje (Carrillo et al. 2010).  Both Heimlich-

Boran (1993) and Carrillo et al. (2010) found a high proportion of calves among the 

pilot whale population, with Carrillo et al. (2010) estimating 64% of encounters to 

contain neonates or calves, which suggests that the waters around Tenerife are an 

important calving ground for short-finned pilot whales.  The pilot whales are found 

in waters from 800 m to 2,000 m depth which can be found 1-8 km from the coast of 

Tenerife, with a preference for the areas of high relief and clearly distributed near 

the 1,000 m contour (Heimlich-Boran 1993; Montero and Arechavaleta 1996; Carrillo 

et al. 2010).   

 

There have been increasing concerns regarding the level of disturbance that the 

population is subject to and as a result of this a number of papers focussing on the 

threats facing the cetacean populations off Tenerife and across the Canary Island 

archipelago have been published.  Of particular importance have been those 

focussing on the impact of high speed ferries and ship strikes, as there has been a 

rapid expansion in high speed ferries operating in the Canary Islands since their 

introduction in to the area in 1999 (Aguilar et al. 2001; Ritter 2007; Carrillo and Ritter 

2010; Ritter 2010).  Between 1991 and 2007, 11% of strandings showed evidence that 

the whales had been involved in a collision with a vessel and over half (58%) of those 

were found on Tenerife (Carrillo and Ritter 2010).  They suggest an increase in fatal 

strikes, however they highlight that the impact is likely to be underestimated as many 

carcasses will not strand on the shoreline or be recovered, but will drift away or sink.  

A number of species were recorded (including short-finned pilot whales), although 

the species primarily affected were sperm whales (Physeter macrocephalus), 

indicating that ship strikes are a major threat to cetaceans across the archipelago.  
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Arbelo et al. (2013) also considered the causes of death of 233 stranded cetaceans in 

the Canary Islands between 1999 and 2005.  A third (33.3%) of the deaths were 

attributed to anthropogenic activity, which included bycatch (13.8%), naval exercises 

(9.4%), ship collisions (5.8%) and other anthropogenic causes (4.3%), described as 

individuals who were in poor body condition that had become entangled in or had 

lesions caused by fishing equipment, rope or plastic and those who had ingested 

foreign materials.  Other publications have focussed on other anthropogenic 

disturbances in particular those which result from whale watching activities and 

other recreational vessels such as jet-skis and small high speed vessels (Aguilar et al. 

2001; Elejabeitia and Urquiola 2009; Jensen et al. 2009). 

 

There are only a handful of studies that have attempted to study the site fidelity, 

social structure or spatial distribution of pilot whales in Tenerife, with even fewer 

concentrating on the other islands of the archipelago.  Even then it is difficult to draw 

comparisons between these studies as they often have used different methods of 

analysis.  Although the current trend is to publish on the threats to face the cetaceans 

in the Canary Islands (i.e. Ritter 2007; Carrillo and Ritter 2010; Ritter 2010; Arbelo et 

al. 2013; Scheer and Ritter 2013), little seems to be being done to quantitatively 

determine these effects, with no studies drawing any comparisons between the 

current status of short-finned pilot whales in Tenerife and Heimlich-Borans findings 

or providing anymore information of the patterns of occurrence.  To the best of my 

knowledge, there is no recent information on the trends in the abundance and 

occurrence of pilot whales off Tenerife, both spatially and temporally, which is 

fundamental for the effective management and conservation of all cetaceans (Evans 

and Hammond 2004).   

 

1.4 Citizen Science 

Citizen scientists are members of the general public, who volunteer their time to 

assist in the collection or processing of data for use in scientific research (Silvertown 

2009).  Using citizen scientists provides a cost effective way to process or collect vast 

amounts of data over unprecedented spatial and temporal scales resulting in long-
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term, large-scale scientific studies (Dickenson et al. 2012; Hart et al. 2012; Embling et 

al. 2015).  Collecting or processing such large volumes of data is often not viable for 

trained researchers due to financial limitations and time constraints.  The use of 

citizen science in scientific research has seen a “great explosion of activity” in recent 

years (Silvertown 2009).  Citizen science can be used to provide baseline data in 

ecological studies and it has the potential to identify conservation issues across a 

diverse array of species (Dickenson et al. 2012).  Tulloch et al. (2013) argue that 

citizen science is often the only practical way to cover the geographic extent needed 

to document ecological shifts in ranges, migrations and disease spread or to consider 

the population impacts of climate change on populations.   

 

Recent developments in technology are making some citizen science projects 

accessible to the masses through an increase in internet enabled devices such as 

smart phones, the proliferation of social media and the development of dedicated 

citizen science project platforms and websites (Stafford et al. 2010; Hart et al. 2012).  

The internet alone has made it easier to disseminate information about projects 

(Silvertown 2009) and can also be used to validate observations through the 

submission of photos and online data entry systems (Dickenson et al. 2012).   

 

Improvements in technology and photography have also increased scientist’s need 

for help from citizen scientists, because in fields such as astronomy, ecology and 

zoology, more data can now be captured than was previously possible.  Specifically, 

the use of remote motion sensitive camera traps and digital photography allow 

thousands of images to be captured daily.  Such quantities of data could take years 

for researchers to go through, but crowdsourcing, which allows hundreds of 

thousands of people to be involved in the scientific process, provides a solution to 

this (Simpson et al. 2014).  Perhaps the world’s largest dedicated citizen science 

platform, which engages with the general public allowing vast amounts of data to be 

processed online, is the Zooniverse project (www.zooniverse.org) (Simpson et al. 

2014).  Zooniverse acts as a platform for a number of citizen science projects which 

range from those which have resulted in the discovery of new galaxies (Geach et al. 

http://www.zooniverse.org/
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2015) to those counting and classifying aardvarks (Orycteropus afer) to zorillas 

(Ictonyx striatus) in the Serengeti National Park, Tanzania (Swanson 2014).   

 

Countrywide citizen science events such as the Royal Society for the Protection of 

Birds (RSPB) Big Garden Birdwatch (www.rspb.org.uk) enable far larger areas to be 

monitored than would be possible using a team of scientists.  Over a weekend in 

January 2015, half a million people in the UK took part counting more than 8.5 million 

birds, which would have been impossible to do in such a short time frame using 

trained researchers alone.  The results show that starling (Sturnus vulgaris) numbers 

have plummeted by 80% since the first birdwatch in 1979 while twice as many 

observers saw wrens (Troglodytes troglodytes) in their garden compared to 2014.  

Other organisations have been set up specifically to capitalise on the efforts of 

birdwatchers.  The British Trust for Ornithology (BTO) was founded in the UK in the 

1930’s to combine the efforts of birdwatchers and professional researchers to 

provide evidence of change in wildlife populations to inform policy decisions 

(www.bto.org).  More recently programs such as eBird (www.ebird.org) have 

emerged, which use the sightings of amateur birdwatchers to identify the factors 

influencing the distribution and abundance of birds across large spatial and temporal 

scales (Sullivan et al. 2009).  Although sightings data are received from across the 

world, the majority are from North America with over 140 million sightings submitted 

by 150,000 observers who had spent 10.5 million hours in the field between 2003 

and 2013 (Sullivan et al. 2014).  Two to three million new records are being submitted 

monthly (Hochachka et al. 2012) and the volume of data submitted is increasing by 

30-40% annually (Sullivan et al. 2014).  The program provides a service to the 

scientific community by providing information regarding the spatial and temporal 

distributions of species, and also to the bird watching community by providing an 

opportunity for each user to organise and store their observations and lists (Sullivan 

et al. 2009).  The eBird dataset provides unprecedented spatial and temporal 

coverage that has contributed to major advances in our understanding of avian 

migration (Sullivan et al. 2014).  The eBird dataset has for example, been used to 

document the effect of climate change on migratory birds (Hurlbert and Liang 2012) 

http://www.rspb.org.uk/
http://www.ebird.org/
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and has provided insights into the structure and seasonal dynamics of migration in 

relation to atmospheric conditions.  

 

It is not just in the terrestrial and extra-terrestrial environments where citizen 

scientists are participating, because they are also being used to study the marine 

environment, with marine mammals among one of the most commonly studied 

animals (Thiel et al. 2014).  In the UK, the Sea Watch Foundation 

(www.seawatchfoundation.org.uk) has relied on a network of observers (e.g. 

ornithologists, zoologists and fishermen) to report their marine mammal sightings 

since 1973 (Evans 1976; Evans 1980; Reid et al. 2003; Evans and Hammond 2004).  

Over 3,000 people have contributed data (Reid et al. 2003) which has been used to 

provide the status and distribution of 28 species recorded in the British Isles (see 

summary in Evans and Hammond 2004).  Many organisations studying cetaceans also 

offer volunteer programs that allow people with no previous experience to take part 

in the collection of scientific data.  An example of this is the Atlantic Whale 

Foundation (AWF) in Tenerife, Canary Islands (www.whalenation.org) which utilises 

both volunteers as citizen scientists alongside the whale watching industry to collect 

fin images and data about the behaviour and occurrence short-finned pilot whales, 

bottlenose dolphins and other migratory species found off the southwest coast of 

Tenerife.  The AWF has been collecting data in this way since 1997, building long-

term datasets which are vital for our understanding of cetacean populations.   

 

There are also annual citizen science events such as the Great Whale Count 

conducted by the Pacific Whale Foundation (PWF) in Hawaii, which has been used to 

estimate an annual increase in humpback whale populations of 5% per year and has 

been matched to previous estimates of abundance using data collected by trained 

researchers (Tonachella et al. 2012).  The PWF have also developed the “Match my 

Whale” website which uses crowdsourcing to complete the time consuming task of 

matching fin images (Stack et al. 2014).  Every year hundreds of new fin images are 

added to identification catalogues, which makes matching individuals exponentially 

more difficult and time consuming.  Yet using crowdsourcing provides the extra 

http://www.seawatchfoundation.org.uk/
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resources needed for such large catalogues to be maintained and even allows users 

to contribute directly to the dataset by uploading their own fin images. 

 

Similarly, the marine mammal project Whale.fm (http://whale.fm) hosted on 

Zooniverse allowed a large amount of data to be processed by tapping into the vast 

number of users accessing the platform.  Users helped organise calls from killer 

whales (Orcinus orca) and pilot whales (Globicephala spp.) fitted with digital acoustic 

recording tags (DTAGs) or from recordings from hydrophone arrays and systems 

(Sayigh et al. 2013; Shamir et al. 2014).  Users were able to listen to and view a 

spectrogram of a “main call”, identifying matches between the “main call” and other 

calls that were presented to the user.  Preliminary results indicated that the 

percentage of classifications in agreement with those from the “experts” was >74% 

(Sayigh et al. 2013).  Using citizen scientists to process data in this way allows each 

sample to be analysed by a large number of independent people, which can often be 

more accurate than the precision of a single expert (Shamir et al. 2014).   

 

Although citizen scientists are making a valuable contribution to scientific research 

there are often concerns about the reliability of the data (Foster-Smith and Evans 

2003).  The primary concern is over the data quality, with some citizen science critics 

giving no scientific merit to data collected by inexperienced people, considering the 

data too poor to be used in serious scientific research (Foster-Smith and Evans 2003; 

Hunter et al. 2013).  Citizen scientists are not experts in the field they are collecting 

or processing data and involving a large number of participants with varying skill in 

the data collection process decreases precision (Bird et al. 2014).  A good training 

programme as well as well-designed and standardised methods of data collection can 

help overcome some of the data quality issues, along with using trained researchers 

to validate and verify data (Silvertown 2009; Bird et al. 2014).  Quality assurances and 

data control are therefore vital elements of citizen science projects (Tulloch et al. 

2013), with studies showing that data collected by citizen scientists to be as reliable 

and consistent as data collected by professional researchers (Newman et al. 2003; 

Szabo et al. 2012; Tonachella et al. 2012). 

 

http://whale.fm/
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Another key benefit of citizen science projects, is that in an era where some species 

face extinction, they offer the general public an opportunity to become involved in 

their conservation.  Some of the Zooniverse projects for example, effectively bring 

wildlife into people’s homes, which is engaging, inspiring and raises public awareness.  

Citizen science projects like this support public participation in science whilst 

fostering earth stewardship and increasing public understanding of science and 

environment (Dickenson et al. 2012).  This is arguably as important as the scientific 

discoveries that are made using the data collected.  Given the benefits of these 

projects, Silvertown (2009) believes that more scientists should use citizen scientists 

in large scale projects and considers “science by the people” to be a 21st century 

phenomenon.   

 

1.5 Research Objectives 

Off the south west coast of Tenerife, Canary Islands, are a resident population of 

short-finned pilot whales (Globicephala macrorhynchus) (Heimlich-Boran 1993) that 

are being exposed to increasing anthropogenic disturbances (Ritter 2007; Carrillo and 

Ritter 2010; Ritter 2010; Arbelo et al. 2013).  However, since the aforementioned 

work, the pilot whales found in the Canary Island archipelago have been the primary 

subjects of few studies (Montero and Arechavaleta 1996; Carrillo and Ritter 2010).  

Meanwhile, studies elsewhere have used photo-identification of natural markings to 

study populations of both long-finned (G. melas) (Ottensmeyer and Whitehead 2003; 

Auger-Méthé and Whitehead 2007; de Stephanis et al. 2008c) and short-finned 

(Mahaffy 2012; Alves et al. 2013) pilot whales.  It was anticipated that the data 

collected as part of this study, could be used to better our understanding of the site 

fidelity, spatial distribution and social behaviour of pilot whales off Tenerife.  By 

comparing the data against that collected by Heimlich-Boran (1993), it was hoped 

that some long term trends and patterns of occurrence could be identified.  It will 

also allow a comparison with the short-finned pilot whale populations in Hawaii 

(Mahaffy 2012) and Madeira (Alves 2013).  Ultimately it was hoped that the results 

from this study could be used to aid the conservation and management of the 

Tenerife population.  
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One of the main objectives of this study was to establish an effective technique for 

the identification of pilot whales off the south west coast of Tenerife using data 

collected by citizen scientists in conjunction with the whale watching industry.  Firstly, 

it was hoped that this would demonstrate that this is a viable method of data 

collection.  Secondly, subsequent analysis of the data should provide much needed 

current and detailed information about the occurrence of short-finned pilot whales 

found off Tenerife.  Finally, by using recent innovations in the methods and tools 

available for the analysis of such data, it should allow a comparison with any future 

studies across the Canary Islands but also provide a comparison with other 

populations across the world.  

 

1.6 Thesis Structure 

This introductory chapter precedes a methodology chapter (Chapter 2), which 

describes the data collection methods used for all of the data presented in the rest 

of this thesis.  The chapter will detail the field methods and processes used to identify 

and catalogue the individuals captured from the fin images.  The quality of the data 

collected by citizen scientists will also be assessed.  This will be followed by three data 

analysis chapters which will investigate the site fidelity, association patterns and 

spatial distribution of short-finned pilot whales found off the south west coast of 

Tenerife.  Each data analysis chapter will include a data analysis section detailing the 

procedures used to select, process and analyse the data.   

 

The site fidelity chapter (Chapter 3) determines the degree of site fidelity exhibited 

by individuals, providing a more detailed analysis of the population dynamics than 

has been provided from previous studies.  Individuals captured during this study will 

be compared against those identified by Heimlich-Boran (1993) to determine if any 

individuals exhibit long-term site fidelity to the area and to provide a better 

understanding of the long-term movements of this population. 

 

Chapter 4 considers the social behaviour of short-finned pilot whales and uses 

developments in the tools available for the analysis of social structure (i.e. SOCPROG; 
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Whitehead 2009) to analyse the social relationships between individuals and groups.  

It also considers seasonal effects on group behaviour and temporal changes in 

associations. 

 

In Chapter 5, the spatial distribution of pilot whales off the south west coast of 

Tenerife is considered.  The data were analysed to determine the distribution relative 

to bathymetric features.  The known and core ranges were also identified for a 

selection of individuals and social clusters.  A comparison of the pilot whale 

distribution between this study and that performed by Heimlich-Boran (1993) was 

made, considering reasons for any changes in distribution that were observed. 

 

The thesis concludes with a general discussion chapter (Chapter 6), which combines 

all of the findings from each of the data analysis chapters, considering these in terms 

of the conservation implications.  It will also consider the effectiveness of using citizen 

science and whale watching for data collection and will consider the potential 

opportunity this has for the conservation of cetaceans worldwide.  
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2 CHAPTER 2. 

 

GENERAL METHODS 

 

 

A detailed description of the data collection and photo-identification methods used 

for all data presented in subsequent chapters. 

 

 

 

 

Marmaduke 394 
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2.1 Introduction 

2.1.1 Individual Recognition 

There is a vast literature of studies that rely on the ability to identify who is who 

within a population (Würsig and Jefferson 1990).  Individual recognition is by no 

means a recent innovation and has probably been used for as long as humans have 

interacted with wild animals.  Some of the first researchers of animal behaviour 

realised that their studies could be greatly improved by being able to recognise 

individuals and monitor the behaviour that each individual displays (i.e. Lorenz 1937; 

Frisch 1962; Hinde 1976).   

 

Estimates of abundance, survival rates, life history parameters and the movement of 

species are important for the formulation of conservation policies and the protection 

of threatened species.  Such estimates and knowledge of the behaviour of individuals 

can be made available through the use of mark-recapture studies (Arzoumanian et 

al. 2005).  Initially artificial tagging and marking were assumed a necessity for such 

mark-recapture studies.  Ornithologists were the first to realise the importance of 

being able to identify individuals to study behaviour with bird ringing allowing 

migrations, behaviour and societies to be followed for the first time (Samuels and 

Tyack 2000).  In amphibians toe clipping was common practise as a way to recognise 

individuals (Clarke 1972), in turtles notches were made in the shell (Cagle 1939) and 

in small mammals with webbing between appendages (i.e. beavers, bats, seals and 

nutria) holes were punched or slits cut through the webbing (see review in Silvy et al. 

2005).  Processes of marking such as these could affect the ability to recapture an 

individual, because the capture, handling and marking of individuals could cause 

injury and affect their ability to survive after marking e.g. if a toe is removed it could 

then become infected thus affecting the chances of recapture (Clarke 1972; Silvy et 

al. 2005). 

 

Such invasive methods of artificial tagging and marking were difficult to do for large, 

long-lived vertebrates and it was soon realised that long-term studies of wild animals 

could be done using natural markings.  During the 1960’s and 1970’s there was a 
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surge in the number studies that were beginning to use individual recognition to 

enhance their studies (Samuels and Tyack 2000).  Bewick’s Swans (Cygnus 

columbianus bewickii) have been recognised from the variations in their bill markings 

since the 1960’s and studies have shown the swans to have long-term mates and 

strong bonds with their offspring (Scott 1966).  Mountain gorillas (Gorilla beringei 

beringei) were tracked using variations in their nose prints (Schaller 1963), African 

elephants (Loxodonta africana) were identified using the shape of their tusks and ear 

outline (Douglas-Hamilton 1973) and zebras (Equus quagga) unique pattern of stripes 

enabled individuals to be identified (Klingel 1965).   

 

Such studies gave rise to “photo-identification” or “photo-ID”.  Photo-ID is a non-

intrusive method which utilizes photographs of natural markings or features on the 

animals’ body to aid in its individual recognition (Reisser et al. 2008).  This is 

particularly beneficial in studies of threatened and endangered species as it 

effectively acts as a mark-recapture method, but removes the need to mark, mutilate 

or tag individuals.  This ability to identify and recognise individual animals repeatedly 

without the need to capture or harm them gave rise to many long term field studies, 

in both marine and terrestrial environments.   

 

Photo-ID techniques have continued to be developed and since the 1970’s they have 

been used to further our understanding of the behaviour, movement and 

complexities of a wide range of animal societies.  With the development of digital 

photography and technology, the repertoire of studies using photo-ID has continued 

to increase, with researchers designing innovative methods and equipment to 

capture photographs of individuals.  With researchers now able to capture more 

photographs than ever before, the process of individual identification has become 

more advanced to reduce the amount of time that is taken up from matching 

photographs to those held in population catalogues.  This has resulted in the 

development of automated identification systems.  For example, the African penguin 

(Spheniscus demersus) has a unique scattering of black spots in the otherwise white 

plumage on their chests, which does not change once the animal has reached 

maturity.  Burghardt et al. (2004) developed a system that is able to identify penguin 
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chests visible in video sequences or in still images.  It generates a unique biometrical 

identifier based on the pattern of spots.  This is then compared against a database of 

all of the previously identified individuals within the population and has proven to be 

able to accurately automate the identification of individuals (Sherley et al. 2010).  The 

method they have designed is particularly advantageous as remote ethernet cameras 

are used, which relay the images back to a main computer, showing that it is possible 

to use a fully automated, non-invasive technique for monitoring populations of wild 

animals. 

 

A number of other studies have also developed photo-identification systems to 

identify individuals using a variety of identifiable features of the animals they are 

studying.  Arzoumanian et al. (2005), used a program to aid in the individual 

recognition of whale sharks (Rhincodon typus), who have a unique pattern of spots 

on their flanks.  Their system is based on a computer algorithm that was originally 

developed by astronomers to recognize stellar patterns.  Loggerhead turtles (Caretta 

caretta) are being identified based on the scale pattern on the facial profile and 

pectoral fins (Reisser et al. 2008), whereas leatherback turtles (Dermochelys coriacae) 

are identified using the pink spot on the dorsal surface of the head using automated 

image recognition (Pauwels et al. 2008).  Polar bears (Ursus maritimus) are identified 

from their whisker spot pattern using an automated system (Anderson et al. 2010) 

and white rhinos (Ceratotherium simum) can be identified from their foot prints 

(Alibhai et al. 2008).  Such studies are critical for providing information about the 

population structure and migrations to ensure suitable conservation and 

management policies are put in place. 

 

2.1.2 Natural Markings in Cetaceans 

Studying free-living cetaceans using natural marks poses a number of challenges as 

they are some of the most elusive and difficult wild animals to study (Leatherwood 

and Evans 1979).  Although cetaceans are found throughout all of the world’s oceans 

and some rivers, they are only visible for short periods of time when they surface for 
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air, with some species spending up to 95% of their time out of view below the surface 

(Leatherwood and Evans 1979). 

 

Prior to the advent of photo-id, most studies on cetaceans relied on examining 

whales killed as part of the whaling industry or studying those held in captivity.  The 

first attempt to gather information about free-ranging cetaceans was in 1932, when 

“discovery” marks started to be used (Brown 1978).  These were stainless steel tubes 

that were fired into the whale’s blubber from a shotgun.  The tubes were engraved 

with a serial number and a return address.  They were designed to be completely 

immersed in the whale and could only be recovered when the whale was captured 

and the blubber was rendered down for oil or the carcass butchered.  The tags gave 

some of the first information relating to the movement of cetaceans, with two points 

within the whales range being recorded: the location where the tag was applied and 

the location where they were killed.  However, a very low proportion of marks were 

ever recovered.  Many were not found before the carcass was processed, making it 

difficult to then trace which individual the tag came from, reducing the value of 

recovery (Brown 1978; Loughlin et al. 2010). 

 

It had been assumed that it would not be possible to study free-ranging cetaceans 

due to the difficulties of studying animals at sea.  However, Caldwell (1955) and 

Schevill and Backus (1960) were among the first to demonstrate that free-ranging 

cetaceans could be studied and successfully re-identified enabling information about 

the behaviour and ranging patterns of individual cetaceans to be obtained (Samuels 

and Tyack 2000).  The idea was quickly adopted by many researchers and in the last 

40 years or so, there has been a plethora of studies on cetaceans that have taken 

advantage of using natural marks as a form of identification.  Now recording the 

differences in the natural markings of cetaceans is a widely used technique.  It can be 

applied to almost all species of cetacean and photo-identification using natural 

markings has been a success for every cetacean species where it has been seriously 

attempted.  There is only one known exception to this, which is the Ganges river 

dolphin (Platanistida gangetica), which does not have a dorsal fin and is uniformly 
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grey (Whitehead et al. (2000) cite a personal communication from A. Smith of the 

Whale and Dolphin Conservation Society). 

 

Most studies use a range of unique morphological features to aid the identification 

process.  For example, in studies of the humpback whale (Megaptera novaeangliae), 

the primary feature for individual identification is the coloration on the ventral side 

of the fluke and the secondary feature used is the shape, scaring and serration of the 

dorsal fin (Katona and Whitehead 1981).  The features used for identification vary 

depending on the species with the trailing edge of the fluke used in sperm whales 

(Physeter macrorhynchus; Whitehead and Gordon 1986; Arnbom 1987) whereas in 

right whales (Eubalaena sp.) the pattern and density of callosities on the head make 

them individually identifiable (Whitehead and Payne 1981).  However, delphinids do 

not regularly display their flukes or become encrusted with callosities, so most 

studies rely on nicks and notches in the dorsal fin for identification, as these are 

permanent marks that can be used for long-term identification.  For example, in 

bottlenose dolphins (Tursiops truncatus) the dorsal fin shape, damage to the trailing 

edge and colouration of the surrounding area are used for individual recognition 

(Würsig and Würsig 1977).  Similarly in killer whales (Orcinus orca) the shape and size 

of the dorsal fin, variation in the saddle patch, nick and tears in the dorsal fin along 

with some scars are used to identify individuals (Bigg 1982).  This ability to identify 

cetaceans has been used to further our understanding of their complex social 

systems, population biology, life history and migration patterns. 

 

2.1.3 Photo-Identification in Cetaceans 

Before the use of digital photography, most researchers analysed the fin images by 

looking at the negatives under a microscope or using a light-box.  Now, the vast 

majority of studies use digital photography resulting in hundreds of thousands of fin 

images being captured every year.  The pairwise comparison of images against a 

catalogue of previous captured individuals is a labour intensive process and as more 

images are captured and more individuals are added to the catalogue, the number of 

comparisons that have to be made increases exponentially (Hillman et al. 2003; 
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Kniest et al. 2010; Stack et al. 2014).  Fin identification software has been developed 

to help increase the efficiency of the matching process.  The majority of fin 

identification software operates on the basis that they allow the user to enter a fin 

image and then the software compares the entered image based on the similarity 

between the shape and the position of the notches on the dorsal fin or fluke against 

a catalogue of known individuals.  Examples of this are FinEx and FinMatch.  They 

were designed at the University of Leiden in the Netherlands by the Centrum voor 

Wiskunde en Informatica (CWI), Amsterdam as part of The Europhlukes Project 

(Evans 2003) which was a collaborative photo-ID project to determine the abundance 

and movement patterns of cetaceans throughout European waters.  FinEx allows any 

nicks on the dorsal fin to be highlighted and the outline of the fin to be entered.  The 

process is semi-automated with the software being able to highlight the nicks when 

prompted, based on the difference in contrast between the fin and the background 

of the image.  Once entered in FinEx, FinMatch compares the image against the 

catalogue of known individuals, sorting the catalogue based on how similar the fin 

images are.  DARWIN (Wilkin et al. 1998) and Finscan (Araabi et al. 2000; Hillman et 

al. 2002, 2003) are similar to FinEx and FinMatch, allowing a comparison of digital 

images against a catalogue of previously identified fin images.  Programs such as 

Finbase (Adams et al. 2006) which has been developed by NOAA, is a customised 

Microsoft access database that stores data from photo-identification surveys, 

manages the associated photographs and is embedded with image analysis 

capabilities.   

 

2.1.4 Pilot Whale Photo-Identification 

Studies focussing on live, free-ranging populations of pilot whales have only emerged 

within the last 30 years, since it was demonstrated that it was feasible to use photo-

identification to identify individuals using natural markings in both short-finned 

(Miyashita et al. 1990; Shane and McSweeney 1990) and long-finned pilot whales 

(Auger-Méthé and Whitehead 2007). 
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Since these initial studies, there have been a number of studies on different pilot 

whale populations using the photo-identification of natural markings to study their 

social structure and ecology.  Long-finned pilot whales have been studied off Nova 

Scotia (Ottensmeyer and Whitehead 2003; Auger-Méthé and Whitehead 2007; 

Augusto et al. 2013) and in the Strait of Gibraltar (de Stephanis et al. 2008a; 2008b; 

2008c; Verborgh et al. 2009).  Short-finned pilot whales have been studied in the 

waters around Madeira (Alves 2013; Alves et al. 2013; 2015), the Canary Islands 

(Heimlich-Boran and Heimlich-Boran 1990; 1992; Heimlich-Boran 1993; Montero and 

Arechavaleta 1996) and Hawaii (Shane and McSweeney 1990; Mahaffy 2012).  Here, 

similar methods to these aforementioned studies have been used to investigate the 

social structure, site fidelity and spatial distribution of the short-finned pilot whales 

off the south west coast of Tenerife, Canary Islands, Spain.   

 

2.2 Data collection 

The data presented in all subsequent chapters were collected as described in this 

chapter.  All of the data were collected by volunteers (termed “citizen scientists”) at 

the Atlantic Whale Foundation (AWF) who took part in the AWF’s long term studies 

of the cetaceans found off the south west coast of Tenerife, Canary Islands.  The AWF 

is a UK registered whale and dolphin conservation charity (number 1076270) based 

on the island of Tenerife.  They have been collecting behavioural data and photo-

identification records of the cetaceans found in this area, in conjunction with the local 

whale watching boats, since 1997. 

 

2.2.1 Survey Methods 

Photographs and cetacean sighting data were collected off the southwest coast of 

Tenerife between July 2005 and July 2008 using boat based surveys and photo-

identification techniques.  The surveys were carried out on board local whale 

watching boats operating out of the ports of Los Cristianos (28°02′N 16°43′W), Puerto 

Colón (28°04′N 16°44′W) and Los Gigantes (28°14′N 16°50′W) Tenerife, Spain and 

covered approximately 500 km2 up to 15 km out into the channel of water between 
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Tenerife and La Gomera.  The whale watching ports were located in and operated 

mostly throughout the Franja Marina Teno-Rasca (site code ES7020017) which is a 

special area for conservation (SAC) as designated under the EU Habitats Directive, 

Natura 2000 (Figure 2.1).  

 

 

Figure 2.1.  The study area off the south west coast of Tenerife.  The blue area 

highlights the Franja Marina Teno-Rasca, which is a special area for conservation 

(SAC) designated under the EU Habitats Directive.  The three whale watching ports 

used during this study are also shown.  Depth contours are every 100 m with thicker 

contours every 500 m.    

 

A variety of platforms were used ranging from a small rigid-inflatable boat (RIB) with 

a maximum capacity of ten people to 30 m luxury yachts with a capacity of 250.  All 

platforms that were utilised held the appropriate licensing to observe cetaceans, had 

a trained whale-watching guide on-board and when sighted, pilot whales were 
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approached in accordance with the whale watching code of conduct to comply with 

the legislation.  These requirements are stipulated in the Canary Island decree 

178/2000 of 6th September (BOC number 133, 6th October 2000) by which cetacean 

observation activities are regulated.   

 

Due to the nature of the research platforms used, the area was not surveyed 

systematically nor homogenously.  The excursions were focussed on maximising the 

number of cetacean encounters and as a result of this, the areas where pilot whales 

and bottlenose dolphins were known to be frequently encountered were intensely 

surveyed.  Although excursions occurred throughout the entire study area, the 

distribution of effort was highly influenced by the position of each of the harbours, 

with the areas nearest to the harbours surveyed more intensely than the surrounding 

areas.   

 

There were 1-5 crew on-board (dependent on the size of the vessel) and generally 

two AWF volunteers.  This made it possible to scan for cetaceans for a full 360 

degrees, although it was usually focused in a forward 180 degree arc at the start of 

the excursion.  Generally the boats would travel perpendicular to the coast until 

cetaceans were seen.  The speed of the vessel was dependant on the boat used and 

the weather conditions.  To adhere to the code of conduct and to minimalise the 

disturbance to the cetaceans vessel speed was reduced when cetaceans were within 

500 m.  Cetaceans were approached gradually, avoiding sudden changes of speed 

and direction and boats were manoeuvred so that they could maintain a course that 

ran parallel to the direction that the cetaceans were travelling in.  They were never 

approached head on, from behind or their path blocked.  Vessels were put into 

neutral during an encounter or if it was approached by cetaceans.  Vessels did not 

stay within 100 m of the same group of cetaceans for more than 30 minutes.  During 

this time, the engine was not restarted, if it had been turned off, or the speed 

increased if the engine was already running while the whales and or dolphins 

remained within 60 m of the vessel.  When cetaceans were present, it was not 

permitted for more than two boats to observe the whales at the same time within 

100 m and three boats within 500 m of the whales and dolphins.   
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2.2.2 Survey Effort 

Excursions occurred year round and for the majority of the study period, data was 

collected on week days only.  Between 01/07/2005 and 04/07/2008, there were 

2,133 excursions across 555 sampling days, where photographs of pilot whales were 

captured.  The maximum number of days between excursions was 61 (between 

18/12/2006 and 17/02/2007).  This was unusually long, as there were no excursions 

and therefore no encounters, during January 2007.  This is the only month in the 

study period where there were no encounters.  This was due to a lack of volunteers 

at the start of the month and poor weather conditions towards the end of the month.  

Excursions were made throughout the remaining 36 months of the study period.  

Effort was higher during the summer months, typically July through to September, 

when more excursions were available due to an increase in the number of tourists 

and resources at the AWF (Figure 2.2). 

 

  

With the exception of January 2007, the number of excursions per month ranged 

from just one excursion in May 2006 through to 128 excursions in August 2007.  The 

Figure 2.2.  The number of excursions between July 2005 and July 2008.  Only 

excursions where fin images were captured are included. 
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low effort during May 2006 is an anomaly, due to a very low number of volunteers 

during that month.  July 2008 also shows unusually low effort, as it only includes one 

week of excursions (19 excursions in total).  The mean number of excursions per 

month between July 2005 and July 2008 (including January 2007) was 59.3 (SE=5.9). 

The effort also differed between years, due to a variation in resources (Table 2.1).  

Effort was highest in 2007 and accounted for 31.6% of excursions during the study 

period.   

 

Table 2.1.  The number of excursions for each year of the study period.  Only 

excursions where fin images were captured are included. 

 2005 2006 2007 2008 Total 

Excursions 452 498 675 508 2,133 

 

The start and end times of the excursions were recorded.  The start time was defined 

as the time that the boat passed out through the harbour wall and the end time was 

the time that the boat re-entered the harbour.  Weather sometimes disrupted 

excursions, cutting trips short or preventing them altogether.  Excursion start and end 

times had been recorded for the majority of excursions made between 09/07/2007 

and 04/07/2008 (925 excursions included the start and end time, 40 excursions did 

not).  Between 27/04/2005 and 08/07/2007, the start and end time of the excursion 

were only recorded for three excursions and there were 1,165 excursions where the 

start and end times had not been recorded.  Based on the 925 excursions where the 

excursion times had been recorded, the start and end time for every trip made by 

each of the boats was averaged out to provide an estimate for the excursions where 

the data had not been recorded.  An estimate of the start and end time of the 

excursion was applied to 1,205 excursions.  This resulted in the total survey effort 

estimated at 5,871 hours (5870:44:24 in the format h:mm:ss).  The mean duration of 

the excursions (including swim time) was 2 hours 45 minutes (mean=02:45:08, 

SE=0:01:23, SD=1:03:38, n=2133) with the excursion duration ranging from 1 hour to 

5 hours 49 minutes.   

 



 
47 

Some of the excursions included a swim stop and the start and end time of the stops 

were also recorded.  The start of the swim stop was classed as the time the bay was 

entered and observational effort ceased.  The end time was when the vessel pulled 

up the anchor and observational effort resumed.  The swim stops varied in length 

depending on the package that was offered and occasionally swim stops would be 

cut short due to the weather and sea conditions making it unsafe to go in the water 

or if there was no demand for it.  The start and end time of the swim stops were 

recorded for 350 excursions between 29/08/2007 and 04/07/2008.  Swim stop data 

were not recorded for 112 excursions and there were 307 excursions that did not 

include a swim stop.  Prior to 29/08/2007, there were 1,364 excursions, of which 645 

did not have a swim stop and there were 719 excursions where the start and end 

times of the swim stops had not been recorded.  Based on the 350 excursions where 

the swim stop data had been recorded, the average swim stop time was calculated 

for each boat.  The estimates were applied to 831 excursions in total.  The total time 

estimated for the swim stops was 625 hours (625:08:04).  Therefore the total 

excursion time, accounting for the swim stops was 5,246 hours (5245:36:20).  Even 

when the swim stops are accounted for, the excursion duration will still overestimate 

the amount of time spent looking for cetaceans because it includes the time it took 

to get out to sea and to return to port following observations.  It is however, the most 

accurate representation of excursion duration that can be calculated using this data 

set.  Effort varied between the north and south of the island, with 93.9% of the 

excursions leaving the ports in the south of the island.  Trips leaving from the port of 

Los Cristianos accounted for the highest proportion of excursions (Table 2.2). 

 

Table 2.2.  The number of excursions from the ports of Los Cristianos, Puerto Colón 

and Los Gigantes. 

Location Port Total Excursions Percentage of excursions 

South Los Cristianos 1,028 48.2% 

South Puerto Colón 975 45.7% 

North Los Gigantes 130 6.1% 
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2.2.3 Encounters  

The 2,133 excursions resulted in 2,691 pilot whale encounters, totalling 784 hours 

(784:15:16) of observations.  The mean encounter duration was 17 minutes 29 

seconds (SE=0:00:11, SD=0:09:52, n=2,691).  An “encounter” was used as the spatio-

temporal unit to delineate group membership (sensu Ottensmeyer and Whitehead 

2003).  Encounters started when cetaceans were first observed and the course of the 

boat was altered and directed to the area of the sighting.  The end of an encounter 

was when the whales had been submerged for more than five minutes or when the 

boat left the group.  A group was considered as all individuals displaying the same 

behaviour that were within 250 m of each other (Heimlich-Boran 1993; Alves et al. 

2013).  All pilot whales photographed during an encounter were considered to be 

members of the same group (Ottensmeyer and Whitehead 2003).   

 

Volunteers were trained in data collection and photo-identification.  A day would be 

spent in the research centre where lectures were given on cetacean behaviour, data 

collection and photo-identification.  Volunteers would then spend a day out in the 

field completing data sheets and taking fin images under the supervision of an 

experienced observer.  Upon returning to the research centre, new volunteers were 

shown how to input the data into the databases and upload their fin images.  The 

data and fin images were reviewed and advice provided on any improvements that 

could be made.  Where possible, volunteers were paired with experienced observers 

until they were demonstratively proficient at accurate data collection and capturing 

good quality fin images for identification. 

 

In most cases there were two trained observers collecting the data on board – one to 

complete the behavioural data sheet and the other to photograph all individuals 

present.  Data from the encounter were recorded on pre-prepared data collection 

sheets (Figure 2.3).  The time and coordinates were recorded at the start and end of 

all encounters.  The coordinates were recorded using an on-board GPS or a hand held 

GPS (Garmin eTrex or a Garmin Forerunner 101) where there was no on-board 

system.   
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Figure 2.3.  A completed observational datasheet.  This sheet was used to summarise 

all of the information from each encounter such as environmental conditions and 

behavioural observations. 
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During each encounter the number of individuals (group size) observed was 

estimated and where possible this was broken down into the following age 

categories: adults, calves and juveniles, using the descriptions given by Yonekura et 

al. (1980), Kasuya and Marsh (1984) and Heimlich-Boran (1993).  The adult category 

comprised of adult males and adult females.  Adult males were defined as full sized 

individuals that were characterised by their large body size and dorsal fin relative to 

other whales (Miyashita et al. 1990; Shane and McSweeney 1990).  Adult females 

were defined as full sized individuals that were seen in repeated close association 

with a calf or juvenile (Heimlich-Boran 1993).  Calves were characterised often by 

their small size compared to other individuals, their pale colouration, the presence of 

foetal folds and their close association with a specific adult.  Juveniles were defined 

as individuals that were less than two thirds the size of the mother and other adults 

but larger than one third of the size.  Any individuals that could not be assigned to 

the aforementioned categories were classed as non-identifiable.  These were 

generally full sized individuals that lacked the characteristics of an adult male and did 

not have a constant association with a calf or juvenile, so were not classed as an adult 

female.  This category is most likely to be composed of adolescent males and adult 

females without calves (Heimlich-Boran 1993). 

 

The general behaviour such as logging (floating motionless at surface), travelling 

(movement in a single direction), milling (direction of movement variable) was 

recorded along with counts of any unusual behaviours such as spy-hopping and fluke-

slapping.  The direction the cetaceans were approached and the general group 

formation were also recorded.    Any individuals that could be identified during the 

encounter in the field, were also recorded on the datasheet along with any unusual 

marks or scarring that may have been seen.  However, only individuals identified from 

an adequate fin image were included in later analyses.  Environmental conditions 

logged included: sea state using the Beaufort scale, and % cloud cover.  Sea state 

effects the detectability of surfacing cetaceans (Evans and Hammond 2004).  Due to 

the nature of the data collection on board whale watching vessels, surveys were not 

often conducted if the Beaufort sea state was >3.  As part of the data collection during 

an encounter the Beaufort sea state was recorded.  Sea states >3 were recorded for 
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a small proportion of encounters, however, analysis of the photographs taken during 

these encounters indicates that the sea state was often over estimated likely due to 

the inexperience of the observers.  As a result of this, it was assumed that should the 

sea state have been >3 there would have been no excursions or if the conditions had 

deteriorated during an excursion that it would have been cut short and the vessel 

would have returned to port.  Therefore, all encounters were assumed to have 

occurred at Beaufort sea state ≤3.   

 

2.2.4 Fin Images 

Between July 2005 and October 2005, the majority of fin images were taken using a 

variety of film SLR cameras fitted with 75-300mm lenses.  By the end of October 2005, 

all fin images were being taken using digital cameras, with the majority taken using a 

Fujifilm FinePix S5600 (5MP).  Between June 2007 and July 2008, the majority of 

images were taken using a Canon EOS 350D (8MP) fitted with a 75-300mm or 18-

55mm lens depending on the proximity of the individuals or a Fujifilm FinePix S5600 

(5MP).   

 

An attempt was made to capture all individuals present, regardless of whether an 

individual had distinguishing marks or not.  All individuals photographed during an 

encounter were considered to be members of the same group (Ottensmeyer and 

Whitehead 2003).  Where possible, more than one photo of each individual was taken 

and ideally this would have included a shot of the left and right sides of the fin.  

Photographs were taken as near to the water as possible, so as to avoid any illusion 

of distortion in the shape of the fin which occurs when taking the photograph from 

above.  Where possible photographs were taken when the whale being 

photographed was at a 90 degree angle from the photographer, again to decrease 

the distortion of the fin in the image and increase the chance of a successful 

identification being made when analysed. 

 

Any other unusual features that may have aided identification were also 

photographed, such as damage to the caudal peduncle, unusual saddle patch 
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coloration or any other marks or scars that may have aided identification.  Any 

unusual behaviour or observations were also photographed.  Between encounters a 

photograph of the datasheet was taken to ensure it was clear where the start and 

end of each encounter were. 

 

2.3 Photo-Identification 

The photo-identification process was developed and completed by the same person 

(Lauren Hartny-Mills referred to hereafter as L.H-M).   

 

Where it was possible to identify more than one individual in a photo the photo was 

duplicated, so that fin images could be assigned to each individual in the database.  

Each fin image was allocated a unique alpha-numeric code, which contained specific 

information about the encounter.  This enabled the fin images to be linked back to 

the behavioural data once a positive identification had been made.  All the 

photographs linked to the same encounter were processed together, and were 

entered in FinEx v1.1.2 and then processed in FinMatch v1.1.2.   

 

Entering fin photos into FinEx was a two stage process.  In the first stage, the outline 

of the fin irrespective of any damage was traced.  To do this three points on the 

leading edge and three points on the trailing edge of the fin were selected, always 

starting from the base of the fin furthest to the left.  Once the sixth point was placed, 

FinEx added five additional points which allowed the curvature of the line to be 

manipulated.  If the line did not accurately reflect the contour of the fin, additional 

points were added manually until a representative outline of the undamaged fin was 

achieved.  This fin outline is represented by the yellow line shown in Figure 2.4.  The 

second stage of the process was to extract any mark points (areas where the fin 

deviated from the undamaged fin contour).  The mark points were defined by 

drawing an extraction frame around the area containing the nick.  The software 

would identify the outline of the mark point which was adjusted by the user to ensure 

the closest match.  If a close match was not achieved the mark point could be 
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manually entered.  The red line in Figure 2.4 represents where any damage had 

occurred to the fin.  

 

 

Once all of the fin images relating to one encounter had been processed using FinEx, 

the fin images were then opened in FinMatch individually.  FinMatch was used to 

compare the processed fin image against all of the individuals in the fin catalogue.  

Individuals in the catalogue were ranked based on their similarity to the processed 

fin image, where 0 indicated that there was no similarity between the fins and 1 

indicated that the fins were identical.  The catalogue was arranged based on the 

degree of similarity, in descending order.  It was then a manual process to determine 

which individual was in the processed fin image.  All individuals in the catalogue were 

considered, irrespective of the rating they had been assigned by the software, until a 

positive match was found.  If there was any uncertainty regarding the match a second 

person (Robert Lee, hereafter referred to as R.L.), who was trained and proficient at 

Figure 2.4.  A screenshot of a fin image that had been entered into FinEx.  The yellow 

line represents the outline of the fin irrespective of any damage and the red line is 

where mark points or in this case damage to the fin had been entered. 
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photo-identification and familiar with the individuals in the population, would be 

asked to match the photographs.  An identification would only be made if the verdict 

on the identity was the same from both researchers.  Once a positive match had been 

made, the individual whale’s three digit number and name (if it had been allocated 

one) were added to the database.  The database was a customised Microsoft Access 

database consisting of a series of forms connected to tables, allowing the database 

to hold details of all excursions, encounters, identifications and fin images captured.  

The database was designed to enable the data to be easily manipulated and added 

to when necessary and allowed the fin images to be easily processed.  

 

When a fin image could not be matched to any individual in the fin catalogue, despite 

the image being of sufficient quality for identification, the best image of the left and 

right sides of the fin were selected and the individual was assigned a three digit 

number and added to the main fin catalogue.  Some individuals experienced mark 

changes that meant they could no longer be recognised based on the previous image 

held in fin catalogue.  If both researchers (R.L. and L.H-M) agreed on the match, the 

fin image in the catalogue was updated and the new number of mark points were 

recorded in the database.   

 

FinEx and FinMatch were only useful to aid the identification of individuals that had 

mark points or had incurred damage to the dorsal fin area.  The presence of 

individuals with clean fins and those infested with barnacles (referred to from now 

on as Xenobalanus hosts) were also recorded in the database and the photos of 

individuals who met the criteria for each category were stored in the relevant 

catalogue. 

 

Individuals with clean fins had no damage or distinguishing marks on the dorsal fin 

that could be used for identification.  In every encounter, each individual with a clean 

fin was assigned a unique identification code which consisted of a concatenation of 

the encounter ID, clean fin identification code and a unique identifier for that 

individual.  Due to the absence of any distinguishing marks, their identification in 

future encounters could not be guaranteed even from the highest quality fin images.  
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Therefore whilst each individual with a clean fin in the encounter was assigned a 

unique code and recorded in the database, this was done purely so that the number 

of individuals with clean fins could be determined for each encounter to allow the 

total number of individuals present in the encounter (group size) to be assessed.   

 

Some of the clean dorsal fins had a distinguishable shape or other distinguishing 

marks such as scarring that could potentially be used for identification in the short 

term, but they were not considered adequate for the purposes of identification here.  

Some of the distinguishing fin shapes could have been caused by the distortion of the 

fin due to the position of the whale in the water or the position of the photographer 

and scars were not considered to be a permanent identification mark.   

 

Xenobalanus hosts were individuals that had been sighted with an infestation of 

barnacles, that are assumed to be the obligate commensal barnacle, Xenobalanus 

globicipitis (referred to as Xenobalanus henceforth) due to their presence along the 

trailing edge of the dorsal fin, pectoral fins and fluke (Kane et al. 2008) (Figure 2.5).  

Xenobalanus are specialised for living as a commensal barnacle on dolphins and 

whales (Darwin 1854).  Xenobalanus were seen on individuals that could be identified 

using other marks and could be matched to the main fin catalogue (Figure 2.5b) and 

also on individuals that had no other identifying marks and had essentially clean fins, 

apart from the presence of the barnacles (Figure 2.5a).  For individuals with other 

identifying marks, they were recorded in the database, using their ID but a note was 

included to acknowledge the individual being used as a Xenobalanus host.  Individuals 

with no other distinguishing marks but that were Xenobalanus hosts, were handled 

in a similar manner to the clean fins.  They were assigned a code so they could be 

identified, which consisted of a concatenation of the encounter ID, unique 

Xenobalanus identification code and a unique identifier for that individual.  Fin 

images of such individuals that could not be matched to the main catalogue, were 

stored in a separate Xenobalanus catalogue for later analysis.  
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Although Xenobalanus hosts have been recorded, the use of barnacles has not been 

considered as a long-term biological tag or unique identifier (Kane et al. 2008) due to 

their relatively short life cycle of 5-6 months and significant seasonal peaks in 

prevalence (Waerebeek et al. 1993).  Due to the stalked nature of this species, the 

barnacles constantly appeared differently, sometimes even hanging on different 

sides of the fin or clumping together depending on the way the dorsal fin had come 

out of the water.  It was therefore difficult to match the left and right sides of the fin, 

as the infestation often looked very different between the two sides.  This made it 

very difficult to re-identify an individual within an encounter, let alone between 

encounters when the life cycle of the barnacle also then became a factor.  Therefore, 

all Xenobalanus hosts which had no other identifying marks have not been 

considered to be well-marked enough to be included in the analysis because the 

barnacles were not a reliable method of identification.  

 

The number of calves present were estimated during each encounter by the observer 

responsible for completing the behavioural data sheet.  In addition to this, all calves 

that were photographed were also assigned an identification code when processing 

the fin images.  As previously described, calves were distinguished by their small size, 

the presence of foetal folds and by their close proximity to an adult. 

 

Figure 2.5.  Xenobalanus hosts.  a) A commensal barnacle infestation on the trailing 

edge of the dorsal fin with no visible mark points, only scarring which was unsuitable 

for identification purposes.  b) A low intensity commensal barnacle infestation on the 

trailing edge of the dorsal fin.  This individual has other distinguishing mark points 

that can be used for identification.   

a) b) 
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2.4 Fin Image Analysis 

A total of 56,696 photographs were captured during the study period, however only 

40,897 of these contained pilot whale dorsal fins.  15,799 images were disregarded 

from the fin image analysis because they were photographs of: pilot whale behaviour 

(i.e. fluke slapping, spy-hopping) where the dorsal fin was not visible, other cetacean 

species, or data sheets used to separate encounters.  Fin images that could not be 

matched to an encounter in the database, any duplicated images or corrupt fin 

images were also excluded.  Photographs were also taken of other identifying 

features, such as marks and scars on the rest of the pilot whales body, but the dorsal 

fin was not included so these were also excluded from the fin image analysis. 

 

Each of the 40,897 fin images were assigned a quality rating, the number of mark 

points were counted and each corresponding encounter was assigned a coverage 

rating.  This was done to reduce the bias arising from the overrepresentation of highly 

marked and distinctive individuals that can be identified even from the poorest 

quality of photos.  The quality rating, mark points and coverage rating were used to 

filter the data for analysis in the subsequent chapters.  Using these parameters to 

filter the data increases the certainty of matches and increases the ability to 

accurately recapture individuals at a later date should additional marks be acquired 

(Ottensmeyer and Whitehead 2003).  This reduces the probability that identification 

errors were made from the ambiguity of matching individuals that were lacking in 

distinctive marks.  

 

New whales were added to the fin catalogue throughout the course of the study.  

There was therefore, a possibility that some matches may have been missed prior to 

their addition to the fin catalogue.  All of the fin images were re-processed to assign 

the quality rating and then processed again to assign the mark point ratings.  The 

integrity of the photo-identification was checked at this stage, ensuring no matches 

had been missed and that the quality ratings applied were consistent throughout.   
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2.4.1 Coverage Rating 

A photographic coverage rating was assigned to each encounter to eliminate any 

encounters where the number of fin images was less than the number of individuals 

that were encountered (group size) (Ottensmeyer and Whitehead 2003).  

Ottensmeyer & Whitehead (2003) state that excluding encounters with poor 

photographic coverage gives the most accurate representation of individual presence 

or absence by ensuring there is the possibility that each individual has been captured 

in a fin image.  It may however introduce a bias towards smaller groups as it is harder 

to photograph all of the individuals present in large groups due to the time 

constraints on whale watching trips.    

 

As the data used in this study were collected by citizen scientists, the coverage 

calculation method described by Ottensmeyer and Whitehead (2003) was modified 

to account for variation in the data quality between encounters.  It was termed the 

good-quality (GQ) coverage rating and was calculated by dividing number of good 

quality (Q≥3) fin images taken during the encounter by the group size.  Values were 

rounded down to the nearest integer.  This was generated to ensure that there was 

potential for a good quality fin image to have been taken of every individual in the 

encounter, thus giving a high quality assessment of individual presence or absence.  

This was necessary to eliminate some of the poorer quality encounters for some 

analyses such as the calculation of association indices, where the inclusion of poor 

quality data can have a marked effect on the results.  

 

2.4.2 Quality Rating 

All fin images were assigned a quality rating (Q) which was assigned independently 

of how recognisable an individual was.  The quality rating was based on a scale of 1 

to 5, where 1 was a very poor quality fin image and 5 was a very high quality fin image 

where: 1 – no good, 2 – poor, 3 – acceptable, 4 – good, 5 – excellent (Figure 2.6).  The 

following criteria were considered when assigning the Q rating: focus and resolution, 

size of the fin in the image, orientation (angle of the fin relative to the sea surface), 
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exposure and percentage fin visible within the image (Arnbom 1987; Dufault and 

Whitehead 1993, 1995).   

 

 

Fin images with a quality rating of ≥3 were considered to be of sufficient quality for a 

positive identification to be made.  19% (7,865) of the fin images captured were of 

Q≥3, with 57% (23,298) of fin images falling into the Q1 category (Table 2.3).   

 

  

Figure 2.6.  Examples of fin images assigned to each quality rating.  a) No good – Q1, 

b) Poor - Q2, c) Acceptable for ID - Q3, d) Good- Q4, e) Excellent - Q5. 

a) 

c) 

b) 

d) 

e) 
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Table 2.3.  The number of fin images assigned to each quality (Q) rating.  Fin images 

where Q≥3 were considered to be of sufficient quality for an accurate identification 

to be made.   

Year Q1 Q2 Q≥3 Total 

2005 3,073 828 533 4,434 

2006 3,199 1,909 1,418 6,526 

2007 8,353 4,449 4,188 16,990 

2008 8,673 2,548 1,726 12,947 

Total 23,298 9,734 7,865 40,897 

 

Due to the nature of the data collection i.e. data collected by trained research 

volunteers (citizen scientists), the variation in data quality over time was analysed by 

calculating a monthly fin image rejection rate (number of poor quality fin images 

(Q<3)/total number of fin images).  The proportion of fin images that were of 

sufficient quality varied throughout the study period, with some months where up to 

98% of fin images were being rejected (Figure 2.7).  The mean rejection rate was 79% 

(SE=2%, SD=12%) and the rejection rate ranged from 48 to 98%.   



 
61 

 

There are seven months where the rejection rate was over 90%.  July (98%), August 

(94%) and September (95%) 2005 at the start of the study period have a high rejection 

rate as the majority of fin images were still being taken and processed using film.  By 

the end of October 2005, all fin images were being taken with digital cameras and the 

rejection rate decreases.  Digitally acquired fin images outperform film fin images on 

quality, resolution and sharpness (Markowitz et al. 2003).  Due to the restrictions on 

the number of images that could be taken using film and the cost of processing, fewer 

images were also captured during this time.  The rejection rate is also particularly 

high during April (91%), May (95%), June (91%) and July (94%) 2008, at the end of the 

study period.  During this time there was a high turnover of volunteers and the 

introduction of a new coordinator team.  Even though all volunteers were trained in 

the same way and every effort was made to validate the data and provide daily 

feedback on how the quality of the fin images could be improved, it is feasible that 

not all of the volunteers would have been able to take the same quality of photos as 

Figure 2.7.  Monthly rejection rate and the number of good-quality fin images (Q≥3) 

between July 2005 and July 2008.  The rejection rate is expressed as a percentage of 

the number of fin images that were too poor for analysis (Q<2).  January 2007 has 

been excluded as there were no excursions during this month.  
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another.  Taking good quality photographs of cetaceans is a skill that takes time and 

practise.  It is possible that during times when there was a high turnover of 

volunteers, that the overall quality of fin images may have been compromised.  

Therefore the high rejection rates at the end of the study period are attributed to a 

change in the level of experience of the AWF researchers.   

 

With the exception of January and February 2008, there were a high number of good 

quality images captured between September 2007 and March 2008.  During this time 

the majority of fin images were being captured with Canon DSLRs with telephoto 

zoom lenses.  The small overwinter team (September to December 2007) were 

particularly proficient at capturing good fin images because they had time to refine 

their photography skills and gained more experience in capturing fin images. 

 

2.4.3 Mark Points 

A mark point was classed as a simple nick or the internal corners of a larger notch 

(Ottensmeyer and Whitehead 2003).  The number of mark points (MP) on every fin 

in all fin images were counted and recorded in the database.  Individuals carrying 

three or more mark points (MP≥3) were considered to be well-marked and those with 

at least one mark point (MP≥1) were considered slightly distinctive.  722 individuals 

were slightly distinctive, of which 382 were well-marked (Table 2.4).   

 

Table 2.4.  The total number of individuals and good-quality images (Q≥3) with their 

respective number of mark points (MP).  Individuals where MP≥1 were considered at 

least slightly distinct and those where MP≥3 were considered to be well-marked. 

MP Individuals Images Q≥3 

1 136 435 

2 204 1,248 

≥3 382 5,023 

Total 722 6,706 
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Scars, wounds and other markings, were not used as MPs due to their variability over 

time.  A number of large flesh wounds were observed during the study, for example, 

whale 58 (Venus) obtained a wound on its dorsal fin, which was first observed on the 

31st October 2007 (Figure 2.8a).  By the 25th March 2008 (Figure 2.8b), the wound had 

almost healed and the scars appear much fainter.  The rapid healing of this wound 

and reduction of the appearance of scars, further supports using mark points as 

permanent features and only using scarring to aid identification in the short-term or 

to confirm the identification of individuals with few or no distinct MPs.   

 

 

The mark points on the dorsal fin are subject to change over time, as a result of 

additional mark points being acquired, the smoothing out of older mark points or in 

some cases pieces of the fin, which once created two marks are lost, causing the loss 

of a mark point.  To calculate the rate of change, the sum of all the days between the 

first and last sightings for this subset of individuals was calculated and divided by the 

total number of mark changes (Aschettino et al. 2012; Alves et al. 2013). 

 

Of the 382 well-marked individuals, 176 were encountered more than once.  Of 

these, only 14 (7.95%) experienced a mark point change during the study period, with 

a total of 40 mark point changes being recorded.  A mark point change event was 

recorded on 26 different occasions, with eight individuals experiencing two or more 

Figure 2.8.  Evidence of wound healing and reduction of scarring for whale 58 

(Venus). Image credits: AWF volunteers.  a)  Fin image captured on the 31/10/2007, 

shows a wound and white scarring on the leading edge of the dorsal fin.  b)  Fin image 

captured on the 25/03/2008, shows the wound had almost healed and the scarring 

had become less noticeable during the five months that separate the images.  

a) b) 



 
64 

separate mark change events and one individual experiencing four mark point change 

events.  Therefore the number of mark change events was between 26 and 40.  The 

cumulative time between first and last photo of all well-marked individuals that were 

encountered more than once was 122,751 days which results in an estimate of 

individuals experiencing a mark point change on average every 8.4 years (3,069 days) 

to 12.9 years (4,721 days).  

 

To provide an estimate of the proportion of individuals in the population that were 

sufficiently well-marked to be included in the analyses, the number of fin images that 

were good quality (Q≥3) and of well-marked individuals (MP≥3) were divided by the 

total number of good quality fin images (Q≥3)  (Ottensmeyer and Whitehead 2003).  

It was also calculated for slightly distinct individuals (MP≥1) to allow a comparison 

with other studies.  Accounting for coverage had no marked effect on the overall 

proportion of marked individuals here, so all encounters irrespective of the coverage 

were included.   

 

Similarly to Ottensmeyer and Whitehead (2003) and Gowans et al. (2000), a standard 

error for the overall proportion of well-marked individuals was estimated.  In both 

their studies, there were distinct study seasons and the standard error was calculated 

using the mark rates calculated for each study season.  Here data were collected year 

round, so there were no distinct study seasons.  For the purposes of this calculation, 

the whole study period was divided using the method utilised by Heimlich-Boran 

(1993), who divided each year into quarters or “seasons”, each consisting of three 

months, starting from January.  January to March were classed as winter, April to 

June as spring, July to September as summer and October to December as autumn.  

The data were not pooled between seasons from different years with seasons from 

each year considered as a separate entity i.e. Spring 2006, Spring 2007 and Spring 

2008.  The standard error was then calculated using the overall mark rate from each 

season. 

 

To allow a comparison with other studies, the proportion of well-marked individuals 

identified in each encounter was calculated by dividing the number of well-marked 
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individuals (MP≥3) identified during an encounter by the observed group size 

(Ottensmeyer and Whitehead 2003).  Only encounters where the GQ coverage was 

≥1 and where the group size was ten or fewer individuals were used.  All of the 

estimates were averaged to give an overall percentage.  There were some encounters 

where more individuals were identified from the fin images than had been recorded 

as the group size, therefore the percentage of marked individuals was capped at 

100%.  To allow a comparison with the results in Heimlich-Boran (1993), the 

calculation was also performed using slightly distinct individuals (MP≥1).   

 

Overall 63.9% (SE=2.2%) of individuals in the population were considered well-

marked (MP≥3) and 85.3% (SE=1.1%) were slightly distinctive (MP≥1).  When 

calculating the proportion of well-marked individuals identified in each encounter, 

the mean of the estimates was 58.3% (SE=1.8%, SD=30.8%, n=303) with the mark rate 

ranging from 0 to 100%.  The mean of the estimates for those who had at least one 

distinguishing mark was 73.0% (SE=1.5%, SD=26.6%). 

 

2.4.4 Repeatability Analysis 

As all of the ID, quality ratings and MP ratings were applied by the same researcher, 

a repeatability analysis was performed to provide a measure of the accuracy of the 

matches.  A random sample of 1% of the 40,897 fin images were selected for analysis.  

A blind test was conducted with the ID, quality and MP ratings reapplied to the 

sample of 409 fin images.  99.8% of individuals had been correctly identified, with a 

discrepancy over one identification in the sample.  The mark point rating had been 

correctly assessed in 99.3% (3 errors out of 409) of all comparisons.  The most errors 

occurred in the application of the quality rating, with 93.9% (25 errors out of 409) of 

matches in agreement.  In two cases the revised quality rating was higher than the 

original (both increased from Q1-no good to Q2-poor).  The remaining 23 

disagreements resulted in a reduction in the quality rating with the majority (74%) 

going from Q2 to Q1.  This supports the rejection of these images from any 

subsequent analysis because the images were too poor even for the ratings to be 

accurately determined.  The remaining 26% (6 errors) were for images which were 
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downgraded from Q3 to Q2.  Of all the images in the sample that were originally 

considered of sufficient quality for analysis (Q≥3, n=184), the quality rating for 3.3% 

was overestimated.  This however, did not affect the ability to accurately identify 

individuals or estimate the number of mark points of the individuals in the images 

where there were discrepancies.  Therefore the impact of these errors on the 

subsequent analyses should be minimal.  When combining all of the parameters the 

overall rate of error was 97.6%. 

 

2.5 Quality Assurance 

Data for this research were collected by citizen scientists which can cause concerns 

over data quality due to the limited training, knowledge and expertise of the 

contributors (Hunter et al. 2013).  The variation in observers abilities to record 

cetacean sightings also has an impact, particularly where there are a large number of 

participants, although most observers do improve with practise (Evans and 

Hammond 2004).  Even though the quality of observational data can give cause for 

concern, photographs allow the sighting to be evaluated objectively (Evans and 

Hammond 2004).  With the development of digital photographic equipment, people 

with little photographic experience are still able to take useable fin images and the 

quality of the images can be checked immediately to make sure they are adequate 

for analysis (Evans and Hammond 2004).  Photographs can also be systematically 

reviewed by a trained researcher, subject to rigorous quality control checks and the 

resulting data filtered to minimize any differences in data quality (Cheney et al. 2013).   

 

The majority of analysis in the subsequent chapters, relies on data obtained from fin 

images captured by citizen scientists.  Each image was verified and subject to rigorous 

quality control checks (see Figure 2.9 for a summary of quality control processes and 

data selection).  All of the fin images were processed by the same person and the ID, 

Q and MPs ratings were re-checked for consistency.   

 

A random sample of 400 images showed that 97.6% of measures applied were correct 

but the rejection rate (fin images falling below Q<3) in some months during the study 
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period was as high as 98% (attributed to differences in photographic equipment and 

researcher variability).  Despite this high rejection rate, the rating applied to each fin 

image (Q and MP) allows the quality and reliability of the data to be taken into 

consideration in subsequent analysis and the good-quality encounter coverage 

ensures the number of useable fin images captured is at least equal to the group size 

estimated at sea.  These are similar to the criteria used in other studies (e.g. 

Ottensmeyer and Whitehead 2003; Auger-Méthé and Whitehead 2007) and the 

quality measures are in place to ensure confidence in the remaining data and the 

following analyses.   
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Figure 2.9.  Flow chart summarising the fin image process and the selection of data 

for inclusion in the subsequent analysis.  Abbreviations used include: Q – quality 

rating, MP – mark points and PW – Pilot whale. 
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3 CHAPTER 3. 

 

SITE FIDELITY 

 

 

An analysis of site fidelity patterns with a comparison to the preliminary study in 

the Canary Islands by Heimlich-Boran (1993) to identify patterns of long-term site 

fidelity among some pilot whales. 

 

 

 

Indio 16 
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3.1 Introduction 

Site fidelity is the tendency of an individual to repeatedly return to an area they have 

previously occupied, or for an individual to remain in a specific area over a long period 

of time (McSweeney et al. 2007; Baird et al. 2008b).   

 

Populations that demonstrate a high degree of site fidelity or those with specific 

habitat requirements may be particularly vulnerable to population declines as a result 

of habitat degradation and loss (Warkentin and Hernández 1996) whereas others 

may be susceptible due to concentrated anthropogenic effects (Bräger et al. 2002).  

Such populations should be considered of significance for the formulation of 

conservation and management policies (McSweeney et al. 2007).  Where individuals 

display a low degree of site fidelity with a possibility of ocean-wide connections, 

effort should be made to better understand their movements and population 

structure, so that vulnerable life stages and habitats critical to the species can be 

protected, for example, cetacean calving grounds (Bowen et al. 2005; Bowen and 

Roman 2005).   

 

Among cetaceans, site fidelity and residency patterns have been analysed for many 

populations, with great diversity displayed between species.  For instance, in minke 

whales (Balaenoptera acutorostrata), a small population was found to return each 

year to seasonal feeding grounds on the west coast of north America (Monterey Bay, 

San Juan Islands and Johnstone Strait), with some sightings of individuals spanning 

nine years  (Dorsey et al. 1990).  Northern bottlenose whales (Hyperoodon 

ampullatus) in the Gully, Nova Scotia have been shown to routinely visit and return 

to a specific area throughout the year (Gowans et al. 2000).  Individuals observed 

during the summer field seasons entered the study area, spent on average 20 days 

there, then left and returned again at a later time.  

 

There is also considerable intraspecific variation in site fidelity, even with a 

geographical region.  One example of this is in the spinner dolphin (Stenella 

longirostris), which occurs throughout the Hawaiian archipelago (Norris and Dohl 
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1980b).  In a remote Hawaiian atoll, Karczmarski (2005) found an almost closed 

population where individuals displayed strong geographic fidelity with long-term 

residency likely.  This is a contrasting pattern to the spinner dolphins that are 

observed near the main Hawaiian Islands, where no group of individuals were found 

to permanently or regularly use a specific region of shoreline.  In addition, some 

individuals were only seen once with long periods where no recognisable individuals 

were seen in any of the areas surveyed (Norris and Dohl 1980b).  Further studies 

suggest that the population was “open to an unknown reservoir of dolphins” with a 

high degree of fluidity, suggesting a fission-fusion society (Würsig et al. 1994). 

 

Bottlenose dolphins in Sarasota Bay, Florida have been studied since 1970 (see 

summary of the research in Scott et al. 1990; Wells 2003).  The area consists of a 

series of protected bays, in which ca. 120 individuals reside.  Most of the dolphins are 

present year round and display long-term site fidelity, with some individuals being 

sighted repeatedly for 30 years and a home range of just 40 km (Wells 2003).  In 

contrast, known individuals in the open, near shore waters off San Diego displayed 

no long-term or seasonal site fidelity (Defran and Weller 1999).  Further research into 

the Southern California Bight region showed that individuals lacked fidelity to any 

particular area.  Some 424 individuals were shown to move back and forth between 

study areas, some travelling up to 470 km between sites (Defran et al. 1999).  The 

marked differences in behaviour are linked to the unpredictable distribution and 

abundance of food resources of the open California coastline compared to the 

protected bays of Sarasota (Defran and Weller 1999; Defran et al. 1999). 

 

Certain areas appear to be particularly favoured by a wide range of different species.  

This is well illustrated in the Hawaiian archipelago.  In addition to the aforementioned 

spinner dolphins, false killer whales (Pseudorca crassidens) (Baird et al. 2008a) show 

long-term fidelity around the main Hawaiian islands, with sightings of some 

individuals spanning the entire 20 years of their study.  In addition; rough-toothed 

dolphins (Steno bredanensis) (Baird et al. 2008b), Cuvier’s (Ziphius cavirostris) and 

Blainville’s (Mesoplodon densirostris) beaked whales (McSweeney et al. 2007), short-

finned pilot whales (Globicephala macrorhynchus) (Shane and McSweeney 1990; 
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Mahaffy 2012), bottlenose dolphins (Tursiops truncatus) (Baird et al. 2009) and melon 

headed whales (Peponocephala electra) (Aschettino et al. 2012) all also display a high 

degree of site fidelity in the archipelago. 

 

With long-term studies of cetaceans becoming increasingly common, a number of 

studies have shown their target species to display long-term site fidelity.  For 

example, Cuvier’s and Blainville’s beaked whales in Hawaii show long-term site 

fidelity with some resightings of individuals spanning over 15 years (McSweeney et 

al. 2007) and melon headed whale sightings shown to span 22 years (Aschettino et 

al. 2012).  Bottlenose dolphins (Tursiops truncatus) in the Bahamas, also showed 

long-term site fidelity with some individuals being observed in the area for up to 17 

years (Rogers et al. 2004).  Bottlenose dolphin studies in Sarasota Bay have sightings 

of individuals spanning 30 years, and consisting of four generations of several 

resident matrilines (see review in Wells 2003). 

 

With such variation displayed between and within species, it is important for 

cetacean conservation that we fully understand the population dynamics and 

migrations of all populations, so that we can better protect them throughout the 

entirety of their ranges, especially during vulnerable life stages. 

 

Pilot whales are documented as being nomadic (Olson and Reilly 2002), however, 

studies have shown that there are resident populations of short-finned pilot whales 

in some areas.  For example, off Hawaii, short-finned pilot whales display at least 

seasonal site fidelity (Shane and McSweeney 1990).  Further work by Mahaffy (2012), 

found individuals displayed differential residency patterns with some individuals 

being encountered only once (“visitors”) whilst others demonstrated a high degree 

of site fidelity (“core residents”) with multiple sightings across multiple years.  The 

population in Madeira also displayed similar patterns of site fidelity with some 

individuals also showing long-term site fidelity, with a 14 year recapture interval 

recorded for one individual (Alves et al. 2013).  Off the south west coast of Tenerife, 

there are also a resident population of short-finned pilot whales along with some 

visitors (Heimlich-Boran 1993).   
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Using data collected by citizen scientists in conjunction with the local whale watching 

industry in Tenerife, the site fidelity of the pilot whales off Tenerife was assessed.  A 

comparison with the previous work by Heimlich-Boran (1993) was made to identify 

any individuals demonstrating long-term site fidelity to the area.  With sufficient data 

and captures throughout the year, it should be possible to provide a better 

understanding of the population dynamics, which is essential to effectively conserve 

and manage this population.   

 

3.2 Methods 

For a full description of the data collection and data processing methods used, please 

see Chapter 2 – General Methods. 

 

3.3 Data Analysis 

3.3.1 Rate of Discovery and Encounter Frequency 

Discovery curves have been used in studies of cetaceans to infer what proportion of 

the population has been identified and the rate at which new individuals are 

encountered (Whitehead 2009).  Therefore a discovery curve was plotted for the 

number of individuals identified against the cumulative number of identifications, to 

determine the proportion of the population that was identified and to determine if 

the population was open or closed.  If the curve plateaus, it indicates that all 

individuals utilising the area have been identified, however in reality in an open 

population this should never occur due to immigration, emigration, mortalities and 

births.  It may also suggest that the rate of sampling is higher than the population 

turnover rate.  Data from all encounters were considered, but only identifications of 

well-marked individuals (MP≥3) captured in good quality photos (Q≥3) were used.   

 

The encounter frequency of well-marked individuals were also plotted.  Again, data 

from all encounters were considered, but only identifications of well-marked 

individuals captured in good quality photos were used.  For individuals that were 

encountered more than once, the number of years which they were seen in was 
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calculated.  Although both 2005 and 2008 only consist of six months of data, each 

year was considered separately.  Therefore, for the purposes of this analysis, an 

individual had the possibility to be captured over four sampling years.  The number 

of days between the first and last encounter for each individual was determined and 

an overall mean calculated.  The average number of days between sightings for each 

individual was also determined, with an overall mean calculated.   

 

3.3.2 Lagged Identification Rates 

Lagged identification rates allow the movements into and out of a study area to be 

analysed.  It is calculated as the probability that if any individual is identified in the 

study area at any time, that it can be identified during another identification in the 

same area after a time lag (Whitehead 2001; 2007).  The calculation can be used to 

estimate the amount of time individuals are spending inside and outside of the study 

area and to estimate the number of individuals present at any given time (Whitehead 

2001).  As described by Whitehead (2008; 2009), if the population is closed (i.e. no 

births, deaths, immigration or emigration) and identifications have been made 

independently, the lagged identification rate should remain constant at the inverse 

of the population size.  If there is emigration or death within the population, then the 

lagged identification rate should fall with an increasing time lag.  Cyclical movements 

into or out of the study area, will generate lagged identification rates that may fall 

and rise over time. 

 

Eight models are proposed by Whitehead (2001) and are pre-set by Whitehead (2009) 

in SOCPROG v2.4 (see Table 3.1 for details of the models).  The models were used to 

test for a closed population (models A and B) to those representing a combination of 

emigration, reimmigration and mortality (models C through to H) (Araujo et al. 2014).  

As stated in the accompanying manual for SOCPROG (Whitehead 2009) models A&B, 

C&D, E&F and G&H “are structurally identical but parameterised differently”.    
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Table 3.1.  Model equations, parameters and descriptions of the pre-set lagged 

identification rates available in SOCPROG v2.4 (Whitehead 2009).  The model 

parameters are in the form a1, a2 and a3, N is the population size in the study area 

and td represents the time lag. 

 Model equation Model description and parameters 

A a1 
Closed  

1/a1 = N 

B 1/a1 
Closed 

a1 = N 

C a2*exp(-a1*td) 

Emigration/mortality 

a1 = emigration rate 

1/a2 = N 

D (1/a1)*exp(-td/a2) 

Emigration/mortality 

a1 = N 

a2 = Mean residence time 

E a2+a3*exp(-a1*td) 

Emigration + reimmigration  

a1 = Emigration rate 

a2/(a2+a3) = Proportion of population in 

study area at any time 

F 
(1/a1)*((1/a3)+(1/a2)* 

exp(-(1/a3+1/a2)*td)) /(1/a3+1/a2) 

Emigration + reimmigration  

a1 = N 

a2 = Mean time in study area 

a3 = Mean time out of study area 

G a3*exp(-a1*td)+a4*exp(-a2*td) 

Emigration + reimmigration + mortality  

a1 = N; a2 = Mean time in study area; 

a3 = Mean time out of study area; 

a4 = Mortality rate 

H 
(exp(-a4*td)/a1)*((1/a3)+(1/a2)* 

exp(-(1/a3+1/a2)*td))/(1/a3+1/a2) 

Emigration + reimmigration + mortality  

a1 = N; a2 = Mean time in study area; 

a3 = Mean time out of study area; 

a4 = Mortality rate 
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Lagged identification rates were calculated for all well-marked individuals using only 

identifications made from good quality images.  For the purposes of this analysis, only 

identifications where the lag between sightings was ≥1 day were included.  Lags of <1 

day were not included to provide independent evidence of identification.  Once an 

individual had been captured, the chances of recapture that day were increased as a 

number of whale watching boats operated in the same area, which could result in 

multiple sightings within the same day.  Therefore any individuals which were 

encountered more than once on the same sampling day, were considered to have 

just been seen once, in an attempt to minimise the likelihood of any dependence in 

the data.  No maximum time lag was set to allow the residency patterns for the whole 

study period to be considered.  The sampling period was set to one day but no other 

grouping variables were set.   

 

All models were run simultaneously.  The variance inflation factor was >1, therefore 

the quasi-Akaike information criterion (QAIC) was used over the Akaike information 

criterion (AIC), as the QAIC accounts for the over dispersion of data (Whitehead 

2007).  The best fitting model was that with the lowest QAIC (Whitehead 2009).  1,000 

bootstrap replications were used to determine the standard error of the lagged 

identification rate (Whitehead 2001; Whitehead 2007).   

 

The analysis of lagged identification rates was completed using the compiled version 

of SOCPROG v2.4 (Whitehead 2009) available to download from 

http://myweb.dal.ca/hwhitehe/social.htm.  SOCPROG is a collection of MATLAB 

modules developed by Hal Whitehead for analysing animal social structures and 

population dynamics.   

 

3.3.3 Long-Term Site Fidelity  

Heimlich-Boran (1993), referred to an individual as “whale #21 (“Splitfin”)” who he 

described as having a deep cut through the fin, with the damage remaining constant 

throughout his study period.  The description in his thesis, matched that of whale 16 

(Indio) from this study.  Dr. Boran (pers. comm., July 2014) provided fin images of 
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Splitfin from October 1989 which were then compared against those of Indio taken 

in 2008.  A comparison of the images showed Splitfin and Indio to be the same 

individual.  Therefore, to determine if there were any other individuals that displayed 

such long-term site fidelity off Tenerife, all of the individuals identified during this 

study were compared against those identified in the same area between 1989 and 

1991 by Dr. Boran (results presented in the following; Heimlich-Boran and Heimlich-

Boran 1990; 1992; Heimlich-Boran 1993).   

 

FinEx and FinMatch were utilised for the identification process, to ensure that all 

possible matches between the catalogues had been identified.  Due to the time lapse 

between the two catalogues, some individuals may have gone through a number of 

mark point changes, impairing the ability to identify matches.  FinEx and FinMatch 

assisted the matching process as they enabled the outline and the mark points of two 

fins to be compared (see Chapter 2, section 2.3 on Photo-Identification).  Individuals 

in the catalogue provided by Dr. Boran were assigned an MP rating, using the same 

method as applied to the individuals captured in this study and only individuals with 

at least MP≥1 were processed.  Therefore any Xenobalanus hosts or clean fins were 

not included, due to the difficulty in matching these individuals between encounters, 

let alone over such a time lapse. 

 

3.4 Results 

3.4.1 Rate of Discovery and Encounter Frequency 

The rate of discovery shows a rapid increase during 2005 which continues into 2006, 

until approximately 500 identifications and 160 individuals had been identified 

(Figure 3.1).  After this high initial rate the rate becomes more constant, although the 

number of individuals identified continues to increase throughout the remainder of 

the study period and shows no indication of reaching an asymptote.  This would 

suggest that despite the high effort during this study, there is a constant influx of 

well-marked individuals and that not all of the well-marked individuals utilising the 

study area have been captured.  This constant influx of previously unseen individuals 

likely consist of previously unmarked individuals who have become identifiable due 
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to mark changes, or individuals had not been captured before, due in part to 

immigration.  Therefore, this population is not closed as new individuals were 

continually encountered with an average of 95.8 (SE=17.3, range: 45.0-123.0) well-

marked individuals being newly identified each year. 

 

 

There was a large variation in the sighting frequency of well-marked individuals 

ranging from 1-45 (mean=6.4) (Figure 3.2).  206 individuals (54%) were only seen 

once during this study period (hereafter referred to as “transients”).  Of these, 26 

individuals were catalogued individuals and 180 were new individuals that had not 

been seen before.  Of the 46% of individuals that were encountered more than once, 

there were 22 individuals which had been seen in more than 25 encounters.  Whale 

712 (Francis) was the most encountered individual with a total of 45 sightings. 

Figure 3.1.  Discovery curve of well-marked individuals (MP≥3) captured in good 

quality fin images (Q≥3) against the cumulative number of identifications.  An 

asymptote was not reached, showing that not all well-marked individuals using the 

area were identified. 
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There were 176 individuals that were encountered more than once.  Only 7% of these 

individuals were seen in just one year of the study.  Despite both 2005 and 2008 only 

comprising of six months data, 37% of individuals were encountered during all four 

years of the study (Figure 3.3).  The number of individuals in each category increases, 

with increasing number of years, indicating that a large proportion of the individuals 

that are seen more than once are present across multiple years.    

Figure 3.2.  Sighting frequency of all well marked individuals (MP≥3) captured in good 

quality images (Q≥3).  The sighting frequency ranged from 206 individuals that were 

only seen once to one individual with 45 recaptures.  All encounters irrespective of 

coverage were included.  The y-axis has been capped at 25 due to the high proportion 

of individuals being seen only once (n=206).   

206 



 
80 

 

The mean number of days between the 1st and last encounter for individuals seen 

more than once was 697.4 days (SE=22.7, median=810, range: 0-1060).  The 

minimum value of zero was a result of the only two sightings of an individual falling 

on the same day.  The maximum value of 1,060 was attained by one individual (Whale 

393, Flip).  The maximum number of days an individual could have been seen 

between was 1099 (01/07/2005-04/07/2008).  This therefore demonstrates that the 

sightings of some individuals span almost the entire study period and although all of 

the individuals used in this analysis had all been seen more than once, there is still a 

wide variation in the re-sighting histories.  The mean number of days between 

encounters was 100.3 days (SE=7.7, median=73.6) ranging from 0-746 days, again 

showing a large degree of variation in the re-sighting histories.  

 

3.4.2 Lagged Identification Rate 

The lagged identification rate was plotted and the best fitting models were that of 

emigration and reimmigration (Table 3.2).  Both of the models for emigration and 

Figure 3.3.  Yearly sighting frequency for 176 well-marked individuals captured in 

good-quality images.  37% of individuals were seen in all four years of the study 

period.  Only individuals who had been seen more than once were included. 
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reimmigration (models E and F) performed equally well, with no noticeable 

difference in the modelled rate of emigration and reimmigration.  There was 

relatively little or no support for any of the other models that were tested.  Model F 

estimated 107 individuals (SE=10.1, 95% C.I.=92.7-124.1) to be in the study area at 

any given time.  Model F also indicated that individuals remained in the study area 

for 159.5 days (SE=314.2, 95% C.I.=84.0-1325.4) spending an average 56.9 days 

(SE=98.4, 95% C.I.=34.9-316.4) outside of the study area.  Model E calculated the 

emigration rate at 0.024 (SE=0.734) individuals per day (8.76 individuals per year). 

 

Table 3.2.  Fit of population movement models to the lagged identification rate.  

∆QAIC represents the difference between the quaisi-Akaike information criterion 

(QAIC) value for each model and the model with the lowest QAIC value.  Both models 

of emigration and reimmigration (models E and F) had the lowest QAIC values and 

were selected as the best fitting models. 

Model Model Description ∆QAIC 

A Closed 84.88 

B Closed 84.87 

C Emigration/ mortality 36.63 

D Emigration/ mortality 36.63 

E Emigration + reimmigration 00.00 

F Emigration + reimmigration 00.00 

G Emigration + reimmigration + mortality 21.79 

H Emigration + reimmigration + mortality 15.59 

 

The modelled lagged identification rate (Figure 3.4) decreases between one and 100 

days, showing that many individuals leave the study area during this period of time.  

After this initial decrease, the curve stabilises at 238 days and a lagged identification 

rate of 0.00687.  The modelled rate remains constant for the remainder of the study 

period, showing no marked decrease for the remaining approximately 800 days of 

the study period.  This would indicate that whilst a large number of individuals leave 
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the study area in under 95 days, there are permanent residents in the study area 

and/or other individuals are reimmigrating back in to it (Whitehead 2001).    

 

 

3.4.3 Long-Term Site Fidelity 

A total of 252 whales captured between 1989 and 1991 provided by Dr. Boran were 

used for comparison.  Of these 235 (93.3%) were at least slightly distinct (MP≥1) and 

142 (56%) were considered to be well-marked (MP≥3).  It was possible to match 23 

individuals between the two catalogues and these individuals therefore have 

sightings spanning up to 19 years.  Of the slightly distinct individuals from Dr. Boran’s 

catalogue, 9.8% could be matched to the AWF fin catalogue.  Of the 23 whales that 

could be matched, 16 were well-marked.  Four of the individuals that could be 

matched were only seen once during this study.  Another individual that was matched 

to the AWF fin catalogue had not been seen during this study, but had been recorded 

Figure 3.4.  Lagged identification rate for all well-marked pilot whales, captured in 

good quality images.  The black line is the best fitting modelled rate of emigration 

and reimmigration plot using models E and F, which show no difference in their 

predictions.  The blue circles represent the calculated lagged identification rates with 

the standard error bars produced using 1,000 bootstrapped replicates. 
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in six sightings between 15/06/1999 and 28/08/2004 by the AWF.  It has however, 

not been possible for these sightings to be verified.   

 

Two of the matched individuals acquired new mark points.  One whale had acquired 

three new mark points, but the original damage to the fin was unaltered, whilst the 

other had just acquired one new mark point.  In addition to this, there were two 

whales where the mark points had smoothed and another where the original mark 

points were still present, but they were however, more pronounced and deeper than 

they were originally.   

 

As previously mentioned, one of the individuals that could be matched was whale 16 

(Indio) who had been identified during 37 encounters and frequently throughout all 

years of this study.  In addition, the AWF have continued to report sightings of Indio, 

with the latest sighting (verified by L.H-M) during November 2012.  This individual 

therefore has sightings spanning 23 years and although highly recognisable, the 

damage has remained constant between 1989 and 2012.  The individual has not 

obtained any additional mark points during this time but the split to the fin does seem 

to have softened and the flap of fin appears to hang lower than it used to. 

 

3.5 Discussion 

3.5.1 Varying Degrees of Site Fidelity 

The short-finned pilot whale population found off Tenerife is composed of individuals 

that show great variability in their affinity to the area.  Despite the high survey effort, 

just over half of all well-marked individuals (54%) were only ever seen once (hereafter 

referred to as “transients”).  These individuals showed a constant movement into and 

out of the area, and did not return within this study period.  This is in line with other 

pilot whale studies (i.e. Heimlich-Boran 1993; Ottensmeyer and Whitehead 2003; 

Mahaffy 2012; Alves et al. 2013) where new individuals were also continually 

discovered, suggesting that these are all open populations.  However, it will take a 
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long time for all individuals in large populations to be captured and therefore further 

effort may be required of Tenerife for all individuals to be fully catalogued. 

 

Twenty-nine individuals classed as transients during this study period were matched 

to individuals in the AWF fin catalogue, which showed that they had been previously 

encountered by the AWF.  During this study period they appear to have revisited the 

area, albeit for a very short amount of time.  Heimlich-Boran (1993) suggested that 

some individuals may be returning to the area at intervals greater than the length of 

his study and the data here support this.  Further evidence of these long-term 

movements can be seen from comparing the AWF fin catalogue against the catalogue 

from the previous study by Heimlich-Boran (1993) where fin images were captured 

off Tenerife between 1989-1991.  Whales that were classed as transients in this study 

were matched to individuals from Dr. Boran’s catalogue.  There was also one 

individual in Dr. Boran’s catalogue that could be matched to an individual in the AWF 

fin catalogue but had not been encountered during this study period.  These findings 

indicate that long-term studies spanning several decades are necessary to fully 

appreciate the dynamics of cetacean populations.  Alves et al. (2013) reported similar 

findings for the population of short-finned pilot whales off Madeira whereby two 

transient individuals demonstrated a nine and ten year recapture interval.  Although 

most transient individuals exhibit no fidelity for these areas, a few demonstrate some 

degree of site fidelity, returning in time scales which are often outside the scope of 

most studies. 

 

Heimlich-Boran (1993) states that there were 245 individuals that were seen more 

than once out of a catalogue of 495 individuals.  Therefore it is assumed that the 

remaining 250 individuals or 51% were only seen once and is comparable with the 

54% of individuals that were only seen once during this study.  This indicates that the 

proportion of individuals entering this area has remained constant over time.  

However, a comparison with other populations indicates some variation in the 

frequency of use of these oceanic archipelagos with 32% of individuals seen once in 

Hawaii (Mahaffy 2012) compared to 72% in Madeira (Alves et al. 2013).     
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In contrast, some individuals were captured consistently year round and throughout 

the study period, with one individual reaching 45 recaptures.  The comparison of fin 

images with Dr. Boran’s catalogue (Heimlich-Boran 1993) also showed that 

individuals exhibited long-term site fidelity to the area, with at least 22 individuals 

demonstrating residency or occurrence in the region spanning 19 years and one 

individual with sightings spanning 23 years.  Similar long-term patterns of occurrence 

have also been shown in the Madeiran population with sightings of one individual 

spanning 14 years (Alves et al. 2013). 

 

The lagged identification rate analysis showed the best fitting model to be that of 

emigration and reimmigration with individuals estimated to spend 160 days in the 

area and 57 days away from it.  Models incorporating mortality rates were not 

favoured, likely due to long-term resights and the short sampling period in relation 

to the life span of pilot whales.  Even though the survey area encompassed the 

majority of the south west coast of the island, the survey area was small in 

comparison to the potential suitable habitat around the coast of Tenerife and in the 

archipelago as a whole.  A small aggregation of pilot whales has been recorded off 

the north east of Tenerife (Carrillo et al. 2010), however the study did not indicate 

whether they were some of the same individuals they had encountered off the south 

west coast.  Pilot whales are also frequently encountered off the neighbouring islands 

of La Gomera (Ritter 2001), La Palma (Pérez-Vallazza et al. 2008) and Lanzarote (Politi 

et al. 1997) with whale watching trips to see pilot whales operating out of 

Fuerteventura and Gran Canaria.  Given that pilot whales are highly mobile, it is 

feasible that some individuals may move between suitable habitats within the 

archipelago.  Mahaffy (2012) provides evidence of this in Hawaii where 14 individuals 

were documented moving between islands.  Recent work on bottlenose dolphins in 

the Canary Islands also showed that some individuals encountered were 

subsequently resighted off two or more different islands within the archipelago 

(Tobeña et al. 2014).  Alves et al. (2013) suggest that some individuals belong to an 

open pelagic population with pilot whales from the Canary Islands and Madeira likely 

to be contributing to the meta-population of the north east Atlantic.  Unpublished 

data cited by Alves et al. (2015) provides evidence of a group of pilot whales moving 
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between Madeira and the Canary Islands travelling approximately 600 km over 20 

days, which may contribute to the pattern of emigration and reimmigration 

identified.  

 

As previously noted, the study by Heimlich-Boran (1993) resulted in 495 individuals 

being catalogued.  To provide a comparable estimate of the number of recognisable 

individuals, those that Heimlich-Boran considered to have a low recognisability or 

clean fins, were discounted, resulting in a total of 379 individuals.  This is comparable 

to the 382 well-marked individuals identified in this study.  Whilst the number of 

marked individuals seems to be comparable, here 722 individuals were considered to 

be slightly distinctive, and scaling this up to account for any individuals that did not 

have any identifying marks (15%) gives a total estimate of 849 individuals.  Heimlich-

Boran (1993) estimated the total number of individuals, including those with no 

identifying marks at 572.  Therefore an additional 277 individuals were encountered 

during this study which is likely due to differences in survey effort (551 sampling days 

versus 147 days in Heimlich-Boran (1993)).  The move to digital photography may also 

be a factor, as it allows hundreds of fin images to be captured continuously without 

the need to change film cartridges. 

 

10% of the slightly distinct individuals from the fin catalogue from Heimlich-Boran 

(1993) were matched against individuals identified in this study period.  Based on the 

calculations from this study, individuals would have been expected to have 

experienced a mark point change in the time lapse between the data sets, with 

individuals estimated to experience a mark point change every 8.4-12.9 years (see 

section 2.4.3 Mark Points).  It is therefore surprising that the mark points of some of 

the individuals that could be matched had not changed at all, with no additional 

marks or softening of older marks being observed in the 19 years which separate the 

studies.  This would suggest that the likelihood or susceptibility of individuals to 

experience a mark point change varies between individuals. 

 

Photo-identification is likely to underestimate the true strength of site fidelity.  Even 

when the sampling effort is high it may not be possible to capture all of the individuals 
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in the area.  Failure to capture an individual may not necessarily mean that it wasn’t 

present - it simply had not been captured.  As highlighted in Christal et al. (1998), it 

is also not possible to eliminate the chances that identification errors remain in the 

data, but restricting the dataset to photos rated Q≥3 containing individuals with 

MP≥3 increases the probability that an individual could be accurately re-identified at 

a later date. 

 

3.5.2 Conservation Implications 

Individuals in this population regularly leave the study area and this proportion of the 

population may not be protected throughout the entirety of their range.  Pilot whales 

could be exposed to extensive shipping, naval or fishing activity, seismic surveys for 

oil and gas exploration and pollution from both chemical and man-made debris 

during their movements.  Currently we have no information on the extent or route 

of these movements.  Not only would a better understanding of this help us to 

determine the threats they may be being exposed to, but may also allow for an 

estimate of the true pilot whale population size in the NE Atlantic.  It has been 

suggested that some individuals contribute to a “meta-population” (Alves 2013) with 

individuals shown to move between the Canary Islands and Madeira (Alves et al. 

2015).  If the proportion of individuals moving between these oceanic islands could 

be better understood, we may be able to at least provide some baseline data on the 

potential population size in this region of the Atlantic.  

 

In contrast, if it was found that individuals were not contributing to the proposed 

“meta-population” of the NE Atlantic but instead represented a closed population 

within the Canary Islands, this also would prove significant for the formulation of 

conservation policies and their management, especially with concerns being recently 

raised over the potential for seismic operations in the Canary Islands and the 

anthropogenic effects already affecting cetaceans in the region (Ritter 2007; Jensen 

et al. 2009; Carrillo and Ritter 2010; Ritter 2010; Arbelo et al. 2013; Riera et al. 2014). 
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3.5.3 Suggested Further Work 

A number of studies have deployed DTAGs to study the diving behaviour and 

acoustics of pilot whales off Tenerife (e.g. Aguilar Soto et al. 2008; Jensen et al. 2009; 

Jensen et al. 2011) but as far as I am aware, there has been no attempt in the Canary 

Islands or for any pilot whale population (long or short-finned) to track their 

movements using a tag with a GPS logger.  This would provide us with a better 

understanding of the movements of pilot whales off the coast of Tenerife.  This would 

aid conservation and management decisions, and for those individuals 

demonstrating low site fidelity, may provide evidence as to the distances travelled by 

the individuals or shed light on where they come from and where they go.   

 

For the purposes of the management and conservation of this population, it is 

suggested that the size of the population be properly estimated and monitored more 

closely, to identify any changes in the population dynamics off Tenerife. 

 

Due to the large proportion of individuals that have gaps in their sighting history, 

there is a need for a collaborative effort between the groups studying pilot whales 

within the Canary Islands.  Information should be disseminated to determine if any 

individuals are carrying out inter-island movements.  There should be further effort 

off Tenerife to determine if the individuals observed in the north east (Carrillo et al. 

2010) have also seen off the south west coast to establish if they represent 

independent demographics. 

 

The observations of pilot whales moving between Madeira and the Canary Islands 

(unpublished data cited in Alves et al. 2015) may indicate that pilot whales could 

move between other oceanic Macaronesian archipelagos such as the Cape Verde 

Islands (Reiner et al. 1996; Hazevoet et al. 2010) and potentially in the Azores too, 

where both long-finned and short-finned have been observed (Prieto and Fernandes 

2007; Silva et al. 2014).  Whilst this would be a time consuming task, the fin images 

of well-marked individuals from different populations should be compared to 

ascertain any matches.  
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SOCIAL STRUCTURE 

 

 

An analysis of social structure and temporal changes in association and the seasonal 
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4.1 Introduction 

Animals display great variability in social behaviour, ranging from temporary 

aggregations of interacting individuals to stable social groups with complex long-term 

preferential affiliations (Lettevall et al. 2002).  Social behaviour can have important 

benefits to the animals themselves, such as allowing cooperative foraging or by 

reducing predation risk (Connor 2000).  Social structure effects ecology, distribution, 

genetics, fecundity and population dynamics (Whitehead 2008a).  Therefore an 

understanding of the social structure and cultural attributes of populations are also 

important to us, as they are necessary to ensure effective management and 

conservation strategies are implemented (Whitehead et al. 2004).   

 

Hinde's (1976) conceptual framework has formed the basis of many studies of social 

structure and has for example, had a great impact on providing insights into the 

complex social societies of primates (Roney and Maestripieri 2003).  The framework 

is based on three levels with the fundamental element of social structure being 

interactions between individuals.  Relationships between two individuals are 

described by the content and quality of the interactions but also the temporal 

patterning of them.  The social structure of a population is defined by the content, 

quality and patterning of relationships between members in the population.  

Interactions between individuals are difficult to observe in species that are nocturnal, 

migratory, live in large groups or spend much of their time out of view (Whitehead 

1997).  For animals that are difficult to observe, associations between individuals can 

be used as an alternative to interactions as the fundamental element of social 

structure (Whitehead and Dufault 1999).  Individuals seen together are assumed to 

be interacting with one another and are considered to be part of the same group, 

which defines their association (Whitehead and Dufault 1999).  Cetaceans spend a lot 

of time submerged below the surface of the water and therefore many studies on the 

social structure of cetaceans are based on measuring the level of association between 

individuals through the photo-identification of individuals (e.g. Gowans et al. 2001; 

de Stephanis et al. 2008c; Ramp et al. 2010). 
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Some cetacean species lead a mostly solitary life, only temporarily aggregating at 

feeding or breeding sites to partake in these particular activities (Clapham 2000).  This 

behaviour is most characterised by many of the mysticetes (Ballance 2009), whose 

sighting histories are particularly difficult to study as they are generally migratory, 

occupying multiple sites and are predominantly found offshore (Ramp et al. 2010).  

For example, in humpback whales (Megaptera novaeangliae) most observations at 

feeding grounds are of weak, unstable, short-term (no longer than a day) associations 

between a small number of individuals with the only stable bond existing between 

mother and calf (Whitehead 1983; Clapham 2000).  A study by Ramp et al. (2010), did 

however provide evidence of long-term associations between females, although they 

state that it was not clear what the reason for the associations were. 

 

Odontocetes however, often display much more complex social structures.  They 

account for one of the three “peaks” in mammalian brain sizes, with primates and 

elephants accounting for the other peaks (Connor 2007).  The large brain sizes 

observed in odontocetes, predominantly among the delphinids and sperm whales 

(Physeter macrocephalus) (Connor 2007), are thought to have evolved to support 

complex cognition (Marino et al. 2007) driven by the need to be social in order to 

provide protection from predation, thus allowing the cooperative care of infants 

(Connor et al. 1998).  To be social and part of a complex society, odontocetes needed 

the ability to recognise and communicate with each other which required a complex 

brain for such complex cognition (Marino et al. 2007). 

 

Sperm whales have the largest brains on earth (Whitehead 2003) and form complex 

social structures (Weilgart et al. 1996).  Female sperm whales in the Pacific form 

multilevel societies, meaning that an individual is a member of a unit but the unit also 

forms part of larger social group (Whitehead et al. 2012).  The units are stable, 

partially matrilineal social groups that consist of some related females and immature 

males (Christal and Whitehead 2001) with individuals within the unit considered to 

be constant companions (Christal et al. 1998).  Two or more social units may coalesce, 

forming a cohesive group of approximately 20 animals that remain associated for 

several days (Christal and Whitehead 2001) with individuals within the group 
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considered casual acquaintances (Christal et al. 1998).  Conversely, adult males have 

been shown to form “bachelor groups” showing no evidence for preferred 

companions, although they were found to form clusters on some occasions (Lettevall 

et al. 2002).  Large aggregations of sperm whales have also been observed that are 

likely to occur in response to temporary food concentrations rather than for any 

social function (Whitehead and Weilgart 2000). 

 

In contrast to the stable units formed by sperm whales, bottlenose dolphins (Tursiops 

sp.) have been well documented as having fission-fusion societies whereby 

individuals associate to form small groups that change in membership often over a 

period of hours to days (see review of studies in Connor et al. 2000).  Some of the 

strongest associations between individuals are displayed in the resident form of the 

killer whale (Orcinus orca), off the north west coast of America (Bigg et al. 1990; Baird 

2000; Barrett-Lennard 2000), where neither males nor females permanently disperse 

from their natal group (natal group philopatry).  When males reach sexual maturity 

they temporarily leave the maternal group in search of mating opportunities with 

females outside their family group, but return to their maternal group after mating 

so that neither males nor females permanently leave the maternal group (see review 

of studies in Baird 2000).   

 

Pilot whales have also been shown to display natal group philopatry (Amos et al. 

1991a; 1991b; 1993a; 1993b), which is otherwise considered a rare behaviour in 

mammals (Greenwood 1980).  This theory has been supported by DNA analysis of 

long-finned pilot whales (Globicephala melas) taken from drive fisheries in the Faroe 

Islands (Amos et al. 1991b; 1993b).  The pods caught were composed of closely 

related adult females and their offspring, and sexually mature males were shown to 

refrain from mating with related females within their natal pod.  Neither sex 

dispersed from the natal group, indicating that males must either mate when pods 

meet or they must leave their natal group for short periods of time to visit other pods 

(Amos et al. 1993b).  This is supported by the observations described by Sergeant 

(1962), who reported large aggregations of whales which were likely to be the 

merging of several pods.   
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More recently Oremus et al. (2013) considered the relatedness of long-finned pilot 

whales using mtDNA as an indicator of maternal lineage at mass stranding events in 

New Zealand and Tasmania, Australia.  Contrary to some of the existing literature, 

they provide evidence to suggest that mass strandings of pilot-whales were not 

necessarily composed of extended matrilines (i.e. individuals all related to the same 

ancestral female), but are instead composed of individuals from multiple matrilines 

(i.e. aggregations of a number of smaller stable matrilineal social units which coalesce 

to form a larger group).   

 

The use of genetics to show such relatedness within groups has, however, mostly 

been restricted to long-finned pilot whales captured in drive fisheries or at stranding 

events.  Nevertheless a small number of samples have recently been analysed from 

short-finned pilot whales in Madeira to determine the relatedness between 

individuals (Alves et al. 2013).  Individuals within groups showed more genetic 

relatedness than individuals from different groups and large groups were temporary 

aggregations of a number of smaller unrelated groups.  Alves et al. (2013) also used 

photo-identification methods to further determine the social structure of the 

Madeiran population.  Photo-identification has also been widely used in other studies 

of pilot whales to determine social structure (e.g. Shane and McSweeney 1990; 

Heimlich-Boran 1993; Ottensmeyer and Whitehead 2003; de Stephanis et al. 2008b; 

Mahaffy 2012).  Heimlich-Boran (1993) found that short-finned pilot whales off 

Tenerife formed stable bonds, with males demonstrating high degrees of association 

with the same pod, suggesting natal group philopatry.  Groups were significantly 

larger and composed of more pods between April and September (termed summer), 

but there was however no increase in the number of groups encountered.  A more 

recent study by Carrillo et al. (2010), reported that the sighting frequency of pilot 

whales varied throughout the year, with the highest frequency of sightings during 

September (1.85 sightings/day) and December (2.40 sightings/day).  They did not 

however, indicate whether the seasonal effect was statistically significant. 

 

Here, the relatively non-invasive method of photo-identification is used as a means 

to determine the social structure of the short-finned pilot whales found off the south 
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west coast of Tenerife, Canary Islands, using data collected by citizen scientists in 

collaboration with the whale watching industry.  The main aim of this chapter is to 

build on the initial findings off Tenerife by Heimlich-Boran (1993), using 

developments in the tools available for the analysis of social structure such as 

SOCPROG (Whitehead 2009) and the methods detailed in Whitehead (2008a), to 

provide more information on the social structure of the pilot whales found off the 

south west coast of Tenerife.  The methods used also allow for comparisons with 

other pilot whale populations, particularly the recent studies in Madeira (Alves et al. 

2013) and Hawaii (Mahaffy 2012).   

 

4.2 Methods 

For full details on the data collection methods and fin image processing, please see 

Chapter 2 – General Methods.     

 

4.3 Data Analysis 

4.3.1 Data Selection 

The following analyses of association were performed using the compiled version of 

SOCPROG v2.4 (Whitehead 2009) from http://myweb.dal.ca/hwhitehe/social.htm.  

SOCPROG is a collection of MATLAB modules developed by Hal Whitehead for 

analysing animal social structure and population dynamics (Whitehead 2009).   

 

It was assumed that any individuals that were photographed during the same 

encounter were part of the same group and they were assumed to be associated for 

the whole day (as in Ottensmeyer and Whitehead 2003; Mahaffy 2012; Alves et al. 

2013), as this should be a sufficient length of time for individuals to interact but not 

long enough for the majority of the study population to interact (Whitehead 2008a).  

Therefore, a period of a day was set as the sampling period and associations were 

defined as individuals being grouped during the sampling period.   

 

http://myweb.dal.ca/hwhitehe/social.htm
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Due to the nature of the data collection, it was possible to capture the same dyad 

(pair of individuals) more than once during the same day, because several boats could 

be operating in the same area at the same time.  Therefore, if a dyad was 

encountered during the first excursion of the day the probability of encountering the 

same individuals was increased on any subsequent trips that day.  As highlighted by 

Bejder et al. (1998), it is necessary for sightings to be separated by at least a day so 

as to provide independent evidence of association and avoid any autocorrelation in 

the data.  Therefore, if the same dyad had been seen in more than one encounter 

during the same sampling day, only the encounter containing the largest number of 

individuals was considered.  Whilst this eliminates any dependence in the data, it may 

introduce a bias towards larger groups.  However the effect of this should be minimal, 

because when the parameters described below were used to filter the data along 

with ensuring the sightings were separated by one day, only eight encounters were 

removed.  A further four encounters were removed because the same group of 

individuals were encountered more than once during the same sampling day.  195 

encounters remained for analysis. 

 

It is common for the analysis of association to only include individuals that have been 

seen a particular number of times, to ensure that those individuals can successfully 

be re-identified (Bejder et al. 1998).  Whitehead (2008a) advises that association 

indices will be inaccurate if they are based on four or fewer samples and suggests 

using individuals identified in five or more sampling periods, if variation in the quality 

of the data has not been considered.  He also highlights the importance of excluding 

lower quality data and removing individuals with few captures because they may give 

a misleading or biased model of social structure and have with a disproportionate 

effect on the outcome of the association indices.   

 

To account for this and maximise the integrity of the data used in the following 

analyses, a number of parameters were set to exclude any poor-quality data.  Firstly, 

to give the most accurate representation of individual presence or absence, 

encounters with the poorest photographic coverage were excluded and only data 

from encounters where the good-quality coverage rating was ≥1 were included.  
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Secondly, only identifications made of well-marked (MP≥3) individuals captured in 

good-quality (Q≥3) images were considered to ensure confidence in the matches and 

increase the ability to recognise individuals if new marks were obtained 

(Ottensmeyer and Whitehead 2003).  Finally, to exclude any poorly studied 

individuals, only pilot whales that had been captured in four or more encounters, 

which fulfilled all of the aforementioned criteria were included.  The threshold of four 

or more encounters has been used in other studies of pilot whales where quality was 

also considered (i.e. Ottensmeyer and Whitehead 2003; Alves 2013; Alves et al. 2013) 

and was considered to be acceptable here, as all variations in quality had been 

accounted for.   

 

To summarise, unless otherwise stated, only well-marked (MP≥3) individuals that had 

been encountered four or more times and had been captured in good-quality images 

(Q≥3) from encounters with good-quality coverage (GQ≥1) were used for the 

association analyses.  These parameters are stringent, however, it was a necessary 

precaution to ensure that only good-quality data were included in the analyses of 

association, due to the inclusion of data collected by citizen scientists. 

 

4.3.2 Social Differentiation 

The social differentiation was measured to determine how much variation there was 

in the dyadic association indices within the population to give an indication of how 

complex the society is (Whitehead 2008a, 2008b).  Social differentiation was 

calculated as the coefficient of variation (CV) of the true association indices (the 

proportion of time dyads were associated) (sensu Whitehead 2008a, 2008b).  A social 

differentiation value (S) less than 0.3 indicates that the associations within the 

population are homogeneous, estimates greater than 0.5 indicate a well 

differentiated social society and values greater than two are indicative of a society 

that is extremely differentiated (Whitehead 2008a, 2008b, 2009).   

 

The correlation coefficient (r) between the true association indices and the estimated 

value from the association indices were also calculated as a measure of accuracy and 
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an indicator of the power of the analysis required to detect the true social system 

(Whitehead 2008b, 2009).  A high correlation coefficient (where r is close to 1.0) 

indicates that the association matrix gives a highly representative depiction of the 

association patterns within a population, whereas low values (where r is close to 0.0) 

indicate a poor representation.  Values close to 0.4 are considered to give a 

“somewhat representative” indication of the patterns of relationships and 0.8 a 

“good representation” (Whitehead 2008a, 2008b).   

 

The social differentiation can be calculated using the maximum likelihood method 

and the Poisson distribution model in SOCPROG (Whitehead 2009).  Using the 

maximum likelihood method is theoretically the best, as the Poisson distributed 

model although simpler is less accurate, giving more biased estimates as it assumes 

effort is equally distributed across all dyads (Whitehead 2008a, 2009).  Therefore, 

both the social differentiation and correlation coefficient were calculated using the 

maximum likelihood method using 1,000 bootstrap replicates to calculate the 

standard error and with a resolution of integration of 0.001. 

 

4.3.3 Association Indices 

In studies of cetaceans, association indices are often used to determine the strength 

of dyadic behavioural relationships and frequency of co-occurrence during 

encounters.  A number of association indices are available (see reviews in Whitehead 

and Dufault 1999; Whitehead 2008a), however the two indices most commonly used 

are the simple ratio index (Ginsberg and Young 1992) and the half-weight association 

index (Cairns and Schwager 1987) also known as the Dice’s or Sorensen’s index.   

 

The simple ratio index is least biased when the sampling is random (Cairns and 

Schwager 1987), where all associates of an individual in an encounter are identified, 

and both individuals in a dyad are as likely to be identified when they are together as 

when they are apart (Whitehead 2008a).  The half-weight association index is 

however, most commonly used (as used in studies of pilot whales by Shane and 

McSweeney 1990; Ottensmeyer and Whitehead 2003; de Stephanis et al. 2008b; 



 
98 

Mahaffy 2012; Alves et al. 2013), because the results from this index show the least 

bias where there is a possibility not all associates have been identified during a 

sampling period (Whitehead 2008a).  This could be due to a) not all individuals 

surfacing during the encounter, b) individuals may have been captured but the photo 

quality may be so poor that the associate could not be identified or c) some 

individuals could be more or less identifiable when seen together or apart.  All three 

of these scenarios, may influence this data set.  The half-weight association index 

does however, tend to overestimate the levels of association (Ginsberg and Young 

1992) but a short sampling period can be used to avoid this (Whitehead 2008a). 

 

Initial tests using the half-weight and simple ratio showed no indication of any 

difference in the conclusions that could be drawn from using either index.  The half-

weight association index has been used in the majority of other studies on pilot 

whales, so using the half-weight index may allow for comparisons to be drawn 

between the populations.  Although Cairns and Schwager (1987) suggest that 

comparing association indices between studies requires some caution, the sampling 

procedures between this study and other pilot whale studies, may be similar enough 

that the association indices are comparable.  In addition, as suggested by Whitehead 

(2008a), the association index which minimises bias should be selected if comparing 

data between populations, as it is unlikely the biases within the data from the two 

populations will be the same.  Therefore, unless otherwise stated, only values 

calculated using the half-weight association index will be presented in this thesis, as 

it is likely to give the least biased results.  The half-weight association index was 

calculated as follows (equation as in Cairns and Schwager 1987): 

 

Half-weight association index =
𝑥

𝑥 + 𝑦𝐴𝐵 +
1
2 (𝑦𝐴 + 𝑦𝐵)

 

 

Where: 

𝑥 is the number of sampling periods where individuals A and B were considered to 

be associated. 

𝑦𝐴 is the number of sampling periods where only individual A was seen. 
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𝑦𝐵 is the number of sampling periods where only individual B was seen. 

𝑦𝐴𝐵 is the number of sampling periods where individuals A and B were identified but 

were not associated. 

 

The resulting index values range from 0-1, where zero means individuals have never 

been seen together and one meaning that the two individuals were always seen 

together.  Therefore the greater the index value, the greater the level of association 

between the pair of individuals (Bejder et al. 1998).   

 

4.3.4 Hierarchical Cluster Analysis 

Hierarchical cluster analysis was used to produce a dendrogram to display the levels 

association between individuals.  Dendrograms however, can be misleading as they 

can infer the existence of a complex society, even from sets of random data where 

there are no preferred or avoided companions (Whitehead 2008a).  Therefore, to 

statistically test the validity of the dendrogram as a representation of the social 

structure, the cophenetic correlation coefficient (referred to as the CCC from now on) 

was used (Wittemyer et al. 2005; Whitehead 2008a).  The CCC assesses the 

resemblance between the values from the matrix of association and the level at 

which the dyads are joined on the dendrogram (Bridge 1993).  CCC values range from 

zero, indicating no relationship to the data, through to one, indicating a perfect 

representation of the data.  Values greater than 0.8 signify that the dendrogram is an 

acceptable representation of the data structure (Bridge 1993). 

 

There are a number of agglomerative clustering methods available in SOCPROG 

including single-linkage, complete linkage, average-linkage and Ward’s techniques.  

Ward’s techniques and the average-linkage are generally the preferred linkage 

methods (Milligan and Cooper 1987), especially for social analysis because the results 

are less affected by recording errors when compared to single and complete linkage 

(Whitehead and Dufault 1999).  The CCC was used to determine the most appropriate 

clustering method for the data (Wittemyer et al. 2005; Whitehead 2008a).  The 

clustering method yielding the highest CCC was used to construct the dendrogram.   
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4.3.5 Division of Social Entities 

An important part of social analysis is to determine the level at which groups of 

individuals are considered to be distinct social entities (Whitehead 2008a).  To test 

this statistically, modularity was used as a measure to assess how well a population 

can be divided into social units (Newman 2004; Whitehead 2008a).  Whitehead 

(2008a) states that the modularity is “the difference between the proportion of total 

association within clusters and the expected proportion”.  The values of modularity 

range from zero, showing a poor division or random associations, through to one, 

indicating closed communities or units i.e. no associations between individuals from 

different groups (Newman 2004; Whitehead 2008a).  Modularity values greater than 

0.3 indicate good divisions of the population (Newman 2004).   

 

The modularity across the entire dendrogram was calculated using two methods 

available in SOCPROG (Whitehead 2009).  The first is based on Newman's (2004) 

method which finds a point across the entire dendrogram to delineate social clusters.  

The association index yielding the highest modularity is the point at which the 

community is delineated (Lusseau 2007; Whitehead 2008a). 

 

The second option is based on Newman's (2006) eigenvector modularity method, 

which rather than finding a point across the whole dendrogram that maximises 

modularity, considers each cluster separately, altering cluster membership to 

increase modularity at each step until any additional divisions would reduce 

modularity (Whitehead 2008a).  Whitehead (2008a) suggests that the eigenvector 

method performs as well as, if not slightly better than, delineating across the entire 

dendrogram using maximum modularity.  In addition, he adds that using the 

eigenvector method allows you to determine how well each individual allocation to 

a cluster is supported. 

 

The maximum modularity and eigenvector modularity method were used accounting 

for individual gregariousness and previous sighting history (referred to as modularity-

G hereafter).  Clusters were delineated using the method that gave the maximum 
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modularity value and the resultant groupings were assigned an identification 

number. 

 

Following Bigg et al. (1990) some pilot whale studies (i.e. Heimlich-Boran 1993; Alves 

et al. 2013) have used the term “pod” to relate to the largest grouping of individuals 

within a community that were observed together the majority of time.  However Bigg 

et al. (1990) further defined pods as individuals that are seen together at least 50% 

of the time.  As the groups of individuals delineated using the methods above may 

not have all been seen together more than 50% of the time, the resulting groups of 

individuals will be referred to as “clusters” to define their association and represent 

delineations within the social structure. 

 

Once the clusters were defined, a Mantel test was performed on the null hypothesis 

that the rates of association between and within clusters are similar (Schnell et al. 

1985).  A Mantel test using 1,000 permutations was performed and a matrix 

correlation coefficient calculated.  A positive t-value, large p-value (>0.95) and a 

positive matrix correlation coefficient indicate that association rates are significantly 

higher within clusters than between them (Whitehead 2009). 

 

4.3.6 Preferred or Avoided Associates? 

Permutation tests were used (Bejder et al. 1998) to test the null hypothesis that 

individuals have no preferred or avoided companions i.e. all individuals associated 

with the same probability.  The tests were performed using SOCPROG (Whitehead 

2009) and are based on the procedure described by Manly (1995) and Bejder et al. 

(1998) but include some variations as detailed in Whitehead (2008a). 

 

SOCPROG offers three options for the assumptions that are made in the permutation 

tests and enable the user to; permute all groups, permute groups within samples and 

permute associations within samples.  The first option to permute all groups is based 

on the null hypothesis that there are no preferred or avoided companions given the 

number of groups each individual was seen in during the study.  This method was 
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however, not suitable here as it is only recommended for studies where the data is 

collected over a short temporal scale, when all individuals are likely to have been in 

the study area during every sampling period and where the groups were sampled 

independently (Whitehead 2009).  As the data collected here do not meet any of 

those criteria this option was discounted.  The latter two options were more suitable 

for this data set and the permutation tests were therefore performed by permuting 

associations within samples and permuting groups within samples.  The reasons for 

this are discussed below. 

 

The option to permute groups within samples uses the null hypothesis that there are 

no preferred or avoided companions when accounting for the number of groups each 

individual had been seen in during every sampling period (Whitehead 2009).  This 

test does not control for gregariousness but it does account for the possibility that 

not all individuals were present during every sampling period.  Using this version tests 

for preferred or avoided companions in both the long-term (between sampling 

periods) and the short-term (within sampling periods).  The null hypothesis that there 

are no preferred or avoided long-term companionships was rejected if the standard 

deviation (SD) and coefficient of variation (CV) of the observed association indices 

were significantly higher (p>0.95) than those from the permuted data.  The null 

hypothesis that there are no preferred or avoided short-term associations was 

rejected if the mean of the observed association indices was significantly lower 

(p<0.05) than the mean from the permuted data (Whitehead 2009).   

 

The option to permute associations within samples uses the null hypothesis that 

there are no preferred or avoided companions between sampling periods whilst 

accounting for the number of associations each individual had within every sampling 

period (Whitehead 2009).  This test was used to look for long-term (between 

sampling periods) preferred or avoided associates only.  This test controls for 

gregariousness and demographic effects, making this method particularly useful 

(Whitehead 2008a).  The other permutation tests also make more assumptions, so 

this method is generally preferred (Whitehead 2009).  A significantly high SD or CV of 

the association indices based on the real data set, resulted in the rejection of the null 
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hypothesis, indicating that there are long-term preferred or avoided associations 

which exist between sampling periods.  If there were however, short-term 

associations, it would have resulted in the SD of the associations being lowered, as 

well as the mean, so the CV was used as well as the SD to identify any long-term 

preferred or avoided companions (Whitehead et al. 2005).   

 

Using the permute groups within samples option, differences in sociality and 

gregariousness among individuals were calculated, to identify if individuals showed a 

preference for particularly large or small groups (Whitehead et al. 2005; Whitehead 

2009).  A high SD of typical group size and a large corresponding p-value (p>0.95) 

suggested that some individuals showed a preference for particularly large or small 

groups (Whitehead 2009).   

 

Both of the permutation tests were used to further determine if some individuals 

avoided each other, which was indicated by a significantly lower proportion of non-

zero association indices in the real data when compared to that from the permuted 

data (Whitehead 2009).   

 

When using both of these permutation tests, it was important to get the length of 

the sampling period right, otherwise the results may have been skewed (Whitehead 

2008a, 2009).  The sampling period needed to be short enough that animals rarely 

joined or left the population within a sampling period but was long enough that 

several groups or associations were observed within each sampling period 

(Whitehead 2009).  Therefore a sampling period of one day was used (as in 

Ottensmeyer and Whitehead 2003; de Stephanis et al. 2008b; Mahaffy 2012). 

 

The permutation tests were run using the same data used for the hierarchical cluster 

analysis.  The tests were repeated with increasing numbers of permutations (1,000, 

2,000, 4,000 etc.) until the p-value stabilised (Bejder et al. 1998; Whitehead et al. 

2005), because if too few permutations had been used the p-value would have been 

inaccurate (Manly 1995).  Three runs of each test were completed using the half-

weight association index.  If the p-values for all tests (mean, SD and CV) had not 
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stabilised by 10,000 permutations, the number of permutations was then increased 

sequentially by 10,000 (10,000, 20,000, 30,000 etc.)  The number of permutations 

was increased sequentially until the values for the permuted data sets and the overall 

p-values had stabilised.  The p-value was considered to have stabilised when there 

was less than 0.001 variance between the values achieved across all tests when 

comparing the results against the previous set of permutation tests and the overall 

p-values had remained constant across all three runs.  1,000 trials per permutation 

were used, which is considered to be sufficient in most cases (Whitehead et al. 2005; 

Whitehead 2009).   

 

4.3.7 Temporal Changes in Associations 

To calculate the temporal variations in the association patterns, the standardised 

lagged association rate (SLAR) was used.  The SLAR is the probability that if individuals 

A and B are associated at any time, after a specified time lag a randomly-chosen 

associate of A will be B (Whitehead 1995).  The standardised lagged association rate 

was chosen over the lagged association rate, because it accounts for the possibility 

that not all associates of an individual will have been recorded during the sampling 

period (Whitehead 2009). 

 

In the calculation of association indices it was important to remove any individuals 

with few captures but these individuals have no disproportionate effect on the 

outcome of the lagged association rate because they are assigned an appropriately 

small impact (Whitehead 2008a).  Consequently, the SLAR was calculated using all 

well-marked individuals captured in good quality images during in encounters with 

full good-quality coverage.  All individuals irrespective of sighting history were 

considered.  

 

The standardised lagged association rates were calculated using SOCPROG 

(Whitehead 2009).  As with previous analyses the sampling period was set to one day 

and associations were defined as individuals that were observed together during an 

encounter.  The standardised lagged association rates were compared against the 
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standardised null association rate (SNAR) which is the rate that would be expected if 

the associations were random i.e. no preferred associations (Whitehead 2008a).  The 

null and lagged association rates were plotted against the time lag and the temporal 

jackknife method was used to determine the precision of the analyses and estimate 

the standard error (Whitehead 2007, 2008a).  SOCPROG offers four exponential 

mathematical models (Table 4.1) that were fitted to the standardised lagged 

association rate using maximum likelihood and binomial loss to simulate the social 

structure.  All models were run simultaneously and the best fitting model was that 

which minimised the Quasi-Akaike Information Criterion (QAIC) (Whitehead 2007).  

The QAIC was used over the Akaike Information Criterion (AIC) as the simulations in 

Whitehead (2007) suggested that using QAIC greatly improved model selection for 

lagged association rates.  QAIC also accounts for the overdispersion of count data 

(Whitehead 2008a; Whitehead 2009). 

 

Table 4.1.  Exponential models fit to the standardised lagged association rate (SLAR).  

The models simulate different social structures as described in Whitehead (2008a).  

The model parameters are in the form 𝑎, 𝑏, and 𝑐, and “𝜏” represents the time lag, 

“CC” constant companions, “CA” casual acquaintances and 𝑔′ the SLAR. 

Model  Equation Model description  

CC 𝑔′ = 𝑎 

The level of association between 

individuals (𝑎) is stable at time lags 

greater than one sampling period.   

CA 𝑔′ = 𝑎 ∙ 𝑒−𝑏𝜏  

Associations (𝑎) persist for 1/𝑏 time 

units before falling to the null 

association rate. 

CC + CA 𝑔′ = 𝑎 + 𝑐 ∙ 𝑒−𝑏𝜏  

Association rates (𝑎 + 𝑐) fall at rate 1/𝑏 

but level off above the null association 

rate at association rate 𝑎.   

Two levels of CA 𝑔′ = 𝑎 ∙ 𝑒−𝑏𝜏 + 𝑐 ∙ 𝑒−𝑑𝜏 

Two levels of association (𝑎 and c) that 

disassociate over time scales 1/𝑏 and 

1/𝑑. 
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The relative support for each model was determined by calculating the difference in 

the QAIC value between the best fitting model and the less favoured model (Burnham 

and Anderson 2002; Burnham et al. 2011).  This was termed ∆QAIC.  Where ∆QAIC is 

less than two it indicates some support for the model in question and suggests it 

should not be dismissed (Whitehead 2008a).  ∆QAIC values between four and seven 

indicate considerably less support for the model in question and ∆QAIC >10 

essentially no support for the model (Burnham and Anderson 2002). 

 

The plot of the SLAR was produced using a number of different moving average 

values.  The moving average value that was chosen was that which smoothed out the 

plot, removing any random noise and spurious peaks and troughs, whilst retaining 

key features and reducing truncation of the plot, ensuring a good compromise of 

precision between the standardised lagged association rate and the time lag 

(Whitehead 2008a; 2009).   

 

The point at which the best fitting SLAR was estimated to intercept the y-axis was 

taken as the reciprocal of the number of short-term companions of a randomly 

chosen individual (1/SLAR) (Whitehead 1995; Ottensmeyer and Whitehead 2003).  

This was then scaled up to account for the proportion of individuals that were not 

well marked enough to be included in the analysis (see Chapter 2, section 2.4.3 on 

Mark Points).  An overall proportion of 63.8% individuals were considered to be well-

marked and the mean proportion of well-marked individuals per encounter was 

58.3%.  Both mark rates were used to estimate the number of companions.  The value 

of one was added to the estimate to account for the randomly chosen individual.  As 

advised by Ottensmeyer and Whitehead (2003), using this method produces 

estimates that will vary due to the mark rates and the fit of the model and state that 

the estimates “should be viewed as the centres of a distribution, rather than constant 

figures”. 
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4.3.8 Effect of Seasonality on Group Size 

The group size was estimated at sea as a count of the number of individuals observed.  

During the encounter, the group size was estimated every five minutes.  The largest 

of the estimates was used as the recorded group size.  Whilst the majority of 

encounters were of two or more individuals, solitary individuals were also recorded 

and have therefore been included in the analysis of group size.   

 

In some cases, the number of individuals that were identified from the fin images was 

greater than the group size that had been estimated and recorded at sea.  This was 

attributed to the difficulty of conducting accurate visual counts of cetaceans at sea 

(Ottensmeyer and Whitehead 2003).  Therefore, the larger of the two values was 

used for the group size analyses.  Unless otherwise stated, all of the group size 

analyses detailed in this section were performed using SPSS 21.0.0. 

  

The overall mean group size observed was calculated using all encounters where at 

least one individual had been identified from at least one good quality fin image.  

Encounters where no individuals had been identified or no good quality fin images 

captured were disregarded, because it may have indicated that the pilot whales were 

too far away for an accurate group size to have been estimated.  All remaining 

encounters, irrespective of photographic coverage, were included.   

 

To determine any seasonal effects on group size, the number of adults in each group 

were estimated.  Only adults were used to ensure that there was no bias in group size 

data from the number of calves and juveniles, which in a productive group will 

continue to increase group size over time.  Because of this, here we were interested 

only in the number of adults observed in an attempt to identify any shift in 

behavioural responses by adult pilot whales at certain times of the year.   

 

As above, only encounters where at least one individual had been identified from at 

least one good quality fin image were used.  The data were however, further 

restricted to include only encounters where the number of adults, juveniles and 
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calves had been estimated and the sum of these estimates equalled the total group 

size estimate.  The adult group size was then firstly analysed by month with the data 

for all years pooled by month.  Secondly, to determine any variation between 

seasons, the year was split into four, three month seasons as in Heimlich-Boran 

(1993): winter (January to March), spring (April to June), summer (July to September) 

and autumn (October to December).  These seasonal groupings are also likely to 

coincide with seasonal variations in oceanographic conditions. 

 

Generalized Linear Models (GLMs) were used to assess any temporal variations in the 

adult group size.  A Poisson distribution and log link function were used since count 

data were being analysed.  The log-linear model was fit using maximum likelihood.  

Adult group size was used as the dependent variable and month or season considered 

as the fixed effect.  The test results were adjusted to be reflective of the estimated 

adult group size with 95% confidence limits (CL) scaled to December for the monthly 

analysis and to winter for the seasonal analysis. 

 

4.3.9 Seasonality of Calving and the Impact on Group Size  

As in Heimlich-Boran (1993), calves that had been recorded as dead (possibly still 

born), being carried in an adults mouth (presumed to be the mother) and calves that 

had been captured that still had an undeveloped melon with the area in front of the 

blow hole appearing to be uneven, were used to estimate the timing of the peak 

calving period.  For dead calves the month of the sighting was used as the estimated 

month of birth.  Calves with an under developed melon were considered to be under 

a month old (Heimlich-Boran 1993) and were therefore estimated to have been born 

the month prior to the sighting.  Any conclusions drawn from the results of these 

tests should be used tentatively, as the reason for the dead calves is unknown.  Some 

of the dead calves may not have been as a result of a still birth at full-term but could 

have been aborted early, making the birth estimates inaccurate.   

 

The number of adults, juveniles and calves present during every encounter were 

estimated by the observer at sea.  These counts were used to compare groups which 
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contained calves and those that did not.  The overall group size and also the number 

of adults in each group were used to determine any differences for groups which 

contained calves and those that did not.  As with estimating seasonal effects on group 

sizes, only encounters where the sum of the adults, juveniles and calves was equal to 

the total group size and at least one individual had been identified from a good 

quality image were included in these calculations.  To determine any significant 

differences between groups that contained calves and those that did not, a Welch 

test was used as the maximum group size data were not normally distributed 

(Shapiro-Wilk test statistic=0.883, p<0.001) nor homoscedastic (Levene test 

statistic=47.386, p<0.001).  The adult group size data were also neither normally 

distributed (Shapiro-Wilk test statistic=0.849, p<0.001) nor homoscedastic (Levene 

test statistic=42.175, p<0.001).  Although the data included in these analyses had 

been restricted, any conclusions drawn from the calf data analysis, should be used 

tentatively due to the nature of data collection and the difficulty in accurately 

identifying the difference between juveniles and calves for inexperienced observers.   

 

4.4 Results 

4.4.1 Social Differentiation 

The social differentiation (S) was estimated at 1.093 (SE=0.028) using the maximum 

likelihood method which is indicative of a well differentiated society.  The estimate 

of the correlation coefficient (r) between the true and estimated association indices, 

again using the maximum likelihood approximation was 0.286 (SE=0.013).  This does 

not meet the 0.4 threshold needed to be even somewhat representative of social 

structure and therefore indicates that the matrix of association indices does not 

indicate a good representation of the true social system.   

 

Sequentially increasing the number of sightings, between four and ten recaptures per 

individual, gradually increased the correlation coefficient (r=0.503 with ten 

recaptures per individual, although this restricted the analysis to just 29 individuals).  

Increasing the number of recaptures above ten resulted in the correlation coefficient 
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beginning to decrease again, as even more individuals were removed by the 

increasing restrictions.  The number of recaptures per individual was also decreased 

to eventually include all well-marked individuals irrespective of sighting history.  This 

caused a dramatic decrease in the social differentiation and correlation coefficient, 

with each decrease in the number of recaptures.  This may suggest that whilst the 

representation of social structure can be slightly improved by increasing the number 

of sightings, the dramatic decrease below a threshold of four sightings and a only 

gradual increase above this point may indicate that restricting the data at four 

encounters is a suitable trade-off between the precision of the social representation 

and the number of individuals that remain in the analysis.  

 

Decreasing or increasing the length of the sampling period also caused the correlation 

coefficient to decrease, suggesting that a sampling period of a day is optimal for this 

data set.  The low correlation coefficient values may be as a result of the effort not 

being equally concentrated across all dyads, which violates the assumption of these 

tests.  However, Mahaffy (2012) cites a personal communication from Hal 

Whitehead, stating that the calculations may still be able to provide a suitable 

estimate, even when the assumptions are violated.  Therefore, any results based on 

the matrix of association should be interpreted with some caution as they may not 

provide an accurate representation of the social structure.   

 

4.4.2 Hierarchical Cluster Analysis 

The cluster analysis for pairwise associations was performed using 82 well-marked 

individuals (MP≥3) that had been captured in good-quality fin images (Q≥3) with 

sightings separated by at least one day, using data from encounters with full good-

quality coverage (GQ≥1).  Only individuals that met these parameters in ≥4 

encounters were included.  There were 195 encounters that met the criteria which 

consisted of 149 sampling days, with a mean of 1.3 encounters per sampling period.  

An average of 4.4 individuals were identified per sampling period with individuals 

being captured in between four and 18 sampling periods.  The resultant dendrogram 

(Figure 4.1) was considered to be highly representative of the association matrix with 



 
111 

a maximum CCC value of 0.97 achieved using average-linkage methods (single-

linkage CCC=0.89, complete-linkage CCC=0.93, Ward’s linkage technique CCC=0.82).  

However, as addressed above, the matrix of association on which the dendrogram is 

based may not be entirely representative of the underlying social structure and 

should be interpreted with some caution. 

 

  



 
112 

  

Fi
gu

re
 4

.1
.  

D
en

d
ro

gr
am

 s
h

o
w

in
g 

th
e 

av
er

ag
e

-l
in

ka
ge

 h
ie

ra
rc

h
ic

al
 c

lu
st

er
 a

n
al

ys
is

 (
C

C
C

=0
.9

7
2

) o
f a

ss
o

ci
at

io
n

s 
b

et
w

ee
n

 8
2

 w
el

l-
m

ar
ke

d
 

in
d

iv
id

u
al

s.
  T

h
e 

d
as

h
ed

 li
n

e 
in

d
ic

at
es

 t
h

e 
p

o
in

t 
at

 w
h

ic
h

 u
n

it
s 

w
er

e 
d

el
in

ea
te

d
 u

si
n

g 
m

o
d

u
la

ri
ty

-G
 (

M
o

d
-G

=0
.8

1
7

, A
I=

0
.0

3
8

).
 



 
113 

4.4.3 Division of Social Entities 

The modularity of the dendrogram accounting for gregariousness was maximised at 

0.817 resulting in the division of social entities at an association index of 0.038 (Figure 

4.2), showing that there is more association within pods than would be expected at 

random below this level.  Eleven clusters were delineated using this method, which 

contained between four and twelve individuals and demonstrated varying degrees of 

association (see Figure 4.1 on previous page).  Despite the low association index, the 

high modularity value indicates good divisions of the population beneath this level.   

 

 

Delineating the social structure using the eigenvector modularity method accounting 

for gregariousness split the population with modularity 0.818 into eleven clusters of 

between three and 13 individuals.  Although the modularity values from the 

eigenvector method and maximising modularity across the dendrogram are similar 

(0.818 versus 0.817), there were differences in cluster membership.  Using the 

eigenvector method, clusters 7 and 8 on the dendrogram (Figure 4.1 on previous 

Figure 4.2.  Modularity of the dendrogram correcting for gregariousness (modularity-

G).  Modularity-G indicated the best division of the community at an association index 

of 0.038 where the modularity was maximised at 0.817. 
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page) were merged into one large cluster, consisting of 13 individuals and cluster 5 

was split into a cluster of three and nine individuals.   

 

The division of the community using the eigenvector method was supported by the 

results of the Mantel tests.  The levels of association within clusters (mean AI=0.40, 

SD=0.19) were significantly higher (Mantel test t-value=42.57, p=1.00) than those 

between clusters (mean AI=0.00, SD=0.00).  The mean maximum association index 

within clusters (mean=0.76, SD=0.15) was also greater than between clusters 

(mean=0.09, SD=0.11).  The large, positive Matrix correlation (0.738) lends additional 

support to the rejection of the null hypothesis. 

 

Whitehead (2008a) suggests that the eigenvector method generally performs better 

than maximising modularity across the dendrogram.  It also enables you to determine 

how well supported the allocation of an individual to a specific cluster is.  Each cluster 

is considered separately, with membership altered to maximise modularity rather 

than applying a “stopping” rule across the whole of the dendrogram (Whitehead 

2008a), which may provide a more accurate representation of cluster structure.  

Therefore, the eigenvector method applied to modularity-G has been selected as the 

preferred method of community division here and any further descriptions of clusters 

are based on those produced using the eigenvector method, as displayed on the 

social network diagram in Figure 4.3.  All but one of the clusters link together forming 

a core social network.  In some cases, the connections between the clusters are due 

to one individual who has ties between two clusters, whereas others are the result 

of several individuals with multiple connections between clusters. 
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Figure 4.3.  Social network diagram showing the associations between 82 well-

marked pilot whales captured off Tenerife.  The nodes in the network represent 

individual pilot whales, with the colour of the node representing membership to 

social clusters as delineated by the eigenvector method.  The ties between nodes 

represent associations between dyads.  The colour of the ties represent the strength 

of the association determined from the half-weight association index (HWI).  Ties 

where the HWI was less than 0.36 (the average HWI for non-zero entries) are 

coloured grey and those with an above average HWI are black.  A spring embedding 

algorithm with Gower scaling in Netdraw 2.139 (Borgatti 2002) was used to 

determine the layout of the network with distances between nodes plot using 

geodesic distances. 

 

The average association index for well-marked individuals was 0.04 (SD=0.01), 

showing that overall associations between individuals in the population were very 

low.  Out of a possible 3,321 dyadic associations, 90% (2,998 dyads) showed no 

association (AI=0.00).  The average association index for non-zero entries (323 dyads) 

was 0.36 (range 0.06-1.00) and the mean association between individuals within the 

defined clusters ranged from 0.18 (SD=0.05) to 0.86 (SD=0.04), indicating strong 

associations between specific individuals within the population.  The mean maximum 

association index of individuals was 0.76 (SD=0.14) ranging from 0.42 to 1.00 (Figure 
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4.4).  This shows that all 82 well-marked individuals were captured with one other 

individual at least 42% of the time.  95% of individuals were seen with at least one 

other individual more than half of the time (association index ≥0.5).  This 

demonstrates that there are some strong dyadic associations within the population, 

indicating individuals have preferred or avoided companions. 

 

4.4.4 Preferred or Avoided Associates? 

When permuting associations within samples, the observed standard deviation of the 

pairwise association indices (SD=0.135) was significantly higher (p=1.00) than those 

from the permuted data (SD=0.115).  The observed coefficient of variation 

(CV=3.827) was also significantly higher (p=1.00) than those from the permuted data 

(CV=3.293).  This demonstrated that individuals had long-term preferred or avoided 

associates.  For this permutation test all values stabilised at 10,000 permutations. 

 

When permuting groups within samples, the mean association index calculated using 

the real data (mean=0.0352) was equal to that calculated from the permuted data 

Figure 4.4. A histogram showing the maximum half-weight association indices for 

well-marked individuals captured more than four times.  The bars on the histogram 

include the upper limit of the bin (e.g. 0.41-0.45, 0.46-0.5, 0.51-0.55). 
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(mean=0.0352) therefore the null hypothesis was not rejected (p=0.601).  This 

signified that individuals show no short-term preference for associates.  The SD of the 

real association index (SD=0.135) was however, significantly higher (p=1.00) than that 

from the permuted data (SD=0.110), again suggesting there were long-term 

preferences for companions.  All values stabilised at 70,000 permutations. 

 

Both tests also showed a significantly lower proportion of non-zero association 

indices in the real data compared against that from permuted data (p<0.001), 

showing as well as a long-term preference for companions, there are also some 

individuals that demonstrate long-term avoidance of others.  There were also 

significant differences in gregariousness (p>0.95), with some individuals found in 

consistently small or large groups.  33 dyads showed a significantly higher association 

index (p>0.95) than was expected at random.   

 

4.4.5 Temporal Changes in Associations 

The standardised lagged association rate (SLAR) was calculated for 200 well-marked 

pilot whales captured in good quality images during 258 encounters with good quality 

coverage from 180 sampling days between August 2005 and June 2008.  The casual 

acquaintances model gave the lowest QAIC value suggesting it as the best fit to the 

data, but the level of support for the constant companions model was very similar 

(∆QAIC 0.27) indicating that these two models are indistinguishable (Figure 4.5 and 

Table 4.2).   
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Table 4.2.  Relative support for exponential models fit to the standardised lagged 

association rate (SLAR).  ∆QAIC is the difference in the quasi-Akaike information 

criterion (QAIC) between the model in question and the casual acquaintance model 

which yielded the lowest QAIC value achieved from all models.  The standard errors 

of the estimated parameters are given in parenthesis.  

Model Model formula Parameter values ∆QAIC 

CC 𝑔′ = 𝑎 𝑎 = 0.142 (0.014) 0.27 

CA 𝑔′ = 𝑎 ∙ 𝑒−𝑏𝜏  𝑎 = 0.138 (0.015) 

𝑏 = -1.316x10-4 (2.319x10-4) 

0.00 

CC+CA 𝑔′ = 𝑎 + 𝑐 ∙ 𝑒−𝑏𝜏  𝑎 = 0.143 (0.040) 

𝑏 = 0.337 (18.698) 

𝑐 = -0.047 (6245.397) 

3.05 

Two CA levels 𝑔′ = 𝑎 ∙ 𝑒−𝑏𝜏 + 𝑐 ∙ 𝑒−𝑑𝜏 𝑎 = -3.452x10-3 (0.303) 

𝑏 = 9.654x10-3 (2.329) 

𝑐 = 0.139 (0.268) 

𝑑 = -1.088x10-4 (1.044x10-3) 

3.93 

Figure 4.5.  Standardised lagged association rate (SLAR) for all well-marked 

individuals captured in good quality images in encounters with full good-quality 

coverage.  The best fit models of casual acquaintances (CA) and constant companions 

(CC) and the standardised null association rate (SNAR) are all shown.  A moving 

average of 4,000 was used with error bars calculated using temporal jack-knifing. 
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The casual acquaintance model however, predicts a rising SLAR which raises 

questions over the validity and fit of the model to the data.  In this model the 

parameter 𝑏 value is negative (1.316x10-4) which causes the modelled rate to 

increase with increasing time lag.  The reciprocal of parameter 𝑏 (1/𝑏) can be used 

to calculate the duration of the associations, resulting in an estimate of -7594.74 

days.  These are unrealistic values, providing grounds to reject the casual 

acquaintance model as the best fitting for these data.  Visual inspection of the two 

models also indicates that the constant companions model produces a more reliable 

and realistic fit to the data.  The constant companion model suggests that 

associations persist at lags greater than one sampling period, resulting in the model 

estimating a constant association rate at 0.142.  The SLAR is relatively consistent 

throughout the study period near to this rate of association which suggests that the 

constant companion model is a better fit to these data than the increasing casual 

acquaintance model.  Although there is some support for the two levels of casual 

acquaintance (∆QAIC 3.93) and constant companion and casual acquaintance models 

(∆QAIC 4.42), there is considerably less support for these two models than the 

constant companion model.  Therefore the constant companion model was chosen 

as the model that most closely represented the temporal patterning of associations 

during this study period. 

 

The constant companion model crosses the y-axis at 0.142, the reciprocal of which 

gives an estimate of seven well-marked individuals being observed with a randomly 

chosen individual in the short-term.  Scaling this up to account for the mark rate 

(overall proportion of 0.638 and proportion per encounter 0.583, plus 1 to account 

for the individual itself) gives an overall estimate of between 12 and 13 individuals 

for the total group size.  This is larger than the mean group size of 9 calculated in the 

following section.  This is due to the difficulty in accurately estimating group size 

visually at sea, especially when the groups are large which generally results in the 

group size being underestimated (Ottensmeyer and Whitehead 2003). 
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4.4.6 Effect of Seasonality on Group Sizes  

The mean group size for all encounters where fin images were captured between July 

2005 and July 2008 was nine individuals (mean=8.65, SD=5.21, range 1-41, median=8, 

n=1440).  Sightings of solitary pilot whales were low, accounting for just 1% of 

encounters (Figure 4.6).  Groups containing more than 20 individuals were also 

infrequently observed accounting for 3% of encounters.  Groups of five individuals 

were most common, accounting for 11% of encounters with group sizes of between 

four and ten representing 64% of all groups encountered.     

 

 

The group size for individuals included in the association analysis was smaller than 

that observed overall (mean=7.36, SD=4.05, range 2-22, n=195).  This is likely because 

encounters with the poorest photographic coverage had been excluded from the 

analyses to give a more accurate representation of individual presence or absence.  

This has however, resulted in the selection of smaller groups as it is more difficult to 

capture all of the individuals present in large groups (Ottensmeyer and Whitehead 

Figure 4.6. Observed group sizes from 1,440 encounters between July 2005 and July 

2008.  The x-axis has been cut at 36 for ease of viewing.  36+ represents an 

observation of a group of 40 and a group of 41 individuals. 
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2003; de Stephanis et al. 2008c).  Therefore, the overall group size gives a better 

representation of the true group size, with the estimate from the SLAR most 

indicative as it accounts for individuals that may not have been captured but that 

were likely present.  This demonstrates that despite selecting for encounters with 

high coverage ratings, all individuals may still not have been photographed, 

potentially resulting in an underestimation of all association parameters. 

 

The log linear models showed significant differences in adult group sizes between 

months (𝑥2=32.18, df=11, p=0.001) and seasons (𝑥2=22.07, df=3, p<0.001) indicating 

that there is seasonal shift in adult pilot whale behaviour.  The seasonal model and 

monthly model explained 52.64% and 52.55% of variation in adult group sizes 

respectively.  Adult group size was significantly larger (p<0.05) between July and 

October (identified where the 95% confidence limits (CL) fell above 1) (Table 4.3).  

The largest adult group sizes were observed during August and September with group 

sizes estimated to be 30% and 32% larger respectively, when compared against 

December.  The smallest adult group sizes were recorded during December, with the 

adult group size estimated at 5.20 individuals (95% CL of 4.48 and 6.05) and the 

largest was during September where the adult group size was estimated at 6.87 (95% 

CL of 5.78 and 8.17) (Figure 4.7).  The confidence limits for January (±3.37 95% CL) 

and May (±3.67 95% CL) are larger than any other months.  This is likely due in part 

to the smaller sample sizes during these months with May consisting of just 35 

encounters and January 38 encounters.  These two months represent the times of 

the year when the effort was at its lowest.  For this analysis, there were on average 

120 encounters per month with the highest number of encounters during September 

(n=199). 
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Table 4.3.  Relative adult group sizes per month.  Estimates are taken from the results 

of the log linear model and are expressed as a ratio relative to December with 95% 

confidence limits (CL) shown.  The p-value was calculated using maximum likelihood. 

Month Ratio to December Lower 95% CL Upper 95% CL p-value 

January 1.10 0.83 1.47 0.507 

February 1.00 0.81 1.24 0.983 

March 1.08 0.90 1.30 0.391 

April 1.15 0.94 1.41 0.168 

May 1.04 0.75 1.45 0.817 

June 1.18 0.97 1.43 0.095 

July 1.28 1.06 1.54 0.010 

August 1.30 1.09 1.56 0.003 

September 1.32 1.11 1.57 0.002 

October 1.26 1.05 1.52 0.014 

November 1.03 0.84 1.25 0.802 

Figure 4.7. Estimated mean adult group size per month.  Error bars show the 95% 

confidence limits and are asymmetric around the mean because they are calculated 

on the log scale, therefore are multiplicative on the arithmetic scale.  Means were 

estimated using a GLM assuming Poisson distribution, using the log link function.  A 

total of 1,075 encounters were used in this analysis.   



 
123 

When pooling the data into seasons, adult group sizes observed during the summer 

(July to September) were significantly larger than those observed during the winter 

(January to March) (p<0.001, 95% CL of 1.11 and 1.35) with adult group sizes 

estimated to be on average 23% larger during the summer (Table 4.4).  Although not 

significant, adult group sizes were estimated to be 9% larger in the spring (p=0.164, 

95% CL of 0.97 and 1.22) and 5% larger during the autumn (p=0.395, 95% CL of 0.94 

and 1.17) when compared against winter.  When converting the values to reflect the 

estimated mean adult group size, the smallest mean group size was estimated at 5.5 

(95% CL of 5.1 and 6.0) during winter with the largest estimate of  6.8 (95% CL of 6.2 

and 7.5) during the summer (Figure 4.8). 

 

Table 4.4.  Relative adult group sizes per season.  Estimates are taken from the results 

of the log linear model and are expressed as a ratio relative to the winter season with 

the lower and upper 95% confidence limits (CL) shown.  The p-value was calculated 

using maximum likelihood. 

Season Ratio to winter Lower 95% CL Upper 95% CL p-value 

Spring 1.09 0.97 1.22 0.164 

Summer 1.23 1.11 1.35 <0.001 

Autumn 1.05 0.94 1.17 0.395 
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4.4.7 Seasonality of Calving and the Impact on Group Size  

During the study period, there were 11 observations of a dead calf being carried in 

the mouth of an adult, which was presumed to be the mother.  Two observations of 

particular interest that demonstrate the varying levels of calf decomposition were 

captured during October 2005 and October 2007.  The observation from October 

2005 shows a severely decomposed calf (Figure 4.9), whilst the observation from 

2007 shows an intact corpse with little decomposition or physical damage and dark 

pigmentation remaining on the head (Figure 4.10).  The images from 2007 show that 

the mother is tightly flanked by a number of other individuals.  Some individuals in 

the group also had fresh marks, including the presumed mother and one of the 

accompanying individuals. 

 

 

 

Figure 4.8.  Estimated mean group size for adult pilot whales by season.  Error bars 

show the 95% confidence limits (CL).  Means were estimated using a GLM assuming 

a Poisson distribution and using the log link function.  A total of 1,075 encounters 

were used in this analysis. 
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Four calves were captured that were estimated to be under one month old (Table 

4.5), identified by an undeveloped melon and uneven appearance of the head 

(Heimlich-Boran 1993).  These are referred to as neonates.  Using the estimated birth 

dates for the 15 observations, there were no calves estimated to have been born 

between January and April.  The observations of neonates or dead calves were most 

frequent during the summer (July to September), accounting for 53% of the sightings.  

The fewest sightings were during the spring (April to June) accounting for 20% of 

sightings, with the remaining 27% occurring during the autumn (October to 

December).  Even when accounting for the variation in the number of encounters 

Figure 4.10.  Intact calf corpse being held in the mouth of an adult pilot whale.  The 

pilot whale carrying the calf is presumed to be the mother.  She is tightly flanked by 

at least one other individual.  Both the mother and accompanying individual have 

sustained recent damage.  Image credit: AWF volunteers (15/10/2007). 

Figure 4.9.  A severely decomposed corpse being held in the mouth of an adult whale.  

The pilot whale carrying the corpse is presumed to be the mother.  Image credit: AWF 

Volunteers (26/10/2005). 
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between seasons, the summer quarter, still shows the highest frequency of sightings 

(1.79%) compared to the spring (1.21%) and autumn (1.18%).  It is therefore loosely 

suggested that the peak in calving occurs during the summer quarter.   

 

Table 4.5. Observations of neonates and dead calves.  The observation date and the 

estimated birthing month and season are given. 

Observation Date Status 
Estimated 

birth month 
Estimate 

birth season 

06/06/2008 Neonate May Spring 

10/06/2008 Neonate May Spring 

12/06/2008 Dead June Spring 

07/07/2006 Dead July Summer 

19/07/2006 Dead July Summer 

25/07/2005 Dead July Summer 

17/08/2005 Dead August Summer 

14/09/2005 Neonate August Summer 

13/08/2007 Dead August Summer 

29/08/2005 Dead August Summer 

17/09/2007 Dead September Summer 

15/10/2007 Dead October Autumn 

26/10/2005 Dead October Autumn 

26/11/2007 Neonate October Autumn 

06/12/2006 Dead December Autumn 

 

Although neonates or dead calves were only observed between June and December, 

calves were recorded as being present in groups year round.  Calves were recorded 

in 62% of encounters.  Groups containing calves (mean=10.1, SD=5.1, range 2-35, 

n=663) were significantly larger (Welch test=311.741, p<0.001) than those that did 

not contain calves (mean=5.7, SD=3.2, range 1-25, n=412).  In addition to this, as 

group size will increase with increasing number of calves, the number of adults in 

groups containing calves were also considered.  Again, adult group size was 

significantly larger (Welch test statistic=81.190, p<0.001) for groups that contained 
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calves (mean=6.89, SD=4.315, SE=0.168 range 0-33) than those that did not 

(mean=4.94, SD=2.781, SE=0.137 range 0-22).   

 

4.5 Discussion 

The short-finned pilot whales off the south west coast of Tenerife represent a well 

differentiated society.  Overall the level of association was low with 90% of all 

possible dyads showing no association.  Yet 95% of individuals were captured with at 

least one other individual more than half of the time (association index ≥0.5), with 

some never seen apart.  So although only 10% of possible dyads showed any 

association, the data suggested that those that did associate formed cohesive bonds.   

  

The standardised lagged association rate analysis indicated that associations 

persisted throughout the study period and were best described by the constant 

companions model.  The permutation tests also identified long-term preferential or 

avoided companionships, however the results indicated that there was no preference 

for short term companions.  It is possible that due to the high number of pilot whales 

observed in a relatively small area, that the home ranges of these individuals may 

overlap.  Therefore, some groups may often be seen together, because they may 

have been in the same place at the same time, rather than representing any true 

interaction.  Such range overlaps will be considered in the following chapter.   

 

Interpretations made from some of the social analysis here must be made cautiously.  

Based on some of the criteria, some individuals were always seen together.  However, 

some of these associations were only based on 4 encounters where they were seen 

together.  This infers a close association, yet the encounters where they were not 

seen together may have been excluded as a result of the restrictions on the data, 

resulting in an overestimation of the association index.  To try to overcome this, 

increasing the number sightings of each individual may increase the apparent 

strength of some dyadic associations but will meanwhile exclude other individuals 

and dyadic associations that are arguably equally as important.  In addition, limiting 

the analysis to individuals with three or more mark points to ensure confidence in 
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identifications and reduce false positives, removes other frequently seen 

companions.  Perhaps a combination of using distinctiveness (as in Mahaffy 2012; 

Alves et al. 2013) and the mark-point method (as in Ottensmeyer and Whitehead 

2003) would have been a more appropriate for selecting which individuals to include 

in the analysis.  Including distinctiveness may however, add a level of ambiguity, as 

distinctiveness of individuals may be interpreted differently between researchers. 

 

As discussed in Ottensmeyer and Whitehead (2003), nicks are acquired over time, 

and therefore the older the individual, the more likely it is that it will be well-marked.  

Similarly to their study, no calves were individually identifiable due to a lack of any 

identifying marks, and few juveniles also carried any identifying mark points.  

Therefore the levels of association presented here are not necessarily representative 

of the whole population, as 62% of groups observed, did contain calves and juveniles.   

 

Despite all the parameters set on the data to ensure full coverage of the individuals 

present during each encounter, some dyads may still not have been captured.  

Restricting analyses based on coverage ensured that there was potential for all 

individuals to have been captured, but it had the negative impact of reducing group 

size.  Since the start of this study digital photography equipment has drastically 

improved and become more affordable.  Digital SLRs equipped telephoto lenses now 

offer a greater range, improved resolution and faster focussing speeds.  Using this 

equipment would enable even individuals towards the edge of large groups to be 

captured.  Therefore, it is suggested that with the use of better equipment and more 

thorough photographic effort, more individuals could be captured, thus increasing 

confidence in determining individual presence or absence and estimating a more 

accurate group size. 

 

Group sizes were estimated to be 23% larger in the summer season (July to 

September) compared to winter (January to March), peaking during September, 

where the group sizes were estimated to be 32% larger than those seen in December.  

Heimlich-Boran (1993) found larger groups of identifiable whales off Tenerife during 

his six month summer period (April to September), but he found no difference in the 
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group size between months or quarterly seasons.  Other pilot whale studies have also 

found larger group sizes in specific seasons (Cañadas and Sagarminaga 2000; de 

Stephanis et al. 2008c).  The increased group sizes have been linked to foraging 

(Shane 1995; de Stephanis et al. 2008a), but it is most commonly suggested that the 

aggregations occur for mating (Heimlich-Boran 1993; Cañadas and Sagarminaga 

2000; Alves et al. 2013) to facilitate mating outside of the natal group (Amos et al. 

1991a; 1991b; 1993a; 1993b).  However, the timing of the larger groups 

corresponded with the peak in the observation of dead calves and neonates.  With 

an average gestation period of 15 months (Kasuya and Marsh 1984; Kasuya et al. 

1993), if the peak in parturition was between July and September, the peak in 

breeding would be between April and June.  (Heimlich-Boran 1993) estimated a peak 

in the breeding season during June.  However, the gestation period was estimated at 

12 months, which therefore indicated that breeding and calving both peaked at the 

same time.  Breeding in pilot whales has been described as “diffusely seasonal” 

although a single peak is often observed in conception and parturition, with gestation 

lasting on average 454 days (approximately 15 months) (Kasuya and Marsh 1984).  

The results presented here support this as calves were present year round, with 

births estimated to occur in all seasons, except winter, with an estimated peak in 

conception during spring (April to June) and the majority of births occurring during 

summer (July to September), 15 months later.   

 

With a maximum of 15 years between the data sets, it is possible that there has been 

a shift in behaviour between the study periods, although it seems the more likely 

explanation is the variance in the amount of data collected and the methods of data 

collection.  For example, some of the group size estimates here were based on up to 

1,400 encounters compared to 277 (Heimlich-Boran 1993).  In addition to this, 

Heimlich-Boran analysed the group sizes for identifiable whales whereas here the 

group size was an estimate of all individuals present during the encounter, 

irrespective of identifiability.  No direct comparison of group size can thus be 

assumed.  The method used for the determination of the peak in calving is however, 

the same, so although this statement is made cautiously may provide tangible 

evidence for a shift in the breeding season.   
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Groups containing calves were larger than those that did not contain calves, which 

has also been shown in other pilot whale studies (Heimlich-Boran 1993; Ottensmeyer 

and Whitehead 2003).  Calves have also been shown to occur more frequently in 

larger groups in other odontocetes too such as bottlenose dolphin species (Tursiops 

sp.) (Bearzi et al. 1997; Möller et al. 2002).  Such aggregations are thought to provide 

more than just increased protection from predators, but have also been suggested to 

provide enhanced calf assistance and reduced maternal investment (Norris and Dohl 

1980).   

 

Any conclusions drawn from using the calving data should however be considered 

tentatively, as the reason the calves were dead cannot be established and some of 

the pregnancies may not have been as a result of a still born calf at full-term but the 

pregnancy could have been aborted early, making the birth estimates inaccurate.  

Furthermore, the level of decay observed varied enormously.  So while we can be 

relatively confident that some of the pregnancies reached full term, with the calf 

dying shortly after or during birth, some recorded deaths present some ambiguity as 

the cause and time of death cannot be ascertained.  Despite the ambiguity of this 

method, the chance of recording such events were equal throughout the study period 

so the fact that more calves were observed during the summer, should be at least 

give some indication that it is during this time that most births occur.  In addition, this 

corroborates with the higher encounter frequency with calves and neonates 

observed by Carrillo et al. (2010) from June to October.   

 

The number of calves present during every encounter was estimated during the data 

capture at sea, however with the exception of calculating the group size for groups 

containing calves and the overall proportion of encounters containing calves, any 

further analysis using this data has been omitted from this thesis.  It was assumed 

that most volunteers would have found it difficult to accurately distinguish between 

a calf and a juvenile, as identifying the difference at distance can prove difficult even 

for the most experienced observers.  In addition to this, few calves were captured as 

part of the photo-identification work, so the majority of sightings could not be 

validated.  Regardless of the caution taken here, the overall proportion of encounters 
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containing calves was comparable with that suggested by Carrillo et al. (2010).  Here 

it was estimated that 62% of encounters included calves or neonates, compared to 

64% estimated by Carrillo et al. (2010).  In addition, a peak in the presence of calves 

and neonates was estimated between July and September, which falls within the 

peak period of June to October estimated by Carrillo et al. (2010).  Therefore, in this 

instance despite the caution that has been exerted due to the inclusion of data 

collected by citizen scientists, these findings indicate that this result is comparable 

with that of trained researchers. 

 

The total group size was estimated at 12-13 using the standardised lagged association 

rate and an overall mean group size of nine was calculated using the observed group 

size at sea.  The overall mean group size was lower than the SLAR estimate, indicating 

that not all individuals in the group were accounted for during the group size 

estimates at sea.  The mean group size for pilot whales off Tenerife, are however 

smaller at least 30% smaller than group sizes of short-finned pilot whales in other 

populations.  The mean group size was calculated at 18 in Madeira (Alves et al. 2013) 

and in the Hawaiian archipelago averaged between 20-21 depending on the exact 

location (Mahaffy 2012).  The group sizes are also smaller than those reported for 

long-finned pilot whales in Nova Scotia where mean group size was estimated at 20 

(Ottensmeyer and Whitehead 2003) but were closest to the mean observed group 

size of 14 for long-finned pilot whales in the Strait of Gibraltar (de Stephanis et al. 

2008c).  However, the number of companions estimated by standardised lagged 

association rate is in line with that estimated for long-finned pilot whales in Nova 

Scotia where individuals were estimated to have 11 or 12 constant companions 

(Ottensmeyer and Whitehead 2003), which suggests some similarity even though 

different social models were selected.  It also correlates with the average pod size of 

12 estimated by Heimlich-Boran (1993).  As discussed by Ottensmeyer and 

Whitehead (2003), such large units of constant companions is larger than the average 

4.5 individuals in strict matrilines or family groups identified from the drive fisheries 

in the Faroes (Fullard 2000).  Ottensmeyer and Whitehead (2003) suggested that the 

long-term social units represented extended matrilines i.e. individuals that are 

related through parent-offspring relationships and recent ancestors.  Therefore 
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based on the size of the groups observed, we hypothesise that this could also be the 

case here.  This is further supported by recent genetic analysis for the population of 

short-finned pilot whales in Madeira (Alves et al. 2013) where a small sample of DNA 

collected from individuals from different residency categories were analysed.  The 

results indicated that the genetic relatedness within groups was greater than 

between groups, with all biopsied whales (residents, visitors and transients) showing 

common ancestry.  Small groups were composed of related individuals, whereas large 

groups seemed to be the aggregation of a number of unrelated groups.  Therefore it 

is suggested that the smaller groups observed here, are related individuals or 

extended matrilines, with the larger seasonal groups composed of multiple 

matrilines.   

 

The maximum group size observed during this study was also smaller than has been 

reported for other pilot whale populations.  The maximum group size observed 

during this study was a group composed of 41 individuals.  The largest pod 

encountered by Heimlich-Boran (1993) contained 33 individuals, although Heimlich-

Boran and Heimlich-Boran (1992) reported observations of assemblages of up to 60 

individuals.  However, the maximum group size recorded during this study, was lower 

than that reported for other short-finned pilot whale populations with a maximum of 

60 individuals observed in Madeira (Alves et al. 2013) and 53 individuals in Hawaii 

(Mahaffy 2012).  In long-finned pilot whales the maximum group sizes are much 

larger with reports of up to 135 individuals off Nova Scotia (Ottensmeyer and 

Whitehead 2003) and 150 in the Strait of Gibraltar (de Stephanis et al. 2008c), which 

suggests a distinct difference between the two species.  Despite this, the maximum 

group size of 41 individuals observed during this study was the smallest of all the 

estimates. 

 

Even though group sizes may have been underestimated here, underestimation of 

group sizes is also likely to have an impact on all other studies due to the difficulty in 

accurately estimating the number of individuals present at sea.  The fundamental 

difference is however the method of data collection, because here data were 

collected by citizen scientists.  This may have some implications for an accurate 
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determination of the group size, however, the estimates were often corroborated by 

the trained staff on-board the whale watching vessels.  Whilst this may have still 

resulted in the underestimation of the true group size, there were many more 

samples included in the estimation of group size than any previous studies: here 

1,325 encounters were used compared to 105 in Alves et al. (2013) and a maximum 

of 175 encounters in Mahaffy (2012).  Another difference between this study and 

others is that here sightings of solitary individuals were included when calculating 

mean group size, whereas some others (i.e. Heimlich-Boran 1993; Alves et al. 2013) 

either did not have sightings of solitary whales or have excluded them from their 

calculations.  Accounting for this gave a mean group size of 8.73 as opposed to 8.65, 

therefore the effect of this was considered to be negligible.  

 

Gygax (2002) suggests that pilot whale group size is smaller when they feed on 

mesopelagic fish more than squid.  However, the stomach content for three pilot 

whales found in the Canary Islands were composed solely of squid remains with no 

evidence of any fish (i.e. bones or otoliths) or crustacean remains (Fernández et al. 

2009).  Although this is a small sample, it may indicate that the pilot whales off 

Tenerife do not feed on fish at all.  An alternative theory could be that such large 

groups were less frequently encountered because the larger groups could be found 

further offshore, whereas all pilot whales encountered here were relatively near to 

the coast. 

 

Despite the potential limitations of the data collection methods, with such a large 

amount of data it is likely that the estimate of group size presented here gives a more 

accurate estimation of group size than earlier work.  It may indicate that the average 

group size of pilot whales found off the coast of Tenerife is genuinely smaller than 

other populations, suggesting that the groups most frequently encountered may 

represent strict matrilines or extended matrilines, with only multiple matrilines 

coming together at certain times of year potentially for mating or calving purposes 

and even then, the aggregations observed are not as large as those found elsewhere.    

  



 
134 

 

5 CHAPTER 5. 

 

SPATIAL DISTRIBUTION 

 

 

An analysis of pilot whale distribution in relation to bathymetric features and the 

identification and estimation of known ranges for individuals and social clusters. 
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5.1 Introduction 

Understanding the extent of a species habitat and home range are fundamental 

concepts in ecology.  They are crucial to our understanding of the population 

dynamics and social structure, and are vital for identifying critical habitats which is 

necessary for effective management and conservation strategies (Silva et al. 2008; 

Rayment et al. 2009). 

 

Hoyt (2011) described areas of critical habitat as parts of a cetaceans range that are 

essential for survival, wellbeing and for maintaining a healthy population growth rate, 

such as areas that are used for feeding, breeding, calving, and also occasionally 

migrating to.  Although the areas where feeding, breeding, calving and socialising 

occur are likely to be the most critical to protect, it is also important to protect areas 

and habitats that are important for their prey and other essential ecosystem 

functions (Hoyt 2005a).  For species such as the long-finned and short-finned pilot 

whale that are considered data deficient under IUCN Red List Classifications (Taylor 

et al. 2008, 2011) and who like cetaceans worldwide are exposed to increasing 

anthropogenic disturbances, it is important to better our understanding of their 

distribution, identifying any critical areas, allowing us to monitor populations and 

implement conservation measures where necessary.   

 

Sea surface temperature (SST), bathymetry and slope are all considered as important 

factors for short-finned pilot whale distribution, with areas of high relief near to the 

1000 m bathymetric proving a hotspot for their occurrence (Dohl et al. 1983; Hui 

1985; Heimlich-Boran 1993; Montero and Arechavaleta 1996; Olson and Reilly 2002; 

Carrillo et al. 2010; Wells et al. 2013).  The observations over deep water are thought 

to correlate with the pilot whales primary food source, squid.  In California, squid 

distribution cannot be related to a specific topography and the narrow range of 

topographies pilot whales aggregate around may reflect the narrow range of their 

diet, representing areas where squid can most easily be caught (Hui 1985).  In long-

finned pilot whales, some populations have been shown to have marked seasonality 

in their distribution, moving further inshore or offshore during certain seasons, 
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thought to correlate with the spawning of squid (Sergeant 1962a; Payne and 

Heinemann 1993).  As a result of their preference for deep water off the continental 

shelf, pilot whales are generally pelagic, which provides few opportunities for 

systematic studies due the difficulty in studying them (Wells et al. 2013).  However, 

oceanic archipelagos which are volcanic in origin, such as the Canary Islands, facilitate 

such studies because deep water habitats can be found close to the shore and are 

easily accessible for researchers.   

 

The Canary Islands are composed of seven main islands, the largest of which is the 

island of Tenerife.  Off the south west coast of the island are a population of short-

finned pilot whales which is composed of individuals demonstrating varying degrees 

of site fidelity including some individuals which demonstrate long-term site fidelity 

to the area, with sightings spanning 19 years (Chapter 3).  The area is also an 

important breeding and calving ground, not just to the individuals that are present 

year round but also individuals from the wider population who also visit the area 

(Chapter 4).  As a result of this, it is important for us to understand the factors that 

are driving their distribution in this area and also to identify any potential hotspots 

of occurrence to ensure adequate protection.  

 

Previous studies considering the short-finned pilot whale distribution off the south 

west coast of Tenerife found that although other cetaceans were encountered in 

transects towards the north of this area, pilot whales were never encountered 

(Heimlich-Boran 1993).  Only five transects were completed in this area but anecdotal 

reports from dolphin watching operators also stated that pilot whales had not been 

encountered between October 1989 and July 1991.  Pilot whales showed a particular 

preference for the waters found in the southerly portion of the south west coast only 

and even within this area, it was not utilised equally.  The heavily used areas were 

shallower (1151 ± 74 m) than the moderate (1365 ± 128 m) and lightly (1520 ± 117 

m) used areas.  The heavily utilised areas were also where the sea bed sloped more 

steeply.  Heimlich-Boran concluded that the pilot whales showed a preference for the 

areas of high relief along the 1,000 m depth contour, where he suggested that there 

was potentially a gyre creating upwelling, which consequently affected prey 
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resources.  All of the observations were made within a 216 km2 area with an average 

depth of 1,386 m (±70 m) and an area of 50 km2 which the whales used heavily.   

 

A subsequent study by Montero and Arechavaleta (1996) calculated the pilot whale 

distribution as 156 km2.  They found levels of significantly higher use in areas with 

varying depths between 700 and 2,000 m that had higher SST than shallower areas 

nearer to the coast.  More recently, Carrillo et al. (2010) reported the pilot whales off 

Tenerife to be clearly distributed around the 1,000 m contour, with observations over 

depths from 325 m to 1,740 m (mean=1031 m, SD=242 m, n=294).  This also included 

observations of pilot whales found towards the north of the south east coast.   

 

The aforementioned studies (Heimlich-Boran 1993; Montero and Arechavaleta 1996; 

Carrillo et al. 2010) provided some details about the spatial distribution and habitat 

preference, but there are variances between their results.  In addition, the effect that 

social structure may also have on spatial distribution have not yet been considered 

for this population.  Therefore, the aims of this chapter are to firstly re-evaluate the 

distribution of pilot whales off the south west coast of Tenerife in an attempt to 

substantiate our knowledge of their distribution.  Secondly it will consider whether 

there is any distinction in the range and distribution of certain individuals or classes 

of individuals based on social units.   

 

With the large number of sightings obtained during this study, the distribution will be 

reconsidered using a fine scale analysis to identify areas of high use in relation to the 

bathymetric features.  A change in the distribution and range of the short-finned pilot 

whales range off the south west coast of Tenerife between this study and that 

conducted by Heimlich-Boran (1993) will be considered, which has not been 

previously addressed.  Here we provide a more current view of pilot whale 

distribution off the south west coast of Tenerife, identifying areas that are of critical 

habitat, which is especially important with growing concerns over the anthropogenic 

disturbances in this area. 

 



 
138 

5.2 Methods 

A detailed description of the study area and the data collection methods are provided 

in Chapters 1 and 2 respectively.  Chapter 2 provides full details on the collection and 

processing of the fin images of short-finned pilot whales which were collected in 

conjunction with whale watching vessels by citizen scientists from the AWF 2005 and 

2008.   

 

5.3 Data Analysis 

5.3.1 GPS Analysis 

GPS data were analysed using the free and open source Geographic Information 

System (GIS) software QGIS v2.6.1-Brighton (http://www.qgis.org).  A project was 

compiled using the following vector and raster files.  A map of the Spanish provinces, 

including the Canary Islands, generated by the National Geographic Institute of Spain 

(IGN) was available from the National Centre for Geographic Information (CNIG) 

(http://centrodedescargas.cnig.es/CentroDescargas).  The bathymetry raster file was 

from the European Marine Observation and Data Network using the Portal for 

Bathymetry (http://portal.emodnet-bathymetry.eu).  The topography raster was 

from Natural Earth who provide free vector and raster map data to the public domain 

(http://www.naturalearthdata.com).  The data required to the plot the SACs were 

obtained from the Central Data Repository (CDR) provided by the European 

Environment Information and Observation Network (Eionet) which is a partnership 

network of the European Environment Agency (EEA) (http://cdr.eionet.europa.eu). 

 

Initially all pilot whale encounters were plotted using the coordinates recorded at the 

start of each encounter.  This plot was checked for any potential errors in the 

recorded locations.  Errors included any sightings that fell on land or in harbours or 

those which were greatly outside of the study area.  Such errors were often the result 

of human error during data entry arising from, for example, the incorrect placement 

of the decimal when entering coordinates.  Errors such as this were corrected for.  

Encounters for which the recorded locations could not be corrected were removed.  

http://www.qgis.org/
http://centrodedescargas.cnig.es/CentroDescargas
http://portal.emodnet-bathymetry.eu/
http://www.naturalearthdata.com/
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This resulted in the exclusion of 71 encounters.  The data for the remaining 2,437 

encounters were then re-plotted.   

 

The area in which all sightings had occurred was divided into 1 km2 cells (1 km x 1 

km).  However, other pilot whale studies such as Cañadas et al. (2002) and Alves 

(2013), divided their study area into quadrats that measured two minutes of latitude 

by two minutes of longitude (2’ x 2’).  de Stephanis et al. (2008a) state that they used 

this measure to allow future studies by members of the Spanish Cetacean Society 

(SEC) to compare to their results.  Yet quadrats that are 2’ x 2’ at the Strait of Gibraltar 

will not cover the same area at the latitude of the Canary Islands, which is also part 

of the Spanish province.  Therefore to give a constant unit of measure, here the study 

area was divided into 1 km2 cells to allow a fine scale analysis of distribution using a 

standard measurement.  Although the cell size is smaller than other studies, due to 

the large amount of data collected over a relatively small area there was still enough 

effort and encounters across cells to allow an estimation of sighting frequencies (Silva 

et al. 2012).  This resulted in the area being partitioned into 673 cells. 

 

5.3.2 Estimation of Track Data 

The survey effort was not evenly distributed throughout the study area and the area 

was not studied systematically.  Excursions occurred throughout the entire study area 

but the distribution of effort was highly influenced by the position of each of the 

harbours, with the areas nearest to the harbours surveyed more intensely than the 

surrounding areas.  The excursions were also focussed on maximising the number of 

cetacean encounters and as a result of this, the areas where pilot whales and 

bottlenose dolphins were known to be frequently encountered were intensely 

surveyed.  Consequently, it was important to account for the relative survey effort to 

interpret the sighting data to determine whether a high density of sightings were a 

result of high effort or a true hotspot for occurrence.  Track line data were not 

available, but the coordinates and times of cetacean encounters had been recorded 

using the boats on board GPS, or when this was not available using a hand held GPS 

(Garmin Forerunner 101 or Garmin eTrex).  The start and end points of excursions, 
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the return route to port and whether the excursion included a swim stop were also 

known.  To provide the most accurate representation of effort possible, only 

excursions where the coordinates for all encounters were available were included 

and only excursions less than four hours in length were used.  The resulting data were 

combined and tracks were estimated, by joining the known coordinates in 

chronological order using the “PointsToPaths” plugin for QGIS (see Figure 5.1 for all 

tracks and Figure 5.2 for examples from each port).  Although this method provides 

a crude estimate of survey effort, it is at least likely to provide some indication of the 

route taken during an excursion as the whale watch trips often moved directly 

between encounters following similar routes into and out of the harbours.   

 

 

Figure 5.1.  Estimated track data for whale watching excursions from Los Gigantes, 

Puerto Colón and Los Cristianos.  Only excursions where the GPS coordinates were 

available for all encounters during the excursion were included.  Depth contours are 

shown every 100 m with thicker contours every 500 m.    



 
141 

 

Figure 5.2.  Examples of tracks estimated for excursions leaving each of the whale 

watching ports.  The tracks from Los Gigantes and Puerto Colón each show one 

excursion whereas the tracks from Los Cristianos represent three 2 hour excursions, 

all of which occurred on the same day. 

 

Search effort was then measured using only excursions where the data were 

complete and had been collected under favourable conditions (henceforth meaning 

Beaufort sea state ≤3 verified from fin images and excursions <4 hrs).  Data were 

pooled across all years of the study and the total number of kilometres surveyed 

within each 1 km2 cell of the grid were calculated. 

 

5.3.3 Encounter Rates 

To provide an indication of the sightings per unit effort for each cell, an encounter 

rate was calculated as the number of encounters per kilometre travelled.   Using the 

total length of tracks within each 1 km2 cell, the encounter rate was calculated by 
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dividing the number of pilot whale encounters in each cell by the total distance 

surveyed.  Cells where the total survey effort was less than 1.4142 km were excluded 

from any further analysis.  This was calculated using the diagonal distance across a  

1 km2 cell (Fortuna 2006).  Cells falling below this threshold were excluded to remove 

any small sample bias (Panigada et al. 2005; Alves 2013).  Although the research 

platforms were not all the same, all of the surveys were non-systematic boat based 

surveys, which followed the same protocol in terms of maximising the encounters.  

Therefore data from all platforms were pooled. 

 

5.3.4 Distribution Relative to Bathymetry 

To determine whether the sightings correlated with bathymetric features, two 

aspects were considered; depth and slope.  The mean depth within each cell was 

calculated by extracting the data from the bathymetric raster file using the Zonal 

Statistics tool in QGIS.  This also provided the maximum and minimum depth within 

each cell.  The difference between these two figures were used as a proxy for benthic 

slope (Ingram and Rogan 2002).   

 

A Generalized Linear Model (GLM) and chi-square analysis were used to ascertain 

whether pilot whales showed a particular preference for areas of specific depth or 

slope (Cañadas et al. 2002).  As part of the chi-square analysis, an expected sighting 

frequency was calculated for each cell.  This assumed that the number of pilot whale 

encounters per cell were randomly distributed across all cells irrespective of depth 

and slope (Hui 1979).  The expected sighting frequency of each cell was calculated as 

originally defined by Hui (1979) and more recently as described by Cañadas et al. 

(2002) and Silva et al. (2012).  The expected encounter frequency (𝐸), of a cell or 

category (𝑖) was calculated as: 

 

𝐸𝑖 = 𝑛 ×  
𝐿𝑖

𝐿𝑇
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Where 𝑛 is the total number of pilot whale encounters across all cells or categories, 

𝐿 is the amount of effort in that specific cell or category (𝑖) and 𝐿𝑇 the total effort 

across all cells or categories.   

 

The expected sighting frequency was calculated for all cells where there had been 

more than 1.41 km covered during surveys.  To determine the proportion of cells 

where there were more encounters than would be expected based on the survey 

effort, the observed encounter frequency and the expected encounter frequency 

were compared.  A ratio of the observed against the expected encounter frequency 

were calculated for each cell.  A ratio greater than one, suggests that the whales were 

encountered within the cell more frequently than would be expected based on the 

survey effort (Silva et al. 2012; Alves 2013). 

 

To establish whether pilot whales showed a preference for areas of particular depth 

and slope, a comparison of the expected and observed encounter frequency were 

also calculated for classes of depth and slope and analysed using a chi-square 

analysis.  Depth was categorised into 14 classes of 100 m increments, with the 

exception of the shallowest (0-400 m) and deepest (1601-2100 m) categories.  The 

upper and lower classes were pooled in this way to ensure the data did not violate 

the assumption of the chi-square test, which requires the observed and expected 

frequencies to be greater than the minimum accepted value of five.  Slope was 

categorised into 11 categories of 50 m increments, again with the exception of the 

lowest (0-100 m) and greatest (551-650 m) slope categories.   

 

R v3.1.2 (R Core Team 2014) was used to model pilot whale distribution in relation to 

depth and slope.  The number of encounters per cell was used as the response 

variable with the survey effort per cell added as an offset.  The mean depth and slope 

for each cell were included as explanatory variables along with an interaction term 

between them.  The collinearity between the explanatory variables was assessed 

using the Spearman rank correlation coefficient, which showed depth and slope were 

not correlated (Spearman ρ=0.397).  As the response variable consisted of count data 

containing zeros, the GLM was run assuming a Poisson distribution and using the log 
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link function but the dispersion parameter (residual deviance/residual degrees of 

freedom) indicated that the data were overdispersed (dispersion parameter=2.64).  

The standard errors were corrected using a quasi-GLM (Zuur et al. 2009) and the 

model was compared against a negative binomial GLM using the log-likelihood ratio 

test.  This indicated strong support for the negative binomial model (test 

statistic=248.1, p<0.001) and so the negative binomial model was selected.  

Backwards stepwise selection using Akaike’s information criterion (AIC) was used for 

selecting the best fitting model.  The percentage of deviance the model explained 

was calculated and randomised quantile residual plots were used to evaluate model 

fit as they are better suited to count data (Dunn and Smyth 1996).  Plots of residuals 

were inspected to identify any trends. 

 

5.3.5 Range Analysis  

Observations of pilot whales were limited to the area off the south west coast of 

Tenerife.  The results from Chapter 3 suggested that even the most frequently 

encountered individuals may not always be present in the area, with individuals likely 

to make movements outside of the study area.  Therefore, data on individual 

movements within the area were restricted and the calculation of range here is 

considered as the “known range” rather than a complete “home range” (Ingram and 

Rogan 2002). 

 

The range analysis was completed using all sighting data irrespective of whether the 

data were collected under favourable conditions.  However, as photo-identification 

data were being used identifications were restricted to those made of well-marked 

individuals captured in good quality images to provide assurance of a positive match.   

 

To estimate the known ranges of individuals Kernel Density Estimators (KDE) (Worton 

1989) and Minimum Convex Polygons (MCP) (Mohr 1947) were calculated using the 

Home Range Analysis tools available in the R Scripts plugin under the Processing 

Toolbox in QGIS, which uses the “adehabitat” package for R (Calenge 2006).  Both 

MCP and KDE have been frequently used in home range studies of cetaceans (i.e. 
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Heide-Jørgensen et al. 2002; Ingram and Rogan 2002; Silva et al. 2008; Rayment et al. 

2009; Smith 2012).  However similar analysis has not yet been completed for short-

finned pilot whales. 

 

A minimum convex polygon is the smallest polygon in which no internal angle 

exceeds 180 degrees and which contains all the sites of occurrence (IUCN 2012).  

Although this method can be used to identify the whole area utilised by an animal, it 

does not give any indication whether the individuals use all areas within it equally.  It 

is also sensitive to bias from outliers or errors in location (Burgman and Fox 2003) 

and only provides a crude outline of occurrence (Row and Blouin-Demers 2006).  

Despite this, the IUCN, which provides the most comprehensive global conservation 

status for plants and animals (Rodrigues et al. 2006) and is one of the most influential 

conservation protocols (Burgman and Fox 2003), outline that extent of occurrence is 

the area which encompasses all the known, inferred or projected sites of species 

occurrence, the extent of which can often be measured using a MCP (IUCN 2012).  

The IUCN classify species as critically endangered if the extent of occurrence is less 

than 100 km2 or when data (either observed, estimated, inferred or suspected) show 

a reduction in the extent by ≥80% over ten years or three generations, whichever is 

longest (IUCN 2012).  Consequently, MCP are still widely used in ecological studies to 

determine ranges for conservation measures.  In addition to this, they are easy to 

implement, not open to bias from selection of parameters like density estimates and 

they allow direct comparisons to be made between studies.  As a result, MCP were 

used here to determine the known ranges in accordance with the IUCN criteria, to 

provide a baseline estimate for short-finned pilot whales off Tenerife and allowing 

for a comparison with future pilot whale studies. 

 

Kernel density estimates were also calculated, which describe the home range in 

terms of a probabilistic model (Worton 1989).  Rather than estimating the total size 

of the area of occurrence like a MCP, density estimates determine the probability of 

occurrence at each point within the range which is used to determine the utilisation 

distribution (UD) (Silva et al. 2012).  This gives an indication of how the home range 
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is being used and it is common to set the UD at 95% to give the total known range 

and 50% to describe the core area utilised. 

 

Kernel density estimates can be performed using fixed or adaptive kernel methods.  

Fixed methods use the same bandwidth for all points, whereas adaptive kernel 

methods allow the bandwidth to vary based on a function of local densities (Kie 

2013).  The adaptive method results in larger kernels often driven by a bias towards 

points near to the edge of the UD, rather than the inner ones (Seaman et al. 1999).  

The fixed kernel method shows lower bias and better fit than adaptive kernels 

(Seaman and Powell 1996; Seaman et al. 1999).  Kernohan et al. (2001) advise the 

fixed approach to determine centres of activity, and given the lower bias of this 

method, this method was used.  Worton (1995) do however state that the decision 

over fixed or adaptive kernels is unimportant in comparison with choosing an 

appropriate smoothing method. 

 

The selection of a smoothing parameter or bandwidth (ℎ) which controls the width 

of the kernel, is a critical element of the density estimate analysis (Worton 1995; 

Kernohan et al. 2001; Kie 2013).  However, there is a great deal of uncertainty over 

which method is most appropriate (Worton 1995; Rayment et al. 2009; Kie 2013).  

Initial studies used computer simulations to compare methods (Worton 1989, 1995; 

Seaman and Powell 1996; Seaman et al. 1999) and since then studies using real data 

have demonstrated great variability in success (i.e. Rayment et al. 2009; Kie 2013).  

This likely comes as a result of variations in sample size, sampling protocol (i.e. 

opportunistic sightings vs telemetry data) and autocorrelation from animals 

displaying varying degrees of site fidelity and recapture frequency.  Schuler et al. 

(2014) advise that it is unlikely that one method will be appropriate for all studies and 

researchers should consider the distribution of their data and justify their choice of 

smoothing parameter based upon their study objectives.  The two main methods in 

use are the reference bandwidth (ℎ𝑟𝑒𝑓) and the least-squares cross validation 

method (ℎ𝑙𝑠𝑐𝑣).  Both of these methods were considered.   
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Using the least-squares cross-validation (LSCV) method to determine the bandwidth 

is generally the favoured and recommended method for home-range estimation in 

the literature (Worton 1989; Seaman and Powell 1996; Seaman et al. 1999).  It has 

also commonly been used in home-range studies on cetaceans (i.e. Heide-Jørgensen 

et al. 2002; Silva et al. 2008; 2012).  Despite its widespread use, a number of studies 

have also reported disadvantages of using this method.  Kernohan et al. (2001) 

suggest that when the LSCV reaches low values the estimated UD breaks into multiple 

polygons, making it unlikely that LSCV is accurately reflecting the underlying 

distribution.  They go on to say that the extent to which this is considered undesirable 

should be considered by the researcher in terms of whether one is more interested 

in identifying discrete, localised clumps of occurrence or whether it is more important 

to delineate a continuous boundary around the general area of use.  In terms of 

sample sizes, ranges plotted using LSCV became positively biased with very small 

sample sizes as areas outside of the animals home range were included but became 

negatively biased with increasing sample size, because the home range was broken 

into multiple polygons (Kie 2013).  

 

Reference bandwidths are used less frequently, but Rayment et al. (2009) used this 

method to study Hectors dolphins (Cephalorhynchus hectori) in New Zealand, after it 

was favoured following a trial against LSCV and the likelihood cross-validation 

method (Horne and Garton 2006).  Other studies found the method to be positively 

biased but performance increased, showing a closer match to true home range, with 

increasing sample size (Kie 2013).  They are considered to give a good estimate of 

home range where the UD is unimodal, but should be used with caution if data points 

are clumped as it will over smooth estimates (Worton 1995).  Others also suggest 

that it will over smooth multimodal distributions resulting in the home range being 

overestimated to a greater degree than the LSCV method (Seaman and Powell 1996). 

 

To determine the most appropriate smoothing parameter for this data, the location 

of encounters with individuals from the social groupings delineated using the 

eigenvector method (see Chapter 4, section 4.4.3 on Division of Social Entities) were 

analysed using both the LSCV and reference bandwidth methods.  These data were 
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chosen as the sample due to the varying numbers and densities of encounters for 

each group to provide an indication of the performance of both KDE smoothing 

methods with this dataset.   

 

Similarly to Rayment et al. (2009), the LSCV typically resulted in highly fragmented 

density estimates, which were considered to be unrealistic given that cetaceans are 

highly mobile and are likely to navigate between the isolated areas (Figure 5.3).  Given 

the scope of the study, it was also considered more important to delineate a 

continuous boundary around the general area of use, rather than discrete hotspots 

of occurrence (Kernohan et al. 2001), which may be a result of the sampling methods 

used rather than a reflection of the true pilot whale distribution.  In addition to this, 

for almost half of the clusters (5 out of 11) the size of the range was considered to 

have been underestimated using the LSCV method, with the size of the range at the 

95% UD less than or equal to the MCP.  The LSCV method was also far less reliable in 

terms of producing consistent comparable results than the reference method (Figure 

5.3).  Seeing as the main aim of this analysis is to compare the ranges for different 

segments of the population, this was considered to be a critical point.  Increasing the 

sample size had varying results, although least effect was observed on kernels 

produced using the reference method.  The reference method did produce larger 

home range estimates, which are likely positively biased however, the ranges 

produced were more consistent and indicative of the data, producing the most 

credible density estimates.  Therefore the reference bandwidth method was chosen 

as the accepted smoothing factor.  
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 Cluster 1 Cluster 7 

𝒉𝒍𝒔𝒄𝒗 

  

𝒉𝒓𝒆𝒇 

  
Figure 5.3.  Kernel density estimates for two different social clusters using the least 

squares cross validation (ℎ𝑙𝑠𝑐𝑣) and reference (ℎ𝑟𝑒𝑓) bandwidth selection methods.  

The ranges calculated for cluster 7 (C7) using both bandwidth selection methods 

(Href KDE and LSCV KDE) show a reasonable representation, whereas the estimates 

for cluster 1 (C1) using the LSCV method (top left) show over smoothed and severely 

fragmented estimated ranges. 

 

An assumption of all kernel analyses is that the data points are independent (not 

auto-correlated).  Violating this assumption can result in the range extent being 

underestimated (Swihart and Slade 2011; Kie 2013).  Swihart and Slade (2011) advise 

that sampling intervals are chosen to ensure that dependence between successive 

observations is negligible.  Therefore to minimise dependence and autocorrelation, 

successive sightings on the same day of an individual or social cluster were removed 

from the dataset, ensuring sightings were separated by at least one day.  However, 

some autocorrelation is still expected given the long-term site fidelity shown by some 

individuals within this population (Chapter 3).   

 



 
150 

Home range estimates are highly influenced by sample size, resulting in the 

underestimation of ranges if too few sightings are included.  Therefore to determine 

the optimal number of recaptures necessary for home range analysis, sightings for 

individuals that had been encountered ≥5 times were randomly selected from the 

entire data set with increasing numbers of sightings.  To determine the effect on the 

range, the extent of occurrence was calculated using an MCP for each individual at 

every increment.  The mean MCP value was then plot on an area-observation curve 

to ascertain where or if an asymptote was reached (Gese et al. 1988; Silva et al. 2008; 

Urian et al. 2009).  The point at which a plateau was reached was used to delineate 

the number of sightings required for inclusion in the range analysis.  For all individuals 

meeting the minimum sighting threshold, the range was then calculated using a MCP, 

and KDE at 95% and 50% UD.  It was hoped that the data for the selected individuals 

could have been used to analyse any seasonal variations.  However, there were too 

few sightings across seasons for each individual for seasonal distribution to be 

considered.  Therefore using the individuals selected, it was only possible to 

determine individual range and the overlap of ranges.  The ranges were also 

calculated for each social cluster.   

 

Any areas of land which fell within a range were subtracted from the range estimates.  

The overlap between the ranges of two individuals or clusters was calculated as the 

total range overlap (𝑅𝑇) using the formula: 

 

𝑅𝑇 =  
𝑅𝑎𝑏

(𝑅𝑎 + 𝑅𝑏) − 𝑅𝑎𝑏
 

 

Where 𝑅𝑎 and 𝑅𝑏 are the range sizes of pilot whales a and b respectively and 𝑅𝑎𝑏 is 

the area of the overlap between the two ranges. 
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5.4 Results 

5.4.1 Spatial Distribution of Encounters 

Between July 2005 and July 2008, the coordinates were recorded during 2,437 pilot 

whale encounters.  The encounters occurred from 27°58.8' to 28°17.1' N and 16°42.7' 

to 16°57.8' W between 1.0 and 15.5 km offshore (Figure 5.4).  The majority of 

encounters were concentrated in a band approximately 4.5 to 7 km offshore but 

there were several exceptions to this, with one outlier to the north and several in the 

far west into the channel between Tenerife and La Gomera.  The total extent of 

occurrence (MCP) using all sightings was calculated at 373.42 km2.   

 

 

1,875 encounters were considered to have occurred under favourable conditions, 

resulting in the exclusion of 562 encounters for the subsequent analyses (Figure 5.5).  

Figure 5.4.  The location of 2,487 pilot whale encounters between July 2005 and July 

2008.  The encounters are concentrated in a band 4.5 to 7km offshore and the total 

extent of occurrence (MCP) was measured at 373 km2 and is shown by the black line. 
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Removal of these encounters resulted in fewer sightings remaining towards the north 

of the study area and a lower density towards the south of the study area.  

 

 

The study area was divided into 673 cells but only 266 cells contained more than 1.41 

km of survey effort.  The mean number of encounters across these cells was 6.99 

(SE=1.05, range: 0-107), with half the cells (133 cells) containing no encounters.  The 

highest number of encounters were towards the south of the study area with a 

hotspot near to the port of Los Cristianos.  It is in this area where the maximum 

number of encounters per cell was observed, with 107 encounters in one 1 km2 cell 

(Figure 5.6).   

 

b) Figure 5.5.  Pilot whale encounters (n=1,875) that occurred under favourable 

conditions. 
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Figure 5.6.  Number of encounters per 1 km2 cell.  Only cells where the survey effort 

was greater than 1.41 km and data were collected under favourable conditions were 

included.  The highest number of encounters per cell (n=107) occurred in south of the 

study area near the port of Los Cristianos.  Fewer encounters occurred towards the 

north of the study area. 

 

5.4.2 Survey Effort 

There was an estimated 19,211 km of survey effort under favourable conditions 

between July 2005 and July 2008 (excludes cells with <1.4 km of effort).  The mean 

survey effort per cell was 72.22 km (SE=7.75, range: 1.43 to 914.52).  Survey effort 

was highest near to the ports of Los Cristianos and Puerto Colón, with fifteen 1 km2 

cells containing more than 320 km of tracks near these areas (Figure 5.7).  The highest 

effort was observed outside of Los Cristianos where one cell contained 915 km of 

tracks.  The effort from the port of Los Gigantes was lower in comparison reaching a 

maximum of 197 km of tracks.  Effort was disproportionally high in coastal areas due 
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to the movement of boats into and out of the harbours and the swim stops which 

occurred in bays along the coast.  The near shore fish farms often attracted 

bottlenose dolphins as they used the fish farms as an opportunistic food source.  

Therefore, the whale watching boats would often stop to watch the dolphins in these 

areas at the start or end of an excursion.   

 

 

Figure 5.7.  Estimated survey effort per 1 km2 cell.  The highest survey effort occurred 

near the ports of Los Cristianos and Puerto Colón.  Cells where there was less than 

the minimum 1.41 km of survey effort are included to highlight the areas where the 

lowest effort was estimated to have occurred. 
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5.4.3 Encounter Rates 

The encounter rates for cells where the minimum survey effort had been achieved 

ranged from 0.001 to 1.36 encounters per km.  The encounter rates are lowest 

towards the coast and indicate that the encounter rate increases with increasing 

distance from the coast (Figure 5.8).   

 

The encounter rate towards the southerly end of the study area is higher than 

observed towards the north, with particularly high encounter rates concentrated 

towards the south west of the study area, where 7 cells fall into the highest encounter 

rate category of 0.7 to 1.4 encounters per km.  The highest encounter rates were 

observed in the most southerly point of the study area, reaching a maximum of 1.36 

encounters per km, although there was relatively low survey effort in this cell with 

Figure 5.8. Encounter rates per 1 km2 cell.  Only cells where the survey effort was 

greater than 1.41 km and data were collected under favourable conditions are 

included.  The encounter rates increase with increasing distance from the coast. 
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just 4.4 km of tracks.  Despite this, the effort for other cells assigned to the highest 

encounter rate category were substantially higher, reaching a maximum of 34 km 

surveyed within a 1 km2 cell.  This shows that generally the encounter rate is based 

on much higher survey effort and therefore provides a representative indication of 

the distribution of sightings relative to survey effort.   

 

5.4.4 Distribution Relative to Bathymetry 

Of the 266 cells where the minimum survey distance had been achieved, the ratio of 

observed to expected encounter frequencies showed that 39.5% were utilised more 

than expected relative to the survey effort (Figure 5.9), with the remaining 60.5% of 

cells being underutilised.   

 

Figure 5.9.  The observed to expected encounter frequency ratio.  Red areas indicate 

where the ratio is >1 indicating that the pilot whales were utilising these areas more 

often than expected and blue areas are those that were underutilised. 
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Of these underutilised cells, 50.0% were cells where it was expected that there be an 

encounter but there were none, and 10.5% resulted in fewer observed encounters 

than expected.  This shows pilot whale distribution off the south west coast of 

Tenerife is not uniformly distributed.   

 

The Akaike information criterion (AIC) stepwise model selection process selected 

depth and slope as significant explanatory variables for pilot whale occurrence.  The 

AIC value for both models only varied by 0.81 which indicates that both models were 

equally well supported by the data.  However, as the interaction term was not 

significant (p=0.180) and explained little deviance (0.47%) it was excluded from the 

final model.  Both depth and slope were highly significant (p<0.0001) explanatory 

factors (Table 5.1) and explained 72.5% of the deviance in pilot whale distribution.  

Inspection of the randomised quantile residual plots indicated no trends and 

although the residuals showed a reasonable representation of normal distribution, 

the upper and lower tails do show some deviance (Figure 5.10).   

 

Table 5.1.  Results of the GLM plot using a negative binomial model and a log link 

function.  The response variable was the number of encounters per cell and was 

offset by the survey effort.   

 Estimate SE Z value p 

Intercept -6.4270 0.2510 -25.605 <0.0001 

Depth 0.0037 0.0001 25.286 <0.0001 

Slope 0.0034 0.0006 5.713 <0.0001 
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Figure 5.10.  Randomised quantile residual plots. Showing from left to right; a 

histogram of residuals, a normal Q-Q plot and a plot of the residuals vs linear 

predictors.  The residuals show a reasonable representation of normal distribution, 

although the upper and lower tail ends do show some deviance.  The plots show no 

trends indicating the model assumptions were appropriate for these data.   

  

Pilot whales were encountered in cells with mean depths ranging from 64.6 to  

2084.6 m (mean=1042.5, SE=36.8 although the mean depth for encounters rather 

than the cells was 1095.7 m).  The encounter in the cell with a mean depth of 64.6 m 

was near to the coast, with the easterly border of the cell touching the coastline.  The 

encounter occurred on the westerly border of this cell, furthest from the coast.  The 

maximum depth in the cell was recorded at 193 m so it is likely the mean value for 

the cell underestimates the depth of the sighting.  The highest mean encounter rate 

(0.67 encounters per km) was observed between 1,401 and 1,500 m, with the lowest 

mean encounter rate (0.00 encounters per km) observed in the shallowest depth 

class between 0 and 400 m (Figure 5.11).   
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Pilot whales showed a highly significant difference in the observed and expected 

distribution in relation to depth (𝜒2=5726.1, n=1,859, df=13, p<0.0001).  The ratio of 

observed to expected encounter frequencies showed that in cells with a shallow 

mean depth between 0 and 700 m pilot whales were seen less frequently than was 

expected given the survey effort  (Figure 5.12).  At greater depths the ratio increases, 

reaching a peak between 1,401 and 1,500 m, where the observed encounter 

frequency was almost seven times (ratio=6.88) that which was expected.  This depth 

class also showed the highest encounter rate, suggesting that it is an important area 

for the pilot whales off the south west coast of Tenerife.  Following this peak, the 

ratio decreases across the final two depth categories.  A ratio greater than one was 

seen for all depth classes between 701-800 m through to 1601-2100 m.  However, 

the ratio value for the 701 to 800 m class falls very close to the value of one 

(ratio=1.26, SE=0.26), with the error bars, just dipping below the preference 

Figure 5.11.  Mean encounter rate for all depth classes.  Encounter rate increases 

with increasing depth, peaking at 1401-1500 m.  The maximum depth of the bin is 

shown (e.g. 0-400 m, 401-500 m, 501-600 m etc.).  Error bars represent the standard 

error of the mean. 
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threshold (Figure 5.12).  Therefore only depth classes from 801 to 2,100 m were 

considered to be preferred, where the ratio was greater than two.    

 

 

The slope across all cells where encounters were recorded ranged from 44.6 m to 

641.0 m (mean=279.0, SE=9.9).  The lowest slope was recorded for one of the most 

westerly locations, located towards the centre of the channel between Tenerife and 

La Gomera.  The lowest encounter rates were seen in the lowest (0-100 m) and 

highest relief (501-550 m and 551-650 m) classes (Figure 5.13).  Although the mean 

encounter rate and standard error are low for the two classes with the highest relief, 

these categories were surveyed least frequently.  Only four cells in each category 

were visited with such high relief, whereas 69 cells for the lowest slope category were 

visited, which may have resulted in the occurrence of pilot whales in the areas of 

highest relief being understated.  Although the encounter rate varied, generally areas 

Figure 5.12.  Observed vs expected encounter frequency for all depth classes.  Points 

above the dashed line at a value of 1.0 show that the observed frequency within the 

depth class was higher than would be expected, indicating a preference for that 

depth.  Error bars show the standard error calculated using the observed vs expected 

encounter frequency for all cells within the depth class.  The maximum depth of the 

bin is shown (e.g. 0-400 m, 401-500 m, 501-600 m etc.). 
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with a steeper gradient between 151 and 500 m were the areas with highest relative 

use.  The maximum mean encounter rates were observed for the 151-200 m 

(mean=0.31, SE=0.06, n=33), 251-300 m (mean=0.31, SE=0.05, n=33) and 451-500 m 

(mean=0.32, SE=0.031, n=4) classes (Figure 5.13). 

 

 

There was a highly significant difference in the observed and expected distribution in 

relation to benthic slope (𝜒2=1811.0, n=1,859, df=10, p<0.0001).  The ratio of 

observed to expected encounter frequencies showed that in cells with a lower 

benthic slope, with a gradient of between 0 and 150 m, pilot whales were seen less 

frequently than expected (Figure 5.14).  Areas with a steeper gradient with slope 

values between 151 and 500 m were generally preferred.  A particular area of 

preferential use was indicated between 251 and 300 m, where the observed 

encounter frequency was almost four times higher than the expected frequency 

(ratio=3.82, SE=0.54, n=32). 

Figure 5.13.  Mean encounter rate for all slope classes.  Error bars represent the 

standard error of the mean.  The maximum depth of the bin is shown (e.g. 0-100 m, 

101–150 m, 151-200 m etc.). 
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5.4.5 Range Analysis 

The GPS coordinates were recorded for a total of 312 well-marked pilot whales 

identified in good quality images.  A minimum of five sightings were required to plot 

an MCP.  47% of the individuals were only captured once and a further 15% of 

individuals also fell below the threshold with between two and four recaptures.  This 

resulted in 117 individuals with between 5 and 29 recaptures. 

 

Plotting the MCP for all of these individuals, with increasing number of sightings 

suggests that even at 27 sightings, an asymptote had not been reached (Figure 5.15).   

Between five and ten sightings, there is a rapid increase in the MCP area, with 

increasing number of sightings.  The mean MCP continued to increase between 11 

and 21 sightings, although the rate of increase is much slower than at the lower 

sighting frequencies.  At 22 sightings, there is an anomaly.  Further inspection of the 

Figure 5.14.  Observed vs expected encounter frequency ratio for all slope classes.  

Points above the dashed line at a value of 1.0 show that the observed frequency 

within that slope category were higher than would be expected, indicating a 

preference for that level of relief.  Error bars represent the standard error calculated 

using the ratio calculated for each cell within each slope category.   
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data shows that four individuals were removed between 21 and 22 sightings resulting 

in the mean being skewed by one individual with a particularly large MCP (63.4 km2).  

This particular individual is then removed between 22 and 23 sightings, where the 

mean MCP area falls back in line with the general trend of gradual increase.  The large 

error bars and variance at sightings of ≥22 were considered to be as a result of a 

decreasing sample size, with just two individuals with ≥25 sightings. 

 

 

To eliminate the potential bias that was created by using a decreasing sample size 

with increasing number of recaptures, the analysis was re-run using all individuals 

with ≥21 sightings.  This resulted in ten individuals being selected.  The same initial 

pattern of rapid increase was observed, with a lower rate at ≥12 sightings (Figure 

5.16).  The data suggest that at ≥20 sightings, the range reached its maximum value 

(mean=30.9 km2, SE=4.7, n=10) indicating that a minimum of 20 sightings should be 

used as the threshold for subsequent analysis.  However, this would have resulted in 

just ten individuals being included, therefore to ensure a suitable sample size, 

Figure 5.15.  Mean range (km2) calculated using the MCP for all individuals with 

increasing numbers of encounters.  The number of individuals included ranges from 

117 individuals with 5 recaptures to 2 individuals with 27 recaptures.  Error bars 

represent the standard error of the mean. 
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individuals with ≥15 sightings were included resulting in the selection of 33 

individuals.  This limit was chosen because the rate of increase after 15 sightings was 

low for both, all individuals and the top ten individuals, with only a 15% increase 

between the mean MCP at 15 sightings and at 20 sightings calculated from both 

analyses.  Consequently the ranges calculated here may be underestimated by an 

average of 15% and this should be taken into consideration when drawing 

conclusions based on the results. 

 

 

Using the 33 selected individuals, the MCP, and KDE at 95% and 50% UD were 

calculated.  The mean MCP was 29.2 km2 (SE=2.9) ranging from just 8.0 to 63.4 km2 

(Table 5.2).  Using kernel density estimates, the mean known range at 95% UD was 

calculated at 149.9 km2 (SE=11.8, range: 42.4-297.3) and the mean core range at 50% 

UD at 36.2 km2 (SE=2.6, range: 11.3-69.6).    

 

MCP overlap ranged from 9 to 96% with a mean overlap of 39% (SE=0.7%, SD=16%) 

and the known range (95% UD) overlap ranged from 14 to 94% with an average 60% 

Figure 5.16.  Mean range (km2) calculated using the MCP with increasing numbers of 

encounters for a selection of 10 individuals that had all been seen at least 21 times.  

Error bars represent the standard error of the mean. 
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(SE=0.8%, SD=18%) (Table 5.2).  Core range (UD 50%) overlap ranged from 0 to 85% 

with an average of 43% (SE=0.7%, SD=17%).  All pairs of individuals showed some 

overlap when calculating the range using MCP and KDE at 95% UD, however four pairs 

of individuals showed no overlap of core range, which only accounts for 0.8% of all 

possible pairs.  Regardless of this, overlapping all of the core areas for the 33 selected 

individuals covered an area of just 98.5 km2 located towards the south of the study 

area indicating that this is an important hotspot for at least this selection of pilot 

whales (Figure 5.17). 

 

Table 5.2.  Summary of home range calculations of MCP and KDE at 95% and 50% UD 

for all individuals with ≥15 sightings (n=33). 

Data 
MCP  KDE 95% UD  KDE 50% UD 

Mean Range  Mean Range  Mean Range 

Area (km2) 29.2 8.0-63.4  149.9 42.4-297.3  36.2 11.3-69.6 

Overlap (%) 39% 9-96%  60% 14-94%  43% 0-85% 
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For the social cluster range analysis, all but one cluster had at least 20 captures.  This 

cluster (cluster 11, n=12) was excluded from the subsequent analysis.  The MCP for 

the clusters was much larger than had been calculated for the individuals (mean=29.2 

km2), with a mean MCP of 53.4 km2 which is a 58.6% difference.  The MCP is affected 

by the number of recaptures and a higher number of encounters were assigned to 

each cluster (mean=44, range: 28-80) than the selected individuals (mean=19, range: 

15-29).  The mean KDE at 50% and 95% were less affected, with only a 0.83 and 0.33% 

variance respectively, indicating that the KDE is much more stable at lower number 

of captures.   

Figure 5.17.  Core areas at 50% UD for the selected 33 pilot whales.  Each core area 

for every individual fell within the yellow area.  The area measures just 98.5 km2 

indicating that this is a critical area for pilot whales found off the south west coast of 

Tenerife.  The black spots represent each encounter with depth contours shown 

every 100 m with thicker contours every 500 m. 
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The known ranges (KDE 95%) for clusters showed the greatest amount of overlap 

with a mean 66% overlap (range: 40-88%, SE=1.8%, SD=12%) (Table 5.3).  The core 

range (KDE 50%) overlap was lower with a mean 54% overlap (range: 23-88%, 

SE=2.1%, SD=14%).  The percentage overlap was lowest for the extent of occurrence 

(MCP) with a mean 43% overlap (range: 15-74%, SE=2.3%, SD=15%).  All pairs of 

clusters showed overlaps across all range estimates.   

 

Table 5.3.  Home range analysis and mean percentage overlap of ranges for social 

clusters (n=10).  

Data 
MCP  KDE 95% UD  KDE 50% UD 

Mean Range  Mean Range  Mean Range 

Area (km2) 53 16-102  149 86-217  36 28-50 

Overlap (%) 43% 15-74%  66% 40-88%  54% 23-88% 

 

Range varied between clusters, although all ranges were concentrated towards the 

south of the study area.  For KDE with a 95% UD, one continuous boundary was drawn 

around the sightings for half of the clusters with the other half split into two areas, 

often to encompass sightings towards the north of the study area (Figure 5.18).  For 

KDE with a 50% UD, a continuous boundary was drawn around the core area for all 

but one cluster (cluster 2), resulting in multiple centres of activity for this cluster 

(Figure 5.19). 
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Figure 5.18.  Continuous range boundaries and multiple centres of activity for 95% 

UD.  Cluster 8 (C8, on the left) shows a continuous boundary around the 95% UD, 

whereas cluster 3 (C3, on the right) shows that the 95% UD has split into two areas.    

 

  
Figure 5.19.  Continuous range boundaries and multiple centres of activity for 50% 

UD.  Cluster 9 (C9, on the left) shows a continuous boundary around the 50% UD, 

whereas cluster 2 (C2, on the right) shows that the 50% UD has split into two centres 

of activity.    

 

Combining the core ranges for all clusters, resulted in a core area of 68.3 km2, which 

is smaller than the area identified for individuals.  The core area for clusters was 

located almost entirely within the core area identified for individuals reinforcing the 
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importance of this area to the pilot whales of Tenerife.  Combining the core areas 

identified for individuals and clusters resulted in a total core estimate of 99.1 km2, an 

increase of 0.6 km2.  The estimate for clusters is likely to be smaller as a result of a 

higher number of sightings, as the KDE can be overestimated when using smaller 

sample sizes. 

 

5.5 Discussion 

Pilot whales off the south west coast of Tenerife are not evenly distributed and there 

was a high variation in the encounter rate throughout the study area.  Despite the 

high effort near to the coast, pilot whales were rarely seen in these areas and 

encounter rates increased, with increasing distance from the coastline.  Encounter 

rates were also higher in the southern region of the study area and the core ranges 

of both individuals and all social clusters, showed a high degree of overlap, with all 

core areas identified covering just 99.1 km2.  Depth and benthic slope were highly 

significant (p<0.0001) explanatory variables of pilot whale distribution. 

 

5.5.1 Range Estimates 

There was great variation in the size of the ranges identified for individual pilot 

whales and social groups.  Some individuals known ranges spanned some 40 km2, 

whereas others were estimated to cover an area almost 300 km2.  The majority of 

pairs of individuals and all comparisons between clusters, showed an overlap across 

all range parameters.  This analysis has resulted in the key finding from this chapter, 

that the core ranges of all individuals and clusters sampled fit within an area just 99.1 

km2 located in the southern region of the south west coast, indicating that this is a 

most critical area for pilot whales in Tenerife.   

 

No other short-finned pilot whale studies have completed a range analysis, so 

comparisons cannot yet be drawn with other populations, although the use of MCP 

here, should allow a comparison with future studies as it is not influenced by the 

selection of smoothing parameters like the kernel density estimates.  Many studies 
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on the ranging behaviour of bottlenose dolphins (Tursiops spp.) have however been 

completed (Ingram and Rogan 2002; Silva et al. 2008; Urian et al. 2009; Smith 2012).  

Some of these studies, also found great variation in the home ranges of dolphins, 

which could be explained by differences between sexes, with adult males showing 

much larger home ranges that adult females (Urian et al. 2009; Smith 2012).  Males 

and females were not identified during this study, but this may give scope for future 

work.  

 

The range sizes presented here should however, be interpreted with caution.  The 

analysis for individual ranges used a sighting threshold of ≥15, which was calculated 

to underestimate the range size by approximately 15%.  The area-observation curve 

had suggested a threshold of 20 was sufficient for this study, although other studies 

have suggested much larger sample sizes are required for the range analysis.  Seaman 

et al. (1999) suggest that at least 30 sightings be used with kernel estimators, but 

preferably greater than 50 sightings should be used.  For female bottlenose dolphins 

in Sarasota Bay approximately 100 and 150 sightings for MCP and KDE respectively 

were required to accurately estimate home ranges (Urian et al. 2009), but such large 

numbers of recaptures of individuals in cetaceans are difficult to obtain (Smith 2012).  

In light of this, the suggested asymptote indicated at 20 sightings for the MCP may 

not have been entirely accurate.  More data may have been needed to qualify this, 

as data were only available up to 21 recaptures.  An asymptote was not calculated 

for the KDE, and given that different numbers of sightings may be required for an 

accurate calculation of the MCP and KDE, the KDE analysis may have required a 

different number of sightings for an accurate representation, which may have yielded 

different results.   

 

The ranges estimated using the kernel density estimates here were larger than those 

calculated using the MCP method.  This is not surprising given that too few sightings 

may have been included for an accurate estimate of KDE and kernel estimates are 

known to overestimate the range for small sample sizes, yet on the other hand an 

MCP using too few sightings will result in an underestimate of range (Urian et al. 

2009).  Despite this, the ranges produced should at least be able to provide a point 
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of comparison for future studies on pilot whales considering the ranging behaviour.  

The MCP, although influenced by outliers, can still provide a useful comparison 

between populations.  However, as concluded by Silva et al. (2008), it is impossible 

to determine the overall degree of the bias and to ascertain the effect that it has on 

the results, therefore the range sizes produced here should be interpreted as an 

approximation of the actual pilot whale range. 

 

To improve the accuracy of the range analysis, more captures of each individual are 

needed and further effort outside of the study area is advised as it is likely that the 

ranges calculated here have been drastically underestimated as some individuals may 

be moving outside of the study area.  In addition, given that the range in other species 

varies with sex, this is something that could be considered in future studies.  More 

captures of individuals may also allow for an analysis of range accounting for site 

fidelity, although due to the high number of captures required such analyses are 

always going to be biased towards the most frequently encountered individuals.  

More recaptures would also allow seasonal and temporal variations in distribution to 

be analysed, which could not be assessed here due to the data limitations.   

 

The accuracy of the home ranges presented here could be improved, with further 

photo-identification effort, by using methods for calculating home-ranges that 

accounted for effort (Horne et al. 2007; Rayment et al. 2009) and estimating the 

autocorrelation in the data using Schoener’s ratio (Schoener 1981).  In addition to 

this, it is apparent from the methods of kernel density estimation presented here that 

neither method was entirely suited to the data set.  The reference method was 

chosen as the smoothing parameter, as it resulted in what was considered to be the 

best range representation, yet it is still likely to have resulted in an overestimate of 

the home range for some individuals and did not always draw a continuous boundary 

around all sightings.  Had more time been available, other methods of density 

estimation should have been explored such as the likelihood cross-validation method 

(Horne and Garton 2006). 
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5.5.2 Distribution 

Pilot whales were observed from 27°58.8' to 28°17.1' N and 16°42.7' to 16°57.8' W.  

Encounters occurred throughout 176 km2 (176 x 1 km2 cells) with the total extent of 

occurrence (MCP) calculated at 373.42 km2.  In the study by Heimlich-Boran (1993) 

sightings occurred over 216 km2 (54 x 2 km2 cells), between 27°58'N and 28°08'N, and 

16°41'W 16°52'W.  Montero and Arechavaleta (1996) reported a similar total 

distribution between 27°59’ and 28°08’N and 16°42’ and 16°54’ although the area 

covered was estimated to be lower at 156 km2.  The reported area covered by 

encounters likely varies as a result of the different methodologies used.  However, by 

comparing the coordinates, pilot whales were encountered much further north and 

west than these previous two studies.  The distribution of sightings shown in Carrillo 

et al. (2010) is similar to the distribution observed here.  This would suggest that there 

has been an expansion in the range of short-finned pilot whales off the south west 

coast of Tenerife, between the studies, with sightings of pilot whales now reaching 

as far north as Los Gigantes.   

 

During the study by Heimlich-Boran (1993), pilot whale encounters were recorded 

between October 1989 and July 1991, all of which occurred in the southern region 

off the south west coast.  There were no encounters with pilot whales towards the 

northern region of the south west coast.  Although his survey effort was low towards 

the north, he had anecdotal evidence from the daily dolphin watch operators in the 

area who had also not encountered pilot whales during the same period.  The survey 

effort during this study was much higher as a result of using citizen scientists in 

collaboration with the whale watching industry to collect data which may have 

accounted for some the variance recorded in the distribution.  However, here the 

dolphin watching boats operating out of Los Gigantes were also used for data 

collection, which did result in the observation of pilot whales.  Although bottlenose 

dolphins were predominately encountered towards the north of Los Gigantes, pilot 

whales were encountered just to the south of Los Gigantes.  This suggests evidence 

for an extension of their total distribution which cannot be attributed to 

methodological differences of variance of effort. 
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Fast ferries were introduced to Tenerife in 1999 (Aguilar et al. 2001) and they operate 

out of Los Cristianos which is located in the southerly region of the south west coast.  

The fast ferry routes pass directly through the areas where the highest encounter 

rates were observed and more importantly directly through the core range for all 

individuals and social clusters analysed (Figure 5.20).  The results presented here 

indicated that this area is most critical for at least the most frequently encountered 

individuals in this population.   

 

Figure 5.20. Estimated ferry routes transiting the core pilot whale area.  Ferry routes 

were plotted using data from Google Earth and Marine Traffic AIS. 

 

The impacts of fast ferries have been well documented in the Canary Islands with the 

majority of strandings attributed to death by collisions (Ritter 2007; Carrillo and Ritter 

2010; Arbelo et al. 2013) occurring on Tenerife (Carrillo and Ritter 2010).  Although 

some pilot whale deaths have been attributed to collisions with ferries, they are one 

of the lesser affected species accounting for 10% of fatal collisions, it is likely however 
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that ship strike data are underestimated given that corpses may not strand or be 

recovered (Carrillo and Ritter 2010).  Even though few strandings of pilot whales have 

been attributed to fatal collisions with fast ferries, pilot whales are likely to be 

affected by the underwater noise such large fast moving vessels produce, as much 

slower, smaller and less powerful vessels can cause significant masking effects 

(Jensen et al. 2009).   

 

Could the disturbance caused by fast ferries have forced the population further north 

since their introduction in 1999?  Ritter (2010) states that cetaceans may learn to 

avoid certain high risk areas, where they frequently and predictably encounter vessel 

traffic.  Yet in this instance, such high levels of disturbance, not just from the fast 

ferries but also other vessel disturbances resulting from whale watching and other 

recreational activities, have not resulted in a complete avoidance of this area.  It is 

still densely populated, with core areas located in the region of highest activity.  It is 

worth noting that whale watching activities have decreased and operations are now 

more controlled than they were previously (Hoyt 2005a; Elejabeitia and Urquiola 

2009; Hoyt 2011). 

 

An alternative suggestion, would be that the population is thriving and a range 

expansion is necessary as a result of resource competition.  However, in the 

discussion in Chapter 3, although arbitrary as no population figures have yet been 

estimated, a comparison of the number of individuals identified by photo-

identification would suggest there has not been an increase.  It would however, not 

be unexpected for the range of individuals to have altered in the 15 years separating 

the studies. 

 

5.5.3 Distribution Relative to Bathymetry 

The distribution of pilot whales off the south west coast of Tenerife, was not 

uniformly distributed and distribution was affected by the bathymetric features.  A 

Generalized Linear Model (GLM) showed depth and slope to be highly significant 

(p<0.0001) explanatory variables of pilot whale distribution, although an interaction 
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term between them was not.  Areas of depth between 800 and 2,100 m showed the 

highest relative use and the observed to expected ratio suggested that all depth 

classes within this range were being utilised more than was expected.  Although the 

mean depth for encounters was 1,095 m, the 1,400-1,500 m bathymetric class was 

most preferred yielding the highest encounter rate and the observed to expected 

ratio was almost seven times that which was expected given the survey effort within 

that depth class.  Areas of steep benthic slope between 150 and 500 m showed the 

highest relative use, although the use within this range varied.  It was not consistent 

nor following a particular trend.  The highest preference indicated from the observed 

to expected ratio was at a gradient between 250 and 300 m.  Areas with the highest 

gradient were however not preferred.   

 

The mean depth of encounters was 1,095 m, which is similar to the findings of Carrillo 

et al. (2010) who found pilot whales to be clearly distributed around the 1,000 m 

contour (mean=1031, range: 325-1740, n=294).  Although pilot whales were 

encountered at greater depths in this study, up to a mean cell depth of 2,085 m, there 

were only four encounters at depths greater than the maximum recorded by Carrillo 

et al. (2010).  The mean values are comparable, with a variance of just 64 m.  This 

indicates that although the methods of data collection here were restricted by whale 

watching operations, the data are nonetheless comparable with studies using 

dedicated surveys, lending support to the data collection methods used here and the 

results presented in this thesis.   

 

The alignment over these deep areas of steep slope are likely to be linked to resource 

availability.  Pilot whales off Tenerife have been shown to perform deep sprinting 

dives and this method of foraging may have developed in order for them to predate 

on fast moving prey such as giant squid which are large and calorific (Aguilar Soto et 

al. 2008).  The deepest dive recorded in their study was 1,019 m, with a mean dive 

depth of 723 m, which likely explains the distribution of pilot whales at depths greater 

than 800 m in this study. 
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5.5.4 Restriction of Data 

The primary major drawback of the analysis presented in this chapter was the lack of 

track data.  Tracks were estimated to provide a crude estimate of effort, which 

although representative of surveys, is not accurate and may have resulted in the 

overestimation or underestimation in some areas.  In addition to this, to be more 

sure of the routes that would have been taken by the vessels, data from trips longer 

than four hours were excluded.  This removed a large portion of the pilot whale 

encounters towards Los Gigantes, thus underestimating their presence in that area.  

To enable more accurate effort and distribution analysis to be performed by the AWF 

in the future, it is suggested that they start to record track data for all excursions.  

This can be done using a hand held GPS, although many studies (i.e. Cañadas and 

Sagarminaga 2000; de Stephanis et al. 2008b) now use a field data logging program 

(Logger 2010) which collects GPS data throughout surveys.  Although Logger 2010 is 

freely available (developed by the International Fund for Animal Welfare (IFAW)), this 

may not be an appropriate method of track capture for the AWF as it would require 

further investment in equipment and the charity has little expendable income for 

this.  However, most hand held GPS devices have the capability to record tracks and 

upload the data to a computer.   

 

All surveys completed were non-systematic and although this is likely to provide a 

good indication of presence and absence, no systematic surveys of the area were 

completed.  The whale watching excursions were tailored primarily to the clienteles 

needs, maximising the number encounters and diversity of species observed.  

Therefore the distribution presented here, may suggest a higher reliance on the areas 

nearer to the coast, than they do in reality as the vessels may not have gone further 

out into the channel if pilot whales had already been encountered nearer to the 

shore.  This may skew the results, indicating that all pilot whales are clustered nearer 

to the shore than they are in reality.  Despite this, studies which did not rely on whale 

watch vessels for data collection (i.e. Heimlich-Boran 1993; Montero and 

Arechavaleta 1996; Carrillo et al. 2010), also identified pilot whales in the same areas 

as have been shown here. 
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5.5.5 Suggested Further Work 

The data presented in this chapter suggest a shift in the distribution of pilot whales 

within the last 20 years, which cannot be attributed to variances in methodologies.  

Should the variances in distribution and range represent a real change within the 

population, it is important we understand more about this.  It is therefore suggested 

that further studies are conducted on this population as a matter of critical 

importance to ascertain any future changes which may be attributed to 

anthropogenic activities.  It is important that an abundance estimate is calculated, to 

give a baseline figure for the population.  This will allow a point of comparison for 

future studies and allow future changes to be more accurately and clearly identified.  

It will also allow the population to be more closely monitored in the future and will 

determine if future shifts are a result of detrimental effects on the population or 

representing temporal shifts in the centre of activity.  

 

The range analysis performed here was restricted as a result of the high number of 

recaptures needed for the MCP to stabilise.  Therefore to improve this, further effort 

is required to allow more inferences to be drawn from the data.  With more captures, 

it would be possible for the analysis to be extended to encompass seasonal 

distribution analysis.  Although the study by Augusto et al. (2013) suggested that sex 

cannot be determined using fin images of long-finned pilot whales, a similar study 

has not yet been completed for short-finned pilot whales.  Therefore it is suggested 

that photo-identification methods be used to extend the range analysis to 

incorporate sex, because this is able to explain the variances in the ranging behaviour 

of bottlenose dolphins with males showing much larger ranges than females in some 

populations (Urian et al. 2009; Smith 2012). 

 

Finally, it is suggested that there is increased effort to determine the movements of 

pilot whales throughout the archipelago, to determine if they are entirely dependent 

on just the core area identified here.  If not, the range estimates produced here may 

have been drastically underestimated.   
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5.5.6 Conservation Implications 

The core area for the most frequently encountered individuals and all social clusters 

is located directly outside of the harbour of Los Cristianos, which is the terminal for 

the fast ferries.  Therefore as these vessels enter and leave the port, they pass directly 

through this core area.  Carrillo and Ritter (2010) advocate a speed limitation in areas 

where cetacean abundance is known to be high.  They also suggest avoidance of 

these areas, although from the pilot whale distribution observed here, this would be 

difficult given the core area identified towards the south and the presence along the 

majority of the south west coast.  However, the high density of sightings indicate this 

area is of particular importance to pilot whales.  It is suggested that speed limitations 

in these critical areas are seriously considered by the relevant authorities.  

Furthermore, it is suggested that future research be carried out on this population to 

monitor their abundance more closely to ascertain any detrimental effects such high 

anthropogenic activity may be having on this population. 
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6 CHAPTER 6. 

 

GENERAL DISCUSSION 

 

 

A summary of the research presented in this thesis with a discussion on the 

conservation implications of the findings, and the value of citizen science and whale 

watching to the future of cetacean conservation. 

 

 

 

 

Muesca 24  
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6.1 Study Overview 

There are growing concerns regarding the anthropogenic disturbances on the marine 

environment in the Canary Islands (Aguilar et al. 2001; Ritter 2007; Jensen et al. 2009; 

Carrillo and Ritter 2010; Ritter 2010; Arbelo et al. 2013).  A resident population of 

short-finned pilot whales are found off the south west coast of Tenerife (Heimlich-

Boran 1993), yet since this preliminary work few studies have elaborated on the 

findings in any real depth (Montero and Arechavaleta 1996; Carrillo et al. 2010).  

Therefore in an attempt to provide a much needed detailed and current view of this 

population, this study was completed to provide further scientific information which 

ultimately may contribute towards the development of future conservation 

strategies.  The chapters in this thesis have presented detailed information regarding 

the site fidelity, social structure and spatial distribution, which were considered 

fundamental elements to better our understanding of the ecology of this species, 

which is also classed as data deficient under IUCN classifications (Taylor et al. 2011).  

Providing this information for cetaceans, requires a large amount of data to be 

collected in the long term, which is often expensive to do.  However, here a 

collaboration between citizen scientists from the AWF and the local whale watching 

industry resulted in an extensive, year round data set of some 4,500 encounters and 

an initial collection of 56,000 fin images.  Here we further consider the results, 

consolidating the main findings and discussing their relevance in terms of their 

implications for conservation and the value of whale watching and citizen science.   

 

6.2 Conservation Implications 

The pilot whale population primarily resides in the area of highest in shipping activity, 

with the recent suggestions of potential oil exploration in the area too, these 

individuals are most at risk due to their dependency on the area.  The social clusters 

all showed high usage of the same core area, with little variation in their ranges and 

demonstrated long-term site fidelity, with some recaptures spanning 19 years.  It is 

this portion of the population that is likely to be most at risk from high levels of local 

disturbance and it is suggested that they be monitored more closely.  As an initial 
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step, the population size should be evaluated to provide a baseline for future studies 

allowing for variations in population size to be accurately determined and compared 

periodically to determine any significant variations over time.   

 

The south west coast of Tenerife is not only an important region for the island-

associated community, but also to other transient individuals which show a constant 

movement into and out of the study area.  This is likely to be significant for the genetic 

diversity of the region.  Visitors may have originated from other areas in the 

archipelago or represent those which simply pass through on their movements 

elsewhere.  They are likely to form a part of the wider pilot whale population in the 

north east Atlantic.  Furthermore, some individuals that were captured only once had 

previously been encountered.  This indicates that the Canary Islands represent an 

important area for the long term movements of pilot whales from the wider Atlantic 

population.   

 

The area is valuable for breeding, calving, socializing, migrating to and foraging, 

therefore fulfilling the criteria set out in the definition of a critical habitat as defined 

by Hoyt (2011), who considers feeding, breeding and calving areas as those most 

critical to protect, with particular importance given to those which are used year 

round by several cetacean species.  The southern region off the south west coast, is 

a particularly important area for pilot whales and this centre of activity represents 

the most critical area of habitat. 

 

The majority of pilot whale encounters occurred within the SAC, designated under 

the EU Habitats Directive to protect bottlenose dolphin habitats.  A well-known 

concept in ecology, is the ‘umbrella’ effect.  By affording one species protection, all 

others within the area fall under its protection too (Zacharias and Roff 2001).  Other 

areas where SACs have been implemented to protect bottlenose dolphins suggest 

this as a mechanism to protect other species too (Cañadas 2006; Fortuna 2006; Alves 

2013).  However, due to the close proximity to the coast, species within this area are 

under increasing pressure from intensifying anthropogenic activities which include 

but are not limited to: fishing activities including fish farms, high levels of shipping, a 
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large whale watching industry and high recreational activity (i.e. jet-skis, speed boats 

etc.).  This can result in ship strikes or constant threat thereof, underwater noise and 

exposure to pollutants which leads to habitat degradation.  However, the impact of 

the culmination of these anthropogenic disturbances on this population are 

unknown.  Future studies should further consider the possibility that this area 

represents a critical habitat for short-finned pilot whales, assessing the total impact 

of disturbances and implementing measures to mitigate the impacts. 

 

For some years, there has been the notion that the Canary Islands should become a 

sanctuary for cetaceans, but it is unclear if or when it will be considered by the 

relevant authorities (Hoyt 2005a; Hoyt 2011).  In addition to the area being of 

importance to pilot whales, it also represents a hotspot of cetacean diversity with up 

to 24 species recorded off Tenerife (Carrillo et al. 2010).  Other hotspots of 

occurrence occur elsewhere throughout the archipelago too such as off La Gomera 

(Ritter 2001; Ritter et al. 2011), La Palma (Pérez-Vallazza et al. 2008) and Lanzarote 

(Politi et al. 1997), with a total of 29 species having been recorded across the region 

(Hoyt 2011).  All cetaceans are highly mobile and they are likely to move between 

suitable areas within the archipelago.  They may even be moving between the series 

of oceanic archipelagos that form the Macaronesian region.  Further effort should be 

made to understand these movements as it is important to ensure links between the 

core areas allowing them safe passage. 

 

6.3 The Value of Citizen Science 

Studying free-ranging cetaceans is challenging as it involves expensive logistics and 

large data sets spanning many years.  Unless significant funding is available such 

studies are often difficult to complete.  However, using data collected by volunteers 

as “citizen scientists” in conjunction with the local whale watching industry, a vast 

amount of data was collected over a relatively short period of time with little 

overheads.  It was hoped that this study would promote the use of citizen scientists 

in cetacean studies and provide much needed information on the target species, 

which ultimately may contribute towards its conservation.   
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Even with the success of a large number of citizen science projects, there is often 

cause for concern regarding the use of data collected by “non-experts” within a 

scientific framework (Bird et al. 2014).  Critics argue that using a large number of 

essentially untrained individuals with varying skill will effect the precision of 

measurements.  The accuracy and quality of the data is often questioned (Williams 

et al. 2012), however variations in the quality of some aspects of the data can be 

negated.  For example in this study, by using photographs it was possible for the 

quality of the images to be assessed, recorded and individuals identified by a trained 

researcher.  To further compensate for some of the errors that may have been made, 

stringent restrictions were placed on the data to ensure only good-quality data were 

included in analyses.  Despite the stringent restrictions, as a result of the large 

amount of data that had been collected initially, a lot of data still remained for use in 

the analyses.  As long as the data can be controlled and validated, far more data can 

be collected over a shorter amount of time using citizen science and should lend 

support to this method of data collection where vast data sets are required.   

 

Some research suggests that untrained volunteers are poor at recording behaviour 

accurately (Williams et al. 2012).  Although the volunteers in this study were not 

completely untrained, it was still considered that the analysis of behaviour and 

identification of age classes, would have been particularly open to influence from 

this.  Consequently the data were handled with caution and it was considered that 

some of the results should be interpreted tentatively and conservatively because 

they may have been affected by the bias of using volunteers for data collection.  

However, despite the caution exerted some of the results, such as the estimation of 

the number of groups containing calves, produced results that were comparable with 

studies exclusively using trained cetacean researchers (e.g. Carrillo et al. 2010).  In 

addition to this, it was assumed that using whale watching boats may have affected 

the observed distribution, but even the results obtained from this were comparable 

with studies using dedicated surveys (e.g. Carrillo et al. 2010). 

 

Using data collected in this way was not without its issues.  In some months up to 

98% of fin images were too poor quality to be included in any analysis.  This could 
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have been improved by using digital SLRs equipped with telephoto lenses for all data 

collection.  Perhaps one of the biggest challenges to overcome was the lack of survey 

tracking data, which resulted in the estimation of effort.  This could have been 

avoided through using GPS devices to record track data during excursions.  Whilst 

analysing large data sets was not without its difficulties, such a large amount of data 

had been collected that it was possible to eliminate data which was considered to 

have been of poor quality or incomplete.  For most researchers, this often results in 

sample sizes too small for data analysis, which was not a problem encountered here.  

In fact sample sizes were so large in this data set that even if some errors remained, 

they are likely to be rendered statistically insignificant. 

 

Another one of the difficulties that was faced during this study, was the large number 

of fin images that had been captured and the amount of time that was taken up 

simply processing the images.  Here FinEx and FinMatch were used, which allows for 

a comparison with a known catalogue of individuals.  The process was still mostly 

manual however.  It was necessary for the fin images to be entered (by drawing round 

the outline of the fin and any mark points) with the software simply sorting the 

catalogue based on the degree of similarity to the entered image.  The ultimate 

decision on each match was still made manually.  Regardless of this, it was still a vastly 

time consuming task for all of the images to be entered into the software and even 

then, an accurate match was not always suggested.  The software did speed up the 

identification process at the start, but the process was much quicker towards the end 

when identifying by eye.  The software was only then used for less conspicuous 

individuals or the comparison of data sets. 

 

It was feasible to match the fins manually, but comparing the photographs of many 

different individuals from different populations would make the process become 

unreliable and inefficient (Arzoumanian et al. 2005).  Automated identification could 

vastly improve the efficiency of studies like this.  Such technology already exists for 

penguins (Sherley et al. 2010) and sharks (Arzoumanian et al. 2005) that rely 

astronomical algorithms to identify individuals on the distribution of their spots.  

Although cetaceans do not have spots, given the developments in areas such as facial 
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recognition software, it seems likely that similar software could be developed for the 

identification of cetaceans.  Alternatively using crowdsourcing through platforms 

such as Zooniverse or websites such as Match My Whale developed by the Pacific 

Whale Foundation (PWF) (Stack et al. 2014) could be used to process fin images.  

Analysing the data in this way would enable the same image to be identified many 

times by a large number of independent classifiers.  The identification therefore 

would be based on the consensus of a number of non-experts, which often may be 

more accurate than the testimony of a single expert (Shamir et al. 2014).  Using the 

Zooniverse platform to process images in this way has been used in a number of 

ecological studies, such as processing, counting and identifying species in images 

captured from remote camera traps on the Serengeti (Swanson 2014). 

 

Citizen science projects provide an opportunity for the public to take an active role in 

the management and conservation of the environment whilst raising their awareness 

and involvement in the issues facing our marine resources (Pattengill-Semmens and 

Semmens 2003).  The majority of volunteers would have left the AWF having had an 

educational experience, which is in my opinion, equally as important as the results 

that have been achieved from the data collected.  The experience may have 

encouraged some to be more eco-friendly and aware of what impact they have on 

the environment or go on to further a career in wildlife management or conservation.  

In addition to educating the volunteers themselves, each volunteer would have 

talked to hundreds of whale watching tourists about their experiences, the research 

that was being done and the threats facing cetaceans across the world.  All of which 

are essential to promote conservation and for the protection of species worldwide.   

 

6.4 Whale Watching and Cetacean Conservation 

In 2008, it was estimated that 13 million people participated in whale watching 

activities offered by some 3,300 operators across 119 countries and territories 

(O’Connor et al. 2009).  Where whale watching activities are well controlled and 

considerate of their impact, such activities should be harnessed to better our 

understanding of cetaceans worldwide.  On the IUCN Red List, half of all cetacean 
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species (52%) are classed as data deficient, which affords them little protection (Hoyt 

2011).  Yet species such as short-finned pilot whales that fall into this category, are 

seen on a daily basis by some of the 3,300 whale watching operators across the world.  

Therefore the whale watching industry has the potential to make significant 

contributions to the understanding of cetacean populations (Davidson et al. 2014).  

With the advent of new innovative technologies, even the public can become 

involved in cetacean research.  Smart phone applications (apps) have even been 

developed that use the built in capabilities of the phone such as the GPS and compass 

function, which can be used for tracking cetaceans (Meynecke 2014).  Whale Trails is 

an app for whale watching tourists that allows Humpback whales to be tracked and 

monitored.  The data is uploaded to an online database, then processed by 

researchers (Meynecke 2014).  On the other hand the Whale and Dolphin Tracker 

(WDT), developed by the Pacific Whale Foundation (PWF) provides a web-application 

for recording cetacean sighting data in real-time (Davidson et al. 2014).  Use of such 

applications across whale watching industries are serving as a tool to engage with the 

public whilst providing critical data on the occurrence and distribution of cetaceans.   

 

Finally, given the advantages of collecting data through citizen science and 

collaborations with well controlled whale watching industries, the global-scale 

conservation of cetaceans could well be achieved through such means.  Here we have 

been able to provide much needed detail on the population of short-finned pilot 

whales off the south west coast of Tenerife, showing that this is indeed an important 

area for breeding, calving and foraging, worthy of critical habitat status. 

 

6.5 Future Research 

The work presented in this thesis, represents a small portion of the data collected by 

citizen scientists at the AWF.  It is suggested that this valuable work be continued, 

with future studies conducted to address some of the knowledge gaps and questions 

raised in this thesis.  Effort should be focused on systematically processing and 

analysing the data using the methods outlined in this thesis, concentrating on 

producing more in depth studies looking at the long term trends.  In addition, it is 
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advised that the limitations encountered during this study be addressed by the AWF 

to further improve data collection.  Projects such as the AWF, are a valuable data 

resource that should not be underestimated and if well controlled can produce sound 

scientific research.  The following suggestions for further work, are outside the scope 

of the AWF operations but they are none the less included for completeness. 

 

The site fidelity patterns suggested that some individuals are part of a larger 

population which spans the Canary Island archipelago or whose extent may reach 

further afield, encompassing other Macaronesian archipelagos.  Collaborative efforts 

with similar organisations across the north east Atlantic could allow for a comparison 

of fin images between populations and would help us to better understand the 

movements and ranging behaviour of individuals.  This ultimately could create 

conservation measures which encompass pilot whales across the whole of the north 

east Atlantic.  If funding opportunities are available it is suggested that the use of tags 

would help to identify long term patterns of movement and provide a better 

indication of the population dynamics in this area.  In addition, the study range should 

be extended beyond the whale watching areas off the south west coast of Tenerife 

to better understand the regional population dynamics. 

 

The analysis of the social structure provided more information about the population 

structure, but it was unable to provide any evidence of the structure and relatedness 

within social groups.  Therefore it is suggested that further work on this population 

incorporate an analysis of genetic relatedness of the individuals to provide further 

insight to the social structure. 

 

Finally, it is suggested that a thorough independent impact assessment be conducted 

across the region.  The main threats and disturbances to the pilot whales should be 

identified and more closely monitored by the relevant authorities.  This should 

include an estimate of abundance to provide a baseline figure, providing future 

studies with a point of comparison.  Future studies should consider the impact of 

disturbances, particularly the underwater noise disturbances that may be created by 

fast ferries transiting the core area.  
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