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- Abstract - 
 
The re-identification of individual dolphins is paramount when researching 

regional cetacean population dynamics. In many cetacean species photographic 

identification has been applied successfully, enabling the sightings history of an 

individual to be established. However, this form of identification is not widely 

applied to short-beaked common dolphin (Delphinus delphis) as they are 

considered to be unsuitable due to their perceived lack of dorsal edge markings 

(DEMs). 

 

This dissertation aims to establish the validity of photographic identification for 

use on D. delphis by examining the presence of DEMs from populations in 

Scotland and Gibraltar taken from studies spanning up to eight years. The 

analysis aimed to examine firstly, whether there was a geographical variation in 

the shape and position of DEMs, secondly, to develop an understanding of the 

relationship between the number of sightings of an individual and the 

characteristics of dorsal fin distinctiveness and finally, to determine whether 

automated fin recognition/matching software can be applied to D. delphis. 

 

The findings of this dissertation indicate that photographic identification can 

indeed be successfully applied to D. delphis. In addition the shape and position of 

DEMs was found to vary between the different geographic regions, suggesting 

that alternate causal processes are occurring. The relationship between the 

number of sightings of an individual and the characteristics of dorsal fin 

distinctiveness is shown to be inconsequential, with there being no significant 

relationships between the characteristics of dorsal fin distinctiveness and the 

number of sightings. Finally, the fin recognition/matching software developed by 

the Europhlukes Programme was shown to be highly effective when applied to D. 

delphis and has shown that is has a strong potential for future application in 

studies on this species. 
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1.0 - Introduction 

 

Cetaceans, such as dolphins, are highly charismatic and noticeable mega fauna, 

so much so that their presence in an area rarely goes unnoticed. If their 

distribution and their changes in location can indeed be linked to climate change 

then by monitoring this, cetaceans could provide a quantifiable measure for the 

incidence of climate change.  

 

Furthermore, being typically of higher trophic status, cetaceans often exert a top 

down cascade/control on an ecosystem, dramatically altering the functioning of 

and potentially impacting upon economically targeted fishery species (Kenney et 

al., 1995; Bowen, 1997). Therefore, understanding the potential changes in 

distribution of cetaceans as a result of climate change may play a vital role in 

determining modern fishery management. The emergence of digital photographic 

technology has enabled the collection and analysis of vast quantities of high 

quality data, enabling the study of individuals within a population to be carried 

out. 

 

Climate change and its impacts have arguably the greatest potential to cause 

both a loss in biodiversity and also significantly to damage our economies. The 

United Kingdom is legislatively committed under a collection of directives and 

international agreements to the active monitoring and conservation of the 

populations of cetaceans that can be found in European waters. Such legislation 

includes, but is not limited to, the EU Habitats and Species Directive 

(92/43/EEC), the Common Fisheries Policy Regulation (2371/2002) and the Bern 

Convention (1979), which resulted in the ACSOBANS agreement, whereby the 

cross-boundary conservation of small cetaceans of the Baltic, North East Atlantic, 

Irish and North seas was agreed. Understanding cetacean distributions in these 

changing times is paramount to implementing successful conservation measures 

for cetacean species.  
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It has been hypothesised that climate change will impact upon temperature-

sensitive marine mammals, causing the range in which species are found to shift. 

As bioclimatic envelopes adjust in response to climatic change, so will the range 

of species dependent on these envelopes shift as they follow their preferred 

habitat (Harwood, 2001; Learmonth et al., 2006; Simmonds & Isaac, 2007). 

Species distribution is, in most cases, determined by interactions between 

environmental conditions and the ecological niche that the species occupies. For 

cetaceans, these niches seem to be strongly influenced by three major factors: 

water temperature, water depth, and the relative distribution of prey (MacLeod, 

2009). Of these three influencing factors, temperature is repeatedly linked to 

species’ range with several possible explanations hypothesised: (a) there is a 

direct link between temperature and thermal limits, although in cetaceans this 

seems unlikely as they are large, well insulated mammals: (b) species’ range is 

determined by prey distribution, which in turn is affected by temperature and 

finally: (c) species’ range is determined by competitive interactions, caused by 

the merging of suitable habitats of different species as a result of climate change  

(Learmonth et al., 2006; MacLeod et al., 2008). The evident influence of 

temperature-derived factors in determining species’ range therefore 

demonstrates the susceptibility of cetaceans to any alterations in climate 

patterns, specifically those that impact upon sea surface temperature (SST). 
 

Climate change has been predicted to trigger a global rise in SST (Pachauri, 

2007; Hoegh-Goldberg & Bruno, 2010). As a result, it is expected that SST rises 

will have a significant effect upon the distribution and abundance of fish prey 

species (Perry et al., 2005). It has been suggested that climate change might 

initiate a polewards shift in species’ range (Parmesan & Yohe, 2003). 

Furthermore, such a shift in species’ range has been identified to impact upon 

short-beaked common dolphin (Delphinus delphis – hereafter D. delphis) as well 

as thirty other neritic cetacean species (MacLeod, 2009). 

 

It follows therefore that the predicted occurrence of cetacean range shifts as a 

direct result of rising SST provides an opportunity to study a clear, visible 

indicator of climate change. The recent occurrence of D. delphis in the northern 

North Sea is perhaps already an indicator of the occurrence of these predicted 

pole ward range shifts (Robinson et al., 2010). As such, this neritic cetacean 
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species provides a useful bioindicator of changing conditions within the marine 

environment. The fact that these delphinids are highly mobile, gregarious and 

often travel in large numbers makes them an ideal, if challenging, target species 

for monitoring range shifts. There are two spatial scales in which to observe and 

consider range shifts, meso and macro-levels. 

 

The ability to re-identify individual animals is vital for fine and meso-level 

cetacean studies, enabling the researcher to establish site fidelity, observe social 

interactions and the reproductive success of the study species. The re-

identification of an individual over successive years enables researchers to piece 

together the activity, common affiliations and the change in habitat use over time, 

all of which increases the ability to ascertain societal and environmental 

influences and to help predict any possible future impacts on the study 

population. However, when the study’s focus expands to examine macro-level 

species’ range shifts in response to an environmental stimulus, such as 

increased SST for example (Pachauri, 2007; Hoegh-Goldberg & Bruno, 2010), 

the ability to re-identify individuals is not required. In order to identify these range 

shifts all that is needed is the ability to identify taxonomic species’ groups and 

their shifts over time. However, once again, if the depth of focus increases in 

order to identify regional range shifts, then the ability to re-identify individuals 

would in fact be a useful tool, enabling the researcher to extrapolate, by inferring 

from common affiliations, which individuals are shifting location.  

 

Various methods have been developed to address the re-identification of 

individual cetaceans, including numerical, radio and satellite tagging studies 

(Scott et al., 1990; Redfern et al., 2006). However, research into the impact of 

these intrusive methods has highlighted the potential adverse effects upon 

behaviour (Watkins & Tyack, 1991; Schneider et al., 1998). Evidence for the 

occurrence of behavioural changes such as increased tail and pectoral slapping 

in the presence of boats has been recorded (Williams et al., 2002). Furthermore, 

there is evidence to show that some study methods can cause fatalities, where 

the collection of genetic samples from an individual resulted in damage to this 

animal’s nervous system and fatally wounding it (Bearzi, 2000). Consequently, 

less obstructive methodologies such as benign photo-identification and mark-
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recapture techniques have been developed to minimise the potential disturbance 

factors of research on cetacean populations (Hammond et al., 1990).  

 

The establishment of photo-identification as a viable method for cetacean 

research dates back to two seminal publications by Würsig & Würsig (1977) and 

Wells (1980). Since their publication, technology has advanced, moving the 

means of photo-identification from film to digital media (Würsig & Jefferson, 1990; 

Mazzoil et al., 2004). The improvements in technology are reflected in the 

accuracy of findings in research. Stevick et al., (2001) used both photo-

identification and microsatellite genetic markers on humpback whales (Megaptera 

novaeangliae – hereafter M.novaengliae) in order to ascertain if it were feasible 

to reliably identify individuals over periods of time. This study empirically showed 

that photo-identification was indeed viable, by showing that natural markings can 

be used to correctly re-identify individual animals. In addition, this study also 

demonstrated a strong correlation between the occurrence of false negatives 

(under-estimation of the population size) and image quality, thereby emphasising 

the importance for detailed data collection procedures to be carried out and high 

quality image classification to be implemented. Furthermore, inaccurate 

identification and imprecise data collection of catalogued marked individuals 

leads to the incidence of false positives (over-estimation of population size) and 

false negatives. This causes an over or under-estimation of the cetacean 

population, as discussed by Evans and Hammond (2004). Subsequently, as a 

result of Evans’ and Hammond’s publication (2004), high quality image 

classification and detailed data collection procedures are widely implemented in 

order to avoid the occurrence of false positives and false negatives in more 

recent studies, such as those undertaken by Weir et al., (2008). 

 

Despite the potential for false positives and false negatives, non-intrusive 

methodologies are widely regarded as a much more effective method for 

gathering data on wild cetaceans. Even more recently there has been a 

movement to automate this identification process, using advanced recognition 

photo-matching software (Adams et al., 2006). This highly sophisticated 

automation of the recognition/identification process has been successfully applied 

to numerous cetacean species (Whitehead, 1990; Kniest et al., 2010; Robinson 

et al., 2012). 
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When collecting data for photo-identification analysis, two parameters are of 

utmost importance, image quality and fin distinctiveness. A range of different 

systems for classifying these parameters has been proposed (Baird et al., 2009; 

Durban et al., 2010). However, the image quality and fin distinctiveness 

classification system set out by Urain et al. (1999) (as discussed in Section 2.0) 

has been the most widely adopted in recent publications, as it reduces the 

heterogeneity and subjectivity of image quality classification.  

 

In many delphinid species, individuals can be reliably distinguished by unique 

dorsal edge marks (DEMs) (Neumann & Leitenberger, 2002; Weir et al., 2008; 

Robinson et al., 2012). DEMs are permanent nicks or tears in the leading or 

trailing edge of the dorsal fin margin, which remain constant over an extended 

temporal scale, with only minor variations in the overall morphology, typically not 

being extreme enough to prevent re-identification (Bigg, 1982). Studies in some 

species, such as killer whales (Orcinus orca), bottlenose dolphin (Tursiops 

truncatus), humpback whales (M.novaengliae) and short-finned pilot whales 

(Globicephala macrorhynchus), for example, have shown that changes in fin 

edge marking morphology are influenced both by gender and by age (Young et 

al., 2011; Robinson et al., 2012; Constantine et al., 2012; Alves et al., 2013). 

Males tend to experience greater morphological change over time, whilst younger 

individuals experience greater initial changes in overall colouration in their 

younger years (Blackmer et al., 2000). In comparison, studies of captive adult D. 

delphis have shown that colouration remains constant over a period of several 

years (D. Kyngdon pers. comm. in Neumann & Leitenberger, 2002).  

 

Work carried out on T. truncatus over the past 25 years in the Moray Firth, 

Scotland, has shown that individuals can reliably be re-identified year-on-year 

using DEMs (Cheney et al., 2013). In addition, it is worth noting that the 

occurrence of DEMs is by no means representative of all delphinid species. For 

example, in D. delphis only a low percentage of individuals possess useful, 

distinguishing marks (Neumann & Leitenberger, 2002). However, notwithstanding 

this, the identification of individuals is still possible, if just slightly more 

challenging than in many other cetacean species (Neumann & Leitenberger, 

2002). When taking into account both the lower percentage of distinguishing 
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marks and typical D. delphis behaviour (highly gregarious, playful and boat-

friendly) this species is both accessible, due to its highly active behaviour and 

pod size, but challenging to research (Evans & Hammond., 2004; Linares., 2012). 

 

1.1 – Aims 
 
In order to establish the validity of photographic identification for D. delphis the 

present study undertakes an examination of two long-term photo archives of D. 

delphis populations from Gibraltar and Scotland aiming to:  

 

(1) Ascertain whether the shape and positions of the DEMs vary between these 

two geographically distinct populations.  

 

(2) Determine whether a relationship exists between the number of sightings of 

an individual and the characteristics of dorsal fin distinctiveness. 

 

(3) Determine whether fin-recognition/matching software is a useful tool that can 

be applied to D. delphis. 

 

1.2 – Objectives 
 
1.2.i - A study data set containing the best dorsal fin images of those distinctively 

identifiable dolphins catalogued in the pre-existing Gibraltan and Scottish photo 

archives will be extracted. 

 

1.2.ii - This extracted data set will be filtered in order to remove any low quality 

images using an image quality checking system based on a modified 

methodology after Urain et al., (1999), (comparing image clarity, contrast, angle 

to the camera, proportion of the fin visible and the proportion of the frame filled by 

the fin, to give an representative overall quality of the image). 

 

1.2.1 - DEMs for individual animals from both Gibraltar and Scotland will 

subsequently be classified with respect to their position (i.e. anterior, posterior or 

tip) and morphology (e.g. rounded, squared, triangular, indented, cut off, 

deformed or missing), using a fin layout system (after Tetley et al., 2007), in order 
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to test whether the position and morphology varies between the two distinct 

populations. 

 

1.2.2.1 - Dorsal fins from each individual within the Gibraltar data set will be 

classified using a “scale of distinctiveness” (the extent to which a dorsal fin is 

recognisable) representing the ease of recognition of an animal in images of 

varying quality and incorporating the time taken for an analyst to identify said 

individual. 

 

1.2.2.2 - Sighting histories of each individual dolphin from the Gibraltar data set 

will be compiled with the individual’s “scale of distinctiveness” score. (This was 

only possible for the Gibraltar data set as this represents a long-term, fine-scale 

study, whereas Scotland is a much shorter study, so re-sightings data is not yet 

available).  

 

1.2.2.3 - Comparative outputs of population distinctiveness and sightings 

histories will be compiled from the Gibraltar data set to establish whether a 

correlation exists between the potential factors that affect DEM distinctiveness 

and photographic re-recognition of individuals. 

 

1.2.3.1 - Each population will be analysed to determine whether automated fin 

recognition/matching software (FinEx and FinMatch) can be implemented for re-

identification of re-sighted D. delphis.  

 

1.2.3.2 - An extract of the most recent and highest quality images of individual 

dolphins from both datasets will be input into the fin recognition/matching 

software to represent a range of dorsal fin distinctiveness. 

 

1.2.3.3 - These fins will then be digitised in FinEx, using the method outlined by 

Culloch et al., (2005). 

 

1.2.3.4 - The digitised fins of the Scottish population extract will then be run 

through the FinMatch software using a matrix match (all-with-all) to determine the 

efficiency of the software in correctly identifying each individual dolphin. This 

process will then be replicated for the Gibraltar population extract. 
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1.3 – Focus Species Overview 
The following study is carried out on two geographically isolated populations of 

short-beaked common dolphin (Delphinus delphis), a species that is abundant in 

the waters of northwest Europe. 

 

Taxonomy 
Kingdom Animalia 

Phylum Chordata 
Class Mammalia 
Order Cetacea 

Family Delphinidae 
Genius Delphinus 

Species delphis 
  

Weight c.200kg 

Length ♂ c. 2.4m 
♀ c.2.1m 

Lifespan c.35 years 

Diet 
 
Epipelagic fish 
Cephalopods (squid) 

Dive Depth Reported c. 200m (650ft) 
  

Fig. 1 – Taxonomic and generic species information about D. delphis, taken from Reid et 
al., (2003). 

	  
1.3.1 - Morphology 
D. delphis is a small yet robustly built dolphin with a distinctive, falcate dorsal fin 

located in the middle of its back. It has a white ventral patch and a characteristic 

dark “cape” that extends along its back. These features meet to form an 

“hourglass” pattern along the side of the animal, which is emphasised by the 

bright colouration of the individuals. Additionally, a dark stripe runs from the lower 

beak, covering the eye, to the flipper. In juveniles these patterns are subtle, 

developing to become more pronounced as the individual reaches sexual 

maturity, around 11 years in males and 7 years in females (Murphy et al., 2005; 

Danil & Chivers, 2007) (Fig.1). 
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1.3.2 - Behaviour 
This species is highly gregarious in nature, forming large social groups and often 

associating with other cetacean species, such as spinner dolphin (Stenella 

longirostris) and striped dolphin (Stenella coeruleoalba), amongst other non-

cetacean species. Common dolphin are a highly active species that frequently 

exhibits an array of aerial displays as well as having a “boat-friendly” nature, 

commonly approaching and bow-riding for extended periods of time (Linares, 

2012). 

 

1.3.3 - Distribution and Conservation Status 
Globally, the short-beaked common dolphin can be found in the majority of warm 

to temperate oceans. More regionally, in north west European waters, the 

species is typically distributed below 60°N.  

 

The species is listed under Appendix I of the Conservation of Migratory Species 

(CMS, 1979) and is protected under a range of international legislation, 

international agreements and UK national legislation. Populations of this species 

within the Mediterranean are considered as vulnerable (Notarbartolo & Birkum, 

2010). 

 

 

2.0 - Methodology 

 
 

In order to carry out the analysis a dataset of distinctive, re-identifiable marked 

individuals first needed to be constructed. This was compiled from pre-existing 

photo-identification archives from two different geographical sites in Scotland and 

Gibraltar (Fig. 2), with the kind permission of the Cetacean Research & Rescue 

Unit (CRRU) and Drs K. Robinson and P. Linares respectively. For the purpose 

of the analysis which required the use of the fin recognition/matching software, a 

range of individuals with dorsal edge marks (DEMs) and varied distinctiveness 

were selected according to the specific requirements of the software, as 

discussed in section 2.3. However, for all other analyses, the entire catalogue of 

animals from Gibraltar and Scotland were used, regardless of individual 

distinctiveness and whether DEMs were present or not. 
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Fig. 2 – GIS map detailing the two study areas, Gibraltar and Scotland, from where the data 
for this study was taken. 

A quality control procedure for dorsal fin images was used, based on a 

methodology published by Urain et al. (1999), whereby image quality was scored 

according to focus/clarity, contrast, angle and the proportion of dorsal fin visible. 

In the original methodology, each criteria was scored out of five, with each 

criterion having a different qualitative scoring scale leading to increased 

subjectivity in the classification process. To reduce the variation and potential for 

error when classifying each criterion, the methodology used in the present study 

was adapted to score each criterion out of 3, with 1 being the lowest, least 

desirable score (i.e. poor quality), and 3 the highest, most desirable score for any 

category (Table 1). In addition, a further criterion was added to include the 

proportion of the frame filled by the dorsal fin (equation 1). This additional 

criterion gave added detail to the determination of image quality as it allowed the 

analyst to estimate the distance of the dolphin from the camera. 
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𝐼𝑚𝑎𝑔𝑒  𝑄𝑢𝑎𝑙𝑖𝑡𝑦   = !!  !!!  !!  !!"  !!
!

 

          (With 1=low quality, 5=highest quality) (1) 

(adapted from Urain et al., 1999) 

 

Where C1 represents clarity, C2 represents contrast, A represents angle, PV 

represents the proportion of fin visible and finally P represents the proportion of 

the frame filled by the dorsal fin, the sum total of these variables was then divided 

by 3 to give a manageable score out of 5. This dataset was then filtered to 

remove any images with a score less than 3, thus removing that individual from 

any further involvement within this study. 

 
Table 1- The criteria used to assess common dolphin image quality in the present study. 

 
Criteria 

Scoring 
Scale 

Scoring System Clarification 

Clarity (C1) 1-3 1 = least clear, 3 = clearest, sharp 
image 

Contrast (C2) 1-3 1 = little/excessive contrast, 3 = 
ideal contrast 

Angle (A) 1-3 1 = oblique angle, 3 = perpendicular 
to the camera 

Proportion of fin Visible (PV) 1-3 1 = interrupted picture (i.e. by 
splashes, seaweed) 3 = clear 
uninterrupted image of the dorsal 
fin 

Proportion of frame filled by 
dorsal fin (P) 

1-3 1 = fin located deep in the photo 
field 3 = ideal distance from the 
camera (≈3-7m). 

 

 

 

After filtering the dataset for quality and removing images with a low score, the 

remaining images were then classified according to the following “scale of 

distinctiveness” (after Urain et al., 1999) using the scale of 1 (high) to 3 (low). 

Images scoring 1 represented animals with DEMs that enabled the individual to 

be identified in photos of all quality. A score of 2 was assigned to individuals that 

could be recognised by either a single major DEM or by a combination of several 

DEMs. Finally, a score of 3 was assigned to those individuals that could only be 

reliably identified by the analyst when the image was magnified and/or of high 

quality, this level of distinctiveness took an extended period of time to identify.   
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2.1 - Shape and Position 
In order to ascertain whether the shape and/or positions of DEMs vary between 

geographically distinct populations of common dolphins, the DEMs were 

classified using a dorsal fin layout system after Tetley et al. (2007). The DEMs 

displayed by each identified individual were subsequently classified with respect 

to their position and morphology (Fig. 3, colour is necessary in order to discern 

between the water and the fin more clearly). 

 

Chi-squared tests were applied relating to the relative morphology and position of 

the DEMs in order to determine the statistical likelihood of the observed trends 

occurring due to chance. A Friedman’s test was then used to determine whether 

there was any statistical variation between the two geographically isolated 

populations. 

 

 

 
Fig. 3 - Dorsal fin layout system (after Tetley et al., 2007) showing the division of the dorsal 
fin and morphology of dorsal fin edge marks (DEMs) along with examples of each 
classification of dorsal edge marking from the populations used in this study. Detailed 
photographic examples are presented in Appendix 1 for DEM shape and Appendix 2 for 
DEM position. 
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2.2 – Distinctiveness and Sightings 
Recapture data detailing the individual resightings for each selected dolphin in 

the Gibraltar study (individuals n=584, see Appendix 4.iii) was then added to the 

now complete working dataset in order to determine whether a relationship 

existed between the number of sightings of an individual and the characteristics 

of dorsal fin distinctiveness. This stage was only possible for the Gibraltar study 

due to the fact that it had been carried out for a longer time period (8 years in 

Gibraltar compared to 3 years in Scotland) allowing the sightings data to be 

collected and false positives and negatives removed from the dataset. 

Furthermore, the Scottish dataset was only used for a comparison for the first 

and third aims of this project. 

 

In order to statistically test this aim, the relationship between the distinctiveness 

and the re-sightings of an individual and whether other factors such as shape and 

the position of the DEM impacted upon the re-identification of an individual, a 

Poisson Log Linear Generalised Linear Model (GLM) was used as a proxy for a 

multiple regression of non-parametric data. This analysis enabled the relative 

weighting of each variable to be determined and its significance to be quantified. 

 

2.3 – Fin Recognition / Matching Software 
To ascertain whether automated dorsal fin matching software is suitable for use 

with D. delphis an extract of both the Gibraltar (n=20) and Scottish (n=21) 

populations containing the best and most up-to-date images of individuals where 

both left and right dorsal fin images were available, were input and analysed. This 

extract contained a range of distinctively marked images of individuals, as the 

software requires distinctive DEMs to be extracted and then crosschecked with 

other extracted images. The images selected spanned the software’s 

requirement range, with images with the lowest suitable level of distinctive DEMs 

being selected alongside those with a very high level of DEM distinctiveness. 

Therefore images that did not meet this criterion were excluded from the extracts 

to prevent a multitude of low scoring cross-matches from occurring at this stage. 

The limitations of this particular methodology will be investigated more thoroughly 

in the discussion section (Section 4.3). Following the methodology outlined by 

Culloch et al. (2005) the profiles of each dorsal fin image were extracted and 
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input into the recognition/matching programmes (Figs. 5a, 5b) by a single analyst, 

to remove any potential error associated with multiple users and potential input 

style variation. This software uses a matching algorithm to determine a match 

coefficient (R-value) that varies between 0 and 1 (Whitehead, 1990), shown in 

Fig. 4, resulting in a total number of comparisons made indicated by equation 2, 

with ‘𝑥’ representing the number of images input, 

 
Fig. 4 - Schematic representation of the matching algorithm used by the FinMatch 
software, whereby the original image (A) is compared with all other images (B) and with 
the reverse of each image in the format of: “A with B, A with Br and B with Ar, it does not 
compare B with A, A with A or A with Ar” (Beekmans et al., 2005 p.245). 

 
 
 

𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑐𝑜𝑚𝑝𝑎𝑟𝑖𝑠𝑜𝑛𝑠 =   𝑥(𝑥 − 1). 

(2) 

The outputs were then compiled into an ordinal list with the matches with the 

highest R-values being at the top and the lower R-values at the bottom (Fig. 5c). 

The analyst then checked the proposed higher R-values for a visual match to 

determine whether the software had identified a correct match. The threshold for 

visual checking for this particular software is recommended to be an R-value of 

>0.6 (A.G. Steenbeek pers. comm. in Beekmans et al., 2005). It is worth noting 

that the experience and the discretion of the analyst is still critical, with 

experience and an in-depth understanding of the catalogue still fundamental for 

correctly re-identifying an individual; the software has not yet equalled and/or 

replaced the analyst, it is very much still a tool for the analyst to utilise.  

Furthermore, to test the speed of the software several independent matrix 

matches were carried out (n=6), whereby all images were compared with all 

others and the time taken recorded. This was carried out on the same computer 

(a MacBook Pro 2Ghz Intel Core i7 processor) to avoid any potential variation as 

a result of processing power. The data used to test the matching speed of the 
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software came solely from the Gibraltar population (n=36). Additionally, unlike the 

previous analysis in this section, the data used for the testing of the software’s 

speed contained images of individuals with only left or right images as well as 

those with both. This was to increase the variation of data input to the software, 

to identify whether the software would correctly associate individuals with only a 

single fin-image input, to have no other correct match. 

 

 

 
Fig. 5 - a) Depicting the first stage of the dorsal fin extraction in FinEx - whereby the 
idealised (undamaged) fin outline is constructed by manipulating the control point to 
outline the fin. b) Second stage, highlighting and extracting the dorsal fin edge marks 
(DEMs) from the fin – the DEM is highlighted with the extraction frame (green arrow/box) 
and then the software defines the boundary pixels, which can be adjusted by the user until 
an ideal match is found. c) Depicting the cross-comparison of extracted fins within the 
FinMatch software, the fins are ranked on a 0-1 ordinal scale, with 0 being a no match and 
1 being a perfect match.    

 

Finally, in order to test that the fin recognition/matching software was functioning 

effectively it was necessary to devise a quantifiable measure of its success. This 

was determined by filtering the results into three categories determined by the 

score of the correct fin match. The first category filtered results where the correct 

match was highlighted as the top match, the second category was when the 

correct match was within the top five highlighted matches and the third category 

was when the correct match was outside of the top five potential matches. 

Percentages could then be derived from the filtered output results enabling a 

comparison between the successes of the software between the two populations 

to be made. 

a b c 
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3.0 - Results 
 

The following results were observed when this study explored the three major 

aims of this project. Firstly, the shape of dorsal DEMs was shown to vary 

between the respective Gibraltan and Scottish populations, whereas the 

positioning of the DEMs in the trailing (and sometimes) leading edge of the dorsal 

fin was not. Furthermore, through visual inspection of both photo-archives, the 

Scottish population displayed a heavier degree of DEMs than the Gibraltan 

population. Secondly, the number of potential sightings of an individual could not 

be explained by dorsal fin distinctiveness by the analysis carried out by this 

study. Thirdly, the subsequent analyses found that, in the majority of cases, the 

software was able to draw the correct match. However, it seems that the software 

functions between two extremes, it either correctly matches the fins or it fails to 

identify the correct corresponding matching fin from the dataset within the top five 

suggestions. 

 

The raw data supporting this results section can be found in Appendix 4i-v. 
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3.1 – Shape & Position 
 

In order to ascertain whether the shape and the position of the DEMs varied 

between the geographically distinct populations, the data was manipulated by 

transforming the count data into percentages to enable cross comparison and to 

account for the difference in sample sizes, enabling the following statistical 

analysis to be applied. In regard to the shape (Fig. 6 & Appendix 4(i)) and position 

(Fig. 7 & Appendix 4(ii)) of the DEMs a significant difference was found (χ2  = 

5.760 df = 1 P = 0.016 and χ2  = 95.16 df = 1 P = 0.001 respectively), showing 

that the shape and position of DEMs does vary geographically with there being a 

probability that these results did not occur due to chance (χ2 = 12.76 df = 6 P = 

0.049 and χ2 = 16.883 df = 7 P = 0.018 respectively). However, it is worth noting 

that despite the Chi-squared tests returning a significance of P<0.05, 4 and 8 

cells (28.6% and 50% for shape and position respectively) had an expected count 

of <5. 

 
Fig. 6 – Comparison between the shape of dorsal edge markings found in identifiable 
common dolphins from Scotland and Gibraltar. 
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Fig. 7 – Comparison between the positions of the dorsal edge markings found in 
identifiable common dolphin from Scotland and Gibraltar. 

 

 

3.2 – Distinctiveness and sightings 
 

In order to determine whether a relationship exists between the number of 

sightings of an individual and the characteristics of dorsal fin distinctiveness a 

Poisson Log Linear Generalised Linear Model (GLM) was carried out. Data was 

taken from those individually recognised dolphins from the Gibraltar population 

that had been re-sighted more than once over the 2001-08 period (n=46). The 

proportion of the population re-identified over the study period is shown in Fig. 8 

(Appendix 4(iii)). The results of the GLM indicated that shape, position and 

distinctiveness do not significantly influence the sighting of an individual (χ2 = 

6.662 df = 12 P = 0.879). Furthermore, when inspecting the parameter estimates 

and test of model effects, as shown in Tables 2 and 3, no values of P<0.05 were 

reported. 
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Fig. 8 – The relationship between sightings and dorsal fin distinctiveness within the 
Gibraltar population, detailing only those individuals that were encountered more than 
once over the 2001-08 period (n=46). Distinctiveness is classified after the Urain et al., 
(1999) classification system that takes into account the effort required to identify the 
individual, giving a high distinctiveness score of 1 and a low score of 3.
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Table 2 – The parameter variables for the Poisson log linear GLM detailing the contribution 
of each covariate of common dolphin from the Gibraltar population that were re-identified 
(≥2 times) over the 2001-2008 period. 

 
Parameter Estimates 

  
χ2 df P 

S
ha

pe
 

Triangular 1.01 1 0.315 
Square 0.79 1 0.374 
Round 0.542 1 0.461 
Indented 1.172 1 0.279 
Cut off 0.143 1 0.706 
Deformed/missing 

   

P
os

iti
on

 

Posterior Upper 0.03 1 0.863 
Posterior Lower 0 1 0.996 
Anterior Upper 0.006 1 0.937 
Anterior Lower 0.299 1 0.584 
Posterior Tip 0.011 1 0.915 
Anterior Tip 0 - - 
Deformed/missing 0 - - 
No markings 0 - - 

D
is

t. 

High distinctiveness 0.113 1 0.737 
Medium 
distinctiveness 0.044 1 0.834 
Low distinctiveness 0 - - 

 
Table 3 – Test of model effects, showing the overall contribution and significance of each 
independent variable of common dolphin from the Gibraltar population that were re-
identified (≥2 times) over the 2001-2008 period. 

 
Test of Model Effects 

 
Shape Position Distinctiveness 

χ2 0.954 0.345 0.235 
df 3 5 2 
P 0.812 0.997 0.889 

 

 

3.3 – Fin Recognition / Matching Software 
Finally, to address the third aim of this project, a combined sample of 41 

“marked” dolphins was selected; 20 from Gibraltan dataset and 21 from the 

Scotland dataset. The derived percentages from the filtered results are shown in 

Table 4 (p.22), showing that the software correctly matched fins in most 

instances (50-61.9% of cases). However, in 35-38.8% of cases the software 

failed to draw the correct match within the top 5 recommendations. The average 

R-values of each category are also listed within Table 4 (p.21), showing the 
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average ‘strength’ of the match made by the software (see Appendix 4(iv) for raw 

data). 

 

With regard to the test of the software’s speed, the Europhlukes programme 

FinMatch had to run 3080 comparisons (total individuals n=36, images input n = 

56, both sides of dorsal n = 20, single image individual = 16), which it achieved in 

an average time of 0.75seconds (6 repeats), equating to this software matching 

4106.67 images per second (see Appendix 4(v) for raw data).  

 

Finally, with regard to whether the software correctly identified that individuals 

with only a single input image (left or right, n=17) do not have a corresponding 

matching fin within the analysed data set, meaning that no matches above the 

0.6 threshold score should be produced. This test showed that in 82.35% (n=14) 

of cases this was true, with only 17.65% (n=3) producing potential matches 

above the 0.6 threshold, with those having an average incursion above the 

threshold of R=0.09.  

  
Table 4 – Showing the criteria used to assess the efficiency of the Fin 
Recognition/matching software in determining its suitability for use on D. delphis and the 
corresponding percentages of each category for both populations. 

Category Scotland Gibraltar 

 

Scotland 
Population 

(%) 

Average 
score (R-

value) 

Gibraltar 
Population 

(%) 

Average 
score (R-

value) 
Category 1 –
correct match 
highlighted as 
the top match 

61.9 0.67 50 0.618 

Category 2 – 
correct match 
highlighted in 
the top 5 
matches 

0 0.463 15 0.475 

Category 3 – 
correct match 
not present 
within the top 5 
matches 

38.1 0.347 35 0.243 
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4.0 – Discussion 
 
 
This project was undertaken with the purpose of examining two long-term photo 

archives of D. delphis from Gibraltar and Scotland, in order to ascertain firstly, 

whether the shape and position of dorsal edge marks (DEMs) varied between the 

two isolated populations, secondly whether a relationship existed between the 

number of sightings of an individual and the characteristics of its dorsal fin 

distinctiveness and finally to determine whether automated fin-

recognition/matching software could be successfully used as a tool to aid in the 

re-identification of individual D. delphis. 

 

4.1 – Shape and Position 
The analysis indicated that both the shape and position of DEMs varied 

significantly between the two dolphin populations. It was also found that the 

observed results had a high statistical likelihood (P<0.05) of not occurring due to 

chance. However, with both the shape and position of the DEMs the results 

showed that, in some cases, the expected count was <5, indicating that the 

conclusions drawn hereafter should be treated with a degree of caution. The 

results of this study partially repeat the findings of Tetley et al., (2007), where 

DEM position was shown to vary between two populations of minke whale 

(Balaenoptera acutorostrata) but the DEM shape did not. The results of the 

present study, where both position and shape of DEMs were found to vary 

geographically, suggests that the  DEM formation processes may not be identical 

between different species, possibly influencing how studies could be designed in 

the future. 

 

Further examination indicates that the events that cause DEMs evidently occur in 

both Gibraltar and Scotland. However, there is a variation in the frequency in 

which these causes take place, affecting the percentages of the populations that 

display a particular DEM. This may suggest that additional variables cause these 

differences between the populations, including environmental influences (Rowe & 

Dawson, 2009), damage from fishing equipment (Baird & Gorgone, 2005), boat 

strikes and propeller wounds (Hammond et al., 1990) and conspecific aggression 

(Heying, 1984; Rowe & Dawson, 2009), which may all affect the type and 
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frequency of observed markings within and between populations. Despite the 

wide range of theories regarding the cause of DEMs, how they occur is still not 

fully understood, although there is morphological evidence to suggest that tears 

are more likely to form in specific areas of the dorsal trailing edge relative to the 

position of the dorsal veins (Robinson, pers. comm., 2014). Further investigations 

into this area may help to further develop our understanding of the life histories of 

these animals. 

 

There is evidence to support the fact that DEMs are accumulated (and change) 

over time (Murphy et al., 2005; Robinson, pers. comm. 2012). The present results 

revealed that a higher percentage of individuals with no distinctive markings are 

found in the Gibraltar population compared to the Scottish population. This might 

suggest that Gibraltar could be an area where younger animals congregate and 

then begin to move further afield as they mature. Through visual analysis of this 

data the Scottish population appears to show heavier markings than the Gibraltan 

population. The suggestion that Gibraltar may or may not be utilised as some 

form of “nursery-ground” would be an interesting area to develop in future 

studies. However, basing this recommendation on the present study’s data may 

be flawed as there is an intrinsic limitation associated with such a conclusion. 

That is to say that in Scotland the groups encountered were large (>100 animals) 

and that the photographer would have therefore concentrated on the marked 

animals when undertaking opportunistic photo-identification, therefore giving a 

biased indication of the proportion of the population that was marked. On the 

other hand, in Gibraltar the encounter groups were much smaller, allowing the 

researcher to focus their effort on photographing all of the individual animals, 

possibly giving an more accurate representation of the proportion of marked 

individuals.  

 

In addition, development in our understanding of the formation and the 

occurrence of DEMs may enable more in-depth studies of cetacean populations 

to be carried out, as through the effort to determine the causes of DEMs our 

understanding of cetacean communities will also be improved. Research into this 

is currently being carried out, consequently allowing DEMs to be linked to the sex 

of individuals (Rowe & Dawson, 2009). Normally gender is determined by 

observation of the genital slits or by the repeated association of dependent calves 
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with females (Grellier et al., 2003). However, more recent studies have found an 

association between the percentage of DEMs present and the sex of the 

individual (Rowe & Dawson, 2009). These could be useful indicators for species 

that do not show significant sexual dimorphism in the appearance of the dorsal fin 

or other indicator characteristics (Augusto et al., 2013). 

 

4.2 – Distinctiveness and Sightings 
Common dolphins are pelagic, highly gregarious, active and boat-friendly 

animals, all of which makes them ideal yet difficult to survey due to the high 

numbers often present in a pod (Neumann & Leitenberger, 2002). Therefore, 

when surveying these animals efficient time usage is important. In a population of 

animals that all exhibit similar encounter behaviour it is reasonable to conclude 

that those individuals that are more distinctive and stand out from the rest of the 

population are going to attract the analyst’s attention. This study aimed to 

establish whether a relationship could be determined between the number of 

sightings of an individual and the distinctiveness of the animal’s dorsal fin, in 

order to provide a recommendation as to whether studies could be focused on 

those noticeable, distinctive animals. 

 

However, this analysis showed that the number of sightings of an individual could 

not be explained by the characteristics of dorsal fin distinctiveness and with 

further examination of the outputs of the GLM it was clear that none of the 

cofactors (individual shapes of DEMs, individual positions of DEMs and level of 

fin distinctiveness) significantly influenced the number of sightings to any degree 

of statistical significance. Therefore, the GLM analysis suggested that the number 

of sightings of an individual could not be determined as a product of the 

characteristics that contributed to dorsal fin distinctiveness. 

 

One potential limitation of this analysis is that the relationship between 

distinctiveness and the number of DEMs was assumed to be linear, whereas this 

can vary depending on how one defines distinctiveness. It can be argued that the 

absence of DEMs is just as distinctive as their presence in a population where 

the vast majority of animals display a degree of DEMs. Therefore, this suggests 

more of a positive quadratic relationship between the number of DEMs and 

overall distinctiveness (Fig. 9). Based on this assumption of distinctiveness those 
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individuals that show a high level of distinctiveness will be the outliers of the 

population and only represent a small percentage of it (Fig. 10). The fact that the 

individuals of higher distinctiveness are outliers of the population would affect 

their applicability for different types of surveys. The type of study subsequently 

determines what proportion of a population is actually observed. In general, 

population level studies need to observe a large number of individuals to obtain a 

sample size that is representative of the total population. Therefore, in this case it 

would not be necessary to observe the most distinctive individuals - the outliers of 

the population. Conversely, micro-level, detailed studies, where the re-

identification of individuals is key, require observation of the most distinctive 

animals, as these animals can be more reliably re-identified over extended 

periods of time. If one of the causes of DEMs can be attributed to an interaction 

with boats, then it is reasonable to conclude that the animals that are the most 

distinctive will more likely be sighted in close proximity to boats. 

 

 

 

 

 
Fig. 9 – Theoretical graph showing the positive quadratic relationship between the number 
of dorsal edge marks (DEMs) and the overall distinctiveness of the dorsal fin.    
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Fig. 10 – Theoretical graph showing on the primary (top) horizontal axis the relationship 
between the distinctiveness of the dorsal fin and the percentage of the population showing 
this. On the secondary (bottom) horizontal axis the relationship between the number of 
dorsal edge markings (DEMs) and the percentage of the population is shown. Examples of 
representative fins detailed in Appendix 3. 

	  
In order determine the relationship between the number of sightings and the 

overall distinctiveness of an individual’s dorsal fin in a computational model; it is 

necessary to first understand what causes distinctiveness. Ideally, to achieve 

this, a sample representative of the population (detailing as many variables as 

possible; the sex, age, common affiliations and typical behavioural patterns of 

each individual) would be required for an accurate comparison to be made. In 

practice, such a sample would be almost impossible to compile as to collect this 

degree of detail would take many years, if indeed it were possible at all.  

 

4.3 – Fin Recognition / Matching Software 
In terms of the final aim of this project and specifically the section relating to the 

software used for the fin extraction, this study found that there was an inverse 

relationship between the time taken to digitise and successfully extract a dorsal 

fin image and the experience of the analyst. A similar study by Beekmans et al. 

(2005) on the flukes of sperm whales (Physeter macrocephalus) similarly reflect 

this finding, where after a quantitative analysis it was inferred that user discretion 

and consistency played an integral part of fin digitisation and extraction. 

 

In respect of the matching software used, it was found that the software was 

returning an average of 4106.67 matches per second when computing a matrix 

match (all-with-all). This number of matches per second was significantly higher 

than that found by Beekmans et al. (2005), when the same software was applied 
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to the flukes of P.macrocephalus. This observation has two potential 

explanations. Firstly, the dorsal fins of D. delphis are less intricate, therefore less 

complicated to compute than the flukes of P.macrocephalus, resulting in a 

greater number of matches per second. Secondly, the difference in the random 

access memory (RAM) and the processing speeds of the computers used for the 

different studies would enable a higher match per second analysis, as this study 

was carried out on a more modern machine (Intel Pentium III processor in 

Beekmans et al, (2005) verses the present study’s Intel core i7 processor). In 

reality, the difference between the present study and that of Beekmans et al. 

(2005) most likely occurred as a result of a combination of the two 

aforementioned explanations. 

 

It was also found that for both populations the software correctly matched the 

majority of input images with their corresponding images. It was also found that 

the software either classified an image, fitting it into category 1 or it failed to find a 

matching image, classifying it as category 3. Only a low percentage of the 

analysed dataset was classified as category 2, suggesting that the software 

displays an almost “all-or-nothing” return with it either being able to correctly 

match an image or not at all. One possible explanation for individuals being 

categorised into category 3 could be that the animal only displayed subtle or low 

levels of DEMs, therefore being less distinctive. As animals that show very few or 

slight markings are often difficult to re-identify, these animals do not have an 

obvious DEM to look for. On the other hand, it could also be related to the 

position of the DEM on the dorsal fin, as individuals displaying some DEMs, such 

as lower nicks for example, are often harder to match or maybe obscured due to 

water splashes on the lower fin. Furthermore, it was also found that the software 

correctly identified that, in most cases, individuals with only a single image (either 

left or right dorsal fin) had no other correct match and only drew low R-value 

returns. 

 

With regard to the limitations of this study (Section 2.3) only one key intrinsic 

limitation and one observational limitation were identified. Firstly, the intrinsic 

limitation was that there was no guarantee that the dataset used did not contain 

any false positives or negatives. However, the data was taken from long-term 

archives, which had been collected over three to eight years (three years for 
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Scotland and eight years for Gibraltar) and had already been subject to 

professional examination and cataloguing prior to this study. Therefore, it is 

reasonable to assume with a high degree of confidence that the presence of false 

positives and negatives had been minimised as much as possible prior to this 

study. Any potential error can only be totally minimised through double-marking 

studies (where both natural and artificial markers are used), such as Blackmer et 

al., (2000), but these studies are much more intrusive on wild cetacean 

populations and therefore seldom used. Secondly, the observational limitation 

that has particular relevance to future studies is that all automated matching 

software requires the analyst to extract and manipulate the images by eye, and 

thus image quality plays an integral role in enabling accurate extraction by the 

analyst and the final decision regarding matches is left to the user’s experience 

and discretion. Robinson et al.,  (2012) employed the experience of at least two 

established researchers in this decision-making process in their studies. 

 

Overall, this present study found that the automated matching software used (as 

developed by the Europhlukes Project) could successfully be applied to D. 

delphis. The software fulfils its purpose in assisting the analyst during the 

identification process by correctly filtering a large proportion of larger datasets 

and highlighting potential matches for the analyst to visually check. However, this 

study recommends that particular care be paid to the quality of the images 

collected for analysis. The essential need for high quality images requires 

attention to operational procedures when collecting in-situ data to ensure correct 

positioning of the vessel between the animals and the sun for example, in order 

to achieve a good contrast between the dorsal fin of the animal and the water. In 

order to do this a three-man team is recommended with a driver to correctly 

position the vessel on a parallel course to the animals, a spotter to identify the 

position and direction of movement of the animals and to advise the driver and 

finally, the cameraman to take the photos, using a high powered telephoto lens 

and a digital camera. Back on shore, this study recommends that the analyst 

should be well-trained in the operation of the software to both minimise potential 

errors and the time required to process data. Furthermore, as we move further 

into a digitised era automated processes will continue to play an increasingly 

integral role in research, making this software useful to researchers investigating 
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the life history and ranges of their study species along with the development of 

the conservation of the species. 

 

4.4 – Summary 
 
In conclusion, this study has found that there is a variation in the position and 

shape of DEMs between the populations of D. delphis from Gibraltar and 

Scotland, suggesting that different causal processes are acting or at least acting 

at different magnitudes in each population. However, further investigation is 

required in order to determine what the specific causal processes actually are. 

 

The study revealed that sightings cannot be inferred from the characteristics of 

dorsal fin distinctiveness alone and that in order to further understand this 

relationship more research is required into the processes leading to the 

occurence of DEMs. By further developing our current understanding of the 

causal processes of DEMs, our present knowledge of the interactions between 

individuals, the relationship between gender and DEMs and the overall life history 

of this species will also be developed. This study has shown that the software 

developed by the Europhlukes Project (FinEx and FinMatch) is a useful tool for 

assisting the re-identification of individuals and could possibly aid future studies. 

Auto-matching software reduces the time and effort required for mark-recapture 

methods, thereby increasing the efficiency of future studies whilst continuing to 

minimise disturbance to wild cetacean populations. 

 

Overall, the processes involved in collecting the data for this study have shown 

that, contrary to previous thinking, the re-identification of individual D. delphis 

over a prolonged time scale is indeed possible, establishing that photographic 

identification is a viable tool when applied to D. delphis. Therefore, establishing 

the home range and site fidelity for this species is also possible, enabling their 

conservation to be informed by scientific data. Typically, the establishment of the 

home range of species informs the implementation of regional marine 

conservation areas. Therefore as a result of this study, showing that it is now 

possible to re-identify individual D. delphis the home range of populations can 

now be determined, allowing, in the future, the implementation of conservation 

areas for D. delphis to be established. Furthermore, the highly active and visible 
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nature of cetaceans’ would potentially enable public sighting reports to pay a role 

in gathering future distribution data, actively contributing to the monitoring of the 

taxa distribution and also be in accordance with the Aarhus Convention (1988), to 

which the United Kingdom is a signatory. 

 

4.5 - Future Applications 
 

As we move into a future that may be increasingly influenced by climate change, 

the associated predicted species’ range shifts bring into question the suitability of 

static marine conservation areas, as a localised, small conservation area will be 

of little use if the animals shift in response to climatic change.  

 

As a result, further predictive studies are needed in order to ascertain how 

climate change is expected to impact upon vulnerable or data-deficient global 

cetacean populations. Such modelling studies are currently being carried out, 

notably by Lambert et al., (2011). However, there are associated uncertainties 

with using predictive models, as not all variables can be accounted for. This leads 

to a margin of error with the predictions and when these studies are used to 

advise the legislative process they can be criticised as not being accurate. This 

suggests that, in order to verify such models, studies should perhaps look into 

existing, well established long-term datasets in order to identify whether the 

predictive models are representative of what may have occurred previously. This 

would, therefore, provide another tool to support the conservation of marine 

cetaceans. 
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6.0 - A1  

Photographic examples of the types (morphology) of DEM used by the 

classification system of this study (after Tetley et al., 2007).  

 

 

	  
Plate	   1	   –	   Dolphin	   93	   from	   the	   Gibraltar	   population	  
showing	   a	   distinct	   triangular	   Dem	   on	   the	   upper	  
posterior	  edge	  of	  the	  dorsal	  fin. 

	  
Plate	   2	   –	   Dolphin	   77	   from	   the	   Gibraltar	   population	  
showing	   a	   distinct	   square	   DEM	   on	   the	   upper	  
posterior	   edge	   of	   the	   dorsal	   fin	   and	   also	   an	  
elongated	   square	  DEM	  at	   the	   posterior	   base	   of	   the	  
fin.	  

	  

	  
	  
	  

	  

	  

	  

Plate	   3	   -‐	   Dolphin	   58	   from	   the	   Gibraltar	   population	  
showing	  a	  distinct	  round	  DEM	  on	  the	  upper	  posterior	  
edge	  of	  the	  dorsal	  fin. 

	  

	  

	  
Plate	   4	   -‐	   Dolphin	   74	   from	   the	   Gibraltar	   population	  
showing	   a	   distinct	   indented	   DEM	   on	   the	   upper	  
anterior	  edge	  of	  the	  dorsal	  fin. 
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Plate	   5	   -‐	   Dolphin	   56	   from	   the	   Gibraltar	   population	  
showing	  a	  distinctive	  cut	  off	  section	  of	  the	  dorsal	  fin,	  
most	   likely	   caused	   by	   a	   collision	   with	   a	   boat	   or	   a	  
propeller	  but	  this	  is	  of	  course	  speculation. 

	  
Plate	  6	   -‐	  Dolphin	  381	   from	   the	  Gibraltar	  population	  
showing	   a	   distinctively	   non-‐falcate	   deformed/	  
missing	  dorsal	  fin. 

	  
Plate	  7	   -‐	  Dolphin	  250	   from	   the	  Gibraltar	  population	  
showing	  a	  distinctive,	  unmarked	  fin. 
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A2  
Photographic examples of the classification system of the anotomical positions of 

DEMs used by this study (after Tetley et al., 2007). 

 
 
 

	  
Plate	  8	  –	  Dolphin	  253	  from	  the	  Gibraltar	  population	  
showing	  an	  anterior	  tip	  DEM. 

 

	  
Plate	  9	  –	  Dolphin	  74	  from	  the	  Gibraltar	  population	  
showing	  an	  upper	  anterior	  DEM. 

 

	  
Plate	  10	  –	  Dolphin	  103	  from	  the	  Gibraltar	  population	  
showing	  a	  lower	  anterior	  DEM. 

 
 
 
 
 

	  
Plate	  11	  –	  Dolphin	  383	  from	  the	  Gibraltar	  
populations	  showing	  an	  upper	  posterior	  DEM. 

 

	  
Plate	  12	  –	  Dolphin594	  from	  the	  Gibraltar	  population	  
showing	  a	  lower	  posterior	  DEM.	  

 

	  
Plate	  13	  –	  Dolphin	  600	  from	  the	  Gibraltar	  population	  
showing	  a	  posterior	  tip	  DEM.
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A3 
Photographic examples of dorsal fins the show the positive quadratic relationship 

between the number of DEMs present and the overall distinctiveness of the fin 

(Fig. 10). 

  

	  
Plate	  14	  –	  Dolphin	  250	  from	  the	  Gibraltar	  population	  showing	  a	  highly	  distinctive	  fin	  despite	  the	  absence	  of	  DEMs,	  
allowing	  almost	  immediate	  re-‐identification.	  

	  
Plate	   15	   –	   Dolphin	   574	   from	   the	   Gibraltar	   population	   displaying	   a	   typically	  marked	   dorsal	   fin	  with	   a	   few	  DEMs	  
allowing	  re-‐identification,	  however,	  this	  individuals	  has	  no	  obviously	  distinguishable	  marks	  allowing	  instantaneous	  
recognition. 

 

	  
Plate	   16	   –	   Dolphin	   383	   from	   the	   Gibraltar	   population	   displaying	   a	   single,	   highly	   distinctive	   DEM	   allowing	  
instantaneous	  re-‐identification.	  
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A4 
 
(i) Raw data used in the analysis for the shape of the DEM supporting section 
3.1, Fig.6. 
 

  Gibraltar Scotland 
Shape Count % Count % 

T 176 29.88 37 38.14 
S 108 18.34 21 21.65 
R 155 26.32 25 25.77 
I 68 11.54 11 11.34 
C 0 0.00 1 1.03 

DM 6 1.02 1 1.03 
NM 76 12.90 1 1.03 
total 589  97  

 
(ii) Raw data used in the analysis for the position of the DEM supporting section 
3.1, Fig.7. 
 

  Gibraltar Scotland 
Combined 
Position Count % Count % 

PU 316 53.65 58 59.79 
PL 87 14.77 20 20.62 
AU 16 2.72 1 1.03 
AL 20 3.40 1 1.03 
PT 53 9.00 12 12.37 
AT 16 2.72 4 4.12 
DM 76 13 0 0 
NM 5 0.85 1 1.03 
total 589  97  
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(iii) Raw data used in the analysis for the sightings of individual dolphins from 
Gibraltar supporting section 3.2, Fig. 8. (N.B. total = 584 rather than 589 as 5 
individuals were missing data when these study was given access, this was 
beyond the control of this study). 
 

Sightings Distinctiveness Score Count 

1 

1 166 
2 268 
3 104 

2 

1 20 
2 11 
3 1 

3 

1 8 
2 1 
3 0 

4 

1 4 
2 0 
3 1 

  

total = 
584 

 
 
(iv) Raw data used in the analysis for the testing of the fin recognition/matching 
software’s ability to re-identify individual D. delphis supporting section 3.3,Table 
4. 
 

SCOTLAND both fins 
Category 1 - number with correct as top match 13 
Category 2 - number with correct in top 5 0 
Category 3 - number with correct not in top 5 8 

total 21 

Percentage (%) of population 

61.9 
0 

38.1 

  
  
  
  GIBRALTAR both fins 
Category 1 - number with correct as top match 10 
Category 2 - number with correct in top 5 3 
Category 3 - number with correct not in top 5 7 

total 20 

Percentage (%) of population 

50 
15 
35 
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(v) Raw data used in the analysis for the testing of the matching speed of the fin 
recognition/matching software supporting section 3.3.  
	  

Dolphin ID 
number 

Dorsal 
Images 

Number of 
images 

115 Both 2 
116 Both 2 
117 Left 1 
118 Both 2 
120 Right 1 
150 Both 2 
153 Right 1 
156 Right 1 
191 Right 1 
212 Both 2 
218 Left 1 
223 Both 2 
226 Left 1 
237 Right 1 
250 Right 1 
306 Both 2 
371 Left 1 
384 Both 2 
396 Both 2 
402 Left 1 
43 Both 2 

471 Right 1 
476 Both 2 
502 Left 1 
51 Left 1 

532 Both 2 
535 Right 1 
548 Both 2 
570 Both 2 
572 Both 2 
575 Both 2 
58 Both 2 

585 Both 2 
74 Both 2 
76 Right 1 
77 Both 2 

  
total = 56 

   
 

Both 20 

 
Left 7 

 
Right 9 

  
total = 36 
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