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cartilages of the nose have enlarged giving the moose a distinctive appearance. This thesis 

aims to analyse explanations for the specific nasal anatomy in the elk and interpret which 

could connect the anatomy of the nose to their behaviour while introducing the evolutionary 

differences with other species. For this thesis, 37 European elk heads were collected from 

the hunters of Satakunta, Finland. Two reindeer and two roe deer specimens were also 

included. After, the analyzed data was used to make connections to the behavior of the elk. 

This thesis discusses temperature regulation adaptation of the nasal respiratory system and 

its extent to aid in the survival of the elk in the northern climate. The elk is classified as a 

selective browser and has numerous typical adaptations that may have influenced the 

anatomy of the nose. The European elk has separated nostrils, which has been suggested to 

allow an enhanced ability to locate the source of the olfactory signal. Enhanced stereo-

olfaction is hypothesized to be one of the reasons behind the nasal anatomical differences in 

the elk. This thesis suggests that aquatic foraging and diving could be an essential factor in 

the evolution of the nasal anatomy. The European elk is the only non-aquatic artiodactyl 

that forages in the aquatic environment. The nostrils unique narial structures and closure 

could be connected to the foraging method. The final thesis research revealed the elk has 

the shortest nasal bone compared to outgroups. The nostrils are situated furthest away from 

each other when compared to outgroups. The nasal turbinates are the longest of the studied 

species but proportionally take less space in the nasal cavity. The nasal cavity in the elk is 

enlarged volume-wise and lengthwise. The lateral nasal cartilages are farther away from 

each other than in outgroups. The nasal cavity is also more open due to the wider inner 

structures.  
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Antud kirjeldav lõputöö käsitleb põdra (Alces alces) nina anatoomiat võrdluses põhjapõdra 

(Rangifer tarandus) ja metskitsega (Capreolus capreolus) kes kuuluvad samuti hirvlaste 

sugukonda. Põdra ninaluu pikkus on vähenenud ja ninakõhred suurenenud ning ninal on 

omapärane välimus. Lõputöö eesmärgiks oli analüüsida põtrade nina anatoomia iseärasusi 

ning leida seoseid nina anatoomia ja põtrade käitumise vahel ning tuua välja erinevusi teiste 

hirvlastega võrreldes. Töö koostamiseks koguti Soome Satakunta jahimeestelt 37 põdra 

pead. Võrdlevanatoomiliselt uuriti 2 põhjapõdra ja 2 metskitse pead. Kogutud andmeid 
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Varasemates uuringutes on kirjeldatud spetsiaalseid anatoomilisi struktuure, nt padjandid 

ninaesiku seinas, mis võimaldavad ninasõõrmeid sulgeda. Taoline nina ehitus laseb loomal 

muuta õhu liikumist ninaõõnes ning kergendada sukeldumist hankimaks toiduks veetaimi. 

On ju põder ainus mitteveeline hirvlane, kes elab soode ja veekogude ligiduses ning otsib 

neist toitu. 
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INTRODUCTION 

 

The European elk (Alces alces) has been subjected to an evolutionary pressure which has favoured 

nasal anatomy that differs from its close relatives. The elk overall possesses a short nasal bone with 

an exceptionally long cartilaginous part of the nose when comparing it to closely related species. 

(Clifford and Witmer, 2004). The anatomy gives us clues about what is possible but at the same 

time, it does not entirely reveal the function. Therefore, the purpose of this final thesis is to explore 

the avenues which could connect the anatomy of the nose to the behaviour of the elk while 

introducing the evolutionary differences with other species with the emphasis on the close relatives 

of the species. The reasons behind the anatomical modifications in the elk are not yet confirmed. 

This final thesis includes a literature review that attempts to bring out the relevant existing 

knowledge of anatomy with the emphasis on the anatomical differences of the nose of the elk when 

compared to other species. Next, the final thesis will bring out the theories that exist about the 

function of the nasal structures in the elk. The purpose of the descriptive research part of the thesis 

is to compare the collected ingroup elk data to the outgroup data and bring out the differences. The 

outgroup includes the reindeer (Rangifer tarandus) and roe deer (Capreolus capreolus). Finally, the 

existing theories are looked over and their applicability is tested by combining the final thesis work 

findings and rationalization from what is known. The goal is to connect the anatomy to the 

behaviour of the animal to explain the unique nasal structure in the elk to understand how the 

anatomy manifests in the elk’s behaviour.  
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1. LITERATURE REVIEW 

 

1.1. Specialities in the European elk nasal anatomy when compared to other 

species 

 

1.1.1. Skeletal differences, nasal cavity and cartilaginous rostral part of the nose 

The European elk (Alces alces) shows a reduction in the nasal bone, elongation of the incisive bone, 

and subsequent enlargement of the dorsal lateral nasal cartilages. While the nasal bone in the elk is 

reduced, the dorsal lateral nasal cartilages have increased in size and are extending rostrally to act 

as an attachment point for the muscles of the nose and to support the narial structures (Clifford and 

Witmer, 2004). The nasal bone (os nasale) is shortened in the elk when compared to other cervids. 

One unique feature of the elk is that the nasal bone margins end before coming into contact with the 

premaxilla. Thus the bone mass in this area has been reduced, and the cartilage is acting as an 

attachment point in the rostral end of the nose (Clifford and Witmer, 2004). The nasal bone in the 

elk is also unique in another aspect. The nasal bone shows polymorphism within the species, which 

has not been reported to occur in other mammalian species. There are four distinctively different 

types (Figure 1). 

 

 

Figure 1. Different nasal bone morphologies in the European elk (Alces alces). 

Source: Kettunen M. (illustrator), December 15, 1993, Finnish Zoological Publishing Board [digital 

image]. Retrieved from http://www.sekj.org/PDF/anzf30/anz30-265-269.pdf Date accessed: June, 

20, 2021. 

http://www.sekj.org/PDF/anzf30/anz30-265-269.pdf
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Twins can have different nasal bone types (Nygrén et al., 1990). It was found that the 

polymorphism that occurs in the nasal bone of the elk is regulated on a genetic basis that depends 

on the sex of the animal and is regulated by two gene pairs (Nygrén and Portin, 1993). 

Polymorphism exhibited by the nasal bones in the elk was discovered to be stable in males and 

unstable in females. Due to this, it was then proposed that the polymorphism of the nasal bone is 

connected to the wearing of the antlers and the biomechanical stress that antlers inflict on the bony 

structures of the skull (Nygrén et al., 1990). During the study, Nygrén made incidental findings. 

The large males with ample antlers often had strengthened structures involving the nasal bone, but 

he also encountered some males with fractured bones involving the nasal and the lacrimal bone. 

This suggested the nasal bone area is a critical point in providing support for carrying the antlers 

(Nygrén and Paatsama, 1985). Figure 2 showcases a 17-pointed elk male skull classified to have an 

extra-bone type nasal bone. The male has a lacrimal and nasal bone fracture associated with fighting 

during the mating season.  

 

 

Figure 2. Skull of a 17- pointed bull elk (Alces alces) with an extra-bone type nasal bone. The bull 

had a broken lacrimal and nasal bone associated with fighting during the mating season. The area of 

interest is marked with a black arrow.  

Source: Paatsama S. (photographer), Nygrén, K., and Paatsama, S. (1985). Mitä hirven päässä 

tapahtuu? Metsästäjä 3, 44–45. 
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Furthermore, in Figure 3. illustrations of the normal nasal bone type and extra-bone type are 

portrayed together with cross-sections from each bone type. When the two cross-sections are 

compared to one another, it can be seen how the extra-bone type has a more uneven bone surface 

whereas the normal bone type appears more solid and uniform. 

 

A. Normal nasal bone type and cross-section of the bone seam in this type. 

 

B. Extra-bone nasal type and cross-section of the bone seam in this type. 

 

 

 

 

 

 

 

 

 

Figure 3. Illustrations of nasal bone types in the European elk (Alces alces) and corresponding 

pictures of cross-sections showing bone seams in each type. Picture A. shows the normal nasal bone 

type illustration together with a picture of a cross-section from the corresponding area of the bone. 

The cross-section reveals that the sutures which attach the bones to one another look solid and 

uniform. This area is marked with a singular white arrow. Picture B. shows the extra-bone type 

illustration together with a picture from the corresponding area of the bone. The cross-section 

shows two gaps in the bone. The area of interest is marked with two black arrows. These gaps make 

the bone more unstable and less rigid when compared to the cross-section of the normal nasal type.  

Source: Paatsama. S (illustrator) and Nygrén K. (photographer), 1985. Metsästäjä. 3: 44-45. 
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In a follow-up study, the nasal regions of four elk skulls, each representing a different nasal bone 

type, were tested with two different kinds of forces. The most pronounced movement of bone 

surfaces was observed around the nasofrontal junction. The greatest stability was shown with 

normal and extra-bone nasal bone types, whilst the perforated and open type nasal bones performed 

the worst. The open nasal bone type was concluded to be the most unstable. Additionally, nasal 

regions of roe deer (Capreolus capreolus) and sika deer (Cervus nippon) were tested. In roe deer, 

the forces affected the immediate area of the pedicle. This likely results from the vertical 

composition of the antlers in this species. In sika deer, it was found that the forces transmitted 

evenly throughout the skull. This led to the conclusion that the antlers of the elk could be causing 

the greatest rotational force in a living deer species. This could be accounted for by the fact that in 

the elk, the antlers are horizontally positioned, causing the center of gravity to be far away from the 

skull, consecutively causing a more potent rotational force (Nygrén et al., 1992). 

 

While the nasal bone has receded and is reduced in its size, the nasal cavity in the elk has expanded 

in size and telescoped in length when compared to elk’s close relatives and other ruminants. One 

factor that has created a the expanded space is the enlargement of meatuses. In the elk, the middle 

and dorsal meatuses are proportionally larger in diameter than in other ruminants. Generally, the 

ventral meatus is the biggest meatus in ruminants, but in the elk, all three meatuses are larger in 

size. Also the common nasal meatus is enlarged in the elk. The alar fold (plica alaris) has enlarged, 

but it is occupating less space in the cavity. It is thought that the elongation phenomenon has 

decreased the size of the rectal fold (plica recta), which has been explained by the consequence of 

the elongation of the nasal cavity (Clifford and Witmer, 2004). The rectal fold and alar fold is 

showcased in Figure 4. 
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Figure 4. Cross-section of the European elk (Alces alces). The rectal fold (plica recta) is marked 

with a black star. The position of the alar fold (plica alaris) is marked with a star, which has a black 

outline. The dorsal nasal concha is marked with a black arrow, the medial nasal concha is marked 

with a thick black arrow and the ventral nasal concha is marked with a dashed black arrow.  

Source: A. Mäkinen (photographer). December 3, 2020. 

 

In the elk, the nasal conchae are occupy the dorso-caudal space within the nasal cavity. The dorsal 

nasal concha and the medial nasal concha are more dorso-caudally oriented, whereas the ventral 

nasal concha is situated more rostrally to the two. Among the ungulates with a proboscis-like nose, 

the tapir (Tapirus spp.) and the saiga antelope (Saiga tatarica) also have more dorsally positioned 

ventral nasal concha. The enlargement of the nasal cavity has been suggested to cause rotation of 

more caudally located structures. It is likely the reason for the dorsal displacement of the ventral 

nasal conchae (Clifford and Witmer, 2004). The position of the nasal conchae in the elk is shown in 

Figure 4. The spaces between the conchae are relatively spacious when compared to other 

ruminants. Yet, the most significant difference to the other Artiodactyla is that the nasal conchae 

occupy a much larger space in the nasal cavity, whereas in the elk, the nasal conchae have been 

pushed caudally into the cavity. As a result of the caudal position of the nasal conchae, more open 

space is present rostrally in the nasal cavity (Clifford and Witmer, 2004). In Figure 5, the dorsal, 

medial, and ventral nasal conchae of elk (Alces alces), reindeer (Rangifer tarandus), and roe deer 

(Capreolus capreolus) are displayed in relation to the nasal cavity.  
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a. 

 

 

 

 

 

 

 

 

 

 

b.     

 

 

 

 

 

 

 

 
 
 
 
 
 

Figure 5. Longitudinal section of the nasal cavity of (a.) the European elk (Alces alces), (b.) roe 

deer (Capreolus capreolus) and (c.) reindeer (Rangifer tarandus) are shown with similar lateral cuts 

of the head. The approximate margins of the space that is not occupied by the nasal conchae in the 

elk is marked with black arrow and a dashed line. The head sizes are not in true scale to one 

another. 

Source: A. Mäkinen (photographer). November 20, 2020 (a.), December 18, 2020 (b.), and January 

25, 2021 (c.). 

 

Since the nasal bone of the elk has reduced in size, the cartilages have developed to a greater extent. 

In the elk, the dorsal lateral cartilages (cartilago nasi lateralis dorsalis) are enlarged. Their primary 

function is to act as an attachment point to muscles, which contribute to controlling the movement 

c. 
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of the pulley-mechanism. The dorsal lateral cartilages will continue ventrally as ventral lateral 

cartilages (cartilago nasi lateralis ventralis). In other species, the rostral part of the nose including 

the nostrils are supported by bony structures whereas in the elk the rostral parts are cartilaginous. 

Whilst the nostrils are lacking the bony support, the lateral accessory nasal cartilages (cartilago nasi 

lateralis accessoria) have enlarged and are providing attachment points for the muscles which 

control the movement of the nostril. The septal cartilage (cartilago septi nasi) runs medially from 

the ethmoid bone to the termination of the incisive bone and therefore separates the two sides of the 

nasal cavity (Clifford and Witmer, 2004).  

 

1.1.2. Nostril, alar fold, connective tissue pad and the nasal muscle specializations 

 

Nostrils of the elk are set almost laterally on each side of the nose. On the outside, the rostral 

portion of the nostril is circular and the remaining caudal two-thirds take on a more narrow shape. 

The area where the air enters the nostril has three areas of interest. The areas have been coined the 

rostral recess of the nostrils (recessus naris rostralis), the alar recess of the nostrils (recessus naris 

alaris), and the caudal recess of the nostrils (recessus naris caudalis) by Clifford and Wittmer 

(2004). The recesses are expansions of space housed by the nasal cavity. The recesses are shown in 

Figure 6.  

 

 

Figure 6. Illustrated longitudinal section of the European elk nose (Alces alces) which shows 

positions of (a.) the rostral recess of the nostrils (recessus naris rostralis), (b.) the alar recess of the 

nostrils (recessus naris alaris) and (c.) the caudal recess of the nostrils (recessus naris caudalis). 

Source: A. Mäkinen (illustrator). May 10, 2022. 

a. 
b. 

c. 
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The alar recess of the nostrils is formed into a blind-ended sac that brings additional space to the 

nostril. This is the result of the increased size of the connective tissue pad and rotation of the ventral 

nasal concha. Some other species, for instance, White-tailed deer (Odocoileus virginianus) have the 

same (recess and the consecutive sac) in the same position, but it is considerably smaller when 

compared to the elk. Externally, the position of this structure and the space created by it can be 

identified as a distinctive hump on the external side of the nose (Clifford and Witmer, 2004). Figure 

7 and Figure 8 show the position of the hump from the side and the front of the nose. 

 

 

Figure 7. The side profile of a male elk (Alces alces) nose. The alar recess (recessus naris alaris) 

and consecutive space it forms (diverticulum), can be seen as an external hump on the lateral sides 

of the elk´s nose. The hump formed by this structure is marked with a white outline. 

Source: A. Mäkinen (photographer). February 26, 2022. 
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Figure 8. The front profile of a female elk (Alces alces) nose. The alar recess of the nostrils 

(recessus naris alaris) and consecutive the space (diverticulum) it forms, can be seen as an external 

hump on the lateral sides of the elk´s nose. The humps are marked with a white outline.  

Source: A. Mäkinen (photographer). November 26, 2020. 

 

Internally, the dorsal part of the nostril in the elk is reinforced with the most rostral part of the alar 

fold which has a large connective tissue pad or fibro-fatty pad. The latter structure is increased in 

size and highly mobile in the elk. (Clifford and Witmer, 2004). The internal structures of the nostril 

are shown in Figure 9 shows the large connective tissue pad and alar fold. 
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Figure 9. The connective tissue pad of the European elk (Alces alces) is marked with two black 

arrows and the alar fold (plica alaris) is marked with a star, which has a black outline. 

Source: A. Mäkinen (photographer). November 12, 2020. 

 

While at rest, the rostral circular portion of the nostril remains open. When observed from the 

outside the mobile part of the alar fold adds to the slit-like shape of the caudal two-thirds of the 

nostril. This results from the alar fold coming into contact with the caudal part of the nostril and 

giving it a narrow appearance (Clifford and Witmer, 2004). The outward appearance of the nostril is 

shown in Figure 10.  
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a. 

 

 

b. 

 

Figure 10. The external nose of the European elk (Alces alces) shows the round shape of the rostral 

part of the nostril and the narrower caudal part of the nostril. Picture a. has been directed towards 

the rostral part of the nose and shows the rounder orifice that can be seen on the rostral part of the 

nostril. Picture b. has been taken laterally to show the narrower caudal portion of the nostril. 

Source: A. Mäkinen (photographer). November 18, 2020. 

 

What has also been described to be different in the elk is the muscular adaptation which has resulted 

in a more movable lip in the course of evolution when compared to other ruminants. The difference 

is the attachment of the levator muscle of the upper lip (musculus levator labii superioris), which 

has a more dorsal point of attachment to the upper lip and nostrils in the elk. This attachment has 
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been achieved by a cartilaginous hump which allows the tendon of the muscle to be directed more 

dorsally and then attaches to the flat part of the muzzle between the nostrils and to the dorsal rim of 

the nostrils (Clifford and Witmer, 2004). In other ruminants, the insertion points are on the same 

structures but in the absence of the cartilaginous hump described, the point of the attachment is 

more dorsolateral (König et al., 2014). For this reason, the more dorsal attachment of the muscle 

with the combination of the hump that is formed by the nasal cartilages has been described as a 

pulley-mechanism in the elk (Clifford and Witmer, 2004). A newer study emphasized the 

significance of the enlarged connective tissue pad in forming a pulley-mechanism (Márquez et al., 

2019). A simplified scheme of this mechanism is shown in Figure 11.  

 

 

Figure 11. Simplified scheme showing the pulley-mechanism in the European elk (Alces alces). 

The levator muscle of the upper lip (musculus levator labii superioris) is shown as a light red and 

the dashed line is showing the position of the cartilaginous hump. The hump is achieving a more 

dorsal attachment to the nostrils and upper lip causing a greater elevation of the structures aiding in 

nostril closure (Clifford and Witmer, 2004). 

Source: A. Mäkinen (photographer). November 20, 2020. 

 

When the levator muscle of the upper lip is contracting, it will cause the upper lip and nostril to 

elevate dorsally (Clifford and Witmer, 2004). While in other species, this will elevate the lip and 

widen the nasal plane (König et al., 2014), in the elk action will, in addition to elevation and 
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eversion of the upper lip, result in the ventral part of the nostril and the diverticulum coming 

together. Essentially this function has been an important part of the elk to be able to close the 

nostril. Closing the nostril requires other functions to be happening concurrently. Closing of the 

nostrils can happen together with the process of the air escaping from the nasal diverticulum in the 

nasal cavity, compression of the alar fold to the alar recess by air, and the aligning of the dorsal and 

ventral faces of the nostrils with the help of the connective tissue pad and by the simultaneous 

contraction maxillolabial and the lateral nasal muscles (Clifford and Witmer, 2004). 

 

1.1.3. Vibrissae 

 

In many mammals, there is a dense subcutaneous connective tissue pad called a mystacial pad. It is 

caudal to the nostrils containing follicles of thick bristles. In the elk, the mystacial pad is missing 

and seems to be replaced by vibrissae. These are a series of longer hairs that grow directly away 

from the skin at regular intervals along with the dorsal and lateral aspects of the nose. Vibrissae are 

believed to be a tactile adaptation (Clifford and Witmer, 2004). 

 

1.1.4. Lateral muscle of the nose 

The lateral muscle of the nose (m. lateralis nasi) is more developed in the elk and less developed in 

other species. Its function is to compress the nasal cavity by shortening the space between the dorsal 

lateral cartilages and ventral lateral cartilages. This action of the muscle potentially affects the 

intranasal pressure (Clifford and Witmer, 2004). 

 

1.1.5. Rhinarium 

Rhinarium is a small triangular area on the external surface of the septum, which is highly reduced 

in the elk. In most species, the rhinarium covers a larger area, often also circling the nostrils. It is 

thought that in the elk the reduced rhinarium is thought to increase the sensitivity of the snout while 

browsing and it also allows the nostrils to be more mobile. In some animals, it has been described 

as having a tactile function (Clifford and Witmer, 2004). Figure 12. shows the appearance of the 

rhinarium in the elk. 
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Figure 12. The rhinarium of the European elk (Alces alces). The rhinarium is the hairless patch of 

skin located centrally on the tip of the nose. 

Source: A. Mäkinen (photographer). November 18, 2020. 

 

 

1.2. Theories behind the nasal anatomy of the elk 

 

1.2.1. Enhanced temperature regulation via respiratory tract and nose 

 

Ungulates have evolved adaptations to be able to survive in harsh and cold weather conditions. One 

important factor to reserve heat in the organism is a developed nasal heat exchange, which 

conserves heat in the animal (Bubenik, 1997). The elk has good tolerance to cold (Dussault et al., 

2004). Flerow (1952) cited in Clifford and Witmer´s (2004) paper, hypothesized that the enlarged 

narial structures in moose contribute physiologically to predator escape behaviour, allowing moose 

to run rapidly and for prolonged periods in cold dry habitats. The function of the nasal concha is to 

prevent the cold air from entering the lungs and the brain when the animal inhales. When mammals 

inhale the air, the air will travel through the nasal conchas, which have space for the air to swirl 

around. As a result of this motion of the air, the dry cold air humidifies and warms up to the same 

level as the body temperature. The mechanism works in another way at the end of the breathing 

cycle. When exhaling, the animal will then take the heat back from the air; in this way no heat is 

wasted. Also, water can be reserved through the same mechanism. This method, together with other 

coping strategies during cold stress, keeps the animals warm but also helps withstand heat stress 

(Hillenius, 1992). 
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In the reindeer, this thermoregulatory function is well developed to survive the cold environment 

they inhabit (Blix and Johnsen, 1983). The reindeer (Rangifer tarandus) would be a good 

comparison to the elk since they are close relatives, having separated from the shared ancestor only 

9.8 million years ago (Hedges et al., 2015). The two species also roughly share the same living 

environment and, consequently, the climate. It is described that a resting reindeer in frosty 

temperatures can exhale air that is 6° C. This is about 33° C under the body temperature of the 

reindeer. This means the reindeer is efficiently preserving heat while exhaling (Nieminen, 2014). 

Another study received similar results (Langman, 1985). In addition, according to an observational 

study in the British journal, the reindeer has 25% more vascularization in the nasal area compared 

to humans. This high degree of vascularization contributes to the enhanced heat exchange 

capabilities of the reindeer facilitated by the nasal anatomy (Ince et al., 2012). The nasal conchae in 

the reindeer fill almost all the space in the nasal cavity (Figure 5. c.). In even-toed ungulates, the 

whole cavity works as a functional area participating in the warming and cooling of the air, with the 

exception of the small area that acts as a dead space (Grützenmacher et al., 2011). In the elk, the 

nasal conchae are reduced to the caudal end of the nasal cavity, and the amount of dead space is 

highly increased (Figure 5. a.).  

 

Flerow (1952), cited in Clifford and Witmer´s (2004), hypothesized that the atrophied bony nasal 

part of the elk and the development of cartilage to create the elongated rostral part of the nose, has 

had an interest in increasing the heat exchanging properties. This theory has been debunked by 

Clifford and Witmer (2004). They brought out three points that would work against that theory. 

Their dissections and injections of moose showed that vascularity of the nasal cavity was not 

increased. It showed that the alar fold in moose, which is a structure participating in heat exchange, 

was less vascularized than expected. In their examinations, the nasal cavity of the elk did not show 

hypertrophied heat exchange surfaces. It was discovered that the nasal cavity in the elks was less 

densely packed with conchae than in outgroups. Furthermore, the greatly enlarged nasal cavity did 

not have functional surfaces that could be utilized for achieving more efficient heat exchange. By 

their conclusions, elk do not typically escape predators by running for long periods of time. This is 

not considered to be a primary behaviour that the elk would choose to use. Even if they are capable 

of withstanding running for prolonged periods of time, they prefer to escape through moderately 

dense vegetation, which they by themselves can clear, but the predators are not so readily capable of 

passing through.  
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1.2.2. Sensitivity, mobility, and use of the upper lip with the proboscis-like muzzle 

 

The elk is classified as a browser. As a result, the elk has numerous adaptations that are typical for 

browsers. For instance, the elk possesses a pointy incisive bone which helps the elk to select more 

palatable leaves and twigs (Solonias et al., 1988). Consequently, the enlargement of the muzzle has 

also caused a subsequent enlargement of the oral cavity, which also indicates a high specialization 

in browsing (Bubenik, 1997). Moreover, the elk has been classified to be a selective browser by 

assessing dentition and teeth wear (Fortelius and Solounias, 2000).  

 

Distinctive to the elk are the sizable nose, the prehensible lip, and the overhanging muzzle (Geist, 

1963). Being a selective browser and having a variable diet, a sensible upper lip can be seen as an 

advantage. The elk demonstrates foraging behaviour which is cyclic and dependent on the season 

(Bowyer and Kie, 2003; Geist, 1963; Peterson, 1955; Schwartz, 1992). The highly movable nostrils 

and developed nasal muscles are beneficial when selecting the variable vegetation and feeding on it. 

Movability has been partly achieved by the reduction of the rhinarium. The elk’s upper and lower 

lips are precise. Elk can either strip twigs in their entirety or pluck off individual leaves (Geist, 

1963). 

 

The rhinarium could be useful in detecting chemical irritants, and this could be beneficial in 

herbivores. In this scenario, the rhinarium would detect chemical irritants when the skin encounters 

such a surface. This would require the rhinarium to be extensively innervated by free epidermal 

nerve endings (Tuminaite and Kröger, 2021). The ringed-tailed lemur (Lemur catta) is one example 

of a browsing herbivore, which seems to mainly utilize the rhinarium as a tactile surface (Elofsson 

et al., 2015). Rhinaria have different morphology within the Artiodactyla taxa. While in the elk, the 

rhinarium is hairless and reduced in size, in the reindeer, camels (Camelidae), and giraffes 

(Giraffidae), the rhinaria have hairs (Gläser and Kröger, 2017). The rhinaria also can have variable 

temperatures. The warm rhinaria can also act as a tactile function because the warmer skin has 

enhanced sensitivity when compared to colder skin. The skin will get numb in highly cold 

environments and inhibit the sense of feeling (Green, 1977). The reindeer has a warm rhinarium 

which is thought to be a tactile adaptation that allows the reindeer to remain feeling and forage 

lichens during cold boreal winters (Ince et al., 2012). However, it has been concluded that the 

specialized nose did not develop solely because of the enhanced sensitivity of the nose. Many other 

cervids are also browsers and do not possess the same kind of nose to achieve sensitivity and 
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mobility of the lips. In the elk, the missing mystacial pad, which is replaced by vibrissae would not 

indicate an evolutionary interest in enhancing the sensitivity of the nose (Clifford and Witmer, 

2004).  

 

The muzzle of the elk has been described as a proboscis (Clifford and Witmer, 2004). A review 

from 2013 stated there is no conclusive evidence that the elk uses the narial structures to grab plant 

material. It is known that the narial extension overhangs the upper lip while at rest, and that the 

narial extension reaches farthest forward at rest and is retracted during foraging. This would not 

then provide the additional length to the nose to grab the plant material. According to their findings 

from the species they studied, only elephants (Loxodota africana and Elephas maximus) and tapirs 

(Tapirus spp.) possessed a true proboscis (Milewski and Dierenfeld, 2013). 

 

During winter, the elk have been described to cut off willow twigs (salix sp.) in a certain manner. 

First, the elk will catch the desired twig between the incisors and the palate and after which it is cut 

off by a short upward jerk of the head. Alternatively, the elk will grasp the tip of the willow, then 

chew it down and finally cut it off with the method explained. This process is illustrated in Figure 

13.  
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Figure 13. Cow elk (Alces alces) breaking stem. The cow elk head will go through a circular 

motion whilst breaking the stem.  

Source: Geist V. (illustrator), On the Behavior of the North American Moose (Alces alces andersoni 

Peterson 1950) in British Columbia [digital image]. Retrieved from 

https://www.jstor.org/stable/4533040?seq=1#metadata_info_tab_contents Date accessed: February, 

1, 2021. 

 

The thickness that the elk is capable of breaking has been described to be up to 5.0 cm in diameter 

(Geist, 1963). The process itself involves biting and the narial extension is not involved in grabbing 

the twigs. The reach of the elk is good due to the extremely long nose (Breda, 2008) and higher 

stature, which could possibly be the two more important factors in the process of elk reaching the 

desired food source with the teeth (Geist, 1963). 

 

1.2.3. Stereo-olfaction 

 

“It is well known that the pairing of the eyes and ears assists in determining the direction of the 

source of a stimulus. Does the pairing of the external nares serve a comparable function?” 

(Moulton, 1967). Enhanced stereo-olfaction or tropotaxis is hypothesized to be one of the reasons 

behind the nasal anatomical differences in the elk. It has been suggested that an increased separation 

https://www.jstor.org/stable/4533040?seq=1#metadata_info_tab_contents


   

25 
 

of nostrils in the elk allows an enhanced ability to locate the source of the olfactory signal. This is 

due to the fact that the wider-spaced nostrils collect odorant molecules with a broader area from the 

environment. Through this function, stereo-olfaction is thought to drive the navigation of the animal 

to some extent. When the nostrils are spaced further apart, two sensors can be used to orientate. 

With this capability, the animal can, for instance, during foraging, compare the two odor gradient 

concentration inputs they are sensing. As a result, the animal can then direct themselves either to the 

left or right, towards the higher concentration (Hengenius et al., 2021). There are also other large 

ungulates that also have widely separated external nares. These species include the giraffes 

(Giraffidae) and the Hippopotamus (Hippopotamus amphibius) (Moulton, 1967). 

 

“Scent urination” is unique to the elk from other cervids. Anatomical difference of the widely 

spaced nostrils has been related to result in more anatomically inclined properties to perform stereo-

olfaction in benefit of scent-marking behaviour in the elk (Miquelle, 1991). “Scent urination” is 

used in a behavioural pattern in the elk called “pit rutting”. The purpose of this ritual is to guide 

mating and estrus during the breeding season. The urine of bull elk has a pungent smell and can be 

smelled over long distances. More specifically, the urine also contains a pheromone that attracts the 

female elk. This pheromone is thought to prime estrus in the female elk. The bull starts by pawing 

the ground to make a depression, squats, and then follows to urinate into it. The ritual continues by 

the male by stomping its forefeet on the pit, which will cause the contents to become a mixture of 

urine and mud. Next, the male will wallow in the pit. This is done so that the contents of the pit 

would splash on their bodies. The males can even bring their antlers down to splat the contents onto 

themselves in an attempt to spread the odor of the urine more. The female elk is instantly attracted 

to the smell and will approach the pit in attempt to wallow in it next (Bowyer and Kie, 2003). 

 

When nostrils are spaced on the on the midline, the animal is associated to be using one chemical 

sensor, klinotaxis. As a rule, klinotaxis is not the most advantageous solution for receiving 

directional input (Moulton, 1967). Nevertheless, nostrils that are closer to each other does not rule 

out the possibility to receive directional information via the sense of smell (Clifford and Witmer, 

2004). Most mammals do have nostrils that are relatively close to each other (Moulton, 1967) but 

are using different strategies to get directional input (Clifford and Witmer, 2004). Carnivores for 

instance have nostrils that face forward but have sensitive receptors that could still detect even 

small differences and use it to navigate. Additionally, animals can combine different strategies to 

evaluate direction. This is by turning their heads or body to evaluate the concentration difference of 

the odorant molecules in that way (Moulton, 1967).  
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1.2.4. Specialized nostril mechanism in the water element and similarities in related species 

 

Elk takes part in aquatic foraging and diving, and this could possibly be an essential factor in the 

evolution of the nose. Elk is the only non-aquatic artiodactyl that forages in the aquatic 

environment. Also, the elk is different from its close relatives by the fact that it exhibits diving 

behaviour. The hippopotamus (Hipppotamus amphibius) is the only other Artiodactyla that shows 

diving behaviour (Márquez et al., 2019). The hippopotamus is a semiaquatic mammal and an 

ungulate from the same order Artiodactyla, and therefore, a distant relative to the elk. The two 

species have been estimated to have separated from the shared ancestor 56 million years ago 

(Hedges et al., 2015). 

 

Hippopotamus has specialized nostrils that are adapted to the aquatic environment. The nostrils of 

the hippopotamus can be controlled to open and close to prevent water from entering the nasal 

cavity (Maust-Mohl et al., 2019). Clifford and Witmer (2004) proposed that the anterior nares of the 

elk show an adaptation for enclosing the nasal cavity, which prevents the water from entering the 

upper airways. Similarly, to the hippopotamus, it has been suggested this would also be a useful 

trait for the elk during diving. If so, it could explain why the closure mechanism has developed in 

the elk (Márquez et al., 2019). Other animals, for instance, the water buffalo (Bubalus bubalis) 

closes its nostrils to prevent water from entering its airways. Other artiodactyls like the saiga 

antelope (Saiga tatarica) and camels (Camelus drometarius) have developed nostrils that can be 

closed during a sandstorm to prevent sand particles from entering the nasal cavity (Maust-Mohl et 

al., 2019). 

 

1.2.5. Adaptations for aquatic foraging 

 

The unique narial structures and closure of the nostrils could be connected to the distinctive 

foraging method, and this perhaps could be an important factor in the evolution of the nose of the 

elk (Clifford and Witmer, 2004). The elk feeds on both floating and submerged aquatic plants. The 

elk feeds on floating leaves and stems. They often also feed in shallow waters, which do not require 

the elk to dive, and it is enough to submerge only their heads (Geist, 1963; Peterson, 1955). Elks 

have been observed searching for aquatic plants in shallow water and giving powerful gusts of air 

towards the submerged aquatic plants. The gusts of air were displacing the water and allowed the 

elk to access the plants easier before proceeding to masticate on the plants gathered above the water 
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level (Márquez et al., 2019). It has been hypothesized that the primary interest for the elk to feed on 

aquatic vegetation has been the interest to increase the mineral uptake in the elk diet to grow large 

antlers in male elk (Peterson, 1955). When given the opportunity to feed on multiple different 

aquatic plants, the elk prefer the kind of aquatic plants which have a higher sodium content over 

plants with lower sodium contents (Fraser, 1984). The nutritional content, including the mineral 

content, energy, and protein content, are higher in aquatic plants than in terrestrial plants. Their 

digestibility is also higher. This could also explain why the aquatic plants are desired by the elk 

(MacCracken et al., 1993). The elk also prefers more shallow water over deeper waterbodies 

(Fraser, 1984). This could then conclude that the preferred action of the elk is not to dive and that 

the elk would prefer to forage in more shallow water. While the elk is submerged, the sense of 

touch could be involved in locating the aquatic vegetation. It was observed that the elk would swim 

out to deep water and after which they would dive. The submerging would last seconds and after, 

they would reappear with a mouthful of pondweed (Potamogeton sp.). No portion of this vegetation 

could be seen on the water surface, but the elk seemed to know where the plant would be located. 

The elk was capable of locating the aquatic plant source without using its eyesight (Peterson, 1955). 

The vibrissae on the elk’s snout and the tactile function they possess could be of practical use for 

the elk while the animal is searching for food underwater (Geist, 1963). 

 

1.2.6. Swimming and diving skills  

 

Elk is an excellent swimmer and diver. The swimming capabilities of the have been described in the 

literature (Geist, 1963; Peterson, 1955). The elk calf can already swim at two weeks of age and 

(Nygrén, 1974) follow their mother to the water and swim after them. At this stage, the calves can 

swim several hundred meters (Nygrén, 1984). The adult elks can cover distances of tens of 

kilometers (up to 20 km) and can dive into waters deeper than 5.5 m to feed on aquatic plants. It has 

been described that in most cases, the hindquarters of the elk would float to the top first, and the 

cranial parts would then follow with the animal raising its head. Sometimes the entirely submerged 

animals would make a 180° degree turn while diving, or alternatively, they would roll on their sides 

while in water. The latter is the likely attempt to remain under. The mean length of the time spent 

beneath the water surface is just under 30 seconds and the longest reported time is around 50 

seconds (Peterson, 1955). 
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1.2.7. Predators and utilization of the water element in predator avoidance 

 

It has been argued that the elk is the only non-cetacean artiodactyl that actively forages and resides 

in aquatic environments. On another note, both the hippopotamus (Hippopotamus amphibius) and 

raoellids (Raoellidae), such as Indohyus (an extinct artiodactyl), may still share the behavioural 

similarities of foraging on land but fleeing to aquatic environments for safety when threatened by 

predators (Márquez et al., 2019). The escaping behaviour of the elk has been described in the 

literature. Elks use two different tactics when encountering wolves: fighting or fleeing (Mech and 

Peterson, 2003). One of the predator avoidance strategies exhibited by the elk is running into a 

shore and then continuing to run into the water. Elks can use their long legs to their advantage in 

shallow water to evade predators and if necessary, swim to create distance between themselves and 

the wolf by advancing further into deeper water (Nystedt, 2017). In one final thesis work, they 

observed the elk escaping behaviour by using dogs. The idea was that the dog would act as a “toy-

wolf” so that presumptions could be made about how the elk react to predators in the wild. They 

found that in order to avoid the dog, the elks were also using streams and lakes as barriers (Mallwitz 

et al., 2013). During observations done in Canada, it was discovered that most of the elk carcasses 

were located near water bodies, which could indicate a preference of the elk to use this strategy over 

other strategies to escape (Peterson, 1955). In Finland, it has been reported by hunters that when 

delivering an accidental shot on the liver or kidneys of the elk, the elks will suffer a slow death 

during which the animals can still run for many kilometres. During this time, the elks often take 

multiple breaks to lay down after getting up again. In many instances, these elks were found dead 

near reed beds between water and land, or alternatively, they had headed to swamp areas to die 

(Nygrén et al., 1979). 
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2. AIMS OF THE STUDY 

 

This final thesis is a descriptive study. The main aim of the final thesis is to analyze the elk nasal 

anatomy data from the 37 individuals from Satakunta, Finland, and to relate it to the different 

theories of the behaviours of the elk that could explain the anatomical differences in the elk. (1.) 

Heat-exchange properties are not increased in the elk; and nasal conchae are not proportionally 

larger than in outgroups. (2.) The nasal bone in the elk is proportionally smaller in regards to the 

nasal bone than in outgroups (3.) possible hypertrophied stereo-olfaction and nostril placement 

further away from one another than in outgroups (4.) possible adaptations to the aquatic 

environment. (5.) Another aim is to bring out the existing findings from the narial anatomy of the 

elk that considerably differ from the closely related Artiodactyla and report them and proceed to 

attempt to connect these structures with the evolution of the elk by using the data from the outside 

groups also examined in the final thesis work.  
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3. MATERIALS AND METHODS 

 

3.1. Study design  

 

In total, 37 European elk specimens were collected. Elk specimens consisted of 20 adult females 

and 17 adult males. Altogether, 30 specimens were given by hunters` associations` from Satakunta, 

Finland. Hinnerjoki metsästysseura Salo-Veikot ry donated ten specimens, Säkylän erämiehet ry 

donated eight specimens, Honkilahden Eräveikot ry donated eight specimens, Lallin Pojat ry 

donated three specimens and Yläneen erämiehet ry donated one specimen. Four of the specimens 

originated from a slaughterhouse in Murtamo, Finland. Two of the specimens were donated 

privately from Nousiainen and Alastaro areas. One of the specimens was a donation from the 

Finnish Army hunting grounds from Säkylä. 

 

3.1.1.  Other considerations 

 

Animals were not killed for the purpose of the final thesis work. Specimens used were leftover from 

a hunt and were received as donations. Sick animals were not used. Furthermore, specimens that 

had visible mold or had decayed were not used in the study.  

 

3.2. Specimen storage  

 

Elk specimens were stored in a trailer outside and in a refrigerator in plastic bags. In October, the 

trailer storing temperature was between 5 to 12° C. Refridgerator temperature was between 4 and 6° 

C.  

 

3.3. Outside groups 

 

Two outside groups were chosen to be compared to the ingroup of elks. Reindeer and roe deer 

species were chosen on the basis of being closely related to the elk so that meaningful comparisons 

could be made. Criteria also included that the species must be a native species of Finland and the 

specimens should be easily accessible. For the outside group, two adult reindeer and two adult roe 

deer specimens were examined. One of the specimens from each species was a female, and one was 
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a male. Reindeer were sent from Lapland frozen and thawed upon investigation with a blow dryer. 

Roe deer were acquired from Satakunta, also frozen and thawed upon investigation with the same 

method. 

 

3.4. Data collection 

 

Every specimen was appointed an individual ID upon investigation. The ID was used in data and in 

pictures from specimens. The data was recorded on data forms (Appendix 1.). The data form 

included specimen ID, the origin of the specimen, hunt date, examination date, and weight of the 

specimen. All specimens were examined using the same methods (Appendix 2.). The measurements 

were taken according to a planned photographic protocol (Appendix 3.). The measurements 

recovered were logged on the same form. Age was recorded after examining the photos of the head 

and the mandible of the individual. Materials retrieved from Fintrofee-Info© were to determine the 

ages of elk (Lappalainen, 2016) and roe deer (Lappalainen, n.d.). Reindeer age was determined by a 

separate source (Van den Berg et al., 2021).  

 

3.4.1. Measurements of the intact head 

 

Four measurements were taken while the head was intact. The maximum length of the head was 

taken with an aluminium ruler and a try square. The measurement extended from the nuchal crest 

until the most rostral point of the nose. The next measurement was taken with a vernier calliper 

rostrally from the lateral nasal cartilage to the opposing lateral nasal cartilage. Measurement was 

taken with the larger manual outside jaws of the calliper. The third measurement was taken with an 

aluminium ruler and the length of space between the nostrils was measured. In order to take the 

fourth measurement, a cut was made with a scalpel from rostral corner of the nostril to the bottom 

of the nostril to first visualize the bottom of the blind-sac (diverticulum) formed by the recess in the 

nostril. Next, the measurement was taken from the rostral part of the nostril until the bottom of the 

diverticulum. Measurement was taken with Vernier calliper and by using the depth probe. Figure 14 

illustrates the measurement and the whereabouts of the space measured.  
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Figure 14. The approximate position of the diverticulum created by the alar recess of the 

nostril (recessus naris alaris). Diverticulum is marked with a green shape. The thick black 

dotted line represents the cut and the measurement taken from the bottom of the diverticulum 

it forms.  

Source: A. Mäkinen (illustrator). May 1, 2022. 

 

3.4.2. Mandible removal and examination 

 

Skin is then removed from the midline of the skull from the dorsal and medial aspects. If the tongue 

was still present in the specimen with the hyoid apparatus, it was removed by using a knife. 

Mandible was removed by first cutting the skin and the muscle alongside the mandible margins 

with a knife. Then an incision was made with a knife from the corner of the mouth to the masseter 

muscle. This was repeated on the other side of the head. Once the mandible and the 

temporomandibular joint was exposed, the last molar was identified from each side, and a cut was 

made after the last molar with a foxtail saw to remove the mandible from the head. Mandible and 

the teeth were then rinsed with cold water and then photographed so that the animal´s age could be 

reported.  

 

3.4.3. Measurements of the inner structures of the nose 

 

Next, from the dorsal side of the head along the midline of the head, the head was sawed with a 

foxtail saw into two symmetrical pieces. Additional windows were cut with the foxtail saw if any of 

the cartilaginous septum was left covering the nasal structures. The right side of the head was rinsed 

with cold water and then fixed on the table so that the cutting surface was visible. The first 

measurement (nasal cavity length) was taken from the nasal septum until the ethmoidal lamina 
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using an aluminium ruler. This measurement is also used in the nasal volume calculation as semi-

axis 𝑏. The nasal bone length was measured from the most caudal tip to the most rostral tip of the 

bone with an aluminium ruler. The nasal cavity length was measured from starting point of the 

incisive duct to the olfactory epithelium with an aluminium ruler. The choanal length (referred as 

“hind nostril length” in Appendix 1. 2. and 3.) was measured from palatine bone to vomer bone 

with verniers calliper. The inside jaws of the calliper were used to measure the internal diameter. 

Next, the nasal conchas` lengths` were measured with an aluminium ruler. Dorsal nasal concha 

length was measured from the most rostral angle of the structure until the ethmoidal cribrosa. 

Medial nasal concha length was measured from the narrowest caudal part of the structure to the 

narrowest rostral part of the medial concha. Ventral nasal concha length was measured from the 

narrowest caudal part of the structure until the most rostral part of the ventral concha. Nasal septal 

cartilages were carved out from one individual from the ingroup and one individual per outgroup. 

The nasal septal cartilages were then drawn on squared paper. 

 

3.4.4. Data handling  

 

Data was collected on paper forms and later organized on Microsoft Excel spreadsheet.   

 

3.4.5. Data analysis 

 

Raw data from elks was organized into a table. The outside groups were also organized into tables. 

All the tables include mean value, standard deviation, and range from all the measurements taken so 

they can be compared between the ingroup and outgroups. Also, an estimate of the volume of the 

nasal cavity was made. The volume of the nasal cavity in the elk was estimated with a simplified 

model. In this calculation, the shape of an ellipsoid was utilized to make a broad estimate of the 

nasal cavity volume in the elk. Figure 15 illustrates the ellipsoid model used in the respective 

species. The equation used to calculate the volume of the ellipsoid was 
3

4
𝜋𝑎𝑏𝑐, where the a, b, and c 

are the lengths of the semi-axes of the ellipsoid. The same method was duplicated utilizing reindeer 

and roe deer to calculate the approximate volume of the nasal cavity of respective species. 

 

 

 



   

34 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 15. The ellipsoid shapes are illustrated inside intact heads of elk (Alces alces), reindeer 

(Rangifer tarandus), and roe deer (Capreolus capreolus). This simplified model was used to 

estimate the nasal cavity volume in elk, reindeer, and roe deer. The ellipsoid is illustrated on below 

in more detail.  

Source: A. Mäkinen (illustrator). February 19, 2022. 

 

Semi-axes were the nasal cavity length (𝑏) and length of space between lateral nasal cartilages (𝑎). 

For semi-axis 𝑐, constant values were used within ingroup and outgroups. Semi-axis 𝑐 was 

𝑎 

𝑏 

𝑐 



   

35 
 

determined from the most medial point of a carved-out septal cartilage from one elk, one reindeer, 

and one roe deer. The semi-axis 𝑐 values used were 10 cm in elk, 7 cm in reindeer, and 3.5 cm in 

roe deer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

36 
 

4. RESULTS 

 

4.1. Study population  

 

In total 37 European elk specimens were included into the study originating from Satakunta, 

Finland. The population of elks in this area is dominantly phenotypically categorized to have 

cervina type antlers (Nygrén et al., 2007).  From the entire study population (n=37) 46% was male 

and 54% was female. Addittionally, when the whole population was considered according to 

dentition (n= 37) 14% was 1.5 years old, 16% was 2.5 years old, 14% was 3.5 years old, 8% was 

4.5 years old, 19% was 5.5 years old, 8% was 6.5 years old. 11% was 7.5 years old, 5% was 8.5 

years old, 3% was 9.5 years old and 3% was 10.5 years old. The biggest age group was 5.5 year 

group (7 elks). The smallest groups only contained one individual. This occured in age groups 9.5 

years and 10.5 years. The age distribution from all studied elks is illustrated in Figure 16.  

 

 

Figure 16. Age distribution according to the dentition of the animals. The pie chart includes all the 

elks (Alces alces) studied in the final thesis work. 

 

The mean age among all studied elks was 5 years (4.8). Mean age of female group was 5 years (5.2) 

and mean age in the male group was 4 years (4.4). Age distribution of female and male elks is 

illustrated in the form of histograms. Figure 17 shows the female elk age distribution.  
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Figure 17. Age distribution of female elks (n=20) according to dentition. The age groups were from 

1.5 years to 9.5 years. Largest age group is marked with a black grid. 

 

The biggest age group in females was 1.5 year group of elks (4 elks) and in males, the 

corresponding group was the 2.5 year group (5 elks). The female elk age distribution is more even 

among different age groups when compared to similar age data of male elks. The male elk age 

distribution is shown in Figure 18.  
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Figure 18. Age distribution of male elks (n=17) according to dentition. The age groups were from 

1,5 years to 10,5 years. No individuals were gathered from 8.5 years and 9.5 years. Largest age 

group is marked with a black grid. 

 

Outside group of two reindeer specimens from Salla, Lapland and two roe deer specimens from 

Satakunta, Finland were included. According to dentition, the reindeer female was 5.5 years and the 

male was 4.5 years old. In roe deer individuals the equivalent came to the female roe deer being 

analyzed to be 3.5 years and in male roe deer being 4.5 years old. 

 

4.2. Measurements 
 

Measurements are recorded in tables. The whole studied population data from elks was 

combined and is depicted in Table 1. The table includes the mean, standard deviation, and 

range. Range shows minimum and maximum values recorded from data.  

 

Table. 1. Data of ingroup of elk (n=37). The table includes the mean, standard deviation, and 

range. Range shows minimum and maximum values recorded from data. 

Alces alces 

(N=37)  
Measurements (cm) 

Mean ± standard 

deviation 
Range (min-max) 

 
Maximum length of head 59.16 ± 6.09 (39.6 - 69.9) 

 

 

Length of space between lateral 

nasal cartilages 

11.83 ± 1.39 (8.7 - 15.2) 
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Length of space between nostrils 8.83 ± 0.96 (6.1 - 10.9) 

 

Depth of the vestibulum formed 

by the alar recess of the nostril  
12.68 ± 2.04 (6.5 - 15.2) 

 
Nasal cavity length 42.36 ± 3.79 (30.9 - 48.5) 

 
Nasal bone length 5.51 ± 0.79 (4.3 - 7.2) 

 
Choanal length 4.85 ± 0.74 (3.4 - 6.7) 

 
Dorsal nasal concha length 14.43 ± 2.03 (9.1 - 17.8) 

 
Medial nasal concha length 9.65 ± 1.39 (5.9 - 11.9) 

 
Ventral nasal concha length 14.92 ± 1.61 (9.8 - 17.9) 

 

Outgroup data is shown on Table 2 and Table 3. Outgroups tables include the mean, standard 

deviation, and values in cm.  

 

Table 2. Data of outgroup of reindeer (n=2). Table includes the mean, standard deviation, and 

values in cm.  

Rangifer 

tarandus 

(N=2) 

Measurements (cm) 
Mean ± standard 

deviation 

Values in cm 

(female and 

male) 

  
Maximum length of head 37.90 ± 2.40 (36.2 - 39.6) 

 

 

Length of space between 

lateral nasal cartilages 

6.25 ± 0.07 (6.2 - 6.3) 

 

 

Length of space between 

nostrils 

3.60 ± 0.85 (3.0 - 4.2) 

 

 

Depth of the vestibulum 

formed by the alar recess of the 

nostril 

5.55 ± 0.49 (5.2 - 5.9) 

 
Nasal cavity length 24.70 ± 1.13 (23.9 - 25.5) 

 
Nasal bone length 11.15 ± 1.34 (10.2 - 12.1) 

 
Choanal length 3.65 ± 0.21 (3.5 - 3.8) 

 
Dorsal nasal concha length 12.15 ± 0.21 (12.0 - 12.3) 

Table 1. continued 
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Medial nasal concha length 6.60 ± 0.71 (6.1 - 7.1) 

  
Ventral nasal concha length 13.70 ± 1.70 (12.5 - 14.9) 

 

Table 3. Data of outgroup of roe deer (n=2). Table includes the mean, standard deviation, and 

values in cm. 

Capreolus 

capreolus 

(N=2) 

Measurements (cm) 
Mean ± standard 

deviation 

Values in cm 

(female and 

male) 

 
Maximum length of head 20.45 ± 0.64 (20.0 - 20.9) 

 

 

Length of space between  

lateral nasal cartilages 

2.60 ± 0.14 (2.5 - 2.7) 

 

 

Length of space between 

nostrils 

1.40 ± 0 (1.4 - 1.4) 

 

 

Depth of the vestibulum 

formed by the alar recess of the 

nostril 

1.70 ± 0.14 (1.6 - 1.8) 

 
Nasal cavity length 10.30 ± 0.28 (10.1 - 10.5) 

 
Nasal bone length 4.95 ± 0.07 (4.9 - 5.0) 

 
Choanal length 2.2 ± 0.14 (2.1 - 2.3) 

 
Dorsal nasal concha length 5.95 ± 0.07 (5.9 - 6.0) 

 
Medial nasal concha length 3.95 ± 0.07 (3.9 - 4.0) 

  
Ventral nasal concha length 6.75 ± 0.35 (6.5 - 7.0) 

 

4.2.1. Nasal bone length 

 

The mean nasal bone length in roe deer (n=2) is reported to be the smallest (4.9 cm ± 0.07). 

The mean nasal bone length in elk (n=37) is the second smallest (5.5 cm ± 0.79) and the 

reindeer (n=2) has the longest mean nasal bone length (11.2 cm ± 1.34). The same 

information is depicted in Table 4. 

 

 

 

 

Table 2. continued 
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Table 4. Nasal bone length (cm) in different species. 

Species Nasal bone length* (cm) ± standard 

deviation 

Alces alces (n=37) 5.5 ± 0.79 

Rangifer tarandus (n=2) 11.2 ± 1.34 

Capreolus capreolus (n=2) 4.9 ± 0.07 

*Mean values were used 

 

Figure 19 showcases the differences in the length of the nasal bone in all species.  

 

 

Figure 19. Nasal bone length (cm) in all species. Elks are marked with circles. Reindeer and roe 

deer are marked with circles and letters. RD for roe deer and R for reindeer. All animals are in age 

groups by colour ranging from 1.5 years to 10.5 years.  

 

Next, the ratio of the nasal bone to the size of the animal was recovered. The ratio of the nasal bone 

length to the overall length of the head in the elk is 1:11. The corresponding ratios in the outgroups 

were 1:3 in the reindeer and 1:4 in the roe deer. The ratio indicates that the elk nasal bone is 

proportionally 3.6 times shorter than in reindeer and 2.75 times shorter than in roe deer. Overall, the 
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ratios reveal the elk nasal bone is proportionally smaller when compared to outgroups. The elk nasal 

bone is smaller in relation to the overall length of the head. Information is depicted in Table 5. 

 

Table 5. The nasal bone length (cm), head length (cm), and the ratio of nasal bone length to 

the head length. 

Species Nasal bone 

length* 

(cm) 

Head 

length* 

(cm) 

NBL: MHL  

ratio 

Alces alces 

(n=37) 

 

5.51  59.16 1:11 

Rangifer 

tarandus 

(n=2) 

 

11.15 37.9 

 

1:3 

Capreolus 

capreolus 

(n=2) 

4.95  20.45 

 

1:4 

NBL: MHL (ratio) – The ratio of the nasal bone to head length 

*Mean values were used 

 

4.2.2. Length of space between nostrils 

 

The elk has the longest space between nostrils when compared to outgroups. The mean length of 

space between the nostrils in the elk (n=37) was the largest (8.83 cm ± 0.96). In reindeer (n=2) the 

same mean length value was (3.6 cm ± 0.85) and in roe deer (n=2) the same value was (1.4 cm ± 

0.0). Table 6. shows the same information. 

 

Table 6. Length of space between nostrils (cm) in elk, reindeer, and roe deer. 

 
Species Length of space between nostrils* 

(cm)  

± standard deviation 

Alces alces (n=37) 8.83 ± 0.96 

Rangifer tarandus (n=2) 3.6 ± 0.85 

Capreolus capreolus (n=2) 1.4 ± 0.0 

*Mean values were used 

 

Figure 20 illustrates the length of space between nostrils in different species.   
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Figure 20. Length of space between nostrils (cm) in all species. Elks are marked with circles. 

Reindeer and roe deer are marked with circles and letters. RD for roe deer and R for reindeer. All 

animals are in age groups by colour ranging from 1.5 years to 10.5 years.  

 

4.2.3. Nasal concha lengths 

 

The elk (n=37) has the longest nasal conchas in length when compared to outgroups. However, 

proportionally the conchas of the elk are taking less space in the nasal cavity. The mean lengths of 

nasal conchas in the elk (n=37), in reindeer (n=2) and in roe deer (n=2) with standard deviation are 

shown in Table 7. Table also includes the ratio of the longest nasal concha (ventral nasal concha) to 

the nasal cavity length. 
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Table 7. Dorsal, medial, and ventral nasal concha length (cm) in different species. Nasal cavity 

length (cm), and the ratio of the ventral nasal concha to the nasal cavity length were calculated in 

each species. 

Species Dorsal nasal concha 

length* 

± standard deviation 

(cm) 

Medial nasal 

concha 

length* 

± standard 

deviation 

(cm) 

Ventral nasal  

concha length* 

± standard  

deviation 

(cm) 

 

Nasal cavity 

length* 

(cm) 

VNC:  

MNCL 

ratio 

Alces 

alces  

(n=37) 

14.43 ± 2.03 9.65 ± 1.39 14.92 ± 1.61 42.36 1:3 

(1:2.8) 

Rangifer 

tarandus 

(n=2) 

12.15 ± 0.21 6.6 ± 0.71 13.7 ± 1.70 24.7 

 

1:2 

(1:1.8) 

Capreolus 

capreolus 

(n=2) 

5.95 ± 0.07 3.95 ± 0.07 6.75 ± 0.35 10.30 

 

1:2 

(1:1.5) 

VNC: MNCL ratio - Ventral nasal concha length ratio to mean nasal cavity length 

*Mean values were used 

 

4.2.4. Nasal cavity volume estimates 

 

The estimates of the nasal cavity volume in the elk are larger than in outside groups (Table 8.). The 

estimated mean volume in elk was approximately 2.7 litres (2.67 L). In reindeer, the corresponding 

estimate was 6 dl (0.65 L) and in roe deer 50 ml (0.05 L). In conclusion, the elk the nasal cavity was 

estimated to be five times larger than in reindeer and almost 56 times larger than in roe deer. The 

same information is shown in Table 8. 

 

Table 8. Estimates of nasal cavity volumes (L) in different species.  

 

 

 

 

 

 

 

*simplified model of an ellipsoid was used to calculate values (see Figure 15) and values retrieved from 

tables 1. 2. and 3. were used in the calculation 

Species Estimated* nasal cavity volume in 

litres ± standard deviation 

Alces alces (n=37) 2.67 ± 0.48 

Rangifer tarandus (n=2) 0.56 ± 0.04 

Capreolus capreolus (n=2) 0.05 ± 0.0007 
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4.2.5. Nasal cavity length 

The mean length of the elk (n=37) nasal cavity is the longest (42.36 ± 3.79 cm) and the mean length 

of the nasal cavity of the reindeer (n=2) was the second-longest (24.70 ± 1.13 cm). The roe deer 

(n=2) had the shortest nasal cavity (10.30 ± 0.28 cm). The same information is shown in Table 9.  

 

Table 9. Nasal cavity length (cm) in different species 

 
Species Nasal cavity length* (cm)  

± standard deviation 

Alces alces (n=37) 42.36 ± 3.79 

Rangifer tarandus (n=2) 24.70 ± 1.13 

Capreolus capreolus (n=2) 10.30 ± 0.28 

*Mean values were used 

 

The differences in the length of the nasal cavity in species are illustrated in Figure 21. 
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Figure 21. Nasal cavity length (cm) in all species. Elks are marked with circles. Reindeer and roe 

deer are marked with circles and letters. RD for roe deer and R for reindeer. All animals are in age 

groups by colour ranging from 1.5 years to 10.5 years.  

 

4.2.6. Depth of the nasal diverticulum formed by the alar recess of the nostril  

 

The elk has the deepest nasal diverticulum formed by the alar recess of the nostril when compared 

to outgroups. The mean depth of the structure in elk (n=37) came to 12.7 ±  2.04 cm, in the reindeer 

(n=2) the depth mean was 5.55 ± 0.49 cm and in the roe deer (n=2) 1.70 ± 0.14 cm. The same 

information is depicted in Table 10. 
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Table 10. Depth of the nasal diverticulum formed by the alar recess of the nostril (cm) in different 

species. 

Species Depth of the nasal diverticulum 

formed by the alar recess of the 

nostril* (cm) ± standard deviation 

Alces alces (n=37) 12.68 ± 2.04 

Rangifer tarandus (n=2) 5.55 ± 0.49 

Capreolus capreolus (n=2) 1.70 ± 0.14 

*Mean values were used 

 

The depth of the nasal diverticulum formed by the alar recess of the nostril (cm) is also illustrated in 

Figure 22.  

 

 

Figure 22. Depth of the nasal diverticulum formed by the alar recess of the nostril (cm) in all 

species. Elks are marked with circles. Reindeer and roe deer are marked with circles and letters. RD 

for roe deer and R for reindeer. All animals are in age groups by colour ranging from 1.5 years to 

10.5 years.  
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4.2.7. Choanal length 

 

The mean choanal length was the largest in elk (4.85 ± 0.74 cm). The mean choanal length was the 

second largest in reindeer (3.65 ± 0.21 cm) and the smallest in roe deer (2.2 ± 0.14 cm). Figure 23 

shows the choanal length in different age groups and in different species. 

 

 

Figure 23. Choanal length in all species. Elks are marked with circles. Reindeer and roe deer are 

marked with circles and letters. RD for roe deer and R for reindeer. All animals are in age groups by 

colour ranging from 1.5 years to 10.5 years.  

 

4.2.8. Length of space between lateral nasal cartilages 

 

The mean length of space between lateral nasal cartilages was reported to be the longest in the elk 

(n=37). The mean length of the structure was 11.8 ± 1.39 cm. The structure in the reindeer (n=2) 

was the second-longest at 6.25 ± 0.0 cm and the smallest in the roe deer (n=2) at 2.60 ± 0.14 cm. 

The same information can be found in Table 11. 
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Table 11. Length of space between lateral nasal cartilages (cm) in different species. 

Species Length of space between lateral 

nasal cartilages* (cm) ± standard 

deviation 

Alces alces (n=37) 11.83 ± 1.39 

Rangifer tarandus (n=2) 6.25 ± 0.07 

Capreolus capreolus (n=2) 2.60 ± 0.14 

*Mean values were used. 
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5. DISCUSSION 

 

5.1. Study limitations 
 

The female population had a more widely dispersed age distribution, and the specimens were easy 

to acquire. Male specimens were more difficult to acquire. This was because the specimens were 

based on voluntary donations made by hunters, and male heads were often kept by the hunters as 

hunting memorabilia. During the final thesis work, this phenomenon was exclusively occurring in 

regards to male specimens. Therefore, the hunters kept the male heads more readily and did not 

donate them to be studied. The hunters also more readily kept the male specimens that were 

considered to be more aesthetical. This means the older male elks with bigger and more 

symmetrical antlers were hard to acquire. Since the elks with good antler conformation are 

considered to be higher on the fitness scale than individuals with less impressive antler 

conformation, subsequently, there is a possibility of an underemphasis on more fit and older male 

presentation in the data. This potentially means that more often, the less fit male individuals made it 

to the study, and more fit individuals failed to do so, which can result in skewed data regarding the 

male population.  

 

It is important to understand that this final thesis work did not differentiate and record the different 

types of nasal bone types that exist. Therefore, the data does not reveal the differences of those 

nasal bone groups.   

 

Sophisticated statistical analyses were not imposed on the data because it was evaluated not to bring 

value to the work due to its small scale. The storage conditions of the specimens varied due to the 

lack of resources. Therefore, uniform storaging methods could not be implemented across different 

sites. The storage of the specimens was up to the hunting associations’ own knowledge, diligence, 

and capabilities before the retrieval of specimens from the site. On site, it was also not possible to 

store specimens in similar conditions throughout the data collection process due to a lack of space 

and resources. It must be noted different storage conditions might have affected data, but it is 

unlikely.  

 

Data obtained from the outside groups both only included one female and one male from each 

species. The data gathered from these groups should only used to make a comparison the elk 
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species because of the small sample size. Furthermore, data analysis conducted on estimates of the 

nasal cavity volume were executed on a simplified model in order to compare the elk species to 

other species to achieve a broad estimate of their differences.  

 

5.2. Testing known and new hypotheses 

 

5.2.1. Known hypotheses 

 

5.2.1.1.  Nasal concha and enhanced temperature regulation 

 

Flerow (1952) cited in Clifford and Witmer´s (2004) paper, had proposed a theory that the enlarged 

muzzle of the elk was due to the increased temperature regulation in the animal. This theory has 

already been debunked (Clifford and Witmer, 2004). It can be said that the data gathered showed 

that the dorsal nasal conchas in the elk are averaging 14.4 cm, the medial nasal conchas are 

averaging 9.7 cm and the ventral nasal conchas are averaging 14.9 cm in length. The same numbers 

in the reindeer are 12.2 cm, 6.6 cm, and 13.7 cm. In the roe deer respectively 6 cm, 4 cm, and 6.8 

cm. It can be concluded that the elk have the longest nasal conchas.  

 

However, when a ratio is formed by the length of the longest nasal concha (ventral nasal concha) to 

the nasal cavity length, the ratio in the elk is 1:3 and in the outgroups 1:2. This means 

proportionally the concha in the elk is taking less space in the nasal cavity than in outgroups. This is 

because morphologically the nasal cavity of the elk is not entirely filled with nasal conchas like in 

reindeer and roe deer. This empty space in the elk nasal cavity can be witnessed in Figure 24.  
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a.  

 

 

 

 

 

b.  

 

 

 

 

    c. 

 

Figure 24. The figure shows intact heads from each species. The nasal cavity and the the ventral 

nasal concha are illustrated in different species for comparison. The nasal cavity is marked with an 

orange outline and the ventral nasal concha is in green colour. The black dotted line and arrows 

show the approximate area of the empty space in each animal. (a.) The elk (Alces alces) illustration 

is in the scale of 1:7 (1 cm in picture corresponds to 7 cm in real life. (b.) The reindeer (Rangifer 

tarandus) illustration is in the scale of 1:6 and the scale in (c.) the roe deer (Capreolus capreolus) is 

1:5. Mean values of head length, nasal cavity length and ventral nasal concha length were taken 

from each species to get true proportions for comparison. This figure aims to visualize that the nasal 

conchas are taking proportionally much less space in the elk nasal cavity than in other species.  

Source: A. Mäkinen (illustrator). May 10, 2022. 

 

Since the primary structures recognized in science to participate in heat exchange are not 

hypertrophied in the elk when compared to outside groups, these findings support the hypothesis 

that the heat exchange properties are not increased in the elk and the modified anatomical nasal 

structures are not due to the elk having developed more efficient heat exchange. 

 

5.2.1.2. Nostrils and stereo-olfaction 
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The data shows more dispersed out nostrils in the elk (averaging 8.8 cm) than in outside groups 

(averaging 3.6 cm in the reindeer and 1.4 cm in the roe deer). This feature has been described in the 

literature to be beneficial for animals taking part in stereo-olfaction (Moulton, 1967). Therefore, the 

more dispersed out nostrils could potentially increase stereo-olfaction properties via directional 

output. Though, species can have other strategies like moving their head to receive directional 

output via scent. That being said, it is unlikely that the anatomical differences of the elk nose could 

solely be explained by this theory (Clifford and Witmer, 2004). 

 

5.2.1.3. Nostril closure to prevent water from entering the nasal cavity 

 

The numerical data gathered as a part of this final thesis did not show evidence that would 

strengthen or weaken this theory. The basis of this theory is based on literature. The intricate nostril 

closure system in the elk together with other anatomical adaptations still create a compelling theory 

that the elk has developed the nose as a result of grazing in the aquatic environment (Clifford and 

Witmer, 2004; Márquez et al., 2019). 

 

5.2.1.4. Increased movability of the nose 

 

The numerical data gathered as a part of this final thesis did not show evidence that would 

strengthen or weaken this theory. The basis of this theory is based on literature. The literature 

presented on the theory shows that the anatomy of the nose has developed due to the increased 

interest to create a more movable proboscis to be used in grabbing onto stems, leaves and other 

plant materials (Geist, 1963), does not seem likely. It has been proposed that the elk has a proboscis 

(Clifford and Witmer, 2004) but it has been argued that the elk does not possess a true proboscis 

(Milewski and Dierenfeld, 2013) and is rather using its high stature and limbs to grab onto the plant 

materials (Geist, 1963; Breda, 2008). 

 

5.2.1.5. Decreased size of the nasal bone and increased size of the nasal cavity together with its 

increased spaces 

 

The nasal bone in the elk averaged 5.5 cm. In the reindeer, the nasal bone was over two times 

longer (averaging 11.5 cm) and in the reindeer, the nasal bone was averaging close to the size of the 

bone in the elk (5 cm). The sizes of the elk, reindeer, and roe deer cannot be directly compared to 

one another since there is a size difference between the animals. But if the ratio is considered then it 
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can be concluded that the nasal bone is proportionally smallest in length in the elk when compared 

to outgroups. The ratio of the nasal bone to the length of the entire head in the elk is 1:11. The 

corresponding ratios in the outgroups were 1:3 in the reindeer and 1:4 in the roe deer. The ratio 

indicates that the elk nasal bone is proportionally 3.6 times shorter than in reindeer and 2.75 times 

shorter than in roe deer. Figure 25 aims to illustrate the logic of those differences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 25. The ratio of the nasal bone length to the overall length of the head in the (a.) elk (Alces 

alces) is 1:11. The corresponding ratios in the outgroups were 1:3 in (b.) the reindeer (Rangifer 

tarandus) and 1:4 in (c.) the roe deer (Capreolus capreolus). The figure aims to visually illustrate 

that the nasal bone is taking less space in the elk than in other species. The figure shows intact 

heads from each species. The boxes are illustrating the length of the whole head and the grey boxes 

are showing the proportion of the length that the nasal bone is taking up. The elk has the biggest 

number of empty boxes, indicating that the portion of the nasal bone length is the smallest of these 

species. 

Source: A. Mäkinen (illustrator). May 1, 2022. 

 

The lateral nasal cartilages in the elk are on average 11.8 cm apart, in reindeer 6.3 cm apart, and in 

roe deer 2.6 cm apart. This indicates the elk is housing a larger space in the nasal cavity. The data 

a. 

b. 

c. 
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found that the estimated nasal cavity volume in the elk is larger than in outside groups. The 

estimated mean volume of the elk was approximately 2.7 liters. In reindeer, the corresponding 

estimate was 60 dl, and in roe deer 50 ml. In conclusion, the elk nasal cavity was five times larger 

than in reindeer and almost 56 times larger than in roe deer. The space (diverticulum), which forms 

a long blind-ended sac in the elk nostril, was the deepest in the elk. The average depth of this 

structure is 12.7 cm in the elk. In comparison with reindeer, the structure is over two times smaller 

than in elk. When the length of the structure in elk was compared to roe deer, the structure in roe 

deer is over seven times smaller. The choanal length is reported to be the longest in the elk 

(averaging 4.5 cm), second-longest in reindeer (averaging 3.7 cm), and the shortest in the roe deer 

(averaging 2.2 cm). This indicates a wider space within the nasal cavity in the elk. 

 

Overall, the ratios reveal the elk nasal bone is proportionally smaller when compared to outgroups. 

The elk nasal bone is smaller in relation to the overall length of the head. The size of the nasal 

cavity and the spaces associated with it are enlarged in the elk when compared to outgroups. It is 

not possible to directly relate the information to the existing behavioural theories, but these findings 

are in line with what has been reported in the literature.. The elk nasal cavity has been enlarged by 

the enlargement of the nasal cartilages and by enlargements of recesses present in the cavity that are 

creating more space. The nasal bone has reduced in size and the internal structures of the nostrils 

are more open in the elk (Clifford and Witmer, 2004).  

 

5.2.2. New hypotheses 

 

5.2.2.1. Closure of the nostrils and its modified applications 

 

The nostril closure system has been described to act as a valve to prevent water from getting into 

the nasal cavity and upper respiratory tract (Clifford and Witmer, 2004). For instance, it has been 

described that elks have been seen essentially blowing into the water to achieve easier access to 

plant material that is submerged and then continue to chew on this material while the nose is on top 

of the water level (Márquez et al., 2019).  

 

That being said, it is unlikely that this activity of grazing would be the only use for the musculature 

and intricate nostril closure system. This is because the closure system is not very beneficial to the 

elk to the degree of grazing on aquatic vegetation in shallow water, where the elk will first find the 
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submerged plant and then continue to chew on it above the water level. This is because when the 

elk passively brings their muzzle to the water, and then submerges the nose into the water to 

retrieve the plant, the water level does not rise to a considerable degree in the nose to explain the 

need to close the nostrils. This is because the cavities are filled with air and the water level does not 

rise in the cavity to a considerable degree when it encounters air. The effect can be replicated with a 

see-through glass which is placed into bowl of water. It can be detected that the water does not rise 

to considerable degree in the glass; it will remain level. The same can be replicated by a human 

bringing one´s face into a deep water bowl. As a result, it can be felt that the water level inside the 

nose of the subject does not rise to any considerable degree, and feel uncomfortable.  

 

When this logic is considered, a more compelling theory for closing the nostrils, in this case, would 

be that the elk is carrying out an activity in the water. This could be actively chewing, searching, or 

carrying out other activities while at least the elk’s nose is submerged.  

 

The possibility of the elastic cartilaginous muzzle, together with the intricate closure system of the 

nostrils, could offer the capability for the elk to use the nose as a buffer via the motion of pushing 

against the waterbody floor to dig out desirable branches of aquatic vegetation. In this scenario, 

whilst digging, the particles rising from the bottom of the waterbody could be prevented from 

entering the nose and from causing a nuisance. If that could actually be the case, this theory would 

need more exploration in the form of behavioural studies.  

 

Since possessing the combination of an enhanced nostril closure system together with swimming 

and diving skills, alongside the behaviour of feeding on aquatic plants and the escaping behaviour 

from predators to the water, it can be concluded that the elks are highly adapted to the water 

environment. For this reason, one of the hypothetical theories to explain both the nostril closure 

system simultaneously accompanied by the existing empty space void of the nasal conchae within 

the nasal cavity could be appointed to the movement of the elk in the water environment.  

 

Firstly, the empty space could aid the elk while swimming, acting as a flotation device to keep its 

head more readily afloat. Secondly, empty space could also help the elk during diving as a means to 

manipulate depth while in the water. Such activities are often carried out by human divers to make 

themselves manipulate their position in the water. One can make themselves heavier by expelling 

air from the lungs. This is required because, otherwise, substantial descending to the bottom of the 

waterbody cannot be achieved. This can be tested by humans; if you take a deep breath to fill your 
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lungs, hold your breath and then proceed to try to swim to the bottom, you cannot reach the bottom 

and easily stay there. The same would be expected from the elk because without this action of 

expelling some amounts of air; the elk could not remain under the water surface and dive 

successfully.  

 

It was also described by how some of the elk individuals came out on their side due to the fact they 

seemingly failed to stay under (Peterson, 1955). Failing to stay under the water level could be easily 

explained by this phenomenon. These individuals did not effectively get rid of the air in their lungs 

to be able to dive successfully. If in fact, the elk do dive to the bottom, the elk has to expel at least 

some amount of the air present in the organism for it to be physically possible.  

 

As it has been concluded that the elk is capable of controlling the intranasal pressure within the 

nasal cavity (Clifford and Witmer, 2004). I propose that the elk could hypothetically be utilizing 

this function while diving to be able to advance deeper into the water via expelling the air with this 

function. This would help the elk to get the nose lowered to grab onto the vegetation residing deeper 

in the water. Part of the final thesis work aimed to estimate the volume in the nasal cavity of the elk 

and compare it to the outgroups. The estimates of the nasal cavity volume in the elk are larger than 

in outside groups. The estimated mean volume in the elk nasal cavity was approximately 2.7 litres. 

The nasal cavity was also about five times larger than in the reindeer and almost 56 times larger 

than in roe deer. Also, the longest of the nasal conchas present in the cavity is the ventral nasal 

concha in all species studied in this final thesis. When the ventral nasal concha length was 

compared to the maximum head length, it was concluded that in the elk, the nasal concha is 

proportionally shorter when compared to the length of the head. This ratio would reflect on the 

known fact that the elk possesses an empty space that is void of nasal conchas altogether, whereas 

in the outgroups, practically the whole nasal cavity is filled with nasal conchas. This means that 

altogether, the nasal cavity of the elk holds a considerable volume but it also contains an empty 

space that theoretically, could allow the elk to control its depth. 

 

Furthermore, while at the bottom, I speculate that the elk could potentially move the air from the 

lungs back to the nasal cavity and simultaneously use its legs to get momentum to resurface again. 

This could be carried out by the elk either consciously or subconsciously. This way the heavy 

animal could sink but also have an easier time directing themselves out of the water. Whether the 

elk are moving air between the lungs and the nasal cavity when resurfacing from the bottom of the 

waterbody to the top, would need further investigations.  
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Lastly, it was reported by Peterson´s observations that the elks are often resurfacing hindquarters 

first (Peterson, 1955). The elk do carry the majority of their weight on the front limbs, but in 

another way, it would make more sense for the elk to come to the surface front first. I speculate this 

because of the location of the lungs. The lungs in the elk are located cranially, and so is the nasal 

cavity. These observations done by Peterson could then be evidence of the elk emptying the air 

from the lungs and the nasal cavity, which would then cause the front of the animal to be 

momentarily heavier than the hindquarters, and as a result of that cause the hindquarters to rise first 

when the elk are resurfacing. 
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CONCLUSIONS 

 

Evolutionarily the strategy of the elk has gone towards massive body size. This would suggest with 

the increasing mass and athletic long legs; other properties would evolve together with these two 

big factors. It can be brought out that breathing and thermal efficiency must evolve simultaneously 

with the speed and the body mass of the elk because the animal must be able to maintain its 

musculature and the body. In addition, the thermoregulation properties also must allow the elk to 

live in the cold to be able to resist cold stress during the winter months in the northern peninsula.  

 

The hypothesis that the reduced bone mass of the nasal bone and the enlarged cartilaginous part of 

the nasal cavity with the expanded space within the cavity increases the heat exchanging properties, 

is unlikely to explain all the nasal peculiarities in the elk. This is because the functional space 

known to science to be participating in the heat exchange has not been increased. The thesis 

findings support the claim that the nasal conchas are not hypertrophied in the elk.  

 

Stereo-olfaction properties in the elk are possible in occurrence. The final thesis work found that the 

nostrils of the elk are further away from each other than in outgroups. Though, organisms often 

have adapted other mechanisms to receive directional output, which makes it hard to determine 

whether the elk is primarily using two sensors to receive directional input. However, it is unlikely 

that all the anatomical modifications of the nose could be explained by this phenomenon.  

 

The sensitivity of the upper lip in the elk is comparable with other browsers, but what is considered 

to be enhanced is the mobility of the upper lip that has happened partly by the reduction of the 

rhinarium. The proboscis- resembling the nose with the newest knowledge available, is in theory 

unlikely to have developed for the function of grabbing twigs, stems, and leaves more readily. It has 

been argued that the elk does not possess a true proboscis due to the fact that the elk have not been 

proven to be utilizing the whole proboscis to grab food. Therefore, it is theoretically likely also that 

the elk has only a proboscis-like muzzle rather than a true one.  

 

The pulley-mechanism involves the levator muscle of the upper lip. The pulley-mechanism has 

been described to occur because the superior labial levator muscle is attached at such an angle that 

it allows the elevation of the upper lip more readily than in other cervids. When this is combined 
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with the increased size and the movability of nostrils coming together with the fibro-fatty pad acting 

as a plug, it presents itself as a novel way to control the nostrils.  

 

From the increased musculature and control of the movements of the nostrils, it is still unclear how 

it relates to the behaviour of the elk. The proposed constrictor capability of the nares, the elk having 

the capability to control intranasal pressure, and the significance of the connection made to the 

grazing of the elk with aquatic plants, swimming, and diving behaviour together with the use of 

water bodies in the process of avoiding predation is a potential factor to have had an influence on 

the specialized nasal structures. These activities carried out by the elk in the aquatic environment 

could be a reasonable evolutionary interest for the species to develop specialized narial structures 

that differ from the other non-diving cervids.  

 

In this thesis behaviour related to the aquatic environment was discussed in more detail. The 

speculation of manipulation of depth in the water while diving and the capability to close the 

nostrils to prevent particles from the bottom of the water body from entering the nose during 

digging are the specific behaviours from which the elk could theoretically benefit from. The nasal 

volume estimates do not offer direct evidence of the elk behaviour in regards to these specific 

behaviours; they only offer the means to speculate. Therefore, more evidence in the form of 

behavioural studies would be warranted to confirm these behaviours. 
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Appendix 1. Elk head examination form 
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Appendix 1.  continued 
  



   

70 
 

Appendix 2. Procedure draft on elk head examination 
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Appendix 2. continued 
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Appendix 3. Pictures of measurements 
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