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AN ABSTRACT

The American smelt, Osierus morcax (:itchill) is classi-

fied under the family, Osmeridae by recent lchtnyologists, Berg
(1940); and Hubbs and Lagler (1947).

The skeleton of the smelt 1s tynical & teleostean flshes
of the suborcer, Salmonolidea.

The olfactory reglon contains the palred proethmoids,
prefrontals, vomers, nasals and the unpalired ethmoid.

The orbital region contains the palred circumorbital
geries of bones, frontals and sphenotics.

The otic region contalns the palired pterotics, eplotics,
varietals, post-temporals and the unpalred supraoccipital, the
palred exoccipitals, prootics and sunracleitnrums.

Tne baslcranial reglon contains the unpaired basioccipi-
tal and parasphenold.

The oromandlbular reglon contains the palred palatines,
quadrates, articulars, metapterygolcls, ehtopterygoics, ptery-
goids, premaxillaries, maxillaries, supramaxillarles, angulars
and dentarles.

The hyold reglon contalns the palred hyomandibulars,
symplectics, interhyals, epihyals, ceratohyals, hyvpohyals, oper-
culars, preoperculars, suboperculars, lnteropnerculars, branchi-
ostegals and tne unpaired baslihyal and urohyal.

The branchial region contalns the palred pharyngo-
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i1
branchials, epibranchials, ceratobranchials, hypobranchials
and the unpaired basibranchial,

The skeletons of the smelt and the salmon show
differences sufficient for recent ichthyologists to classify
them in the separgte famllies,Osmeridae and Salmonidae, but
retalning them in the same suborder, Salmonoidea,

The vertebral cdlumn, dorsal fin, pectoral fins,
pelvic fins, anal fin and caudal fin are very similar to
the typical teleostean fishes,
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INTRODUCTION

The common American smelt, Osmerus mordax (Mitchill)
is classified under the family Osmeridae by Jordan (I929)
and Berg (I940). The family Osmeridae is closely related to
families Salmonidae, Coregonidae, Thymallidae and Argentinidae
(Hubbs and Lagler, I947), (Jordan, I905), and (Berg, I940).
This is a small family with 7 genera and I3 species. Only
three genera are listed by Berg (I94O)., These three genera
are placed in the two subfamilies, Osmerini and Hypomesini,
The genera Osmerus and lMallotus are placed under the sub-
family Osmerini, while the genus Hypomq%s is placed under
the subfamlily Hypomesini, The osteology of genus Mallotus
is completely unknown. Berg gave the dlagnostic subfamily
characters of Osmerini as follows: (I) Olfactorius passing
through the orbit, (II) Mesethmoid paired in young., (III)
Vomers sometimes paired in young. The diagnostic charact-
ers of Hypomesinl are (I) Olfactorius nerves not passing
through the orbit, (II) Teeth feeble., (III) No canine on
vomer, (IV) Mesethmoid and vomer unraired,

No attempt has hitherto been made to describe the
osteoddgy of the smelt, Osmerus mordax, though Starks (I925)

has described the ethmoid region of the smelt, Osmerus dentex,

Excellent figures of Salmo sp,, closely related to the smelt
are described by Gregory (I933),






GENZRA AND SPECIES






GENERA AND SPECIES

There are 7 genera of emelt containing 13 snecles. For
convenlence, each genus 1s brlefly characterized below. The
species with their characters are listed under the corresponcing

genus.
I. Genus dMallotus Cuvier

External characters: (I) Scales very swall, arranged in males
in villous bands. (II) Pectoral fins broad, of 15 to 20 rays.
(III) Teeth feeble. (IV) Pyloric caeca, six. (V) Branchios-
tegals 8 to 10. (VI) Dorsals insertec over ventrals. (VII)
Gill rakers long anc slencer.

allotus villosus (Muller). Characters: (a) D.12;

A.18, scales about 150. (b) Head long anc pointed. (c) Base
of anal in males compressed end prominent, 1ts anterior rays
simple and stiff. (d) Pectorals reaching more than halfway to

ventrals ana tne latter reacning more than halfway to anel.
II. Genus Thaleichthys Girard

External characters: (I) leeth reeble, those on tongue very
weak, (II) Scales sitall, aanerent ana simllar in botn sexes.
(ITI) All the teeth are very teeble, slender, and ceciduous,
although occasionally present on all tne bones of the mouth,
no permanent teeth on tne tongue. (IV) Coloration ausky.

Thalelchtnys pecificus (Xichardson): Characiers: (a)

N



D.11; A.21; P.1l1l; scales 75. (b) Pyloric caeca 11. (c) Ver-
tebrae 70. (d) louth large, the maxillary rather narrow and
long, reaching beyond the micdle of the rather small eye. (e)
Lower Jaw projecting. (f) Opercle with strong concentric striae.
(g) Gill rakers are numerous, rather long and slender. (h)
Ventrals large, inserted Just in tront of corsal. (1) Pseu-
dobranchiae small.

Thaleichthys albatrossis (Jordan and Gilbert)

Characters: (a) D.2, 10; A.1l, 20; scales 75. (b) Mouth large,
lower Jaw heavy, strongly projecting. (c) Opercle with concen-
tric striae. (d) Caudal moderate, well forked. (e) Dorsal
kigh, anal fin low, long; ventrals long and pectorals moderate.
(f) Ventrals inserted before dorsal. (g) Scales small, decia-
uoug, those on the back are still smaller. (h) Lateral line
distinct. (1) Tongue with moderate teeth, anterior 2 to 4 small
hooked canines. (J) Upper jaw with small sharp teeth similar
to those in lower jaw, none of them canine like. (k) Smnall

teeth on palatine and pterygolc.
III. Genus Spirinchus Jordan and Everman

External characters: (1) Body comparatively deev and coupressed.
(II) Head rather short and deep. (III) The maxillary broad,
short, i1ts edge strongly curved, extending to opposite posterior
margin of pupil. (IV) Mandible proJecting. (V) Fins high.

Spirinchus thaleichthys (Ayers): characters: (a) D.9;
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A.14 to 16; scales 55 to 53. (b) Teeth weak, maxillary teeth
scarcely visible. (c) Olivaceous, sides silvery and somewhat
translucent. (d) A weak and feeble speciesg, its flesh of ex-
cellent flavor. (e) Pscific coast from San FKrancisco northwarcd

to Bristol Bay in Aleska.
IV. Genus Allosmerus, Lockington

External characters: (I) Body elongate and compressed. (II)
Eead rather long, esomewhat volnted, maxillary extending past
pupil. (III) Lower jJaw projecting. (IV) Maxillary narrow and
somewhat convex. (V) Outline of both Jaws nearly straight.

Allosmerus annenuatus (Lockington): Characters (a)

Eyes large. (b) D.10; A.15-17; P.11; Scales 65. (c) Teeth

on tongue strong, but small; teeth on maxillary consplcuous.
(d) Front of both jaws with rather strong teeth; palatine teeth
variable, usually strong. (e) Fins low. (f) Pectorals not
reaching ventrals, ventrals not reaching anal. (g) Greenish

dorsally sides silvery.
V. Genus Osmerus (Artedi) Linnaeus

External Characters: (i) Body elongate and compressed. (ID)
Head long and pointed. (M) Mouth wide, the slender maxillary
extending to past the middle of the eye. (IV) Lower Jjaw pro-
Jecting. (V) Preorbital and suborbital bones narrow. (VI)

Maxillary and premaxillary with fine teeth, lower jaw with small
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teeth, which are larger posteriorly. (vi) Tongue with a few
strong, fang-like teeth, largest at the tip. (Wl Hyoid bone,
vomer, palatines, and pterygolds with wide set teeth. (X¥) Gill
rakers are long and slender. (X Branchiostegal rays 8. (XI)
Scales large, loose, 60 to 70 in the lateral line. i) Dorsal
small, about midway of the body, over the ventrals; anal rather
long. (XW Pyloric caeca small, few.

Osmerus dentex, 8teindachner; Characters: (a) D.10;

A.13; V.8; scales 66. (b) Eyes large, two-tnirds length of
snout. (c¢) Maxillary reaching posterior margin of eye, 1its
length 5 times in distance from tip of lower Jaw to dorsal.
(d) Heilght of dorsal one-halt the length of head; helght of
anal two/sevenths; pectoral shortish, reaching halfway to ven-
trals. (e) Back pale olive, scales edged with darker. (t)
Sides above lateral line purvle, changing below to blue, and
then to violet and gold.

Ogsmerus mordax (sitchnill), American sumelt (Fig. 1):

Characters: (a) D.10; A.15; P.13; scales 68. (D) Body rather
long and slender. (c) Head large, with large mouth, and strong-
ér teeth than in the other species of the genus. (&) Small teeth
along the edge of tne maxillary; strong trang-like teeth on tongue
and front ot vomer; carditorm teeth on palatines, pterygolids,

and hyoid bone; mandible witr moderate teeth, its tip projecting.
(e) maxillary extending to a little beyond middle of eye. (f)
Scales deciduous. (g) Lorsal fin rather posterior, in position

and the ventrals uncer its origin; lower fins moderate, none
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10

reaching the next behind 1it. (h) Transparent greenish above,
ellvery on sides. (1) Boay and fins with some dark punctula-
tlons.

Oswerus sergeanti Norris; Characters: (a) Form ellip-

tical, elongated and section oval; (b) Lower Jaw projecting, with
an upwvard curve; (c) Scales on all the gill covers largest on
preopercle; (a) Five large recurved teeth on the tongue, tne
largest on the extreme polnt, two of the same kind on the front
of the upper Jjaw; (e) No teetn on the vomer, a patch of small
ones on the palatine bones anG maxillaries. (f) Silvery steel
color above, with light greenlsn reflections. (g) Branchial

rays 8-11, C 20; P 11; V 8, A 15; (h) Tail torked, upper lobe
sligntly longer..

Osmerus eperlanus: kuropean specles.

VI. Genus Hypomesus Gill

External Characters: (1) Body rather elongate, moderately com-
pressed, covered with scales of moderate size; (II1) Head rather
pointed, and the mouth moderate; (II1) Lower jaw projecting;
(1lV) leeth minute, on jaws, vomer, palatines, pterygoids and
tongue. (V) Ventrals inserted cirectly unaer milddle of dorsal,
and they are wmiaway between eye anc base of caudal; (VI)
Branchiostegals 6 to 7.

Hyoomesus pretiosus (Girard): Characters: (a) D.1lO;

A.15; P.14; v.8; Sceles 70. (b) Fins low, the longest dorsal

ray 8 in length vithout caudal; (c) Pectorals scarcely reaching
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11

naltway to ventrals, and the ventrals not reaching vent; (d)

Light olivaceous above; (e) A sllvery band along the lateral

line.

Hyoomesus o0lidus (Pallas): Characters: Scales 56 to

60. (b) The dorsal fin higher than in Hyoomesus pretiosus,

the longest corsal ray 6 in lengtn of body; (c) Pectorals
reaching 2/3 the clistance to base of ventrals. (&) Coloration

dusky, sligntly translucent.

Hyoomesus Jjaponicus: found in Japan.

VII. Genus lnerobromus Lucas

to
External characters: (1) Similarhphe genus, Mesopus.

(II) Vertebral tormula 26 precaucdals, <2 caudals, plus 1 hypural.

Therobromus callorhinl Lucas: Characters: (a) Chondaro-

cranium well ceveloped: (b) Superior maxillary edentulous,
pointed teetnh on vomer ana anterior part of palatine. (c)
Lower jaw very deep. (d) Pointed teeth on dentary. (e) Artic-
ular well developed. (f) Vertebrae simple, anterior but very
little shorter then the posterlor; centra rot sculpturec, but
bearing many fine longlitudinal ridges.

N.B. Therobromus callorhini 1s known only from skeletons and

bones tound in the stomachs ot fur seals.
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MATERTALS AND METIODS

A number of adult smelt for this study were taken from
the commercial catch at Little Bay de Noc¢ (February, I958),
Michigan, and they were shipped to the Department of Fisheriles
and Wildlife, Michigan State University, East Lansing, Michigan,
Specimens for this study were taken from this collection,

The smelt's skeleton was prepared in the following
ways: (I) Boiling the fish in the water, (2) Use of trypsin
and ammonia, (3) Staining the skeleton with alizarin red, and
(L) Use of dermestid beetles,

THe following three methods were inadequate for this
study: (I) Boiling the fish in water, (2) Use of trypsh and
ammonia, (3) Staining with alizarin red.,

In the prenaration of a skeleton, the use of carpet
beetles proved to be the most useful method even if the skel-
eton 1s delicate and bones are of membranous nature, The
fishes with a label are left in the "Insect colony" for a
period of 7 to IO days, and the beetles eat all the fleshy
part of body and clean almost every pilece of bone., The main
advantage of this method 1is that the bones remain articulated,

This method was very successful in the preparing of the skeleton
for this study.,

I3
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DESCRIPTION OF OSTEOCRANIUM OF ThHX SMELT (OSMERUS MORDAX)
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DESCRIPTION OF OSTEOCRANIUM OF THE SMELI (OSMERUS MORDAX)

OlLfactory Region

Cartilage bones: Paired proethmoids (Fig. 2. PE), and unpaired
ethmoid (E).
Dermal bones: Paired prefrontals (PF), vomers (V), and nasals
(N).

The proethmoids (Fig. 5. PE): They are composed of

fragile, cancellous endochondral bones. They are situated on
the dorsal side of the vomers and are very obvlious from the
dorsal view. 1he fused proethmolds and the vomers are encased
dorsally, anterlorly and laterally by cartilage continuous with
the platnum ethmoidale. 'he proethmoids are exclusively sup-
ported by the vomers and posterlorly are attached to the median
ethmoid bone.

The ethmoid (¥ig. 5. E): It 1s a square shaped bone

which lles medially with the vertical posterior edge perven-
dicular to its ventral edge. It is thin and sometimes over-
looked. Ventrally it flares anterolaterally on elther side of
1ts median notch, which conforms with the underlying vomers.

The prefrontals (Fig. 2. PF): They are vosteriorly

placed, remote trom the ethmold and vomers, leaving a long
nasal tossa anteriorly. They have the same appearance as other
membrane bones. Kach i1s fused to the latersl border of the

frontals.

I B 1
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1ne vomers (Fig. 5. V): They cannot be seen from the

corsal side, although tneir position is quite obvious from the
ventral side, if the lower Jjaw 1s removed. ‘''hey are thin, flat,
paddle-shaped bones uncerlying tne proethmola, and overlapoing
the anterior end of parasphenold ventrally. A palr of strong
canine teeth 1s present on eacn vomer. Vomerine teetn are im-
portant in the systematics of tne tamily, Osmeridae.

The nasals (Fig. 5. N): They are long, slencer incon-

splcuous bones attacred to the correspondaing trontals. Threy
are very similar in appearance to tiie frontals, are situated
laterelly to the etinmoid, and are connected anteriorly with the

proethmoids and vosteriorly with the tfrontals.
Orvital Region

Dermal bones: Palred lacryzals (Fig. 2. LA), suborbitals (SB
2-4), suborbitals (SB 5-6), supraorbital (SO 7), frontals (F),
and sphenotics (SP).

The circumorbitel bones (kig. 2. LA, SB 2-6, SO 7):

All the bones of the clrcumorbital series are arranged more or

less ring-like around the eye. Tney are all tlat, surmountec

by a bony tube. Suborovitals 4 and 5 (SB &4-5) show a little

evidence of tusion. Suborbital 6 (SB 6) is reduced to a bony

plece, which 1s often white. OSupraorbital 7 (SO 7) is attached
is

To the ecdge of tre corresponcing frontal anc_lald horizontally

pParallel with the prefrontals.
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Vomey (¥)
premaxilla (p™)

proethmoid (PE)
ethmoid (&)
nosal (N)
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supva occipital
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The frontels (Fig. 5, F): They make the roof of the

brain cavity and are Joilned anteriorly with the ethmoid and
the proethmoias. Posteriorly they are attached to the parie-
tals. A fontanelle is found between the trontals, although
they show a suture at the anterior and posterior ends.

The sphenotics (FTiz. 2. S8P): They form the side walls

ot the cranial cavity, Join pterotics posteriorly and the or-

bital region enteriorly.

Otic Regilon

Cartllage bones: Pailred pterotice (Fig. 2. PTO), eplotics

(EPT), exoccipitals (EO), prootics (PRO), and unpaired supra-

occipital (SOC).

Dermal bones: Paired parietals (P), posttemporals (PT), and

supracleithrum (SCL).

The pterotics (Fig. 2. PTO): Anterlorly they attach

to the sphenotics and ventrally with the Lyomandibulars. Their
upper portion contributes to the surface of the sgkull externally
and to the vault of subtemporal fossae internally, within vhich
they fuse with the lamellae of the eplotics. Ven-
trolaterally, they curve around the horizontal semicircular ca-
nals, rejolning thelr upoer portion within the fossae, thus
completely enclosing the canals,iénd forming the other margin

of the fossae.

The eplotics (¥ig. 4.): They enclose the posterior
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semicircular canals. They are Just below the pterotics and
posteriorly attach to the opercular bones. It is assumed that
the eviotics. tuse witih the supraoccipltal corso-mesially, vith
the exocclpitals ventroposteriorly and also ventro-mesially

within the subtemporal fossae.

The exoccipiltals (Fig. 4): They are not shown in the

diagram. It appears that they tuse with the pterotlcs antero-
laterally, with the eplotics dorsally outside, and laterally
inside the subtewporal fossae. The exoccipitals join mesially

with the basloccipital.
The prootics (kig. 4.): They are situated on the ven-

tral side of the braincase, completely invisible from the dorsal
side. They are Jjoinec by the parasphenoid, which is club-shaped
posteriorly. Thelr posterolateral extiensions form the antero-
mesial curvature of tine subtemporal fossa roof, and are Joined
with pterotics and exocclpitals.

The supraoccipital (Fig. 2. S0S): It is shielé-snaped.

There 1s a small mecian convexlity. It seems that it has con-
cave snterior borcer which conforus to the posteromedial margin
of the posterlor cnondérocranium fontanelle. The supraoccipital
forms sutures laterally with the epiotics and parietals. Pos-
terlor to the sutures, 1t Joins the cartilage roofing of foramen
magnum. Ihe intermembranous spine ot éupraoccipital 1s present
at the posterior end of this bone.

The parietals (Fig. 2. P): Thney overlie the posterior
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part of the chonarocranial fontanelle, the upper portion of
sphenolds, epiotics, ana the supraocclpltal. The right and
left parietal joins at the middle and both are Jolned enterior-
ly by the frontals. They are simllar in appearance with front-

als, smooth, slightly concave cCorsally and more or less trlan-

1]
gular.
The post-temporals (Fig. 2. PT): They are lancet-

shaved and the upper ends of tnese bones join the eplotics.
Both fuse at the corsal side of the skull. The sub-temporals
and supraclelthrums &re the inftermediate bones between the
sxull and the pectoral girdle.

lhe supracleithrums (Fig. 2. SCL): They are flat,

paddle-shaped, with the anterlor ends articulating with the
under surface of the post-temporals, and the kxnife blade like
posterior ends articulate with the lsteral surface of the clei-

thrums below.

Basicranlial Reglon

Cartilage bones: Unpaired basiocciplital (Fig. &4.).
Dermal bones: Unpalred parasphenoid (Fig. 2. PS).

The basiocclipital (Fig. 4.): 1t forms the roof and

posterior wall of the myodome. 'Ilhe ventral wall is continuous
behind with the conical, posteriorly concave centrum of the

subsumed proatlas vertebra. Dlorsoventrally, on each slde, the
basioccipital forms a suture with the ventromedial edge of the

adjacent exoccipiltal.
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The parasphenold (Fig. 2. PS): Thls 1s the longest

bone in the sxull of the smelt, and extends in the midline along
the greater part of the ventral lengtin or the neurocranium. At
its anterior end, it 1s overlapped by tre proetnmoids and vorniers.
It constitutes a thick narrow strut of bone which skirts the
lower edge of tne vertical plate of the orbitosphenoid. At

the posterior end of this bone, it widens abruptly to 1ts max-
imum width and forms a club-like structure. The club-sheped
posterior end Joins with the prootics. A narrow groove 1is
formed from the ventroanterior end of tnis bone which increases

in 1ts widthh from the middle part to tne posterlor end.

Oromandipular Region

Cartilage bones: Palred palatines (Fig. 2. PL), quadrates (Q),
articulars (AR).

Dermal bones: Palred metapterygolds (Fig. 2. MPT), entoptery-
golds (EiWP), pterygoids (PT), premaxlllaries (PM), maxillaries
(MX), supramaxillaries (S.t+X), angulars (A), and dentaries (D).

The palatines (Fig. 2. PL): They are dentigerous, rod-

like and lle underneath against the ventral side of the entop-
terygolds. 1he anterior half of these bones have canines of
variable number and sl:ze.

The quadrates (Fig. 2. Q): They are more or less tri-

angular bones. Anteriorler they are tlat and tan shaped, pos-

teriorly they are produced in a long, thick, handle-like knob.
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At thelr anteroventral angles, they bear the condyles which
articulate with the notch in the angulars. Dorsally, the mesial
gsurfaces of the quadrates are applied to the lower lateral sur-
faces of the posterior ends of pterygoids.

The articulars (Fig. <. AR): They are small, slencer

bones, almost united with the dentaries, and posteriorly fused
with the angulars.

The metapterygolas (Fig. 2. MT): They are broad, flat

bones, and - are almost rectangular in snape. The dorsoposterior
and dorsoanterior anglesof these bones torm the chief point of
articulation wiin the nyomancidulars. The symplectics Jjoin the
hyomandibulars and une metaovterygolids posteriorly. Doreoanter-
lorly, the mesial surfaces of The metapterygoids are apvliled to
the posterior lateral surface of the entopterygoics. ‘he right
half of the metapterygolds borders on the dorsal edge of the
symplectics.

The entopterygoids (kig. 2. ENT): They are similar in

appearance to the metapterygolds. <Their mesial surfaces are
attached above the lateral surface of the anteroventral corners
of the pterygoids. Their lateral surfaces are applied to the
meslal surfaces of the anterior parts of the quadrates. The
entopterygold and the pterygold are almost fused together,
their respective areas being only partially distinguienable.

On thelr ventral sides, mesially, there 1s a series of teeth

present.
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Tne pteryrolés (Fig. 2. PId): They are almost fused

with the entopterygolds. They narrow gradually towards their
anterlior ends. The homology of the pterygold is confused. The
pterygold and the entopteryzold of the fishes represents only
the pterygoid in tne wawmallan skull.

The premaxillaries (Flg. 5. PM): They are short, slencer

and dentigerous bones, most anteriorly situated on the upper Jaw.
They meet in the midadle of the anteriormost part of snout. Teeth
are variable in number and slze. The dorsal edge of premaxillary
is attached to the ventral ecge of maxlillary and overlaps ‘the
vomers.

The maxillaries (Fig. 2. #¥X): They are the main bones

of upper Jaws, and are strongly toothed. They have large knobs
at the anterior ends wvhich fit into dlstal concavities of the
submaxillary cartilages. Thils xnob-lixe condyle 1s the anchor
anéd pivot of the maxillaries. Below the knob, each maxillary
sends mesially a slender rod, which aoprosches a corresponding
rod from the other maxlllary. Except at trelr anterior ends,
the maxillaries are thin end flat and have a broad ascending
crest much like that of the dentary.

The supremaxillarlies (Fig. 2. SiX): They are gituated

dorsolateral of the posterior half of the maxillaries. They

are more or less hammer-shaped and some fusion has occurred

with the maxillaries. They are glassy 1n appearance and almost
the

transparent. The ventral silde oanupramaxillaries attaches to
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the
the dorsal side of the posterior half orAmaxlllarles.

The angulars (Fig. 2. A): They are the sumall bones

sltuated at the knobs on the posterior parts of dentaries.

Tney have a dorsal notch here for the articulation with the
quadrates, ana opposite to these, the ventral notcles into

which the dorsal edges of articulars fit. They almost fuse
with the dentaries.

The dentariesgs (Fig. 2. D): They are the largest bones

in the mandibles. Each curves mesially and anteriorly, to form
the symphyels with its fellow of the opposlite silde. The den-
taries send dorsally the Iflat, broac, ascenaing ridges - which
possess the strong teeth. The teeth bearing borders of den-
taries and the posterlor knobs are opaque, whlile the remainder

of these bones are translucent.

Hyoid Reglon

Cartilage bones: Paired hyomandibulars (Filg. 2. HyM), symplec-
tics (SY), interhyals (Fig. 7. IH), epihyals (EH), ceratohyals
(CH), hypohyals (HH), ~nd unpalred basihyal (BH).

Dermal bones: Paired operculars (OP), preoverculars (POP),
suboperculars (SOP), interoperculars (I0OP), branchiostegals
(BS), and unpalred urohyal (Uh).

The hyomandibulars (Fig. 2. Hi): They are very irregu-

lar bones in both structure anc snape. Tlhey articulate anter-
lorly with metapterygolcs enda are attached below to the syn-

plectics through cartilage. They consist of the thick swellings
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of bones with thin flanges extending on either side, anterior-
ly and posterliorly, respectively. The anteriormost strut at-
taches to the sphenotic and forms a triangular plece of bone.
From i1its anterior angle anotrier triangular bone hangs down
laterally which attaches to the metapterygoid and symvlectic.
There 1s a distinct gap betwesn hyomandaibular and preopercular.

The symplectics (Fig. 2. SY): They fit in the grooves

on the dorsal surface of the posterlor extension of the quad-
rates. The anterior ends are insertec between these extenslons
and&kfan-shaped part of quadrate.

The interhyals (Fig. 8. IH): They are small, somewhat

cylindrical, connected at one end with the cartilage between
the hyomandibulars, symplectlcs and metapterygolds, and at the
other encd with the upper end of the epihyals.

The epihyals (Fig. 8. EP): They are thick, massive,

somewhat triangular and thelr aplices are directed corsolater-
ally towards the interhyals. Thelr bases are broadly articula-
ted with the posterior ends of the ceratohyals.

The ceratohyals (Fig. 8. CH): They are proad, and

lateroposteriorly joiln the epihyals. 'lhe dorsal nead srticu-
lates with the upper hypohyal, the ventral head with the lower

hypohyal.
The hypohyals (Fig. 8. HH): They have two parts, upper

hypohyal and lower hypohyal. ‘'ne upper articulates at one end
with the ceratohyal and other end witn lower hypohyal. The

lower hypohyal is more or less V-shaped bone.
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The basihyal (Fig. 7. BH): It is a masslve, thick and

dentlgerous bone. It takes the position of the tongue 1n the
mouth. Teeth are strong and curved.

The urohyal (Fig. 7. UH): It is a flat, broad, nori-

zontal plate surrounded by tne hypohyals laterally, basihyal
anterlorly, and basibranchial posteriorly.

The branchiostegals (Fig. 2. EST): They consist of

five pairs of flat, curved bones, which are arranged like the
leaves of a book in an ascending manner from the anterior to
the posterior, on the ventral side of the skull. Most of them
are slightly produced anterodorsally and articulate with the
hyoid apparatus.

The preoperculars (Fig. 2. and 9. PO): They are sickle-

shaped and overlap the anterodorsal surface of hyomandibulars,
the posterior end of quadrates, symplectics, the interhyals,
the upper lateral surface of the interoperculars and anterior
edge of operculars.

The interoperculars (Fig. 2. I0): ‘lhey are more or less

triangular, with slightly incurved upper ecges. They overlap
the anterior ends of suboperculars and are overlapped antero-
laterally by the preoperculars.

The suboperculars (fig. 2. S0): They have the charac-

teristic semilunar shape and the anterior ends are overlapped
by the posterlior end of operculars. The anterior margin of

suboperculars overlap the posterior end of interoperculars.
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Trhe operculars (kFig. 2. COP): They are very thin, salmost

glassy 1n appearance and transparent. The posterolateral ends
overlap the supraclelthrums, cleltihrume and¢ postcleithrums of

pectoral girdle. The lower ecCzes overlap the suboperculars.

Branchial Region

Cartlilage bones: Palred pharyngobranchizls (Fig. 7. PB), epni-
branchials (EB), ceratobranchials (CB), hypobranchiels (HB),
and unpaired bvasibranchial (EB).

The pheryngobranchials (Fig. 7. PB): There are two

palrs of pnaryngooranchials.

The ceratobranchiasls (Fig. 7. CB), and the epibranchials

(Fig. 7. EB): They are thin, long, cylindrical bones. The
upper end of epibranchial and lower end of the ceratobranchial
are Joined with articular heads. 'The articular heacds are thick
wvhile the opposite enés are thin. The fitth eoibranchial 1is not
evicdent.

Tke hypobranchials (Flg. 7. HB): These consist of three

palrs of osseus, couma-snaped bones, quite adjacent to the basi-
branchials. The fourth hypooranchial 1s found in some
specles, but 1s absent in the smelt.

The basibranchials (Fig. 7. BB): These are three strong,

cylindrical bones, which articulate end to end 2nd arrange in a
linear fashion. They are unpsirea, and lie in the midventral

line of the pharynx. The first basibrancnial is a curved rod
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of bone lying between the hypohyals and extending anteriorally
beneath the basihyal. The secona basibranchial is strong, long. g
cylindrical with the several teeth of almost equal length. The
third basibranchial i1s shorter than the second, and has a broad
articulating surface at the posterior end and 1s polnted at the

anterior end.
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COMPARISON OF SHELT'S SKULL WITH THE SKULL OF SALMON

The parietals (Fig. 10. Pa) of the salmon (Salmo salar)

are small, ridged ancd subarcuate, separated by the whole wildth
of the broacd supraoccipital. They articulate with 1t and also

with the corresponding frontal and epiotic. The parietals

(Fig. 12. P) of the smelt (Osmerus mordaxXx) unite in the mid-

dorsal line. Anteriorly eacn is attacned to the trontal and
posteriorly witn trne supraoccipital.

The frontals (Fig. 10. fr) of tne salmon are large and

strong. 1lney meet to Iorm the sagittal suture in their posterior
half, out further torvarcs a smooth ridge of cartilaginous sxull

separates them. The frontals (Fig. 12. F) of the smelt are flat,

and torm a saglittal suture posteriorly. Anteriorly they meet
with the proethmolds and ethmold as well es slightly touching
each other. There is a long fontanelle in the center portion.

lke vomers of the salmon are oblong and thick in front,

with a sharp keel on the anterior vortion, betveen the paired
ethmoids. They bear the sharp recurved teeth. These bones
underlie the proethmolds ror a considerable distance. The
vomers (Fig. 13. V) of the smelt are in very much the same posi-
tion &8s in the salmon. kach iomer possesses a palr of teeth.

The paraspnenoid (Fig. 10. var) of salmon is of great

length. This bone 1s large, long, leaf-like, witn descending

laminae and split 1in front. It 1s upwarcly keeled in front,

52
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downwardly keeled behind, anc flattened in the midale. 1In the
smelt, it (Fig. 12. PS) 1s the largest bone of tne skull and
upwardly keeled in front and downwarcly keeled behind but not
tlattened in the middle.

e suborbital bones (Fiz. 10. la, So 2-5, dsp, sop)

of the salron are thick and strong-rimmed where they lie more
or less in a ring about tke eye. 1In the smelt, they (Fig. 12.
LA, SB 2-6, SO 7) are weak and borcer slmost three-tourths of
the orbit. The lacrymal 1s qulte long, situated ventroanter-
iorly wvhile the remaining ovones are arrengec in the semi-cir-
cular trashion about the ventral and posterlor margin of the eye.

The premaxillaries anc tne maxillaries (Fig. 10. pmx,

-mx) of the salmon are dentiserous. 7The premaxillaries are the
broacer and more massive of ine two. They have a reglon vhere
thie structure 1s pecullarly sponge-like ana tubuliferous. The
smelt nas premaxlillaries, maxillarles anc supramaxillaries (Fig.
12. Py, KX, & SsX). ‘4ihe premaxillaries as well as maxillaries

are centigerous altaougn the maxillaries bear Tne weaxer teeth.

ine maxillaries in the salmon are concave wnere they are
overlapped by the premaxillaries. ‘They send inwards a concave
facet 10or tne articulation with the palstines, are rod-like in
tr.eir dentigerous vortion, and frlatten out below, especially on
the upper edge vihilen is overlapped by the Jugal (Fig. 10. Ju).
The maxlllaries in tane smelt nave large Xnob-llxe structures at

thelr anterlior encs which 11t into the cistal concavity of the

submexillary cartilage.
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The cdentarles (Fig. 10. an) of the salmon bear teeth

wnilecn are strongly hookec. They are tne principal bones of the
mendibles, whicn are turnec up so as to fit into the anterior
end of the snout, giving the pecullar characteristic of the
galmon's face. Trne centaries (Fig. 12. D) of tre suelt also
bear teetn wnicn are siharp anc pointec unwarcs. The posterior
half of these bones is very wice but they narrow anteriorly
vhere they nieet the fellow of trne other side. The lowver Jaw
1s slightly longer than the upper jaw.

In the salmon, on the angle of each mancible another

splint 1s tounc, tre sngular (Fig. 10. an), which is small end

rough. In the smelt the angular (Fig. 12. A) is very emall,
almost at the came location ss the angular in the salmon.

Trhe articulsars (Fig. 10. art) in tre salmon are fairly

bler and occupy almost one half of each manciple, while the arti-
culars (Fig. 12. AR) of tre smelt are quite swmall and located at
the Junction of angulars and posterior knobs of dentaries.

Tne preoperculers (Fig. 10. preo) of the salmon are quite

membranous; they have the usual falcate form, are furrowed in a
radlating manner by mucous glancs; thelr attachments are by

thelr anterior edges, above tlne posterior eage of trne hyomandi-
bular and below that of the quacrate. In trie snelt, the location
and structure 1s tne same, except that thelr posterior edges
overlap the anterior edges of operculars.

The operculars (Fig. 10. op) of the salimon are large end
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subguadrate. Tney are eleganily narkea vitn growth-lines, and
they articulate with the hyomandibulars by ball anc socket Jjoints.
The operculers (Fig. 12. CP) 1in tie szelt are glassy and trans-
parent; anteriorly, tioey articulate with the nyomandibulars and
ventroonosteriorly overlao thne suboperculars, cleithruirs, end
vostcleithruns. They show no markings of growth-lines.

Trne suboperculars (Fig. 10. sov) of the salmon are some-

wnat below the operculars; tney are subtalcate, broad in tront,
very thin and elegantly marked with growth-l.nes. The suboper-
cvlars (rig. 12. SO) of the swelt are sewl-lunar shaped and there
is no trace of growin-lines. e operculars overlap the upper
edse of suboperculars. 1he suooperculars overlao the cleithiruns,
scapulae and coracolcs of pectoral sirdle.

The interoonerculears (Fig. 10. iopn) of the salmon are

ear-shapec; thelir narrow ends passing vehind the »reoperculars
are very thin. They are marged concentrically enc¢ racdially by
growth-lines. In the smelt (flg. 12. 10), these bones are small
and are overlaoped by lhe ecges of preoperculars, and snow no
trace of growtn-lines.

ine nyomenciculars (Fig. 10. hyom) of the salmon are

broad, flat obones, wilcn articulate anteriorly witn the pter-

otlcs, but partly also with tne sphenotic elements of the otic
capsules. below they are connected witn the slencer symolectic
bones and form the cartllage connecting the entopterygolds and
quadrates. They support the rest of hyold arch, consisting in

succession of internysl, epinyal, ceratonyal anc hyoohyal bones,
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wvith tre median tooth-bearing basihyal. In the smelt, the
hyomandivulars (Fig. 12. Hi) are peculian’shaped bones with

the anterior triangular pieces attaching to tihe posterior nleces
by a narrow jolnt. Trney are almost in two pleces in the smelt.

The syrolectics (Fig. 10. SY) of the salmon have a real

suspensoriun with the hyomandiibulars, ancé they are fused with
the anterior merzins of tne guadrate and the metanterygoid bones.
In the smelt, siimilar sttacruients of symplectics, quadrates and
metavterysolds are found.

The comparison of smelt and salmon’ sxull bones 1is

summarlized in tabular form below.
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DESCRIPTION OF VERTEBRAL COLUMN Or' THE SMELT (0OS:ERUS MORDAX)
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DESCRIPTION OF VERTEBRAL COLUMN OF THE SMELT (OSMERUS MORDAX)

The vertebral colum is completely ossified with an
aperture in the centrum of each vertebra, It is divisible into
an anterior or trunk region and a posterior or caudal region,
together comprising about sixty-one to sixty-two vertebrae,

The first forty-one vertebrae comprise the trunk region
while the remaining twenty or twentyw-one constitute the caudal
region, The vertebrae from the trunk region possess pleural
ribs while the caudal region vertebrae have the ribs fused
to form haemal spines,

A typlecal trunk vertebra consists of a cylindrical cen-
trun (Fig. I, B and C) with deeply concave anterior and post-
erior faces (amphicoelous), and perforated in the center by the
narrow central canal (Fig, Ili). The edges of the centra are:
united by ligaments and the biconvex spaces between them are
£illed with the remains of the notochord, There are also
articulations between the neural arches by means of small
bony processes, th?é&gapophyses (Fig. I, B and C), The low
neural arch 1s attached to the dorsal surface of the
vertebrae anteriorly by ligaments and posteriorly by ankylosis,
To the ventro-lateral region of the vertebrae are attached
by a ligament, a palr of long and slender pleural rips !

(Fig. Ii. R), which curve dovmwards and backwards between
the rmscles and the peritoneum, thus encircling the

abdominal cavity, In the first two vertebrae they are

6l
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attached dlrectly to the centrux, the rest to short downwarcly
éirected bones, the parapophyses (Flg. L4. PA, PH), immovably
erticulated by broaa suriaces 1o tne centrum. At the Jjunction
of tne neural arcn wlth tne cenirum are attached, also by fi-
brouve union, a palr or aelicate lnier-muscular bones (Fig. 14.
IMB), which extenc outwards and backwards in the tibrous septa
between the myomeres. The Iirst ana second vertebrae bear no
ribs. ''nere are no ribs on tne last Z or 3 vertebrae of the
trunk recion. In ell the trunk vertebrae the neural arches are
produced dorsally to form a spilne.

The caudal vertebrae have an amphicoelous centrum, which
1s perforated in the center by a narrow canal. The outgrowths
corresponding to the parapophyses are fused with the centrum and
form part of the roof of the haemal canal, through which the
caudal artery and veln run. In each caudal vertebra, the ribs
are fused into a single arch, wnich 1s produced downwards and
bacxwards into a haemal spline (Fig. 14. H.SP).

The posterior enda of the caudal reglon 1s curiously modi-
fiecd for the support of the tail fin. ‘lhe ultizate centrum (Fig.
15), has thie axls not horlizontal, but cdeflectec upwarcs, and
folloving the last undoubtecd centrun 1s a roda-lice structure,
thie urostyle (rFig. 21. UST), consisting of the partly ossified
eno. of tne notochorca, vhichims thus the same upward flexure ag
in tie Dog fish (Scyliorhinus canicula). 7The neural ancd hsemal

spines (Fig. 14. N.SP., H.SP), of the last two or three vertebrae
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are very broad and closely connected with one another, and
more numerous than:.the centra: and five or six haemal arches
are attached to the urostyle, In this way a firm vertieal
plate of bone.1s formed, to the edge of which the caudal fin
rays (Fig., 2I, CFR) are attached fan-like in a syrmetrical
manner, It wlill be obvious, however, that this homocereal
tail fin 1s really quite as unsyrmetrical in structure as the
heterocercal caudal fin of the Dog fish, and since its
morphological axis is constituted by the notochord, nearly

all of its rays are, in strictness, ventral,
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DESCRIPTION OF DORSAL FIN OF THE SHMELT (OSMERUS IMORDAX)

The total number of dorsal f£in rays varies from IO
to I2., The number of branched rays is variable from 8 to IO,

Each dorsal fin ray is supported by a triple set of
pterygiophores, The dorsal énd of a pteryglophore fits under
the base of the dorsal ray. There are small nodules of
cartilage forming the third series of radials which are
situated below the dorsal fin rays, These radials are conmn-
ected to the second series, The proximal series consists of
slender bony rays - the interspinous bones, lying in the
median plane, between the rmuscles of right and left sides,
and more numerous than the myomeres of the regions in which
they occur,

The dermal fin rays (Fig. I6), which lie in the subs-
tance of the fin itself: are slender bones, jolined like the
antennae of an arthropod, and mostly branched in the sagittal
rlane, Each 1s formed of distinct right and left pleces in
close contact foy the most part, but diverging below to form
& forked and dilate end, which fits over one of the cartila-
ginous nodules, |

The second dorsal or adipose fin has no bony support,
It is one of the significant characteristics of the family,

Osmeridae,
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DESCRIPTION OF PECTORAL GIRDLE AND KIN OF THE SHELT

(CSMERUS MORDAX)
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DESCRIPTION OF PECTORAL GIRDLE AND IFIN OF SMELT (OSKERUS KORDAX)

ihe pectoral gircle conslists of three bones, the scapula,
the coracoid and the cleilthrum. The scepula (¥ig. 17, SCP), 1s
sltuated corsally to the (lenoid fossa which 1s the
articulating surface otfkpectoral fin. ''he corecoid (Fig. 17, COR)
1s gitusted ventrally to zlenold fossa and tiie mesocoracoid 1s
situatea above tne coracold and anterlor to the scapula. Ex-
ternally to tnese 1s forweda a large investing pbone, the clei-
thrum (Fig. 2, CL), extending Gownwards unaer the throat. Dor-
sally 1t 1s connected with the suprecleithrum (Fig. 2, SCL), and
the suvraclelthirum 18 connectec to the forkea post-temoorsal (Fig.
2, PT), one branch of wnilcn articulates with the eplotic and the
other with the pterotic process. The postcleithrum has an at-
tachirent wvith the postero-dorsal sice of cleithrum.
‘'he post-temvoral, supracleithrum sanc¢ the clelthrus form
a chain of essentially long narrow bones vhich attaches the pec-
toral giréle to the skull. The postcleitnrum (Fig. 2, PCL), 1is
smaller tnan the clelthrum ana it 1s a s»incle-shaned bone
placed at an angle with 1ts longitucdinal axls cdlrected postero-
ventrac. Lts anterlior end lies underneath the clelthrum while
the posterior end is embedded in muscle underneath the pectoral
fin.
The coracold is a roughly triangular bone with the base
at 1ts posterior ena. 1lhe apex of the triangle at-

taches to the cleithrum by a tough ligament. ‘lhe scapula is a

4
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small, subquadrate bone with a deep notch on its ventral borcer.
Trhe anterior half lles underneath the clelthrum and is fused
to 1t.

The racdial bones support the pectoral fin rays. Radials
as well ss tnhe coracolcd and tiie scapula aprarently arise as
geparate centres of ossiflication. The number of pectoral fin

rays varies from 12 to 13.



DESCRIPTION OF PELVIC FIN OF THE SHELT (OSKERUS MORDAX)
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DESCHIPYIC! OF PrLVIC FIN OF TEE SHELT (0SiI:ERUS MORDAX)

There 1s no pelvic girdle, its place 1s taken by a
large, tlat triangular bone, tne basipterygium (Fig. 18,
B. PTG); to its posterior border are attacned three partly ossi-
fied nodules, the dlstal pterygiovhores (Fig. 13. PTG), encé with
these the éermal fin-rays are articulsted. The nusber of pelvic

fin-rays varies from 3 to 9.
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DESC=IPTION OF AXNAL rIN OF THE SL=ZLT (OSi’ERUS :I02DAX)

The total nuwber of anal fin-rays (¥ig. 20) varies from
15 to 17. ‘''ne number of branched rays is variable.

The number of pteryglophores in the anal tin is 15 to 17.
The anal fin rays are supported each by a triple set of ptery-
glophores. The proximal series conslsts of slender bony rays -
tne interspinous bones lying in the median plane, between the
muscles. Thelir distal ends are broadened, and with them are
connected the second serles; to trnese finally are connected
small nocules of cartilege forming the thira series of radials.

The proximal series of the radials are long and pointed
upwarcs whille ventrally they possess the broad articulating sur-
faces. 71he second series of radiales are smaller than the first
series, end are situated in between the first and third series.
The third series of raclales are the smallest of the three and

connect the seconcé series to tne anal fin rays.
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DESCRIPTION OF CAUDAL FIN Orf THz SMELT (0SIERUS #03DAX)
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DESCRIPTION OF CAUDAL FIN OF THE SMELT (OSMERUS MORDAX)

The posterior end of the caudal region 1is curicmsly
modified for the support of the anal fin, The éentrum of the
last vertebra (Fig, 22) has been deflected upwards, and follow-
ing the last undoubted centrum 1s a rod-like structure, the
urostyle (Fig., 2I, UST), consisting of the partly ossified
end of the notochord, The haemal spines (Fig. 2I, H.SP) of
the last five vertebrae are very broad and closely connected
with one another, and are more numerous than the centra, They
are known as hypurals, There are fore or five haemal arches
which are attached to the urostyle, The last three or four
neural spines are also broad and are known as epiurals, The
hypurals and the epiurals form a firm vertical nlate, hypural
plate, to the edge the caudal fin rays (Fig. 2I, CFR) are
attached fan-like in a symmetrical manner, It is obvious,
however, that this homocercal tall fin is really more or less
unsymmetrical in structure,

The caudal fin rays are variable in size and number
from 38 to 4J0. The fin rays which are loecated dorsally and
ventrally at the beginning of the fin are usually small and
unbranched, Posteriorly, they gradually increase in size and
are mostly branched, The longest caudal rays are situated
near the dorsal and ventral edges., From this region mesia’d,
the fin rays again gradually decrease in size, although

here all of them are brgnched,
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PHYLOGENETIC RELATIONSHI? OF S&ELT IN TELEOSTHAN FISHES

Recan, Tate (1329) divided the Isosponylli into six sub-
orcers; Clupeolcea; Salmonoicea; Stomiatolaea; Osteogzlossoides;
Mormyroicea anc Gonorhyncnoldea. ihe suvorder Salmonoicea con-
sists of families: ©Salmonlcae, hlcrostomidae, Argentinidae,
Opisthoprocticae, Osmericae, Salangicae, Retropinnicae, Hiplo-
chitonicee ané¢ Galaxiicae.

Gregory, William K. (1933) remarked that the typical
salmon skull (Fig. 10) 1s probebly paecogenetic in the nizh
degree to whkich 1ts encocranium nas become cartilaginous, but
it 1s cistinctly progressive 1ln the ftact that mecian supraocci-
pital 1s broacdly in contact wiih tne frontals and varietals are
very much redauced. The ethiolc and the palr of proethmolds are
largexcartilagmws. A subtenporal bone lying above the opercular
is present in the skull of the salmon, and its orizin 1s unknown.
The maxillarles are thin and elongate. They are main bones of
uvper Jews. Anterlorly they are attached to the premaxillaries,
posteriorly reaching to the edge of cquacrate.

Starks (1926) noted that in the Salmonidae, the ethmoid
in general resembles that of the fishes of the famlly, Clupelcae.

Professor Walter Garstange (1931), in his phyletic
classification of the teleostel, wrote,

"I'ne subclvisions (Orders) of the Yeleostel

are based on the tollowing alternsative of structure,

each of which, I will briefly characterize with the

cescriptive terms - ovlisacs or coelomic cucts (i.e.
Idiocinic or coelomocinic); parietal bones meeting
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one another or separated by the subraoccipital
(Archicraniate or .etacrariate); upper Jjaw with
premaxillary flxea 1in line ancd tootned (Euzgnathous
or iMetagnathous with various subalvisions); maxi-
lary witn or without sudplemental bones (0, 1 or

2 supramaxillaries); fins soft or spiny (Malacop-
terous or Acanthopterous); tin rays sesnented and
pranching; or seguented and simple, or unsegmented
and spiny (Clacotrichs, Haplotrichs, Acanthotrichs);
pelvic bones posterior ancd free, or anterior and
free, or anterlior and fixed to pectoral gircle
(Opisthopod, Prosopod, Cleitnropocd); ailr pladder
open (Panysostome) or closed (Prysoclist); simole
(denlophysete) or with extenslon into otic region
(Ctophysete).

Pectoral girdle with or without a mesocoracoid

(Ilesozonal or metazonal); vertebrae all alike or

partly tused and transformed into weoerlan osgsicles

(Isospondylous or Plectosponcylous); parapopnyses

autogenous or coossifled with their centra (Arcn-

isponéylous or lieosponcylous), and tne tollowing
characters of the medlan, dorsal tin consisting

of an anterior or mecian rayed tin ané a posterior

adipose fin (Heteropterous) or of a rayed fin alone,

which may be eitner near the micdle of the back

(Notopterous) or approximated to the caudal (Opis-

thopterous)."

Gregory (1933, pp. 410), 1in the transanction of American
Philosophical Soclety, suggested a tentative pnylogeny of the
teleost fishes graphically.

Comparing the maln points of the skull of salmon with
that of the smelt, we see a great cegree of simllarity and one
1s Jjustified in putting them in the same suborder
(Berg, 19L0) of the tishes.

The angular of the salmon occuples a special small posi-
tion at the posterior angle of mandlble, the same position it

occuplies in the smelt.
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The symplectic of the salmon has & true suspensorium
with the hyo-mandioular. Simlilar arrangement of the symplectic
1s founéd in the smelt. The qQuadrate of botn tishes is similar
in its morphology, location and relationship.

Preopercular, opercular, subopercular and interopercular
are rorphologicelly similar 1in emelt ané salmon. 'Lhe supra-
cleithrun, cleitnrum anc postcleithrur of salmon are located
posterior to tre sxull one alter anotker. 'Ihe same relation-
ship 1s found in smelt, though they are comparatively smaller
than the salmon.

Premaxillary, maxillary, centary and palatine are den-
tigerous in both of the tlshes. The teeth are snarp and pointed
in both cases.

The proethmold and ethmold are situated anteriorly make
an articulation with the premaxillary in both the salmon and
the smelt.

The cegree of similarity in the bones of the skull or
the salmon and the smelt leads to the conclusion that the ore-
vious workers; Jordan (1905), Bridges and Boulenger (1910),
and Berg, L. 5. (1940), have realistically assessed the rela-
tionship of these flshes.

In contrast, there 1s a significant difference in
the comparative size of articular in the skull ot smelt and
salmon. The salmon's skull has a comparatively bl.ger articu-

lar than tne. ot smelt.






96

The interopercular in tne smelt 1s comparatively mruch
smaller tnan i1t is in the salmon.

The subopercular has a straight line union with the
opercular in the cage of smelt, wnlle in the salmon, the union
between subopercular and opercular is wavy, and posterior angle
of this unlon 1s extended upwaras and subtriangular.

The frontals in the salmon are massive and do not possess
any significant tontanelle, while a significant 1ontanelle 1is
present in between the frontals, longitudinally in the skull
of the smelt.

Tne parietals meet meslally in the smelt while they do
not meet in tne salmon.

In the salmon, the supraoccipital has a direct attach-
ment with the palred frontals as well as wlith the parletals; in
the case of smelt the supraocclipltal does not have direct contact
with the frontals, but are attacned to the palred pariletals,
which are internosed between the sunraoccipitals and the front-
als.

These differences are sufflcient to lead to a conclusion
that the salmon anc the smelt slhioula be placed in the separate
famllles, Selmonicae and Osmericae respmectively.

Berg (1y40); Joraan (1905) ancd Bigelow and Schroecdor
(1953) in thelr systexatic stuules of fishes, placed tnese
fighes in Cifferent familles 1n the same superfamlly or sub-
order, Salmonoicea. Thisg study adduces no evidence to warrant

Changing this situation.



SUMMARY

97



SUMIrARY

The skeleton of the American smelt, Osmerus morcax

(Mitchill) possesses a very similar pattern of bones as found
in wost of the bony fishes. The opercular series of bones are
weax andé memwbranous in nature. The palatine, vomer, premaxil-
lary, maxillary, centary and basi-nhiyal are dentirerous.

A splint bone, the articular at the posterlor angle of
¢entary, is small. In the salmon, the articular is comparatively
bigpger than in the smelt.

Two trontals in the dorseal side co not meet mesially
and leave a fissure which 1s known asfforamen.

The vomers, which are dentigerous in the smelt, are
located uncerneatis tne proetanoid anc they are not seen clearly
from the corsal sicde. A palr ol teeth polinting cdownwards pos-
teriorly are present on each voumer. The teeth, 2-&4 on the
ventral side of vomers are cnaracteristic teature of this

specles, Osmerus morcax.

The family, osmericae 1s characterized by the teeth
present on the inner side of the entopterygolds. The last
vertebrae are not upturned significantly in tnls species. The
parletals meet in the mid-corsal line eanc they are not civided
by the supraoccipltal.

The skeleton of siielt has a great similarity with the

skeleton of the salmon, such as suspensorium of symplectic

938
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with the hyomandibular; tour bones of opercular series; denti-
gerous nature of premaxillary, mexlillary, centary anc palatine;
rore or less square shaped quaarate; position of hyomandibular
anc metapterygoid.

In contrast, some signiflcant differences ere noted in
the skxeleton of the salmon and the smelt, such as: the parie-
tals are not civided by the supraoccipital in the smelt, while
they are cdivided in the salmon; the opercular series are weak
and very membranous in the smelt, while they are bony in the
salmon; a toramen 1s present betrveen the frontals in the smelt,
and insignificent in the salmon; the articular of the smelt 1s
comparatively smaller than the articular of the salmon.

As a whole the salmon's sxeleton is strong and bony in
nature wvhile most of the bones of smelt's ssgeleton are weak and
membranous. Thus the recent workers in the field of ichthyo-
logy placed tanese two fisnes 1nto separate familles, Salmonidae

anc Csmerlcae.
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