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Abstract 

When in their spawn-run, several salmonids (salmon, graylings, etc.) develop a kype. The 

kype is a spawning-related lower jaw modification composed of a connective tissue mass 

supported by a framework of chondroid and Sharpey-fibre bone skeletal needles. 

However, while previous research considered the structure and composition of the kype 

in Atlantic salmon, little is known of the kype in other salmonids, or indeed which other 

salmonid species are kype-bearing. Additionally, the evolutionary origins of the kype and 

of spawning-related morphological changes in its associated structures and tissues are 

also unknown, Physical examinations, Micro-CT assessments, literature surveys, and 

histological analyses of living and fossil material reveal that a kype is found only in 

eusalmonines (trout, salmon, and chars), with the exception of Hucho. The lack of kype in 

Hucho supports reassessments of the phylogenetic location and monophyly of this genus. 

The relocation of Hucho is also supported by genus-specific, life-history stage, and life 

history mode variation in the trends in lower jaw fat, epithelium, and blood vessel 

morphology evident in all salmonids. The combination of Sharpey-fibre and chondroid 

bone, tissues previously thought to be only associated with the kype skeleton, is present 

across Salmonidae to some extent. Establishment of the origins of these tissues requires 

further research as to the conditions of ancestral groups. This project represents the first 

time that a family-wide histological assessment of the salmonids has been done and uses 

both living and fossil material to do so. 
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CHAPTER 1 ï Introduction  

 

The family Salmonidae (Fig. 1.1) includes a variety of taxa that are largely restricted to 

the northern hemisphere (Behnke, 2002; Nelson, 2006; Scott and Crossman, 1973). There 

are three subfamilies within the Salmonidae: Coregoninae (whitefishes), Thymallinae 

(graylings), and Salmoninae (Nelson, 1994, 2000; Stearley and Smith, 1993). Salmonines 

include Eosalmo driftwoodensis, the extinct ñdawn salmon;ò Brachymystax; and the 

eusalmonines. The Eusalmoninae includes a variety of economically, socially, and 

culturally important fishes such as trout and salmon (Ames and Maschner, 1999; Barker, 

1651; Baum, 1997; Campbell and Butler, 2010; Carlson, 1998; Nettle, 1857; Nelson, 

1994, 2006).  Previous research including work by Tchernavin (1938) and by Witten and 

Hall (2002, 2003) identified some species of eusalmonines as being of interest due to 

their formation of a spawning-related lower jaw modification composed of secondarily 

developing tissues: the kype.  
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Figure 1.1 ï Two previously published salmonid phylogenetic trees. a) Based predominantly on molecular 

analysis, this tree displays Hucho-Oncorhynchus and Salmo-Salvelinus as sister groups. Modifed from Crespi 

and Fulton (2004). b) Morphologic analysis frequently places Hucho-Salvelinus and Salmo-Oncorhynchus as 

sister groups. Modified from Stearly and Smith (1993).   

 

This project represents the first family-wide assessment of the structure, 

organization, and composition of the tissues of the salmonid lower jaw. In this thesis, I 

a 

b

B 
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will establish the trends evident in structure, organization, and composition of the tissues 

of the lower jaw across the salmonids. In particular, patterns in the presence and absence 

of the secondarily developing kype are identified. Using evidence from both living and 

fossil specimens, the origins of the kype and of the secondarily developing tissues 

associated with it will be established. Furthermore, I will evaluate patterns in the 

evolution of these tissues and structures that have implications for salmonid phylogenetic 

relationships. 

Salmonid natural history 

The family Salmonidae belongs to the Salmoniformes, fossil evidence of which, and of  

some related groups, has been identified from Cretaceous period (Stearly and Smith, 

1993; Taverne, 1981). However, the earliest salmonid fossil, Eosalmo driftwoodensis, is 

known from the Eocene of western North America, approximately 50 million years ago 

(Behnke, 2002; Wilson and Li, 1999). This earliest salmonid is marked by the narrow, 

elongated body form, the presence of an adipose fin, and the variety of other 

characteristics which define the Salmonidae (for a comprehensive morphological 

description of this clade, refer to Gill, 1894; Holļ²k et al., 1988; Stearley and Smith, 

1993; or Nelson, 1994, 2006. For a description with greater focus on molecular data, see 

Crespi and Fulton, 2004 or Crête-Lafrenière et al., 2012). 

 The phylogenetic tree of the salmonids as a whole is generally well understood, 

with consensus between many molecular and morphological studies placing Hucho 

(Danube trout and salmon), Salmo (Atlantic salmon), Salvelinus (trout and char), and 

Oncorhynchus (Pacific salmon) within the Eusalmoninae (Fig. 1.1). However, when 

Figure 1.1a, constructed using molecular data, and Figure 1.1b, constructed from 

morphological data, are compared, it is apparent that, while morphological data favours 

Hucho-Salvelinus and Salmo-Oncorhynchus sister groups, many molecular studies 

suggest alternate phylogenies, including one that favours eusalmonine sister groups of 

Hucho-Salmo and Salvelinus-Oncorhynchus. These alternative phylogenetic trees are, in 

part, the result of a different pool of information to draw from. Morphological analysis 

can incorporate evidence from fossil material, while molecular analysis relies solely on 

living material. 



 

4 

 

Another source of contention in the salmonid phylogeny lies in the appropriate 

location of Hucho. While the many morphological and molecular phylogenetic trees place 

Hucho within the Eusalmoninae, whether as the sister group to Salvelinus or not, others 

argue that Hucho belongs with more basal salmonines, outside of the eusalmonines 

(Crespi and Fulton, 2004; Crête-Lafrenière et al., 2012; Jonsson and Jonsson, 2011; 

Nordern, 1961; Oleinik and Skurikhina, 2008; Ramsden et al., 2003).  While several data 

support the relocation of Hucho, skull morphology (Nordern, 1961) and genetic similarity 

to Brachymystax (Crête-Lafrenière et al., 2012; Oleinik and Skurikhina, 2008), as well as 

geographic distribution and behaviour (Holçik et al., 1988) are of particular interest to 

relocation arguments,  Further studies of morphological features, including the present 

study, may resolve some of the discrepancies between these trees. Alternative 

phylogenies built using morphological, molecular, and behavioural data are discussed in 

greater detail in Chapter 2, with each of the chapters in this thesis considering the 

implications of these other possible trees. 

Eusalmonine life-cycle 

Of note when considering the salmonid phylogenetic tree is the divergence between 

freshwater and anadromous lineages (McDowall, 1997). With the exception of some 

populations of brown trout (Salmo trutta) and certain Pacific salmons (Oncorhynchus) 

known to spawn in brackish water (Behnke, 2002; Jonsson and Jonsson, 2011; Willson, 

1997), all salmonids spawn in freshwater. Despite spawning in freshwater, many 

Eusalmoninae species are obligate or optional anadromous organisms (Behnke, 2002; 

McDowall, 1997; Scott and Crossman, 1973; Willson, 1997). As a result, many 

eusalmonine adults spend the majority of their lives in the ocean (McDowall, 1997; 

Nelson, 1994, 2006). The majority of other salmonids are solely freshwater organisms 

with no ocean-going stage in their life cycle (Nelson, 2006), although there are some 

anadromous populations of Coregonus (whitefishes), Stenodus leucichthys (inconnu), one 

species of Prosopium (round whitefishes), and several populations of Thymallus arcticus 

(Arctic grayling) (Behnke, 2002; McPhail and Lindsey, 1970; Nelson, 2006; Roberge et 

al., 2002; Scott and Crossman, 1973; Stearley and Smith, 1993; Willson, 1997).  
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Perhaps one of the best understood and most representative of the anadromous 

salmonid life cycles is that of the Atlantic salmon (Salmo salar; Fig. 1.2). The life history 

of Atlantic salmon includes alevin, fry, parr, smolt, and mature adult life history stages 

(Aas et al., 2011; Jonsson and Jonsson, 2011). Hatching from their eggs as ñalevinò or 

ñsac fryò hatch individuals remain in their nursery redds for 3-6 weeks before becoming 

fry and leaving the gravel nests. Fry develop into well-camouflaged ñparr.ò These parr 

will either stay in their nest stream for 1-3 years, becoming silvery-coloured, ocean-going 

ñsmolts,ò or become ñprecocious parrò (Thorstad et al., 2011).  

 

 
Figure 1.2 - Life-cycle of the anadromous eusalmonine Salmo salar (Atlantic salmon). Image by Robin Ade for 

the Atlantic Salmon Trust. 

 

Precocious parr devote their resources to reaching sexual maturity as swiftly as 

possible, sometimes never leaving their freshwater stream. Following a breeding season, 

these precocious parr may either remain as sexually mature parr or undergo smoltification 

(Thorstad et al., 2011). Unlike the solely freshwater parr, smolts migrate to the ocean, 

developing into mature salmon within two to three years.  
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Upon reaching sexual maturity in the ocean, adults return to their native streams to 

spawn (Thorstad et al., 2011). Migration begins in late spring and early summer with 

spawning individuals reaching their respective streams by September and, depending on 

genetic and environmental conditions (including latitude), spawning from September to 

February. Between the arrival of adults to their nursery streams and spawning, 

competition between individuals leads to the establishment of a breeding hierarchy 

(Fleming, 1998; Haugland et al., 2011).  

Individuals that survive the breeding season are called ñkeltsò or ñblack salmonò 

(Briggs, 1953; Thorstad et al., 2011). Kelts either over-winter in the nursery stream, 

conserving their energy before returning to the ocean, or return to the ocean directly. 

Survivorship in post-spawning individuals is characteristic of Salmo and Salvelinus 

(Behnke, 2002; Bley and Moring, 1988) and of Hucho (Esteve et al., 2009a, 2009b; 

Fukushima, 1994). These genera are iteroparous, meaning that they will breed multiple 

times in their lifetimes. The trout of Oncorhynchus (O. mykiss and O. clarki) are also 

iteroparous and have survivorship ratios similar to, and sometimes greater than, those of 

the other eusalmonines (Behnke, 1992, 2002; Fleming, 1998; Scott and Crossman, 1973; 

Willson, 1997). However, the salmon of Oncorhynchus (for example O. nerka, O. 

gorbuscha, and O. kisutch) are semelparous and, as such, are genetically programmed to 

die following spawning (Thorstad et al., 2011).  

 When mature eusalmonines travel to their breeding streams during the migratory 

period, adults experience a variety of changes to their physiology, body chemistry, and 

morphology (Behnke, 2002; Thorstad et al., 2011). These changes are most pronounced 

in males of Oncorhynchus and Salmo, but occur in both sexes and in virtually all species 

of Eusalmoninae to some degree (Moyle and Cech, 1996). Physiological changes include 

modifications in blood chemistry (Robertson et al., 1961), decreases in fat and protein 

content of tissues (Aksnes et al., 1986), an increase in plasma cortisol and thyroxine 

production (Pickering and Christie, 1981), and seasonal variation in gonadotrophin (Crim 

et al., 1975). Changes to morphology include gonad maturation (Aksnes et al., 1986), 

brighter and more vibrant colouration, an increase in body depth, particularly in Pacific 

salmon as a result of increased hump height, and an increase in adipose fin length 

(Hendry and Berg, 1999). 
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Of particular interest to this study are the spawn-run related modifications to the 

craniofacial skeleton. These craniofacial modifications are quite pronounced, leading to 

resorption of some bones and tissues such as the gill cover and postorbital, as well as 

growth of others such as the premaxillary and dentary (Fig. 1.3; Hendry and Berg, 1999; 

Witten and Hall, 2003). The combination of resorption and growth of bony tissues leads 

to an increased snout length in both males and females (Hendry and Berg, 1999). These 

modifications to the craniofacial skeleton culminate in the growth of an unusual 

combination of tissues and in the formation of a kype (Witten and Hall, 2003). 

 

 
Figure 1.3 - Lateral view of Atlantic salmon (Salmo salar) skull. Structures of note: (asterix) Post-orbital, (20) 

Premaxilla, (23) Dentary (with kype), (30) Operculum or ñgill cover.ò Image from Reynolds (1897). 

The kype 

The kype is a spawning-related elongation and modification of the lower jaw (Witten and 

Hall, 2002, 2003). This lower jaw modification is a secondary sexual characteristic, a 

hook-like structure that develops as an extension of the most anterior portion of the 

dentary just prior to and during the initial stages of the spawn-run (Fig. 1.4; Mottley, 

1936; Morton, 1965; Fukushima, 1994; Esteve et al., 2009a, 2009b).   

*  
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Figure 1.4 - Atlantic salmon head morphology. a) Prespawning and b) spawning males. Image modified from 

Vladykov (1953). 

 

During formation of the kype, a variety of adjacent tissues and structures in the 

craniofacial skeleton undergo modification, in many ways compensating for the growth of 

the hooked lower jaw. These modifications may represent integrated changes in the upper 

and lower jaws and include the resorption of the post-orbital and the operculum noted 

above, as well as, depending on genus, compensatory modification in the upper jaw to 

accommodate for the hooked form of the kype (Lewis and Van Vliet, 2008; Witten and 

Hall, 2002). In many species of Oncorhynchus, altered curvature and elongation of the 

upper jaw compensate for kype growth and lead to the formation of a snout-like structure 

(Fig. 1.5 b; Morton, 1965). Furthermore, alteration to tooth structure and a reduction of 

soft lower jaw tissue reveals óbreeding teethô in many salmonines (Witten et al., 2005). In 

Atlantic salmon, these teeth are feeding teeth already present in the jaw and are merely 

revealed to a greater extent as soft gum tissue regresses during kype formation (Witten et 

al., 2005). While Atlantic salmon do not develop true breeding teeth, the large anterior 

teeth prevalent in Pacific salmon may or may not be  homologous to those in Salar, 

meaning that Oncorhynchus may indeed develop breeding teeth as part of their secondary 

sexual development.  

a b 
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Figure 1.5 - Oncorhynchus kisutch head morphology. a) Pre-spawning and b) spawning males. Note the 

elongation of the upper jaw in addition to that of the lower jaw. Image modified from Vladykov (1962). 

 

Histological analysis of the kype of Atlantic salmon conducted by Witten and Hall 

(2002, 2003) reveal that the kype is composed of a combination of two bony tissues: type 

I chondroid bone (hereafter ñchondroid boneò) and Sharpey-fibre bone (Fig. 1.6). Kype-

related modifications to the lower jaw and to its associated tissues are the result of the 

growth of, and modification to, this unusual combination of tissues (Witten and Hall, 

2002, 2003).  

 

 
Figure 1.6 ï Kype associated tissues. a) Sharpey-fibre bone. Needle-like spicules (white arrows) that extend from 

the periosteum of the dentary into the cartilage-rich tissues of the kype. b) Chondroid bone. A cartilage and bone 

intermediate tissue. Note the blue stain highlighting the collagen-II being secreted by chondrocytes embedded 

within surrounding matrix (black arrows).  Also present are osteocyte-like cells (white arrows). Images from 

Witten and Hall (2002). 

 

Chondroid bone is a cartilage/bone intermediate tissue that shares an initial 

developmental pathway with secondary cartilage (Beresford, 1981). Secondary cartilage 

is cartilage that develops in an embryo after the primordial cartilaginous skeleton has 

formed and persists post-natally or after hatching in birds (Bailleul et al., 2012; Beresford, 

1981). This secondarily developing tissue can be differentiated from primary cartilage 

a b 

a b 



 

10 

 

using histological techniques because primary cartilage secretes only type II collagen 

while secondary cartilage presents with both collagen type I and type II (Bailleul et al., 

2012; Witten and Hall, 2002, 2003). Furthermore, secondary cartilage lacks the linear 

organisation of primary cartilage and is found on a pre-existing boneôs articulating 

surface.  

Developing on pre-existing membrane bones, secondary cartilage frequently 

forms at sites under high mechanical influence such as suturing, articulation, and 

connection sites of ligaments and muscles (Bailleul et al., 2012). Secondary cartilage is 

induced as a means of buffering the local system when, during osteogenesis, periosteal 

cells respond to mechanical stress by switching their differentiation mode to 

chondrogenesis (Hall, 2005). As such, secondary cartilage forms from a periosteal 

precursor that can also differentiate into bone cells (Beresford, 1981; Hall, 2005). 

For many years, chondroid bone was discussed synonymously with secondary 

cartilage (Beresford, 1981) and was argued to be an ossified form of secondary cartilage 

(Gussen, 1968; Moss, 1958). Sharing a similar developmental pathway as secondary 

cartilage, chondroid bone is a cartilage/bone intermediate tissue that develops from 

osteogenic precursors (Beresford, 1981; Hall, 2005; Huysseune, 1986; Huysseune and 

Verraes, 1986; Meunier and Huysseune, 1992). This intermediate tissue is formed when 

cartilage-secreting chondrocytes become embedded in an osteoid matrix secreted by local 

periosteum following secondary chondrogenesis (Gillis et al., 2006; Hall, 2005; Witten 

and Hall, 2003).  

The formation of chondroid bone may occur from incomplete ossification of the 

primordial cartilaginous precursor (i.e.: incomplete endochondral ossification), yielding 

type II chondroid bone. Like secondary cartilage, chondroid bone may also occur from 

secondary chondrogenesis within the periosteum, a transdifferentiation of cells from 

osteoblast to chondroblast, yielding chondroid bone type I (Beresford, 1981; Gillis et al., 

2006). Both ontogenetic pathways lead to a mineralized bony matrix that contains 

chondrocytes and osteocytes in addition to collagen types I and II (Gillis et al., 2006; 

Goret-Niçaise and Dhem, 1987). In fact, Beresford (1981) identified chondroid bone as 

being a cartilage/bone intermediate tissue that frequently contains chondrocyte-like cells 

within a bony matrix, associated with the new cartilage and bone with which it develops. 
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As a result, chondroid bone can be identified in histology when a chondrocyte-like cell, 

actively secreting collagen types I or II, is located within an osteoid matrix (Witten and 

Hall, 2002, 2003; Hall, 2005). 

Contrary to the cartilage/bone intermediate identities of both secondary cartilage 

and chondroid bone, Sharpey-fibre bone is a bony tissue comprised of bundles of 

uncalcified and calcified collagenous fibres (ñSharpeyôs fibresò) that extend from the 

periosteum (Hall, 2005; Witten and Hall, 2003). Found in several classes of vertebrates 

and in a variety of skeletal elements, Sharpey-fibres serve as connective tissues, attaching 

muscles to insertion sites, binding teeth to periosteum, or suturing cranial bones (Hall, 

2005; Johnson, 2005; Kuroiwa et al., 1994; Retzlaff et al., 1982). These fibres permit 

some movement of bound structures, thereby accommodating for mechanical stress 

(Retzlaff et al., 1982). In histology, Sharpey-fibre bone is predominantly identified 

simply by its relatively unusual fibrous structure and its continuation from the periosteum 

of a bone matrix into surrounding connective tissue (Hall, 2005; Witten and Hall, 2002). 

The combination of chondroid bone and Sharpey-fibre bone in the kype yields a 

basal architecture of fast-growing skeletal needles encased within a connective, chondroid 

tissue mass. Though Sharpey-fibres are frequently present in zones of attachment on the 

dentary, such as where teeth are bound to the jaw (Kuroiwa et al., 1994; Johnson, 2005), 

chondroid bone presence in the dentary region is noteworthy. However, chondroid bone 

originates from secondary chondrogenesis, thereby following a similar initial 

developmental pathway as secondary cartilage, a tissue that has been identified in the 

dentary of a eusalmonine (Atlantic salmon) in the past (Gillis et al., 2006). Gillis et al. 

(2006) determined that secondary cartilage is present in the tissues of parr, sexually 

immature Atlantic salmon. The presence of secondary cartilage in immature individuals, 

and the developmental similarity that this tissue share with chondroid bone, suggest that 

kype-related tissues emerge in individuals long before their kype begins to develop, and 

that during its evolution, the structure of the kype co-opted tissues already present in the 

dentary. 

In addition to the rapid growth of the kype, further remodelling and reworking of 

the lower jaw occurs following spawing. While the majority of Oncorhynchus species die 

following spawning, many iteroparous species of Salmo and Salvelinus undergo a 
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remodification to their lower jaw (Behnke, 2002). During this remodification, many of 

the secondary sexual characters that formed in advance of spawning are resorbed and 

reduced back to their ónormalô (pre-spawning) conditions. Among the structures that are 

modified are the craniofacial elements, including the kype. For example, in Atlantic 

salmon many portions of the kype are demineralised and resorbed into the dentary post-

spawn (Fig. 1.7; Witten and Hall, 2003). As tissue is resorbed, the numbers of needle-like 

Sharpey-fibres extending from the periosteum of the dentary are reduced even as bone 

density in associated structures such as the dentary itself declines.  

 

 
Figure 1.7 - Atlantic salmon kype before and after spawning. a) Pre-spawn, robust Sharpey-fibres (white 

arrows) jut from t he apical portion of the dentary into the surrounding connective tissue. b) Post-spawn, 

Sharpey-fibres (black arrows) and bone density (white arrows) are reduced as a result of demineralisation and 

resorption of tissues. Images from Witten and Hall (2003). 

 

Although resorption, demineralisation, and other alterations lead to a substantial 

decrease in the Atlantic salmon kype, not all portions of the kype are lost following 

spawning (Morton, 1965; Vladykov, 1953). This maintenance of some aspects of the 

kype structure means that following each subsequent breeding season an individualôs 

kype may become increasingly exaggerated (Morton, 1965). As a result, the oldest and 

largest males often have the largest and most elaborate kype.   

Research objectives 

This thesis is divided into four data chapters. In Chapter 2, I discuss which genera within 

the Salmonidae display a feature resembling the kype of the Atlantic salmon. This will be 

done using gross anatomical inspections of fresh, or ñfleshedò and skeletonized, or 

ñdefleshedò specimens as well as Micro-computer tomography (Micro-CT) assessments 

a b 
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of representatives of several genera. These assessments will attempt to establish evidence 

of the presence and absence of kype-like structures and tissues across the salmonids and 

begin to establish the structure and organization of tissues in the lower and, to a lesser 

extent, upper jaw. A literature survey incorporating both scientific and non-scientific 

resources will be used to supplement and confirm trends identified from specimens 

examined in this study. 

Having established conditions and trends within the Salmonidae at the structural 

level, within Chapter 3 I will assess the features of the lower of jaw of these fishes using 

histological assessments of tissues. I will consider variation within genera, incorporating 

comparisons of several species within the same genera at the same life history stage as 

well as making comparisons between anadromous and landlocked taxa. Finally, I will 

examine and compare any patterns in tissue morphology across all salmonid genera. 

In Chapter 4, physical examinations, Micro-CT assessments, and a survey of the 

literature will be used to determine if a record of kype growth is preserved in the fossil 

record as well as if transitional states are represented in fossil material. In Chapter 5 

paleohistological analysis will be used to establish evidence of kype growth and of the 

composition and organization of the tissues of the dentary.  In both Chapter 4 and 5, I will 

use assessments of fossils and comparisons between fossil material and the living 

specimens of Chapters 2 and 3 to answer to consider evolutionary trends in salmonids 

relevant to the kype and attempt to determine when and how the kype evolved.  

Chapter 6 summarizes the results discussed in the data chapters and considers 

possible areas of future research that may supplement this study.  

 

Research Significance 

In addition to being the first family-wide assessment of the tissues of the salmonid lower 

jaw, both fossil and living specimens are examined and compared to one another in an 

effort to examine evolutionary patterns. This study is the first time kype presence and 

absence is directly examined in representatives of each salmonid lineage and also 

represents the first histological, paleohistological, and Micro-CT assessments of many of 

those lineages. As a result, this project provides the unique opportunity of establishing 
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many of the conditions and trends present in the lower jaw across this family of fish, 

revealing information on spawning related modifications across the salmonids. 
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Chapter 2 ï Presence and absence of the kype in living salmonids 

 

Introduction  

As early as 1915, Dr. V. Tchernavin, at the time a naturalist of the Far-East Expedition of 

the Russian Department of Fisheries, began to notice that many spawning Salmo (Atlantic 

salmon) and Oncorhynchus (Pacific salmon) individuals experienced dramatic 

morphologic changes during their spawn-runs. Dr. Tchernavin would go on to become an 

expert on these morphologic changes, among them modifications in the craniofacial 

skeleton that resulted in prominent ñrostraò on the upper jaws and ñhookingò of the lower 

jaw (Tchernavin, 1938).  In his research, Tchernavin described the lower jaw elongation 

and build-up of connective tissue at the anterior tip of the dentary that is known as the 

ñkypeò.  

The kype, a secondarily developing characteristic found in several spawning 

salmonids (whitefish, grayling, salmon, trout, and chars), is a spawning-related elongation 

and modification of the anterior portion of the lower jaw resulting in a more-or-less 

prominent hook (Fig. 2.1; Morton, 1965; Stearley and Smith, 1993). Although the 

development of a kype has been used as a taxonomic feature since at least the early 1950s 

(Vladykov, 1953, 1954) and arguably much earlier (Day, 1887), the function, 

development, and many other aspects of the kype are poorly understood.  
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Figure 2.1 ï A comparison of kypes in Salmo and Oncorhynchus. The kype is a secondarily-developing and 

spawning-related lower jaw modification found in many species of salmonids including (a) Atlantic salmon 

(Salmo salar) (Vladykov, 1953), and (b) coho salmon (Oncorhynchus kisutch), a Pacific salmon (Vladykov, 1962). 

Images depict pre-spawning (above) and spawning (below) males. 

 

The kype is thought to play a number of roles in sexual selection (Jonsson and 

Jonsson, 2011; Morton, 1965). The kype may aid in the physical competition between 

spawning males over females and between females over nest sites, potentially serving as a 

weapon (Behnke, 2002; Jonsson and Jonsson, 2011). However, although contusions and 

wounds may be found on both living and dead animals, suggesting that combat has 

indeed taken place, actual sightings of individuals engaged in physical combat are 

relatively rare (Behnke, 2002; Morton, 1965). Instead, salmonids are typically able to 

establish hierarchies of dominance using non-violent displays and behavioural cues 

(Fleming, 1998; Fleming and Gross, 1989, 1994). Rather than serve as a weapon, the 

kype may be used as a means of maintaining hierarchy between males and between 

females rather than be a method of establishing those hierarchies. The kype also seems to 

play a role in mate selection, with females opting to spawn with males displaying the 

most dramatic secondary sexual characteristics, including the most prominent kype 

(Briggs, 1953; Morton, 1965). The growth of a prominent kype appears to be correlated 

with older, larger, and more dominant males.  The kype may even play a role in female 

a b 
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reproductive behaviour, with some researchers suggesting that the kype is used by 

females to modify and to manipulate gravel and bottom sediment during nest-building 

(Thorstad et al., 2011). However, the true function of the kype remains unknown. 

 The precise trigger for kype development is also poorly understood. Other animals 

that have diadromous lifecycles, spending different portions of their lives in salt- and 

freshwater systems, such as sturgeon and lamprey, do not experience secondary sexual 

modifications in colour, behaviour, and morphology experienced by many salmonids 

(Gross et al., 1988; Harris et al., 2005; McDowall, 1997; Sulak and Randall, 2002; 

Vecsei, 2000). Some research has linked kype development in salmonids to hormonal 

changes in the body resulting from a switch from salt- to freshwater (Butts et al., 2012; 

Willson, 1997). However, this link has not yet been well substantiated by other studies, 

nor does it account for the differences in the kype development of non-anadromous 

species and populations.  

 While some earlier studies would indicate that the kype is a cartilagenous 

expansion (Stearley and Smith, 1993), recent work on Atlantic salmon, Salmo salar, by 

Witten and Hall (2002, 2003) has revealed much about the structure of the kype in this 

species. The skeleton of the kype incorporates chondroid bone and Sharpey fibres arising 

from the periosteum of the dentary bone, creating a spur-like network that supports an 

anterior connective tissue mass (Witten and Hall, 2002, 2003). However, kype structure 

in many other salmonid species, kype presence or absence, and extent of kype 

development remain unclear. The current study expands on the work of Stearley and 

Smith (1993), who used two kype characters (presence or absence and extent) when 

building their phylogenetic tree. 

In other studies that have used the presence or growth of kype as a taxonomic 

feature, co-occurring modifications in the upper and lower jaws have also been noted 

(Morton, 1965; Scott and Crossman, 1973; Tchernavin, 1938; Valdykov, 1953, 1954, 

1962). For example, modifications to the upper jaw that may compensate for changes in 

the lower jaw have been found (Behnke, 2002; Morton, 1965).  Patterns in the 

development of these upper jaw features within each kype-developing taxa, their presence 

or absence across the salmonids, and their function remain to be determined.      
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This chapter will outline the presence or absence of the kype across the salmonids 

and will associate patterns in life history mode, behaviour, and morphology with presence 

or absence and extent of development of the kype. Such patterns may help explain the 

evolution and distribution of this character within a complex, and often controversial, 

phylogenetic tree (Stearley and Smith, 1993). Additionally, I will try to answer several 

questions about the presence or absence of the kype within the salmonid clade, the extent 

to which the kype develops, and the co-occurrence of features that are associated with the 

kype. I will also explain how patterns of kype growth may be used to validate and test 

current, proposed salmonid phylogenetic trees. 

 

Methods and Materials 

A variety of techniques were used in an effort to garner as much information as possible 

in regards to the presence or absence of a structure resembling a kype, as well as other 

conditions in the upper and lower jaws of salmonids. These techniques include: physical 

examination of specimens, Micro-computer tomography scan analysis, and literature 

review. 

 

Physical examination of specimens 

Representative specimens of twenty-three salmonid species (Table 2.1) were gathered 

from the field and from the collections and archives of several museums. The specimens 

collected in the field, namely six mature lake trout (Salvelinus namaycush) individuals, 

animals from a landlocked population in the Kogaluk River drainage system of Labrador 

(see McKraken et al. 2013), were collected and frozen by D. Ruzzante (Dalhousie 

University). These four specimens were not fixed prior to examination, though tissues of 

interest were fixed after examination. Following fixation, tissues were dehydrated in 

progressively higher ethanol solutions before being placed in 70% ethanol storage.   
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Table 2.1 ï Taxonomic grouping of relevant salmonid species including scientific and common names. Common 

names listed here are the most commonly used name for the species in general. Where possible, common names 

that differ with life history mode are listed. Compiled from Behnke (2002), Holļik et al. (1988), Roberge et al. 

(2002), Scott and Crossman (1973), and Stearley and Smith (1993). 

Sub-family  Genus Species Common name 

Coregoninae Coregonus clupeaformis Lake whitefish 

 Stenodus Leucichthys Inconnu 

 Prosopium Williamsoni Mountain whitefish 

    

Thymallinae Thymallus Arcticus Arctic grayling 

    

Salmoninae Brachymystax Lenok Lenok; Asiatic or Manchurian trout 

    

(Eusalmoninae) Hucho Hucho Huchen; Huchen trout; Danube salmon 

  Perryi Sakhalin or sea-run taimen; Japenese huchen; Ito 

 Salvelinus Fontinalis Brook trout 

  Namaycush Lake trout 

  
namaycush x 

fontinalis 
Splake 

  Leucomaenis Iwana; white-spotted char 

  Confluentus Bull trout 

  Alpinus Arctic char 

 

Salmo  

(Atlantic salmon 

and trout) 

Trutta Brown or sea-run (anadromous) trout 

  Salar 

Atlantic salmon 

(non-anadromous individuals may be called 

landlocked, lake, Ouananiche, or Sebago salmon, 

depending on population) 

 

Oncorhynchus 

(Pacific salmon and 

trout) 

Clarki Highly variable. Most commonly cutthroat trout 

  mykiss  

Highly variable, but most commonly  

Landlocked: rainbow trout 

Anadromous: steelhead  

  Kisutch Coho salmon 

  Tshawytscha Chinook salmon; also king salmon 

  keta Chum salmon; also dog and calico salmon 

  gorbuscha Pink or humpback salmon 

  nerka 
Anadromous: Sockeye salmon 

Non-anadromous:  Kokanee 

 

Museum collection specimens were received preserved in one of two ways, being 

either dried skeletons (ñdefleshedò specimens) or fixed whole specimens in 70% ethanol 

(ñfleshedò specimens).  Due to the constraints of transportation and shipping, only the 

heads of the specimens anterior to the operculum were available for examination. 

Information as to specimen loaning institutes, collection date, collection site, and other 

relevant details about specimens can be found in Appendix A, while a list of the number 

and the species of specimens examined is recorded in Appendix B. Where not given, 

relative life history stage was estimated based on the snout to vent length (SL) and the 
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time of year when animals were collected. Where it was not possible to determine life 

history stage due to absence of collection date or SL information, animals were denoted 

as being ñmatureò or ñimmatureò based on relative size. 

Relative life-history stages are denoted as ñpre-spawning,ò ñspawning,ò and 

ñpost-spawning.ò Pre-spawning animals are developing toward sexual maturity and have 

entered a period of starvation and, in non-resident animals, migration. This is also the life 

history stage when male-male and female-female hierarchies are established and 

secondary sexual characteristics develop. Spawning animals have entered into the 

reproductive stage and have achieved sexual maturity and are experiencing the greatest 

amount of sexual dimorphism, including that of the kype size and complexity. The period 

following reproduction, post-spawning is the period of high mortality when animals have 

increased resource requirements to compensate for pre-spawn starvation. This is also the 

period when secondary sexual characteristics, including kype, are diminishing in size and 

extent.   

Using the conditions found in Salmo salar as a guide (Witten and Hall 2002, 

2003; Tchernavin, 1938), specimens were examined for evidence of kype, in so far as a 

modification in the bony tissue (typically yielding a honeycomb-like meshwork) or an 

accumulation of soft tissue at the anterior-most lower jaw resulting in a hook-like 

structure. Other craniofacial structural changes, particularly those in the upper jaw 

compensating for a growth in the kype, were also considered.  

 

Micro-computer tomography (Micro-CT) Scanning 

Several ófreshô specimens were also Micro-CT scanned as a means of obtaining 

information on internal structures and patterns of tissue density, in addition to the external 

structures assessed by gross anatomical review.  

Specimens were scanned at the National Research Council Canada Biomedical 

MRI Research Lab (Halifax, NS) using the Triumph X-O CT system of a Lab PET 4 

machine. Specimens were placed on the scanning bed, following which the bed was 

mechanically shifted into the main housing of the scanning system.  With the specimen in 

place, the position of the rotating X-ray gantry was adjusted so that the specimen and bed 

would both be cleared during the scan and scanned at the highest resolution and 
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magnification possible. Typically, the position of the gantry in relation to the specimen 

resulted in 1.3 to 3.5 times magnification, or 178 to 66 micron (ɛm) resolution. Scans 

were made using radiation of 80 kilovoltage (kVp) with 512 projections over a 360 

degrees rotation. Scanning information for specific specimens (including species, 

specimen ID code, and magnification and resolution of scans) is shown in Table 2.2.  

 

Table 2.2 ï Micro -CT scanning information for modern specimens. Voltage is in units of peak kilovoltage (kVp), 

resolution is in micrometres (ɛm). 

 Specimen ID Condition 
Voltage 

(kVp)  
Magnification 

Resolution 

(ɛm) 

Brachymystax      

- B. lenok UW 022131 Fleshed 70 3.5 66 

      

Hucho      

- H. hucho UW 022130 Fleshed 80 2.0 115 

      

Salmo      

- S. salar UW 019807  Fleshed 80 2.0 115 

- S. salar 
CMNFI-1980-

0181.1 
Defleshed 80 3.0 77 

      

Oncorhynchus      

- O. gorbuscha UW 16027 Fleshed 70 1.3 178 

- O. nerka UW 005624 Fleshed 80 2.0 115 

- O. nerka 
CMNFI-1977-

0277.1 
Defleshed 80 3.0 77 

 

After specimens were scanned, projections from individual scans were digitally 

stacked using the Lab PET Triumph operating system, resulting in files that could be 

opened and manipulated with standard imaging software; the public domain software 

Image J was used for this project. Following adjustments for contrast and yield, scans 

could be used to reconstruct three-dimensional renderings of the specimens and portions 

of scans could be analyzed as two-dimensional slices. 

 

Literature review 

A literature survey of academic and more ñpopularò literature was used to provide an 

authoritative review of the conditions of kype within populations, species, and genera. In 

assessments of kype presence, only material that directly noted the kype or that noted 

alterations in the anterior craniofacial skeleton, specifically in the lower jaw but, to a 
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lesser extent, the upper jaw as well, was considered. Literature was also used to gather 

information as to life history, habitat, and spawning conditions across the Salmonidae. 

 

Results 

 

Physical examinations of specimens 

The heads of representative specimens for species in each group within the Salmonidae 

were examined. The following section details the craniofacial morphology of specimens, 

with particular focus on the aspects of the anterior lower jaw. Description of colouration 

was not considered due to the loss of true pigments during the fixation process. 

Specimens are described in the order of their phylogenetic position (Fig. 2.2). During 

each examination, particular focus was paid to the jaw bones of each specimen, namely 

the dentaries, maxillae, and premaxillae (Fig. 2.3), though other characteristics such as 

the size of the eye, head, and mouth were also considered so as to standardize relative size 

of structures of interest. As a means if giving context, included below is a brief 

description of the life history characteristics of each subfamily and, where appropriate, 

genus. The results of these physical examinations are summarized in Table 2.3. 
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Figure 2.2 ï Salmonid phylogenetic tree indicating the three salmonid subfamilies Coregoninae (whitefishes), 

Thymallinae (grayling), and Salmoninae [false and true (Eusalmoninae) salmon and trout]. Modified from 

Stearley and Smith (1993) and based on morphological evidence.  

 

 
Figure 2.3 ï Skull bones of Salmo salar in late stages of kype development. Premaxillary (Pm), Maxillary (M), 

and dentary (D) are particularly important to the present study. From Tchernavin (1938).
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       Table 2.3 ï Summary of kype presence and absence in living specimens. 

Genus and species Specimen ID Condition Life history stage SL (mm) Sex 

Kype 

present (P) or 

absent (A) 

Coregonus      A 

- C. clupeaformis UW 05587 Fleshed Spawning 440 Male? A 

       

Stenodus      A 

- S. leucichthys CMNFI-Z004302 Defleshed Pre-spawning 660 Male A 

       

Prosopium      A 

- P. williamsoni UW 005260 Fleshed Spawning 370 Male A 

- P. williamsoni CMFI-1969-0203.1 Defleshed Post-spawning 254 Unsexed A 

       

Thymallus       A 

- T. arcticus 
CMNFI 1977-ID 

undesignated 
Defleshed Pre-spawning 390 Unsexed A 

       

Brachymystax       A 

- B. lenok UW 022131 Fleshed Immature 126 Unsexed A 

       

Hucho      A 

- H. hucho UW 022130 Fleshed Post-spawning 473 Male A 

- H. hucho*  ZIN 7872 Fleshed Mature 358 Unsexed A 

- H. perryi*  ZIN 13160 Fleshed Spawning 395 Unsexed A 

- H. perryi*  ZIN (ID unknown) Defleshed Mature 598 Unsexed A 

       

Salvelinus      P 

- S. fontinalis UW 28888 Fleshed Mature 285 Unsexed A 

- S. fontinalis CMFI 1973-0255.1 Defleshed Pre-spawning 215 Unsexed A 

- S. namaycush ZP 2013-07-01(A) Fleshed 
Mature, pre-

spawning? 
880 Unsexed  A 

- S. namaycush ZP 2013-07-02(B) Fleshed 
Mature, pre-

spawning? 

Unrecorded (670-

880) 
Unsexed A 
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Genus and species Specimen ID Condition Life history stage SL (mm) Sex 

Kype 

present (P) or 

absent (A) 

Salvelinus      P 

- S. namaycush ZP 2013-07-03(C) Fleshed 
Mature, pre-

spawning? 

Unrecorded (670-

880) 
Unsexed A 

- S. namaycush ZP 2013-07-04(D) Fleshed 
Mature, pre-

spawning? 
670 Unsexed A 

- S. namaycush ZP 2013-07-05(E) Fleshed 
Mature, pre-

spawning? 

Unrecorded (670-

880) 
Unsexed A 

- S. namaycush ZP 2013-0706(F) Fleshed 
Mature, pre-

spawning? 

Unrecorded (670-

880) 
Unsexed A 

- S. namaycush UW 020761 Fleshed Pre-spawning Unrecorded Unsexed A 

- S. namaycush CMNFI 1982-0385 Fleshed Mature 400 Unsexed A 

- S. namaycush CMNFI 1958-0100A.1 Defleshed Post spawning Unrecorded, large Male A 

- S. namaycush / 

S. fontinalis 

hybrid 

(ñsplakeò) 

CMNFI 1976-0187.1 Defleshed Immature 342 Unsexed A 

- S. leucomaenis UW 042437 Fleshed Pre-spawning 216 Unsexed A 

- S. confluentus UW 20760 Fleshed Pre-spawning 500 Male P 

- S. alpinus CMNFI 1968-1262.1 Fleshed Spawning 410 Unsexed P 

- S. alpinus CMNFI 1961-0229 Fleshed 
Pre-spawning, 

spawning 
470 Male P 

- S. alpinus CMNFI 1977-0348.1 Defleshed Mature 380 Male P? 

- S. alpinus CMNFI 1979-1001.1 Defleshed Immature Unrecorded, large Unsexed A 

- S. alpinus UW 041192 Fleshed 
Immature (nearly 

mature?) 
410 

Immature (nearly 

mature?) 
A 

- S. alpinus 

aureolus 
UW 020740 Fleshed 

Immature (nearly 

mature?) 
~300 Unsexed A 

       

Salmo      P 

- S. trutta UW 005350 Fleshed Pre-spawning 290 Male P 

- S. salar UW 019807 Fleshed Mature 250 Unsexed A 

- S. salar CMFI 1980-0181.1 Defleshed Spawning 610 Male P 

       

2
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Genus and species Specimen ID Condition Life history stage SL (mm) Sex 

Kype 

present (P) or 

absent (A) 

Oncorhynchus      P 

- O. clarki UW 028776 Fleshed Pre- spawning 242 Unsexed P? 

- O. clarki CMNFI 1973-0393.1 Fleshed Pre-spawning 221 Unsexed A 

- O. mykiss UW 016073 Fleshed Immature ~200 Unsexed A 

- O. mykiss 

aguabonita 
UW 015967 Fleshed Spawning 310 Female P? 

- O. kisutch UW 015091 Fleshed Pre-spawning Unrecorded, large Female? A 

- O. kisutch CMFI Z000804 Defleshed Spawning Unrecorded, large Male P 

- O. tshawytscha UW 015893 Fleshed Pre-spawning 330 Unsexed A 

- O. keta UW 13664 Fleshed Pre-spawning Unrecorded, large Male A 

- O. gorbuscha UW 16027 Fleshed Spawning 430 Male P 

- O. gorbuscha CMNFI 1984-0169.1 Fleshed 
Mature, pre-

spawning? 
235 Unsexed A 

- O. nerka UW 005624 Fleshed Mature 367 Unsexed A 

- O. nerka CMNFI 1977-0277.1 Defleshed Spawning Unrecorded, large Male P 

      *Received photographs and/or X-Ray images of specimens, but did not have physical access to specimens 

2
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Coregoninae 

Coregonids are typically freshwater living, though some populations of certain species are at least 

partly anadromous, making moderate to extensive migrations to brackish conditions (Behnke, 

1972; Scott and Crossman, 1973).  The coregonids are almost exclusively iteroparous, spawning 

multiple times over the course of their lives (Scott and Crossman, 1973). Survivorship and repeat 

spawning frequency varies across genera (Lindsey and Woods, 1970). Members of this subfamily 

tend to migrate in the summer, almost always broadcast spawning in lakes and sometimes in 

rivers during the fall (Lindsey and Woods, 1970; Scott and Crossman, 1973); they do not build or 

recycle nests (Willson, 1997). There tends to be little sexual dimorphism among the coregonids, 

though some genera may have minimal dimorphism evident just prior to and during spawning, 

with some males growing breeding or nuptial tubercles (ñpearl organsò) on their flanks (Behnke, 

2002; Lindsey and Woods, 1970; Scott and Crossman, 1973). 

Coregonus clupeaformis (lake whitefish) 

UW 05587 (fleshed); Figure 2.4; spawning male 

Specimen has a small, sub-terminal mouth with maxillae extending to just anterior of 

anterior margin of the large eye. Upper and lower jaws terminate at an equal distance 

from the eye, though the maxillae are somewhat curved and is slightly longer. There is no 

evidence of teeth or any suggestion of a kype. 
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Figure 2.4 ï Fleshed Coregonus clupeaformis UW 05587, (a) head and (b) lower jaw. 

 

Stenodus leucichthys (inconnu) 

CMNFI-Z004302 (defleshed); Figure 2.5; pre-spawning male 

Many, very small teeth are present on the premaxillae, maxillae, dentaries, and vomer. 

Teeth are so fine and delicate that they are difficult to distinguish, particularly on the 

dentaries where they are localized to the anterior-most aspect. Maxillae and dentaries are 

relatively long and robust, particularly the dentaries. The dentary symphysis, the   

fibrocartilaginous joint between the two lower jaw bones (Hall, 2005), remains 

prominent, and the two dentaries are well-fused. There is no visible evidence of a kype. 

 

a b 
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Figure 2.5 ï Defleshed Stenodus leucichthys CMNFI -Z004302, lower jaw in (a) dorsal and (b) medial view. 

 

Prosopium williamsoni (mountain whitefish) 

UW 005260 (fleshed); pre-spawning male 

This specimen has a small head and a small, subterminal mouth. The maxillae extend to 

just posterior of the anterior margin of the large eye. There is no visible of dentition, nor 

is there any soft tissue build up at the anterior aspect of the lower jaw that would suggest 

a kype. 

 

 

 

a 

b 
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CMNFI-1969-0203.1 (defleshed); Figure 2.6; pre-spawning, unsexed 

Skull elements of this specimen are rather small and the majority of the skull remains 

articulated, making examination difficult. However, the mouth is small and subterminal, 

with maxillae extending to just posterior of the anterior orbit margin. The dentaries are 

relatively robust, and there is little evidence of teeth on any of the visible jaw bones. The 

symphysis of the lower jaw remains fused, with no evidence of kype-related reworking or 

honeycombing adjacent to it. 

 

 
Figure 2.6 ï Defleshed Prosopium williamsoni CMNFI -1969-0203.1, skull in (a) lateral and (b) ventral view. 

 

These specimens do not display evidence of kype development in Coregoninae. 

 

Thymallinae 

Thymallinae contains the single genus Thymallus, which in turn contains approximately 

four different species and over twenty sub-species. Relatively little variation in spawning 

behaviour amongst the different groups exists, with the majority of species being defined 

by geographic distribution rather than major differences in behaviour or morphology 

(Armstrong, 1986; Scott and Crossman, 1973). Given this relative lack of variation, the 

a b 
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following description of Thymallus arcticus (Arctic grayling) is typical of the genus 

Thymallus and of the subfamily Thymallinae 

Thymallus arcticus is primarily freshwater living, though some Asian populations 

may be at least partly anadromous (Armstrong, 1986; Scott and Crossman, 1973). 

Migration and spawning occur in spring and summer (March to July) (Roberge et al., 

2002; Scott and Crossman, 1973), but timing is very dependent both on ice break-up 

(Beauchamp, 1990; Craig and Poulin, 1975; Roberge et al., 2002; Scott and Crossman, 

1973) and on water temperature (Behnke, 2002). T. arcticus, and other Thymallinae, are 

iteroparous and relatively long lived, living up to 22 years (Beauchamp, 1982, Scott and 

Crossman, 1973; Willson, 1997), though such longevity is rare (Behnke, 2002). Spawning 

does not occur each year for all populations (Alt, 1969; Willson, 1997). When spawning 

does occur, nests are not used (Roberge et al., 2002). However, there is some parental 

care in that eggs are deposited in the interstitial space of gravel and rock (Behnke, 2002) 

or are buried in the silt at the bottoms of lakes and, more particularly, streams (Roberge et 

al., 2002; Scott and Crossman, 1973; Willson, 1997). Males are territorial, and females 

spawn in the territory of their chosen male (Morrow, 1980; Willson, 1997). Contrary to 

many other basal salmonids, Thymallus does display dramatic sexual dimorphism at the 

time of spawning (Scott and Crossman, 1973). While this is seen even more dramatically 

in the Mongolian grayling (T. brevirostris; Berg, 1962), T. arcticus males have more 

vibrant colouration than females and may have larger and longer pelvic and dorsal fins, 

particularly at the time of spawning (Carlander, 1969; McPhail and Lindsey, 1970). 

 

Thymallus arcticus (Arctic grayl ing) 

CMNFI-1977-ID undesignated (defleshed); Figure 2.7; pre-spawning, unsexed 

Jaw bones are very small and thin. Small, needle-like teeth are present on all jawbones 

and are absent from palatine and vomer. Dentaries are rather short and squat, while 

premaxillae are relatively wide. There is no evidence of honeycombing or reworking at 

the anterior of the dentaries and, therefore, no evidence of a kype. 
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Figure 2.7 ï Defleshed Thymallus arcticus CMNFI -1977-ID undesignated, right dentary in (a) medial and (b) 

lateral view. 

 

Absence of a kype in this specimen would suggest that thymallines do not develop a 

kype. 

 

Salmoninae 

Conditions in this subfamily are highly variable and are outlined by genus, below. 

 

Brachymystax 

As noted by Esteve and McLellan (2008), English-language publications that discuss the 

behaviour of Brachymystax are relatively rare. Those that are available tend to focus on 

the ñtypicalò Brachymystax species, B. lenok.  

 Brachymystax lenok is solely freshwater living (Hendry and Stearns, 2004; 

Nelson, 1994, 2006; Willson, 1997). This species experiences very minimal migrations 

within its freshwater systems during the spring, spawning soon after arrival at spawning 

site (Mitrofanov and Petr, 1999). Many populations may engage solely in vertical 

migrations, particularly those populations residing in lakes, migrating from moderately 

deep water at lake centres to shallower waters near the shore (Kifa, 1974; Mitrofanov and 

Petr, 1999). Spawning time is highly depending on ice-melt, and some populations and 

sub-species may spawn in February or March (Mitrofanov and Petr, 1999; Zhao and 

a b 
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Zhang, 2009).  B. lenok is iteroparous (Mitrofanov and Petr, 1999). Maximum lifespans of 

at least 9 years have been recorded, though this species may live considerably longer 

(Mitrofanov and Petr, 1999). Survivorship and repeat spawning frequencies are unknown. 

When spawning, this species makes use of nests and prefers cold, fast moving, shallow 

rivers with gravel substrates (Baimukanov, 1996; Esteve and McLellan, 2008; Kifa, 1974; 

Mitrofanov and Petr, 1999; Xu et al., 2009). Females select their nest site within the 

territories defended by their males of choice (Esteve and McLellan, 2008).  

Brachymystax displays minimal sexual dimorphism, even during the spawn-run 

(Esteve and McLellan, 2008; Mitrofanov and Petr, 1999). Spawning males may 

experience moderately more vibrant colour changes than do females, but behaviour is the 

only reliable way to distinguish the sexes (Esteve and McLellan, 2007, 2008). This 

behaviour includes females digging nests and testing nests by probing with their anal fin, 

while males quiver next to females to stimulate egg-laying. 

 

Brachymystax lenok (lenok) 

UW 022131 (fleshed); Figure 2.8; immature, unsexed 

The head is small, with a relatively rounded snout. A terminal mouth is also small and the 

maxillae extend no further than the midpoint of the very large eye. No overt evidence of 

teeth is apparent, which is expected from a juvenile. Dentaries are very delicate, with a 

rounded tip that shows no evidence of connective tissue build-up or other features 

suggestive of a kype.  
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Figure 2.8 ï Fleshed Brachyymystax lenok UW 022131 (a) head and (b) lower jaw. 

 

Eusalmoninae 

 

Hucho 

To give context, the phylogenetic relationships of the species of the Hucho genus are 

shown in Figure 2.9. 

 

 
Figure 2.9 ï Eusalmonine phylogenetic tree with particular focus on the genus Hucho. Modified from Holļik et 

al. (1988); Stearley and Smith (1993) and based on morphological evidence. 

a b 
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As with Brachymystax, primary literature for Hucho is rarely written in English 

(Esteve et al., 2009a). Nonetheless, information as to the various characters and 

behaviours of this genus is available. Unfortunately, this information is often generalized. 

The species of this genus are highly variable in behaviour, habitat, life history mode, and 

morphology; the following is a simplified overview of conditions within this genus.  

While Hucho hucho (Huchen) is exclusively freshwater living (Hendry and 

Stearns, 2004; Willson, 1997), Hucho perryi (Sakhalin taimen) has relatively few non-

anadromous populations and tends towards anadromy spending much of its life in coastal 

or brackish waters (Fukushima, 1994; Gilroy et al., 2010; Hendry and Stearns, 2004; 

Kawamura et al., 1983; Holļik, 1982; Holļik et al., 1988). Migrations may be extensive 

or moderate, depending on the population and on the geography of a given region 

(Fukushima, 1994; Kimura, 1966). In some populations of H. hucho, migrations may be 

as short as from one riverbank to another or from a river into an adjacent tributary (Holļ²k 

et al., 1988; Witkowski, 1988). Furthermore, not all populations migrate, and some may 

stay in their home streams and rivers for their entire lives (Dulmaa, 1999; Holļ²k et al., 

1988; Mitrofanov and Petr, 1999). Migration occurs in spring and summer, usually from 

mid-March to July, and is very dependent on latitude and water temperature (Berg, 1962; 

Fukushima, 1994; Holļ²k et al., 1988; Kimura, 1966). Once animals have reached the 

spawning ground, they will begin almost immediately to engage in nest building and 

subsequent spawning (Esteve et al., 2009a; Holļ²k et al., 1988; Witkowski, 1988). 

 Hucho species are iteroparous and relatively long-lived, with a maximum lifespan 

of 10 years for H. hucho and 16 years for H. perryi, though even longer lifespans are 

likely (Esteve et al., 2009; Fukushima, 1994; Holļ²k et al., 1988). Animals are capable of 

spawning once per year, but many populations spawn only once every three years. Males 

do not engage in precocious spawning behavior (Esteve et al., 2009b). Thus, rather than 

having alternative life histories where some males devote their resources to reaching 

sexual maturity as quickly as possible, all males mature ñnormallyò and achieve sexual 

maturity following typical development. 

 Hucho species are typically nest builders and prefer to spawn in shallow rivers 

and streams with sand to rock substrates (Esteve et al., 2009a; Fleming, 1998; Fukushima, 
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1994; Holļ²k et al., 1988), though lake-living populations spawn on rocky and sandy 

substrates near-shore (Fleming, 1998; Holļ²k et al., 1988). While no dimorphism outside 

of spawn-run is exhibited by this species, some colour changes during spawning do occur 

(Holļ²k et al., 1988). These colour changes result in males with copper-red flanks and 

bluish-green heads, while females become uniformly olive-green to greyish (Esteve et al., 

2009a, 2013; Holļ²k et al., 1988). There is some variation in about 10% of spawning 

individuals, however, with females becoming more brightly coloured than their male 

counterparts (Esteve et al., 2009a, 2013). There is also some evidence that male and 

female H. hucho individuals may develop breeding tubercles near the anal fin, but this 

evidence is not well substantiated (Holļ²k et al., 1988). However, the most reliable way to 

distinguish males from females is by using behaviour: males quiver against females to 

stimulate egg-laying, while females build and probe nests, similar to what was seen in 

Brachymystax (Esteve et al., 2009b; Esteve at al., 2013). 

 

Hucho hucho (Huchen) 

UW 022130 (fleshed); Figure 2.10; post-spawning male 

The head is large, long, and compressed dorsally. The terminal mouth is large, 

approximately half the length of the head. Maxillae extend well posterior of posterior 

margin of a relatively small eye. Maxillae and dentaries are robust. Well-developed, sharp 

teeth are present on, vomer, premaxillae, maxillae and dentaries. The anterior aspect of 

the lower jaw is rounded and shows no external features suggestive of a kype. 

 

 
Figure 2.10 ï Fleshed Hucho hucho UW 022130 (a) head and (b) lower jaw. 

a b 
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ZIN 7872 (fleshed); Figure 2.11; mature, unsexed 

Again, the head is large and dorsally compressed. The terminal mouth is large and 

maxillae extend well posterior of eye, which is of a moderate size. Robust maxillae and 

dentaries are tooth bearing, and the X-ray image reveals that these teeth are large, 

particularly on the maxillae. The symphysis of the lower jaw is rounded, and neither the 

image of the head nor the X-ray reveal evidence of a kype. 

 

 
Figure 2.11 ï Fleshed Hucho hucho  ZIN 7872 (a) head and (b) skull (X-ray). 

  

 

Hucho perryi (Sakhalin taimen) 

ZIN 13160 (fleshed); Figure 2.12; spawning, unsexed 

The head is large and dorsally compressed, though less dramatically so than in Hucho 

hucho. The terminal mouth is large, with maxillae extending posterior of posterior eye 

margin.  Small but robust teeth are present on maxillae and, albeit less so, dentaries. 

There is no evidence of connective tissue build-up or, in X-ray, skeletal features that 

would suggest the presence of a kype. 

 

a b 
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Figure 2.12 ï Fleshed Hucho perryi ZIN 13160 (a) head and (b) skull (X -ray). 

 

ZIN ID unknown (defleshed), Figure 2.13; mature, unsexed 

Dentaries are large and robust, with well-developed, sharp teeth. The bony tissue of the 

dentaries appears, without exception, smooth and compact. There is no honeycombing or 

spongy texture that would be indicative of a kype. 

 
Figure 2.13 - Defleshed Hucho perryi ZIN ID unknown, right (above) and left (below) dentaries. 

 

 

 

 

 

a b 
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Salvelinus (trout and char) 

Please refer to Figure 2.14 for the phylogenetic relationships of the species of Salvelinus.  

 

 
Figure 2.14 - Eusalmonine phylogenetic tree with particular focus on the genus Salvelinus. Modified from 

Stearley and Smith (1993) and Crane et al. (1994), and based on morphological evidence. 

 

Salvelinus species vary widely in habitat and migration. However, anadromy is a 

dominant characteristic within the genus, but rather substantial populations of resident 

and freshwater living individuals are also evident (Balon 1980; Behnke, 2002; Willson, 

1997).  With the majority of species migrating in the late summer and early fall, members 

of Salvelinus tend to spawn in mid to late fall, though there is a great deal of variation 

(Balon, 1980; Scott and Crossman, 1973; Willson, 1997). The genus Salvelinus is entirely 

iteroparous, with a high prevalence of repeat spawning, though percentages of 

survivorship and multiple reproductive events vary across different species and 

populations (Armstrong, 1965; Balon, 1980; Fleming, 1998; Willson, 1997). Fish of this 

genus tend to spawn in gravel-bottomed rivers and streams or on rocky lake and estuary 

coastlines and reefs, though nest or redd use is highly variable across species (Armstrong, 

1965; Balon, 1980; Fleming, 1998). Following spawning, females undulate over the nest, 

presumably to aerate the eggs, before covering the nest (Esteve et al., 2011; Wilson and 
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Williams, 2010). Prior to and following spawning, these animals display little in the way 

of sexual dimorphism (Behnke, 2002; Stearley and Smith, 1993). However, immediately 

prior to and during spawning, colouration, differences in kype growth, and other, less 

obvious changes are such that differentiating males from females may be done easily 

(Behnke, 2002). 

 

Salvelinus fontinalis (brook trout)  

UW 28888 (fleshed); Figure 2.15; mature, unsexed 

The head is very large, relative to the animalôs SL, and has a blocky, square appearance. 

The mouth is terminal and also large, with long and prominent jaws and a maxillae 

extending posteriorly beyond the eye. Small teeth are present on premaxillae, maxillae, 

and the anterior dentary, but no evidence of dentition is apparent rearwards in the mouth. 

There is no evidence of a kype. 

 

 
Figure 2.15 ï Fleshed Salvelinus fontinalis UW 28888 (a) head and (b) lower jaw. 

 

 

CMNFI-1973-0255.1 (defleshed); Figure 2.16; pre-spawning, unsexed 

The bones of the mouth and jaws, in particular the maxillae and even more so the dentary, 

are relatively large, robust, and long. Teeth are present on the premaxillae, maxillae, and 

dentaries, but are needle-like and very fine. There is no evidence of a kype. 

 

a b 
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Figure 2.16 ï Defleshed Salvelinus fontinalis CMNFI -1973-0255.1, lower jaw in (a) lateral and (b) semi-ventral 

view. 

 

Salvelinus namaycush (lake trout) 

ZP 2013-07-01(A) (as representative of the full ZP collection; fleshed); Figure 2.17; pre-

spawning, unsexed 

The head is large, long, and pointed. The eyes are neither large nor small and are located 

near the top of the head, which is rather flat. The terminal mouth is large, with the 

maxillae extending posterior to the posterior margin of the eye. Both upper and lower 

jaws are robust, with teeth covering the premaxillae, maxillae, dentaries, and head of the 

vomer (or roof of the mouth). There is no evidence of a kype. 

 

 
Figure 2.17 ï Fleshed Salvelinus namaycush ZP 2013-07-01(A) (a) head and (b) lower jaw. 

a b 

a b 
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UW 020761 (fleshed); Figure 2.18; pre-spawning, unsexed 

This specimen is similar to the conditions of ZP 2013-07-01(A), though the head seems 

smaller and, perhaps, less robust. Nonetheless, the head is quite large, with prominent, 

tooth-bearing jaws in a large terminal mouth and with no evidence of a kype. 

 

 
Figure 2.18 ï Fleshed Salvelinus namaycush UW 020761 (a) head and (b) lower jaw. 

 

CMNFI 1982-0385 (fleshed); Figure 2.19; mature, unsexed 

Again, this specimen is similar to ZP 2013-07-01(A), but is perhaps more similar in 

stature and robustness to UW 020761. Once again, there is no evidence of a kype. 

 

 
Figure 2.19 - Fleshed Salvelinus namaycush CMNFI -1982-0385 (a) head and (b) lower jaw. 

a b 

a b 
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CMNFI-1958-0100A.1 (defleshed); Figure 2.20; post-spawning male 

Jaw bones are robust and large, particularly so in the dentary, where the triangular shape 

of the salmonid dentary is less apparent than in other Salvelinus species and is instead 

massive and blocky. Dentition is extensive, with robust teeth appearing on the dentaries, 

maxillae, premaxillae, and the head of the vomer.  There is no evidence of the 

honeycombing or spongy meshwork of the kype skeleton, though there is evidence of the 

cartilage mass connecting the right and left dentaries at the symphysis.  

 

 
Figure 2.20 ï Defleshed Salvelinus namaycush CMNFI -1958-0100A.1, right dentary in (a) medial and (b) lateral 

view. 

 

Salvelinus namaycush x fontinalis (ñsplakeò) 

CMNFI-1976-0187.1 (defleshed); Figure 2.21; immature, unsexed 

The dorsal anterior features, particularly those of the upper jaw, the operculum, and in 

terms of the moderate size of the eye are similar to what is found in Salvelinus 

namaycush. However, the prominence and extension of the lower jaw is much more 

similar to what is seen in Salvelinus fontinalis. Mouth is large, with minimal dentition, 

a 

b 
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albeit this is more extensive than was the case in the fresh S. fontinalis specimens. There 

is no evidence of any elements of a kype skeleton. 

 

 
Figure 2.21 ï Defleshed Salvelinus namaycush x fontinalis CMNFI -1976-0187.1, right dentary in (a) medial and 

(b) lateral view. 

 

Salvelinus leucomaenis (Iwana) 

UW 042437 (fleshed); Figure 2.22; pre-spawning, unsexed 

This specimen has a large, broad, and sturdy head with a large terminal mouth. The upper 

jaw is robust and curved, with maxillae extending posterior to the posterior margin of the 

eye. There is a very small ñnotchò or separation in the premaxillae that may compensate 

for the small nodule present at the symphysis of the lower jaw.  This nodule is continuous 

with the dentaries and does not appear to resemble the hook of a kype, or even the soft 

tissue aggregation of a developing kype. 

 

a b 
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Figure 2.22 ï Fleshed Salvelinus leucomaenis UW 042437 (a) head and (b) lower jaw. 

 

Salvelinus confluentus (bull trout)  

UW 20760 (fleshed); Figure 2.23; pre-spawning male 

The head is rather small and flattened dorsally, with large eyes. The mouth is large, with 

maxillae extending posterior to the posterior margin of the eye. Jaws are large and robust, 

with teeth present on the premaxillae, maxillae, and dentaries. A nodule at the symphysis 

of the dentaries composed of a build up of soft tissue is present, indicative of kype. 

However, this nodule extends anterior and does not hook upwards. There is also little 

evidence of alterations to the anterior ventral aspect of the dentaries. These factors may 

indicate that the kype, if present, was still developing at the time of capture. 

 

a b 
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Figure 2.23 - Fleshed Salvelinus confluentus UW 20760 (a) head and (b) lower jaw. 

 

 

Salvelinus alpinus (Arctic char)  

UW 041192 (fleshed); Figure 2.24; immature, unsexed 

The head is small, rather delicate, with a ñpointedò shape, large eyes, and a relatively 

large terminal mouth. Maxillary extension posteriorly reaches past the anterior edge of 

the eye. Teeth are present on upper and lower jaws, on the vomer, and on the tongue.  A 

kype is absent in this individual. 

 

 
Figure 2.24 ï Fleshed Salvelinus alpinus UW 041192 (a) head and (b) lower jaw. 

a b 

a b 
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CMNFI-1968-1262.1 (also representative of CMNFI-1961-0229; fleshed); Figure 2.25; 

spawning male 

Conditions are similar to those of UW 041192, with the addition of a prominent, fleshy 

kype on the anterior lower jaw, as well as a compensatory separation in the premaxillae. 

 

 
Figure 2.25 - Fleshed Salvelinus alpinus CMNFI -1968-1262.1 (a) head, (b) lower jaw, (c) right jaw in sagittal 

view, and (d) frontal view of the head showing notch in upper jaw compensatory for presence of the kype. 

 

CMNFI-1977-0348.1 (defleshed); Figure 2.26; mature, unsexed 

The presence of evidence for a kype is unclear. There are some fine projections out from 

the dentary that might be a rudimentary or developing kype, but these features are not 

substantial. 

a b 
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Figure 2.26 ïDefleshed  Salvelinus alpinus CMNFI -1977-0348.1, right dentary in (a) medial and (b) lateral view. 

 

CMNFI-1979-1001.1 (defleshed); Figure 2.27; immature male 

Bones are fine and delicate. Dentaries and premaxillae are fairly long, and the anterior 

dentary shows no convincing evidence of reworking or honeycombing resulting from a 

kype. 

 
Figure 2.27 ï Defleshed Salvelinus alpinus CMNFI -1979-1001.1, right dentary in (a) medial and (b) lateral view. 

 

Salvelinus alpinus aureolus 

UW 020740 (fleshed); Figure 2.28; immature, unsexed 

The head of this specimen is fairly large, considering its SL. The terminal mouth is large, 

and maxillae extend posterior to the posterior margin of the eye. The lower jaw is 

prominent, with a slightly pointed or triangular shape. There is no convincing evidence of 

kype elements. 

a b 
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Figure 2.28 ï Fleshed Salvelinus alpinus aureolus UW 020740 (a) head and (b) lower jaw 

 

Salmo (Atlantic salmon and trout) 

Please refer to Figure 2.29 for the phylogenetic relationships of the species of Salmo. 

 

 
Figure 2.29 - Eusalmonine phylogenetic tree with particular focus on the genus Salmo. Modified from Stearley 

and Smith (1993) and based on morphological evidence. 

 

a b 
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Though this genus contains a number of isolated sub-genera and -species, only 

two widely distributed and recognized species, S. salar and S. trutta exist (Behnke, 2002; 

Jonsson and Jonsson, 2011; Nelson, 2006). The Salmo genus shows relatively little 

variation in terms of morphological and behavioural characteristics. Both S. salar and S. 

trutta are anadromous and iteroparous. However, S. salar has very low post-spawn 

survivorship, with only 0.7-42.5% of animals in an anadromous population experiencing 

repeat spawning and 30% in non-anadromous populations (Piggins, 1968; Baglinière, 

1985, Bley and Moring, 1988l; Ducharme, 1969).  

Both S. salar and S. trutta migrate in the later part of the summer and spawn 

within nests typically constructed in gravel-bottomed rivers and streams. Females 

perform nest-covering behaviour immediately after spawning (Esteve et al., 2011; 

Summers, 1996; Wilson and Williams, 2010). Neither S. salar nor S. trutta display much 

in the way of sexual dimorphism except in the period directly before and at the time of 

spawning, when males experience more vibrant changes in body colour, kype 

development, and increased aggression (Behnke, 2002; Jonsson and Jonsson, 2011; 

Willson, 1997). 

 

Salmo trutta 

UW 005350 (fleshed); Figure 2.30; pre-spawning male 

The head is small and pointed. This specimen has a large mouth with maxillae that extend 

well posterior to the posterior margin of the eye. The jaws have well-developed teeth. 

There is evidence of a kype, with a bulbous, anterior soft tissue mass on the relatively 

slender dentary. Furthermore, this specimen exhibits other spawning-related craniofacial 

modification, with the head displaying the typical triangular shape of a spawning brown 

trout. 
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Figure 2.30 - Fleshed Salmo trutta UW 005350 (a) head and (b) lower jaw. Scale bar in (a) is 2 cm in length. 

 

Salmo salar 

UW 019807 (fleshed); Figure 2.31; mature, unsexed 

This specimen has a relatively small head with a large terminal mouth. Maxillae extend 

posteriorly to rear margin of eye. Upper and lower jaws (premaxillae, maxillae, and 

dentaries) have needle-like teeth. The dentary is fairly small and slender, with a rounded 

anterior margin and no evidence of a kype. 

 

 
Figure 2.31 - Fleshed Salmo salar UW 019807 (a) head and (b) lower jaw. Scale bars are 2 cm in length. 

 

CMNFI-1980-0181.1 (defleshed); Figure 2.32; spawning male 

As one could predict from UW 019807, the craniofacial skeleton of this specimen is fairly 

delicate, with slender jaw bones and teeth. However, a thickening of the anterior dentary 

and a complicated anterior bony meshwork reveals evidence of a kype. 

a b 

a b 
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Figure 2.32 - Defleshed Salmo salar CMNFI -1980-0181.1, right dentary in (a) medial and (b) lateral view. 

 

Oncorhynchus (Pacific salmon and trout) 

The phylogenetic relationships of the species of Oncorhynchus are shown in Figure 2.33. 

 

a 

b 
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Figure 2.33 - Eusalmonine phylogenetic tree with particular focus on the genus Oncorhynchus. Modified from 

Stearley and Smith (1993) and based on morphological evidence. 

 

 

Oncorhynchus species are predominantly anadromous and are rarely landlocked 

or non-anadromous (Behnke, 1992, 2002; Scott and Crossman, 1973; Willson, 1997). The 

majority of species have long-distance migrations and long-term sea runs (Groot and 

Margolis, 1991, Healey, 1986). In Pacific salmon, such as O. gorbuscha, O. nerka, or O. 

kisutch, these migrations occur from spring to summer, with animals spawning in late 

summer and early fall (Willson, 1997). Trouts such as O. mykiss and O. clarki, on the 

other hand, migrate in the late summer and fall, spawning in the winter. Some populations 

inhabiting southern rivers may spawn in the fall (Behnke, 1992). As a rule, Pacific 

salmon die after spawning, with very few exceptions (Behnke, 2002; Healey, 1991; 

Ricker, 1972; Willson, 1997). However, many Pacific trout populations tend to have at 

least some iteroparity (Behnke, 2002; Scott and Crossman, 1973). 

 With the exception of some populations of O. nerka, all Oncorhynchus species 

build nests prior to spawning (Scott and Crossman, 1973; Willson, 1997). In some cases, 

males even help in the digging process, though this behaviour may be due to 
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displacement reactions (Esteve, 2007). Gravel bottomed streams and lakes are the 

preferred sites for nest building, but some populations prefer boulder or silt substrates 

(Quinn and Foot, 1994; Scott and Crossman, 1973; Willson, 1997). Semelparous females 

cover their nests immediately following spawning (Esteve et al., 2011; Wilson and 

Williams, 2010) and guard their nest for days to weeks until just prior to or at the moment 

of their deaths (Scott and Crossman, 1973). Males in some populations of some species 

may select the spawning site and defend the nest.  

 Though males may be slightly larger than females of the same age, there is little 

sexual dimorphism prior to spawning (Behnke, 2002). At the time of spawning, the upper 

and lower jaw modification (ñsnoutò and kype) are most dramatic in males, as is 

colouration, dorsal hump height, and adipose fin length (Morton, 1965; Keenleyside and 

Dupuis, 1988; Willson, 1997). Other changes, such as a behavioural increase in 

aggression, may also be evident, particularly in males (Groot and Margolis, 1991). 

  

Oncorhynchus clarki 

UW 028776 (fleshed); Figure 2.34; pre-spawning, unsexed 

The head is relatively small, with large eyes and a large, terminal mouth. Maxillae extend 

past posterior margin of the eye. Dentaries are long. Large, robust teeth are present on the 

dentaries, premaxillae, and maxillae as well as on other mouth elements such as the 

tongue. There does not appear to be any extension or other modification in the tissues of 

the upper jaw, but the presence of a firm node of connective tissue at the symphysis of the 

lower jaw may be suggestive of a developing or of a poorly developed kype. 
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Figure 2.34- Fleshed Oncorhynchus clarki UW 028776 (a) head and (b) lower jaw. 

 

CMNFI-1973-0393.1 (fleshed); Figure 2.35; pre-spawning, unsexed 

Once again, the head is relative small, with eyes even larger than those seen in UW 

028776. Maxillae extend to posterior of the posterior margin of the eye. Dentaries are 

shorter than was seen in UW 028776 and do not extend as anteriorly as the maxillae. The 

lower jaw lacks the node of soft tissue seen in the other fleshed O. clarki specimen. There 

is also a lack of any evidence of modification in the tissues of the upper jaw. Thus, it 

would appear that this specimen does not have a kype. 

 

a b 
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Figure 2.35 - Fleshed Oncorhynchus clarki CMFI -1973-0393.1 (a) head and (b) lower jaw. 

Oncorhynchus mykiss 

UW 016073 (fleshed); Figure 2.36; immature, unsexed 

The head is small, squat, and rounded anteriorly. A terminal mouth is relatively large, 

though smaller than seen in other Oncorhynchus species. The maxillae extend to the 

posterior margin of the rather large eye. Teeth are present on upper and lower jaws, 

tongue, and vomer, but are small. The jaws have a blunted appearance and are relatively 

short. There does not appear to be any modification in the upper or lower jaws that would 

suggest the presence of a developing kype. 

 

a b 
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Figure 2.36 - Fleshed Oncorhynchus mykiss UW 016073 (a) head and (b) lower jaw. 

 

Oncorhynchus mykiss aguabonita 

UW 015967 (fleshed); Figure 2.37; spawning female 

Once again, the head is small and has a squat, rounded appearance. The mouth is 

somewhat larger than in UW 016073, with maxillae extending posterior to the posterior 

margin of the relatively large eye. However, the jaws are relatively short. The lower jaw 

is somewhat longer than the upper jaw, resulting in the appearance of an ñunderbite.ò 

This longer dentary and a minor build-up of soft tissue at the symphysis of the lower jaw 

may suggest the presence of a kype, but if a kype is present, it is not very pronounced.  

Relatively small teeth are present on upper and lower jaws, tongue, and vomer. 

 

a b 
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Figure 2.37 ï Fleshed Oncorhynchus mykiss aguabonita UW 015967 (a) head and (b) lower jaw. 

 

Oncorhynchus kisutch 

UW 015091 (fleshed); Figure 2.38; pre-spawning female(?) 

The head is relatively large and conical. Though the upper jaw is slightly blunted, it is 

without the fleshy, blunted snout seen in even non-spawning males of this species, 

suggesting that this animal is a female.  The terminal mouth is large, with maxillae 

extending past the posterior margin of the moderately large eye. Well-developed, sharp 

teeth are present on the dentaries, premaxillae, maxillae, tongue, and vomer. Connective 

tissue masses are absent from the upper and lower jaws, and there does not appear to be 

any modifications to the anterior jaw tissues suggestive of a snout or of a kype. 

 

a b 
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Figure 2.38 - Fleshed Oncorhynchus kisutch UW 15091 (a) head and (b) lower jaw. 

 

CMNFI-Z000804 (defleshed); Figure 2.39; spawning male 

The dentary and maxillae are large and long, with well-developed, sharp, posterior 

oriented teeth. The thin maxillae exhibit a slight curvature. The dentary is also relatively 

thin and delicate looking posteriorly, but thickens anteriorly, where the smooth bone of 

the compact dentary give way to the honey-combing features of a well-developed kype. 

The kype is associated with large, sharp, robust teeth as well as rough, spongy textures on 

the bone itself. 

 

a b 
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Figure 2.39 - Defleshed Oncorhynchus kisutch CMNFI -Z000804, right dentary in (a) medial and (b) lateral view. 

 

Oncorhynchus tshawytscha 

UW 015893 (fleshed); Figure 2.40; pre-spawning, unsexed 

The head is small and somewhat conical. This individual has a large, terminal mouth, 

with maxillae extending posterior to the posterior margin of the eye. This animal has long 

jaws, with dentaries extending further forward than maxillae. Teeth are not very large, but 

are robust and sharp and are present on the dentaries, maxillae, premaxillae, and tongue. 

There is no connective tissue build-up or other morphological features suggestive of a 

kype. 

 

a 
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Figure 2.40 - Fleshed Oncorhynchus tshawytscha UW 15893 (a) head and (b) lower jaw. 

 

Oncorhynchus keta 

UW 13664 (fleshed); Figure 2.41; pre-spawning male 

The head is small and narrow, with an overall conical shape. The mouth is terminal and 

large, with maxillae extending posterior to the posterior margin of the eye. The dentaries 

may be longer than the maxillae, but it is a subtle difference. Sharp, relatively small teeth 

are present on the jaws, tongue, and vomer, though these teeth are larger towards the 

symphysis of the lower jaw. There is not, however, any evidence of tissues or 

modifications suggestive of a kype on either the upper or lower jaws. 
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Figure 2.41 ï Fleshed Oncorhynchus keta UW 13664 (a) head and (b) lower jaw. 

 

Oncorhynchus gorbuscha 

UW 16027 (fleshed); Figure 2.42; spawning male 

The head is large, conical, and nearly triangular. The terminal mouth is large, with 

maxillae extending well posterior of posterior margin of relatively small eye. Jaws are of 

equal length and each displays relatively large, sharp, well-developed teeth. Teeth are 

also found on the tongue and vomer. Teeth on the dentaries increase in size anteriorly, 

where an anterior extension of the jaw displays a well-developed kype. This kype is 

paired with a large, curved snout on the upper jaw, which also bears large teeth. 

 

a b 




