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ABSTRACT

The aim of this study, which is mainly osteological, is to clarify
the status of the genera Cristivomer and Salvelinus. A morphometric and
meristic sﬁudy in conjunction with osteology was used to assess their
phylogenetic relationships with other genera of Salmonidae.

About 390 specimens of adult and adolescent fish and 268 eggs and
fry were examined.

Presently, seven genera are recognized in Salmonidae. The genus
Cristivomer is separated from Salvelinus because of the shape of the
supraethmoid, supramaxilla, subopercle, vomer, lingual plate, and
caudal fin, and also the high number of pyloric caeca, presence of pearl
organs, and breeding behaviour of the former.

In the genus Salvelinus, S. alpinus (including various forms),

S. malma, and S. fontinalis are distinguished. 3. alpinus ogquassa,

previously known as S. marstoni, is considered a subspecies of 5. alpinus.
The two previously desisnated species S. oquassa and S. aureolus are

synonymized with 5. a. oquassa. Se timagamiensis is reduced to a sub-

species of S. fontinalis.

The genus Salmothymus is maintained.

The genus Cristivomer is more generalized than Salvelinus. The
species S. malma is intermediate between S. alpinus and S. fontinalis.

For the first time a detailed osteological study of C. namaycush
and several forms of Salvelinus 1is undertaken, and their relationships

assessed.




THTRODUCTION

The family Salmonidae includes salmon, trout, and char. They
are coldwater fishes of the Worthern Hemisrhere and stay throughout
their lives in fresh water or grow in the sea tut return into streams
to spawn. The fishes of this family are of greatest importance to
the commercial fisherman and to the angler.

The systematics of the genera and species in the family
Salmonidae is complex and controversial. It has received considerable
attention from morphologists, osteologists, ecologists, behaviourists,
and more recently, geneticists and biochemists., Different criteria
have been used to separate various taxa., ZFrequently, species, rarely
genera, have been created or deleted. This unstable situation is
possibly the result of the paucity of organized studi;s.

The aim of the present study, which is mainly osteological
and morphological in nature, is to clarify the status of the genus
Cristivomer. An attempt is also made to assess the status of the Horth
American species of the genus Salvelinus,

The order Isospondyli (Regan, 1909; Jordan, 1923) was renamed
as Clupeiformes (Berg, 1940). Goodrich (1930) preferred the ending,
-formes for the suborders. A few important characteristics of the
order are: the Weberian appsratus is absent, the upper jaw is bordered
by the premaxilla and the maxilla, the scales are cycloid, and the
caudal fin is homocercal, This order is divided into several sub-
orders. The suborder Salmonoidei (Gosline, 1960) concerns us here.

The fishes of the suborder Salmonoidei are soft-eyed teleosts and

}mjnw

Hreonenys

s rot et mmsrrnaesase AR L LD

d
b2 R ST



-

-2 -

are usually defined by the presence of an adipose fin, parapopnyses
not co-ossified with the centra, the neural and haemal arches of the
caudal fin skeleton laterally compressed, and oviducts absent or
incomplete (egan, 1913; Gosline, 1960)., The 3almonoidei includes

the salmons, trouts, chars, whitefishes, graylings, smelts, and other
related fishes. nerg (19LC) has listed twelve families in the sub-
order Salmonoidei, but revisions by Chapman (15Lla, 194ib, 1%h2, 19L3)
and Hubbs (1953) have reduced this number to 7: Salmonidace ,
Argentinidae, Osmeridee, Salangidae , Retropinnatidae, Aplochitonidae,
and Plecoglossidae.

Some imporbant characteristics of the family Salmonidae are
the presence of the 3 upturned caudal vertebrae, orvitosphenoid
(rarely absent), suprapreopercle, basibranchial plate, developed teeth
on the jaws and a few other bones, separation of the parietals,
usually large ova, and the young almost invariatly with parr marks,
The hypethmoid and epipleurals usually, and the dernmospnenotics
essentially, are absent in this family.

Regan (1913) distinguished trouts and chars, whitefishes and
pray lings from all the other members of the suborder by the presence
of 3 upturned caudal vertebrae. The salmonines (salmons, trout, and
chars), coregonines (whitefishes), and thymallines (craylings) are
variously placed in 1, 2 or 3 families. ILoulenger (159%) included
salmonines, coregonines, and thymallings in a single fandly Salmonidae,
Among recent authors ilorden (1961) included the 3 subfamilies
Salmoninae , Coregoninac, and Thymallinaein the fawily Salimenidae.
qcpan (191h) divided Salmonidae inte 2 subfawilics. Salmoninac with

sevarated parietals, smaller scales, and stronger dentition, and

~wwwwwwmwﬂa
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Coregoninsae , which included graylings, with parietals mecting st the
midline, larger scales, and very ueak dentition, Jordan and Lvsrman
(1896), Tchernavin (1923), and Zerg (19L0) included coregonines
within the fanily Salmonidze, bub established a sevarate fanmily
Thyme1lidae for graylings on the basis of the albsence of the orbi-
tosphenoid bone, and a long dorsal fin. Hubbs and Lagler (1958),
Carl, Clemens, and Lindsey (1959), Needham and Gard (1959), and
Vladykov (1963), kept Pacific salmons, trouts and chars, whitefishes,
and graylings well separated and assigned them to 3 distinct
familicc, Salmonidae, Coregonidae, and Thymellidae, respectively,
The family Salmonidae 1s used here in this restricted sense,

In the family Salmonidse , 5 genera are usually recognized:

srachymystax, iducho, Salvelinus (including Cristivomer), 3almo, and

Oncorhynchus., :ounsefell (1962) and Vladykov (1%L and 1963) kept

the geners Cristivomer and Salvelinus separate. The genus Salmothymus

1as recognized by Berg (1908) but legan (192C) amalgamated it with
Salmo, Tentatively, we recoznize the above 5 genera, as well as the
penera Cristivomer and Salmothymus. The zenera Cristivomer and
Salvelinus (North American specics only) are of primary importance
to this study and are discussed in some detail. Some distinguishing
cheracteristics for the genus Salmothywmus are included here., brief
diagnosis and distribution for the remainins genera are provided by
Yladykov (1963),

Cristivomer Gill and Jordan, 187¢. The generic status is
controversial, This genus has a large mouth, The jav articulation
is behind the orbit., Tecth on the shaft of the vomer are absent.

Some guthors include the genus Cristivomer with the genus Zalvelinus.,

ey
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Others distinguish it from the genus 3alvelinus by the raised and
posteriorly prolongated crest of the vomer, the shape of the supra-
ethmoid bone (Kendall, 1919), and the presence of the pearl organs
(Vladykov, 195L). The flanks of the fish in the genera Cristivomer

and Salvelinus have light spots on a dark background. vristivomer

namaycush (.albaun), the only species in the genus, 1is almest always

restricted to the fresh waters of northern iorth America (Vladykov,
1963).

Tn 1792 “‘albaum described 3almo namaycush from the iudson

Bay area, based on the l'amaycush salmon Fennant (1792). In sub-

sequent vears the fish was variously named as Salmo pallidus

Rafinesque (1817), Salmo amethystinus Iitchell (1816), Ssluo confinis

De Yay (18L2), Salmo siscowet Agassiz (105G). In 107€ Gill and

Jordan created a monotypic genus Cristivomer. The fish then acquired

a new name oristivomer namaycush (albaum). Rendall (1919), Stokell

(1951), Zounsefell (1962}, Vladykov (195k3 1963) and Dymond (196L),
are some of bhe more recent proponents of the genus Cristivomer,
Jordan and Gilvert (1683), egan (191L), Kendall (191h), Ffaif (1937),
and Morton and Miller (195L) consicer Cristivomer synonymous with
Salvelinus,

Salvelinus Richardson, 1836, ®efore the establishment of
the genus Salvelinus most of the species which are presently included
in Salvelinus verc deseribed in the genus Salmo. ror earlier
nomenclature of the genus Salvelinus, Jordan, iverrmann, and Clark
(1930) may te consulted, At present American and Zugssian ichthr
olozists consider Salvelinus a distinct zenus. 3Some authors in

“urope, (G.adr, 19L9; Fabricius and Gustafson, 195k ) still consider

-
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it synonymove with Zalmo. The genus Jelvelinus has a large mouth,
The jaw orbticulation is well vekind the orvit. Ihc teeth on the shaft
of tue vomer are absent, and the vomerine and palatine teeth are
usually narrowly separated. 1t is widely distributed acress nortnern
furope , Asia, and orth America and extends inbo the termpcrate zones
in these conbinente | Dymond and Vlalyxkov, 152 Vladykov, 1703), It
is freshwater and anadromous.

Jordan, ivermann, and Clark (1930) have listed 12 species ol
the genus Salvelinus from “ortn America including the Canadian Lrcvice
and Oreenland. .‘cFhail (1541, feels that wost are SynoNymoOus witn

ipinus. Contemporary aubhors deal with 7 forms which represent

4.

aalvelinus alpinug group. The statns of tie chars from the

orth American Arctic and areenland is uncertain, Some vorkers

I3

(rilderbrend, 19L8; lalters, 1553; Jclhail, 1961) prefer to call

o, alpinus conplex, Obhers

this assenblage of Arctic chars the

P

Vladyiov, 195h; tounsefell, 19627 sugzest the use of the single

name S. alpinus for the whole group of fiches until more material is
available, ‘he latter trend of thourht is preferred herc. licrhail
(1961) separated S. alpinus from S. malna becéﬁse of a higher gill
raker count on the lover limo of the first gill arch in S. alpinus;
the ranges for $. alpinus and S. nelme were 12 - 17 ana & - 1h,
respectively., The colour on the dorsal svrface of £. alpinus is
blue, olive-grecn, or brownj the sides are often bright orance or red,
T sea-run individuals the sices are silvery. This species croup

occurs from Alaska, along the Arctic coast, to the iew Inglend states.

Tt is optionally anadronous or adfluvial,

TIPS
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Salvelinus oquasee (3irard)., lhe species status of the vluc-~

bacls char is disputed. It was descrived by Girard in 185h. Jor its
syrnonomy ¥endall (151L) may be consulted., The earlier workers dif-

ferentiated it frow the other chars &y its small, cenical, and

coregonine tyre of head., The mouth is swaller than in 8, fentinalis,

A vluish tint crtends all along the hach., For further differentiating

s

RS e

characteristics lendall (151L), Zverhart (155C; 1950a,, and aters
(1960} may be referred to. These authors feel that 3, ogquassa is a
valid species. Vladykov (195L) telieves that 5. oquassa may be
conspecific with S. marstoni, and Pachus {1957) considers it a
relict population of S, alpinus. It is found in freshwater lakes
of northwestern ‘aine,

Salvelinus aurcolus Dean, 1&CY. The Sunapee cher is a

controversial species, Its synonymy may be obtaincd irom Fendall
(191 ), It was distinsuvished by earlier workers from the blueback
char, its closest relative, by longer maxilla and small to large ovange
or yellovish spobs on the flanks of the body (Jounsefell, 1062),
petueen the Sunapce char and the bluebacl: char, “.aters {(1960) found

daiferences in the numiber of caucal vertebrae, haemal and neural

spines, and some morphological and serological characteristics,

Sisson (1550), Vladykov (195L), and .aters (1540) consifered $. aureclus

a distinct species, vhereas Bailey et al. (1950), Zackus (1957), and
P'clhail (1961) thought it synonymous with S. alpinus. It occurs in
freshwater lakes of Yew Hampshire and Maine.

Salvelinus merstoni Garman, 1893, For its synonyry Jordan

et al. (1930) may ve consulbted., ITls speceilfic status is auestionable,

IS

Vladylkov (19%4) dlstlnvnluhed it from tlie other chars on the basis of

v
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the skeleton of the head and tail, and colouration. Iie considered
it a valid species. However, Bacius (1957) and i'cFhail (1961) re-

garded it synonymous with 8. alpinus. It is distributed in the fresh-

water lakes of the province of -.uebec,

Salvelinus malma (I albaum), -albaum cescribed this specles

N

in 1792, Jordan ¢t al. {1930) may be consunlted for its synorgmy.

An acknowledged species, it is diiferentiated'from the other chars
Lecause of its morphology {Lelacy and :'orton, 19435 orton and iller,
1954 ), the low number of gill rakers (:’cFhail, 1561) and colour dif-
ferences (ilounsefell, 1962), Dymond (1935, 19L7), Carl and Clemens

(1553), and Lindsey (1956) gave it subspeciiic rank, S. alpinus malma,

and consicered it 2 part of the 8. alpinus complex. In Ilorth America

it ranges from northern California to southern Alasia (erhail, 1961).
It is optionally anadromous or fluvial,

falvelinus fontinalis (vitehell), In 161k, itehill des-

cribed this spscies, Jordan et al. (1930) have given its synonymy.

A distinct species, it can be recognized by the truncate tail fin,
precaudal vertebrae fewer than 37, the vomer without a long, raised
crest, and lower fins with a blacik stripe near the leading edge (ilubbs
and lagler, 1958). It is native to eastern and central torth America
(Kubbs and Legler, 1958) and is optionally anadromous, fluvial, or
adfluvial,

o

Salvelinus timagamiensis flenn and inkenbaci, 1525, The

specific status of this fish is not yet definitely determined,
Tnitially it was separated from the other chars on the vasis of the
extremely long maxilla, slight differences in colour, and the shape

of the head. lartin (1540) and Dymond (1947) considered it a

TMRrT—r
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subspecies of S. fontinalis. Vladykov (195L) regarded it a colour

veriety of S. fontinalis. It occurs in the waters of the Timigami
forest in Ontario and is a fresh-water duweller.

Salvelinus agassizii Zarman, 1865, #or its synonomy refer

to iendall (191L). It was separated from £, fontiralis on the basis of
a shorter head, lower dorsal fin, shorter ventral fin, forked tail,
and some colour differences. Hendall (191l1) considercd it a distinct
specics whereas vladykov (195L) thougnt it a colour veriety of S.
fontinalis. It was described from a freshwater lake in lNew llampshire.
This species is now extinct., Unfortunately, we could not get specimens
of this specics for our study.

Salmothymus kerg, 1908, The fish in this penus are character-
ized by a snall to large mouth, The eyes are large as compared to
the genus Salmo. The jaw articulation is located belew the posterior
margin of the orbit., The maxilla reaches to the middle of the orvit
of the eye and has a distinctive shape. Teeth on the lingual plate
are in a series of L - § rovs in S, ohridanus (lladzisde, 1960). Ihe
vomerine and pelatine teeth form a continuous or sometimes inter-
rupted series on the roof of the mouth, Fhere are at least 3 distinct
spceies in this genus, The fish in this genus.éccur in Lzlmatia
and Iake Ohrid {Vladykov, 1963).

The osteology of Salmo (Ktlliker, 1860; iruch, 1861; Jregory,
1933; de Beer, 1937; and Tchernavin, 1737, 19288 ) and Oncorhynchus
(tchernavin, 1937, 193%a; iomura, 19th; Vladykov, 196235 ilikita, 1962)
has been worked out in sufficient detail. >orton and Miller (19%5L),
Yladykov (195L4), and iorden (1941) have done some work on the osteolory,

morpholory, and meristic features of the genera Uristivomer and

¥ ot
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2alvelinus but their account is by nc means complete. For this reason
detailed osteological studiecs of the adult and of the develepmental

staces of the penera Cristivomer and Zalvelinus are undertalken, Jor

comparative purposes the osteology of the genera Salmo (S. gairdperii

4.

only) and Brachymystax (1 of the foreign genera) is also siudied,

The morphometric and meristic feabures of the adult as well as of the
young of several species of the family Salmonidae ars considered as
well,

The present study furthers our cxisting knowledge of the
ontogeny and morphelogy, perticularly the osteolory, of the salmonoid
fishes, In addition, this investigstion helps to assess the
systematics of the genus (ristivomer and the ‘orth American species

of the penus Salvelinus,

Y et Sonyeieed
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MATERTALS , #THODS, AND THERFIRCLLGY

Materials

For the fish used in the present study, the number of eggs,
fry, adolescents and adults are shown in Table 1. Table 2 shows the
localities and sizes of adolescent and adult salmonids studied.

Takle 52 lists the skeletal structures photographed, The sources and
sizes of the egg and fry samples are presented, respectively, in
Tables 3 and L. All the study material is deposited in the Department

of Biology of the University of Ottawa,

Nethod§

Different techniques have been used for the preparation of
skeletal material and for measuring the adult fish and fry. There-
fore the methods are discussed under the separate sections on adult
fish and fry.

For uniform comparisons, skeletal structures of mature (but not
spavning) males were photographed., However we did not lose sight of the
structural differences, if any, found between the males and females.

All morphometric measurements and meristic counts were made
on the left side of a fish., The paired cranial bones, as for instance
premexillae, are usuelly discussed in singular form,

The generic names which are referred to rather sparingly;

such as Salmo and Salmothymus, are written in full, whereas, abbre-
viated "S" is used for Salvelinus only,

Table 5 lists vernacular and scientific names ex tensively used

in text and tables,
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: ’ 1
‘ TABLE 1. The number of eggs, fry, adolescents, and adults of several species of Salmonidae studied,

Ripe eggs Fry Adolescents Adults

Species Sub- Sub-
b (b,0=7,3 mm) (12,2-49.3 mm) total (B87-129 mm) (130-835 mm) total Total
A
i
: Cristivomsr namaycush 19 56 [ - 88 88 163
Salvelinus alpinus alpinus 36 Ll 8o - 21 21 14
2
Salvelinua alpinus oquassa — Quebec - - - - L8 L8 L8
Salvelinus alpinus oquassa = Pushineer .
Leke, Maine” 5 - 5 - 25 25 30
Salvelinus alpinus oquassa - FloodahPond
Maine 5 - 5 - 23 23 28
Salvelinus malma - - - 17 3L c1 51
Salvelinus fontinalis fontinalis 15 42 57 - 217 27 8y
Salvelinus fontinalis timagamiensis 10 20 30 - 20 20 50
Salmo gairdnerii 1k - 1L 9 36 L5 59
Salmo clarkii - 16 16 - - - 16
Salmothyzus ohri.clanue5 - - - - 2 2 2
Hucho hucho - - - 2 3 5 5
Hucho perryl - - - = 7 7 7
Brachmystax lenok - - - 1 5 6 6
GRAND TOTAL i 178 282 29 339 368 650

1xctual numbersof fishes used for the osteologicel, morphometric and meristic characters are shown in other tablea
in the pertinent sections of this paper,

gPreferred common name Quebec red char, This common name is followed in all the subsequent tables,

hPreforred comuwon name blueback char, This common nams is followed in all the subsequent tables,

sPreterred common name Sunapee char, This common name is followed in all the subsequent tables,
Six additional specimens of Salmothymus ohridanus, three specimens of Salmothymus obtusirostris,
and three specimens of Salmothymus letnica were also examined less intensively,

s
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TABIE 3. Localities with their code lettersfrom which eggs and fry of different 3almonidae were obtained,
In this, and also in Table |, the following abbreviations are used: Fer, - fertilized eggs; Un, — unfertilized
egga; -, indicates absence; +, indicates presence,

Locality Stage Remarks
Abbre- Eggs reared at Received
viations Place Area Eggs Fry Ottawa University preserved
C.namaycush
A Atikaneg Lake Manitoba Un, - - +
B Tremblant Lakel Quebec Fer, - + -
c Weat Buxton Hatchery Maine, U,S.A. - + - +

§_.§_.812:Lnus

D Ferguson Lake, Victoria Is, Northwest Territories Un, - - +
2

E Sakeska Lake Quebec Fer, - + -

F Travers Lake Quebec Un, - - +

S.a.0quassa - Pushineer Lake

¢} Pushineer Lake Maine, U,S.A. Un, - - +

S.a.oquassa - Floods Pond

H Floods Pond Maine, U.S.A, Un, - - +
§.£.fontinalis
2
I Assinica Lake Quebec Fer, - + -

Sef.timagamdensis
J Hill Lake Hatchery, Charlton Ontario - + - +

K Whirligig Lake Ontario Un, - - +

Salmo gairdnerii

L Gold River, Vancouver Is, British Columbia Un. - - +
Salmo clarkii
M Cultus Lake Hatchery British Columbia - + - +

IEgga from the parent stock were fertilized on November 20, 1961, at the lake and reared up to the eyed stage
t St., Faustin Hatchery, bafore they were sent to the University of Ottawa,

ggs were procured from the hatchery stock at St. Faustin on Novemtmr 10, 1961, and were reared thers up to
the eyed stage, before shipping to Ottawa,
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TABIE 5., List of vernacular names for Salmonidae of three genera with their

scientific equivalents extensively employed in text and tables,

The common

names, the usage of which is preferred by the author, are underlined.

NAMAYCUSH: -

e ———————

‘¢ Namaycush, mascamacush, lake char, lzke trout, togue;
« silver laker, laker, lounge, salmon trout, trout,

Mackinaw trout, gray trout, red trout

s black salmon,
touladi, .

- CHARS:

Arctic char, alpine char, red lake char.

Quebec red char, lac de Marbre trout, Marston trout,
Canadian red trout.

Blueback char, blueback trout, blueback, quasky,
red-spotted trout.

Sunapee char, Sunapee trout, Sunapee-lake trout,
golden trout, white trout,American saibling

Dolly Varden char, Dolly Varden, Dolly Varden trout,
malma trout, Oregon char, bull trout, red-spotted
trout.

Brook char, speckled char, eastern char, brook trout,
eastern brook trout, salmon trout, red-bellied trout,
red-gspotted trout, squaretail trout.

Aurora char, aurora trout,

rainbow trout, salmon
trout, Tand-locked salmon,

PACIFIC TROUTS:

Rainbow trout, steelhead, steelhead trout, brook trout,
salmon trout, Kamloops trout.

Cutthroat trout, cutthroat steelhead, Columbia river

trout,

CRISTIVOMER

C. namaycush

SALVELINUS

S. .2lpinus alpinus

S. alpinus oquassa -
Quebec population

S. alpinus oquassa =-
Pushineer Lake, Maine
population

S. alpinus oquassa =
“Floods Fond, Naine
population

§o malma

Se fontinalis fontinalis

S, fontinalis timagamiensis

SALMO (PARASALNO OF
VLIDYXOV, 1963)
Salmo gairdnerii

Salmo clarkii
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Preparation of skeleton. lor Arerican Salmonidac, only fresh or

{rozen specimens were used for the preparation of skeletons, Foreign
specimens, which were received preserved in formalin or alcohol fram
the various museums, were dissected but left intact, and were stained
by alizarine red S for study., The preperation of a salmonid skelston
is tedious and requires special care. Usually, skeletons from adult
{ish were prepared according to the recommcnded technique of Vladykov
(1962), Eowever, the following modifications were made in the pro=-
cedures., Fefore immersing fish in hot water the branchisl apparatus
was removed and placed in 5 forralin for l} -5 hours, Then it was
washed in water for 5 - 6 hours, stained overnight in 2 - 3% KOH
sclution with alizarine red S, and finally stored in 50 = 555 alcohol.
Smaller fish, 12 - 16 cm in total lencth were immersed in fairly
warm water, temperatures between 55°C, and 589C,, in a covered dish
for about 10 minutes, The flesh was removed only from the left side
of a fish vefore it was stained. The flesh remaining on the right
side of the fish helped to keep the skeleton intact. Staining pro-
cedures of Hollister (1936), Yord (1937), and e;pecially Viadykov

(1962) were followed.

icasurements of skeletal parts. 1easurements in mm were made on 17

cranial bones but only the following ¥ bones are used in this study:
supraethmoid, frontal, premaxilla, maxilla, supramaxilla, dentary,

preopercle , vomer, and lingual plate. The caudal skeleton was also
measured, AMAbbreviations: L'LB - represent lengths, W=ty and w-wy -

widths, and H - height of bones.




Supracthmoid (Fig. 1, Ala), and 1, A(b)

L

Frontal (lig. 1, &)

Premaxilla

7
i

H

Total length

Faximum width

(Fig. 1, C)

Faximum width

Faximum height

Vexilla (Fig. 1, D)

4

n

Supramaxilla

L

1

Total length
Iength of body

Iength of head

Maximum width at posterior flat region, a part of the
bene without teeth

e

(Fig, 1,
Total length

Maximum width

Dentary (Fig, 2A)

L

U

Tobal length

Faximum width at posterior end

,
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Maximum lencth at the lateral side; sometimes this is
the total lensth

Length up to fork of bone; sometimes there is no fork
ané this hecomes the maximum length

Haximum width of bone
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Frooe

Preopercle (Fig. 2, B)

L  Total length
W haximum width
Vomer (Fig. 2, C)
I Total length of bone
L1 Combined length of crest
(or dentigerous part of
shaft) and head
W aximum width of bone in
head region
Caudal skeleton (Fig. 3)
11 Length of first uroneural
W wWidth of first uroneural
Lo Length of second uroneural
Ly Length of third uroneural

leasurements of body parts.

- 22 =

Lingual plate (Fig. 2, D)

L

Li

L2

Total length; when there is

no fork, L and Ly are the same

Length from anterior end to
forlk of bone

Distance between end of tooth
row and posterior end of bone

width between lateral
rows at anterior end

Inner
tooth

width between lateral
rows at posterior end

width between lateral
rows at anterior end

Inner
tooth

Quter
tooth

Outer
tooth

Nunber of teeth in lelt
lateral row

width between lateral
rows at posterior end

Number of teeth in middle of

plate

Number of teeth in right
lateral row

liorphometric measurements on adolescent

and adult fish were made in mm with the aid of vernier callipers,

dividers, and a ruler graduated in mm, vl th or without the help of a

dissecting binocular microscope.

These mcasurements were adopted from

Vladykov (195L4) and Hubos aud Lagler (1938).

Fifty measurements were

made on each fish; however, only 18 wost important ones were used for

this

TL

study (Fig. L, A).
Total length

Fork length

Predorsal fin length

Body length from anterior upper end of opercle to fork of tail
Calculated body length, total length less head length

e e

i

I
¢

A
:
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pDF  -Distance from the insertion of the dorsal fin to fork
of the tail

V-A -Distance from the origin of the ventral fin to the
origin of anal fin

pC —Distance from the insertion of the anal fin to fork

: of the tail

D-ad -Distance from the insertion of the dorsal fin to the
origin of the adipose fin

ma-V -Distance from the anterior tip of the lower jaw to
the origin of ventral fin

P-V  -Distance from the origin of the pectoral fin to the
origin of the ventral fin

T -Head length from anterior end of premaxilla to end
of opercle (membrane excluded)
I ~Interortital space

0-p ~Posterior margin of orbit of eye to end of opercls
(membrane excluded) - postorbital distance

jos ~Length of snout from anterior end of rremaxilla to
the front margin of cartilaginous eycball

Mx -~Iength of upper jaw (premaxilla and maxilla combined)

ma ~Length of lower jaw

ma-P -Distance from anterior tip of the lower jaw to the
origin of the pectoral fin

Meristic characters., In most cases counts of the meristic charac—

ters were made on stained specimens, although X-ray radiographs

of foreign Salmonidae were used in some instances. In counting
the pyloric caeca, each caecum was cut off by a pair of scissors
and counted separately. All fin rays, principal and rudimentary,
were enumerated in the dorsal, anal, and paired fins. In the
dorsal and anal fins the last double or single ray was counted

as one. Total counts were made on the following structures:

the pterygiophores in the dorsal and anal fins; the gill rakers

on the first gill arch; the branchiostegal rays; the haemal spines;
the completely and partially ossified ribs, epineurals, and epi-

pleurals. Also counted were the single and paired neural spines

and the number of trunk, precaudal, and caudal vertebrae, The last 3
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upturned vertebrae were counted with the caudal vertebrae. The
vertebrae which did not have well developed parapophyses were con-
sidered as the trunk vertebrae. The vertebrae on which the extended
processes of the ventral parapophyses complete the arch are considered
as the precaudal vertebrac. The vrostyle a cartilaginous termination

of the vertebral column, was not included in the vertebral count,

Bges and Fry

Rearing techniques. For the osteological study of the developmental

stages of different Salmonidae, the eyed eggs of namaycush, of Arctic
char, and of brook char were brought from the St. austin Hatchery,
Juebec, to the Aquarium of the University of Cttawa, Ontario, on
December 16, 1961, The eggs and fry were reared for three and a half
months at water temperaturecs between 9°¢, and 9,59C, Up to April,
1962, embryos and fr& were usually collected at intervals of about

7 days, sometimes more frequently. Unfortunately, on April 5, 1962,
the fry were accidentally killed by a sudden rise in the pH of the
city water.

Some four month old namaycush fry were received from the
test Buxton Hatchery, Maine, Fry of aurora char were sent by the
1511 Lake Hatchery, Ontario, and werc raisecd at temperatures between
L ,LOC, and 7.29C, Cutthroat trout fry were from the Cultus Lake
Hatchery, Eritish Columbia, The unfertilized eggs were collected from
the ovaries of mature females of various species.,

Age in days and total length in mm at the beginning of
ossification of many bones were recorded, However, information is

provided on only 15 skeletal elements.
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torphometric MeasuUTEMENUS on E€fFEs, sac

fry, and advanced fry were made in tenthe of a mm uith the help of a

cross-slide stage (:7i1¢ of Caenada, Ltd.) in conjunction with the

Spencer's dissecting binocular microscope. Lgrs and fyy were magnified

10 X for their measurements. ieasurements of sac Iry (rrolarva of

Lagler et al., 1¢62) and advanced fry are according bo the following

ley
T

schere (Fig. b, B)

TL Total length

ab Fredorsal fin leﬁgth

aV Preventral fin length

ail Preanus length

T Iength of head

H Haximom AEpth of body, at posterior end of yolk

sac where it joins the body

0 Horizontal diameter of eye
13 Length of maxilla
ma Length of lower jaw

veristic characters. Total nunber of rays in pecboral, ventral, dorsal,

and anal Tins, and also the branchiostecgal rays WEre counted., Cb-

servations on the pigmentation of {ry were also made.

Statistical Procedures

The data on morphometric and neristic features for adult

salmonoid fishes were subjected to the analysis of variance by using

the DxZ2 method of classification as adopted by Steel and Torrey (1960).

Ey this treatment the effects of the groups (spzcies and subspecies

of fish), sex, and their interactions were considered. Cne per cent

E
t
i
:
i
i
3
kd
)
!
!
i
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level of significance was preferred, Only the effect of the groups,
tut not the sex, showed significant differences at 1 per cent,
Vhenever the I' values were found significantly different, the means
for a particular character for various groups were compared among
themselves with the help of the Duncan's (1255) new multiple F range
test as modified by Kramer (1956) for unequal subclasses.

4 slight modification of Duncan's method for the presenta-
tion of the data is made, The various species or subspecies are
separated into groups (of varying number )} according to the signi-
ficance of the differences between parameter means, as for example
Table 20,

The coefficient of difference values {C.D.) for several
meristic characters of adult fish were calculated as prescribed by
tiayr, Linsley, and Usinger (1953), If the resultant value of C,D,

for a parameter between the two populations was higher than the con-

ventional value of 1.28, only then the two populations were consicered

for subspecific ranking.




(1932),

Perminology

ilany authors such as Pegan (1510), ZJoodrich (1930), iregory

Zollister (1936), Tchernavin (1937 and 19388% Berg (19L0),

Gosline (1960), iliorden (1$61), and Vladykov (1954 and 1962) have

worked on Salmonidae or closely related families and have used vari-

form terminology.

In this study the terminolcgy corresponds with that

of ilorden (1961), who has given the definitions and synonymy for

skeletal elements,

drawings and photographs is as follows:

A
AC
WR
35
s

M3y

Angular

Actinost

Anal fin ray
Basibranchial
sasihyal
Basioccipital
£asibranchial plate
Basipterygium
Branchiostegal rays
Hasisphenoid

Centrum of vertebra
Ceratobranchial
Coracoid

Ceratohyal

Cleithrum
Coronomeckelian
Dentary (D inside view)
Dorsal fontanelle
Dorsal fin ray
Bpural

Epibranchial
Yctopterygoid
Epibyal

lixpanded haemal spine
Epineural

kxpanded neural spine
¥xocecipital
Epipleural

Eplotic
Extrascapular

The list of sbbreviated designations used in

frontal

Foramen magnum
lypural

Haemal arch
Hypobranchial
Hypethmoid
Hypohyal

Haenal spine
Hyomandivular
Interhyal
Interneural
Infraortital
Interopercle
Lachrymal
Iingual plate
Lower pha»yngeal plate
Faxilla (if inside view)
ieckel's cartilage
Fesopterygoid
lesocoracoid
Letapterygoid
khasal

reural arch
leural spine
Opercle
Cpisthotic
Orbitosphenoid
Parasphenoid
rarietal

Palatine
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PAP
3

0
TPoFR
Py

L

Parapophysis SC
Pharynrobranchial SCL
Postcleithrum SE
Pectoral fin ray Sl
Prefrontal , 50
Premaxilla (P inside view) 8¢C
Postorbital SCP
Preorercle SP
Postzygaporhysis SFO
Palatoquadrate SY
Prootic U
Prezygapophysis Uil
Pterosphenoid

Posttemporal UFP-
Plterygiophore 1 andg 2
Pterotic us
Quadrate v
Ribs Vi
Retroarticular VIR
Scapula

Sclerotic bone
Supracleithrunm
Supraethmoid
Supramaxilla
Supraorbital
Supraoccipital
Subopcerele
Suprapreopercle
Sphenotic
Symplectic
Urohyal
Uroneural, three
to four plates

Upper pharyngeal plate

Urostyle

Vomer

Vertebra
Ventral fin ray




ADULT FISH

Osteology

The ostzology of the adult namaycush has teen discussed under i
separate sections: skull, median fins and appendicular skeleton, and axial |

1

skeleton.

Skull

The Olfactory Region !

In Cristivomer namaycush the olfactory region is triangular in

shape. The anterior rostral part of it is covered by the supraethmoid.
Laterally the rostrum bears a cartilaginous knob which articulates
anteriorly with the maxilla and posteriorly with the palatine. The
rostrum is a little longer in namaycush (Fl. 1, A and B) than in the ;
genus Salvelinus (Pl, 1, F-y), The slight expansion and depression
in this region forms the olfactory capsule., The anterior tip of the

rostrum is capped anteriorly and laterally by the premaxillae. The

notch at the tip of the rostrum is not visible in namaycush (Pl, 1, A-C).
Its presence is noticeable in the adult Arctic chéf, Juebec red, blueback,

Sunapee , Dolly Varden (more pronounced), and brook chars (Fl, 1, F, H, J-I,

J-2, L, N, and F). In the rainbow trout this notch is deep and distinctive

(PL. 1, R).

Prefrontal. In namaycush the prefrontals are paired bones. A prefrontal

oone is present on e€ach side of the posterior olfactory region and covers

it dorsolaterally (Pl. 1, A and B), The bone is somewhat triangular in

shape. The posterior face of the prefroﬁtal forms the frontal surface

L R P R R PR R S S
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of the orbit. The prefrontal is mainly endochondral. Below the
prefrontal is a second cartilaginous process, the ethmopalatine process,
with which the palatine articulates posteriorly. De Beer (1927)
described this process in Salmo trutta., The olfactory nerve and the
orbitonasal artery reach the olfactory capsule through the foramen

olfactorium advehens of Boker (1913). The cartilage posterior to the

prefrontal is pointed caudad, and covers the orbit anterodorsally. The
position of the prefrontal in several species of the genus Salvelinus

is shown in P1, 1, F-Q, and in rainbow trout in Pl. 1, R and S.

Hypethmoid. The hypethmoid bone in namaycush is always absent. In the
genus Salvelinus it is often found in brook and aurora chars only. About

L0 per cent of the individvals of brook and aurora chars possessed it

presence in brook char but did not comment about it in namaycush. The
hypethmoid is occasionally observed in Salmo trutta, but?glways present

in Coregonidae,

The Orbital Region

In Cristivomer the orbital region is composed of the frontal
cartilage, a cartilaginous interorbital septum, a-pair of orbitosphenoid
bones (may be missing), a pair of pterosphenoids, a median basisphenoid
and two pairsof sclerotic bones., The frontal cartilage is flat in

Cristivomer namaycush and Hucho hucho, but slightly convex in Salvelinus

and Salmo, and connects the ethmoid cartilapge to the taenia tecti medialis

(Pl. 1, N). Its size varied from small to large. Horden (1961) stated its

(median strip of cartilage between the dorsal fontanelles).

bones (Pl, 1, C). The orbitosphenoid was completely absent in about 30

Orbitosphenoid. In Cristivomer the orbitosphencids are paired endochondral

H
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per cent of the specimens (Fl, 1, B). In some adults of namaycush the
size of the bone was greatly reduced. Generally this bone is smaller in
namaycush than in any other salmonoids studied. The bone lies in the
sagittal plane, forms part of the interorbital septum, and meets the
pterosphenoid posteriorly. The orbitosphenoid is surrounded by cartilage
anteriorly, dorsally, and ventrally. The olfactory foramen in Cristivomer
is cartilaginous and the olfactory tract passes through it to reach the

nasal capsule,

In young fishes of the genera Cristivomer, Salvelinus, Salmo, and

Oncorhynchus the orbitosphenocid is a paired bone. The paired condition

persists in the adults of Cristivomer and Salvelinus., Cnly in 1 specimen

(§. a. oquassa) out of the 30 examined for the two genera was the bone
partly fused., In the adults of the genera Salmo and Cncorhynchus the bone
is fused completely and the olfactory foramen is entirely surrounded by
the orbitosphenoid. In the adults of Salmenidae, the orbitosphenoid is
considered to be a single bone by Goodrich (1930), Gregory (1933), Berg
(1940), and ilorden (1961), Our cbservations show that in the genera

Cristivomer and Salvelinus the bone is usually paired.

Pterosphenoid, In Cristivomer the paired pterosphenoids are rounded

and endochondral in origin, and lie posterodoréélly in the orbit., The
pterosphenoid forms the anterodorsal rim of the dorsal fontanelle (Pl, 1,
A). Posteriorly, it comes in contact with the sphenotic and prootic
bones, the cartilaginous sutures secparate these three bones, Ventrally,
the pterosphenoid protects the anterior part of the brain., Dorsally, the

two pterosphenoids are far separated by the anterior part of the taenia

tecti medialis.

PRRR——




- 33 -

Basisphenoid. In Cristivomer (Fl, 1, B) and other genera of Salmonidae
the median well developed basisphenoid is Y-shaped and lies ventrally
to the pterosphenoid. The two oblique arms of the Y are short and
articulate with the two prootic bones on cach sicde of the skvll. The
median ventral arm is about twice as lonz as the lateral arms and is
supported by an ossified projection from the dorsal surface of the
parasphenoid. The basisphenoid is well developed in Thymallidae but

poorly developed in Coregonidae.

Sclerotic. In Cristivomer two semilunar sclerotic bones partly surround

the eyeball and are situated at the front and back of each eyeball.

The Ctic iegion

The chondrocranium in namaycush is best ossified in the otic
region, more so ventrally and laterally. The bones are interspaced
with cartilage and at times meet with jagged sutures. All except the
ovisthotics, and parts of the pterotics and supraoccipitals, are endo-
chondral bones (de Zeer, 1937).

Sphenotic. In namaycush the paired sphenotics are the most anterior
bones (Pl. 1, A and £), Each sphenotic is subconical and strong.

The conical process projects anteriorly., The sphenotic also has a
small posterolateral projection, Laterally it borders the cartilage
of the orbit but is preceded by the pterosphenoid, Dorsally the
frontals cover the sphenotics completely. The sphenotic is bordered
anteromesally by the plerosphenoicd, ventrally by the prootic, and
posteriorly by the pterotic. Only its posterodorsal edge is jégged.
The inner surface of the sphenotic is hollowed out to receive part of

the anterior semicircular canal, The strong levator arcus muscle

originates from this bone., In namaycush, the distance between the
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anterior ends of the two sphenotics is greater than in the specles of
Salvelinus and in rainbow trout,
The positicn of the srhenotic in various spscies of Salvelinus

is shown in PL, 1, F-i, and in rainbow trout in P1, 1, K and S,

Pterotic. The pterotics are paired bones (T1l. 1, A and ) in namaycush.
Anteriorly it articulates with the posterolateral face of the frontal
and receives the canals of the lateral line system from the frontal and
postorbital 3., Dorsally the rterotic forms the ventral margin of the
lateral temporal fossa. Tosteriorly it touches the lateral extra-
scapular bone and the suprapreopercle. Ventrally the pterotic is barely
separa%ed by thin cartilages from the exoccipital and the prootic
(Pl. 1, B and D), The pterotic is fringed and has a serrated edge ,
particularly in the ares where it touches the prootic., Its origin is
partly derrmal and partly cartilaginous. Its outer rortion is described
with the roofing bone§. The deeper endochondral part of the pterotic
fans oul dorsally and ventrally, covering part of the otic capsule,
It meets the sphenotic dorsally, and prootic, and exoccipital ventrally.
Tts endochondral portion is separated from the dorsal fontanelle and
the supraoccipital by an expanse of cartilage, The inner surface of
the pterotic is irregular ana bears a’deep cavity for the lateral
semicircular canal.

The pterotics for several species of Salvelinus are presented

in F1, 1, F-9, and for the rainbow trout in Pl, 1, R and S.

o

tpiotic, In erstivomer, the epioticsare paired and irregularly shaped

bores (Fl. 1, 4, B, and &), The anterior end of the eviotic lies

partly under the parietal. The {ringed costerolateral part touches
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the parietal dorsally, Tts dorsolateral side is separated from the
supraoceipital by a band of cartilage. Ventrally its fringed portion
touches the fringed process of the pterotic. Posteriorly its ventral
surface Joins the exoccipital. The anterior ends of the epiotics
surround the posterior side of the lateral temporal fossa. Its strong
posterior projection is fringed. The epiotics form a part of the
dorsal and posterior surface of the chondrocranium. The posterior
point of the epiotic serves for the attachment of a strong ligament

from the inner surface of the more dorsally directed prong of the post-

temporal,

The position of the epiotic on the skull in the genus Salvelinus

is shown in Fl, 1, F'~i, and in rainbow trout in Pl. 1, R and S, The

- . 0 - LA . . 3
posterior projection of the epiotic ispstrongly developed in Cristivomer

theon h\'fj;*;i .~ Salvelinus and Salmo.

Opisthotic. In namaycush the opisthotic bone is cap-like and covers
the junction of the ptérotic, the epiotic, and the exocecipital on
each side of the skull, It is an intermembranous and completely non-
endochondral ossification., The opistﬁotic is loosely attached to the

chondrocranium and is easily removed.

Supraoccipital. In namaycush the supraoccipital is a median bone and

covers the caudodorsal surface of the cranial cavity (¥1. 1, A and ),
It is somewhat circular in shape, ITts anterior région is fringed and
comes in contact with the posterior fringed regions of the frontals;
laterally it barely touches the parietals (Fl. 2, 1). Laterally and
rosteriorly it is separsted by a band of cartilage from the eplotics.

Posteriorly it is separated from the exoccipitals by a comparatively
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broader band of cartilage (Fl. 1, %). The prominent dermal crest which
arises in the cenbre is directed posteriorly and forms a broad area of

attachment for the protractor dorsalis muscle of the trunk (Green and

Oreen, 1913).
The supraoccipital in several species of the genus Salvelinus
is presented in P, 1, F, H, J-L, ¥, and P, and rainbow trout in

PL. 1, R.

Frootic. In namaycush the rrootics are paired bones. The prootic bone
is the largest bone of the chondrocranium and forms the floor of the
cranial cavity (Pl. 1, B-D), It has 3 wings. The dorsal wing forms
the anterolateral wall of the brain cavity. The second expanded {lange
extends ventrally and encloses the posterior myodome. The third wing
extends to the midline to form the roof of the vosterior myodome.
Anteriorly and dorsally the prootic borders the rterosphenoid, sphenotic,
and pterotic., Fosteriorly it is in contact with the basioccipital and
exoccipital., Anteriorly anc ventrally it meets its fellow member from
the opposite side as well as the lateral projections of the basis-
vhenoid. These two prootics and the basioccipital form the roof,
sides, and floor of the posterior myodome, Three foramina pierce the
lateral side. Through the ventral foramen passes the blood vessel
(de Beer, 1937). Immediately above this is the trigeminofacial foramen.
Anteriorly is the palatine foramen for the palatine branch of the
seventh cranial nerve.

In several species of the genus Salvelinus the description of
the prootic is similar to that of namaycush, 'The location of the bone
in Salvelinus is presented in P1, 1, G, I, K~1, K-2, ¥, 0, ana Q, and

in rainbow trout in Fl. 1, S.

i
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Dasioccipital, In namaycush the tasioceipital bone

is endochondral
and wing-shaped (1, 1, B, C, ang Z), Its anterior flanges are covered

by the parasphenoid ventrally, It is in contact with the prootic
anteriorly and with the exoccipital dorsally. Tosteriorly its cir-
cular part articulates with the centrum of the first vertebra, It

forms the posterior floor of the cranial cavity.

In Salvelinus it is located as shown in Fl, 1, G, 7T, K, M,
0, and 9, and in rainbow trout as in Pl. 1, s.
Exoccipital, In namaycush the exoccipitals are paired bones. The

exoccipital is large and convoluted (Pl. 1, B, G, and &), It forms

the greater part of the posterior region of the cranium, Ventrally

it meets the basioccipital, surrounds the first vertebra, and meets

the occipital condyle, It barely meets its fellow member from the

other side; a cartilaginous strip hinders the fusion, Dorsally it

meets the pterotic and the eriotic., ost of its edges are smooth,

Anteriorly it meets the prootic. The side walls of tie €xoccipital

are pierced anteriorly by the small glossopharyngeal foramen, and
posteriorly by the larger jugular foramen for the vagus nerve, There

is a little space between the two foramina, The: two exoccipitals

cerpletely surround the foramen magnum but a small dorsally placed

cartilage between them prevents their fusionm,

The position of the exoccipitals on the chondrocrania of
several species of Salvelinus is shown in Fl. 1, G, I, K,

and of rainbow trowt in P1, 1, S,

Otoliths. The 3 otoliths in namaycush are similsr in shape and loca-

tion to those of chars and rainbow trout, The sacitta is the largest
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of the 3 otoliths. The otoliths are not discussed in detail,

Dorsal fontanelle, In namaycush a pair of oblong dorsal fontanelles

are present (Fl, 1, A). The anterior end of each fontanelle is

broader than the posterior end. The posterior margin of the fentanelle
is overlapped by the anterior edge of the supraoccipital, The distance
between the anterior inner edges of the two dorsal fontanelles is

about twice the distance between the postericr inner edges. Tcherravin
(19373 1938b) considered the absence of the dorsal fontanelles in adult
Uncorhynchus of taxonomic importance and thought that their absence in

Cncorhynchus was helpful to separate it frem Salmo where they are

vresent, I have observed dorsal fontanelles in adults of O, keta,

0. nerka, and C, kisutch, and founc that thx sizes of the fontanelles
are greatly reduced., iorden {1961) observed the fontanelles in young

specimens of O, keta, C. tshawytscha, and O. nerka, Iorden also

mentioned that the fontalles in nawaycush, chars, trouts, and salmons
particularly in young specimens, are smaller and morc circular than in
either srayling or whitefishes, These fontanelles are separated oy

a median strip of cartilage (taenia tecti medialis) derived from a

posterior extension of the tectum cranii similar to that illustrated

by Saunderson (1935) in the early development of Salmo salar,
Dorsally there are two lateral strips of postorbital cartilage from
the auditory capsule in the otic region.

The shape of the dorsal fontanelles in several species of
Salvelinus is different, Also slight variability is noticed in various
populations of each species, In Arctic and Quebec red chars the
fontanelles are narrow posteriorly. In bhlueback and Sunapee chars

they are roundish. In Dolly Varden, brook, and aurora chars, and also
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in rainbow trout, the fontanelles are oblong.

The median and lateral strips of cartilage are narrowsr in
B g

namaycush than in chars (P1, 1, A, F, E, J-1, J-2, L, ii, and P),

In

rainbow trout the median strip is much broader anteriorly (F1, 1, 2

and the lateral strips are narrower than those of namaycush and chars.

2oofing Bones

The dermal bones which cover the cranium dorsally are: the
single supraethmoid, the paired nasals, the paired ifrontals, the

paired parietals, and the L; -~ 5 pairs oi small extrascapulars,

Supraethmoid. In namaycush this long, narrow, irregular bone lies

anterior to the frontals on the dorsal median surface of the chondro-

cranium (F1l, 2, A). Anteriorly the supraethmoid is rounded but does

not have a knob-like head and fits between the backward extensions

of the premaxillae. Laterally it borders the nasals tut does not

articulate with them. Posteriorly it is conical in shape, indented,

and pointed. It covers about one-fourth of the anterior part of the

frontals,

The shape of the supraethmoid is quite similar in Jristivomer

and Srachymystax (Pl. L, A and ¥). ‘The supractimoid in the genera

Cristivomer, Salvelinus, and Salmo is distinctive (Vladykov, 1963),

In 3alvelinus, the front is rounded and forms a distinct head; the part

of the main body is wider than the head region,

There are also some
specific differences in the shape of the bone among the representatives

of the genus Salvelinus; for example, see Arctic char (Fl.2. ©

.
> -

F1, L, C) and Dolly Varden char (Pl. 2, C; PL. L, G), In wekec red

char (Pl. L, D), blueback char (Fl. L, E), and Sunapee char (L. b, ¥),

the bone is similar, The supraethmoid is similar in brook char

b b AR AR T
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(P1, 2, D; F1, h, H) and aurora char (F1. b, I)., The bone is rmassive
in Dolly Varden char but in other chars it is thin,

In Salmothymus the bone is without a rounded front head;
posteriorly it is not broad and has a slight netch, In Salnio

gairdnerii (P1l. L, J) the tone has a deep cut posteriorly. In

Cncorhynchus the supraethmoid is butterfly shaped without a rounded

front head, and deeply notched posteriorly (Vladykov, 1962).

Horphometric study of the bone shows that the three genera

Cristivomer, Salvelinus, and Salmo can be separated on the basis of

the supraethmoid (Table 6). The mean values for the proportion . g ;
show that they are minimum for namaycush (68.2), and maximum for r;inbow
trout (1L2.9). The mean values for the various species of the genus
Salvelinus ranged between 81,3 - 101,5. The mean values for the pro-

74

portion l%?-p are minimum in namaycush (26.6) and maximur in rainbow
1

trout (93.1). The chars agsin form a separate group,

Nasal. In namaycush the pair of nasal bones are small (P1. i, A) andg
enclose the anterior parts of the supraorbital canals. The nasal
bone lies lateral to the supraethmoid. io notable differences were

found in the nasal bones of the various species,

Frontal. In namaycush the paired frontals are large and triangular
bones covering most of the dorsal surface of the chondrocranium

(r1, 2, A). They also overhang the orbit laterally, Anteriorly the

frontals are secparated by the cartilagénous chondrocranium, The
supraorbital canal of the lateral line system is transmitted through

it directly to the pterotic., At times there is a small gap between

the canals of the frontal and the pterotic bones. Anteriorly the frontal

meets both the nasal and the prefrontal bones laterally, and covers only
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a small portion of the latter bone. It also comes in contact with the
supraorbital 1. Caudolaterally a pointed posterior projection of the
frontal meets the dermal crest of the pterotic. Half of the posterior
margiﬁ of the frontal meets the parietal laterally (Fl. 2, A). The
rest of the posterior margin meets the supraoccipital medially, The
frontals are not fused at the midline but touch each other. The
frontals barely touch the temporal fossa which lies between the pterotic
and the parietal,

In a few species of chams (F1. 2, 3-D) anc rainbow trout (Pl,6, I)
the frontals are not as long as but are comparatively broader than
those of namaycush. The caudolateral projection in chars is not well
developed; it is absent in rainbow trout. Cn the tasis of the general

configuration of the bone, Arctic char and Juebec red char form one

e e e R A4 P e S ARG

group (Pl, 6, B and C), blueback and Sunapee chars another (Pl, &,
D and E), and brook, aurora (still different from brook), and Dolly
Varden chars a third group (P1, 6, F=H), The frontal of Brachymystax
(F1, 6, J) is somewhat similar to that of namaycush. In Salmothymus
the frontal is much longer than broad and differs from that of Salmo.
The mean values of j%?-% are minimum for namaycush (37.4) and
maximum for rainbow trout (52.5). See Table 6; The values for chars
fall in between these two groups. On the basis of the values of W pd
the same grouping may be retained for the various species of chars as
is shown in the previous paragraph. iowever, in various Salmonidae

the ranges for this proportion overlap.

Parietal. In namaycush the paired parietals are rectangular in shape
(P1. 2, A; F1. 6, A). The posterior end of each bone is fringed.

Fach bone forms a major part of the dorsal border of the lateral
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temporal fossa., Posteriorly its ventral surface covers the anterior
end of the epiotic., laterally the parietals meet the supraoccipital,
The two parietsls are separated by the posterior ends of the frontals
and the single supraoccipital and cover a small part of the sikull roof.
These tones are of little importance in the separation of various

chars and trouts.

Ixtrascapular. In namaycush the extrascapular bones consist of L - &

small benes on each side of the skull (Pl, 6, A). The extrascapulars
are located on the posterior region of the skull between the parietal
and the posttemporal, They are tube-like and are not expanded as in
grayling and whitefishes., The extrascapulars overlie and partly hide
the eriotics, parietals, and supraoccipitals., The canal of the lateral
line system which traverses the pterotic enters the lateral extra-
scapular, where it is joined by the supratemporal canal. The combined
canal is transmitted to the posttemporal canal,

The extrascapulars are not important in the taxonomy of chars

and are not included,

Posttemporal. In namaycush the paired posttemporal bones are seen
in part in a dorsal view, These bones are discussed in detail with the

pectoral girdle.

Lateral Bones

The dermal bones which cover the cranium laterally are: the

bones of the upper and lower jaws, bones of the circumorbital series,

and bones of the orercular series,

Premaxilla, In namaycush the premaxilla covers the anterior portion

of the ethmoid region dorsolaterally, and does not come in contact with

et S Sk L0 e e T AT RIS
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its fellow member from the other side (Pl. 2, A). This separation is
more noticeable in old acult specimens, Posteriorly the premaxilla
articulates with the smooth inwardly curved anterior portion of the
maxilla, = The backward ascendins process of tre premaxilla is in
contact with the anterolateral margin of the supraethmoid, This process
is strong and pointed caudad, The premaxilla is somewhat triangular
in shape. Its lateral sides are slightly curved inward. The pair of
premaxillae comprise the anterior end of the upper jaw. To the anterior
flange of each bone a single series of 6 - 8 conical teeth are attached
(F1. b, A and 3). The number of alveoles are included in the count of
the teeth, At times up to 7 teeth are embedded in the conjunctive
tissue around the tooth-bearing flanges. These teeth are not included
in the count. The anterolateral side of the premaxilla, which is in
contact with the supraethmoid, is more inwardly curved than the
posterolateral side which articulates with the maxilla,

The ascending process of the premaxilla is strong and extends

well backward in the genera Cristivomer and Salvelinus, It is longest

in S. malma (Fl. 4, G) and shortest in S.a. alpinus (Fl. L, ©), The
remaining species of the penus Salvelinus fall in between the two
extremes (Pl, 4, D-F, and H-I), In Brachyrystax, Salrothymus (Fl, 3, 1),

and Hucho (Pl, 3, F) the premaxilla is trianguvlar in shape. In 3almo

rairdnerii the ascending process is weak and poorlv developed (Pl. L, J)

and the premaxilla is band-like and teeth are strong in spawning fish,
The ascending process of premaxilla is lost, Teeth on the premaxilla
in Brachymystax are intermediate between those of chars and trouté,
and whitefishes (Pl.;h, K).

1

1
Tgble 7 shows the mean values of 7 ¥ as 78.2 in namaycush and
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6l.6 in rainbow trout. The vd.ues for this proportion in various
species of chars "are. between the two extremes. The values of
Arctic and Sunapee chars overlap, as do those of juebec red and blue-
back chars, and brook and avrora chars, The number of teeth ranged

between 5 and 9 for the various species (Table 8).

liaxilla. In namaycush the maxilla is a <= 1long, massive, slightly
curved bone conprising about three-quarters of the upper border
of the gape of the mouth on each side of the skull and extending
far beyond (about the size of the orbitf%ye) the vosterior margin
of the eye (Fl. 3, A). The anterior end of the maxilla articulates
with the premaxilla on one side and with the palatine on the other
side. Dorsally and laterally it is attached by ligaments to the
lachrymal, the supramaxilla, the bones of the palate, and the bones
of the lover jaw., Ventrally the bone itself bears a single series
of 22 - 30 conical teeth (Pl, L, A4 and B). The teeth are strong but
not as sharp in namaycush as in Salvelinus. There are up to 7 teeth
embedded in the conjunctive tissue lateral to the first series; these
are not included in the count. Teeth on the maxilla are comparatively
smaller than teeth on the premaxilla, About one-seventh of both the
anterior and the posterior parts of the bone are toothless,

The shape of the maxilla in Cristivomer resembles that in

Selvelinus (Fl. 3, 8-D; P1l, L, C-H), except S.f. timaganiensis

(PL. b, I) in which the body of the maxilla is curved dorsally. In

Cristivomer and Salvelinus the head of the maxilla (Fig. 1, D, L) is

long and slightly curved and not in line with the body of the maxilla,
Various préportions for this bone overlap considerably

(Table 7) and do not seem to be of much use in characterizing the
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species. The number of teeth on the maxilla is highest in rainbow
trout and ranged between 20 - L0, The number is lowest in blueback
char and ranged between 13 - 2., See Table 8,

In Brachymystax the head of the maxilla is snort and knob-like,
the body of the maxilla is short and broad from the anterior to the
posterior end, and teeth on the maxilla are weak (Fl, L, ), In the
genus Hucho the head of the maxilla is short, the bedy projects a
little (about half the size of the orbit) behind the eye, it is wider
at the posterior end, and has strong teeth (Il. 3, ). In 3almothymus
the head of the maxilla is short, The body of the maxilla is wide at
the posterior end and reaches to about the middle of the orbit. In
the rosterior half of the maxilla a slight crescent-like depression
is found on the upper margin (Pl. 3, £). In Salmo the head of the
maxilla is not knob-like but straight and in line with the body of the
maxilla. The body of the maxilla is broad posteriorly (Fl. L, J).

The maxitla projects slightly behind the orbit of the eye. In
oncorhynchus the head of the maxilla is straight, not knob-like, and
in line with the body of the maxilla, The body of the maxilla is
straight, slightly or strongly curved upward, not broad posteriorly,

and with strong teeth in spawning fish.

Supramaxilla. In namaycush the supramaxillae are a pair of thin,
narrov bones tapered at both ends (Fl. 3, A). The width of the supra-
maxilla is about the same in the anterior and posterior regions.

Fost of its dorsal edge is smooth while the ventral edge has a few
notches, 'The supramaxilla lies on and partly covers the dorsal margin
of nearly three quarters of the posterior portion of the maxilla,

It is attached by ligaments to the lachrymal, the suborbitals, and




the bones of the palate,

The supramaxilla in the genus Salvelinus is broader at the
posterior end (Fl. 3, B-D) than that of the genus Cristivomer and
covers a little over half the posterior portion of the maxilla. Its
general shape is similar in Arctic, Quebec red, blueback, and Sunapee
chars., However, posteriorly the supramaxilla in ‘uebec red char is
thinner (Pl. L, D) than that in Sunapee char (Fl, L, F), while the con-
dition of the supramaxilla in blueback char is intermediate (R, L4, )
between that of Quebec red and Sunapee chars. The shape of the supra-
maxilla in aurora char (Fl, L, I) is different from that of the other
species of Salvelinus. In rainbow trout (Fl, L, J) the supramaxilla

is shorter than that in the genera Cristivomer and Salvelinus., It is

about half the size of the maxilla and is very broad in the posterior
region,
The shape of the supramaxilla in the genus Brachymystax is

different from that in Cristivomer, Salvelinus, and Salmo. The

supramaxilla in Salmothymus is broad in the middle region and peinted
at both ends (Pl., 3, E). In Oncorhynchus the supramexilla is short
and pointed anteriorly and very broad posteriorly (Vledykov, 1962),

In Table 7 the proportional values of % % in namaycush, chars
and rainbow trout are given., The mean for namaycush is 12,3, Arctic,
Quebec red, blueback, Sunapce, and Dolly Varden chars all seem to fall
in one group. Prook and aurora chars secm to belong to another group,
In brook char this particular measurement (mean 10,8) overlaps with
that of namaycush but the shape of the bone in the two species is very
different; thereforc these fish are considered to belong to two
different proups, The value in rainbow trout is higher than but still

close to that in chars.
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Circumorbital series. It has been peinted out by earlier workers

(Ridewood, 1904 a; Vorden, 1961) that the circumorbital series and in
particular the postorbital tones have little morphological value in a
comparative study. MHowever, Vladykov (1963) pointed out the importance
of the postorbitals in separating the subgenus Parasalmo from Salmo,
Vladykov (195L) has also emchasized the importance of the supraorbitel 2
and lachrymal in the study of chars. In the present study the post-
orbital 1 is found to be of taxonomic importance. The circumorbital
series is made up of 7, occasionally 8, bones encircling the greater
part of the orbit, except for the dorsal part of the orbit which is
bordered by the frontal. »ith the exception of the supraorbitals all

the bones bear a sensory canal in the adult stage.

Supraorbital 1. In namaycush the supraorbitals 1 are s pair of small,

thin, flat bones, slightly curved dorsally. Posteriorly the supra-
orbital 1 comes in contact with the prefrontal. Anteriorly it barely
reaches to the supraorbital 2, and forms the anterodorsal margin of
the orbit., It does not corry the sensory canal (Fl, 3, A; Pl, L, A).

This bone is of no taxonomic significance in chars.

Supraorbital 2. In namaycush the supraorbitals 2 are a pair of narrow

and inwargly curved bonmes (Fl. 3, A; F1. L, A). The surraorbital 2
forms a part of the anterior margin of the orbit and the posterior
margin of the nasal capsule, Its ventro-anterior pointed arm comes in
contact with the anterior rounded edpe of the lachrymal. It does not
carry the sensory canal,

This bone in namaycush (P1l. L, A) differs slightly in share
from those in other’chars (F1, L, ¢-I) and rainbow trout (Fl. L, J).

In the last two sroups it ic smaller, broader, and more compact than
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that of namaycush, However, too much importance should not be attached

to this bone as its shape is variszble.

Lachrymal, In namaycush the lachrymal is a distinctively largce bone on
each side of the skull and carries a sensory canal (Pl. 3, A; P1, L, A).
It is round at the anterior end and tapers caudad. The posterior
pointed end has a notch into which the infraorbital bone fits. It
forms part of the anterior and ventral orvital rim and lies just above
the maxilla. A small dorsal projection of the maxilla comes in contact
with the anterior rounded edge of the lachrymal. After entering the
lachrymal the infraorbital canal of the lateral line system branches
into 6 - 8 very short canals that open ventrally through external pores.

Slight variations in the shape of the bone are noticed in
namaycush and other salmonoids examined. For several spécies of the
genus Salvelinus its shape is presented in Fl, 3, B-D, and P1l. L, C-I,
Its shape in rainbow trout (Pl. L, J) is different from that in

Salmothymus (Pl, 3, G),

Infraorbital. The infraorbitals are a pair of long, thin bones in
namaycush. The anterior end of the infraortital is narrow and projects
veneath the posterior end of the lachrymal (Pl.'j, A). The sensory
canal is present and opens externally by means of L - 7 pores. It
articulates posteriorly with the postorbital 1.

The bone in namaycush (Pl. L, A), chars (Fl. 3, B-D; F1, L, C-I)

and rainbow trout (Pl. 3, J) is reasonably similar.

Postorbital 1. In namaycush the postorbitals 1 are a pair of thin

and plate-like bones (Pl 3, &5 P1. b, A). The anterior end of the

postorbital 1 is somewhat elongatcd and lies over the posterior part
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of the infrsorbital. Its ventrolateral margin is curved. K Tts uprer
margin is nearly straisht and is in contact with the vostorbital 2,
Tts posterior edge is fringed but does not bear a notch, The sensory
canal.has 1 - 2 openings which face cauvdad. Usually the postorbital 1
is about the same size as the vostorbital 2 (¥l. 3, A).

in the case of Arctic Pl, 3, U3 P1. L, C), Juebcc red, blue-
back, and Sunapee chars (PL, li, D-¥) there is a notch near the upper
posterior margin of the bone. The shape in broock and aurora chars
(P1. 3, D; P1. L, ¥, and I) is slishtly different from but close to
that of Arctic char. The shane in the Dolly Varden char (Fl. 3, O
Pl, b, 1) is still different, In rainbov trout the postorbital 1
(P, L, J) is larger and dissimilar to that in chars and namaycush,

Tn the renus Salvelinus the postorbital 1 is the longest of the 3

{occasionally L) postorbital bones.

Postorbital 2. The postorbitals 2 are a pair of plate-like bones

(1. L, A) in namaycush., The posterior edge of postorbital 2 is
fringed., The sensory canal opens with a single pore, ‘The postorbital
2 is about the same size as postorbital 1 in namaycush but in chars

it is broader than the postorbitals 1 and 3.

Postorbital 3. In namaycush the postorbitals 3 are the smallest of

the postorbital series. (On rare occasions there are L postorbitals,
See PL. 3, A). TIts upper posterior edge is curved outward.

orsally this bone articulates with the frontal and pterotic bones;
ventrally, with the postorbital 2, Usually the sensory canal has no
opening on the bone, and is transmitted directly to the lateral line
canal system in the pterotic.

Tn namaycush all the postorbitals border the posterior margin
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of the orbit. They extend about one third across the cheek and do

not reach the preopercle (Fl. 3, A). In the genus Salvelinus the post-
orbitals extend halfway or more across the cheek (Pl. 3, 5-D). In
Brachyﬁvstax (P1. 3, B) and lucho (Fl, 3, F) the gap between the post-
orbitals and the preopercle is slightly larger than that in namaycush,
In 3almothymus (PL. 3, %) the distance tetween the postorbitals and

the preopercle is smaller than that in Salvelinus. The postorvitals

do reach the preopercle in Oncorhynchus (Tchernavin, 1938a).

-

Dentary. In namaycush the dentaries are paired bones and form a major
support to the lower jaw (Pl, 3, A; Fl, L, 8; P1. S, A). The posterior
end of the dentary is & - shaped. The anterior ends of the two dentary
bones meet in a loose symphysis. The upper limb: of the dentary is
shorter than the lower limb and bears a single row of 17 - 20 teeth,
The alveoles are counted with the teeth. About oneg tenth of the
posterior edge of the upper limb does not bear teeth., Also present

are 2 - 0 weak teceth in the conjunctive tissue teside the above
nentioned row of teeth, These are not enumerated with the total count
of teeth, The size of the teeth is slightly variable. In namaycush
the teeth are quite strong, have wider bases and are not sharp as com-
pared to those of chars and rainbow trout. Cccasionally the most
anterior and posterior teeth are somewhat smaller in size. The posterior
teeth in namaycush arc attached to the dentary. The upper posterior
limb of the dentary connects with the back end of the maxilla by a

fold of skin and ligaments and draws that bone into a slanted position
as the lower jaw is depressed, thus widening the gape. The longer
lower iimb encloses the sensory wandibular canal but does not touch

the quadrate as it does in grayling. 'he canal of the lateral line

{
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system has 7 ~ 9 openings, The crotch of the dentary completely

envelops about one third of the angular bone. The ileckel's cartilage

is almost entirely enclosed by the dentary,

The posterior £ - shaped end of the dentary has a muck decper

notch between the two arms of the £ in chars (except Dolly Varden)

than in namaycush. There are slight variations in the shape and size
N g

of the notch among different chars (Fl. 5, C-I). The notch is deep in

rainbow trout (Fl. 5, J) and Brachymystax (Pl. 5, K). The tooth-

bearing area in rainbow trout is smaller than that in chars, In the

mature males of Salmo cairdnerii the anterior end of the dentary is

slightly developed into a hook (Fl. 5, J).

The shape of the dentary

the dentary in this fish has a much longer ventral arm,

Table 7 shows the values for various proportions in namaycush,

chars, and rainbow trout. The number of pores of the sensory dentary

canal is highest in némaycush (mean 8,0), Tith respect to the number

of pores, Arctic, ‘uebec red, Sunapee, and blueback chars appear to

form one group. Of these, the first two and the last two are closely

related. See Table 9.

Angular, 1In the lower jaw of namaycush the pair of angulars are the

second largest bones (Pl, 5, A), The development and origin of the

angular are controversial (de Beer, 1927). It has been called the

articular by some workers. ierg (1940), and Lekander (1949) prefer to

call it the anpular. ‘the angular arises in part as an endochondral

ossification at the posterior end of the leckel's cartilage, but most

of it is intramembranous. This bone is thin andg toothless, It is

narrow anteriorly and slips into the dentary. It is arched in cross

in Brachymystax is noticeably different from that in tre other salmonids;
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TABIE 9. Total number of pores on the canals of the lateral line system
of 3 cranial bones of different Salmonidae.

i
Y s ot

C.namaycush

§_.§-_.alginus

S.2.0quassa - Quebec

Se.3.04uassa - Pushineer
Lake, laine

S.2.0quassa ~ Floods Pond,
laine

Semalma

S.f.fontinalis

Se.f.timagamiensis

Salmo gairdnerii

Denvary

e

1T-9
(8.0)

Preopercle
5 -1
(8.0)

6 -8
(6.6)

5-17
(6.0) .
5 -1
(5.8)
6 ~8
(6.5)

5-7
(6.14)

7-8
(7.1)

Frontal

5 =10
(7.9)

6~ 8
(7.4)

6 -1
(7.5)

6 -9
(7.9)

6 -9
(7.6)

6 -8
(6.k)

8 -10
(8.5)

7 -8
(7.8)

7 -8
(7.3)
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section throughout most of its length, The zrooves on its mesial sur-
face are occupied by *eckel's cartilaze. The angular is thick and
massive posteriorly and its hind edge is straight. The angular has a
transverse depression on its upper surface which is deeper posteriorly.
This depression articulates with the ventral bar of the quadrate.

The dentary canal occupies the outer face of the angular and has 2 - 3
openings. The upper margin of the angular is connected to the maxilla
and preopercle by ligament.

The shapec of the angular in namaycush (Il. 5, A), several
chars (Pl., 5, C~I), and rainbow trout (Fl, 5, J) is similar. In
Brachymystax (Pl. 5, K) it is broad anteriorly and differs from that
in other Salmonidae; the shape being intermediate between whitefishes

and chars and trouts.

Retroarticular, The retroarticular in namaycush is somewhat tri-

angular in shave (PL, 5, A). It is located at the posteroventral
corner of the angular, It is easily separable from that bone, and
is mainly of dermal origin although it does have a small core of
endochondral material, It is shown for a few chars in Pl, 5, E and

3-I), and for rainbow trout in P1l. 5, J.

Cronomeckelian. In namaycush the cronomeckelians are a pair of itri-
angular bones of dermal origin. The cronomeckelian is located on the
mesal surface of the anpgular and loosely attached to the lleckel's
cartilage. It provides for a part of the insertion of the adductor
mandibularis muscle and, according to Ridewood (19CL ) is an ossified
tendon, At times it can be seen through the translucent dorsal surface

of the angular,




Freopercle, In namaycush the preopercles are a pair of bones (T1,6,A), The

preopercle does not belong to the opercular series (Ridewood, 19Ck- ;
Hubbs, 1919). The preopercle is considered to belong to the orbital
seriss by didewood (1904 ) and Testoll (1937). It carries the sensory
preopercular canal, wiich in namaycush has 5 - 11 external pores
(Table 9). The preopercle in namaycush is narrov  at the top but
expended at the bottom. The anterior margin of the preopercle is
gently curved, offers a large area for the articulation of the large

adductor mandibularis muscle, and has a prominent bony lnob in the

middle., The horizontal arm is about one fourth the length of the
vertical arm, It is attached by strong facia to the corner of the
lover jaw and the quadrate. The preopercle alsc comes in contact with
the symplectic and the hyomanditular underneath it. Anteriorly it
does not touch the postorbital bones as in the acdult (ncorhynchus,

Thymallus, Coregonus, and Frosopium, At the upper end the suprapre-

opercle is attached to it. The sensory canal which runs the o of
opercular length passes through the suprarreopercle before entering the
pterotic, )

In chers (Fl, 3, 3-D; Fl. 6, ~E) and rainbow trout (¥l. 6, I)
the preopercle is also gently curved but is broa&ér toward the upper
end, In Drachymystax (Fl, 6, J) and Salmothymus (Fl. 3, &) it is
more curved than in chars. The preopercle is prominently arched in
Hucho hucho (P1l. 3, #),

The % /s value in Table 6 shows that in namaycush the mean value
is minimum (25,2). In chers and rainbow trout this valve is definitely

higher than that of namaycush and lies between 29,6 and 35,3,

Suprapreopercle., In namaycush the supraprecopercle is a small tube-lilke

I
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bone ond carrics a sensory canal of the lateral line system on each
side of tie skull., The canal has a single opening at about the middle
Qf the bone. 'The suprapreopercle lies between tﬁe upper tip of the
preopercie and the pterotic, and makes a sensory connection between
these two bones throuch its canal (Fl. 3, A; ¥1. 6, A). It is present
in the family Salrnonidae but absent in Thymallicae and Coregonidae,

The suprapreopercle is of no significance in separziing various chars

(F1, 6, B-H), and rainbow trout (Fl. 6, I).

(percular series. The opercular series incluce the opercle, the sub-

opercle, and the interopercle, as well as the expanded branchiostegal
rays (Hubbs 1919). IlcAllister (196Li) includes the opsrcular bones

with the branchiostegal series.

Cpercle. In namaycush the opercles are a pair of thin, somewhat

rectangular bones and cover the dorsal half of the gill arches (F1. 3, A;

Pl. 6, A). Anteriorly the opercle is partially overlaid by the pre-

opercle, It partly covers the subopercle asnd the interopercle at the

anteroventral end. Anterodorsally it comes close to the suprapreopercle.
The opercle is slightly broader dorsally in Arctic, Juebec

red, Sunapee , and blueback chars (Fl. 6, D-E) and'is different from

that of namaycush, Dolly Varden, brook, and aurora chars and rainbow

trout (Fl. 6, A, and H-I). In Brachymystax it is quite broad dorsally

(PL, 6, J).

Subopercle. The subopercles in namaycush are a pair of btones., At
the time of ossification the subopercle resembles a branchiostegal ray.
Later it develops posteriorly and acquires the shape of a plate,

Anteriorly its long dorsally pointed projection is covered by the

s - e Aoy

b



-59 -
preopercle., Vhen the gill cover is closed the subopercle covers the
anterior part of the cleithrum, Ventrally the subopercle partly
covers the posterior branchiostegal ray (Fl. 3, A).

The shape of the anterior margin and the hook-like process of
the subopercle (Fl. 6, A) in namaycush is narrow and distinctive from
that in all the other Salmonidae.

Tn Salvelinus (Fl, 6, 3-H) and rainbow trout (¥l. 6, I) it is
somewhat similar. The subopercle in Brachymystax (F1, 6, J) is inter-

mediate between that in whitefishes and chars,

Interopercle. The interopercles in namaycush are a pair of thin,
smooth, and somewhat rectangular bones (Fl. 6, A), The interopercle
covers the lower part of the gill region, It originates and ossifies in

the fashion of the branchiostegal rays. Ridewood {190La) considers it

to belong with the preopercle rather than with the branchiostegal series.

tubbs (1919) and McAllister (196L) include it with the branchiostegal
series because it does not carry a sensory canal. Ventrally the
interopercle partly covers the last 3 - Ly branchiostegal rays. Foste-

riorly it overlaps to some extent the anterior edge of the subopercle.

Dorsally the interopercle is partly covered by the preopercle (Fl, 3, A).

The interopercle in auvrora char (Fl, 6, H) is slightly dif-
ferent from that in other chars and in rainbow trout (1. 6, 13-, I).
Tt is rather an unimportant bone for the separation of the chars and

trouts, It is distinctive in Brachymystax.

Branchiostegal ray. The number of branchiostegal rays in namnaycush is

11 - 1. The few anterior rays are sabre-shaped, curved dorsally, and
pointed posteriorly (Fl. 7, C). The ones behind them are progressively

longer , expanded, and fan-like, The last ray is about L times as wide

s 8



ot

poee

- 60 -

ac tue first. The anterior § - 9 are attached to the ceratohyal
and the posterior most 3 - i to the epihyal. Their number is usually
higher by 1 on the left side of the fish (Vladykov, 195h).

The numcer of bronchiostegal rays is different for various
species of fish, Rounsefell (1962) reported & - 12 in Salvelinus
and 10 - 12 in 3almo. Clemens (1935) counted 10 - 19 in various species
of (ncorhynchus. In lucho perryi and Salmothymus their number is 11
(Norden, 1961). The minimun number 8 (7 in Coregonus) is found in

meny spscies of Frosopium, and also in Salmo gairdnerii (Yeedham and

Gard, 1959). iine to 10 are found in grayling.

Ventral Bones

The bones which are found on the Tloor of the cranium are the

vomer and the parasphenoid.

Yomer. In namaycush the elongated vomer is composed of a distinct
head and a distinct trough-like shaft (Fl. 5, & and 3). The shaft is
without teeth., The vomer has a raised crest which extends and points
backwards from the head and is usually not frec from the shaft, but is
joined to the shaft. The crest bears conical teeth. There are 6 - 12
teeth on the bone, and up to L in the conjunctivé‘tissve around the
bone., In rare cases teeth occur on the posterior edge of the head.
The posterior lateral edges of the head are projected caudad. The
vomer covers about one fourth of the anterior part of the parasphenoid.
Although in a few cases the crest of the vomer is slightly
short in namaycush, it is usually much loncer than that of the chars.
worton and niller (195L), since they found a few long crested vomer

in Arctic char, suggested that the length of the crest should not be

considered a stable character to separate the genera Sristivomer and
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Salvelinus. ~C“esides this character the ceneral shape of the vemer

and also the attachment of the crest to the shaft are distinctive to
nsmaycush, The vomer is similar in Arctic, iyuebec red, blueback,

and Sunapée chars (Pl. 5, C-¥'). In brook and aurora chars (Fl. 5,

H and I) the teeth on the vomer are somewhat stronger than in the other
chars. In Salmo (Pl. 5, J) ané Qncorhynchus the teeth are present on
the shaft. In Zrachymystaxz (Fl. 5, K and L) and Hucho, the teeth are
seen on the head of the vomer only.

Table 10 shows that the mean value of %? # for namaycush is
76.7. The mean values for the various chars ranged between Lii.1 and
52,8, In rainbow trout the mean value.is highest (88.7).

The mean valve of % % in rainbow trout is 20.8 and segregates
it from chers and namaycush (Table 1C). The mean number of teeth on
the vomer is highest (19.1) in rainbow trout. In namaycush the mean
number of teeth is slightly higher than that in Arctic char, but the
ranges in both fish overlap. With respect to number of teeth Arctic
char is close to Wuebec red char, blueback char to Sunapee char, and

brook char to aurora and Dolly Varden chars (Tatle &).

Parasphenoid. The parasphenoid in namaycush covers most of the ventral
surface of the chondrocranium, It is a long, narrow, and intra-
membranous bone (Pl, 5, A). The anterior one~thircé to one ~fourth is
grooved; the shaft of the vomer [its into this greove. This groove
runs medially from near the anterior tip as far back as the basis~—
phenoid. The parasphenoid bears a marked dorsal ridge which fits into
the groove. The posterior edge of the interorbital septum has two
small lateral projecﬁions which look like the chela of a scorpion.

“ith the help of these projections and a very small median spine the




parasphenoid is attached to the basisphenoid. TFosterior to this spine
the parasphenoid forms a deep trough with lateral vony flanges,

These flanges curve dorsad and form the floor and part of the side
walls of fhe myodome. These flanges touch similar downward-
projecting flanges from the prootics and the basioccipitael. Anteriorly

these flanges are serrated., The posterior end of the parasphenoid is

< - shaped, does not cover the basioccipital completely, and does not
reach the atlas. It also leaves an opening in the myodome. The
internal carotid arteries pass through a pair of foramina. This pair
of foramina lie just posterolaterad to the small median dorsal spine,
A second pair of foramina throuvgh which passes the posterior palatine
branch of the facial nerve is present in namaycush. This is also
observed by Norden (1961) in the crayling.

In namaycush the parasrhenoid is slightly longer than the
dentary; the wings in the anterior region of the bone are not spread.
In Arctic char and Quebec red char (Fl, 5, C and D) the wings are
broad and the bone is slightly shorter thnan the dentary. In blueback
and Sunapee chars (Pl. 5, £ and I') the wings and the shape of the bone
are similar to those of Arctic char but the bone in the first two
fishes is slightly longer than the dentary. The éﬁape of the bone in
brook and aurora chars is similar (Pl, 5, Il and I) and resembles that
of Arctic char., It is slightly smaller than the dentary in avrora
char but equal to the dentary in brook char., The anterior region of
the bone in Dolly Varden char (Fl., 5, G) is different from that in
other chars, being broader and without the developed wings., In Dolly
Varden char the parasphenoid is equal in size to the dentary bone.
This bone is smaller than the dentary in rainbow trouvt (Tl, 5, J).

In Prachymystax {Pl. 5, K) the parasvhenoid is long and thin, avout
=2 > ! L )
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twice as long as the dentary.

Visceral Arches

. The visceral arches include the palatoquadrate arch, the hyoid

arch, and the branchial arches,

Palatoquadrate arch, The bones of the palatoquadrate arch did not seem

to be of much significance in the taxonomy of chars and rainbow trout

and hence their comparative account is omitted,

Falatine. The palatines in namaycush are a pair of splint-shaped bones
of mixed origin. The palatine is broader anteriorly and pointed
posteriorly (Fl, 7, A), and bears 17 - 21 teeth in a single row which
are well attached to the bone, There are 2 - L teeth embedded in the
conjunctive tissue lateral to the row of teeth mentioned above. The
palatine articulates messlly with the chondrocranium at two points,

one at the anteroventral corner and the other at the posteroventral
corner of the nasal capsule, in a manner described by Saunderson

(1935) for Salmo salar. The anterior rostro-palatine articulation

(de Beer, 1927) bears a cartilaginous knob which fits into a depression
formed partly by the incurved maxilla and by the enlargement of the
rostrum, Slightly posterior to this knob it has another cartilaginous

projection which attaches to the ethmoid cartilage just beneath the

anteroventral projection of the prefrontal., The remainder of the lateral

edge of the palatine is separated by a thin strip of cartilage from the
mesopterygoid, Little over one third of the posterior part of the
palatine is overlapped by the ectopterygoid. The palatine does not
reach the quadrate, The lateral margin of the palatine has a

lizamentous attachment to the maxilla,
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Ipihyal., In namaycush the epihyals are a pair of somewhat semilunar
and endochondral bones (Fl., 7, 3), The broad anterior end of the
epihyal is connected to the ceratohyal by the cartilage, The postero-
dorsal tip, which is about one-fourth of the anterior torder is
attached to the interhyal by the cartilage. The epihyal is nearly
covered bty the interoperele, The last 3 - l; branchiostegal rays are

borne on the epihyal.

Ceratohyal. In namaycush the ceratohyals are a pair of endochonoral
Lones and are flat and long (Fl. 7, 3). The posterior vorder of the
ceratohyal is about one and one-half the size of the anterior border,
The ceratohyal extends along the pharyngeal cavity and bears & - 9
branchiostegal rays. The anterior carilaginous cdge of.the ceratohyal

articulates with the upper and lower hypohyals.

Hypohyal. In namaycush the hypohyals are endochondral in origin.

They are two pairs of conical bones (Fl. 7, B; Pl. 8, A) and connect

g the pair of ceratchyals to the median basihyal. Both the smaller
upper end the larger lower hypohyals meet their fellows from the
opposite side at the midline in a suvture that is covered dorsally

by the median basibranchials. The lower hypoliyal, larger of the

two, with its projectingknot:, attaches to the snterior part of the
second basibranchial., The upper and smaller of the two hyvohyals joins
to the Ifirst basibranchial with the help of a much smaller knob. The

upper and lower hypohyals are separated by cartilage. Anteriorly the

; hypohyals meet the cartilaginous basihyal,

o

% dSctopterygoid. In namaycush cach éctopterygoid is a thin, slightly

i curved bone of dermal origin. It is pointed at both ends, more so

I
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anteriorly (Fl, 7, A). It is about the same lzngth as the palatine,
Its dorsal margin is separated from the mesopterygoid by a thin
cartilage. TFosteriorly about one third of the ectopterygoid lies
against the anterior border of the quadrate. Anteriorly sbout one
half of the ectopterygoid lies over the palatine. The ventral margin

of the ectopterygoid is attached to the maxilla by ligaments,

Quadrate., In namaycush the quadrates are a pair of fan-shaped endo-
chondral bones (Fl., 7, A). The area around the articular condyle
ossifies first during the development. The Quadrate has a ventral
articular condyle which fits into the depression of tre angular bone.,
Dorsally it is separated from both the mesopterygoid and the metaptery-
goid by the palatoquadrate cartilage. Fosteriorly the quadrate bears

a thin acuminate strut of dermal bone. Three-fourths of the grooved

posterior side of the strut receives the anterior and lower part of

the preopercle., (ne~third of the base of the strut is not grooved,
The quadrate in namaycush lies well back of the orcit, whereas in

grayling and whitefishes its articulation with the angular is below
the eye (forden, 1961), and in Erachymystax the quadrate is located

in a line with the posterior border of the eye;

Hesopterygoid. In namaycush the mesopterygoids are a pair of thin

triangular and intramembranous bones lying in front of the metaptery-
goid (Pl. 7, A). The dorsal surface of the mesopterypoid lies inward
and under the eyeball., It covers most of the palate but barely

recaches the parasphenoid. Its posterior surface is overlapped by the
metapterygoid and élso partly by the quadrate, The entire outer margin
of the mesopterygoid is bordered by thé ectopteryroid and the palatine.

The anterior end of the mesoptervgoid touches the ethmoid cartilage.

e e R
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Fetapteryrsoid. In namaycush the metarpterypoids are a pair of somsvhat

triangular and endochondral bones (Fl. 7, A). The metapterygoid

fits into the sewicircular spacc formed by the quadrate, the symplectic, {
and the hyomandibular bones., anteriorly it overlaps ithe posterior |
margin of the mesopterygoid and lies uncer the first postortitsl tone. !
Anterodorsally it is free but posterodorsally it overlaps the anterior
part of the hyomandibular, Venirally the metaptervsgoid is connected

to the quaedrate and the symplectic Ly the palatoquadrate cartilage.

iryoid arch. The bones of the hyoid arch in chars and trouts are very

similar to thoscof namaycush and hence are not included in this study,

Hyomandibular, In namaycush the pair of hyomandibular bones are

endochondral in origin. The hyomandilbular suspends the jaw from the
cranium and is hatchet-shaped (F1, 7, A). It contains a hyomandibular
foramen through which a branch of the facial nerve passes, This

foramen extends from the mesal surface of the upper part of the bone

to the deep groove below the posteriorly directed opercular condyle.

The anterior flange which forms about one-third of the bone is over-

lapped by the dorsoposterior portion of the metapterygoid. Dorsally
the hyomandibular articulates with the pterotic and the vosterior end
of the sphenotic bones, This articulation is cartilaginous. The

opercular condyls, which has a cartilacinous cap, joins the hyomandibular

D B R e e

to the opercle. The opercular condyle is overlapped by the preopercle.

Tosterocorsally the hyomandibular is overlapped by the suvorapreopercle.

R Ho i plsaR

The posteroventral border is narrowly overlapped by the preopercle,
An open space is left on the posterior Lorder of the hyomandibular

where it 1s connected by the cartilage to the preopercle, Ventrally
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the hyomandibular is connected to the symplzctic and to the interhral
with the help of cartilage. The hyomandibular is overlapped by the

large adductor mandibularis muscle and by the postorbital bones.

Symplectic. In namaycush the pair of syarlectic bones are endochondral,
The symplectics lie between the quadrate vroper arnd the strut of the
quadrate (Fl. 7, A), and origzinate at the back of the quadrate near

the articular condyle., It extends beyond the quadrate proper and the
strut, 'This bone is narrow at the lower end and broad at the uprer
encd, respectively., It is separated by the palatoquadrate cartilsge

from both the metapterygoid and the hyomandibular bones. Antsriorly

it is slightly curved. The symplcctic serves as a brace for the

articulating bones of the jaw,

Interhyal. In namaycush the pair of interhyals are stout, small,

and cylindrical bones {(}¥l, 7, & and ), The interhyal is endochoncral
in origin and connects the posterodorsal tip of the epihyal with the
small triangular picce of cartilage which separates the symplectic from
the hyomandibtular. It holds the lower hyoic e¢lements and the hyvoman-

dibular topether. The interhyal barcly comes in contact with the

interopercle.

Lagihyal, 1n namaycush the basihyal is single, entirely cartilaginous,
and is heart-shaped (Fl. 7, ). It is twice as broad at the posterior
end than at the anterior end, It forms the base for the sucport of the
sony lingual plate (supralingual or Vladykov, 1°6L), this plate has

a derwal ossification, 'Peeth on this plate are arranged on tihe outer
edpes in two parallel rows, one on each side of the plate (F1, Sy ob)

The total rmumber of teeth For both the rows varies from 17 - 19,
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From 1 - 4 (in rare cases, up to 10) teeth are observed in the middle
of the plate. The position of the median teeth is not fixed, They
may occur in the anterior, central, or pogterior region of the plate.
Almoét invariably the anterior end of the plate has a slight notch,
Fosteriorly the plate covers a part of the first basibranchial tone;
this condition was also observed in S. salar (Tchernavin, 1938b).

The shape of the lingual plate and the structure of the teeth
on it are similar in Arctic and wuebec red chars (Fl. 5, C and D),
and in blueback and Sunapee chars (Fl. 5, E and FF), But the structure
of the plate seems to integrate the Ui populations., The teeth on the
plate and the shape of the plate in brook and auvrpra chars are similar.
Teeth in these 2 forms are stronger (Fl., 5, H and I) than those in
other chars. The shape of the plate in Dolly Varden char (Pl. 5, &
is dissimilar to that in the other chars. In rainbow trout the con-
fipuration of the plate and the position of the teeth on the plate
are distinctive (Pl. 5, J). In appearance the plate in Brachymystax
(Fl. 5, K) is similar to that in chars but the plate is different
from that in whitefishes, In chars, trouts, and Brachymystax the
teeth on the outer edges of the plate are usually arranged in a triangle
as opposed to the parallel rows in namaycush..

The notch on the anterior end of the plate is rarely present
in chars and rainbovw trout,

The mean value of %2 % (Table 10) for namaycush is minimum
(11.8). Chars form a separate group. brook and aurora chars are
closely related. The mean value of ;i % is maximum (96.4) for
namaycush. Arctic and luebec red chars are close to each other, as
are blueback and Sunapee chars, and brook and aurora chars. The mean

w . . .
value of 7oA is maximum (95.1) in namaycush. See Table 10.

e
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Teeth on the lingual plate were counted separately on each
of the two rows and on the middle of the plate (Fig., 2, D). The
number of teeth is highest in Arctic char, This may be the result of
the ﬁorthern locality of the sample., Vladykov (195L) pointed out
that the number of teeth on the plate was highest in namaycush. In
this study the number of tecth En the plate in namaycush is close to
that in Arctic char, In tuebec red char the number of teeth is less

than that in Arctic char. In blueback and Sunapee chsrs the number of

teeth is identical, In Dolly Varden, brook, and aurora chars and in

rainbow trout the number of teeth on the plate is simdilar. See Table &,

The extent of the dentigerous tissve is greater in namaycush

than that in chars and rainbow trout.
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Branchial arches. ‘he skeleton of the branchial region in namaycush
is mostly cartilaginous., Cnly the dentigerous rharyngeal plates are

intramembranous in origin,

Pharyngobranchial. fThree pairs of

pharyngobranchials are present in
namaycusn, They are somewhat Y-shaped (Fl. §, A). ‘he [irst

rharynzobranchial is attached to the ventral

Posteriorly one of the remaining arms of the Y is attached to the

first epibranchial, while the third arm is joined to the pharyngo-

branchial of the second arch. Fosteriorly the secon¢ pharyn-obranchial

connects to its own epibranchial with a cartilaginous joint.
Anteriorly 1 branch is connected to the epibranchial of the first
arch, The second branch makes contacts with the pharyngotranchials
of the first and third arches. Posteriorly the third pharyngobranchial
articulates broadly with its own epibranchial and anter;orly with 1 arm

of the Y of the epibranchial of the second arch., Also anteriorly

surface of the parasvhenoid,
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the third arm of the third pharyngobranchial articulates with the
vharyngobranchial of the second arch, This last articulation is
brought about by a long piece of cartilage. The third pharyngobranchial
bearé a small but distinct toothed plate on its lower surface .
i

(P1, 8, A, UPF=2), The number of teeth on the third pharyngobranchial %
plate varies between 7 - 9 in namaycush (¥l, 8, C, UPI-2), The
pharyngobranchial of the fourth arch is cartilaginous and joins the %
eribranchial of the fourth arch to the pharyngobranchial of the third i
arch, No gill rakers are found on these pharyngobranchials,

Teeth on the third pharyngobranchial plates in Arctic char
are slightly more developed than those in .uebec red, blueback, and
Sunapee chars (Fl, 8, %-I'), 1In brook char (Fl, A, J) the teeth are
stronger than in the other chars and the trout examined. At times the
teeth are barely visible and are hidden between the skin folds (P1. g, L).

In rainbow trout the teeth are weakly developed (Fl, 8, 1),

Epibranchial. There are L pairs of epibranchials in namaycush (P1, 8, A).

The fifth branchial arch does not have an epibranchial, The first

epibrancnial is the longest, The second, third, and fourth in succes- g
sion get shorter in length. The posterior prong of the Y is longest

in the first 3 epibranchials, and their cartilaginous connections to

the ceratobranchials are curved., Zach ©f the [irst 3 epibranchials bears on
its upper surface a deepn groove which ctrviesthe efferent and afferent
branchial arteries. The fourth epibranchisl is expanded dorsally and

has a well developed toothed pharyngeal plate (Fl. £, A, UPP-1), This

plate is not fused to the fourth epibranchial and lies partly on it

and partly on thé cartilaginous fourth pharyngobranchial. Teeth are

pointed and slightly hooked and their number varies from 25 - 37. The é
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first 3 pairs of epibranchials tear short gill rakers both anteriorly

and posteriorly, but those on the posterior edge are much smeller

and fewer in number, The fourth epitranchial bears no £ill rakers,

Teetl: on the fourth epibranchial (unper pharyngesl teeth)
are more numerous in namaycush {Fl, 7, ¢, UTi=1) than in chsrs and
treut (F1, €, 2-J, L, ang 17), Fovever, it is impossitle to cepregate

the species by considering the numcer of the upper rvharyngeal teeth,

Seratobranchial., There are 5 pairs of ceratobranchials in namaycush

(¥1. 8, 4). These are the longest tones in the branchial arches. The

first bone is the lonpest. The second is loncer than the third, and

the fourth and fifth are of about equal lengths but shorter than the

third. The first I are broader at their anterior ends. Hovever, the

fifth ceratobranchial is much more expanded near its base than the

first L. Each ceratobranchial except the last has a croove on its

ventral surface which partly surrounds the branchial arteries. A1l

ceratobranchials bear gill rakers on their

anterior edges, The gill

rakers on the posterior edges of the first U ceratobranchials are

short., The fifth pair of ceratobranchials do not tear gill rakers on

their vosterior edges. The first 3 ceratobranchials articulate

anteromesally with their hypobranchials; the last 2 articulate with

the posterior copula. The fifth ceratobranchial bears a toothed

pharyngeal plate on its dorsal surface (Pl1, 8, A and B, LFP), The

number of teeth is about 38 - L5. The toothed plate covers the anterior

three~fourths of the fifth ceratobranchial dorsally. "The plate is

broader and slightly curved in the middle and tapers at both ends,

Just caudad to the posterior edge of the lower pharyngeal plate there

is another very small plate which bears 2 - ki well developed teeth,

s e S TSI AT S
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lypobranchial. Three pairs of hypobranchials are present in nanay-
cush (P1, 8 A), The first pair is anterior to and longer and broader
than the others, and is slightly tapered posteriorly. Its posterior
end is aboult one-half the size of its anterior end. It articulates
anterolaterally with the cartilage between the second and third
basibranchial bones. Fosteriorly it articulates with the cerato-
branchial. The second hyvobranchial is slightly smallser than the first
one. Its anterior and posterior ends are of about equal size., Its
lateral side which faces the fourth basibranchial slightly bulges
towerd that bore. The second hypobranchial articulates anteriorly
with the cartilage between the third and fourth basibranchial bones.
The third hypobranchial is widest at its articulation with the third
ceratobranchial, becoming narrower ss it ‘arches around the fourth
basibranchial. The 2 hypobranchials of the third pair meet anterior
but ventral to the fourth basitranchial bone, Their articulation is
cartilaginous. The third pair of hypobranchiasls is the smallest.

A1l the hypobranchials bear short gill rakers on their anterolateral

edges only,

Sasiktranchial. The L basibranchial bones lie in a median series on

the floor of the pharynx (PL, 7, 5)., The first basibranchial is the
smallest of the U and is connected posteriorly to the second by a
thin strip of cartilage. It lies between the hypohyals. Anteriorly
the first basibranchial bone joins the basihyal cartilage. ‘The
sccond basibranchiol bone is about one and one—halﬂ}%ﬁg’length of the
first bone, It lics partly between the hypohyals. Anteriorly it
joins with the first basibranchial, Posteriorly it is articulated,

with the help of cartilage, with the third tasibranchial, The cartilage
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hetween the second and the third basibranchial bones is as long as

the second basibranchial bone and is pushed in laterally., This is
where the hypobranchial of the first branchial arch attaches. The
third basibranchial bone is about one and one-half times as long as
the second., Anteriorly it joins to the certilage behind the second
and posteriorly to the cartilage in front of the fourth basibranchial
bones. The cartilaginous articulation between the third and the fourth
basibranchials is slightly longer than the one between the second and
third basibranchial bones. On the lateral side the cartilage between
the third and fourth basibranchials is pressed inward at a point

where the hypobranchial of the second branchial arch joins it. The
fourth basibranchial is a little longer than the third and tapers
vosteriorly. The L basibranchial bones, together with the interspaced
cartilage, are called the anterior copula (Ychernavin, 1938b). The
posterior copula is entirely cartilaginous and is composed of a broad
plate and a long thin tail. The posterior copula lies between the
fifth ceratobranchials. The third pair of hypobranchials conrnects

the posterior copula with the fourth basibranchial of the anterior
copula.

There are from 1 - 2 dermal and dentiserous basibranchial
plates which cover part of the second, third and fourth basibranchial
bones. They are fused to the third basibranchial bone and bear well
developed teeth in a broad patch (Vladykov, 195L). The number of
teeth varies from 20 - 62, The plate or plates “2= are about as wide
as the third basibranchial bone and a little narrower at the anterior
an? posterior ends.

It was pointed out by earlier workers that Arctic char has

a uniserial or biserial row of basibranchial teeth and thus can be




S e i T R R TS R M T O S SRS MU

Y S I G O A ey —
B R L N TR

- 75 -

casily separated from namaycush which has multiserial rows of teeth.

Tn this study it is clearly shown that the different populations of
4rctic char have from uniserial to multiserial rows of basibranchial
teeth (%1, 8, D, and F-H), It was also vointed out by several suthors
that the brook char has no teeth on the basibranchial and can be put
aside from the other chars. Kendall (191L) and Stokell (1051)

observed basibranchial teeth in brook char., I have observed teeth

in some specimens of broolk char from Leurentide Fark, Guebec (Pl. 8, K},
and also in some aurora char, To segregate species on the basis cof the
presence or absence of the basibranchial teeth is not safe in the

genus Salvelinus. :io basibranchial testh were observed in rainbow

trout (P1, 8, M),

Urohyval. The urohyal in namaycush is intramembranous in origin
{Ridewood , 1904a) anc does not belong to the branchial skeleton

(PL. 7, B). Anteriorly it is attached to the hypohyals by a small
round head. TFosteriorly the urohyal broadens to form lateral flanges
which hsve jagged posterior margins. The thin crest extends dorsally
1ike a sail with a jagged posterior margin. The urohyal is located
dorsal to the branchiostegal rays. It is the‘ossified tendon of the

sternohyoideus muscles in which it is embedded.

Median Fins and Appendicular Skeleton

Dorsal fin. In namaycush there are 13 - 16 rays (all the rays counted)
in the dorsal fin (Pl, 9, A). Of these, L - 5 anterior rays are
unbranched. The dorsal rays are supported by a series of distal

(first series) pterypiophores. ¥ach ray is more closely associated

with the distal pterygiovhore of the next posterior ray than with its
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own., The distal pterygiophores are small, hourglass-shaped, and are
clasped between the bases of the paired rays. The cartilaginous
distal pteryglophores for the first 3 proximal pterygiophores are
tightiy paclked,

The intermediate (second) serics of pterygiophores are larger
and rod-like, and function as spacer bars between the bases of the
rays, There are § - 10 of these. The first of the intermediate
pterygiophores is half the size of the last one, The anterior most
2 - 3 proximal pterygiophores do not have intermediate pterygiophores.

The proximal {third) series of pterygiorhores are long and
dorsally expanded (Pl, 9, A)., At their lower ends they touch the
upper surfaces of the neural spines, The first proximal pterygiophore
is much stronger than the others and usvally supports the 3 anterior
dorsal fin rays. The proximal pteryziophores number 11 - 1, The
last proximal pteryriophore is usually about half the size of the
first 3 pterygiophores. The proximal pterygiophore for the attach-
ment of the last dorsal fin ray is missing.

In namaycush there are 17 - 21 interneurals. At times one
or more of these - .. is forked. Almost all have cartilaginous
upper ends, The first 3 - L (close to craniuﬁj interneurals are
shorter and more deeply seated between the neural spines than the
posterior ones, which are twice as long and barely tbuch the neural

spines. The first interneural is expanced and plate-like,

Anal fin. In namaycush 13-15 rays are found in the anal fin
(F1, 9, £). The anterior Lk - 5 of these are unbranched. The
first ray is T-shaped and strong, The rays are supported by a Series

of pterygiophores. The [irst 3 distal pterygiophores are cartilaginous
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and usually support the first 3 rays. The first ossified distal
pterygiophore is the fourth one, which supports the third and fourth
anal fin rays. These small distel plerygiophores are clasped
betweén the bases of the paired anal fin rays. There are 10 - 1l
¢istal pterygiophores. The first 3 are tightly packed.

There are 7 - 7 intermediate pterysiophores., :io evidence
of ossification of the intermediate pterygiophores is noticed between
the first and second, and the second and third proxinal pterygilophores.
The Tirst ossified pterygiorhore of the intermediate series occurs
between the fourth and fifth proximal ptecrygiovhores. There is also
no evidence of its fusion with the pterygiorhores of the distal or
the proximal series. Probavly the pterygionhores of the intermediate
seriecs are not necded, as the anterior end of the anal fin has to be
rigid; thus their presence would make it disadvantageously flexible,
Or instead they may be completely cartilaginous and fused unidenti-
fiably with the pterygiophores of the distal serics. The [irst
ossified intermediate pterygiophore between the fourth and fifth
proximal pterygiophores is half the size of the last pterygiophore
of the intermediate series. This last intermediaste pterygiophore is
joined anteriorly to the last proximal pterygibphore and posteriorly
to the last distal pterygiophore. The intermediate plerygiophores
are spacer bars and proobably help give the {lexibility to the postero-
ventral end of the anal fin,

The long proximal pterygiovhores directed anterodorsally are
barely inserted between the haemal spines. The distal ends of the
proximal pterygiophores are expanded but not zo much as in the dorsal
fin pterygiophores., The anterior most 2 - 4 proximal pterygiophores

are about twice as long and slightly stroncer than the most posterior
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proximal pterygiophore. In other worcs, the lenzth of these clements
decreases posteriorly. There are fewer proximal pterygiophores than
there are anal rays. The usual number of proximal pterygiophores is
Trom il - 13, The first 3 do not have intermediate pterygiovhores to
associate with, The first b proximal pterygiophores support the first

S anal fin rays.

Fectoral girdle. In namaycush the pectoral girdle consists of 7 pairs

of bones plus L actinosts (Fl. 9, C and D). The girdle is attached
dorsally to the skull by means of lizamentis.

iith the development of a bony sccondary girdle (posttemporal,
supracleithrun, cleithrum, rosteleithra 1, 2 and 3) the primary
girdle (scapula, mesocorocoid, and coracoic) becomes much recduced and,

as a rule, does little more than connect the fin with the cleithrum.

Postbtenporal, In namaycush the posttemporals are a pair of curved,
forked, intramembranous bones, The pectoral girdle is attached to

the cranium by the posttemporal bone., The dorsal fork of this bone

is long and pointed anteriorly and has a bread base (Fl. 9, ).

This fork almost meets its fellow from the opposite side at the midline
of the skull, It is attached to the epiotic D& a strong lizament,

The spine-like ventral fork is much shorter, about one-third of the
dorsal fori, and is the posterior ossification of a ligament tetween
the posttemporal and the opisthotic bones., The ventral fork oririnates
near the posterior broad end of the posttemporal at a point at

about one-quarter the length of the dorsal fork, A secnsory canal,
with two pores, is present on the dorsal surface of the posttemporal,
This canzl connects the canals of the extrascapulars and the supra-

cleithrum, The posttemporal overlaps about one-fifth of the
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svpracleithrum,

Supracleithrum, In namaycush the surracleithrzs are a pair cf concave

intramembranous bones with a dorsal thickening at the anterior end

(Fl. 9, C). The anterior end of the supracleithrum barely passes
heyond the ventral fork of the rosttemporal. Fosteriorly and ventrally
the surracleithrum is a little expanded and thinner., It overlaps the

anterior pointed end of the cleithrum,

Cleithrum, In namaycush the pair of cleithra are 2 large, triasngular,
dorsally curved, intramemtranous bones (il. 9, C). The cleithrum is

similar to that of grayling (Yorden, 1961).

Posteleithrum, Wamaycush has 3 pairs of intramemtranous postcleithra,

The first 2 are similar in form and shape (Fl. 9, C), However, the
first is a little broader at the dorsal end while the second is
exranded ventrally. The dorsal one-third of the first postcleithrum
is covered by the supracleithrum. Ventrally most of the first post-
cleithrum is covered by the cleithrum. The second postcleithrum is
separated from the first and lies almost comcletely beneath the
cleithrum. The second rostcleithrum overlaps a very small portion
of the third postcleithruvm. The third postcléithrum is expanded
dorsally and pointed ventrally, is arched (concave posteriorly), and

lies in the muscle beneath the pectoral fin,

Scapula. In namaycush the pair of scapulasare endochondral bones

(F1. 9, C) lyine ventral to the cleithrum and articulating with it,
Anteriorly the scapula is circular and separated from the coracoid

and the upper 2, possibly 3, actinosts by a narrow strip of cartilage.

Posteriorly the scapula is rather streight with prooved facets to
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receive the cartilaginous parts of the actinosts and the knob of
cartilage to which the first strong pectoral Ifirn ray is attached,

Tt articulates mesally with the mesocoracoid. The scapular foramen,

e et B BT T R

which is about one-third the size of the scapula, lies completely

within the scapula,

lesocoracoid, The mesocoracoids are a pair of bones, The meso-

coracoid in namaycush is strongly arched and acts mainly as a brace

petween the cleithrum and the primary shoulder girdle {F1. 2, C).

It is similar to that of rrayling (lorden, 1961}, i

Coracoid. The coracoids are a pair of bones in namaycush, The shape

I

of the coracoid in namaycush is showm in Fl, 2, C, Its description is

similar to that of Zalmo (.ruch, 1%6}).

IR 23

Pectoral fin. Four actinosts are present at the base of ezch of the

two pectoral fins in namaycush, The upper actinost articulates with

the scapula and the lower 3 articulate with a plece of cartilage lying

between the coracoid and the scapula {71, 9, D). The upper actinost
is the shortest; the others become progressively longer ventrally.
There are 13 - 15 pectoral fin rays. The outer and uppermost ray
is unbranched, and is the longest and heaviest ray, having a big
knob at the anterior end. It articulates directly with the scapula.

The remainder of the rays become progressively smaller and articulate

R R B T e e e

with the posterior cartilaginous ends of the actinosts.

Pelvic girdle., In namaycush the pelvic girdle consists of a pair of

m

L-shaped bones, the basipterygia (Pl. 9, E) and resembles that of

Salmo (Bruch, 18¢1). There are slight differences in the number and

structure of the pterysiophores between namaycush and Salmo, On the
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posterior surface of each basipterygium there are 3 pterygiorhores
lying between the basipterygium and the pelvic fin rays. The
pteryeiovhore to which the L - 5 medial fin rays are attached is
ossified and resembles a hook., The other two pterygiophores are not
ossified and show very Tecble lines of demarcation. There is a
curved spine (srlint of Gosline, 1961) on the outer side of the fin |
at the junction of the posterlor end of the basipterygium and the
fin rays. This spine is covered with skin, and is loosely attached

to the fin, A total of 9 - 10 rays is present in the pelvic fin of

namaycush, The first outer one is not branched.

An axillary scale lies along the outer angle of each of the

e
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two pelvic fins,
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Vertebral column, The vertebral column of namaycush is composed of

Y
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Hl ~ 66 vertebrae. The range of the number of trunk vertebrae is

e

29 - 3, precaudal 5 - 8, and caudal 25 - 29,

The centra, except the first 2, are hour-plass shaped and
amphicoelous. The atlas articulates with the basioccipital and the
exoccipitals, The first vertebral centrum is'ébout half the size of
each of the trunk centra numbers 10 - 15. fThe second vertebral
centrum is slightly larger than the first, The rewmaining centra
increase in size up to the precaudal vertebrae, after which they
gradually decrease in size.

The middle portion of each trunk centrum is marked by hori-
zontal bony ridges (Fl. 10, A). Toward the anterior and posterior
edges of the centrum the pattern is different; the hexaronal and cir-

cular cavities are surrounded by ridges. The number of these circular,
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hexagonal, and octagonal cavities increases in the caudal region, In
the last 3 upturned caudal vertebrae, horizontal bony ridges are lost;
the cavities fuse and become enlarged. The ridges arec the areas of
origiﬁ and insertion for fascia from the myotomes,

The neural arches are situated dorsally to the centra. ‘hese
arches are larger and lower caudally, The arches are expanded
anteriorly and vosteriorly. In the trunk region the anterior expanded
parts (wings) of the arch are broadsr and heavier than the posterior

wings. Irom about centra 29 - 32 and beyond, the size of the anierior
wing shortens. In the caudal regien the shape of the anterior and
the posterior wings is nearly the same. The anterior neural arches
lie in the pits on the centra. The first 30 - 3% arches are not co-
ossified with the centra, In isosrondylus fishes, Ford (1937) has
observed that the anterior arches are not co-ossified with the
vertebrae. In srayling lorden (1961) has rointed out that the first
2Ly - 26 anterior arches a}e not co-ossified with the centra, The
neural arches terminate in posteriorly directed neural spines, The
first 30 - 3% newral spines are paired. "he last 25 - 32 are sincle,
from the latter group 5 - 6 neural svines are Ilat and blunt. Sce
M. 10, A, |

In namaycush the prezygopochyscs and the postzyrororhyseés on
the neural arches in the anterior region of the vertebral column are
not prominent. The first prominent postzypgororbysis is observed on
the twenty-eighth to thirty-first neural arches, 1In this species
it scems that the prezygonophyses are the outvrowth of the neural
arches and the postzypopophyses are the outgrowth of the centra,

Hotvever, at about the twenty-ninth to thirty-first centra, these rro-

cesses seem to be the outprowth of the fused complex (the neural arch
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and the centrum). The postzycopophyses are not strong in the last L
centra prior to the 3 upturned centra in the caudal region,

The epineurals are intermuscular boenes. They articulate
dorsélaterally with the bases of the neural arches, and their heads
fit into small depressions on the arches. They begin on the first or
the sccond vertebra and terminate between the twenty-ninth and thirty-
sixth, The first epineural is about half the length of the second,

In general the anterior epineurals are stronger than the posterior
ones, The last 8 - 2 epineurals are situated a little higher on the
neural arches.,

The centra of the vertebrae bear ventrsl paired paraporhyses
which occupy most of the lensth of each centrum. The anterior trunk
varaparhyses lie in the pits on the centra, The paraporhysis of the
first centrum consists of a bony nodule and is fused to the centrum,
Parapophyses on centra 2 - 35 are not fused to the centra but are held

in place by ligaments (Ford, 1937).

Parapophyses of the centra 31 - 20 increase in length ventrally.

Transverse but incomplete bony bridges are formed on cach centrum
from numbers 32 - 30, thus forming a closed haenal arch on ecach
vertebra, The renaining haemal arches, beyoﬁd the tridges, extend
ventrally and form haewmal spines (¥l., 10, & and C). There are from
22 - 26 haemal srines. Out of these the last 3 - ¢ arc expanded.

In addition 7 expanded hypurals of the tail are present. The caudal
artery and vein pass tlrourh the haemal canal and oren as iZar baci: as
the first or =ccond hypural, The paraponhyses of the sixtieth and
sixty-firegt vertetras and of 7 hypurals are not fused with the centra,
From centrum 35 and beyond, the hacwal arches shift to the antsrior

part of the centrum,
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zycopophyscs which help in the articulation of the wvertebrae. These
arc not seecn on the first ¢ - 11 vertebraec. -~cyond these vertebrae
they are present but are not well developed., The prezygorophyses on
vertebrac 53 - 59 are well developed. Deyond thesc vertebrae the
size anc¢ shape of the prezygopovhyses arc variavle.

The pleural ribs curve ventrally btetveen the muscles and the
veritoneum around the peritoneal cavity, ending in cartilaginous points
near the midlire, The ribs start on the second or third vertebra,
There are 36 ~ 39 pairs of ribs., The {irst rib is one-fourth to one-
half the size of the sccond., The second and third are longer. The
last 6 - 7 ribs are thin and weal, Uenerally the rits arc stronger
in the anterior trunk region and becore weaker caudally, '‘hey are
somevhat expanded dorsoventrally., The anterior thoracic ribs have
bifid, T-shaped heads and attach to the parapophyses at two points.

The more posterior ribs have single heads and are attached by ligements
near the tips of the lengthened transverse processes of the vertebrae,
There are 5 - 9 pairs of ribs with single hecads. This number is

included in the total number of rits (35 - 39).

Caudal skeleton. The caudal fin of namaycush is deeply forked, There
o

are LC - U6 caudal {in rays, out of which 19 are principal rays.
Sevenveen ol these 19 arc branched., The supporting elements of the
caudal fin consist of 9 - 10 centra, and expanded neural and haemal
spines. The last 2 centra are upturned and becoms prorressively
smaller, Gosline (1960) termed the first upburned vertebra as the
terminal vertebra, and the 6 - 7 vertebrae which immediately precede

this as the preterminal vertebrae, The ones posterior to the terminal

cne b T
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vertebra are the postterminal vertebrae (always 2).

Of the expanded neural srines (i - 7) the anterior most
(nearer to the adipose fin) 3 - & are fused with the nevral arches,
The posterior (closer to the first uroneural) 1 - 3 are free from

the neural arches {Table 11). At times the posterior most nesural arch i

does not bear a srine. ‘here are 2 unpaired erurals, mcdian endo-

chondral bones which have lost their proxiral ccontact with the neural
arches and articulate with the first uroneural. In namaycush the

epurals are slanted more caudad, toward the secend uroneural, than in

chars. The second epural is longer and distally broader than the

first. The first uroneuvral and the first or cecond neural arches

inmediately anterior to it are free from the centra.

There are 3 pairs of serially homclojous uroneurals., oodricn
(1909), hegan (1910), Hollister (1935), and Sosline (1950) inter-
rreted the uroncurals as specialized neural arches of the last 2
upturned centra. Vladylov (195L) called the first extended uvroneural

the caudal bony plate, and Dineen and Stokely (195L) callcd it the

extra neural arch. The first vroneural covers the dorsolateral sur-

face of the last L centra and bears a posterior projection which

extends over the anterior part of the urostyie (P1., 11, A) and often
reaches the seventh hypural, ‘The first uroneural is forked; its
anterolateral liml which flanks the vertecral column is longer than
the posterior limb, The first uroneural on either side bears a high
dorsal crest betueen which the front ends of the epurals project,
for the first uroncural the mean value of ?ﬁ 5 {Table 11) is 3.0, !
The second uroncural is posterior to the Iirst and lies dorsolateral
to the urostyle. Anteriorly it covers about 3 - & mm of the Ilirst

uroneural. The third uroneural is small and lies dorsolateral (at
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times lateral) to the vrostyle, and is situated far posterior to the
sccend uroncural., It is smaller and stouter in namaycush as compared

to that in chars, The mean value of %2 ) in namaycush is 60.6 (Table 11),
?robaﬁly the long uroneurelé stiffen the upturned terminal portion of

the vertebral column,

Developmentally, ossification commences in the haemal arches and
spines a little earlier than in the centra.

The haemal spines which lie ventral to the last 3 upturned centra
an¢ vrostyle are nighly modified and expanded and are called the
hypurals. They support the principal caudal fin rays. in namaycush ,
chars, and trouts there are 7 hypurals. In namaycush 5 - 9 expanded
haenal spines (haemal processes of herg, 19LC) are also present,

Qut of these, 2 - L are not fused to the centra, The first and part

of tpe second hypurals are attached to the first upturned vertebra.

The hypurals 2 and 3 (at times partly L}) are associated with the second
upturned centra. The hypurals 5 and 6 and partly L are associated
with the last upturned centra, and hypural 7 (at times 6 also) with

the urostyle. The second and third hypurals are very close and
occasionally distinctly fused,

The term urostyle has been used in liferature to cover a
variety of structures (Cosline, 196G). I have considered the urostyle
to te that cartilaginous structure which extends beyond the last
centrum and terminates near the base of the longest caudal ray. In
adult namaycush, chars, and trouts, bony nodules have veen observed
in the cartilaginous matrix of the urostyle (Pl. 11, A).

In namaycush the first uroneural is crescent shaped (P1. 11, A);

15

ts

o

hape is different from that in a few chars (brook and Dolly

Varden chars) and rainbow trout., Also, in namaycush the expanded
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neural and haemal spines which are troader proximally and pointed
distally, are decidedly dissimilar in shape to those of the other
species examined,

The shapes of the caudal skeleton in Arctic char (Fl. 11, 5)
and “juebec red char (Fl, 11, ¢) are identical, Structurally the
caudal skeletons of blueback and Sunapee chars are not apprecciably
different from each other or from that of Juebec red char, Tiaters
(1960) did not evidence any structural difference in the caudal
skeleton of blueback and Sunapee chars except the wider second hypural
in Sunapee char. I did not see any appreciable difference in the
second hypurdl of blueback and Sunapee chers (Fl. 11, Dj and Dp).

In appearance the caudal fin of Dolly Verden char (Fl. 11, ©)
is not very differentfiem that of Arctic char,

The first uroneural is broad (not crescent-like) in brook
char (Fl, 11, F) and avrora char (Fl, 11, G). Also, the second haemal
spine is troad distally in the 2 forms. These 2 characteristics
separate brook and aurora chars from the other chars.

In rainbow trout the first uroneural (rl. 11, iI) is different
in shape from that in namaycush and chars, and is not extended
posteriorly, The third haemal spine is wider théﬁ in namaycush and
chars. The first uroneural in Hucho hucho (Fl, 11, J) and in
Salmothymus (Fl, 11, I) is less developed than in rainbow trout,

In all the genera of Salmonidae ossified nodules on the urostyle were
present in at least 50 per cent of the specimens of each species,

The number of epurals is basically 2 in namaycush and chars
and 3 in the Pacific trouts, ilowever, in a few cases in Arctic,
Luebec red, blueback, and Sunapee chars the 2 epurals fuse (demarca-

tion still distinet) and the numter is reduced to 1 (Table 11).

T T T
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The mean values of %h % (Table 11) for the first uroncural
show that it is broadest in auvrora char (53.3), followed by rainbow
trout (L8,5), and Arctic char (h1,L)., The values for namaycush and
Luebec fed, blueback, and Sunapee chars are quite similar., The values
for brook char are different (38,9) from those for auvrora char,
although the shape of the first urongural is similar in the two fishes.

The mean value of %g 7 (Table 11) is minimum for aurora
char (39.4) and maximum for rainbow trout (83,2). lere again Arctic
and Juebec red chars, and blueback and Sunapee chars are closely
related. The value for brook char is in accordance with those of the
other chars. The mean number of expanded neural spines is highest (8)
in Sunapee char and lowest(5,5) in rainbow trout, The mean number of
haeinal spines is also highest in Sunapee char and lowest in rainbow
trout (Table 11).

aters! (196C) separation of Sunapse char from blucback char
on the basis of a higher number of expanded neural and haemal spines
in the Sunapee char ca be contested. There is considerable overlap
between them (Table 11).

The conclusions which can be drawn from the stucy of the caudal
skeleton are: namaycush can be separated from chars and rainbow
trout; Arctic and ‘uebec red chars, and also blueback and Sunapee chars
are closely related; Dolly Varden char is somewhat similar to Arctic
char; brook and aurora chars arc similar; and the rainbow trout is

segregated from namaycush and chars,

prmm e
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Horphology

Flasticity of body proportions in Salmonidae exposed to dif-
Terent environmental influvences has been reported by many authors
(Hottley, 193h; Vladykov, 19343 Taning, 1952; Seymour, 1959). Never-
theless, numerous workers have undertaken morphometric studies on
this group of fishes; for example, Mottley (193%), iilne (19L3),
Martin (1949), Wilder (1952), Vladykov (195L), and Hartman (1956).
ost of these authors have showm that generally in Salmonidae some

body proportions differ between young and adults and also between

adult males and females.

Eody proportions expressed as percentage of the fork length, In the

present study 18 body proportions are used for morphological analysis.
Some of the more important ones are discussed below. The total means
for particular characters for the various species were calculated

(Tables 12 - 15). The means were treated by Duncan's test (Table 20)

at 1 percent level of significance,

Totel length (T1). The proportion of total length in fork length

indicates that fork of the tail in namaycush is deeper than that in
chars and trouts. In namaycush the mean (108.2) is significantly
higher than the means for other species, which rangre from 102,0 (brook
char) to 104.6 (Arctic char). Arctic, -wuebec red, blueback, and
Sunapee chars are very similar. Hainboé trout is close to bolly
Varden char. No sexual dimorphism is observed for this character
between males and females of a species. Our values are in accordance

with those of Morton and Miller (1954), who have shown that the values
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in namaycush are higher and those in brook char lover than the values
in Arctic and Lolly Varden chars., The latter 2 fish are closely
related. However, forton and :iller have used standard length instead
of total lenrth in their calculations., Slastenenko (1958), and

Carl, Clemens, and Lindsey (1959) have mentioned the deeply forked
nature of the tail., Amonc the foreign specics Hucho hucho has the

Jowest value. See Tables 12 - 15 and 20,

Head length (T)., In namaycush the mean for this proportion is maximum

(23,5) and is significantly different from the means for other chars
and trout, which range between 12,9 {Arctic char) and 21.7 (Dolly
Varden char). This ratio is slightly higher in males than in females
of all the species except namaycush., Our values are similar to those
of Vladykov (195L) except that his value for spawning Arctic char males

is much higher than that for females of Arctic char, See Tables 12 -
15 and 20.

Pody length (BdLy). The mean value (88.3) of body leneth for Arctic

char differs significantly from those for the other chars, namaycush,
and rainbow trout, in which the means ranpe betyeen 83.L (namaycush)
and' 85,7 (aurora char), This ratio shows that.the head is smaller in
Arctic char from the Canadian Arctic than in other populations of
S.a. oquassa. It has been suggested by Martin (1949) and Vladykov
(1957) that in a species with a wide north-to-south distribution, the
northerly distributed individuals héve smaller heads and head parts
than the southerly distributed ones. "This proportion is slightly
smaller in aduvlt males than in females of all the species examined,

except namaycush and bluebacl char. See Tables 12 - 1L and 20,
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Predorsal fin length (aD). This distance is longest in namaycush,

The mean for the ratio (L47.4) is significantly different from the
means of chars and rainbow trout, which range from L1l (.uebec red
char)'to Iy (Sunapee char), Tables 12 - 1%, and 20, Norton and
iiller (195L), and Slastenenko (1958) have also shown that aD is
longer in namaycush than in Arctic, Dolly Verden and brook chars, The
values in Dolly Varden and brook chars overlap. Our findings are
similaer to those of Vladykov (195L), except for his valve of spawning
males of Arctic char. The males of Arctic char in our samples were
not spawning. The proporticn is slightly higher in males than in fe-

males of all the species except namaycush, Tables 12 - 15, and 20,

Distance from the insertion of the dorsal fin to the fork of the

tail (pDF'). This proportion segregates namaycush, witﬁ a minimum
mean of LkL.3, from all the chars and trout studied, in which the means
range between 45,9 (Sunapee char) and L9.1 (Arctic char). Sunapee
char and rainbow trout form s separate group. No differences are
observed in males and females of a species. Also there is considerable

overlapping among the various species of chars, See Tables 12 - 15
pp g f

and 20,

Distance from the origin of the ventral fin to the origin of the anal

fin (V-A)., The mean for this proportion in Arctic char is maximum

(22,6) and is significantly different from those in all chars, namaycush,
and rainbow trout, in which the mean values range from 12.7 (avrora

char) to 21,6 (rainbow trout). Hamaycush, Sunaree char, and aurora

char form one group. o sexual dimorphism is observed in the various

spccies, See Tables 12 - 15 and 20, -
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Distance from the insertion of the ansl to the fork of the teil (pc).

In namaycush the mean for this provortion is minimum {21.9) and is
sipnificantly different from those of chars, in which the means range
from 24,5 (Arctic char) to 26.L {aurora char). This value reveals that
the tail in namaycush is deeply forked, ilo dilferences were observed

in males and females of the various spsecies, Tables 12 - 15 and 20,

Distance from the insertion of the dorsal to the origin of the

adipose (D-ad). The mecan for this proportion is minimum (18,2) in

rainbow trout and is significantly different from those of the other
fishes, The means for namsycush and chars renge between 2C.3 (nanay-
cush) and 23.8 {bluecback char). ulueback, Arctic, and trook chars form
a separate grour, ..o sexual dimorghism is seen for this character.

See Tablzs 12 - 1% and 20,

“istance from the anterior tip of the lower jaw to the oripgin of the

ventral fin (ma=¥), In namaycush the mean for this proportion is

naximum (53.9) and is significantly difierent from thosc of chars and
trout, uebec red, Dolly Varden, and brook chars end rainbow trout,
with their respective means of L7.6, Li7.1, L7.0, and L'7.L form a group.
The means for the remaining chars range Ifrom 58.6 (olueback char) to
50.4 (Sunapee char). The proportional valucs are slightly higher in
males than in females of all Salmonidae exanined except namaycush,
However, these differences were not significant, Our valuss are in

accordance with those of Vladykov (195L:), Zec Tables 12 - 15 and 20.

Distance from the origin of the pectoral to the oripin of the ventral

fins (P-V), No significant differences are noticed for this ocroportion
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btetween the species. The mean is maximum (31.6) in namaycush and
minimum (2%.0) in Dolly Varden char. Usually the values are slightly

hirher in females than in males. See Tables 12 - 15,

Uistance from anterior tip of the lower jaw to the origin of the

pectoral fin (ma-F). The mean of this propertion for namaycush and

Sunapee char are 22,7 and 21.,L, respectively. These 2 values are signi-
ficantly different from each other and from those of other chars and
trout, which are lower and range from 15,2 (raintow trout) to 20.3
(aurora char), TIn all species except namaycush this provortional value
is slightly higher in males than in females. See Tables 12 - 15,

and 20,

Head parts expressed as percentages of the head length and the post-

———orbital distance. - These proportiens--are-interestinz-to-wateh-in-spavn-—-

ing males and females.

Interorbital space (I). In namaycush the mean is minimum (29.L4) for

this proportion and is significantly different from those of chars and
rainbow trout, in which the means ranre from 32.2 (brook char) to

25.9 (rainbow trout). Kendall (1919) and Vladykov (1954) have already
pointed out that the interorbital space in namaycush is narrower than

in Salvelinus and Salmo, Tables 16 - 1% and 20,

Length of the snout (L), The means for this proportion are minimum

(22.2) in blueback char and maximum (28,.6) in aurors char. The means
overlap in chars and trovt., In adult males (more so, if mature) of
Salmonidae the snout is somewhat longer than that in the females.

See Tables 16 -~ 19,
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Iength of the upper jaw (ix). The upper jew is longest in aurora cher

(mean 62.9). The means for the other srecies ranre from 4¢.1 {.uebec
red char) to 59.1 (broolr char), 1In males of all the species, es~
peciaily in mature males, the upper jaw is longer than in females,
Henn and Rinkenbach (1925) pointed out that the maxilla is extremely
long in avrora char as compared to those in other chars, Vladvkov

(195l) showed that the maxilla is longest in brook char., %ec Tsbles

16 - 1% and 20,

Iength of the lower jav (ma). The lower jaw is lonzest {mean 7L, %)
£ J N -

in aurora char and is significantly different from those of namaycush,
rainbow trout, and other chars, In the remaining species the neans
rance from 62.1 (Dolly Varden char) to 62.9 (vrook char). In all the
species the upper jaw is slightly longer in males than in females, Sce
Tables 15 - 19 and 20,

ead length (T) as a rroportion of body lensth (2dIo}.

\ The mean value

for the proportion is minimum (22,2) in Arctic char and maximum (27.7)
in nameycush, The two values are significantly different from cach
other and from those of the other species, ‘uebec red char, blueback
char, and rainbow trout form another group, Efook, aurora, Sunapee,
and Dolly Varden chars also form a secparate group. This value is
hicher for adult males than for females in all species except namay-

cush, 3ece Table 20,.for various groupings.

Interorbital space (I) as a provortion of the postorbital distance (0O-p).

The mean is minimum (54,4 in namaycush and maximum {(73.6) in rainbow

trout. The mean for aurord char is 09.5. These 3 fiches are signi-
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TABLE 20, Separacion of tie nwrycush, various chars, and rainbos trout into groups based on tie imorphologi:

characters. Samples treated vy tie Duncun's sultiple F range test (at 1¥) for the means as modified by Kramer.

Numerals use. for scientifllc names: 1. C.naaycush; 2, S.3.2lpinus; 3. 5.a.0:ua9sa - Quebac; 4. 3.3.0.uassa -

Pushinecr Lak:, Maine; 5. S.3.o:uassa - Floods lond, Maine; 6. S.mabma; 7. S.f.fontinalis; 8. S.f.timazamiensis;
9. Salmo pairdnerii.

Characters One speciea(sub-species) Three species(sub-species) Two or more species Four or nore spacies
grouping grouping (sub-species)grouping (snb-apecies)grouping
with rainbou trout

o
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joN
0
o

f
D ~3 0w

—
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ficantly different from each other and from other species considered.
The means for the remaining chars range between 60.§ (brook char)

and 64, (Dolly Varden char). See Tables 16 - 19 and 20.

Iength of the snout (i’L) as a proportion of the postorbital distance

9:21: This proportional value puts all chars except Dolly Varden and
aurora chars into 1 group, and segregates them from namaycush and
rainbow trout. The means are L3.1(, L5,3, L6.0, 46,5, and L6,6 for
blveback, brook, Arctic, Juebec red, and Sunapee chars, respectively,
Usually this value is slightly higher for males than for females of a
species, Vladykov (1954) showed that this value is a little hirher in

males than in females of Salvelinus, See Tables 16 - 19 and 20.

lany proportions were treated by Duncan's (1955) new multiple
range test. MNamaycush is found to be significantly different from all
chers and trout in 11 characters, as for example, TL, Bdly, aD, etc,
FL 71~ FL

(Table 20). In namaycush the means for these characters are either

extremely high or extremely low, Also, in some other ratios, such as

V-A, P-V, etc, the means are not significantly different but still

L FL

have the extreme values, Only in one proportion, Y-A, has namaycush
L

stood with the chars., This data leads to the ceonclusion that

Cristivomer differs in many characters and can be separated from

other Salmonoid genera,

In Arctic char the values BdLj and V-A are extremely high and
L. FL
I is low and suggest that Arctic char should be separated from the
BdLy
other chars,

Juebec red and blueback chars do not separate themselves into

groups in any of the cheracters. In Sunapee char the mean value of

T T

et e bt i A 4 SR i VA
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only 1 character, ma-F is 21,ll, and sirrificantly cifferent from the

Il
means in other chars ano trovt. In most other morphological features,
:uebec red, blueback, and Sunapes chars have similar proportional

values. The mesn values for the different proportions of the 3 popula-

tions of S.a. oguassa are clos¢ to those of Arctic char,

Ir surora char the mean values for ik, ma, end I  are il her
T i Qmpp

than and significantly different from those in other chars. Tthe
gbove values in brock char ere very similar to those in aurora char.
These 2 forms iorm 2 sincle species group and are considered as S.1.

P .

fontinalis and £.¥, timapemiensis,

Lorpholosically Dolly Verden cher iz nobt separated into a
~roup bty itself but has associated with |uebce red, breelr, and Zunapee
chars and reinbov troub. ‘ecently, Dolly Varden char has been re-

cornized as a distinct cpecies tecause of letal and meristic

characters (iclhail, 1961),

In raintov trout the mean values of uU-ad and 1 sre lovest
AL O-p
ent from tlrose

in other chars and namaycush. In a few othsr values, phr, uwe-v, and
L »L
, rainbow trout pgroups with the spccics or sutspccies of

m

T
pd=Lo
Salvelinues {Psble 20) and not vith Jristivomer. Salmo has been

universally recognized as a cistinet genus on the basis of sleletal

cheracters.

(ORI
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‘eristic Characters

“any authors, esrecially Ifottley (173L), Tening (1952),
“ilder (1952), and Zeywour (1959), have demonstrated the variability
of meristic characters under different environmental conditions,
fevertheless, usage of these characters with prudence con still e
helpful in tsxonomic studiss. .ore than 20 cheracters are considered

here, Cnly some of these esre discussed in detaill,

“umber of vertevrae. The total number of verteuvrae, and number of

trunk vertebrac, precaudal, and caudal vertebrac were counted,
Total numter of vertebrae is an index commonly used in taso-
nomic study. Table 21 showe that amonp chars, orool: char have the

ainimum mean number of vertebrae (57.5) and Arctic char the maximum

Andreus and lear (1956) furnished data on total vertebrae
o /A\TL»TH. !J,‘r"xC‘"

countsifrom nortnern Labrador, Theilr mear and range of vertebrae
ccunts were about 65 and 63 ~ 60, respectively, Cur values are
similar, “cFhail's (1961) data for vertebral counts from various arcas
showed a great geal of variability. ©is lowest and highest means for
Arctic char were 66 and A9, respectively, and for Dolly Varden char,
62 and 68, Our values for different Salmonidae are about the same as
those of BZounsefell (1962) who has presented data from various sources.

The dats analysed by Duncan's (1955) test of significance
show that Arctic, brool, and aurora chars are separated from all the
other species,

The coefficient of difference (3.D.) values show that Arctic

char can e segregated from ‘uebec red char.
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Among foreign genera, Salunothymus has the minimum {mean 5Y)

number of vertebrae, See Tables 21, L0, and Ll.

In namaycush the mean and range for thec number of trunk

vertebrae are 31,7 and 29-34, respectively, Arctic cher has the

highest mean (32.5) and ranse {32-35) and can be separated

red char (msen 30,L; range 28-23). irook char (mean 27.5; rance

26~29) can be separated from aurora char {mean 30; range 29-31),

Jovever, .uebec red, blueback, and Sunapece chars have no measureable

differences from each other,
is not included,

In namaycush the wean and range for the number of precaudal

vertebrae are & and £-8

*

range 6~6) is seen in Arctic char.

chars are similar. (n the basis of Table L1 brook char, with the

lovest values (mean 6,3; range 5-7), can be serarated from aurora

char (mean5; range L~6), <(ur values for precaudal vertebrae checked
£

vell with those of Vladykov (195Lh), The table showing the nusber of
precaudal vertebrae is not included.

The numbers of caudal vertebrae in brook, aurora, and Dolly
3 £} J

Varden chars have about the same mcans (25.5-25,8), The highest

mean number (20} is observed in blueback char. Cur values for blue-

back char are in accordance with thosc of .aters (1960)., .aters used
the number of caudal vertiebrae as one of the characteis to serarate
blueback and Sunapee chars, but this character does not show any
significant, difference in the present study,

<uebec red and blucback chars form a group and can be S€g-
regated from all other groups because of this character. Amongs the
foreign gencra the number of

caudal vertebrae is minimun (21) in

Brachymystax., Sce Tables 22 and Lo,

from Luebec

Fhe table showing the numbor of trunk vertebrae

8, respectively., The highest numbsr (mean £,9;

<vebec red, blueback, and Sunapee

e o m e o e 4 LT

e
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cumber of neural arches not fused and number fused with vertebrae, ior

the number of neural arches not fused, brook and avrora chars have the
lovest mean velues, 25.1 and 27,8, respectively, and Arctic cher the
highest at 33,9 (Table 23). These 3 groups can be separated from each
other and from other chars, namavcush, and rainbow trout. 3ee
Tables 23 and LO,

The mean number of neural arches fused with Lhe vertebrae is

lowest (27.,h) in brook char and highest (30.,9) in Arctic char (Table o),

P“umber of paired neural spines. iccause of this character Arctic

char (mean 33.6) and Dolly Varden char (mean 33.9) can be separated
from other chars, namaycush, and rainbow trout. Brook char (mean 30.6)
and aurora char (mean 27,8) are similar. ‘here is

a considerzble

overlap in the ranges of various fishes (Tables 25 and LO).

sumber of single neuvral spines and haemal spines, normal and expanded,

Among the chars the number of single neural soines is ninimum (mean 26.3)
in brook char and maximum (mean 31.,1) in Arctic char. fTwo groups,
brook char, and Arctic char and rainbow trout, can be separated from
other chars, The C.D. value (1.31) between broqk and aurora chars
signifies subspecific difference. See Tables 26, LO, and Ll.

The number of haemal spines is somewhat similar in Arctic,
‘webec red, blueback, and Sunapse chars., Brook, aurora, and Dolly

Varden chars are similar. Among the foreign genera the number of haemal

spines is minimum (approx. 18) in prachymystax lenok and ilucho perryi,

See Table 27.

sumber of ribs. The total number of ribs, number of rivs with strong

UPONIRNPRRURRISNP AR 2 L2 2. & v o PR ¥
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bifid heads, and number of ribs with sincle heads were enumerated.
The meai: tetal nuinber of ribs is minimem (23.1) in brook char
and maximum (L0.5) in Arctic char. In namaycush the mean and range
are 37.9 and 35-L0, respectively. Amons the foreirn spucies,

Salmothymus ohridanus has the lowest mean (:0.5).

Duncan's test separates Arcbic char and brook char from each
other and from all the other chars, namaycush, and raintow trout.

The C.D, values segregate Arctic char from .juebec red char.
‘“iuebec red, blueback, and Sunapee chars are closely related. See
Tables 28, LO, and L1,

In namaycush the mean number of ribs with bifid heads is 20,3
(ranze 27-33)., In Arctic char from the Canadian Arctic the mean and
range are 30,9 and 30-32, respectively. C(n the basis of riks with
strong bifid heads brook char is separated from auvrora char (Table 41).
The mean and range in brook char are 2L.6 and 21-27, respsctively,
and in aurora char, 28,4 and 27-30, respectively.

The mean number of ribs with single heads in namevecush is 7.6
(ranpe 5=7). On the basis of this character Arctic char is segregated
from “uebec red char (Table l1l), In Arctic char the mean and range
are 9.6 and 9-11, respectively, and in Quebéc red char the values are

7.2 and 7-8, respectively.

“umber of epineurals. ‘Yhe mean number of epineurals is minimum (2°0.5)

in Sunapee char and maximum (36,.3) in aurora char. 'his character puts
‘;ucbec red, bluebacl, and Sunapee chars into one group, and Arctic,
chars

Dolly Vardeng, and rainbow troult into another, The C,U, value of 1,31

segregates brook char from avrora char. See Tables 29, LO, and L1,
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tumber of dorsal fin pterygiophores. Aurora cher have the minimum

mean number (11,2) of dorsal pterygiophores and -luebec red char the
maximum (12,8) among chars and namaycush (Table 30). Among the

foreign genera, Salmothywmus has the minimum mean (10), Aurora and
brook chars are segregated from the other chars and from trouts to

form a single species group (Table LO).

tumber of dorsal fin rays. This meristic character signifies that the

mean is lovest (12.9) in brook char and highest (1L,5) in rzinbow
trout, Arctic, Juebec red, blueback, Sunapee, and volly Varden chars
are similar (Table 31), In each case our vslues arc higher than

those reported by lendall (191L) for namaycush, blueback, and Sunapee
chars, by Delacy and ‘‘orton (19L3) for Dolly Varden char, “ilder (1552)
for brook char, and Vladykov (195L4) for chars and namaycush, Our
valucs for Arctic char are slighitly lower than those of Andrews and
Lear (1956), who mentioned that there was an increase in the mean count

with increase in latituce,

Yumber of anal fin pterygiophores. The mean value for this character

is lowest (¥.9) in brook and aurora chors and hirhest (11.L) in
namaycush, Arctic, ‘uebec red, blueback, Sunapee, and ULolly Varden
chars are related, The genus Salmothymus has the lowest mean (7.5)

among the non-Amcrican gencra., See Table 32.

Number of anal fin rays. Table 33 specifies that among namaycush,

chars, and trout the number of anal rays is lowest (11,9) in brook
char, +Wuebec red, blueback, Sunapee, and Lolly Varden chars group

tozether, Dolly Varden char form an intermediate group between Arctic
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char and brook char. Again, for this character, tie values are higher
by 2 - 3 rays for each species in the genus Salvelinus than those
reported by Kendall (1914) for verious chars, Lelacy and ¥orten (195 3)
for bolly Yarden char, and Wilder (1952) for brook char, Qur values

for Arctic char are similar to those of Andrevs and Lear (1956).

Fectoral fin rays. £Prook and aurore chars (mean 13,2) and .uebec red,

blueback, and Sunapes chars group together. The number of rays is
147 and
. z - <; - N . N
highest (meanf&b.o) for Dolly Varden char and raincow trout. Among

the non-American genera, Srachymystax hzs the highest mean valuve (1e).
see Table 3h.

tumber of ventral fin rays. For this echaracter vrook and aurora chars

form a scparate zroup, wilh e mean of 0.3 (Table L), Arctic, vebec
& e 2 3

red, vlueback, and Sunapse chars ancd namaycush are related (Table 35).

Cur values for Arctic char are slightly lover (by 1.2) than those

of Andrews and Lear (1956). Ilainbow trout have the hichest mean (10.1).

Total number of gill rakers. This charactcr nas been uscd exbensively

in fish texonomy (3vardson, 1957; icFhail, 1261), The tobal number

of gill rakérs is lowest (mean 16.8) in Uolly Varden cher and highest
{mean 27.8) in &rctic char, This character supports the separation

of namaycush, Arctic char, and Dolly Verden char f{rom each other and
from the other chare and rainbow trout., .ucbec red, blucback, and
Sunapee chsrs, and also trook char, aurora char, and rainbow trout forrw
tuo groups. Arctic char are separated from wuebec red char, Zee
Tables 36, L0, and L1,

Gur gill rakcr counts are higher, rarticularly for Arctic char,

:
i

;
4
7
4

T R

]



0T°q Ti°0 23°0 0°9T 0°9T 0°9T LT - 6T . fouoT g
0T°s  TH0 280 0°9T  0°9T  0°9T LT =~ ST oqony°y
§5°9  L€°0 28°0 L°YT  0°6T  T°st 9T~ ST AT
19°9 §2°0 96°0 g°6T  0°ST 9°NT [T - €1 TTISUPITES OWTeS
29°2  22°0  18° g°2T  0°€T  2°¢T - €1 sTsuoTueJenty 3 o8
'gL°s  9T°0  9L°0 9°2T  0°'fT  e'el St~ et . STLEUTI03°F°S
. 6T°C 2€0 910 S°ST 0°6T LM 5T - 1 | T
& 106 &0 19°0 €2t 0°¢t €T T oute}] ‘puod SPOOTI - ESETRLO°E S
_ €6°1 f1T°0 4$9°0 9°¢T 0°¢tT T°€T ST - el sutel] ‘expT JOOUTUSRJ =~ mmmmswmo.mom
wLes  61° 9L°0 ARAN o..ma, goct G Al 05qanY) - BEEENLO°E°S
L6°¢  €1°0 LSO €T o°fNT  €°WT gt - €1 . snuTaTee°s
S8°€ 020  1S° O°fIL  0°fT  O°fT G~ €T JSnoATwEuCy
A Mm s o o X : aZusy seToedg
sfex Teaojoad
*cousTy proucures Tedsaes ut sfed uty Tegogosd yo Jequmu Tedol  °HE  HIGYT

A R ANy T A L T




00°8  8€°0  9L°0 5°6 5°6 5°6 0T - 6 souat g
0 0 0 0°6 0°6 0°6 6 -6 . Tarsdeq
9€°€  §0°0  TME°0 9°6 0°0T  T°0T TT - 0T TTIoupIted oures
15°6 210 S0 gl 0°g £°g 6 -9 STSURTUE 2uUTI T8
2l°€  LT°0  I£° 9°! 0°Q £°g 5§ ~ ¢ . STLeuTIuOJ°I°S
I T6°€  6£°0  9€°0 2°0T  0°0T  9° oT - 6 BuTEUS
& 2€°z  S0°0  T2°0 6'9 0°6 16 0T - 6 OUTET ‘PUOd SPOOTI- ¥BLTHDO S
_ 12°9  £1° 85°0 €9 0’6 £°6 0T - @ auTe;] SoeT JI9UTHSNT ~ °2SCubO°2°g
29°z  90°0  £2°0 T°6 06 6°g & - ¢ 09qenY) ~ ©SSEaLo e 'S
of°s  LT°T  T15°0 T°Q 0°6 1°6 0T =~ ¢ : snutate*z*s
02°¢ 100 g% 2°g 0°6 €°6 0T - 6 ysnodeuzucy

A Xy s ol a7 Y aduwy soTo0dg

sfea Teaquop )

*S2YSTT PTOUCULES TLJIOA9S UT S UTT TTIJUSA JO JaCumy °G¢ wIHYT

X N A A o T R TR D e B el A S e



than those tabulated bty Delacy and vorton (12L3), whose mean nUMDErsS

of rakers for 2 samples of Arctic char were 21,3 and 23,4, However,
our value for Arctic char (27.8) is in accordance with those of
chhail‘s (1961) semples from the eestern jiorth American Arctic where
the lowest and highest means were o5 and 29, respectivsly. 4&lso, our
mean valuc (16.0) Lfor Dolly Varden char compares well with those for
several samples of icFhail's southern form, Our range values for Llue~
back and Stnapee chars arc similar to those of iendall (191h). In
taters' (1960) study the means for variouvs samples of blueback char
ranged between 18.l and 20,1, fThe minimum and maximum numbers of
rakers for nis L samples were 10 and 22, respechively; our mean (21.4)
for blueback char is slightly hicher +han his, “aters! mean number

of rakers for Sunapee cher was 1.7 and the ranze was 17 - 21; our

mean (20.7) is slightly higher.

Jumber of developed gill rakers. The gill ralers which <= projected

from the basal discs and which were easily moved ty a necdle were
considered to be developed, The number of developed gill rakers
segregates Arctic char frowm juebéc red char (table L1).

Two samples of namaycush, 1 froi Lake Louisa, Ontario, anc the
other from Leke Lavielle, Ontario, arc compared by us on the basis
of the number of developed and undeveloped gill rakers., It is re-
ported here that the Lake Louisa population, wiich is a plankten
feeder, has more developed gill rakers, the mean and range being 17.2
and 16 - 19, respectively, The mean and rance for the Lake Lavielle
poculation are 13,9 anad 12 - 17, respectively. The ¢ D, value is 1.30.

For the 2 populations of nanaycush, the total number of rakers
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is about the same., 7The means and ranges arc 22,8 and 21 - el

respectively, for the Lake Louvisa population and 2¢.2 and 20 - 24

for the Lake laviclle population, IFurther work on some other

characters is in prosnrcess to decide the taxonomy of these 2 popvlations,

i

i'umber of branchiostegal rays. The megan for this character is lovest

oy

(9.6) in blueback char and hirhest (13.&) in Dolly Varden char, This
character scparates Dolly Varden char irom all the other chars and
from rainbovw trout. Dlueback, usbec red, Sunapee, and brook chars
group together, See Tables 37 and LO.

Our mean value (13.6) for Dolly Varden char is hipher than
that (11.3) reported by velacy and orton (19k3). Cur ran;e values

for blueback and Junapee chars are in accordance with those of Kendall

(191 ),

Tumber of pyloric caeca. llamaycush have the highest number of pyloric

.

cacca {mean 1238.5). “Thc higher mean and range sepsrate namaycush
from all chars and from rainbow trout {Tables 3% and L0)., The mean
number of pyloric caeca is minimum (23.9) for Delly Varden char; this
value is in accordance with those for several samples of the southern
forms of rcFhail (1961), The numbers of nyloric caeca for the other

chars are within the ranges reported by ..orton and .iller (195kL),

Vladykov (195L), and .lounsefell (1962).

Mumber of pores on lateral line scales., The number of pores is

minimum (about 117) in brook and surora chars and maximum (1L3) in
Arctic char. Arctic char is scparated from other chors, namaycush,

and rainbow trout. _uctec red and bluebaci: chars, ami also brook and
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avrora chars form 2 secparate sroups, (ur values for navaycush, vrook
char, and Lolly Varden char compare well with those of orton and
piller (195hi). OQur mean (143) for Arctic char is hizher than theirs
(122). See Lables 3%, L0, and b1, fhe number of pores on the lateral
line scales in several samples of Arctic char ranged from 123 — 155

(icPhail, 1%61)s our range is in accordance uith his.,

The overall impression which one draws by considering meristic
characters is that namaycush, Arctic char, Dolly %Yarden char, and
brool char are zeparated into distinet formeg, Dolly Varden char
scems to te an intermediate form between Arciic char and vrook char,

wuebée red, blueback, and Sunapec chars form one group and
are closely associated with Arctic char. Irook and aurora chars form
another group, i.ainbow trout have slichtly more affinity with chars
than with namayveush,

Soerficient of difference (S.11,) values signiiy that uebec
red char can be separated from Arctic char in 7 chsracters (Table L1
and may be given a subspeciflic rank (iayr, linsley, and Usinger,
1953). ‘uebec red char cannot be distinguished from bluebaci or
Sunapce chars in any meristic character, Xlueback char are inseparable
from Sunapee char in all the meristic characters studied. Aurora char
can be separated from brook char in 5 characters and possibly may be

considered a subspecies of brook char (Table L1),
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FRY

Osteology

Skull

In fry of Salmonidae ossification of bones of the chondro-~
cranium began after hatching. The age and length at the beginning
of ossification differed in namaycush, two species of chars, and cut-
throat trout. However, in these fishes the position, pattern, and
sequence of appecarance of most of the skull bones were similar and in
accordance with the findings of earlier workers. For drawings
showing the position and devclopment of bones in Salmonidae standard
vorks (Schleip, 190L; Boker, 1913; de 3eer, 1927 and 1937) may be
consulted, The account of ossification of various bones is given
here for namaycush, and comparisons are made with chars and the genus-
Salmo, Unfortunately we are unawarc of the envirommental and
ecological conditions, particularly temperature and food, during
the early develorment of Salmo., ‘Therefore, comparisons on the basis
of lengths alone should be viewed with caution,

In the following description, the cartilage bones and the
membrane bones are treated separately. Similarly subdivided are
the membrane bones of the skull with the lateral line canals, the
membrane bones of the skull withoul the lateral line canals, and the

bones of the mouth cavity,

Cartilage Dones

Of more than 35 bones studied, the basioccipital, exoccipital,
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prootic, hyomandibular, gill rakers, and uroneural are discussed in
some detail. Information on the ceratohyal, hypurals, and epurals

is provided in Tables L3 and Lk,

’

Basioccipital, In adult Salmonidae the basioccipital is a single

bone, but in fry it appears in the form of i perichondral lamellae
around the notochord. These lamellae later fuse torether and form

a single bone., In namaycush fry tine i lamellae ossified at a younger
age, 20 days (21 wm), than in chers (Table L3). In Salmo salar

fry they appeared at a length of 2l mm (de Seer, 1937).

Fxoccipital. The exoccipitals are a pair of bones. The exoccipital
ossifies as a pair of perichondral lamellae on the outér and inner
surfaces of the occipital arch. Ossification later spreads ventrally
and anteriorly. The lamellae ossified at a younger age, & days

{(17.5 mm), in namaycush than in chers (¥ig. 5).

Prootic. The prootics are a pair of bones, The prootic appears

as an endochondral ossification on the antecrior wall of the auditery
capsule and on the lateral commissure., Ossification spreads inward
to the anterior region of the basal plate and the prootic bridge. In
namaycush the bone ossified at an earlier age, 33 days (24 rm), than
in chars {Tsble 43). In Salmo salar it appeared at 2l mm {de Beer,

1937).

omandibular. The hyomandibulars are a pair of bones., The hyomandi-
p )

bular ossifies first in a cartilaginous arca around the hyomandibular
foramen. Ossification spreads in all directions until the bone

assumes its final shape. In namaycush fry the bone arpeared at an
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carlicr age, 26 days (22 mm), than in chars (Table L3).

Gill rakers. The £ill rakers were studied on the first gill arch
only. In namaycush 3 - b gill rakers appeared independently above
the lower arm (absent above the upper arm) of the first rill arch,

at an are of 17 days (1% mm). These and other gill rakers become
attached to the arch later, Their number and size increased with the
size of the fry. At an age of about 50 days (25 mm), § rakers were
present on the lower arm, The gill rakers were not developed on the
posterior surface of the arch at the above mentioned lengths., The
rakers appeared at a later age in chsrs than in namaycush (Table Lk,

and Fig., 5).

Membrane Bones

Jembrane bones containing the canals of the lateral line systenm,

Fighteen of these bones were studied., These include the bones of the’
skull proper, the orbital and opercular regions, the lower jaw, and
the pectoral girdle, Only the following L bones are dealt with in
detail: the nasal, frontal, lachrywal, and preopercle. ror infoima-

tion on the suprapreopercle and dentary sce Tavle L2.

Tasal., The nasals are a pair of bones, The nasal ossifies over the

fossa nasalis and lodges the anterior part of the supraorbital cenel

of the lateral line system. At first the cssification appears sround
the sensory canal, then gradually spreads from this centre. The

nasal ossified at a younger age, L% days (25 mm), in namaycush than

in chars {Table L2), In Salmo fario (= Salmo trutta) the nasal bone

appeared in fry of 18 mm in length (ce Heer, 193¢), and in Thymallus

i o LEC A
S N
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arcticus at 35 mm (iiorden, 1561).
Irontal, The frontals are a pair of bones. The frontal anpears as

an ossification aroun¢ the supraorbital canal. From there it

ossifies over the tactum cranii, the taenisa marginalis (de Beer,

1937), andvthe anterior part of the auditory capsules, Ossification
continues in all directions until the frontal acquires full size,
meeting its corresponding partner from the other side dorsomedially.
The frontal first appeared at a much Yyounger age, 20 days (21 mm),

in namaycush than in chars (Table 42, and Fie. 5). In Salmo fario

fry the frontal ossified at a length of 16 mm (de Beer, 1937) and in

Thymallus arcticus fry at 30 - LO mm (Norden, 1961).

Lachrymal., The lachrymals are a pair of bones., The lachrymal lies

anteroventrally to the eye, above the maxilla, and carries the

anterior extension of the infraorbital canal. In namaycush it

ossified at an earlier age, L9 days (25 mm), than in chars (Table L2)

In Salmo fario it appeared at a length of 18 wmm,

Preopercle. The preopercles are a pair of bones which carry the

preopercular lateral line (sensory) canals., Ossification begins

in the region of the canal of the horizontal arm of the preopercle,

then spreads posteriorly and upward. In namaycush it ossified at an

€arlier age, 20 days (21 mm), than in chars. See Fig, 5,

lembrane bones without the canals of the lateral line system. Twenty-

two of these bones were studied, These include the bones of the

skull proper, the upper jaw, the orbital region, the opercular region,

and the branchiostegal rays. Only the supraethmoid and maxilla are

b SRR

vz sesrns
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included here,

Supraethmoid. In nsmaycush the supraethmoid appears at the age of

1,9 days (25 mm) as a fairly broad ossification between the anterior
ends of the premaxilla, At first the supraethmoid is decply notehed
posteriorly, but in a few days the notch is £illed and the bone
extends into a narrow point, thus assuming the adult shape. In
brook char and cutthroat trout the bone is not pointed caudad.

In brook char it ossified at the age of 92 days (30 nm), in cutthroat

trout it appeared at a length of L0 mm; and in Arctic cher the bone
g <

did not anpear until the age of 97 days.

Vaxilla. The maxillae are a pair of bones. The maxilla ossifies as

a thin splint. The ossification then spreads anteriorly and posteriorly.

A few teeth appear independently even before the maxilla above the
anterior end of that bone. They subsequently become attached to the
bone. The number of teeth increases with the age of the fry., In
namaycush, brook char, Arctic char, and cutthroat trout the maxilla
ossified at 17, 1b, 13, and 17 mm, respectively. At all these lengths

the fry were only 1 day old.

sembrane bones of the oral cavity. Ten membranc bones oi the oral

cavity vere studied., Only the vomer, lingual plate, and basibranchial

3

plates are presented.

Vomer. In adults of Salmonidae the vomeér is a single tone. In fry
of namaycush and other species the vomer ossifies intramembranously
as 2 distinctly sevarate small round Lones at the anterior end of the

ethmoid cartilage. The 2 ossifications later fuse to form a single

e LT T
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bone. The vomer aypeared at an ecorlier age, 33 days (2L mm), in
namaycush than in chars (Table L2, and Fig, 5). In Salmo fario it

ossified at a length of 17 mm (de Reer, 1937).

Iingual plate. In namaycush the lingual rlate ossified at an are of

18 days (18 mn) as a spatula on the basihyal cartilage but always
rerains separate from it, In namaycush and other specics as well, the
teeth appeared in advance of the plate. 1In nanaycush fry the teeth
appeared at an age of ¢ days (17.5 mm), were not attached to the bone,
and were not developed in any particular patiern. 4% an ace of L9
days (25 mm)}h - 5 teeth were arranged in two parallel rows on the
plate. Ilach row of teeth was situated on the right and left lateral
sides of the plate, respectively. In brook char fry trhe lingual

plate ossified at an age of 33 days (19 mm). In Arctic char it
ossified at an age of 52 days (1€ mr). In cubthroat trout the plate

ossified at 23 mm. 3ee Table L3, and ¥ig, 5.

<

Basibranchial plate. In namaycush .he basibranchial plates originated

as 2 - 3 very narrow, small, independent plates on the basibranchial
bones., These plates started to ossify in namaycush at an age of LY
days (24 mm). Iater the plates fused together an¢ formed 1 or 2
plates. In namaycush and other species the teeth appeared independent-
1y in advance of the plates and aftervards attached to them. In brook
char 2 ~ 3 plates were ossified at an age of 62 days (2t mm), In
Arctic char the anterior basibranchial plate made its avpe arance
at an age of &8 days (20,5 mm).

The ages and lengths at the beginning of ossification of

several bones in fry of 5 forms of Salmonidae cmphasize the fact that

e
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in namaycush ossifications commenced at an earlier age than in chars
and cutthroat trout, and that namesycush is far separated from them,
Aurora char is closer to brook char than to any other species, and
in most cases aurora char overlaps it. In cutthroat trovt fry ossi-

fications begin at greater lengths than in Zalmo fario.
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Yorphology

Pefcentages of body parts in the total length of {ry. In sac fry and

o

advanced fry of namaycush 16,7 - 29.8 nm in length, T and I increase
with growth in body length. The distances al, aV, and all remain fairly
constant (Table L5), In namaycush fry 45 - L9 mm in length the distance
av diminishes a little; the remaining oproportions are in accordance
with the proup above, The general pattern of growth in oéher species,
except Arctic char, is similar to that of namaycush, In Arctic char

fry the body proportions are much more constant. This constancy is

rossibly the result of slow growth,

Head length (1), Arctic char fry have the smallest head, the mean

values for the 2 size groups being 17.% and 20.6. JIn cubthroat

trout the proportional values are slightly higher; the range of means
for L size groups is 18,2 - 2,1, In fry of the L species, 20.0 -
29,9 mm in total length, the value of %L 5 acquires adult proportions.

See Tables L5 and 12 - 1l,

Maximum depth of body (H). Body depth is minimum in Arctic char.

The means of the 2 size groups range 7.8 - 1l.4, Body depth is
maximum in brook char fry, with the means lying between 9.5 and 15.1.
The body depths of the various species do not attain adult proportions

in the length groups examined. GSee Table L5, and rir. 6.
o 3

.

Predorsal fin lenzth (ab), The predorsal length is minimum in brook

char; the meané for the 2 length groups are L0.5 and L2.5. The

values in Arctic char are similar to those in brook char. The predorsal
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Fig. 6. Histograms showing the body proportions in fry of C. namay-
cush (LL), S.f.fonbtinalis (2), and S.a.alpinus (7), expressed in percen-
tages of either the total length of Try or head length of fry. The length
group of fry considered is 20,0-29.9 mm. The number of fry used is shown
in parentheses., For abbreviations see the section "Methods".
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length is maximum in namaycush, the mean being about L., In all the
species except namaycush, the éxpected adult values for this character
are attained in fry of about 22 - 25 mm in length, In namaycush

mean values of about U7 - L9 are fourd for adults. Seec Tables L5 and

12 - 1L, and Fig, 6,

Preventral fin lencth (aVv). The preventral distance is slightly shorter

in brook cher; the range of means is LL.8 - 9.7, fThe means for the

other species range L7 - Sl (Table LS).

Preanus length (ail). 1The preanus distance is maximum in namaycush,

with a ranse of mcans 63.9 - 44,8, and minimum in Lrook anc¢ aurora

chars, with a range 59 - 63,4 (Table LS).

Fercentages of head parts in the total head lensth, In the several

species studied, the lengths of the maxille and the lover jaw increase
and the diameter of the eye reduces with increasing head length, In
fry of the various species none of these proportions attain adult

values,

Horizontal diameter of eve (0). The values for diameter of the eye

are slightly lower in cutthroat trout (range of means 3.3 - L3.1)
than in the remaining species (ranpe of means 376 - Lh,9), See

Table L5,

length of maxilla (ix). The mardilla is shortest in Arctic char fry

(range of means 30.3 - 2.5) and longest in brook char (ranre of means
3.7 - L1.9). The values for cutthroat trout approach those for

brook char (Table L5),

TERSTEEIY




- 152 -

length of louer jaw (ma)., Arctic char fry has the smallest lower

jau (range of msans 38.7 - L1.9) and brook char fry heg the largest

(range of means L0.9 - U5.1). The vslues for cutthroat trout fry

approach those for brook char (Table LE),

Tartin (19h9) has rointed out that in namaycush fry between %
the sizes 20 - 30 mm in length, head length, eye diameter, body depth,
and body width all increase rapidly with body growth. Deyond 30 mm
these body parts more closzely approximate isauxesis (Huxley¢5;9u1).
But our observations on the L speciecs show that the proportion of
the diameter of the eye in the head length decreases with the increase
in body length, and characters such as al and aV approximate isauxesis
even before the fry reach 30 mm (Table L5},

In 2 characters, al and ail, Arcitic char and‘brook char are
similar., Brook and aurora chars overlap in many characters {Table L5).
In 2 characters, ¥ and ma, cubtthroat trout fry asproach brook char
fry., Hevertheless, the L forms, namaycush, Arctic char, brook char,

and cutthroat trout, can be separated.
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Yeristic Characters and Colouration

Heristic Characters. “herever possible the minimum total length in

i and the minimum age in days at the arpearance of a character are
given., Dor details Tabtles U2 - Ll may be consulted.

The gill rakers are discussed under "Cstecology'.

Pectoral fin rays. In namaycush fry, pectoral fin rays first appeared

at a minimum length of lé.8 mn (17 daysj. The number reached about
13 between 22 and 23 mm and acguired adult complements at avout 23 mm,
In a single fry of 29.8 mm the number of rays was 15. In Arctic
char f{ry, rays first appeared at 14,5 mm (25 days)., At 19,5 mm the
number of rays (12 - 13) reached that seen in adults of the species,
In brook char fry, rays were first observed at 16.5 mm (10 days).
“hen the brook char fry attained the lensth of atout 22 mm the number
of rays was about equal to that of aduvlt fish, Similar observations
were obtained for agurora char, In cutthroat trout, rays first appeared
at 17 nm, At 23 mm and 33 mm the numbers of rays were 13 and 1%,
respectively, TIn adult rainbow trout, another species in the genus
Salmo and closely related to the cutthroat trout, the peetoral rays
numbered 15 - 17. See Tables L6 and 3&,'and g, 7.

Por his stock of brook char fry reared at %.59C, “ilder
(1952) has siven the mean as 12,7, Cur mean value of 12,5 is in

accordance with hLis,

ventral [fin rays. In namaycush fry, ventral fin rays first arpeared

at about 21 wm (20 days) and acquired the number (2 - 10) as seen in

L

the adult at about 23 = 2l mw, In Arctic char the ventral fin rays
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were first observed at 17.L mm (L0 days). The number 7 - § was
reached at 21 - 22 mn, This was somevwhat less then the number
usually seen in adults, In brook char fry, rays first appcarcd al

17.7 mm (20 days,. &t 23 mm the number incressed to 8. The number

of ventral fin rays in aurora char was similar to that in brook char,

Seven rays were observed in cubthroat trout fry at 20l mm, At

25 mn and 3C mm the numbers reached 7 and 10, respectively, which

SRR

SRR

approximated the numbers scen in adult fish. 3See Tavles L6 and 35,
and ¥ig, 7.

— . o - A © T EPE /9 e 3
In his stock of brook char fry reared at 5.0 ¢, “ilder {1552)
observed a mcan numier of £,0 ventral fin rays, close to our mean

nunber of 7.%.

Anal fin rays. Anal fin rays were first observed in nameycush fry
o

2t a lenpgth of 17,6 mm (8 days). The number of rays recached 12 - 13
at 26 - 27 mm. The range of the number of anal rays in adult
namaycush was 13 - 15, In brook char fry, anal fin rays were first

\

seen at 16.5 mm (18 days). The numoer of ray at

n
=
m
w
Q
e
m
Q.
[
=
1
[
(W]

2c 8 - 23,9 mm; the range in the adults was 10 - 13, Jhe number of
rays in aurora char fry vas slightly lover (10 - 11 than that in
brook char., In Arciic char fry the rays were first noticed at 1Lh.2 mm
(20 days). The number of rays reached 10 - 12 at 20,1 - 22,2 mm;
the range in aduvlt Arctic char was 12 - Wi, 1In culthroat fry the
anal rays first appcared at 17 mm, The number reached 1L - 15 at
26,0 - 26,86 ma, In adult rainbow trout the range of the numtecr of
anal rays was 12 - 15, See Tables Lb and 33, and VFig. 7.

vilder's {1552) mean valve for the number of anal fin rays

in brook char fry was lower (%.8) than ours.
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In the several species of falmonidae the corsal [in rays

appeared at the same minimum lengths and ages as the anel fin rays.

tranchiostegal rays. In namgycush fry the brancniostegal rays first

appeared at 19.%5 mm (10 days) at the posterior ventral region of the
skull., The number reached 12 at 27 = 28 mm and 13 - 1k at 4b - L9 mm,
In Arctic char and brook char fry the branchiostegal rays appearcd

st 1.6 nm and 16,5 mm, respectively. In Arctic cher Iry the hizhest

number of rays (f) was reached at 2l - 22 tm, This number (&) vas

the minimum for S, alvinus oquassa. In brook char Iry of about

28 mm long the number of Lranchiostegal rays increased to 10 - 1l.
The mean for adult brook char was 11.3. UThe numbers of rays in
aurora and brook chars were comparable, In cutthroat trout {ry

20 mm lons the maximun number of branchiostegal rays'was 12. Sece
Tables L6 and 37, and Iig, 7.

For brook char fry Wilder's {1952) mean value was 11,8, which

was close to our value for adult brook char,

Parr marks. In namaycush I{ry, parr marks were seen at 21.L mm

(20 days). The number reached & - 9 at 27 - 29 wm and 10 at L9 mm,
The anterior-most (near the opercle) 2 - 3 barr marks were oblong

and at times were below the lateral linc. Farr marks under and teyond
the region of the dorsal fin were somewhat circular, less defined, and
bisected by the lateral line (Fl, 12, 4). In addition to parr waris
the namaycush fry (U3 - LS ma) had 3 - % black blolches, about hall
the size of the parr marks, above the latcral line but below the
dorsal fin,

In brool: char fry, parr marks were noticed at a length of

e




3 B S A RN N AT TN

e RS P AL o i SRR T

~ 158 -
about 19 mm (30 days). In fry at 27 mm the number was &, Slack
blotches among the parr marks were present both above and below the

lateral line., The parr marks in brook char vere about twice the

size of those in namaycush (71, 12, 5). Parr marks of aurora char

Were comparablc to those of brook char.

In Arctic char fry up to 2 total Iength of 22 mn no definitive

parr marks were noticeable (F1, 12, 31-2). larger sized fry were not

available,

In cutthroat trout fry, 8 parr marls vere enumerated at a

length of about 23 mm. The highest numter (10 - 11) was attained at

about 33 - L2 mm, A few black blotches among the parr marlks vere

rresent but only above thiec lateral lire,

Seec Table L& for parr marks in all the species,

Vladykov (125L) gave the mean number of parr marks as 9, 2.9

3

11.7, 12,2, and 12,2 for brook char, namaycush, Sunapee char, suebec

red char, and Arctic char fry, respectively, It is difficult to

compare the present findings with his values Lecause he included the

incomplete bars in his count, Houever, his observations showed

that Arctic, ‘Juebec red,and Sunapee chars were similar for this character,

Zacon (1954) wrote that parr marks in brook char from Yontana, U.3.4.,

were large and pear shaped. Carl et al.(1959) mentioned that brook

P

char fry (species introduced in {i.C,) had long Lrown parr marks. the

range of the number of parr marks in Dolly Varden char was revorted

by Chamberlain (1907) and Carl et al.(1959) to ke 7 - 10. 1In addition,

parr marks were reported to be wide and roundish in Dolly Varden char.
Carl et al,(1959) noted about 10 part marks in very voung

cutthroat. trout and 9 - 13 dark oval parr marks in very small rainbow

s A (T T
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trout., Chamberlain (1907) noted 9 - 12 parr marks in rainboir trout
fry and thought they were indistinguishable from those of cuttrroat

trout fry,

In {fry of the four species of Salmonidae the number of pectoral,
ventral, dorsal, and anal fin rays incrcased with the length of the
fry. In various fins the numbier of rays in fry approached that in
adults at lengths of 23, 20, 23, and 23 mm in namaycush, Arctic char,
brook char, and cutthroat trout fry, respsctively. In practically
all the {ins the rays acpeared at younger ages in namaycush fry,

The branchiostegal rays achieved the numbers seen in the adult
at about the same length (28 mm) in namaycush, brook char, and cutthroat
treut fry. At a length of 22 mm there were 8 branchiostegal rays in
Arctic char, the minimum number for the adult of the species,

Tor various species in the length groups examined, the near
maximum number of parr marks were observed at lengths of about 21, 26, -
and 33 mm in namaycush, brook char, and cutthroat trout, respcetively,
Farr marks were absent (or barely seen) in Arctic char up to a length
of 22 mm,

Table L6 gives the impression that among chars and namaycush,
the highest value of a character is generally seen in namaycush,
followed by brook char fry. The values are lowest in Arctic char fry.

For the various species of Salmonidae it can safely be said

that at 30 mm the meristic characters attained adult proportions,

Colouration., The eyed eggs of S.a.alpirus, C. namaycush, and S.f.

fontinalis were. extremely weally picmented, lichtly pigmented, and

strongly pigmented, respectively.

D s
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Generally, the intensity of the black pirmentation was ex-

tremely weak in fry of Arctic char and namaycush, moderate to strong
in brook char, and strong in cutthroat trout. The size of the
melanophores was largest and star-shaped in namaycush, and smallest
and roundish in cutthroat trout. In body pismentation brook char was
closer to cutthroat trout than to the other charsg. Usually, the
intensity of pigmentation increased with the length of the fry,
Pigmentation on the dentary, mouth cavity, adipose fin,
rectoral fin, anal fin, and back of the fry separzted the species of
Salmonidae (Table L7, and ¥ig., §).
Carl et gl.(l959) descrived the young of namaycush without
2 black line on the chin or at most a few scattered brown speckles;
our observations were similar. iacon (195L) mentioned that in brook
char, the surface of the abdomen and the chin were immaculate.
Carl et al. (1959) wrote that brook char young had a blackish line
around the tip of the chin, a dark margin on the adipose fin, and a
black strip along the front of the dorsal fin. bacon, and Carl et al,
used the advanced fry of 1.5 - 2 incheg in length, GCur observations
on the advanced fry of brook char were to a certain extent in accord-
ance with those of Carl et al.; however, our specimens were much
smaller,
For cutthroat trout our findings were in agreement with those

of Carl et al. (1959).

p—
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DISCUS3ICH

In aprropriate sections our results are alreacdy discussed and

compared with the findings of earlier workers, In this part I am
avoiding detailed discussion of the resuvlts and am providing only
necessary information, 1In the light of modern definitions various
catefories—~-genera, srecies, and suvbspecies—~-are decided, Moreover,
only the scientific names of the fishes are used,

Genera

In Salmonidae the genera Brachymystax, Hucho, Salvelinus, Salmo,

and Oncorhynchus are universally accepted, The status of the

genera Cristivomer and Salmothymus.is still disputed,

Probably no taxonomic category causes as much difficulty as the
penus, The definitions of the srecies and family are‘relatively
stable, The genus lies in betwveen the srecies and family; therefore
the peneric boundaries are made to fluctuate a little., However,
the genus is a more usable and reliable unit for classification
(Simpson, 1961), An obijective definition of the genus is rather
impossible. A convenient definition of it as vroposed by Mayr,
Linsley, and Usinger (1953) and accepted here is: "A genus is a
systematic category including ovne species or a gronp of species of
mresumably common phylogenetic origin, which is separated from other
similar units by a decided pap." The two essential criteria of the
genus are morvhological distinctness, and the natural occurrence of
its species in a well defined ecological niche, Ireferably, the

genus should be defined on the basis of the combination of characters

D e vt
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and not by a single character (Edwards, 1953).

Inger (1958) and Vladykov (1963) suggested that the osteological
characters should be preferred to determine the genus, and the
morphémetric and meristic differences to determine the species ranking,
Since the form and structure of an individual are the results of its
genetic composition, and physiological and ecological adjustments,
therefore, wherever possible, these criteria should also be considered
to decide a genus as well as other taxa,

With the recent development of systematics (Huxley, 19L0; layr,
19L2) many of the earlier taxonomic works are evaluated. Presently,
we are looking more for lineage snd relationships and are not sastisfied
with merely naming the animal, Revisions or new attempts have been
made to assess the systematics of the isospondylous fishes (Gosline ,
1960 and 1961) and the family Salmonidae (Vladykov, 1962 and 1963).
The genus Cristivomer is no exception,

Until 191l most ichthyologists accepted the genus Cristivomer
because of the long crest of the vomer., Repgan (191L) and Kendall
(191k) amalgamated Cristivomer and Salvelinus and thought that the
crest of the vomer in §: fontinalis was intermediate between those in
C. namaycush and S. alpinus. Kendall (1919) rétracted his judgment
and accepted Cristivomer. Ten years ago Morton and Miller (195L)

synonymized Cristivomer and Salvelinus and started the controversy

over the generic status of Cristivomer. They disregarded the long
crested vomer and the wide patch of basibranchial teeth in Cristivomer
as being of generic significance, The position of the dorsal fin,

the deeply forked caudal fin, and the higher number of pyloric caeca

in Cristivomer were considered by them to be specific only, In the

LTI
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same year Vladykov (195L) retrieved Cristivomer as a genus because
of the shape of the supraethmoid bone, parallel rows of teeth on the
lingual plate, and the presence of pearl organs, Recently, Vladykov
(1963) and Dymond (196L) accepted the genus Cristivomer. In the
present study many qualitative as well as quantitative characters are
considered in order to retain the genus Cristivomer,

The olfactory and frontal cartilaginous areas of the chondro-
cranium are flat in Cristivomer as oprosed to the slightly convex

condition seen in Salvelinus, Salmo, or Cncorhynchus, The median

strip of cartilage (taenia tecti medialis) which separates the two

dorsal fontanelles is much narrower and longer in Cristivomer (Pl. 1,
A) than in Salvelinus (Pl, 1, F, H, and J1-2), Salmo (F1l. 1, R), or
Oncorhynchus .

The presence of the single orbitosphencid bone has been considered
one of the special features of Salmonidae., In the genera Cristivomer
and Saelvelinus the bone is paired, The orbitosphenoid is absent
from 30 per cent of the specimens in Cristivomer (P1. 1, B) but always
present in the other genera of the family., At present the significance
of this bone is not well understood for Cristivomer,

In Cristivomer the supraethmoid is without' a rounded front head
(PL. b, A), whereas in Salvelinus the head is distinct (Pl. L, C).

In Cristivomer the mean valuve of L per cent is 68.9, while in various
species of Salvelinus the means ranged between 81,3 and 101.5 (Table 6).
Kendall's (1919) and Vladykov's (1963) conviction for the separation

of Cristivomer from Salvelinus by considering the shape of the supra-
ethmoid is confirmed.

Tn Cristivomer the frontals (Pl, 6, A) are long and triangular

bones. The caudolateral projection of the frontal which meets the

»
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dermal crest of the pterotic is more developed in Cristivomer than

in Salvelinus (Pl, 6, B-H).
In Cristivomer the supramaxilla is a thin narrow bone tapered
at both ends (Pl, 3, A; F1. L, A). In several species of Salvelinus

and Salmo gairdnerii the bone is much wider in the posterior than

in the anterior region (Pl. L, C-G and J), In Cristivomer the mean
value of ¥ per cent is 12.3, whereas in various species of Salvelinus
(except brook char, mean 10.8) the means ranged from 15,3 to 21,9
(Table 7).

The postorbital 1 is neglected by earlier workers., In Cristivomer
the bone is thin, plate-like, and does not bear a notch on the posterior
margin of its vertical arm{(Pl, L, 4). In Salvelinus this notch is
present and the bone is the longest of the 3 or L postorbital bones
(P1. L, C-I).

The anterior portion and hook-like process of the subopercle
are narrow and distinctive of Cristivomer (Fl. 6, A)., In Salvelinus

and Salmo gairdnerii this process is broad (Pl. 6, B-H; P1, 6, I),

In earlier studies heavy emphasis was laid on the shape of the
vomer and the presence of teeth on the crest or shaft of the vomer
(Regan, 191k Kendall, 191k, 1919; Horton and ¥iller, 195h)., This
bone is important in segregating the genera of Salmonidae into 3
groups. In Brachymystax and Hucho the teeth are located only on the

head of the vomer, Cristivomer and Salvelinus have teeth on the crest

of the vomer, Moreover, in Cristivomer the crest is usually long and
attached to the shaft (Pl, 5, B), contrary to its detached condition

in Salvelinus (Pl, 5, C-2), Salmothymus, Salmo, and Oncorhynchus

have teeth on the shaft of the vomer, In Cristivomer the mean value

B A I AN et ep it A
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of 11 per cent is 76.7 against L1,1 - 52,8 for various species of
L

Salvelinus (Table 10),

In our samples of Cristivomer, the teeth on the lingual plate
are arranged on the outer edges in two rows rarallel to each other,
one on each side of the plate (Fl. 5, B), Vladykov (195L) showed
the two parallel rows of teeth closer to each other and situated in
the middle of the plate. I have checked this condition in his study
material, 4s a result, it seems logical to comment that the position
of the rows of teeth is not stable and should be viewed carefully,
Besides, a somewhat similar pattern of parallel rows of teeth is
observed in some specimens of S. malma (PF1. 5, G), Usvually in
Salvelinus the teeth on the lingual plate form equal sides of an
isosceles triangle (F1, 5, C-F, and H-I), In Cristivomer the distances
between the tooth rows at the anterior and posterior ends of the plate
are about equal; in Salvelinus the distance between the tooth rows at
the anterior end is considerably shorter than that at the posterior
end. See Table 10,

The multiserial arrangement and higher number of basibranchial
teeth in Cristivomer were used to separate it from Salvelinus (Stokell,
1951), In the present study the basibranchial teeth in S, a. alpinus
are found to be multiserially arrangsd and higher in number than in
Cristivomer (Fl. 8, D), Morton and Miller (195L) and McPhail (1962)
have also stated the multiserial condition of teeth in S. alninus,

The basibrancbial teeth should not be used to separate Cristivomer
from Salvelinus,

Kolliker (1860), Vladykov (1954 and 1962), and Gosline (1960 and
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1961) have emphasized the importance of the caudal skeleton for
separating salmonid fishes. In the present study it is observed
that in Cristivomer the expanded neural and haemal processes are
broader proximally and more pointed distally (P1, 11, A) than
those in Salvelinus (Pl., 11, B-G).

In Cristivomer the presence of pearl organs was first reported
by Vladykov (195h). In all the other genera of Salmonidae the
pearl organs are absent. These organs are found in several families
such as Coregonidae and Osmeridae of the order Clupeiformes.
) The flank of the body is spotted with white and gray in Cristivomer,
whereas in Salvelinus the spots are orange or red. The same observations
were made by Morton and Miller (195L) and Vladykov(195L).

Waters (1960), because of serological tests, concluded that
"COristivomer represents a distinct genus, perhaps no‘more closely

related to Salvelinus than the Atlantic salmon."

Females of Cristivomer namaycush never dig a redd (Royce, 1951)

during the reproductive period, However, such digging is commonly
observed in all other Salmonidae.

The natural distribution of the genus Cristivomer is restricted
to the freshwater lakes of North America (Hubbs and lLagler, 1958;
Vladykov, 1963). Nevertheless, Dunbar and Hilderbrand (1952) and
Valters (1953) have reported stray cases of C. namaycush from the
brackish waters of Ungava Bay and from western Arctic America,

respectively. Salvelinus is holarctic and naturally distributed in

Horth America, north Asia, and Europe (Dymond and Vladykov, 1934, and Vladykov

1963).

S B
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More differentiating characters between Cristivomer and Salvelinus .
are discussed with the descriptions of the species.

Having considered the above differences between the genera

Cristivomer and Salvelinus, the genus Cristivomer should be maintained,
The author joins with Kendall (1919), Stokell (1951), Vladykov (195L and
1963), Dymond (196L), and many others who consider Cristivomer a distinct
genus,

The genus Baione of DeKay (18L2) and Slastenenko (1958) and
subgenus of Vladykov (195L) was established on the basis of the follow-
ing characters: absence of basibranchial teceth; presence of uninter-
rupted row of vomerine and palatine teeth; square caudal fin in adult;
lower fins with a black stripe, This taxon should be synonymized with
Salvelinus for the reasons that the basibranchial teeth have been
observed in both the forms of S. fontinalis and their absence has been
noticed in §. 4. oquassa, the uninterrupted row of vomerine and
palatine teeth has been observed in S. alpinus populations by the
author and also by McPhail (1961). The square caudal fin is seen in
adults of S. malma, The colour patterns which help to characterize

S. fontinalis should be considered to designate only specific, but not

generic or subgeneric, differences., Therefore S. fontinalis is
included in the genus Salvelinus and not Baione.

The genus Salmothymus was established by Berg in 1908, But Regan
(1920) and Norden (1961) synonymized it with Salmo. Had#i8Se (1960)
and Vladykov (1963) retained this genus. I have studied the osteology

of Salmothymus ohridanus and feel that the genus should be kept,

Salmothymus ohridanus has a small mouth, and the jaw hinge is situated

below the posterior margin of the orbit (P1. 3, G). The premaxilla is
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triangular in shape as opposed to the wing-shaped condition seen in
Salmo (Pl. L, J). The head of the maxilla is short as opposed to the
long head in §§img (P1. L4, J). The supramaxilla is tapered at both
ends as opposed to the elliptical shape in Salmo (Pl. L, J). The

vomerine and palatine teeth are not separated in Salmothymus ohridanus,

but separation is evident in Salmo. Teeth on the lingual plate of the

former are arranged in l} - 5 rows as opposed to the triangular arrange-

ment in the latter.

It may be added that the genera Salmothymus and Salmo are closely

related because of the shape of the supreethmoid, the absence of
basibranchial tceth, the presence of teeth on the shaft of the vomer,
and the presence of black spots on the body.

Teeth on the lingual plate form equal sides of an isosceles

triangle in Salmothymus letnica and Salmothymus obtusirostris. Possibly

these two species are closer to Salmo than Salmothymus ohridanus.

Species

The species represent an important level of integration in living
nature. The recognition of .the species is fundamental to pure as well
as to applied biology. Communication of the results of scientific
findings depends on the correct identification of the species involved.
Three important aspects of species are stressed in modern discussions.
hayr (1963) states that: 1. the species are based on distinctness
rather than on difference and therefore are to be defined biologically
rather than morphologically; 2. they consist of populations rather

than of' unconnected individuals; 3. they are more succinctly defined
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by isolation from non-conspecific populations than by the relation of
conspecific individuals to each other. In his words "the crucial species
criterion is thus not the fertility of individuals but rather the
reproductive isolation of populations®.

heglitsch (195L) distinguishes three species concepts, the phenotypic,
genetic, and phylogepetic. Mayrts (1963) basic species concepts are the
typological, nondimensional (reproductive gap), and multidimensional
(gene flow). The definition of the species in the last 100 years has
been based on one or the other of the above concepts. liore recently
(within the last 30 years), the typological concept of the species has
nearly faded away (Simpson, 1951). lost emphasis is now placed on the
nondimensional and the multidimensional species concepts. A trend toward
acceptance of a synthetic species definition often referred to as
biological species definition is saining momentum (Stfesemann, 1919;
Rensch, 1929; Du Rietz, 1930). Dobzhansky (1950) defined the species as
"the largest and most inclusive reproductive community of sexual and
cross fertilizing individuals which share in a common gene pool®. Sinpson
(1961) defined species as "a genetic group of organisms so canstituted and
so situated in nature that a hereditary character of any one of these
organisms may be transmitted to descendants of any other®. Layr (1940
and 1963) defined species as "groups of actually or vpotentially inter-
breeding natural populations which are reproductively isolated from other
such groups!,

layr's definition is the one accepted in this paper. The number of

species in the genera Cristivoier and Salvelinus are evaluated under the

influence of this modern thinking.
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the genus Cristivomer is monotypic. However, Slastenenko (1958)

attributed C. siscowet to the genus. Hubbs and Lagler (1958) observed one
form each from the deeper waters of Lake Superior and Rush Lake and gave
them subspecific rank, C. n. siscowet and C. n. huronicus, respectively.

vle did not have an opportunity to examine these two forms,

The genus Salvelinus is polytypic. According to some authors, in

llorth America these chars fall into three species, the S. alpinus complex,
S. malma, and S. fontinalis, and their possible forms (Bailey, et al., 1560;
McPhail, 1961). Other authors consider the above three forms plus the

following four as distinct species under Salvelinus: §S. aureolus, S.

marstoni, 3. oquassa, and S. timagamiensis (Kendall, 1919; Everhart, 1950q).

In our description S5, alpinus, which is circumpolar in distribution,
refers to a complex of forms, not to a single species (Jordan, Evermann,
and Clark, 1930; Walters, 1955). Recently McPhail (1961) considered

S, rossii, 3. alipes, S. nitidus, S. arcturus, and S. naresii synonymous

with 5. alpinus.
The question of the distinctness and validity of the species of
Salvelinus is an important one and deserves alttention.

The shape of the supraethmoid bone in S. a. alpinus is much broader
posteriorly (Pl. L, C) than in S. malma (Pl. L, G) and S. f. fontinalis
(P1l. L, H).

The frontal bone in S. a. alpinus (rl. 6, B) is not so long as in
5. malma (Fl. 6, F) and S. f. foutinalis (Pl. 6, @).

The shapes of the parasphenoid in S. a. alpinus (1. 5, C), S. malma
(Pl. 5, G), and S. f. fontinalis (Pl. 5, H) are different.

Slizht differences are also observed in the shapes of postorbital 1

in S. a. alpinus (Pl. L, C), S. malma (Pl. L, G), and S. f. fontinalis

(P1. L, H).
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In S. fontinalis uroncural 1 is broad (Pl. 11, F and G). It is
usually crescent-like in S. alpinus (P1. 11, B and C). The second
expanded haemal process is broader distally in S. fontinalis than in
S. alpinus and S. malma.

lartin (1949), Kilne (1948), Wilder (1952), Vladykov (195L), and
Hartman (1956) have studied the morphology of Salmonidae and have
established the taxonomic status of various groups and forms. We have
examined 17 body and head proportions to ascertain differences among

several forms. Cristivomer namaycush differed from various species of

Salvelinus in 11 characters.

Yle have shown in earlier pages that the caudal fin is deeply forked

in C. namaycush but not in S. fontinalis, T'ne Torked nature of the fin in

5. alpinus and Se Eélfé is intermediate between these two extremes. See

the values of %% per cent in Tables 12 - 1ll. Also refer to Table 20,

Earlier Lorton and liller (195L) and Slastenenko (1958) reported similar

observations. ’
The predorsal fin length (aD) is longest in C. namaycush and shortest

in 5. a. oquassa - Floods Pond pop. Consult the values of %% per cent

in Tables 12 - 14. BSee also Table 20. Vladykov's (1954) values for

this proportion are higher for spawning males of 3. alpinus.

The preventral fin lensth (ma-V) is maximum in C. namaycush and

ma-V

minimum in 5. f. lontinalis. See the values of T

per cent in Tables
12 - 14. Also consult Table 20,
The head is longest in C. namaycush and shortest in S. a. alpinus.

Consult the values of %— per cent in Tables 12 - 1L, Also see Table 20,
vi

Similar observations are reported by Vladylkov (195)) and Slastenenko (195%).
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The interorbital space (I) in C. namaycush is narrower and signifi-
cantly different from those in various species of Salvelinus. The values
of % per cent may be consulted in Taoles 16 ~ 18. See also Table 20,
Kendall (1919) made a similar observation.

The body length (BdLl) is longest in S, a. alpinus and siznificantly
different from those in C. namaycush, S. malma, and S. fontinalis. The
values BdLl per cent may be consulted in Tables 12 - 1L. Also refer to
Table ég¥__This proportion signifies that the head is smaller in S. a.
alpinus from the Canadian Arctic than in the three populations of 3. a.
oquassa (Tables 12 - 13). Martin (19L9) and Viadykov (L1957) have
suzgested the same phenomenon is fishes where the heads were shorter in
the northern populations of a species than in its southern populations.

In S. a. alpinus the distance from the origin of the ventral to
the orizin of the anal fins (V-A) is longest and sisnificantly different
from those in other species. The values of %Eé per cent may be seen
in Tables 12 - 1lli. A4ilso consult Table 20.

the head.length (T)
the body length (Bdl

is lowest and significantly different from those in C. namaycush and

In 3. a. alpinus the mean value of

er cent
2P

the other species of Salvelinus (Table 20).

None of the body proportions of S. Eilﬂé are significantly different
from those of other species of the genus Salvelinus. However, the
proportional values of the distance from the origin of the pectoral fin
to the origin of the ventral fin (P-V) and the length of the lower jaw
(ma), expressed as percentages of the fork length and the head length,
respectively, are lowest. See Tables 12 - 1h.

S. fontinalis is not significantly different from other species of

%mmﬁ“» ESaEeieiik G ik ck iy S e Ea5S
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Salvelinus in any vody proportion. However, the proportional values of
the total length (TL), body length (BdLp), and preventral fin length
(ma-V), expressed as percentages of the fork length, are lowest in S
fontinalis. The lengths of the upper and lower jaﬁé are near maximum
in 5. f. fontinalis (maximum and significantly different in 3. f.

timagamiensis). Consult Tavles 12 -~ 1L, 16 - 18, and 20.

Meristic characters are extensively used in fish taxonomy (Taning,
1952; Svdrdson, 1957; Seymour, 1959). We will very briefly discuss
some of these characters.

In 5. a. alpinus the mean number of total vertebrae is highest
whereas in S. fontinalis it is lowest (Table 21). S. a. alpinus,

S. f. fontinalis, and S. f. timagamiensis are significancly different

(Table 10). Our values for S. a. alpinus are in accordance with those
of Delacy and rorton (1943) and kcPhail (1961). Uur values for vertebral
counts in 3. fontinalis correspond well wilh those of Wilder (1952).

Among the foreign genera Salmothymus ohridanus has the minimum

number of vertebrae.

The number of neural arches not fused with the vertebrae is
highest in S. a. alpinus and lowest in two forms of S. fontina%ig
(Table 23). These three fishes are sipnificantly different (Table LO).

The total number of gill rakers is highest in 3. a. alpinus and
lowest in S. malma. C. namaycush has the intermediate value. The
number of gill rakers separates these three fish. Consult Tables 36
and J0. Our values are in accordance with those of kcPhail (1961).

Tnis character has been considered very stable by licPhail (1961) in

5. alpinus and S. malma.

R S s

g«mm:\?*



- 177 -

In S, malma the mean of the total number of branchiostegal rays is
highest and significantly different from those of the other species
examined (Tables 37 and L0).

" The total number of pyloric caeca is one of the important taxonomic

characters to differentiate Cristivomer from Salvelinus. In C., namaycush

the mean number of pyloric caeca is hishest and significantly different
from those of the various species of Salvelinus (Tables 38 and LO). Our
counts for the several species correspond well with those of MHorton and
tiller (195kL), Viadykov (1954), Carl, Clemens, and Lindsey (1959), and
MicPhail (1961).

The mean for the total number of pores on lateral line scales is
maximum in S. a. alpinus and separates this form from the other species
(Tables 39 and LO). Our values are in confirmation with those of lcPhail
(1961).

Information on other nieristic characters, as for instance, the
nuaber of pectoral fin rays, dorsal fin rays, anal fin rays, and total
number of ribs, etc., may te obtained from the section 'lMeristic
Characters!" of adult fish.

With respect to colour, S. fontinalis is particularly distinct and
can be easily segregated from other species of Salvelinus and from

Cristivomer namaycush. In S. fontinalis the lower fins have a white

edge which is followed by a black stripe.
The developmental nistory of the fry of C. namaycush, S. a.
alpinus, and S. f. fontinalis suggests that ossification in several
bones begins at a younger age in C. namaycush (Tables 42 - Ll and Fig. 5).

C. namaycush fry can be separated frowm those of S. a. alpinus and
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S. f. fontinalis because of the longer predorsal fin length (Table L5 !

and Fig. 6). S fontinalis fry have a longer upper and lower jaw than

fry -of S. a. alpinus and C. namaycush (Table 45 and Fig. 6).

The pigmentation of fry (particularly of the adipose fin) segregates
C. namaycush, S. a. alpinus, and S. f. fontinalis (Table L7 and Fig. 8).
Also refer to Pl. 12.

The study of the osteology, morphology, and meristic characters of
adult fish and fry suggests that C. namaycush, S. alpinus, S. malma, and
S. fontinalis are distinct species.

This brings us to another difficulty, the subspecific ranking of the

various populations of these species.

Subspecies

Mayr (1963) defines a subspecies as follows: "A subspecies is an
aggregate of local populations of a species, inhabiting a geographic
subdivision of the range of the species, and differing taxonomically
from other populations of the species." He also points out that a
subspecies may consist of many local populations which vary from each
other genetically and phenotypically, and that the range of the species
may be discontinuous. Adjacent subspecies iﬁterbreed or are potentially
capable of doing so if separated by extrinsic barriers. Two misconceptions
about the subspecies must be corrected. T[First, a subspecies is usually

not an incipient species of the typologist (Simpson, 1961) and relatively

few will ever become species. Second, the subspecies does not express

the geographic variation of a character (cline) of a species and is only

partially descriptive of that variation.
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Most modern taxonomists believe in subspecific nomenclature
(simpson, 1961; Mayr, 1963). Wilson and Brown (1953) and Gosline

(l9§h) are strong opponents of subspecific ranking and trinomial

nonenclature. They prefer to describe such populations in a sentence
or two.

To qualify as a subspecies an assemblage of populations must be
taxonomically different from other subspecies. The differences between
the populations must be sufficiently great so that it is possible to
identify the majority of specimens without knowledge of their provenance.
For that purpose many taxonomists adhere to 75 per cent rule (Hubbs,
1953) and others to 93 per cent rule (Bailey, 195h4). To resolve this
problem in the present study, coefficient of difference values were
calculated, If the value was higher than 1.28 I have considered
subspecific separation of two populations. At this value about 90

per cent of one population is different from about 90 per cent of the

other population (Mayr, Linsley, and Usinger, 1953).
The three forms, S. oguassa (Girard), S. aureolus (Bean), and
S. marstoni (Garman) have been considered distinct species by Kendall
(1L91k4). Vliadykov (1954) thought that S. marstoni and S. ogquassa were
conspecific, and that S. aureolus was a distinct species. Dymond (1947)
and Legendre (1954) considered Se marstoni a subspecies of S. alpinus,
In this study S. alpinus is considered polytypic. Tentatively,

two subspecies are assigned to it, S. alpinus alpinus and S. alpinus

oquassa (previously called S. marstoni). There may pe more forms of
Se alpinus from the Canadian Arctic and Greenland. The name S. alpinus
oquassa is adopted because of its precwdence over 3. marstoni. The
other two vopulations, one each from Pushineer Lake, Maine (previously

known as S. oquassa) and from Floods Pond, laine (previously known as

|
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S. aureolus) are synonymized with 5. a. oquassa from Quebec. The reasons
for accepting the subspecies S. a. oquassa are given below.

. The number of basibranchial teeth is usually higher in S. a. alpinus
(P1. 8, D) than in S. a. oguassa (Pl. 8, F). MNo other consistent
osteological difference was observed between 5. a. alpinus and 5. a. oquassa =
Quebec. See Pl. L, C and D; Pl. 5, C and D; Pl. 6, B and C. licPhail
pointed out that there are no osteological differences between the popula-
tions of S. alpinus.

The data on morphologic and meristic characters treated by Duncan's
test (Tables 20 and LO) did not show any significant differences between
S. a. alpinus and S. a. oguassa = Quebec,

Colour differences which have been thought specific between S. a.
alpinus and §. a. oguassa - Quebec were found insignificant. In reality
freshwater populations of S. a. alpinus from Labrador were very variable
in colour and some of them resembled the three populations of 5. a.
oquassa more than they resembled each other.

The coefficient of difference values for several meristic characters
were compares between §. a. alpinus and each of the three populations of
S. a. ogquassa. Since the values for the three comparisons were similar,
only the values for the §. a. oguassa - Quebec pop. are shown in Table Ll.

It is observed that S. a. alpinus differed from S. a. oquassa - Quebec

pop. in several characters, as for instance, total numbers of vertebrae,
ribs, gill rakers, and pores on lateral line scales (Table L41). In all
cases C.D. values are higher than 1.28 and suggest that S. a. oquassa -

Quebec pop. should be designated a subspecies of S. alpinus.

S. a. alpinus is circumpolar in distribution and is found in the

'
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Canadian Arctic, Labrador, Quebec, New Brunswick, and Newfoundland
(Vladykov, 1963); it reaches close to but does not overlap the northern
limits of the distribution of S. a. oquassa. The two subspecies are
zeozraphically isolated, a criterion for subspecific differentiation.

The status of E. oguassa and of E. aureolus is controversial. To
decide their nomenclature differences as well as similarities rust be
found between them. They must also be compared with 5. a. oquassa -
Quevec (nomenclature previously settled).

S. oguassa was originally described by Girard (1854) during what
has been referred to as the most retrogressive period in the history of
taxonomy., Taxonomists were running out of material for study; consequently
there was much unjustified splitting of ‘axonomic categories. In addition
slisht phenotypic variations were considered of taxonomic significance.

Girard (185Y%) gave S. oquassa a specific rank because of its small
size, small head and mouth, undulated margin of the tail, prominent
lateral line, and a bluish tint along the back of the fish., Kendall
(191h) accumulated and published all the information available to him but
admitted, "Up to the present day, there is very little published
information." Kendall (191lL) failed to express an opinion on the specific
status of E. oquassa but did say that no coﬁspicuous external characters
except the larger size of 5. aureolus separated S. oquassa and 5. aureolus,
Everhart (1950zand 195Chk) distinguished S. oquassa trom other chars
mainly on the basis of colour. Waters (1960) differentiated S. oquassa
{rom E. gpreolus because of the lormer's small size, wmorphological and
colour differences, hipgher number oi' caudal vertebrae, and lower level
of dental development, lower number of expanded neural and haemal processes,

and serolopgical differences.

AT
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Bean (1887) established the species S. aureolus and separated it
from 5. oquassa because of the former's lower anal fin ray count, larger
adult size, and zill rakers shorter, fewer, and almost always curled.

Our observations on the above differentiating characters between

S. marstoni, S. oquassa, and 3. aureolus point to the fact that the

differences were inconsistent and not real.

The supramaxilla and postorbital 1 are siightly broader in §.

aureolus (PL. L, F) than in S. oquassa (P1. L, E). Both these bones

are siumdilar in S. ogquassa and S. marstoni (P1. L, D).

The mean nwnber of expanded neural and haemal processes is slightly
higher in S. aureolus than in the other two forms (Table 11).

The differences observed among the three forms for the following

structures were inconsistent and overlapped: the dorsal and ventral

views of the chondrocrania (Pl. 1, H-K2); the dermal bones (Pi. L, D~F;
Pl. S, D-F; Pl, 6, C-E); the basibranchial and upper and lower pharyngegl
teeth (Pl. 8, F-H); the general shape of the caudal skeleton (Pl.1l, C-D2);
the number of sensory pores on the dentary, preopercle, and frontal
(Table 9); the proportional measurements in several dermal bones (Tables
6 and 7).

The data on several morphologic (Tabléé 12-13 and 16-17) and
meristic (Tables 21-39) characters treated by Duncan's test did not
separate the three forms for any character (Tables 20 and 40). Coefficient
of difference values for several meristic characters did not distinguish
the Torms ab the subspecific levels (Table Ll).

In 5. aureolus, only the distance from the anterior end of the

lower jaw to the pectoral fin (na-P) is greater than in S. marstoni and

|
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S. oquassa (Tables 12-13, and 20). Considering the many similarities, I
feel that this character should not be given much emphasis.

lhe mean number of caudal vertebrae in S. oquassa is higher (28)
than that in S. aureolus (27). See Table 22. But the means were not
significantly different (Table L0).

The total number of gill rakers is slizhtly lower in S. aureolus
than in S. oquassa (Table 36) but the difference is not significant
(Table LO), Regarding Bean's (1887) observations on the small size of
the ill rakers and their curled nature, I must add that the two conditions
are frequently seen in S. oguassa and S. marstoni as well.

The mean number of brancniostegal rays is slichtly higher in S.
aureolus (Table 37) than in S. oquassa or in S. marstoni. The differences
are not significant (Table 4O).

It has been reported by ialters (1955), Backus (1957), and lcPhail

(1961) that anadromous and freshwater populations of S. alpinus have

various shades of colours that resemble S. oquassa, S. aureolus, and

S. marstoni. Therefore, it is impossible to separate the various forms
because of colour only.

The present zeographical distributions of S. marstoni in Quebec,
S. oguassa in laine, and S. aureolus in New'Hampshire and Maine suggest
that the three forms are scmewhat separated but not zeographically
isolated. Backus (1957), in considering the geographical distribution
of S. alpinus and S. oquassa and their similarities, concluded that

S. ogquassa should be considered a population of S. alpinus.

After having considered in this paper morphometric and meristic

characters, colour, and geographical distribution, it is obvious that

T T S O AR T



- 184 -

the observed differences among the three forms were negligible and values
for most characters overlapped. Table L0 shows that the three forms
separated themselves into groups in the number of epineurals and in

tofal number of gill rakers. Taole L1 shows no subspecific differences.
The slight differentiation observed seemed to be only phenotypic and did
not warrant separation of the three forms into distinct species or sub-
species., Therefore, they are considered three populations of the sub=~
species S. a. oguassa: S. a. oguassa - Quevec population, 5. a. oquassa -
Pushineer Lake, haine, population, and S. a. aureolus - Floods Pond, iaine,
population.

The species S. timapamiensis was first described by Henn and

Rinkenbach (1925), MacKay (1963) described the fish under the name

S. timagamiensis but did not confirm or deny its species status. Dymond

(1947) thought it a subspecies of S. fontinalis. Vladykov (1954)

B considered it a colour variety of S. fontinalis. Scott (1958) hesitated
to give it a species or subspecies name pending further study. I have

considered S. f. timagamiensis a subspecies of S, fontinalis., Differences

were not observed between the two forms in most morphologic and meristic
characters. However, the length of the upper jaw and of the lower jaw

as percentages of the head length, and the'interorbital space as a

percentage of the postorbital distance (0O~p) were maximum in S. f.

timagamiensis (Tables 18 and 20).

The colour differences which were emphasized by Henn and Rinkenbach
(1925) are inconsistent and should not be considered specific.
The C.D. values for several meristic characters showed that S. f.

timagamiensis ditfered from S. f. fontinalis in the numbers of trunk
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vertebrae, precaudal vertebrae, single neural spines, ribs with strong

bifid heads, and total number of epineurals. See Tables 26, 29, and Ll.

The populations of S. f. timagamiensis are geographically isolated

in some lakes of the Timagami forest, Ontario. In a few lakes where S. 1.

fontinalis and S. f. Limagamiensis occurred together, hybridization

was frequent (Sale, P., 196L. Personal communication). The presence of
hybridization between the two forms forces us to abandon the belief that

S. timagamiensis is a distinct species. Therefore, S. f. timagamiensis

is recognized as a subspecies of 3. fontinalis.

After having decided the generic status of Cristivomer and Salmothywus,

the species status of C. namaycush, S. alpinus, S. malma, and S. fontinalis,

and the subspecies ranks of S. a. oquassa (three populations) and S. f.

timagamiensis, the discussion leads into the origin, distribution, and

relationships of various forms.
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ORIGIN, DISTRIBUTIGH, AID RETATTCISHIFSCF SALLICTIDAL

riost naturalists who have studied the 3almonidae have specu-—

lated its origin, Some dchthyolocists attribute its oriszin to fresh
vater {FacFarlane, 19255 Tchernavin, 17:9), Ctherz surgest a marine
ancestry (lcgan, 1911; leelk, 191&), The former viewpoint seems to be

more reasonable and is supported by the following basic bioloxical
h J '€ [

Yany families closely related to Salmonidac, such as Core-
ronidae and Thymallidee, are mainly freshwater in districution,

Parallel fresnwater forms of the anadromous Cncorhynchus and
Zalio are found in almost every case, Tecsitly the freshwater forms
went into the sea during the glscial period due to the low temperature
which induced great changes in frechwater liie,

A1l mizratory forms of Zalmonidae return to spawn in fresh
water,

The freshwater distribution of Salmonidae over immense arecas
of mainland in Asia, Zurope, nerthern Africa,and Torth America is a
proof of their freshwater origin.

The presence of a hich number of pyloric czeca and a well
developed air bladder suggest the freshwater oricin of Selmonidae
{Tchernavin, 1939).

The paleontologicel proof of the freshwater oririn of Salmonidae
is meagre, liowever, it has been sugrested that Salmonidas and Clupsidae

(herrinc-like fishes) probably came from a common root, a view still
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saintained (Gerg, 1940), iacfarlane (1923) believed that herring
cvolved in fresh vater, and herrinc-like fishes, possitly throuch the

sntermediate freshuater genus crossosmnathus (extinet), werc related

to the ancient freshvater family lcptolepldac (extinet; of the primi-
tive order holostei awong the ganoid fishes,

The ancestors of the genus Clutea (suborder, Slugeoidel )
rave been traced as far back as the Upper Cretaceous and Lover Locene
times. It may be that the fishes of the suborder Zalmonoidei ori-
sinated with Clupeoicei in fresh water during the Lower Locene €poch
{verg, 15h0) and from that time onward the salmonids and herrings
developed independently.

Cockerell (1919) ang David (1SLé ) have described fish scalcs
from the Jpper Jretaceous andg abtribuled them to ualwonidae o0r'.a closely

related family —__° . A fossil salmonid fish 1

I

raumaturus furcatus

uas been described by Voigh (192, avoted by nerg, 19h0) from the
“iocene of Johemia. David (109h3) described a fossil possibly belong-
inz to the fawily Zathylagidae from the ipper docene of California.
weiler (19L3) described 3 fossils belonzing to the family Argentinidae
from the Upper Tertiary of Homania. I agree with vorden (1961) who
has sugrested that Salmonidac separated iﬁself from Argentinidac and
other related familics at the beginning of the Hiocene.

knong truly salumonid fossils should be merbioned the fossils
of Rhabdofario described by Cope (1870C) from the Fleistocene of
Tdaho and believed by him to Le closely related to the genus 3Jalmo.
Uyneo and -iller (1963) and Vladykov (1963) concluded that the gencra
(o

Shabdofario and Facific Salmo {subpenus Parasalmo of “ladykov, 1963)

are identical.

SR MR et
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The discovery of some fossil Lones of U, namaycush ircm the

inter;lacial ceposits of 'isconsin carry back the history of this
species to Ileistocene timec, iuseakol (151%) compared the fcossil

1

bLones 1ith the siull bones of modern fish and emphasized the fact thav

srecies. The age of that perticular depesit 1s cstimated vetwecn

25C,C00 and 500,000 years.

The fincinr of this snecimen proves that the renus existed
during glaciel timcs in the esame region as today {{ussalof, 1719},
so that its antecedent history - whether it arcose in the czame region
or wancered into it from scnevhere elsc - dates back to an even
carlier time; the ri~dle still requires explanation,

ilow L. nanagycush attained its present distribution is in-
triguing., adforth (19hl), ynne-ld-ards (1952), and lutbs and
Lagler (195%) belisved that S. nanayeust survived in the northvest
Corbh Amsrica during the glacial period and cxtended ibs ranze poct-

;lacially into central and eastern Jlorth: Amcrica. iwut thelr sug-

restion fails to answver the question of tie atsence of J. navaycush

£~

from Siberia., Cf the 20 svececies of freshirater {ishes found in

“iberia, only the wirnow (Fhoxinus phextinus) is absent fros Alaska,

and cxcept for C. nanaycush every Avetic Alasizen
occurs in Siberia, the present writcr shoares the vieve of .alters

{19¢%) who suspested thet . namaycush lived in central “orth arica

south of the Laurcntide Ice Sheet during the last slaciel period,
Through water connzetions, the speciss follored the retreating ice
border toward the north, west, anc east from the “dssicsivpl efupiun,

and acouired its present distribution across northcern Jorth lwerica.

the fossil form cannot e sevarated even as a varieby from the existing

[
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Rounsefell (1962) sucrgested that Cristivomer developed from

Cristivomer-Salvelinus ancestry in Morth America, while Salvelinus

developed simultaneously in Asis. Iater, Salvelinus invaded :orth
America over an Asian-Forth American land-bridge or via the sea. Diut
Cristivomer could not make a reciprocal invasion because of its special
breeding behaviour, ecological adaptation, and temperature preference.
Due to the morphological similarities, it is reasonable to
believe that S. malma and S. alpinus are derived from a common
ancestor. icPhail {(1961) sugcested that before the first Pleistocene
emergence of the Bering Strait land-bridge, the ancestor of S. malma
and S. alpinus was distributed from the Horth Pscific to the Morth
Atlantic, During the Pleistocene the liorth Facific was separated from
the Arctic Ocean several times by the land-bricge., During one of these
periods of isolation 5. malma probably evolved to the south of the
land-bridge and S. alpinus to the north. It is further suggested that
S. malma probably survived the last Ileistocene glaciation in 2 regiogs,
ong in the unglaciated areas of Alaska and the other south of the ice
sheet on the Facific coast., The latter stocl: spread widely and pro-
vided the present distribution.

In North America S. alpinus survived the last Fleistocene
glaciation in Alaska and in eastern North America south of the ice
sheet, 3. alpinus acquired its present North American distribution
from these 2 centres,

Regarding the distribution of various populations of S.a.
oquassa, it is suggested that it was the Labrador population of

S. alpinus, which was displaced southward in Pleistocene times and

was anadromous along the New England coast, that undoubtedly provided
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the stock for the several Uew Fngland and .uebec lakes and developed
some morphological differences,

S, fontinalis naturally occurs in eastern and central Horth
America ('ubbs and Lagler, 1958). It has been sugrested by Hadforth
(194L) that brook char survived the fce Are in the drainage of the
Atlantic coast. Uith the retreat of the ice sheet dispersal of the
species took place through the eastern outlets, the Great Lakes, and
over the divides into the Hudson 3ay drainage and possibly the uvper

rississippl waters.

The subspecies S.f. timagamiensis is distributed in “hite

Fine, Whirligig and Wilderness Lakes in northern Ontario (iackay,
1963). It is speculated that the fish originated during postglacial
times. It seems that some populations of S. fontinalis became isolated
in the above mentioned lakes and btecame morrhologically different

from the neighbouring parental stock and gave rise to aurors char,

Regarding the origin of Salmo and Cncorhynchus, Hottley

(192h) sugeested that during the next to last glacial period, the

joint ancestors of Salmo and Oncorhynchus were separated into a Facific

and an Atlantic group, the former evolving into Oncorhynchus and the

latter into Salmo. During the interglaciél periods, Salmo migrated

from stream to stream across the continent and reached the Pacific

coast. Oncorhynchus, being strongly anadromous, could not make the

journey. Heave (1958) speculated that Oncorhynchus evolved from

Salmo in the western Facific, I‘ottley's view seems to have more appeal.
Salmo is distributed on the Pacific and Atlantic coasts of

North America and in eastern Asia. Oncorhynchus is distributed on

both coasts of the Pacific Ccean' (Dymond and Vladykov, 193L;

e o rurneii
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ladylov, 19632).

-

Available informstion regardin- the oricin anc dispersal of

15, is very

mcagre, Speculations would be futile, unovever, it may be stated
that the process of sveciation in Salmonidae in walmelia, Lake Curid,

ans in the Transcaucscisn area is

0w

ti11 in prorress (lacZifce, 1960;
Tladyiov, 1963) and should te watched with interest,

Lrachymystax is distributed in esstern aAsias, particularly
Siveria {.ikolskii,1S61), Gucho ie dictributed in the Danube “iver
system, Sibervia, and castern Asia. CZalrmothymue is distributed in
Ualmatia and Lake Ohrid in wurope (Vladylov, 1953).

in conclusion, I agree with wave (195 ), Torden (1451}, and

ladykov (1953) who wentioncd that the species of Salimonidace

LENET2 anc

arc of rccent orisin, provably appearing during tne Pleistocene tiuse,

i

In the absence of well documsnted paleontolopical records to

i

cstablish the relationships amory the salmonic genera and species, the
only recourseé is to revert to osteological and wmorpi:ological studics
of the rresent day forms. The detailed accounts of osteology and of
mor phology which have been provided in previous pages are summarized
nov,

Table LE lists the presence or absence o: 16 characters,
possibly of generic importance, for 7 genera of Calmonidae., The

¢ differences in 16 characters (from Table L8) is summarized

o)
.
punt
[)
o
=
6]
[
=y

in Teble h?. ¥ig. 9, &, shows the hypothetical phylogeny of the
genera of Salmonidae. The actual number of differences between the
genera from Table LY is hard to represent in a sgimplified dendrogram.

iiovever, sn eifort is made to give a genecral idea of the rclationships
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TABLE L8, Comparison of certiin generic Characters in 3almonidae (Data taken from the present study and

also from MNorden 1061; Rounsefell, 1662; Viadykov, 1903}

Character Brachy- Hucho Salmo- Cristi- Salve- salmo Oncor:n=-
mystax thymus vorer 1inus crus
touths
Smalles-wasaoaaanx B wmmmp e emmmemman— e oo A
Larae
Jaw hinge:
Below Orbitecesseccmccccmacaaaaa S SIS e ———————m s m - —————— .

Behind orbit-
Palatine and vorurine teel.:

In Continuous()-shaped band------- Ememmmemma=
zenerally narrowly scperated----- SO R F
penerally widely seperatede--- reemmemcmeme—emmme———————————
Jaw teeths
Small, fine--- Hemomccrommmammasmena—————————————————m —m——————————————————
Surong - B T LT EEERP T P I 1 -1 1 S (R h

Shaft of voner:
Short, toothless
Loni, toothlesseevromaem
Lony, toothed~- -—-

Postorbitals contact preopercle:
lOrmmmacccannnanan -—— 1
D -1 T et D - B Rt P L L L i

Supraethrold:

Lont and Narrode---eeeees 0 o} B T e L L Pt
Roundel front head an! broad
posteriorly B T e T LD D) T
Pointei head ani bdroad poste-

[

4
1

Pointed head and deeply bifur-

cated at the posterior end----ceecee-- B LT e EL EL L B L L R
Premaxillas

Triangular-iemesearaceccerneananax R R Semmmerea— Semcncemn- S L TR P

R R LT Y 1T R R et T L L R e

Badd=shaped=swccsacwann T e T T L E L TR L U
MNaxilla:

Head of Maxilla short---- Va- Vomemaonaa A T e e S L EE L T

Head of lMaxilla lou: and not

in line :ith the body of ma-

X1118macmmmmcmccmacmmmm A m—me—e - —————————— e mem— = i Amememmmmmmmm—m e

Head of maxilla lon, and in

a straight line with the bo-

dy of Maxillaee--mem-ccmcnoccuo e ccm e e r e r e n et m e cc s oe e oS c oS m s X ——a=X
Supramaxilla:

wlonzated and tapered at ei-

ther end

Elliptic-shape:

Intermediate hetween the

abo e two -
Teeth on lingual plate:

Ariranved in two parallel rows

Arranzed in a triangleev---w-- ———

In four to five series

Epurals:

Two Qe e e e
Three f r f ——— ol i)
Ova:
Small
Yediur- ———-
IS o e e EEE P L LR E L L L LS LLEES L b Jommcomommnn
Very larn@esc-ces=cem- =]
Anadromy:
Fresh water: - K. k. k. eKemmnemer e ———————————
S1lihtly anadromouSe=---esesecsmcesmccccmemcsmoccccssessmsemaumc——eao-ososs ) W P ———
More anadromous - i
Most anadromous e m e —————————————————— - n
Colour of flank:
Black spots on light backe
ground o ) [PR—.. o o
Light spots on dark back-
ground ) Dewnrneanmeem————————
Breeding behaviour:
Redd digeing present q. ~-q
Redd digping absent. ——— T ————

v

w3
)
t
]
)
s
1
+
1

=
>
1

]
o

L0
e
1
1
1
=]
ol

X
4

T T
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amone the genera of Saluonidac., A= a good palzontolorical record is
unavailable for the genera, a time scale is not included in the
dendroecram. The relationships between the families Coregonidae,
Tﬁynallidae and Salmonidse, es choun in ¥ic. §, A, are surgested by
“orden {(1%61).

T+ ic evident that srechymystax is the most gencralized be-

cause of the following characters: a small coregonine typs of wmouth,
palatine and vomerine testh in a continuous () - shaped tand, teeth on
the jawe small and fine, the jaw hinge below the orbit of the eye,

the supraetimoid long and narrow, the premaxilla triangular, and

b

small ova. The genus is freshwater in distribution. USee Table LT,
In Brachymystax the absence of sexual dimorphism durdng the breeding
period is another generalized Ifeature. Yrom a gsgphymystax—like
ancestor the evolution of various genera of Salmonidae can be
visualized by the jaws becoming lerge and nore stronsly toothed,

the jaw hinge moving back to a position behind the ortit of thc eye,

inecreased sexual dimorphism in breeding populations, and developed

n

anadromous habits. It secrs that Cncorbynchus is the most

renus, Hucho and Salmothymus are closer to each other and to

Brachymystax than to Salvelinus or Salmo."Salmo is ncarer to
Cneorhynchus,

Salmothymus has heen synonymized with Zalmo by carlier
workers (iegan, 1920) because of the presence of teeth on the shaft
of the vomer and the shape of the supraecthmoid bone, I have main-
tained the generic status of Salmothymus because of the differences
in the shapes of the premaxilla, the maxilla, the surramaxilla, and

the teeth on the lingual plate, and also because of its freshwater

pecialized
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OCCUrrYence , 2

Oristivomer and Salvelinus are closely related but represent

a3 split from the main stem b

gcause of the shape of the vomer, the i
shave of the maxilla, spccialized scales, and the flenl of the body
with a distinctive colour pattern of ligzht crobs e a dark backoround, !

Sut Cristivomer differs from Salvelinus Lecause of the shaves of the

supraethmoid, supermaxilla, prcopercle, postorbital 1, and suhopercle,
rplus the absence of the redd digeins behaviour of spawning females,
and the presence of pearl organs,

.

ristivomer is nearer to Brachyvmystax and liucho because of

the shapcs of the supraethnoid and suoramaxilla, its freshwater

ceccurrence , and the absence of sexual dimorphism in breedinys fish,
Tables 5C and 51 (summarized in the fashion of Taoles LO and

i), end Fig. 7, I, show tic relationships among the spccies and

suvspzcies of the genera Uristivomer and 3alvelinus., =etween

C. namaycush and the various species of Selvelinus, the former is

considered more generalized Lecause of the higher number of sensory

pores on the dentary and the preopercle Lonss, usually a high number

of basibranchial teeth, 2 high number of pyloric caeca, a2 deeply

forked caudal fin, and the occurrence of é; namaycush in fresh water,
It is readily seen (Tables 50 and 51, an¢ lig. 9, &) that

J. namaycush is far separated from S, alpinus, S, malma, and

S, fontinalis. 8.

fo

. alpinuz is much closer to £.a. oquassa (3 pop.)

-

than to any other form. SZ.f. fontinelis is closely associated with

30, timagamiensis,

4
Tables 51 and L1 shov that 3.a. alpinus and Z.a. oguassa - &
.uebec pop. are very close but stdll distincuishable in the total %

b T TIIET
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e sew ava, TasAE

me- ~ew wediane, 2wy corbon ana miller, 195h; flounsefell, 19C2; Viadykov, 199 and 1063 )

T - S.a, oquassa T
Character C. nanay-  G5.a.alpi- ~ “From S.malma 5.f.fonti-
cush nus Quebec  Pushincer Floods nalis
Lake Pond

Liorpholonical Characters
Head:
Lon - and pointed
Intermediate

Interorbital width:
Faiimum=
Intermediate--

Upper ani torer jJaws:
Lon:z-
shert

Distaice tevween insur-

tien o dorsal and ori-

-in of adipose Tins:

R e e DR T S R P PR L -L L
Intemedi
short - ———— -

Distance venur:l to

anal fins:

Lon 0
Interrediate-rcmemcan- -==aP F
Shortee-- T et A m e a e e r e m o e ——————————————————-— fmeme oo ————

Tail:

Deeply forked--cemevacaan R
Intermediate Seeme 5
Kot forkedemm—mmm o m e e

Ueristic Characters

o, of tasibranchial

teeth:

Hish a.
Several to hiphewcea -=b b
llone to severplecaceecmcaccmccncaa. e cwm————

Yo, of sensory pores

on dentary:
tiean, B,0mecemcomacaans d
Veans, €.{-7,0 ————
l'eans, H.5=5,7==-amnu

tio, of sensory pores

on preopercle:
lean, 8.0-wmccmacaan [ E—
reans, 7,1=7,6ew-
teans, 5,8e6,6w-- PRSI ER NS PR U PRI IR,
ho. of vertebrac:
High, mean, €7,h-ccccccmcecccnanannan Jmmmm et e et m e mc e ne e e —a e —— e e
Intermediate means,
£3.7-€l.7-- k - k X k Kemmommeemommammcme mecmm————— O
Low, means 59, 5eb0, 5em e aa et e e e me e ;em e m s aa e o cdcnm— e 1-- J— | c———

Ne. of $ill rakers:

#ish, rean, 27,8 m -- e e e s e —————————————
Intermediate reans,

20,7=22.4 -—-ll n --n el s o ——————— - ———
Low, means 1i,8-1%,3 0 emmQasemm e ———— Cmmmemmnn Cmmmmmem

o, of branchiostegal

rays:

High, mean, 13,6 ———— - ~—— ) mesemcccceceemccaen———
Intermediate, means,
11.3-12, 3=ceam-m q -
Low, means, 9.£-10,C -——— r r T --

No, of pyloric caecas

High, mean, 138.5
Intenrediate, means,

35,940, Ommmum fommmomne
Low, mean, 23,9e-ac-mma- e emmemmeeecesdeenccmmeacmemanmaa————— [y Usamme e S

Colouration

Red spots on flank - —— - Veemmm—————— Vemrre——ma———————
Orange spots on flank W W W m——eWemmee eaWemme e mcmcscctmc—mcmm——————
White SpPots on flanKes=seXemeemmecemacoonan e nrcccaccra e e e e —————— - -

Black spots on flank e o o e e e e e e e e e e e e e e Xlammmwns

Verriculation on back:

Present, ¥ e ————
Absentemee-w memmsecseseersaceecaa -yt

Black stripe on lower

fins:

Present c———
Abgenteeresccaccanncnaan 2lecicacnen 2!

Oistribution in N, Ame-

rica: -

ilorthern N, Americae-ce-eaa Almemenncnan mmemmmmeermeeme—meemeeeem—aemeameem———

Artic U, America, north-

castern N, America Bbememane e m S e s e ene S ede rea e n .S —————— . e—-——————— e . ——— —————mm - ———

llortheastern i, America Cc Ce Ce S .

Eastern and central N,

AMErlCA=eenmcecancraccacccamcccc e e mmancccsan e —. e ——— Dl mmecmmmna 07 U, .

Pacific coast ahove i0°

latitudgecenne 5 - remnnERamnn————— JE . —mramm e ———— ———

Pacific coast above 21

latitudemmeax ——— - se el

e .
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numbers of vertebrae, ribs, and gill rakers, and some morphological
characters.

The 3 populations of Z.a. oquassa are very similar. The
differences which have been observed by Vladykov (1954 , Waters (1960),
and during this study, are attributed to environmental influences,
as for instance, in the total numbers of ribs, epineurals, dorsal fin
rayc, gill rakers, and branchiostegal rays. See Tables 28, 29, 3L,
%, and 37, respectively. In addition, the 3 forms are not signi-

ficantly different in any character (Tables 20 and h1), S.a. oquassa-

Floods Pond pop. differs from the other chars in prepectoral fin
length; this does not demand a taxonomic status for the population.
Tn the total numbers of epineurals and gill rakers, the 3 populations
proup together (Table LO).

S. malma is an intermediate group between S. alpinus and

S fontinalis.

The 2 forms S.E. fontinalis and S.f. timagamiensis are

similar in many characters, such as the total number of vertebrae,
ribs, and gill rakers, thus forming a group (Tebles LO and 50).
These 2 subspecies are separable in some characters, as for instance
the numbers of trunk vertebrae and precaudal vertebrae (Table Ll).
Another impression gathered from Tables 50 and 51 is that

Salmo gairdnerii is closer to 3. malma and S. fontinalis than to

C. namaycush,

|
z

T e

!-.cvm?‘«'vi’""."‘!"".. TR,




SYHOFSIS O THE GIBRA AND SELCLES OF SALNCKIDAD

The synonsis is based on the present study and also on the
works of the following authors: Fendall (101L), Tchernmavin (1¢
1938a, 193%6), Delacy and orton (19L3), terg (1506, 1240, 1%L
tikita (195L), vorton and iiller (195L), Hadzifde (196C), “ater

| and Vladykov (19th, 1962, 1263),

Genera

frachymystax Hinther, 1866, The fish in this penus have 2 suall
south; jau hinge below rosterior marcin of ortdt of eye; bypethmoid
absent; ortitosphenoid present; sphenotic not projecting leterally;

opisthotic not touching prootic; supraethmoid without rounded front

head and pointed posteriorly; frontal much longer than broasd; pre-

jo]

maxilla triangular with small weak teeth and intermediate-size
ascending process; head of maxilla short and knob-lilke , body of maxilla
short and brosd with weal teeth; supramaexille pointed at both ends
and slightly Lroadened in the middle; postortitel 1 long; notch on
posterior mergin absent; postortitals 1 - 3 not extending to pre-

opercle; anterior end and hook-like process of suvopercle narrow;

teeth on head of vomer only; continuous (\ - shaped band of palatine

and vomerine teeth; moderate sized teeth on lingual plate form c¢qual
sides of an isosceles triancle; basibranchial teeth absent; dorsal
fontanelles present in both young anc adult; first uroneural thin and

crescent-like; flank of body pigmented with black; small ova}in
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remaining gensre ova comraratively large; exclusively freshwater;
Gistributed in eastern part of Asia, particularly Siberia; 1 srcccies

only in the genus,

Tucho Giinther, 1864, Cur osteolorical study is mainly wased on Iucho

) N

hucho, The fish in this zenus have 3 large mouths Jaw hinge well

behind orbit of eye; hypethmolc absent orbitosphenoid oresent;

s

sphenotic not laterally projectec; opisthotic not touchin: prootic;
suprsethmoid without rounded front head and not broad posteriorly;

frontsl much long

(&)
=

er than broad; premsxills triansuler with strong large
tecth and intermediate-sized ascending trocess; head of maxilla short,
beody of maxilla long, broad posteriorly, and slightly bent upard,
vith strong, well developed teeth; postorbital 1 without a notch on
posterior marging postorbitals 1 - 3 not extending to preopsrcle;
anterior end and hook-like procesz of sucopercle narrov; teeth on

head of vomer only; continuous [}~ shaped Land of palatine and .
vomerine tecth; strone teeth on lingual plate form equal sides of an
isosceles triansle; vasibranchial teeth usually avsent {present in i
Fucho perrzi}; vroneural 1 thin ang crescent-like; flank of body
rigmented with black; dorsal fontanelles present in both younz and
advlt; freshwater and snadromous; distributed in Danube cdver systew,

Siberis, and castern Asia; possitly I species.

Salmothymus Zerg, 1508, Cur osteological description for bthe penus

is particularly based on Salmothymus ohridsnus unlesc stated otherwvise.

The fish in this genus have a small to large movth; Jjav hinre Lelow

posterior margin of orbit of eye; hypethmoid present in Salmothymus 1
obtusirostris but absent in other speciss; orbitosphenoid present; %
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sphenotic not projecting laterallys opisthotic rot touching prootics
supraetiznoid without a rovnded front hecad, posteriorly not broad

and with a slizht notch; frontal wmuch longer tran broad; parietal
ﬁery small as compared to those of other renera; premarilla tri-
angular with strong teeth; intermediats—cized ascending process of
premexilla; head of max 51la short, body of mamille wider at posterior
end tihan at anterior end; crescent-like depression in UppeY merzin of
posterior half of maxilla; supramaxilla troad 1n central region and
pointed at bolh ends; postorbital 1 slightly notched at upper

nosterior marcing postorbital 3 very emall as compered to those in
(& . IS

other pencraj postorbitals 1 - 3 not extending to vreopercle; anterior

.

end and hook~12ike rrocess of suboparcls broad; shelt of vomer long
with teelh in 2 rows; vomerine and pslatine teeth not separated in

Salmothymus ohridanus bub narrowly scparated in Zaluollvinus obvusi-

oslris and 3almothpnus lebnica; teebh on linsval plabte in 2 rovs in

Salwothyrus ovbtusirostris and Za Inothymus letnica, and in I = 5 rous

in Salmothynus ohridanus; . hasibranchial teeth absent; ureoncural 1 thin

and crescent-like; dorsal fontanelles present in both young and adulls;
flank of body pigmented with black; xclusively freshwater; distri-

suted in Dalmatia and Leke Chrid in Turops; possibly 3 species

oristivomer fill and Jordan, 1278, The {ish in thiz genus have a

("
we

large mouth; jaw hinze well behind orbit of eye; hypethmoid aboelu
orpitosphenoid present or absent; sphenotic projecting laterally,
opisthotic not touching prootic; supraethmols long, narrow, without
a rounded front head, pointed posteriorly, and without a notcl:;

frontal much longer than broad; prenaxills triangular with moderate

]
i
g
L
g
i
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to strons teeth, ascending proce

wargin; postorvitals 1 - 3 not extending to preopsrele; anterior end
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s of rrewarilla well developeds;

[63]

head of maxilla long, not ¥noc-like , upturned, tody of marilla

straizht , not broad vosteriorly, and with surong teethy suprenaxilla
130 S < v 3 ¢ 3

BN s

long, nerrow, peinted at toth ends, and of sbout the sauc width

Lhroughouls postorbital 1L short ang broad, neich absent on posterior

and hook-like process oi subopercle VEry narrov, distinctive of
Cristivomer; crest of vomer long, usually joined to shaft; teeth on
crest of vomer only; vomerine and palatine teeitn narrowly scparated;
strons teeth on lingual plate in 2 parallel rovs; Lasicranchial teeth

strong and nUMErous; dorsal fontznelles present in both young and

adult; rostrum broad in front and usually without a notcl; caudal fin

deeply forked; prc-dorsal, pre-pectorsl, and pre-ventral fin lengths

greater in C. namaycugh than in chars and reintov trout; inter-
orbital syace narrower tian in chars and rainbow trout; pyloric cseca
range from about 1C0 - 17G; pesrl organs present; colour not bright

but spobted with grey; in fry cf Uristivomer, oscification of bones

begins at an carlier age than in Salvelinus; adipose iin in fry

densely pigmented posteroventrally; lzcustrine; cistributed in

northern .orth America; only 1 specics.

©alvelinus Gichardson, 1025, The fish in tliis renus have a lsrge
mouth; jaw hinge vell velind orbit of eyc; hypethmoic uvsually avsent

(often present in 5.f. fontinaliec and 3.i. timagamiensis}; cruito-

sphenoid present; sphenotic nct projecting latcrally; opisthotic not

touching prootic; supraethmoid with rounded front head, posteviorly

very broad and without a notchj frontal longer than brosds; remaxilla
J L

o Rl

e ar Tt
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triansular with moderate to strons teeth, ascending process ol pre-

maxills well developed; head of mexilla long, not not-like , upburned;

“cody of maxilla sbraisht (in =.f, timagamiznsic it is bent

(a0

uprard ),

not broad posteriorly, with moderate to stronz beeth; supranarilla
long, vsually pointed antveriorly, and broad posteriorly; post-~ :

orpital 1 lonz, narrow or troad, with notel: on posterior marzin;
postorbitals 1 - 3 not extending to preovercle; antecrior end and hook-
like process of gucopercle broad; crest of voner usually short and

not joined to shaft; teeth cn crest of vomer only; vomerine and palaetine
teet) moderate, interrupted or uninterrupted; strong teetn on linsusl
plate form equal side of an isosceles briancle; Lasibrenchiasl teeth
pone Lo numerous; uroneural 1 from crescent-like to troad fan-like;
dorsal fontanclles present both in youn: and adult; rostrus broad

in front and with feeble to developed notchj caucal fin from very
little to deeply forked; in fry of Jalvelinus ossification of uwones
bepins at later age than in cristivomer; ryvloric caeca 20 - &h;
pearl organs absent; brightly coloured in fresh water; flank of body
spotted with yellow, pink, or red; lower fins usvally brightly
coloured; adfluvial, fluvial, or optionglly anadromous , distributed

across northern Jurope, dsia and lorth Amcrica; numerous ill-Yefined

Salmo (Facific trouts, subgenus Parasalso of Yladykov, 1963) Iinnaeus,
1758, Unless otherwise stated, the description is for Salmo gaird-

nerii. The fish in the penus Salmo have a large mouth; jevw hinge

behind orbit of eye; hypethmoid usually absent {present in Salmc 4

trutta); orbitosphenoid present; sthenotic not projecting laterally;
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opisthotic not touching prootic; supraethmoid without a rounded front
head and notched posteriorly; frontal slightly longer than broad;
premaxilla wing-cghaped, ascending process of premaxilla small, teeth
-on premaxilla strong; head of maxilla long, not knob-like , straight,
and in line with body of maxilla, maxilla not bent and not broad
posteriorly, teeth on mexilla strong; supramaxilla long, pointed
anteriorly and broad posteriorly; postorbital 1 long but witrout a
notch on its posterior margin; postorbitals 1 - % not extending to
preopercle; anterior end and hook-like process of subopercle broad;
teeth on shaft of vomer only; vomerine and palatine teeth narrovwly
separated; strong teeth on lingual rlate form equal sides of an
isosceles trianple; basibranchial teeth absent (present in Salmo
clarkii); dorsal fontanelles present both in young anc adult; in
adult rostrum broad at anterior edge and notched; distance from in-

sertion of dorsal to adipose fin shorter in Salmo gairdnerii than in

namaycush and chars; interorbital width maximum in Salmo gairdnerii -

as compared with namaycush and chars; caudal fin not deeply forked;
number of pyloric caeca not very high (range 27 - 80); pearl organs
absent; black spots on flank in adults; in fry of cutthroat trout

(Salmo clarkii) ossifcation begins at about same lengths as in

brook char; anadromous or freshwatler; Parasalmo distributed in North
Pacific region and has at least iy species; Salmo distributed in
Atlantic, Mediterranean, and Ponto-Aral regions and has at least L

species,

Oncorhynchus Suckley, 1860, The fish in this genus have a large

mouth; jaw hinge behind orbit of eye; hypethmoid absent; orbitosphenoid

s
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present; sphenotic not projecting laterally; opisthotic touching
prootic; supraethmoid deeply notched posteriorly and butterfly-

shaped without a rounded front head; frontal slightly lonser than
.broad; premaxilla band-shaped with very strong teeth in spawning males,
no ascending process of premaxilla; head of mexills lony, not knob-
like, straizht, and in line with body of mexillay body of iawilla
straight, slizhtly or strongly curved upward, not broad posteriorly,
with strons teeth in spawning individuals; supremaxilla short, very
broad posteriorly, andg slightly pointed anteriorly; postorbital 1
thin, long, without notch on its posterior merging vostorbitals

1 - 3 extending to creopercle; anterior end and hook-lile process of
subopsrcle broad; teeth on shaft of vomer only; vomsrine and pslatine
teeth widely seperated; strony testh on lirzual plate iorm equal sides
of ar isoscecles triangle; basikranchial teeth absént, dorsal
fontanelles present in youns but creatly recduced in acults of . keta,
C. kisuteh, and . nerka, rostrum pointed anteriorly without rostral’
noteh; vroneural 1 lonr and crescent-shaped to troad; number of
pyloric caeca hich (range 55 - 2L9); pearl organs absent; bLlack spots
on flank at all stages (Lrecding colour rresent }; anadrouy obligzatory
or adaptive; distributed in llorth Facific region from Pormosa to the

Bering Seas 7 species.

Species

Deseriptions of C. namaycush and Salmo gairdnerii are given

with the genera Cristivomer and Salmo, respectively, Under this

cection, only the species and subspecies of the genus Zalvelinus are
J =) ratiadinniiauidnhditinl

described, Descriptions of the species of the geénera Salmo and

&
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Oncorhynchus are beyond the scope of this paper,

In the genus Salvelinus, 3 svecics and 2 subsrecics are ten-
=3 ) !

tatively recognized,

hard to deterwine until an exhaustive worl: ig undertaler in the Jorth
Americen Arctie, llowever, 2 suispocics arc reécornized.

Two suvhcepecies are recornized in 2, fontinealis,

Salvelinus slrinue alpinvs (Iinnesuc), Suprascethmoid with a rounded

front head and very broad caudad; frontal not as lonz as in brock eand

Dolly Vardsn chars; wmaxilla short and cither projectsed or nol (ro=-

jected behind orbit of eye; supramaxzille brosd posteriorly and pointed

anteriorly; postorvitel 1 notched near vunper gfosterior marging

uronevral 1 crescent-like to uroad; distances Irom anterior uppsr

4.

ecnd of opercle to fork of teil, from origin of venlral to anel Iin,
and also length of head are shorter then and sirnificantly differenv

~

frow these in other chars; tobal number of vertevrae (66 - US); rie
- h2Ye gill rakers (26 - 31)4 ard nores on latersl line scslss
} {D 3 &

0

130 - 1b% ) hicher tian those in cother chars; tranchiostegal rays

(10 - 13)y Lasibranchial testh, several to nany; pectorel fin rays
(12 = 15;; in {ry of frctic char, ossification of Lones begins at a

later age thar in trook cher fry; in fry {up to 21 mn) general pis-
rentation of body is weal, and adipose fin is without pirmentation;
digtribubed in the Canesdian Arctic, iewlioundland, .ucbec and llew

crunswick,

3. alpinus oquassa {(irard). Vsrious ropulations fvom uebec, Sansda,

‘sine

wn

an? ew dampshire, U,S.A, are included in this subspecies,

%-«.—:f—"z TR



Sypraethmold with rounded fromt head, not az broad postériorly as in
tretic char; maxilla projected or not projected otehind ortit of eye}

supranaxille net as broed sosteriorly os in Z.a. alpinus;  in S.a.

‘onusssa, vroneural 1 is usually thin ans crescent-liiks; cocilicicnt
of difference (C.D.) velues for the fellowine meristic cheracters

alpinus and various nopulatilons of S.a. oQuassa arg

nigher than 1.2C, svggesting that the 3 forms be included in a singls

e

subspecies (3.a. oquassa): total number of vertebrae (60 = &6)
total number of rivs (2 - 39); number of ribs with weak single
heads (7 - 11); total numcer of glll raxers (13 - 2L4)y total number
of pores on lateral line scales (118 - 150); pectoral fin rays

(12 - 15); brenchiocstegal rays (0 - 11); vasitranchial tectr fron

nere to several; colouration in the 3 populstions similar to that of

verious landlecked ropulations ol Z.z. alpinus.
The 3 species . marstoni, . ojuagsa, anc 8. aurcolus of
carlier workers (¥endally 151k, sverhort, 195Ca;iladykov, 195k ‘

aters, 194C) are considered synonymous in thie study end are treated

as a sinele subspecics S.2. 0QUaSSa; distributed in uchec, isine and

2 Ps

ilew Hampehire,

S. malma (valoaun). LDolly Varden char Has been considered a distinct
species. Supreethnoid without a rounded front head, differently
shaped than that of Arctic and trook chars and broad caudad; frontal
longer than in Arctic char; mexills projected behind orbit of eye;
supremaxilla broad posteriorly and roinbed anteriorly; postorbital 1
notched at about thne middle of posterior margin; parasphenoid dif-
ferently shaped than in chars and nameycush; uronsural 1 long and

broad; statistically no morpholosical difierences "ere obeserved

- S
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between Dolly Varden and the other chars, namaycush, and trout;
number of tranchiostegal rays higner {13 - 1L end total number of
gill rakers loer (15 = 1%) and both these values statistically

" different from those in chars and trouvt; ranges for other meristic
characters: tobtel number of vertcorae (43 - 45); ribs (36 - 38);
cetoral Fin rays (1L = 1%): cesibranchial teetl rone to zeveral;
ovloric caeca (2¢ - 31); pores on lateral line scales (122 - 120);

vermiculation on back absent or faint; no blach stripe on lower fin;

D}

spols on flank orange or red but without blue torders; tail in
adult square; distributed on both sidss of the Pecific; alon;: the
Leerican side from 4Alaska to northern Califorria, Yukon, Alberta,

Saskatchewan, _.ontana and Kevada,

[ ol
-

. fortinalis (itehell), 8. fontinalis (trook charj has tcen

considered a distinct specics with 2 subspecies (

3.0 timapamiensis). Uhz description and distinguishing charscter-

istics of the brook char are as follovis: supraetlhmoid with a rounded
front head, broacd cauwdad; nexills projccicd well behind orbit of eyz;
supramaxilla not broad posteriorly; postorvital 1 differently shapsd
than that of Arctic and Dolly Vverden chars, notched at avout micdle

of posterior margini vroneural 1 distinctly Lroad and short; morpho-

logically similar to aurora cher (S.i. timapawiensis j; the following

meristic cheracters are lower in count and statistically diiferent
from those in other chars: total number of vertebrae (50 - 61);
number of neur$1 arches not fused with veritebrac (26 - 20); total
number of single neural spines (21 - 29); total number of ribs

(32 = 35); ranges for other meristic characters are: total number
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of ¢31l rakers (15 - 20); number of branchiostegal rays (10 - 12);
basibranchial teeth from none to a few; prloric caecce (32 = 1733
pores on lateral line scales {112 - 123); in adults, Lack with ver-
miculations, lover fins strong with white front edge followed oy a

black stripe; tio of lower jaw blacl, some pink or red laterel spots

r agult

|=N

with blue halos around them; roof of meuth tlaciz; tail

s

square; in brook char iry ossificaticn of bonee bering st an esrlier
age than in Arctic char; in fry, uppsr half of adipose fin densely

pigmented, general pizmentation strong; optionally anadromous, ad-
fluvial, or lacustrine; distributed in eastern .orth Aucrica including
3 2 &

Hewfoundland,

S.f timagiensis, ienn and Jirnkenbach. Suprasthmoic, rostorbitel 1,

frontal, basitranchial teeth, and caudal siceleteon sinmilar to those

A N T IS e T

of S.f, fontinalis; mexilla bent upward and projected far tehinc orbit

of eye; supramaxilla end interopercle slihtly difierent from those
in other chars, namaycush, and razinbow trout; lower jaw
(brook char nearer to avrora char) as compared to other species;
interorbital width greater than in other chars; ceefiicicnt of dif-
ference values for following meristic characters hirher than 1,28

tetween S.1. fontinalis and S.f. timspamiensis: auvrora char has

hicher number of trunk vertebrae (29 - 31); prccaudal vertebrae
(L - 6); single neural spines (27 - 32); ribs with strong bifid heads

N

(27 - 30); total number of epincurals (3h - U2); range for other

o

meristic characters are: total number of rits (33 - 35); total
number of vertebrac (60 - 61); total number of pectoral fin rays

(13 - 1i); number of vranchiostegal rays (11 - 1h); total number of




gill rakers (17 - 20); basitranchial testh frowm none to a

cacca (31 - L0Q); pores on lateral lins scales (112 - 128);

m

slightly different from that of brool charj; in fry ossilic

D

“tones begins at about bhe same lengih

b}

s in brook char; ge

few; pyloric
colour
ation of

neral pic-

mentation of body of fry is sbtronc; distrituted in Timegaml forest

region of Cntario,

S
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CONCLUSICNS

In this study the family Salmonidae includes only namaycush,
char , trout , and Pacific salmon, and not whitefishes and grayling,

The genera Brachymystax, Hucho, Salmothymus, Cristivomer,

Salvelinus, Salmo, and Oncorhynchus are included in Salmonidae.

The genus Cristivomer is separated from Salvelinus because of
the former's long and narrow supraethmoid; long frontal; supramaxilla
long and tapered at both ends; postorbital 1 short and broad, without
a notch on its posterior margin; anterior end and hook-like process
of subopercle very narrow; crest of vomer long and joined to shafi;
sensory pores on dentary and preopercle numerous; interorbital
space narrow; czudal fin deeply forked; predoréal fin length long;
number of pyloric caeca high; pearl organs present; ossification of
bones in fry at an earlier age than in Salvelinus; distribution in’

freshwater lakes of North America only. Cristivomer namaycush is

the only species in the genus.

The genus or subgenus Baione, established because of the absence
of basibranchial teeth, uninterrupted row of vomerine and palatine
teeth, and square tail, is dropved because these features are also
observed in various species of the genus Salvelinus,

The genus Salmothymus is separated from Salmo because of the

former's small mouth; jaw hinge below posterior margin of orbit of
eye; triangular premaxilla; crescent-like shape of maxilla; teeth on

lingual plate in L - 5 rows; exclusively freshwater distribution.

The description of this genus is based on Salmothymus ohridanus,

%]h_‘.,.r;;.,g T TR T
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S. alpinus is considered polytypic. Two subspecies, 5. alpinus

alpinus and S. alpinus oquassa, are recognized in this paper:

o

S. a. alpinus is distinguished from other species and subspecies
of chars because of its small head; shape of supraethmoid; short
maxilla; hizh number of vertebrae; high nuiber of ribs; high number

of gill rakers; high number of basibranchial teeth; later ossification
of bones in fry than in S. f. fontinalis.

The subspecies S. a. ogquassa includes three populations, which
previously were considered distinct species---S. marstoni, S. oquassa,
and S. aureolus. The subspecies is distinguished from 5. a. alpinus
because of the formert!s low number of vertebrae; low nusber of ribs;
low number of gill rakers. No ccnsistent osteological and morphologicalvi
differences were obser&ed between the two subspecies, which are
geographically isolated.

S. malma is separable from other chars because of the shape of its

supraethmoid; parasphenoid; low number of gill rakers; hizh nunber of
branchiostegal rays.

S. fontinalis is considered polytypic. Two subspecies, S. f.

fontinalis and S. f. timagamiensis, are recognized:

S. f. fontinalis is distinguished.from otner species of chars
on the basis of the shape of postorbital 1; broad urcneural 1l; long
maxilla; square tail; lowest number of vertebrae; lowest number of
ribs; lower fins strong with white front edge followed by a black
stripe; earlier ossification of bones in fry than for 5. a. alpinus;

fry strongly pigmented.

In most characters, S. f. timagamiensis is similar to S. £.

fontinalis. However, it differs from S. f. fontinalis in the shape
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of its maxilla; longer upper and lower jaw; nhigher number of trunk
and precaudal verteorae; hisher number of ribs with strong bifid

heads. It is geograpnically isolated from S. f. fontinalis.

lorphometric, meristic, and colour studies of fry of Salmonidae

show specific differences.

Brachymystax is most generalized, whereas Oncorhynchus is nost

specialized. Hucho, Salmothymus, and Salmo are intermediate between

the two extremes. Cristivomer is more generalized than Salvelinus.,
Fossil material should be collected to establish true
relationships in Salmonidae.
Detailed osteological studies are recommended for the genera

Brachysystax, Hucho, Salmothymus, and possibly Salmo.

In Dalmatia and Lake Ohrid, speciation among Salmonidae is
still in progress (Vladykov, 1963) and should be studied carefully.

There should be closer co-operation between taxonomists in
Yorth America and Eurasia to decide the taxonomy of the family
Salmonidae. This is necessary because closely related forms occur

in the three continents.
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TABLE: g2, Siues of the adults of the various species of Salz

228

onidao used for photographing the skeletal eleaents

F wniasetert

Specles Local- Date of Tag no. Fork length Total head Structures
ity Capture mn length mm photographed
Cristivomer namay- Ay Oct.1961 A-1109L 547 134 Median fins
cush Ay tar 1952 14819 435 108 Shondrocranium,and l:ruil sauil
oones and caudal skeizton
" " "o A-11363 L6l 121 Chondroeranian
" " " 4,829 475 119 Dors:l and lautersl visas of
skall
" " " 4820 535 128 Branchial skelaton
" " 1 A-11365 572 134 Pector:l and vantral fins
3aivelinus alpinus By July 1962 52,8 476 [:1° Jorsal and lateral vie~sof
alpinus skulld
" " " 5252 612 122 Caudal skeleton
" " " 5235 685 143 Dermal skull bones
" " " 5232 700 133 Chondrocranium ani basibrancaial:
tecth
" " " 5237 722 147 Fectoral and ventral fins
Salvelinus alpinus Cs June 1962 A-12131 291 63 Chondrocranium and dermal siull
oguasess - Quebac bones
Salvelinus alpinus Dy June 1962 YINE 204 40 Suprasthmoid
oquassa- Pushineer n " " 4779 245 50 Chondrocraniun and darmal skull
lake, Maine bones and caudil skeleton
Salvelinys alpinus By June 1962 6837 251 54 Chondrocraium dermal skull bo-
oguassa -~ Floods nes and caudal skeleton
Yond, Maine
Salvelinus malma L Dec. 1962 5053 L65 106 Dorsal and lateral skully oasi-
branchial and pharyngeal plates
and caudal skeleton
" " L 5043 663 157 Chondrocranium and dermal axull
bones
3alvelinus fonti- G May 1962 A-11827 337 69 Pharyngeal plates.
nalis fontinalis " " voA-11824 322 8lp Chondrocranim and dermal sxall
pones and cuudal skel:zton.
" " " A-11832 532 B8Y.5 Dorsal and lateral skull viess
Ga Aug. 1962 A-1184L5 270 53 Basibranchial teetl
Salvelinus fonti- H Nov. 1961 A-11934-5 118 98 Chondrocranium and dermal skull
nalig timaga.ien- bones
sis
Salmo gairdnerii Il Feb, 1961 A-11022 700 ud Caudal skelston
" Jan. 1761 A-11045 788 172 Chondroeraniun and d :rmal skull
bones
Salzothrms ohridi- Jy, Oct. 1929 5218 250 51.5 Lateral skull view and caudal
nus F skeleton
Hucho hucho (F) K3 Dec. 1888 54,10 365 85.5 Lateral skull vies and caudal
skeleton
Brachymyatax je- - - - - 5226 132 - Dorsal and lateral skull bones
Bok F) I - - 5195 280 60 Dermal akull bones

1 1nformation on date of capturs for Braghymystax Jenok 1is lacking. Instead of fork length, standard length
is given., The head lemgth is not given as the head bones were detached previously.
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jo gw
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D. Salvelin

K. Bracayaysuax Lenod

froc. . ..., Garielii.;
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L&, lavaaymal; b, nadiola; OF, overcle; P oramexil

PLATE 3(A - G)

~

Lateral views c¢f skullic of Salmonidae

Huchio nucho
Brachyuystax lenok

2
posuverbitals; PO, precpe

e 3
supraoroibals; SCP, subopercle; SF, suprapreo:
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Selected dermal sxull bones of Salmonidae.

A. Cristivo.ser nr.oaveuws?

AYCU..
nas o

. ~ :
= e T - :
Lie - JASOL 2 Laxe, :
w N e S :
& = ~LlO0aS TN, i
I :
Lie 5
i R R T i
e TLAINIGL L0 LCHVLUALLS H

i
1 PR H
L Wi Lo < . 3
Je ;
w o e 1. é
. grachyvaysosx lonok :

Abbreviacions: i, . {(incernzli view; 10, infrooroical;
Li, lachrymal; i, waxille (% intcenal view); o, nasal; Pi pramaxilla
(PM', internal view); r0 1l-i, posterditals; 3C 1-2, scilerovics;

SE, supraetnmoid; Sk, supramaxilla; S0 1-2, supraordicals.
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PLATE 5(& - L)

Selected dermal skull bones of Salmonicdae

The coronomeckelian and retroarticular bones and ieckel's cartilage
are marked on the nhotogiadns in rare cases.

A
B.

E. inus
K aaninus
G. L
H.

Tonbinaiis roavinalis
I. Solvelinas Jonoinalis
S :

x0 Falruneril

racnynysoax lenok
=

ccment of tae teeti O

Abbreviations: 4, angular; D, dentary; LP, lingual plate;
) (& J 3
P, parasphenoid; RA, retroarticular; V, voaer. .

s .. and vomer much enle

S oo .ecanent of the crest

*
-
-~

%

25 4

ged
<

B
L. DBracaymystax Lonok, VOLer auch capnified to show the arran-
- . .
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PLATE 6(4 - J)

Selected dermal skull bones of

-~
-

Cristivoumier nm.aveus..
Salveiinus =. ' us o

(SN N

Salvelinus aisinus

valvelinuy . .inus oCuasse -
. oal lrus ¢, S

SEUY o

sSalveliaua

[o».

Salnmenidae

Pushineer Lake, Maine
flo~~3 Pond, riaine

o

sa.vellnus Zontinalis Jontinalis

H. Salvelir

Tentinalis cinavaniensis

I. inc. i
J. 50Ld . 20K

andbrevoacions:

ICP, inverovercle; 0P, coerclc: Pa ari
b - > ) Ny 2 2

S0P, subopercle; SPp, sugrapreopercle.

13 1=5, ¢xibrascapulars

. cal s
J >
etal; POP, preopercle;
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PLATE 7(A - C)

Hyoid arch and associated siructures of Cristivoimer namaycush

A. Cristivomer nasaycush, showing the arrangement of
hyomandiburlar, mesopterygoid, metapterygoid, and
other bones.

B. Cristivouer namaycush, showlin; the arrangement of
basibranchial and hypohyal bones.

C. Cristivomcr nasaycush, showing the attachment of
thne branchiostegal rays to the ceratohyal and
epinyal.

Abbreviations: BB 1-2, basibranchials; BH, basibkyal; BP,
aﬁ sibranchial plate; =CT, ectopterygoid; i, epihyal; HF 1-2, nypohyals;
nyomandibular; IH, interhyal; }MES, mesopsery cid: . [, metapterygoid;
palatine; PQ, palatoguudvate cartilc z; |, ciaw. . . oY, syiiplectic;
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PLATE 8(A - N)

Branchial skeleton, teeth on lingual plate, teeth on basibranchial plate,
and teeth on upper and lower pharyngeal plates of Saliionidae

A. Cristivower nawsiaycush

B. Cristivomer namaycust

C. Cristivomer naiaycush

D. GSalvelinus alpinus alpinus.
’ detacned
L. Salvelinus

Lower pharyngeal places were

5 zl.inas
r. Galvelinus s oz - Quebec
r.  Salvelinus S oguLsse - Pusnineer Lake, [aine
H. Salvelinus 5 OQuassz - Floods Pond, Haine
I. Salvelinus :
J. Salvelinus atlnalic roatinalis
K. Salvelinus Joacinatic ~oncinasic. ‘Tocoh on bhe basibranchial
plate and linsual plaoc ..ucn enler o
L. Salveliias loasinalis oiac-ozniensis

M. Salio gairdnerii

Abbreviations: BB, basibranchial; BP, basibrzacnicl plate; CB, cera-
tobranchial; EB, epibranchial; HB, hypovbranchial; HHE
plate; P3, pharyngobraucnial; LPP, lower pharyngeal
pharyngeal plates.
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PLATE 9(4 -~ E)

Median fins and appendicular skeletons of Cristivomer namaycush

A. Dorsal Tin

B. Anal fin

C. Pectoral girdle

D. Pectoral fin and part of the pectoral girdle, ventral view
&, Ventral f{in

Abbreviations: AC, ...inost; iR, anal {i— r; BPIG, basipterysiumg
CC, coracoid; CL, cleiituiuwa; ISC, mesocoracoia; /L 1-3, postcleithra;
PFR, pectoral fin ray; PT, posttemporal; PTZ 1-3, pterygziophores; S, scapula;
SCL, supracleithrum; ViR, ventral rin ray.
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PLATE 10(A - C)

Vertebral column of Cristivomer namayecush

.

A. Trunk verteor:c. Takce frow the rezion just
anterior to aorscl fia
B. Precaudal vorledrae

C. Caudal verceis.e., Just posterior to anal -in

Aboreviaviuas: C, ceatru.; L, hzewmal arch;
NA, neural arcin; .S, neur:l spine
vertebrae; Pz

HS, haemal spine;
5 PAP, parapopnysis; PCVE, precaudal
> postzygovophysis; P37, srezyygopophysis; R, rib.

¥ Nteriagsttiibioriduicu oy
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TABLE 11(A - J)

Caudal skeletons of Salmonidae

Cristivomer namaycush,” Showing the attachment of
anal fin to the haemal spines

Salvelinus alpinus alpinus

Salvelinus alpinus oquassa - Quebec

Salvelinus alpinus oquassa - Pushineer Lake, Maine
Salvelinus alpinus oquassa - Floods Pond, Maine
Salvelinus malma

Salvelinus fontinalis fontinalis

Salvelinus fontinalis timaramiensis

Salmo gairdnerii

Salmothymus ohridanus

Hucho hucno

S
~—
-

NN

Q.H::O’:j.BjUUOCU =

Abbreviations: E, epurals; ENS, expanded neural spines;
H 1-7, hypurals; UN 1-3, uroneurals; US, urostyle. Arabic numerals
(1-8) refer to expanded processes either neural or haemal.
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PLATE 12(A - C-2)

Fry showing the parr marks and pigmentation on flank of
the body

Total length in mm and aze in days in pareatheses are given

A. Salvelinus fontinslis fontinalis, 27 rm (88 days)
B. Cristivewmer namaycush, 27 mm (8 aays=)

C-1. Salvelins alpinus alvinus, 18 mm (52 days)
C-2. Salvelinus alpinus alpinus, 20 mm (8L davs)
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