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THE: ANATOMY 0! THE NOW AMER1 AN PILCHARD AND ITS BFAFI/NO 

ON THE 0 RYA RIO 'iEL ATIONMIPS AND NOMENOLATURN 

INT nucrrimi 

The pilchard or sardine of the Pacific coast of North America is 

known fOrmercially under tee tames which are generally interchangeable. 

lifornia where both mature and immature fish are caught both terms, 

"California sardine" and "pilchard* are used fbr the species, the latter 

term generally referring to the adult. On the north Pacific coast where 

the adults alone are taken in commercial hauls, the name "pileherd" is uni-

versally used. To avoid any confusion and in order to distinpuish this 

pecies from the 7uropean species, Oardina pilcherdus, the term "north 

American pilchard" is used in this paper. 

A few years ago the question was reload as to whether tho pilchard 

of North. America could be rightly considersd as occupying the acme genus 

as that occupied by the pilchards of the North Atlantic. In fact RUbbs (1929), 

in separetin7 these two species generically expresses doubt as to their having 

an immediate common origin. 

Accordingly the present work was undertaken with the purpose in view 

of comparing the two types of pilchards anatomically in some detail, noting, 

similarities and differences, and oonsiderine the bearing of these on the 

question of gean ic nomenclature. 

For the greater part of the work the various points ef anatomy were 

determined on four pilcherde taken in Barkley sound on the west coest of 

Vancouver island. The body (standard) lengths of these ranged from 21P to 

260 millimetres. These specimens were comeered with four -uropean pilchards 

from Plymouth which had standard lengths of about 210 millimetres. 
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HISTORY or TNT NO1RIVLAT1Y3F, 

The gssorio and specific nomenclature of the North American sardine 

or pilchard hes been long disputed. The history of the nomenclature of the 

species is brieflyas follows:- 

The pilchard was first recorded from the Californian coast by Girard 

in 1854 are described under the name of V'eletta caerulea. Leter, 1862, Gill 

radeserihed the same specieses Alausa ealifornica and noted. it eoesible 

position in the genus Clupea. 

Jordan and Gilbert 1881, list the pilchard es Clupea neje', (Zenyns, 

1842), evidently oonsiderine it to be the same se the Ihileen sardine, yet 

a few yet-11.s laterJordan end. 7Vermenn chenged the arecific MVO to ceerulea  

(Girard). In 1896 the same euthors chaneed the genericnnre to Clupanodon  

LaCepede, Jordan end Gilbert !levierpreviously (1883) referred the Atropeen 

pilchard to this genus. 

It may be mentioned here that none of these generic names ere in 

order --- Clupenodon is reserved for a Chinese genus of fishes, while Palette 

and anus& are synonyms for Spratella and Aloes respectively. 

Resanse 1916 contribution hss more hearing on the present nomenclature 

of the North American pilcherd. In his paper on thP Clupeince he refers the 

pilchards of the Pecfic to the )'uropcnn Fenua nardine  Antipe, 1906. Shortly 

after Rmgnn had done so Jordan synonymised Sardine. Antipe with Sardinia  Potty, 

1858. Th1 synonoriv was not generally recopnised. 

Finally, ,:!uths (1929) proposes to divorce the two types of pilchards 

genericelly. Thus he retains flardine for the ruropeen pilchard end supplies 

a new genus, Sardinops, for the North American and releted species. It present 

the validity of Flerdinops  G5 n seperete eenus is questionable. 



DIAGNOS3S OF T91 G3NIVIA 

The diagnosis of Sardinia as given by legan to include both forms of 

rds is a follows:- 

Sardine Antipe, 1906 

"Elongate, moderately compressed; tidorlen not sharp-edged. ,fouth 

moderate, the maxillery not extending beyond the middle of the eye; lower 

jaw not prominent; upper without or pith alight median notch; teeth minute 

or absent, none on Tomer. ltre with well-developed adipose lids. Operculum 

with gr0ove' odietIng towards suboporculum. TIorsal fin of 16 to 20 reps, 

highest anteriorly, in the middle of the length of the figh t  its ori7in nearer 

to end o1 snout than to base of caudal; a scaly sheath at base extending to 

tip of lest ray. Anal of 16 to 20 rays, low, depressible in a scaly sheath; 

two last rays enlarged. Caudal forked; on esch side enlarged scales on the 

inner edge of Vie scaly part -f each lobe. Pectorals scaly at base; pelvics 

8-reed, inserted below middle or posterior part of dorsal. About 54 scales 

in a longitudinal and 10 to 14 in a transverse series; ventral sautes keeled 

but not nrojecting beyond the edges of the groove in which they lie. Vertebrae 

50 to 53,n 

The diagnosio of :ardinops which includes the Pacific type of pilchard 

given by I-Tubbs ns folloTv 

Sardinops liubbs, 1929 

Type-species, l'.relette ceerulea 	rard, 1854 

"Clupeidae with the upper jaw not noticeably notched on the mid-line; 

the pill rakers of the upper limb folded over those of the lower limb, which 



bec one mmaikedly and progressively shortened towards the angle; caring of 

gleeschyal not denticulate; no bibbed dermal flap on the shoulder-girdle; 

ore role with strong and markedly oblique ridges; preopercular edge strongly 

sloping; interopercle widely exposed behind preosercle; scale-rows regularly 

spa cad, the lateral scales all with subequal exposed arena; radii on the 

scales nearly vertical, and paired on each side of median line; keels on 

ventral sautes weak; last two ray3 f dorsal mml anal fins somewhnt enlarged; 

a row of dark spots typically developed on upper sides behind head." 
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Trr17WAL 77ATTIrS -- North American pilchard 

The head is ereen-blue dorsally, brown and silver on the sides and 

silver below and oomprises about twenty-four per cent of the body loneth of 

the adult fish. The dorscl surface end sides are covered by a tough dermal 

layer which is marked by arborescent mucous cenals. 

The eyes are moderetly large and are provided with a well-developed 

adipose eye-lid. The external nores are supero-letternl, nearer the snout 

than the eye, sad double on each side. Thn anterior set is smeller and pro- 

vided with a flap-like valve. 

The opercle has four to six strongly marked ridges extending obliquely 

from the preopercle to the subopercle below. The posterior margin of the 

opercle is noticeably alopinp; the posterior edre of the rreopercle is strongly 

so. The interopercle is considerably exposed below the nreopercle. 

The upper jaw is not noticeably notched on t! ..le mil-line; the lower 

jaw is dark in colour and the tip projects but slightly beyond the upper 

jaw. The posterior edge of the mr,xilla is below the middle or anterior part 

of the eye. 

The body is moderately compressed, rounded dorsally and weekly keeled 

en the mid-ventral line. The colour is dark blue on the upper -arts and 

silvery with metallic lustre below. Laterally, extending backwards from the 

head there is generally one series of large dark spots in the same level as 

the eye and sometimes a lesser series below this level. This feature is not 



characteristic of the individual however for in a mull portion of the 

species it is locking eltoeether. In all tho epecimens 90 far examined 

there is a small dnrk spot at the base of each seals on the dorsal surface, 

making in all about five series of cots on each side of the mid-dorsel line. 

The scales are thin, transparent, cycloid, end deciduous. They 

are arranged in regular rows and become markedly mailer toerals the base 

of the caudal fin. There are fifty- three to fifty-four roes in a longi- 

tudinal aeries and ten to fourteen in a traneveree. Smarm on the mid-line 

below the dorsal fin have about one-fifth of their total area exposed. The 

marein of the exposed area is fimbrinte, that of the covered portion is 

reeular. The circuit on these !melon are parallel but not concentric; the 

re ,71.1 ern slightly bowed, paired on each side of the median line and nearly 

vertical when the scale is in position. 

The scales on the dorsal surface ern smeller than the lateral sealers 

em e more or less eirculer; the circuit are concentric or nearly so; the 

eedi1 extend out radially from the centre. Otherwise the scale are similar 

to these of the siden. 

Around the shoulders there is a frill. of scales Which is covered by 

a dermel flap marked by the nrborescent mecous cenels. 

The mid-ventral line is provided with n series of keeled scales 

extend in from the Insertion of the pectorals to the insertion of the ventral 

fins and from behind the ventrals to the vest. There are about eighteen 

before and fourteen behind the ventrale; those behind the ventrels become 

markedly smaller towards the vent. 

The keel scales are composed -f three parts. The two outer perta 

are al miler being wide at the hose and extending well up the side ef the 
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by a stronp spine-like projection. The median portion is very eliehtly 

d, bluntly pointed anteriorly but mom expanded posteriorly. 'ron the 

rier and there are preloctin7 one rledlan and two outer, minute spines. 

The dorsal fin is inserted nearer to the snout than to the base of the 

1 fin. It is hi7,hest anterirly and has seventeen or eighteen fin rays. 

irt two or three rays are soft yet unhranehed; the rest of the reye are 

he'. The lest two rcys are not noticeebly enlerFad but there i  e scaly 

h at the , e.ee of the fin Which extende to the tips of these reys. 

The anal fin has sixteen to eighteen rays; the last two rays are 

edly onlarild and longer. The whole fin has a :scaly sheath at the base. 

The cendel fin is deeply forked and has twenty-four to twenty-six 

On each side of the inner edge of the scaly curt of each lobe of the 

1 fin there is en enlarged modified scale. 

The pectoral fins are inserted below the enele of the suboemrele; they 

are caly it the bale and have sixteen to eighteen dermal rays. 

The ventral fine are eight-reyed and are inserted below the middle or 

rior part of the dorsal. 

fish 

keele 

poste 

eawle 

The f 

breno 

sheet 

deet1 

rays, 

Laude 



laTERNAL FEATURES — European pilchard 

firWe 

The hehd oomprisea twenty-two to twenty-three per cent of the body 

leneth end resembles that of the North American pilchard in colouring, 

areorescent markings, and eye with adipose lid. The (morels has, like that 

of the other species, four to six ridges, but these differ in beiee more 

nearly vertical. Likewise the posterior margins of the proopercle end operole 

are more nearly vertical. The interopercle is exposed below the preopercle 

to less than half the extent it is in the North American species. 

The upper Jew is not noticeably notched on the mid-line; and the tip 

of Ve, lower jaw projects slightly berm'', the snout. The maxillary extends 

bn(Os" to a point below the anterior half of the eye which Is slightly anterior 

to thn point ranched hy the maxillary of the North American pilchard. 

30 Mr : 

The body is like that of the North American pilchard in general colour 

and seape. The large eark spots on the sides common to the Forth American 

speeioe are generally lacking but according to Couch (1835), and leeen (1916), 

these may he present but not to any greet extent. The dark spots at the base 

of the scales on the beck ere lacking on the specimens exemined. 

The scale arrangement is markedly different to that of the North 

American pilchard. Here the scales are alternetely larger end smeller so that 

the larger scales almost completely cover the r:mall. ,1r scales immediately 

posterier. This arrangement Fives an apparent number of thirty large scales 

in a longitudinal series whereas tee true number of scales is about the same 

as that of the other pilchard -- fifty-three to fifty-four. There are ten to 



fourteen seal as in a transverse series. 

It may be pointed out here that this peculiar scele arraneement, 

althouph dher neterirtio of the species, he not typical for every individual 

of the specie s. eccordine to Pay (1887), and Peteron (1890, 1894), a smell 

proportion of • the 17uropean pilchards are in part sceled like the pilchards 

of the Pacifi c. 

The scales below the dorsal fin on the mid-line are approximetely 

the same as t 

circuit nnA t 

hoee of the Forth American pilcherd as to the nature of the 

he shape. The larger scales are considerably, end the smaller 

sliebtle larger than the scales of the North emericon specie from the same 

body region. 

pneVIn but 

The radii are slightly more bowed than in the sceles of the other 

aired on eneh side of the median line and are nenrly vertical 

when the scale is in position. 

The scales of the back are alternately larger sad smaller. *done 

anterior to the dorsal fin are of the same shape as the sceles of tee sides; 

those posterior to the dorsal e7e rvulate. In all of those as in scales from 

the *me position on the North rnericen. sardine, the cireuli are concentric 

and the rrdii rata t, from the centre. 

The frill of scales and the dermal flap about the shoulders are the 

same in both srec ies . 

The keel scales are similar in number to those of the North American 

pilcherde 

the spine-li 

median pert 

Mee the 7ur 

acute. 

he outer ? rtn are similar in desieft in both sardines except that 

ke projections are not so strong in the ruropean species. The 

is similar in both when viewed from shove, but on the under sur-

opeme sardine has a rronouneed keel on the posterior half of the 



The dorsal and pectoral fins nre in thp 'erne relntive positions in 

the two TAlcherds; th 	orsl has seventeen or elphteen fin rays and the 

pectoral sixteen to eighteen rays. The nnin]. and ventrnl fins ere farther 

forward in the turopenn sardine but the number of r-ym for sect, fin is the 

same in the two species.. The 7uropean 	has re last two rays r'f the 

anal fin enlerred es in the North Amorionn speoigs, The ecF15r sheaths nt 

the beef, of all the fins except the ventrals are present in both species. 

The emudel fin is eimilrr in both - , even to the two enlarged r'o'les on each 

side of the fin. 
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SYMETAL SIT' -- North American pilchard 

CRANIUM: 

The occipital region is composed of four bones; the supra-oceipital, 

the paired exoccipitals, and the busioccipital. The supraoccipital is ex- 

posed dorsally in an elevated, triangular portion which 	paratos the parietals 

and extends a short distance between to frontals. It is marked by u pronounced 

median ridge and two transverse ridges paired on each side of the dinn ridge. 

The median ridge continues down the posterior surface of the suprnoccipitel 

to the magnum foremen. The exoccipitals are joined below the supraoccipital 

to form the dorsal and lateral boundaries of the magnum foramen. The bast-

occipital bounding the foramen ventrally is a long centrumeshaped hone. The 

posterior surface of the basioccipital is enlarged end concave end naticuletes 

with the fist vertebra. The ventral surface is provided with tro Mn* 	plates 

which are fitted to similar plates of the paresphenoi0 to form the eae-muscle 

canal. 

In the repion of each auditory capsule there are five bones. The 

sphenotic i anterior and dorsal; it his a stout lateral erocess which marks 

the posterior boundary of the orbit of the eye, and is partially covered by a 

lateral extension of the frontal. The prootic is ventral to the sOlenotic 

and the prootics of each side are joined ventrnlly to form 	 hose of the 

cranium. The pterotic mark the posterior limits of the capsule. Tt is 

characterized by a long spine-like process with which. one branch of the post-

temporal bone articulates. The opisthotic is ventral to the pterotic and 

external to the exoccipital. It is a small bone and has a short posterior 

projection. The epiotic ts between the mupreoccipital end the pterotic and 

extends beckwards to a blunt point. 



The anterior part of the brain case is completed by the basiephenoid 

and the paired elisphenoFe. The basiphenoil is a small 7-shaped bone forming 

part of the boundary of the optic, foramen. rt extends ventrally by the buss 

of the "Y" and is joined by cartilage to the naresphenoid. The alisphenoids 

are larger bones doren1 to the foremen; and are joined auturelly to t1-. e fused 

orbitosphenoids. 

The orbitoephenoid consists of two fused bones; a wide portion hounds 

the ortic foremen anteriorly end a thinner portion extends forrard to the 

prefrontal to separate the orbits of the eyes. 

The narasphenoid is a long unpaired bone extending from the voTer to 

behind the banioccipital. The posterior portion is split into two thin non-

divereent procesnes. 	%low the besioccipital the neresphenoid is trough- 

shaped and with that hoe it forms the eye-muscle canal which is open in front 

and behind. 

The paired frontals and parietals comprise the dorsal surface of the 

skull. The frontnln are ler ,,e bones extending from the mesethmoid in fronkto 

the supraoccipital behind. They ere narrow and pointed anteriorly but are 

expended posteriorly. The posterior portion is forked to allow for the superior-

temporal tosser). The aurfrce of thy,  frontels is marked by delicate longitudinal 

ridges. The perietals era Eniall end are situsted behind the median extensions 

of the frontale. Then are separntnd from cinch other by the supraoccipital, 

posses short ridges on the surface, and mark the anterior limits of the epiotic 

fossne. 

The bons of the ethrnoid region ere the paired prefrontals, the mese-

thmoid and vomer. 	prefrontals mark the anterior bounCaries of the orbits. 
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They ere each provided with two lateral processea; the larger elopes down- 

vas and backwards around the orbital spnce; the other, smaller and more 

ventral, elopes downwards and forwards around the nasal space. The mesethmoid 

is median, anterior to the frontals; it Fives off two thin plates posteriorly 

which extend for a considerable distance below the frontals. Anteriorly it 

joins the rostrel cartilage. The vomer is a lnierrow bone forming the roof of 

the mouth below the mesethmoid. It curls over the rostral cartilage 

anteriorly an extends beekwnrd,s in a groove in the paresphenoid to behind 

the prefrontals. The anterior part of the mesethmoid gives off two bony pro-

ceases, one to each side, with Which the premexillee articulate. The male 

are Joined to the anterior part of the meeethmoid behind the premexillme; they 

are small flat Lone slightly expanded anteriorly. 

Around the orbit of the eye pre sever-'l scale-like bones; the large 

preorbital, the suprnorbital and four or more suborbitels. 

SUF - 17V; 

The suepenso-lum of each aide contains trn hones, the hyomendibular 

and the sympleetic. The hyomnndthuler is e laren bone articulating with the 

ephenotie ead the pterotic. On the posterior margin 

point of prtieuletion with the bones of the auditory 

sends off a short rounded process which is the point 

some distance from the 

capsule the hyomendlbular 

of erticuletios of the 

opercle. Ventrally the hyomendibuler extends by a narrow proce8s betr,een the 

preorercie end the quadrate. The symplectic is a short rod-like bone connected 

to the ventral extension of the hyomenibuler by enrtilage; its ventral extremity 

fitn into a slight notch in the quadrate. 
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The bones ef the upper Jew are mired, and toothless. The eremexillne 

are most anterior; they are snail flat bones meetine in the median line to 

form the tip of the snout. 	the point of articulation with the meeethmoid 

the premaxilleo are somewhet thickened. The mexillee are larger bones; they 

articulate with the lateral processes of the mesethmoid and extend heck to 

below the orbit of the eye. Ab-ve the maxilla and etteched to it era the 

first and second admexi'laries. The second admexillary peril/111y overlaps 

the posterior portion of the maxillae 

Five pairs of replecine bones form the roof and sides of the buccal 

cavity within. These are for each side: the palatine, a thin bore forming 

the roof anteriorly, and extending from the anterior an of the Tomer to the 

mesopterygoid end pterygoide the pterygoil, extending along the side from the 

palatine to the quadrate; the mesonterypoid forming the roof posterior to the 

palatine and hounded beeline by a horizoetal process from the metapterygoid; 

the metepterygoid, forming the upper portion of the side posteriorly and 

touching the hyomandibulnr; the euadrete, below the metepterygoid end partly 

separated from that bona by an oval fenestre. The preopercle le attached to 

the posterior margin of the quadrate where there is a slight thickening of 

the bone; the ventral end of this thickened portion of the quedrete articulates 

with the erticuler of the lower Jaw. 

The bones of the lower Jew are petrel Fele'. toothless. The dentery is 

anterior, large, ard deeply notched to receive a thin process from the arti-

miler. The articular is smaller, thin anteriorly but thickened posterierly so 

that the thickened portion resembles a "Yu. The posterior projection articulates 

with the quadrate. The angular is a smell inconspicuous bone below the region 

of articulation of the articular. 
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orTimLum: 

The operculum consists of four hellos: the preepercla, the inter-

operele, opercle and subopercle. The oreopercle is roughly crescentic in 

shape, slightly thickened alone the concave margin and attached to the quad-

rate nt the lower end of this thickened portion. The interopercle is below 

the preopercle and more than half covered by it and is attached at its 

anterior end to the erticulsr of the mandible. 	The onercle is the largest 

of the four bones; it is widest earselly and nrticulntes with the hyoriandibuler 

by  8  concave disc ettueted about a third of the distance down the Anterior 

margin. On the external surface of the opercle are four to six strone, slightly 

curved ridges which radiate from the region of articulation to the whole extent 

of the ventral margin. The mahopercle is n siall flat bone below the opercie 

and is attached to that bone et its ventral margin. A short process from the 

eubopercle extends up the anterior margin of the opercie. 

HYOT 7 ARCM ANP A9sociAnD POKES: 

The hyoid arch is joined to the cartilere between the hyomendibular 

and symplectic by n well pad-like bone, the interhyal. The arch contains 

three hones: the epihyal, caret hyal, each double basihval. 	The epihval is 

flat, trienmaler, and joins the interhyal at the apex and the ceratohyal nt 

the base. The ceratohyal is long and flat and beers neer its ventral mergin, 

three or four perforations into which the branchiosteged rays are hooked. The 

basihyal is mall, double, end is anterior to the ceratohyal. 

Altnched to the hyoid. arch are certain investing bones. The glossohyal 

is supported by the bnsihyels; it 1:3 n small, keeled, toothless bone supporting 

the tongue. The brenchiostegels nro attached to the ceretohyal and the epihyal. 
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They are sword-shaped bones increasing in length And width posteriorly in 

the series. There are six, seven, or eight, as the case may be, in the 

series; the first three or four hook into the holes in the ceretohynl; the 

rest of the retys are etteehed to the tint surface of the eermtohyal and epi- 

hyal, and to the interopercle by the 

The urehyal forms the lethmus 

bone, att' , ehed to the besihyni enter 

girdle posteriorly. 

brenchiostegal membrnne. 

of the throat; it is a sabre-shaped 

rly and by certilnge to the nectoral 

BRANCTITAL ARCMN: 

There are five brenchial arches diminishing in size from in front 

backwards. The first three arches are complete, consistinp of four moments; 

the hypobranchial and caretobranchial fort the lower limb of the arch the epi- 

hranchial are superior pharyngeal form the upper limb. in the fourth arch 

the hypobrenchial is small and the superior pharyngeal is uno3sified. The 

epibrenchial has 

lerpe plate-like 

single bone, the 

strong teeth along posterior margin and bears dorsally a 

bone, the superior epibrenchial. The fifth arch contains a 

inferior phnrynpeal (cerntobranchinl) which beers teeth along 

its posterior margin. The epibranchials of the first three arches bear 

single posterior projections 

arches immediately behind. 

The hypobranchiels of 

unpaired basibranchiel which  

which extend over the euperior pherynpeals of the 

the ereles of the two aides are connected by an 

is in five segments, one segment to each arch. 

The first segment is joined to the glossohyel; the last tro segments are not 

ossified. lest segment extends beyond the fifth arch in a cartilaginous 

plate. 
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The superior pharyngeal s of the first arch are connected. to the 

paresphenoie by a small bone, the suspensory Pharyngeal. 

Mach brenchiel arch beers a single row of lone Fill rakers on its 

dorsal eurfeee and a ouble row •!" rill filaments on the ventral. surface. 

In the adult fish there are about ninety rekers on the lower limb of the first 

arch and about fifty on the upper limb. In the first arch the rekees of the 

upper limb fold over the raker' of the lower of which a number (about ten) 

become markedly shortened at the angle. 

-Stich gill raker bears a row of minute processes on each side; these 

are about half as lone as the raker is wide, and are spaced about three to the 

distnece of their length. Fach proceee consists of a flesk-shaped stalk with 

a fimbrieted leaf-like terminal element. 

=TIN; 

Oenerally there are twenty abdominal and thirty-one caudal vertebrae 

exclusive of the hypurel hone. 'Tech ehdominel vertebra, with the exception 

of the first, consists of a contru , 
shaped like an hour-glees, concave at the 

anterior and posterior surfaces; perapophyses on each side of the centrum 

ventrally; long pleerele or ribs, extending ventrally to lie under the pro-

cesses from the keel scales end atteceed to the earapophyse•; shorter epi-

pleurele etteehod to the marepophyses above the pleurels; edpleursls or ex-

tracostel hones joined horizontally to the sides ef the centrum; neurapophyses 

which are joined dorsally to form the nourel arch and continue In the neural 

spine; zygapophyses projecting forwards from the hese of the neurapophysea and 

connectine them with the neurepophyses of the vertebra in front; npineurels at 

the has of the neurepophyses. 
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The first abdominal vertebra or atlas possesses only the neurepo-

physes end epipleurels; the first few neural epines are split nt the ends. 

The epipleurals, adpleurels and epineurals are absent in the posterior 

caudal vertebrae: the pleurals beceme modified to form the haemapophyses. 

The haemapophyses of the first few caudel vertebrae are connected ventrally 

by a. trensvere her which is gradually replaced by the haerma spine. The 

parepophyses remain, but in the posterior vertebrae they become similar in 

shape to the eypapophyses rind touch the haemapophyses of the vertebrae in 

front. 

In addition to these bones connected to the vertebrae, there are 

certain numerous me 11 bones situated in the myosepta; a sheath of fine bones 

is attached to the epiotic and extents bee car in a fold of tha intermuseulnr 

septum; below and above the adeleurele is a series of thin intermuscular bones 

which are forked at the anterior end. These bones become widened to form a 

sheeth over the caudel plate, 

APr11111LAR ",!KTIYTOTI: 

The pectlrel pirdle is suspended frcm the skull by the post-temporal. 

The girdle has the usual number of parts; the post-temporel is flat and forked 

at ono end to articulate with the epiotic by one fork end the pterotie process 

by the other; the supraclavicle is a scale-like hone joinine the post-temporal 

with the clavicle below by extendinp alone the outer surface of each. The 

postslaviele is in two parts, the upper part is attached to the outer surface 

of the clavicle and the lover pert extends to a point behind the insertion of 

the pectoral fins. The oreal part of the clavicle is narrow and sharp-edged 

posteriorly; the ventral pert is bent to the horizontal plane and. the edpe is 
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rolled inwards; at the angle of the bend there is a short process with an 

 

end. The clavicles of each side look anteriorly by means of two or expended 

throe short processen. 

 

le ventral end inner pert of the girdle is formed by three bones; 

eorecoid is flat, with a rounded margin anteriorly end pointed behind 

s its fellow of the ether side to form a keel ventrelly; the mesa, 

is above the hypocoraeoid and nnterior to the glenoid facet; the 

icoid is snail, posterior to the mesetorneold end dorsal to the glenoid 

T1 

the hypo 

and join 

core Odd 

hypercor 

facet, 

 

ie pectoral rays are segmented and split lenethwise; they arm connected 

irdle by four rod-like actinosts and a number of small pad-like ectineses 

lh the bent ends of V,,e two halves of each ray fit. 

to the g 

over whi 

The pelvic plate consists of a single flat bone, pointed anteriorly, 

thickened Mid expanded posteriorly: the pelvic rays are similar in form to 

 

Dre1 rays end are attached to the plate by two or three small actinosts. the poet 

The rays of the dorsal fin rare individually supported by the inter-

neural spines arei two eetinosts. 	xnellsr interneurel spines extene from the 

 

behind the dorsal fin. 

he mys of the anal fin are similarly supported by heemel spines and 

s, the first spine being the largest of the series. 

head to 

T 

aetinost 

 

The hypurel ante supports the caudal fin. It is formed by the Memel 

  

n1 spines of the lest two vertebrae and the spines essocieted with 

ml bone. The spines from the last vertebra support the out - r rays 

end nsur 

 

  

the hypu 

 

in but they are not preatly modified and do not enter into the corm- of the f 

 

 

of the plate eroper. The neurel spine of the last vertebra my bear position 

a small accessory spine in front. 
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The hypural bone and the spines attached to it form a solid plate in 

the following manner: the hypural is actually a modified vertebrae presenting 

an upturned end posteriorly which represents the ossified tip of the notochord; 

the neural spine from the hypural lies over the upturned tip and hears an 

accessory spine anteriorly; the hasmal spine Is double, plate-like, and forma 

a r*rent portion of the caudal plate. The lower portion of the haannl spine 

from the hypural bears a thin horizontal ridge which serves to support the 

basal segpent of the two median caudal rays. Along the tip of the hypural, 

posterior to the neural spine, ace two small bones which evidently represent 

the neural spines of unformed vertebre. nelow one of these spines there is 

a double has 	spine, lonelier than thNt of the hypural but similarly modified; 

the haemal spine below the last neut.al spine is small end not so well developed. 

The me of the caudal fin with the exception of the two median ones 

are similar to those of the dorsal or pectoral fin. In the two ,-,edinn rays the 

basal segments are enlarfed on each side into paddle-shaped pieces which extend 

over Vle ceudel plate. 
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3KELFTNL 5T1•71, 	aropean pilchard 

The skeleton of the 'Ruropean pilchard is mainly similar to thrt of the 

North !enerican pilchard: in the region of the skull the carina of the plaice-

hyal, the vomer, and the palatines bear no teeth; the cerntobranchiale of the 

fourth branchinl arch, and the inferier pharyngeals beer strong spine-like 

teeth. The chief differences are found in the shape of the four opercular 

bones; the preopercle is not crescent-shape but more L-shered alone its posterier 

marpin thus causing the interopercle to he more then two-thirds covered; the 

opercle is es wide at Its ventral edge as it is at the articular facet, the 

ridres are very sliehtly curved but otherwise the sose as those of the other 

pilchard; the subopercie is slightlywider than that of the North Americen 

species beesuse of the expended ventral margin of the opercle; the interopercle 

is sliehtly less expended posteriorly and the margin is more curved so that the 

posterior extremity is ventral instead of dorsal es in the North Americen 

pilcherde 

tnothor difference is Pbun d in the nature of the gill rakers; here the 

rakere are slightlyshorter ond less numerous ■•••■• there being about seventy-five 

on the lower limb of the 

the angle and the rakers 

but do not overlap them. 

This feature is perhaps 

mouth for if the two limbs are 

raker e overlap as in the Worth 

The minute processes on 

similar in shaee to those of t/ 

same length and spacing. This  

due to the shorter rakers and a sliehtly deeper 

pressed closer together artificially the gill 

',merle= pilchard. 

the gill rakers are, in the specimens examined, 

te North emericen pileherd, and of about the 

is contrary to the findings of nigelow as 

first arch. Only 

of the upper limb 

one or two rakers aee shortenedat 

lie along those of the lower limb 
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reported by Rubs (1929) Who states thnt the processes are short, spine-like, 

and slightly bent. This type of process is found on the rill rakers of the 

herrin?, Clupea palla:311,  but so fey,  has not been discovered by en exemination 

of several specimens of each type of sardine. 

The vertebral column, the pirdles end the hypurml plates nre similar 

in both species. There are generally fifty-one vertebrae in each species, but 

specimens with one vertebra more or less then this number ere found. 
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YUSCULATD171 

The muscle syetem mmy be conveniently meTrIrnte0 into the foil 

1. !!usclen of the trunk, the great lonpitudinel muscles. 
2. Muscles of the head region. 
3. Aiscles of the dorsal fin. 
4. Muscles of the anal fin. 
5. '!usclee of the pecto'el fin. 
6. T.Aleelse of the pelvic fin. 
7. !!Uscles of the ceudel fin. 

MURCL72', or 97 T1UNK, TH7 LING 	TTIAL MTISCLP: 

This grcw2 of muscles forms the major mass of muscle substance on each 

side of the body of the sardine. There aspen three sets of muscles in this 

group; dorsally there are the suprecerinal s; laterally are the gre st lateral 

muscles proper, n 4  ventrally there are the infrecnrineles. 

The great leterel muscles proper 

These are the largest muscles in the fish end extent; from the bass of 

the skull to a tendon at the bane of the ceudel fin on endh side of the fish. 

The entire munclo layer is divided into segments or myomeres, each myomere 

correeponetre with a vertebra below. 	myomeres nrr eeperetee rrom one 

m1)114101' by thin septa, the myocommetn. The shape of the myomeres Is complex 

being some het of the form of the letter "7'0  but so arranged that one myomere 

 

in the central portion the myomere directly behind it, but is in overlen 

 

turn overlapped at the angles by the same myonere. This overleepi 7 becomes 

more noticeable in the eeudel myemeres Where the central portions become semi-

conical. 

The greet lateral muscle consists of ft superficial division and a deep 

division. The superficial division or muscelus leternlis superfilielis, is 

separated from the deep divisions by a thin septum, and is itself etvtded by 
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a much less noticeable septum into an epaxitil, and a hypexial division. This 

muscle extends over only part of the deeper muscle, is dark brown in colour, 

and is separated from the dermis by a layer of ft. The deep division or 

munculus lateralis erofundis, has an epexial ami hypaxial division, extends 

over the whole side and is selron pink to white in colour. These muscles are 

the chief awl:mine muscles, ti-air purpose being to bend the bedy laterelly. 

The dorsal longitudinal muscles, the suprecerinales 

These muscles are paired on once side of the mid-dorsal line, well 

developed, and enclosed in heavy connective sheaths. The mynmeres are spirally 

arreneed. There are two divisions to Via group; the enteri r one ie the 

protractor dorsalis, the posterior, the retractor dorsalis. 

The protractor dorsalis is attached by a eheet-like tendon or fascia 

to the shoulder girdle and occipital bones. It is inserted at the base of 

the first ray of the dorsal fin, and also along the Pull leneth of the median 

septum by slips from the myomeres. This muscle draws the dorsal fin forward 

and flexes the body dorsally. 

The retractor dorsalis is not so well developed es the protractor. 

It is inserted at the brae of the last ray of the dorsal fin and is attached 

posteriorly, by e breed tendon, to tee connective tissue around the neural 

spines of the cmudel region. This muscle serves to move the dorsal fin back,. 

',Rees and co-operates with the protractor to flex the body. eoth of these 

muscles arn cylleOricel in form. 

The ventral lonertudinal muscles, the infrscarinales 

Those muscles are Paired on each side of the midventrel line. They 

are yell developed, cylindrical, sne anclosee for the most pert in a distinct 

sheath. There are three divisions to this muscle; the anterior division is 
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the protractor ischii, the mid division is the retractor ischii or protractor 

snails, the posterior division is the retractor :malts. 

The protrector ischii originates in a tint tendon mass which is attached 

to the Ventrel edge of the hypocoracoid nn to the septa of the lmterml muscles 

of this re7ion. It is inserted posteriorly into thf, antero-ventrel herder of 

the ischiml or pelvic plate end into m tendon connected with the retractor 

ischii. This muscle acting alone serves to drew forwsrd the pelvic eirdle. 

The retractor ischii arises from the posterior border of the techium 

as well sr from the tendon from the protractor ischii. ft passes around the 

anal openine and has its insertion at the base of the first interhennal spine. 

Acting alone or with the protractor ischii it protrncte the anal fin. Acting 

with the retractor snails, it retracts the pelvic fin. 

Thy retractor analie is quite slender. it is inserted 	tAlse of 

the last interhnemal spine and originates from the ends of the heemal spines 

of the caudal plate. This muscle cooperates with the other musclee to flex 

the body ventrally or acts alone to drew the anal fin hecImard. 

WRICL"'fl fl TFT ”-TAT): 

The dorsal head muscles may be divided into a sucerricial eat 9TO n 

deep set. 

Of the superficial set the adductor manibules is by far the most 

noticenble. This muscle forma the "cheek ,' of the pileherd and has e cephalic 

and a mmndibuler division. The cephalic division originates pertly from each 

of the'folloting: the anterior border of the preopercle, the surface If the 

ouadrete, the metapterygoid, the hyomandebular, end the connective tissues 

around the levator ercue pelatini. At the place of convergence of this fan- 



'heeled muscle e tendon arises which. goes out to the angle of the jaw. The 

mendibuler portion origtnetes from the tendon over the quedrete bone rind is 

inserted into the inner surfece of the meneible. Perth of these muscles serve 

to close the mouth. 

The lemntor nrcus palatini fills the epee, immeeietely poeterior to 

the eyeball. Tt originates from. the sphenotie end mesas underneath the 

cephelic division of the adductor mandieulee to its point of insertion on the 

superior portion of the hyomandibular and the superior marpin of the metaptery- 

gold. 

The dilator operculi is tell and is situated immedintely behind the 

1srator aliens pslatini. It orieinetes from the pterotic end anhenotic and 

passes backward end lownward to a little knob *here the opercle neticulates 

with the hyomandibular. The muscle la nttnched by a strong tendon to the upper 

margin of the opercle, thus causing the opercle to sprend outwards when the 

muscle contrnots. 

The levator operculi originates from the posterior border of the pterotic 

and spreads forward to be inserted in the upper posterior margin of the opercle. 

Contrection of this muscle elevates the operculurn. 

There ere two deep doreal heed musclee, one concerned with the opercle 

and the other with the palatine erch. The fi-t of these, the Adductor 

operculi, originates on the ventral surfece of the pterotic under the point of 

origin of the levator opereuli. It is inserted into the inner surface of the 

opercle and opposes the dilator operculi in action. 

The second of these, the ndduetor sreua pnlatini, originates from the 

outer surface of the orbitosphenoid and is inserted by a brond etteebment into 

the metapterygoid and sesopterygoid. 
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The muscles of the eye 

The six characteriotic eye muscles appear in the sardine, well developed. 

The superior and inferior oblique muscles are attached to the msrgin of the 

cornea of the eyeball and pass forward to be attached nesr te anterior end of 

the interorbital septum. The superior oblique is eArectly above the inferior 

oblique. The superior rectus and the inferior rectus muscles are attached to 

the eye floor th plsce of attachment of the superior and inferior obliques 

respectively. The external. or anterior rectus and the internal or posterior 

rectus are attached at the other two quadronts of the eyeball. These four 

muscles pass backwards in close proximity to each other in an "eye muscle canal" 

to their origin at the base of the skull. 

There are in addition to these muscles many which are much less notice-

able. These are the bronchial arch, and mendibular and hyoid arch muscles which 

aid in respiration. 

WICIAS OF TRIt DORSAL 'TN: 

The muscles of the dorsal fin are all slip-like in form, one slip being 

present for eat ray. 

The superfietal muscle is the inclinstor dorsalis which is paired to 

each side of the fin. This muscle is composed of nineteen mall slips each 

of which takes its origin in a fascin Which is attached to the skin. This 

muscle bends the fin to the side. 

Pelow the inclinetor are the slips of the erector dorselis and the de-

pressor dorsalis, alternating with each other and one of each lying between two 

interneural spines. The erector in the more anterior of the set of two. The 

erector dorsalis slips originate from the interneural spines and the fssciae 

between the slips of the two ty -es of muscles. It is inserted on the "toe" of 
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the foot-shaped ending of the dermal fin ray. The depressor originates 

similerly an is inserted on the "heel" of the hese]. portion of the ray. 

TIM mosnrs or TM. ANAL FIN: 

The muscles of this fin are on the same elan as those of the dorsal 

fin and are; the inclinator analis, the erector analie, and the depressor 

analie. There are also slight muscle fibres between the dermal fin rays con-

stitutine the interfilamenti anal I. 

TR! WUSCIAS or T9F PTO1AL FIN: 

The muscles of the pectoral girdle are: the abductor pectoral's super-

fioialis, the abductor pectoralis profundus, the adductor pectornlis supine-

ficiells, the adductor pectorelis profundus, the extensor pectoral's, and the 

interfilementi p'ctoralis. 0' these the interfilementi, extewor, and ab-

ductor superficialis are first exposed. 

The interfilementi pectoralis consists of a group of muscle fibre 

extending from ray to ray near their bases. 

The abductor superficialis hes its origin along the anterior ventral 

border of the corticoid as far back as the base of the fin. Anteriorly some 

of the tendons from this musole join with those of the protractor isohii. The 

mueole is inserted by a series of tendinous slips to the tips of the processes 

of the ventral,  or external half rays of the fin, in mach a way that contraction 

of the muscle bends the fins downward end forward. 

The extensor takes its origin from the ventral portion of the clavicle, 

under the anterior margin of the abductor maperficialis and is inserted into 

the base of the first fin ray. This muscle serves to spread the in in the 
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horizontal plane. 

The abductor pectorelis profundus lies beneath the superficielis. 

It originates from the ventral portion of the corecoid and is inserted by a 

series or tendon slips, into the inner isargins of the basal nroeesseee of the 

ventral helves of the fin rays. This muscle pulls the fin downwards. 

The adductor pectorelis superficiells and profundus both Its in the 

angle betweers the clavicle and the coracoid eal ere both inserted into the 

dorsal or internal half rya. They both serve to 7mess the fin ertainst the 

sides of the body. The superficialis eriees from the posterior ventral surfece 

of the corticoid and from the mesnoorecolei. The profundus aria41111 fres the most 

ventral portion of the clavicle an from the dorsal margin of the oorecoid. 

wrici7s nr T! 

The abductor ventrelts superficialis is the most median of the muscles 

of the pelvic fin and has its Cr WTI on the ventral border of the enterior 

portion of the pelvic plate. It is also connected with the tendon between the 

protractor ischii and the retractor loan. It is inserted into the tins of the 

ventral halves of t'le rays of the fin. 

The abductor profundus 	ss next to this. It takes its origin from the 

ventral surface of the ralvic plate an3 is inserted into the ventral halves If 

the rays. Roth these muscles tend to move the fin downward, away from the body; 

and to proximate the fin rays. 

The adductor profundus is a laree muscle lateral to the abductors. It 

arises from the dorsal surface of the Tvlvic plate and is inserted into the 

median borders of the dorsal halves of the rays. 

The adductor auperficialis is dorsal to all of these muscles, rind has 

its origin on the dorsal surface of the pelvic plate end its insertions into 
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the eorsel halves of the rays of the fin. The ad ductor croup ecoomplish 

the spreading of the rays of the pelvic fin, as well es rotecting the fin in 

towards the body. 

VCL 	TTIR CAUDAL IPIN: 

The only superfieial muscles here are the interfilamenti caudalis 

vhich ere muscle fibres running obliquely between the central fin rays. . 

After the tendons of the lateral muscles have been removed the deep 

Caudal nsoles are expose. The adduetor caudelis ventralis is roughly tri-

angular in sive. Tt arises from the •orsel marein and the surface of the 

loeest hypural bones and is inserted into the more dorsal caudal fin rays. 

This muscle flexes the dorsal lobe of tee fin. 

The flexor caudelis dorsalis superior, and inferior both flex. the tail 

for swimminf and steering. The superior originates in the median septum over 

the neural spines near the ceudel end, and is inserted on the sides of the 

most dorsal fin rays. The origin of tile inferior is from the merein of the 

hypural plate and the insertion is only the slightly more median rays of the 

dorsal lobe. 

The flexor onudalis ventralis ariees from the beses of the hoemal spines 

aid extends backward to its insertion on the sides of the rays of the ventral 

lobe. It has nn inferior and superi:x division. 

The ebove account applies in moral to the museuleture of thr 'Alropeen 

pilehmrd. It is quite possible that a similar type of musculature applies in 

general to all the members of the sub-family Clupeinae. 
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DIGESTITT 5WST1M 

Vhe pharynx hes two pouches or pockets dorsally and is nonnected 

s so-called stomach by a short oesophaeue; the stomach is T-shaped, 

n. branch beine connected with the dundenum; the median aeecuxn, which 

he base of the "Y", is connected with the swim bladder by the pneumntic 

ich passes forwards and upwards from the end of the ceecum to the swim 

The duodenum is of slightly lerRer diameter than the rest of the 

ae, is separated from the lever limb of the stomach by e elieeet con-

en, end bears the numerous pyloric ceecs. The duodenum is folded upon 

sad then passes bacewares to the vent by the straight tubular intestine. 

In the vieinity of the duodenum are the gall bladder, liver, spleen 

'reas; the liver is ripht end loft lobed, the left lobe beine larger, 

erine the duodenum and pyloric cnece; the gall bladder is in the right 

the liver, is fairly large, globuler, sal empties into the duodenum by 

n short cystic euct; the pancreas is found in the meeentery of the 

the duodenum; the spleen is brown, lone, nerree are three ridged, and 

vteAl Immediately dorsal to the intestine below the median enecum. 

rho swim bladder in well developed end besides posseesing c pneumatic 

opens upon the vent by a posterior duct. Anteriorly the air bladder 

into the neck region where it first narrows and then dilater to form 

from which the diverticula pass forward to rest against the auditory 

Re. 

Mho digestive system of the 7uropeen pileherd is in Freneral Similar to 

the North American pilchard cc desceibed. Pyloric *secs were not counted 

ild the number be slightly different for the two species any nuch dit- 

to not of generic importance. 
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In11110-01dITAL 

The kidney of both sardines is of the usual Clupeoid type; it is an 

unpaired, brown, glendular mess extending the length of the body cavity im-

medietely ventral to the vertebral column, and empties into the vert by a 

mesonernric duct. 

The gonads are mired and are supported in the body cavity by the dorsal 

mesentery; tbn ponoduct from each gonad passes backwards to a common duct which 

opens upon the vent. The ovaries are torpedo-shaped and ere of a semi-granular 

consistency in an 1mmatu.:11 female. In the mature female the ova can be seen in 

the ovary. The testes are knife-shaped and are of a more even texture. 

The pelagic ova may be mentioned here. The ova of the Furopean pilchard 

as described by Cunningham (189G), have a reticulated yolk, a single oil 

globule and a greet space betueen the yolk end the oFg membrane. Regan (1916), 

and 7nrnerd (1925), describe a similar type of erg for the pilchards of the 

southern hemisphere, fl.neopilchardus and Sardine sajax, which are closely 

related to the North American pilchard. 
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BLOOD-VASCULAI OTSTM 

Due to the difrioulties presented by non-injected material the 

vascular system is here merely outlined in gross espect. it is not to be 

expected thet any ereet differences should occur in this for the system is 

similar for all the Clupeoid fish. 

Men: 

The heart is situeted In the pericardial cavity between the two helves 

of the pectoral arch and ventral to the oesophagus. It is enclosed within 

the pereardlum and consist of three chambers; the sinus venosus is dorsal 

and posterior, and receives the two ducti Cuvieri; the auricle is thin-welled, 

anterior an dorsal, and is connected eith the sinus venosus by the sinu-

auriculer opening;the ventricle is ventral and posterior, thick-walled end 

muscular and connected with the auricle. Anteriorly the ventricle opens into 

the bulbous aorta lonich is a. thickened portion of the ventral aorte. 

AlT7RT7S: 

From the bulbous aorta the ventral aorta extends anteriorly to pive 

off the pairs of efferent branchial arteries. There are four such paired 

arteries. The fourth and the third branches arise from a common stem; the 

second bronchial arises separately; and the first set is formed by the bi-

furcation of the ventral aorta. 

The afferent arteries are joined by capillaries to the efferent bran-

ehial branches. The efferent brnnehial arches come together dorsally to form 

a ring from which the external carotids are given off anteriorly and the dorsal 

atria posteriorly. The dorsal aorta passes back to the caudal reelon close 



under the vertebrae, enclosed by the haemal arches for pert of the distance. 

In its anterior portion the dorsal aorta (7.ives off arteries which supply the 

viscera of the 

VEINS: 

roe sets of vein mnpty into the sinus venosue. The first of 

these is the set rhich supplies the pectoral girdle an the ventral ehdcminal 

well. 

e second of these are the hepatic veins which connect by sinusoids 

with the hepetic portal system which cethers the bloo 9  from the viscera. 

Th e third set are Vie two stout Cuvierien ducts Which receive the 

jugular v eins from each side of the head region, the penital veins and the 

posterior cerdinel veins. 

A jugular veins ere enlarged and bulbous before they join the ducti 

Cuvieri; the genital veins enter ventral to the jupulers. The right posterior 

cerdinel only is well devnlope end fatends the whole length of the kidney, 

imbedded therein. It receives et its posterior end the (eluded vein which 

lies belor the dorsal aorta enclosed within the hnemal erches. 



MMUS sYT! ,  

e nervous system is presented only in prose aspect; it is similar 

for both pvtaios. 

PT' T7 " M TAT, NrITTVT",  

to prosencerhalon is dividee inte the usuel divisions of telencephalon 

and diencephelon. The telencephalon is divided into tee fairly smell cerebral 

hemtspheres or corpora striates posteriorly and into two dueller olfactory 

lobes anteriorly. The olfactory lobes cinch give o an olfactory nerve which 

is ebout two centimetres lonr a ud ends on the inner surface of the Tinsel 

capsules 

The diencephalon is not well developed end is covered dorsally by the 

optic to 

on its d 

oephalon 

her. Its position is merked however by the pineal body which rises 

areal surface and projects between the optic lobes and over the telen-

to a slipht extent. Ventrally the dieneephalon gives rise to two 

kidney-shaped bodies, the lobi inferiorms and between these are siturted the 

bypophysis anteriorly and the saccus vesculoses posteriorly. These bodice are 

both roughly spheroid and are easily detached. From the ant erio-ventral 

margin of the diencerhalon the second cranial or optic nerves are riven 
off. 

They are very large and thick and do not meree to form en optic chinsme, but 

out directly, the right nerve crossing over the left to po to the left eye 

and the left nerve to the right eye. 

The mosencephalon is well developed tat two large optic lobes, end 

Is curiously bent upon itself, due to the extensive groeth forward. The mid-

brain givou rise to the third cranial or oculomotor nerve on its extreme 

posterior dorsal surface. 



The spina nerve cord is 

bet risen the spines and in these 

roots of the body nerves. 
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The rhombencephalon has the usual divisions into metencephelon end 

myelencephalon. The matencephalon or cerebellum is pronounced but small. 

It lies above the medulla oblongets and is Slightly wedge-shaped. 

The myelencephalon or medulla oblongata extends from the posterior 

margin of the mid-brain to merge posteriorly into the spinal cord. It gives 

ri to tie rest of the cranial nerves. The sixth cranial or ebdutens arises 

from the ventral surface of the medulle; nil the others have leternl origins. 

AXIAL Nm-e/OUS SY1TTW: 

enclosed by the neural spines. It is exposed 

regions it gives off the dorsal and ventral 

The inner ear consists of a rather large system of semicircular canals, 

utriculus, and sacculus, which contain the endolymph. This whole system is 

surrounded by the perilymph conteined in the bony auditory capsule. The pert-

lymph is separated by a membrane fr the brain end has a fenestra in the 

posterior otic bones. 

The sacculus contains the large otolith, the sagitta; the utriculus 

contains two smaller otoliths. The segittae of the two serdincs are similar 

and can hardly be distinguiShed, the one from the other. 

The anterior chamber of the eye is very shallow so thet the cornea lies 

close against the lens. The lens is spherical, very hard, rue cannot te altered 

in shape. There Is found in the posterior chamber of the eye the feltiforn 

process of the ohoroid which joins with the slender tempanuli tellers end serves 

to ad just the focal length for the dolt of objects. 
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SUMMARY AN!) CONCLUSIONS 

The eUropean and North emerican pilchards when compared enatomically 

present the followinp differences:- 

(1) The size and. arrangement of the soales ie different for the type 

of eoah species. 

(2) The series of dark body spots is usually present in the North 

felericen and eenerelly lacking in the 7uropeen species; the series of smaller 

spots et the hese of the dorsal scales is present only in the North Mmerican 

ptichnrd. 

(3) The keel scales differ in shape and in the prominence of the 

ventrel keel. 

(4) The operculer bones are different in shape. 

( 5) The gill rakers of the first bronchial arch differ in eh type as 

to numbers and to length; in the North American pilchard the shortening of the 

rakers at the angle is more noticentle and the rakers of the upper limb fold 

over those of the lover. 

The two types of pilchards present the followiee similarities:- 

(1) Fetch has epproximetely the same number of vertebree. 

(2) The same type of ridges on the opercle, 

(3) The same type of caudal scales. 

(4) The same tyre of 1/11 raker processes. 

(5) The absence 	vomerine and palatine teeth. 

The emmainine eimilerities are mainly characteristic of the inebefemily. 
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The nere. 
 of the sub-family Olupeinna are closely releted, eerticularly 

those that were formerly considered AS occupying the pelvis Clupee, 	in 

order to separate the various groups generically it is necessary to resort 

mainly to superficial differences. Eowever, with respect to this feet, nee. in 

view of the differences and eimileriti As 
presented by the two species in 

question, it is difficult to oonsider the two types of pilchards as occupying 

sepavato 
genere. To of the differencoe noted, tee spotting and ter setae 

arraneement, ere intereradin* the alight differeloe in shape of the keel 

seeing and operculnr bones does not exclude the possibility thst 
the two 

species were derived frost the same ancestral typo. 

Tee only difference that could possibly be oonsidered as of 7eerie 

importance is the peculiar overlapping of the gill rakers found in one type 

but not in the other. This feeeure token n].ons would serve to seTerete the 

North Pelerican pilchard from the nropean pilchard but would 
cvA seoermte the 

latter from the members of the genus Clupea.  However since both types of 

pilchards have similar gill raker eroceonee it is quite probable that the 

overlapping errengeeente of the rakers as Pound in the North American pilchard, 

is a modified form of the areenpeeent found in the gUrOp0811 pilchard. 

Two other points show the close relationship between the two 
pil&trds. 

It is 
diftioelt to oonceive how two peculiarities such en the opereular etri-

atione axui t'ee causal scales arose in both types of pilchards if the types did 

Et hive an immedinte common cart tri. n o  To this argument is added the fact that 

the respective pilchards have similsr habits and the same type of pelagic ova. 

The relationship of t e North American pilchard, (Sardine eeerelea)  to 

the pilchards of Australin, Tapan, Chile, and 

known. Further inveatigetion is necessary in 

South Africa, is as yet not fully 

order to decide whether these are 
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separate species, sub-species, or pecgrephical populations. If the latter 

possibility should to the case the North American pilchard becomes 9ardina 
011•■••■••■• 

W1879  (jonyns). 

A list of the possible species of the penis 9s.xdina frcaquentinc ,  the 

Pacific and south tlantic oceans is given below:- 

Sardinc64jea, (Senyns), 1842. Ibilean. 

Sardina immuloa (rirard), 1854. worth American. 

Perdine inc lanosticte (Tmmninck and 'IchleFel), 1846. japenese, 

Sardine ocellsts (Aippe, 1853. South African. 
mmlw••■■■■•■.•■ 

Sardine noopilehardus (Risindachnar), 1853. Australian. 
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