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The fossil record of sharks provides a long evolutionary history that 
may contain a lot of information about extinction and evolutionary 
dynamics over time that could be useful in terms of conservation 
attempts of sharks in the future. However, its investigation relies on 
the ability to interpret ecology from morphology, ecomorphology. 
Hence, my study focuses on gathering quantitative data towards 
testing the hypothesis that tooth morphology in lamniformes is 
driven by diet.
Extant Lamniform teeth exhibit a great deal of variation, so to get an 
idea of dental variation in shape I used the softwares tpsUtil, tpsDig2 
and tpsRelw. The main objective of this study is to analyze the tooth 
morphology among extant lamniformes through the use of 
Geometric Morphometric (GM) methods and try to see if a certain 
tooth shape is better for a certain diet. TpsUtil was used to create a 
file containing pictures of shark teeth, which were later digitized in 
tpsDig2 using landmarks. A relative warp analysis was performed in 
the software tpsRelw, and in which results could be compiled. The 
results show three main types of tooth variants: 1) slim and long, 2) 
larger and triangular, and 3) tiny barb-like teeth. Teeth that were 
tiny, flat on the top and had the shape of a hook are probably for 
crushing prey and possibly to prevent tiny prey item from escaping. 
Slim but pointy teeth may relate to hunting smaller and softer prey, 
such as small fishes and squid. Slim but tilted teeth are capable of a 
diet consisting of small fish and squid and the tilted crown of the 
tooth makes it easier to retain its prey. More triangular shapes 
suggest a stronger bite indicative of diet containing bigger fishes, 
sharks, and even mammals. Overall, my result support the notion 
that tooth morphology reflects feeding ecology in modern sharks, 
however, further analyses should build on this preliminary dataset 
and should test the utility of other digitization approaches, such as an 
outline analysis. 
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Sammanfattning 

Fossiler av hajar återspeglar en lång evolutionär historia som kan innehålla mycket 
information vad gäller utdöende- och evolutionär dynamik över tid, vilket kan vara till 
nytta vid framtida försök att bevara hajar. Dessa undersökningar förlitar sig på 
förmågan att tolka ekologi utifrån morfologi, ekomorfologi. Därför fokuserar min studie 
på att samla kvantitativ data för att testa hypotesen att tandmorfologi bland jättehajar 
drivs av diet.  

Tänderna hos nu levande jättehajar visar en stor variation och för att få 
en uppfattning om formernas variation använde jag mjukvaran tpsUtil, tpsDig2 och 
tpsRelw. Syftet med denna studie är att analysera tandmorfologin bland nu levande 
jättehajar genom användning av Geometrisk Morfometri (GM) och få en uppfattning 
om ifall en viss tandform lämpar sig för en viss typ av föda. TpsUtil användes för att 
skapa en fil innehållande bilder på hajtänder som senare digitaliserades i tpsDig2 
med användning av landmärken. En relativ rörelseanalys gjordes i mjukvaran 
tpsRelw där också resultaten sammanställdes. Resultaten visar tre huvudtyper av 
tandformer: 1) smala och långa, 2) större och triangulära, 3) små hullingliknande 
tänder. Tänder som var små, platta på toppen och krokformade är förmodligen till för 
att krossa sitt byte och eventuellt hindra små bytesdjur från att fly. Smala men 
spetsiga tänder fungerar vid jakt av mindre och mjukare byten så som fiskar och 
bläckfiskar. Smala men lutande tänder lämpar sig bättre för en diet bestående av 
andra mindre fiskar och bläckfiskar och den lutande tandkronan gör att det blir lättare 
att hålla kvar sitt byte. Mer triangulära tandformer tyder på ett starkare bett och 
lämpar sig mer för en diet bestående av större fiskar, hajar och även däggdjur. 
Resultaten stödjer antagandet att tandmorfologi återspeglar födoekologin bland 
nutida hajar, fortsatta studier bör bygga på detta preliminära dataset och bör testa 
användbarheten av andra digitaliseringsmetoder, exempelvis dispositions analys.  

 

Abstract 

The fossil record of sharks provides a long evolutionary history that may contain a lot 
of information about extinction and evolutionary dynamics over time that could be 
useful in terms of conservation attempts of sharks in the future. However, its 
investigation relies on the ability to interpret ecology from morphology, 
ecomorphology. Hence, my study focuses on gathering quantitative data towards 
testing the hypothesis that tooth morphology in lamniformes is driven by diet.  

Extant Lamniform teeth exhibit a great deal of variation, so to get an 
idea of dental variation in shape I used the softwares tpsUtil, tpsDig2 and tpsRelw. 
The main objective of this study is to analyze the tooth morphology among extant 
lamniformes through the use of Geometric Morphometric (GM) methods and try to 
see if a certain tooth shape is better for a certain diet. TpsUtil was used to create a 
file containing pictures of shark teeth, which were later digitized in tpsDig2 using 
landmarks. A relative warp analysis was performed in the software tpsRelw, and in 
which results could be compiled. The results show three main types of tooth variants: 
1) slim and long, 2) larger and triangular, and 3) tiny barb-like teeth. Teeth that were 
tiny, flat on the top and had the shape of a hook are probably for crushing prey and 
possibly to prevent tiny prey item from escaping. Slim but pointy teeth may relate to 
hunting smaller and softer prey, such as small fishes and squid. Slim but tilted teeth 
are capable of a diet consisting of small fish and squid and the tilted crown of the 
tooth makes it easier to retain its prey. More triangular shapes suggest a stronger 



bite indicative of diet containing bigger fishes, sharks, and even mammals. Overall, 
my result support the notion that tooth morphology reflects feeding ecology in modern 
sharks, however, further analyses should build on this preliminary dataset and should 
test the utility of other digitization approaches, such as an outline analysis. 
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1. Introduction 

Sharks are a diverse group of marine predators that have existed for over 390 million 
years and have over 450 different living species today. They are commonly at the top 
of their food chains and because of that they are essential for maintaining balance in 
marine food webs and trophic dynamics. Today almost 20% of the living sharks are 
either threatened or endangered due to human activity of which 15% are critically 
endangered, 20% endangered, and the rest threatened as a result of ecosystem 
deterioration and economic exploitation. The fossil record of sharks provides a long 
evolutionary history that can provide important insights into extinction and 
evolutionary dynamics over time, which could be useful in terms of conservation 
attempts of sharks in the future. Its investigation, however, relies on the ability to 
interpret ecology from morphology, a concept called ecomorphology. Hence, my 
study focuses on gathering quantitative data towards testing the hypothesis that tooth 
morphology in lamniformes is driven by diet.  

Lamniformes is an order of sharks that includes a total of nine families. 
Two are extinct and seven are extant with a total of seventeen extant species. This 
study aims to investigate the dental morphology of extant lamniformes with one 
species from every family, and to start building a digital library of tooth shape in 
sharks that can be analyzed using Geometric Morphometrics (GM). Habitat and 
biology varies among lamniformes and so does the dental morphology (Compagno, 
1984). Here I examine and evaluate different dental morphologies among the extant 
lamniformes to get an idea of dental variation in sharks and how it relates to diets. 
This was done by applying Geometric Morphometrics to series of pictures of teeth 
from different lamniformes. By comparing the results of the differences in dental 
morphology to diets reported in the literature, this report is expected to give a 
preliminary indication about how different tooth shapes relates to diets. 

 

2. Extant Lamniformes 

2.1 Alopias superciliosus 

Alopias superciliosus (Lowe 1839), also called bigeye thresher, is characterized by its 
long caudal fin, which is also used as a hunting tool (Compagno, 1984). Alopias 
superciliosus has big eyes that expand from the side of the head and continues to 
the top of the head. It has special eye sockets which makes it possible for the big eye 
thresher shark to rotate its eye upwards giving vision above them (Smith et al., 2008). 
Alopias superciliosus has a small mouth, relative to other lamniformes while 
possessing broad pectoral fins. The pelvic fins are also relatively big, the dorsal fin is 
of normal size, and the anal and second dorsal fins are tiny. This species reaches a 
maximum length of about 461cm (Compagno, 1984).  

The thresher shark uses its long tale to smash the water next to its prey 
in order to stun them, making them an easier catch (Compagno, 2001). Alopias 
superciliosus normally feeds on other fishes, marine mammals and squids. The big 
eyes are thought to be used for detection of silhouettes while swimming under its 
prey making it easier to find suitable catches (Smith et al., 2008). Alopias 
superciliosus are reported to be found in the open sea and down to 500 m. They 
occur in rather warm temperate areas and are commonly found in the Mediterranean 
Sea, the Eastern, Western and Central Pacific Ocean, Indian Ocean and the Eastern 
and Western Atlantic (Compagno, 1984). 
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2.2 Megachasma pelagios 

Megachasma pelagios (Taylor, Compagno & Struhsaker,1983), known as the 
Megamouth shark, is a rare filter feeding shark that has a distinct look with a short 
but also very broad and round snout. Its head is long and the mouth is broad and 
extends behind its eyes in lateral view. The mouth is full of small teeth that have the 
shape of a hook or barbs. The gills are of medium size, and its first and second 
dorsal fins are small. The pelvic and anal fins are also relatively small, while the 
caudal fin is asymmetric and large. It has a relatively soft body for a lamniform, one of 
the few specimens caught measured 446 cm (Compagno, 1984).  

Only a few specimens have been caught but the megamouth shark is 
only known to live in pelagic zones and has been caught near Hawaii. It has been 
found at depths down to 165 m where it probably feed, but could probably reach 
greater depths (Compagno, 1984). 

 

2.3 Mitsukurina owstoni 

Mitsukurina owstoni (D.S. Jordan, 1898), Goblin shark, is easy to recognize due to its 
long and flat snout and its mouth that can be pushed forward out of the snout during 
feeding. It has a small first dorsal and second dorsal fin. The pectoral, pelvic and anal 
fins are also pretty small while the caudal fin is a bit larger and its shape is similar to 
that of a thresher sharks caudal fin (Compagno, 1984).  

The Goblin shark is found at greater depths and has been found at a 
depth down to 1099 m (Parsons et al., 2002); it rarely occurs in shallower waters. It is 
usually about 335 cm long (Compagno, 1984) but reports of bigger catches suggest 
that it can grow up to a length of 617 cm (Parsons et al., 2002).  
The goblin shark is not considered as a threat to humans and usually feeds on softer 
prey (Compagno, 1984) including crabs, deep-sea fishes and, shrimps (Discovery, 
2014). Mitsukurina owstoni has been found in the Eastern and Western Atlantic, 
Western Pacific and Western Indian Oceans, the South Western coast of Europe, 
coast of South Africa, Eastern coast of Asia, Southern coast of Australia and South 
Western coast of Europe (Compagno, 1984). 

 

2.4 Carcharodon carcharias 

Carcharodon carcharias (Linnaeus 1758), also called the great white shark, is known 
for its size and its big teeth. Its maximum length could be anywhere from 640 cm to 
800 cm (Leighton, 1993). Carcharodon carcharias has a somewhat conical snout, big 
gill openings, large first dorsal fin, and very small second dorsal and anal fins. The 
pelvic fin is relatively small but still bigger than the second dorsal and anal fins and 
the pectoral fins are broad and long. The caudal fin is relatively large and more or 
less symmetrical.  

The great white shark usually swims around at a pretty low pace looking 
for possible prey, but can also swim very fast and sometime generate enough power 
to dash out of the water (Compagno, 1984). Carcharodon carcharias can be found in 
temperate areas almost worldwide. The white shark is usually found along the coast 
and offshore in shallow water, and is normally swimming at the surface but has been 
found at depth down to about 1280 m (Compagno, 1984). Carcharodon carcharias is 
a predator that eats almost everything and has a bite that can develop up to 18,000 
Newton of force (Wroe et al., 2008). It is both an avid hunter and scavenger. The 
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great white shark can hunt plenty of other animals and among them there are other 
types of sharks, fishes, seals, squids, crabs, turtles and even rays.  

The great white shark has been reported to attack humans and is 
considered as being dangerous to humans but the attack rate is very low 
(Compagno, 1984). 

 

2.5 Cetorhinus maximus 

Cetorhinus maximus (Gunnerus, 1765), basking shark, is the only member of the 
Cetorhinidae family. Cetorhinus maximus is a very big filter feeding shark that has a 
very big mouth and big gills that almost reach around the head. It has a pointed snout 
and large gills that are suitable for filtering its food, and has plenty of small teeth in 
the shape of hooks. The basking shark can be up to 1520 cm long, though a more 
average length is closer to 980 cm (Compagno, 1984). The basking shark has a big 
first dorsal fin, a smaller second dorsal fin and the pectoral fins are of medium size. 
Both the pelvic and anal fins are relatively small for such a big shark. It is usually 
seen at the surface but can be found at depths of at least 910 m (Skomal et al., 
2009). The basking shark can be found in Northern and Southern Hemisphere where 
the water is a bit colder but has also been spotted in warmer temperate areas. It has 
been found in Eastern and Western Atlantic, Western and Eastern Pacific Ocean, 
Mediterranean Sea and the Western Indian Ocean along the West and East coast of 
America, the West coast of Canada, the West and South East coast of South 
America. Almost around the whole coast of Europe, Southern coast of Australia and 
in the Eastern coast of Asia (Florida Museum of Natural History, 2014).  

It is usually found offshore, close to the land where it is basking at the 
surface filtering water to catch its food. It filters the water for plankton and other small 
organisms, which get stuck on its gillrakers in its pharynx that are covered in mucus 
(Compagno, 1984). 

  

2.6 Pseudocarcharias kamorahai 

Pseudocarcharias kamorahai (Matsubara 1936), commonly called the Crocodile 
shark, is the smallest extant lamniform shark (Compagno, 1984) with a length of  
122 cm (Oliveira et al., 2010). It has a pointed snout, relatively large gills, small sized 
first dorsal fin relative to its body size and a relatively small second dorsal fin. The 
crocodile shark has an asymmetrical caudal fin with a longer upper part. It has small 
sized pectoral, anal, and pelvic fins (Compagno, 1984).  

The crocodile shark is found in tropical waters, including the Eastern 
Atlantic, Western and Eastern Indian Ocean, the Central, Eastern and Western north 
Pacific. It has been spotted North of South America, along the coast of Western and 
South Eastern Africa, South and South Eastern coast of Asia. Pseudocarcharias 
kamorahai is a shark that is commonly found offshore and far from land but 
sometimes found inshore and closer to land near the bottom and it usually ranges in 
depth from the surface to 590 m (Compagno, 2002). Its big eyes are suggested to be 
ideally suited for surface feeding during the night and bottom feeding during the day 
(Compagno, 1984).  

Feeding habits of the crocodile shark are relatively unknown but it is 
suggested that it feeds from smaller prey like shrimps, some squids, and some 
smaller fishes. The crocodile shark is not considered to be a danger to humans (Food 
and Agriculture Organization of the United Nations, 2014). 
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2.7 Odontaspis ferox 

Odontaspis ferox (Risso, 1810), also called smalltooth sand tiger shark, is a big 
lamniform that reaches sizes of at least 340 cm, but they can grow larger (Sheehan, 
1998). The smalltooth sand tiger shark has a relatively long conical snout and has 
five small gills, and somewhat large eyes. The first dorsal fin is medium sized in 
length but is broad and the second dorsal fin is also moderately large. The caudal fin 
is asymmetric with a longer upper part of the fin and the pectoral fins are short but 
broad (Compagno, 1984).  

Odontaspis ferox can be found worldwide (Compagno, 1984). The 
smalltooth sand tiger shark occurs in temperate and tropical areas and usually at 
depths of around 13 m to 420 m, but has been found at depths of at least 880 m and 
is commonly known to the be in the cooler parts of the water below the thermocline 
when the temperature is higher in hotter climates (Fergusson et al., 2008).  

The smalltooth sand tiger shark feeds on softer prey like squids, 
shrimps and smaller cartilage fishes and is not commonly known to attack people 
(Compagno, 2002). There are reports of the smalltooth sand tiger shark being found 
near coral reefs less than 250 m deep and even at depths accessible for human 
divers (Fergusson et al., 2008), but does not act aggressively when approached 
(Compagno, 2002).  

 

3. Method 

Materials for this study were found in several publications that provided images of 
teeth of extant lamniformes. The publications were: Sharks of the east coast of 
southern Africa. I. The genus Carcharhinus (Carcharhinidae) and Dental Homologies 
in Lamniform Sharks (Chondrichthyes: Elasmobranchii). Journal of morphology. The 
extant lamniformes studied include: Carcharodon carcharias, Cetorhinus maximus, 
Mitsukurina owstoni, Alopias superciliosus, Megachasma pelagios, Pseudocarcharias 
kamoharai, and Odontaspis ferox.  
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Figure 1. Modified image showing the teeth of the extant lamniform species that were used 

in this study. Source: Shimada, K. (2002). 

 
In order to get an idea about the variation in tooth shape between these 

taxa, I used geometric morphometrics (GM) through the use of the Thin Plate Spline 
(TPS) Computer Software suite (Rohlf, 2009). The tooth images (Figure 1) were put 
together in tpsUtil, which makes a readable file to be used in tpsDig2. TpsDig2 is 
used for digitizing landmarks directly on the images, which provide an overall 
depiction of the shape of the object, in this case teeth. It is of importance that the 
landmarks reflect homologous (i.e., evolutionary equivalent) locations on every 
examined object because the software is using coordinates to interpret the shape. 
The majority of all teeth specimens were taken from published images of tooth rows 
for each species, so the scale is unknown. This does not affect the shape, which is 
the key to the study, but prohibits size comparisons.  
As each species is represented by a tooth row, or at least a series of teeth, the 
images were first numbered successively. The first tooth to be analyzed in a tooth 
row was named after the species to which it belonged, plus a number, in this case 1. 
The next picture to be analyzed was given the same species name but a different 
number, in this case 2, and so on continuing up to the amount of teeth that was 
analyzed.  
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Figure 2. A modified image of a tooth row with its first tooth numbered showing how 

numbering was done. Source: Shimada, K. (2002). 

 
Depending on the material available, 3-9 teeth from each species were 

analyzed, from the upper jaw. A fitting number of digitized landmarks were used to 
analyze the shape of every tooth’s crown with focus on the apex. Five landmarks 
were used to digitize each tooth. The same amount of digitized landmarks was put in 
the same order for every tooth, one image at a time. The digitized landmarks were 
placed directly onto the images of the tooth crowns from left to right.  

Geometric morphometrics uses landmarks to get information about the 
shape of each tooth. Landmarks are certain points, usually shown as red dots, set on 
a picture to calculate the shape of the teeth by using coordinates that later was 
presented using software for statistics called tpsRelw. It is of importance that all the 
landmarks on a certain tooth row was put in the same order so that the analyze 
program tpsRelw could interpret it correctly. TpsRelw was used to plot all the 
digitized landmarks and gave a picture about the shapes of all the teeth examined for 
each species. The software is showing the variation in morphology by interpretation 
of the landmarks used in tpsDig2 and is showing a wide variation of shapes. It is also 
showing what morphospace the analyzed teeth are occupying. By the use of the 
software more information about the average morphology along with the variation 
within the dental row is provided. 

 

 

Figure 3. Showing how digitized landmarks were used  
on the tooth row of an Alopias superciliosus. In this image the second tooth in the tooth row 

is examined by the use of landmarks. Reference: Modified picture from Shimada, K. (2002). 
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4. Results 

 

 
Figure 4. Tooth shape variation in the extant lamniformes. The legend shows which polygon 

color belongs to which specimen examined. It is of importance to remember that a polygon 
represents the variation in dental morphology within the upper tooth row of a single 
individual. 

Figure 4 shows the morphospace for all the analyzed teeth. Each point in the plot 
represents a particular shape in morphospace, the closer the points are to each 
other, the more similar they are in morphology. Each polygon represents the dental 
variation within the upper tooth row of a single individual shark, which in this case is 
seven different tooth rows, one species from each family in the lamniform order. 

Variation along the x-axis, also called RW1 (Relative Warp 1), reflects 
the differences in the direction of the tooth’s apex. On the positive side of the x-axis 
there are teeth with a great tilting posteriorly and on the negative side of the x-axis 
there are teeth in which the apex is slightly tilted a little anteriorly. The y-axis, also 
called RW2 (Relative Warp 2), reflects variation in the thickness and length of a 
tooth. On the positive side of the y-axis a tooth would be expected to be broad but 
short with its apex in the middle (because it is on the 0 value on the x-axis) and on 
the negative side of the y-axis a tooth would be expected to be long and slim. 
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5. Discussion 
 

5.1 Dataset Limitations 

The variance of each of the five landmarks is low with the highest value of 1.5%. 
There could be improvements but the results from the landmark analysis could be 
more or less trusted as reflecting an overall depiction of tooth shape variation in the 
lamniform sharks examined here. However, a few onsiderations should be made in 
order to improve the strength on this analysis:  

1) The current sample size is small since there were few easy accessed 
images to analyze from the literature. Future research could incorporate data from 
direct observation of museum specimens. 

 2) The landmark analysis carried out here works in 2 dimensions and 
so there is the possibility that it does not capture the true complexity of the teeth. This 
may be particularly true for Megachasma pelagios and Cetorhinus maximus teeth. 
The shape analysis described them as simple triangular teeth (Figure 4).  

3) The teeth of Odontaspis ferox seem to be broader and more 
triangular than they actually are (Figure 5) and that is because there were too few 
landmarks. Further analyses should attempt to incorporate more landmarks to test 
the sensitivity of these results to data complexity. 

  
Figure 5. A modified image of a tooth from Odontaspis ferox with five landmarks on it 

showing how too few landmarks may not be adequate enough to capture the true complexity 
of the tooth. Source: Shimada, K. (2002). 

 

5.2 Ecomorphological Implications 

As the figures show there is a wide range of different dental morphologies in the 
sample of extant lamniformes examined here. Overall, the major axes of 
morphospace are defined by the orientation of the apex tooth (RW1) and its relative 
robustness (RW2). There is some evidence to suggest that variation, in particular, 
along RW1 is related to the placement of a tooth along the tooth row, however, the 
separation of taxa based on tooth morphology (Figure 4) indicates that inter 
taxonomic variation is still greater.  

One possible hypothesis for the noted differences in tooth shape is that 
they represent variation in diet among the examined species. For instance, the 
basking shark (Cetorhinus maximus) occurs in a distinct region of morphospace, and 
is unique in my dataset for being a large-bodied filter feeder. Its teeth are tiny and 
hook-like with the shape of a barb and are useful for eating smaller prey that do not 
need to be chewed or torn apart to swallow and digested, such as shrimp and 
plankton. The dental morphology of Cetorhinus maximus indicates that prey were 
likely swallowed whole or, at most, crushed between the flat sides of the teeth. It 
should be noted that despite having similar feeding habits Cetorhinus maximus and 
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Megachasma pelagios do not overlap in morphospace along the first axis. This 
suggests that the overall orientation of the tooth apex may not be important for filter 
feeding. As mentioned before, both species exhibit a hook-shaped tooth, the 
complexity of which could not be examined here, but functionally could work as a 
barb making it harder for prey to swim out of the mouth.  

Mitsukurina owstoni is distinct from all other taxa examined here 
because of its slim and long teeth. It feeds mainly from small soft-bodied prey 
including shrimps, squids, and fishes (Compagno, 1984). This tooth shape may be 
best adapted for eating smaller fishes and squids and to prevent possible prey from 
swimming out of its mouth and escaping. The teeth of Mitsukurina owstoni are slim 
and they bear pointed apices indicating that the force the Mitsukurina owstoni needs 
to develop is rather small because a pointy tooth need less force to pierce tissue and 
skin due to the area the force is spread on is smaller. The teeth could also break if 
they were to attack larger and stronger animals.  Since Mitsukurina owstoni is a 
smaller lamniform it is not impossible to interpret this type of tooth shape as an 
indicator of size on its wearer.  

The teeth of Pseudocarcharias kamorahai are pointy and tilted 
posteriorly so that the apex of the tooth is pointed inwards. It has a more robust base 
than the dental shape of Mitsukurina owstoni. This type of teeth would make it difficult 
for prey to escape. Even though the teeth are shaped like barbs they are only slightly 
tilted in comparison to the filter feeding sharks. The pointy edge and the rather robust 
base suggest that it should be easier to pierce skin and tissue of moderately large 
prey like fishes and squids.  

The dental shape of Alopias superciliosus teeth is robust and the apex 
is inclined towards the mouth. This dental morphology would be capable of eating 
larger fishes and squids as its known diet consist of. Since Alopias superciliosus uses 
a very distinct hunting technique where it smashes its tail in the water with great force 
stunning its prey. This tactic may allow it to eat larger prey and thus having more 
robust teeth compared to Mitsukurina owstoni.  

Carcharodon carcharias teeth are more or less triangular in shape with 
a serrated edge. The apex is centrally located or slightly inclined posterior towards 
the back of the mouth. Its triangular shape and relative robustness suggest a tooth 
capable of higher levels of force when clutching the jaws to pierce the skin and tissue 
of the prey since the area that the force is distributed over is larger. This is consistent 
with a diet consisting of larger and stronger prey. This dental shape is probably ideal 
for crushing its prey and being able to bite through cartilage and bones. The great 
white shark’s diet differs from the other taxa examined here in that it feeds on other 
sharks and mammals.  

Odontaspis ferox has relatively pointed teeth, compared to other taxa 
with smaller tips on each side of the apex, and the apex is slightly pointed 
backwards. Its known diet consists of softer prey like squids, shrimps and smaller 
cartilage fishes (Compagno, 2002), which supports the idea that a dental morphology 
consisting of pointier and less robust teeth are suited for softer and smaller prey.  

It is clear to me that there is a great deal of dental variation and that in 
some cases this may reflect differences in diet (e.g, Carcharodon carcharias vs. 
Mitsukurina owstoni). However, in other cases (e.g., Mitsukurina owstoni vs. 
Pseudocarcharias kamorahai vs. Odontaspis ferox) very distinct dental morphologies 
can eat very similar food. This may be driven by the limitations of the dataset 
discussed in the previous section, but could also hint at biological factors, such as 
plasticity in shark teeth and/or phylogenetic constraints. However, more work is 
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needed that expands the dataset, testing the sensitivity of the results of the 
digitization technique (e.g., landmark vs. outline analysis) in this study, and inclusion 
of the other types of data (e.g., number of teeth, size of the teeth, variation in the 
teeth, phylogeny, etc.).  
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8. Appendix 
Table 1. Table showing which plot number belongs to which shark specimen and comments 

about them. 

Plot number Species Note

1 Alopias superciliosus

2 Alopias superciliosus

3 Alopias superciliosus

4 Alopias superciliosus

5 Alopias superciliosus

6 Alopias superciliosus

7 Alopias superciliosus

8 Carcharodon carcharias

9 Carcharodon carcharias

10 Carcharodon carcharias

11 Carcharodon carcharias

12 Carcharodon carcharias

13 Carcharodon carcharias

14 Carcharodon carcharias

15 Carcharodon carcharias

16 Cetorhinus maximus Missleading, seen from above

17 Cetorhinus maximus Missleading, seen from above

18 Cetorhinus maximus Missleading, seen from above

19 Cetorhinus maximus Missleading, seen from above

20 Megachasma pelagios Missleading, seen from above

21 Megachasma pelagios Missleading, seen from above

22 Megachasma pelagios Missleading, seen from above

23 Mitsukurina owstoni

24 Mitsukurina owstoni

25 Mitsukurina owstoni

26 Mitsukurina owstoni

27 Mitsukurina owstoni

28 Mitsukurina owstoni

29 Mitsukurina owstoni

30 Mitsukurina owstoni

31 Odontaspis ferox Misleading, too few landmarks

32 Odontaspis ferox Misleading, too few landmarks

33 Odontaspis ferox Misleading, too few landmarks

34 Odontaspis ferox Misleading, too few landmarks

35 Odontaspis ferox Misleading, too few landmarks

36 Odontaspis ferox Misleading, too few landmarks

37 Odontaspis ferox Misleading, too few landmarks

38 Odontaspis ferox Misleading, too few landmarks

39 Odontaspis ferox Misleading, too few landmarks

40 Pseudocarcharias kamorahai

41 Pseudocarcharias kamorahai

42 Pseudocarcharias kamorahai

43 Pseudocarcharias kamorahai

44 Pseudocarcharias kamorahai

45 Pseudocarcharias kamorahai  
 
 


