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    It is the ,cr.eneral rule in the development of the lateral. canal that

t'lie hcad precedes the trunk ontogeneticcxlly as well ics phylogenetically.

One of the exceptions to this rule is, accorcling to [['i.ATE, found in

certaiR stlcl<lebacl<s whiclz have the canal on the trunk only. In my

observtttions on ,a Japanese sticl<lebacl< .Pitn..crzZi'zts leai'barte (TANAi<A),

1ioxvever, the canal systeiai is developecl on the trtml< as xvell as on the

heacl, aRd ontog'enetically the canal of the head appears earlier than thcat

of the trtmk. I also iioticed soine new- e:scamples of Cobitoid fishes in

xvhich tl}e eanal systein is developed in the canterior poirtion of the trunk

only, and not on the heacl. In the sl<in of ]fils.cr2crn2vs an.a2tilli'ca2bdat2ts

(CAN[roi<) I fotmd various interesting fis.rures, which I shall interpret as

rcinnants and vestiges of the canal systein. '.. '.. '• '

           ttt tt             t tt    Upon these observations, I base my opinlon that the lateral canal

of the Cobitoid fisl}es is of a rLidimentary nature, and that PLA'vE's

exceptional case is more clearly explainecl by assuming the sanie degeri-

nerative process of the canal system in sticl<lebacks as in Cobitoid fishes.

    It is tny pleasure to express my hearty thanl<s to Prof. T. KAwAllfuRA
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of t'he !i<lySto Iinperial '(LJniversity ckncl to Assist. 1'rof. LS. TANAi<A of

the T6ky6 Impeirial University for their ls'ind aclvice and encourag'ement

during tke entire course of nay work.

            I, Mis.crurnus anguillicaudatus (CAN'rox).

         '      '    ]de3.cr'eti'nzts a7g.criizZli'ca2t(laXus is the most common Cobitoicl fi$h ii}

Japt}n. The niaterials for niy investig'ation grere obtciinecl in p. art froni

La marl<et in T6ky6, but the niajority were collectecl by myself in the

Prefecture of Sig'a. The source of the niaterial usecl is a mEttter not

to be neg'lected, for fishes from cliEferent localities exhibitecl coiisicierable

variation, especially conceriaing the clevelopnient of the neuromast canal.

                            Tlie .S'l,,z'n.

    '("Jnlil<e nittny others, the present 'fish is coxrered l}eacl ancl trunk "ritl}

an epidermis of nearly equal thickness, owing to the too xveal< develop-

ment of the scale$ to affect the thlcl<ness of the epidernais. The

epiclerniis ctonsits of tl'ie epiclernial, iMucLis ancl clavat'ecl cells, the iast

of whicli being, according to OxNER ('os) ancl others, the characteristic

constituent possessecl by t'he fishes of the suborcler Ostariophysl and

.iA.1)ocles only, Etnd with soiitie questiontable iclenties also by tiiose of tlie

orcler I"'Iyperoartii ttncl the fataaily Gadicl,fe.

    'l"he {nucuts celts attaln their ftilt devc";lopinent in tlie upper ht}lf

of the epiclennls, anzl their clistal eiicl occuples tlie .c,.rtreater picrt of

its surface area, scarcely lecavinsr spta.ce for tl}e epifdernial cell$. "rhey

are l.zrge and elong'atecl often extencling beloxv the niiddle of the epider-

mi,s. In an earlsr stage of the cell, there reniains at the bottoin oÅí the

niucus substance, xvhich stains deeply xvith IDiiLAFaELD's haemEttoxylin,

a mass of eosinophile cytol)lasnia ancl a small nucleus of the cell. In

aclvancecl stages, hoxvever, the nueleus disaptpears in the nAiucous sub-

stance which noxv nial<es up the sole content of the cell. JsX.fter the

dischayg'e of tlte niticus, the cell content appeErs alveolar, x?LrlLile the size

of the cell diniinislies grarLlually being,,' replaced finally by otl}er mucus



       .S'ense 0rbo't-n of some Cobi']oid and Gasleroslezbl .it7z37ies. s3

and epidermal cells. The clavatecl cells are spherical or eloiigate oval

in $hape, attaining their mtzximum size in or below the middle ol' the

epidennal layer, and as they approach the surface, dccrease in size till

fincre11y lost ainong the epiclermal cells. In the n3iddle layer, the clavated

cells are found clensely crowclecl together occupying an overwheln]ing

proportion of it, leaving only narrow spaces for the epidern3al cells.

Tlie cytoplasincre of the clavatecl cell is homogeneous in appearcance and

stains clearly with eosin. .Its nucleus rests at the center of the cell

ancl is sometimes constrictecl into two or iihree segments, as OxNE?N has

pointed out in the case of other fishes, .

    Concerninf,.)" the mutual relation betweet] niucus and clav•ateGi cells,

it lias oÅíteii hee.ii the o)tiiilLoii t:f so.iiie sOJ.clen.ts, skiic.p t!re. tiiiie oÅ}'

.I'.i;.yir]}iG, that thesr are• merely tNvo different phases of an identical cell,

]-Iowever as is t:o be provecl in x'1•f!3.a2t7'n?is a7z.auiZlfcaztdal2is, there are

no internaecliate forms betweeti these txvo sorts of cells. ifhe different

area of tlJe sl<iTi for tl}eir clistribution givc-is further support to this

contention, cts tl}ere ctre no clavatecl cells on barbels, lips, inner side of

tk: operculLuin, ancl the nuicous surface oÅí tihe naouth cavity, xvltile tl)e

inucus cells are abtinclantly foLincl there. 11Ahe rev•erse is true around

tlie free neuromasts. rL{rhe forni, size and reiative nuniber of the niucus

tmd the clav.ated celis cli'ffTer rernarl<ably acco.rclin..cr to life conditioias. In

a xvell-fecl inclixricltial in skimnier time, the mucus cell usually exceeds

the clexr•atecl cell in size, niarl<ln..o' a contrast to the epiclexniis in inost

other C)stariophysotis fishes, in "'hicli tlie latter is far larger tlian the

fOl`111el'.

    Since tlie otlier structural clenients of the skln, such as the gernii--

natixr•e layer, the basal niembrane, the pigmetit cells, etc,, do not exhibit

tLny reniayl<ti.ble peculicaritJies, I inay clispense xvith a descriptioiit of tliLeni.

                 Tlie Cztl'a7i6ro'2ts Se7ise 0rsra•ip,

    There care txvo sorts of cutaneous sense organs in xllTibbcru77iztis

an•.crzviZlibazit?Iatzis, i.e. the terminal bud, xvhich is honiolog'ovs with the

tcaste bucl on the niucous suirface of the niouth cavity, and the neuromasts
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of the lateral litie system.

     i) Ter77ii'nal B2tcls. In general, terminai buds (I?ig. !) are fiasl<

or spindle shEpecl, about o.o4s mm. in height atad o.o37 mm. in maximum

diameter, and are in3bedded among- the epidernaal cells. The bucl consists

of sensory cells, each being- extremely attenuated crebove the level of its

nucleus, which lies near the proximal end of the cell. The sensory cells

are arrat]gecl regurarry sicle by side, ancl are situated upon the papillar

eniinence of tl}e deymis whick projects among' the epidermal cells, On

the inside of tke opercultmi, however, the epidermal cover is extren?ely

thin and the sensory cells of the taste budis ttre sufficient in length to

cover its entire thicl<ness, so that' the taste buds in this region rest

directly upon the general base membrane of the epidertnis.

    I macle a thorough examination of the sl<in ilt order to determine

the distribution oÅí the tcxste and terminal bucls by a conipiete series Qf

microtome sections. On tl}e palatal organs, taste buds are found clensely

cllstributed on the niucous lining froin the. Iip to the oesophac gus ancl ali

ovey the gil1 res,ion. Of the exteernal sl<in, the barbels are most thickly

I)opulateci l)y buds tmiformly otL ali sides, the 1iead is nextr, wlitile tlie

trunl< has but few, tl}e buds becoming rarer as we approach the caudcil

extremity. They are generally niore numerous on tl]e dorsal sicle tl)an

on the ventral, but there is no reg'ion where they are not to be founcl.

Of the fins, tliese at'e most al)unclant on tlie dorsal and the caudal fins,

the pectoral fin is very sccantily provided, x?L71tile on the ventral an' d tlie

anal fiRs they are to be founcl in sonie fishes, and not in others, I clo

not 1<nox/ any gi'oups of these tern]inal buds that cttn be clefined as

I.AixrDAcRE has reinarked ori the skiii oÅí Amz'zvrzis •i7zelas. In young'er

fishes, we often find twiR and triplet terniiltal buds standin.cr upon a

common larger papilla and siippliecl by 1arger vessels.

    2) Ale2iromzas!s. The neuromasts of vJth3h.criiln•2is an.o'2alliZarndakis

are usually free ancl only exceptionally enclosed in a short incoinplete

canal, which will be described in detai1 as the remnant of the cicnal

system. I also found many interesting structures among the sccales as

xxrell as in the epidermis iii the anterior portion of the trtml<, which niay
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properly be cafted xrestig'es of the neuromast canal.

     a) I;ree neuroin ic st: The free neuyomast is a decapitatecl cone,

or is sometimes cylindrical in shape, having a height ancl a inaximum

cliameter of abotit o.o7 mm. It is enabecldecl in the epiclermis, conimuni-

cating xvith the exterior only by a sinall circular pore, ancl never stands

upon a '{raised papilla as is the case with Bati'aclius la2t ancl sonie other

fishes. F.ach organ consists of two l<incls of cells, the supporting' Lftnd

the sensory. The supportin.o.' cell is extremely long and distally attenuated,

its nucletis beingr placeci near the proximal bul..o"e, is charaeterizecl l)y larg'e

.size ancl a conspicuous nucleolus surrotmdecl by a clear unstained area,

The sensory cell is ci"b-shapecl and surrouncled by supporting ct'lls. It

is only half as high as the neuromast, occupying the upper lasrer of the

lic tter. Its clistcal end is draxvn out to a fine bristie which, however, does

not pr.oje(;t besTond the iex'el of the sHpporting" cells as is sometimes the

case with the neuromast in the ccinal (I?ig. i). The nucleus lies near

tlie proximal end of the cell ancl is also chai`acterized by a promitient

nucleoius. Bc.)th the sensory ancl tlie $upportiti.o' cells are generally

arranged sicle by side, 1orming' two xve]1-clefinecl layers accorcling to their

difference in 1iei.(ght. 1'he boundaries betxveen the neuronicst and the

si.u'roiLinding,,' epidernial cells a• re iL'ery cli.sthTtcti ai-icl thei-e is iito firn-i coniiec-

tion as in the ternainal bud.

    The neuromasts are arran.oged in a definite pattern ef groups, tliough

the number of organs possessecl by e.kch group exhibits con$iclerable

itidixidual variation and often diflfers on opposite sicles of the same

specimen ; but "re caR distin.evuish, amoiig' others, those xvhich are found

ln ev•ery fish in a clefinite place. XVhile alive, these neuromasts are

easily detected xvith the nal<ed eye as wl}ite spots, owiiig mainly to the

absence of pignient` cells uncler the epiclermis at that place;but when

the flsh is kilied with IBouin's fliuid, the spot becoines more distinct

because of the mucous secretioriL which covers the x7L'1itole outer skin

except the spot, and stains 1iomog'eneously yellow.

    Tlie free neuromasts attain their nio.gt iuxurious clevelopment on the

head, and their distributlon pattern can be referred to the typical courses
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of the lateral cana! s.srste-m in other fishes. In the trunk re.ogion, -N}re see

on etkch side two main lines and one branch line of free neuromasts,

taiid as this arrangenietit inay cleserxie sonie notice for tlie sa}1<e of

comparison xvith that of other fishes, I shall describe it briefiy. Tl)e

niiclclle bocly line comnienÅëes at t'he clorsal riclg'e of the op'erculuni, an,.1

,irunnin.g a s.1iort clistcnce obliciuely clownward along its margin, soon

turns its course, rLms along" the lac teral furroxv of the trunk, altd reaches,

but cloes not enter, the cauclal fin. Tlie v}euromasts of this line are

usLially arran/g+ed segnient.ally, txxTo or three being foun.cl situatecl closel}r

sicle by sicle but rar'ely alone. Among the neuroniasts o'E t'h{s line, those

in the anterior portion are g,enerally surroundecl 'oy a wal1 of epiclermal

projection, but th;,s xvall does not form a continuous ...o'roove xvith tliat

of the neighbourii'ig' neuromcst: fX.s xve p. roceecl posteriorly, they become

niore superficial ii'i situtatioii. 'II]he}•' clo not see•m to 1i,2Lx'e any definite

relation with the scales xvhich are Rex'er piercecl by the nerve firbers

supplying tl}e sense oi`.o'ati nor do they exhibit any cleCLoyniities. 'Irhe

1[>rLanclL lii;}e start$ at' t'lte con'i-iiioiri origl'i:t xvlth the miclclle- bo. cly line o.n

its dorsal side, ancl runs parallel to thL" latt'er. r[t terniin,ates near the

posterior incrgin of t'he dorsa.1 fi.ti. [I'he neuro. nicst.s of this line are-

arrangecl segrnentally 1)ut are so.lit'ary. Tlie dorsal bocl)r line begins just

behitad the occipita! conimissure g'roup on the head, xvhere the anterior

liniit of the scale insertion in the sl<in is niavl<ed. I[t ruris clos.ely alonLg',

altcl parailel to, tlie- clorsal riclg'e of th..'4 trLinl<. Tlie a"terior end of this

line on both siclc's inay in soine inclix,iduals so converge as to i"eacli a

sing'le niecli.'-).n neuromast. It tiermiiiiLfttes p::)steriorly ti.t tftbout the st).me

level as the bytanch of the niiclclle bc)Cly line. 'J'his line is representecl

b.s/r a roxv of free neuromasts it rrang'ecl Ei.t regalE r clistaitces, cncl occE sionEctll.x.r

"'ith sister sense or..o'ans si+cle 1)y sicle as is {'he ('ase xvith the inlclclle

body line.

    b) PxemRant' ofthe canaclsystem: '[t was only by an unex-
pectecl chance durin.cr iny stucly of the sl<in of Afik.o?trn•2ts an.cr2tz71ibaz•vtlatzts,

that I came upon the lateral cec•]al orgcan in one specimen, ancl further

careful search for this org'an in niore tha.n twenty sl ecinaens bou.o`ht froni
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a marl<et in rlE)oks'o fcailecl to reveLal it agaiR, so that I[ was forcecl tc.)

illtel'pl'etthe cil'ckullstallce as a vel'>T 1'al'e czLse. It was lcg'aiil a $urplrise,

theref{}ye, tc) discover among t'hose" specin'iens collected in the l)refecture

of S;,ga more thtaR half o.f the inclivicluals possessing the IE te,ral canal

orsrans as is shoxvn in the follcwing' table, The speciniens xvere all full

groxvn fÅëniales xvith variable body len..o.-th xvithin the liniits of i2 ' to

I6 c!11.

                             TAp,LE l.

 I-rttvinrr the canal
     o
.tt.-..t......t... t.ttrm.rrvmu.ttttt.tt-t....t....t . .ttttt.Ltt.

 E.S'nnibey ef specl]nens

on bot'h sides

7

on one si(le

4

on neither sl'cle

8

    '1-lie neuroniasti canal lies just beloxv the l)asenient nienibrane of

tlLe epidermis, an{l extei't.rls in iny s.pecimens not niore tliLan i cm. parallel

t'o the antei'ior portion of tlie niiclclle body line of free neuroinasts, tl}e

numbev of the pores of tlie cana! v.aryin.,o,' froni one t'o fivc, fX.natomically,

this portion is marl<ecl by thr:- l/)resence of the connective tisstte o'f the

lateral furroxv, xvh{ch is fo nia,ss.iv•ely clevelopecl 1iere as to recch it]xva. r(ls

to the ,'tir•-l}laclcler ancl sepaifates. co;npletely the clorsal trunl< niuscle froni

tlie lat'eral, xxrhicli Lftre othttrxvise so close to each other .as to ineee Eorniii"tf.)'

the bocly wall ot' the longitudinal muscle. The presence of the canal

cloes not seeni to afFect the distribution of tlie free neuroniasts of this

region; they are founcl in s.i'eat nuinbers and are sit'u,"ttecl in the

epiclerniis just at the opening' of the canal.

    The canal (ia"ig'. i) lias a tliicl< epiclern]al wall, composecl of ordinary

epiclernial cells, ancl neitheir niucus nor clavatecl celis are clistributecl in

it. 'It is ii{otJ, however, a simple canal of uniform diameter throi/ighoLit

its entire extent, but consl.sts of several shorter portioiis arranged encl

to end in a single ISne. Eacli of the$e portions communicates witla

tlie exterior by a pore (Iis,, 2) iiear one end, ancl at tlie other encl it

niay be connectecl "rith the nei.cr,hbourinf.)' portion or iMay end ?)lindl}r.

The niicldle portion of each of these tubes is dilEted, and therein usuallv

rests ,:,}. iieLii'oillclst, this lio. xvei,Ter beiri..o' occasioiiially sitkicated ji.ist i.inder
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the opening of the canal. The structure of t'his iieuromast is essentially

the sanie as that of the free neuroniasts, only with these clifferences,

that the fonner is a little larger tlian the latter, ancl the bristled ends

of its sensory cells sometimes project conspicuously beyond the .ogeneral

surface of the supporting cells. The botmclary between the sense organ

and thd epidermal wall of the tube is tolerktbly intact icncl we fincl no

discrepaRcy there as in the case oÅí the free neuromast. 'II]he canal is

surroutidecl either by the processes of the scale (.Fig, 2) as ntmaerous

as the portions constitutin,cr,, the canal, or by xxrell developed connecting

tissue. Thus the cancal is provecl to have a deflnite relationship with

the scales.

    c) Xlestiges of ehe canal system: In the anterior haif of the

trunl<, dorsftcliy as well as ventrally to the micldle bocly line, there are

some scales which carry eack a smal1 tube (llT. igs. 3 & 4). The tube

is fornned by tlie outgroxvth of the scaie, and may be situatecl either on

the outer or the inner sicle of the latter, with its axis paralle! to that of

tlie body. It contains i, structure of epldernaal arrang'enaent accompaniecl

by .k blood vessel ancl an irreg"ular mass of cells ancl fibers. A minute

examlnation of a series of sections coi"ivinces us that this is a vestige of the

lateral c.anai, for in transverse sections these epiclermal arran..crenients

.re generally circular xvith ic holloxv space iii the center, having sonie-

times, however, it pore on one side (Fig. 3), or a sxvellin.cr (Fi.o'. t;) of

the basal tissue of the canal, thus representing tlie opening' or the

neuromast of the canal respectivelsr, In short it suggests in every

respect a reduced figure of the remnant of the neuromast canal wliich

xvas clescribed in the Åíoregoing section. The scEles carrying these canals

are not larger than the others and the length of each vestig-e is be!ow

rnim. in all cases examined, which is equal to the dianieter of the

scales in this region. It is xvholly subcutaneous ancl coniii-iunicates only

with the connective tissue of the scale sac,

     Of ten specimens collected in the IPrefecture of Sig'a, seven hacl

tiiiese vestiges, x?Lrliiclit were ,c,r,enerally better developed in those which

hacl the reninants of the canal. They are found near the anterior portion
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of the trunk as fat" down as the region oÅí tlie dorsal fin. The number

of scales carrying these ves.tig"es in one specimen may sometimes be

countecl by tens ancl, so ftar as I have a record, eight vestig'e-carrying'

scales appearecl sicle by sicle in a single microteme sectlon of the sl<in

about 3cm. posteirior to the margin of the operculum.

    d) ISpiderinal holloxvs: I have sometimes noticed in the epi-

derniis of the same region of the t't"tml< certain sphet'ical hollo"rs whose

inner lining is niade of small epidermal cells, not cominunicating xxTith

the exterior, The meanin..o' of these figtires could not be solxTed until

the discovery of cases in xvhich a snaall neuroma,st was founcl at the

bottom of this hollow (Fig, s). Thus it becaine clear that they also

shoulcl be tal<en fo.r vestig'es of the canal system. In the epidernial

holiows, I could iiot prove any definite reix,tion with the scales.

    From the above--meRtioned observations on the neuroniast systeni,

I ain iRclinecl to think that x'1.•fiig.o?,trnzis an,.a2tzZlilra•2it?{.al2is once possessed

a fairly "rell developed systein of neuron]ast canals having ititin3ate

relations xvith tlie scales, but in later times tkey hax'e unclergone such

degeneration that these canals do not appear at all in some iRdix'icluals.

The fac{', however, that tkey inity still be Åíound in the anterior portion

of the trunl< in son]e specimeils sug'gests to us the presence of influences,

perhaps of a nervous nattire, upon the building of tlie canal ancl its

               II. Cobitis biw2e JoRDAN (ft SNyDF.i<.

    The following descriptions atre based on the specimens. obtainecl in

T.al<e Biwa during the stmmier of ig2s.

    Tlie s/.pz'n. The epidermis of Cobitilr bzlece consists of the epider-

inal and clavated cells (F.ig-. 6), but lacl<s tlie m"cus cells, aud this

explains the fact' that this fish is not at all sEppery, Encl in this

clicarcacteristic the present species is a reniarl<able exception among the

Ostariopliysous fishes, so far as I cacn juaige from the literature oÅí the

subject a!icl by my experience. The clairated cells occupy an overKvhel-

miRs.r proportioR of the epiderniis in its niiddle layer, and the epiclermal
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cells are arrans.ed in txx7o layers; the germinative h,yer -ct the base anc'1

the exterior lii'iinf.r ()f the slN'.in. tt-o. sccales. are foi.incl iiii tlite head regioirt,

ancl tl}e>•r are developtxd but "rea• l<ly in the truid<.

    77!e c2vlaneo7ts sensr or.cran: Cl.'he ter]ninal bu•ds. in this fish

are distiributecl all over tl'ie heaiJl and the tr"nk, cliniinishing in nunibc,r

.as xve proceecl toxva.rcls the t'a{1. [I'lie free neiironiasts oiit the 1ieac'1 are

a,s in the foregoing spe-cies, arrEnged under a definite pattern, ancl in

tl'ie trui'il< they ti.L're distrlbut'ec in a sin.o.'le roxNT ti.Io.n.(,,r the niidclle bocly

line.

    Ii"he canal s.xTsteni (Fig', 6) is cleveloped oniy at t'lie anterior portion,

ran.c.>'lng o.8 to i.3 cni, along the trunl<. [rhe nuniber of tlie opening's of

the canal vat-iecl in niy- fpeciinens froin ei..o.'ht to txvelv•e. 'J"hus the canal

of t}ie niidclle })o. cly line seeit:,s to retain a xvicler ran..o,.'e oli dis'`.'ril}i.it/ion in

CobiZ!b bi7ctto. than in 21:?ri3..o?t7'n•its an.crix,'71i'ca2ialalus. The neurorpasts

enclosecl it) the can,al ,are usLically le$s nu}nerous thtairt tlie optn{ngs'., llrhe

cana' t lies just beloxv t'he epidt?nnis, `,tticl is niacle o'f a thin lay•er c}i] the

epiclernial tissuie, guardecl by inconGplete tubes of scaly constrtiction. fts

l"men is not continuous throughont the course, so that xve ctan recogRize

here too t'l}e vesti.o`ial nature of the canal, I coulcl not, hoxvever, fincl

any ct'heir vcstigres. of tlie cctnal as in tlie. sl<in of fl.!Tilggrur•ll2ts a•n.o?ii7ZiL

ca.uda!7ts.

                  III. Other Cobitoid Fishes.
             '
T) f]a•rba.t2tl(x oreas (JLoi<f)AN cR.[ l[?oxx'LER).

    fYa.rbalul(x. oreas is a coninion fisli in I{{okkaklo. :i)he sldn of this

fish consiirs of three sorts of cells as in xi..deb.aei7vi?is a,7z,gru•i71iicaudal?(s,

but tlie mucus cells are xTery small a- ncl scarce. Tlie canal syste-in is.

develol,)ecl E}1(r}n,,{.)- the entire ei tent, of the trunk ,as. i't}.r as tl}La b,astt of tlie

                                     '()auclal fin, End also cn tl}e suprtaorbital, infraorbital, operculoniandibular

ptortion of the l}eafv'l. The structure of the canal exhibits no remarl<able

variation ft'om that of the foregoin..o' s.pecies.

2) .t12'":'s..`rn•7'717ts d.ece77zdl7'7'os2ts ('B,xslr.E.wsl<y).

    1. h,ave exa,.mined s.tti,;eral speciniens o.f i17Tzlg..o.'urn2is (l6'ctf'mci>Tos2is
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which xvere coltected 1)y II)rof. [t". I<.AxvAtviui<ex in China. The canal

ssistem of this fish is seen only in the anterlor portion of tlie trunl<,

aiicl the nuniber of the openings of thtt ca']al is three or four. :i"hus iii

this fish the con'ilition of the canal s.vstem is. hk'e that o.f tlie [;apanese

SI)eCilllellS of .,}.lt:g..o.J?l771?!s a71.o`2tl711ba,?l,daX.'2ts.

                                                               '
3) .ir.e`/?ta• ec/!4g'on.z?i Joi<D.Atvi tR'L Rx.icHtxi<DsoN {a..ncl .Z.[.fl/u(x 72i,7,,l?onls

    (JoRD.xN cSl[ FowLEI<).

    I. have examined inany specimeRs of these fishes, but failed to find

any trace of the canal tysteni.

                          PlSC71 SS Z0 71 ,

    Iit is a .,o.--L"neral rule in the clevelopment o{] the ccanal systicm tliat

the lieacl region precedes the trunk either phylogenetically o.r ontog'ene-

ticaliy. It is, thel'efore, all inteiJestill.cr. ftlct tll,lt itl JlfiI9.0'2t•17221s all,.o'ul!!l:

caeiaTaif7is, 21.7Ti:g.g2i7'n2is (lecei'nci:r7'os2is, and CobiZi,b biP,c,rt? tl)e systein is

represent'ecl bsr .a shcrt canal on t'he .ai'kterior portiotit of the trunk onl)r,

ins.te.acl of t'he 1ieacl only. Tn explanation oÅí this fact tl)ere may be two

theoyies, eitliier that the case is .an exception to the .c.)'eneral rttle [.Ls IPi.iiTF.

descr'ibecl in th'e case of a sticklebacl<, or that, as I prgpose here, the

canal system in these fishes 1ias undergone degenerative processes, Enrl

there remains no trace of it in tlie entire res.lon excepting' in .a small

portion of the trunl<,* The 1.fttter of tliese tw< alternat'ives, hoxvever, is

sLipported by niy obsevva• tion on tlie vesti.<.)'ial natlire of the canal in

these fishes, ancl the presence of unmistal<a-ble ve-stiges. and remnai')ts of

the canacl system in 2].ft.:g.cr?t7'7z.2ts an.o'ia'lli'ca2idaX7is.

    It is suggested by Coi.LiLx'GE, that the canal system in the Siluricl.rE.b

xvas fornieriy. niore coniplicatecl in its structure as xvell as in its distri-

bution th.an ln thL"L presei'tt fisli. INfy observLation on the C,obiticlEe shows

that such a clegenerative process lias been can'iecl niuch further 1iere

than iti tlLe Silurid[e.

    't': '[ s'ha]I cliscus. s the former theory in a succeeclln7. at'ticles. .
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                IV. Pungitius kaibaf'ae ('IFANAi<A).

    The follo"'ing descriptioi'is are basecl on specimens of ei.o'ht spinecl

st'icl<leback Pi/7i.o-iZl?is l'nf.zZ'a7?ir (Tfi.NAi<A) collected in the vicinit}r of

If<y6to by l{1]'rof, Cl). J<.Axv.A.iiui<tx., ai'icl the cnibryological niateri.als ,are

those presented to the Otsu .ILIyclt'obiolog'ickc 1 Station by A'Ir. J. I<. oBtNyAsm,

now Professor in the Iilirositna ll:Iig'her Normai School.

    Tlie s/ei'n. The epiclermis of .tiD2tn.ozZz.iis l"ai'bara7 consists of the

epidei'mal ancl the mLicus cells, but lacl<s t'he clavated cells (lr,ig. 7),

rlrhe epidern}al cells are relatively ricli in cytol]lasnia as conipared xv•ith

those of the Cobitoicl fishes, and the niucus cells are abundantly

clistril/')i.iteci near the surface as xx7ell as iti the deeper portioiris. [IrlLe

scutum is a xrery lar.o'e plate Nvith irregiilar processes ancl liollows, thus

exhibiting' sometimes a reticnlar appe.a.rance (I?ig., 8),

    Tlie c2dla•neo?ts se•n•se o'r.o'ans; One of the most remarl<able

aspects in the sl{in of this species is tlie lack of tut'nainal buds oi't the

externetl $1<in and on tl}e inn.er lining of the operculum. I.;ree neuroniasts

(Fig. 7) are i, rrang-ed btoth on the head ancl on the tirunk, being situated

at the bottoin of rather xvicle clepressions or pits, none of which, however,

is so confltient xvith those adjciceiit tzs to foriii ci continuous groove. On

the middle bocly line, they occur .crenerally in clorst1-ventral paii's,

    The s)rstem of neuromast canals is founcl both on the heaci (IIi'i,(.)', 8)

ancl on the trunl< (I?i.o'. 7). f/ll"lie canal has a tlitiiri xvall composed of

epidermal ic ncl mucus celis and is guarcled by processes from the scutum.

In the heacl rcgion, we can recognize the canal on the supraorbital,

iRfraorbital and opercular re.(.g'ions, while on the trunk it appears as the

niidclle body line.

    In the young of l)zin.gzZz>is lt"aitta7'(e,, the canal in the heacl is

formecl as early as wheR the fish is {.s to 2cm, in length, xvhi!e that

of the trunl< al,peai's after it has grown to 2.,s cm. or niore. "I!)hus

IPL,xz'E's descrlption of the Europeari sticl<leback that "Ausnahmen von

der Igl.egel, class cler Iiopf in cler phyletischen Eiitwicklung xroraRg-eht,

koinmen vor. So hat der Stichiin,o,' nur einen 1<urzen I<. anal am IPxumpfe,
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wtihrenci am I<opf und Schwat3z die Sinneshtlgel frei liegen." is not

appiicable so far as the present species is concerned, for this hcas ic

system of ne"roiaiast canals on the head also, and in the ontogenetical

development of tlie canal the head precedes the trunl<.

    From these observati,ons on a Japanese sticl<leback, the exceptional

situation of the [ISuropeaR sticl<lebacl< which 1ias the canal oti the

anterior portion of the trunk oniy, seenis to me more cleckrly explainecT

by asstimin.o' a stnilar de.o'etierative process as in the Cobitlda). Thus

I trust I am not goit}g too far x?L7hen I pt`opose a new iaw, "In both

families, Cobitid.fi) and Gasterosteida], when the degeneration of the canal

system tal<es place, it is iR the anterior portion of the trunl< that this

process occurs iast of ali."

                          SUMMARY.

I. xlITik.cretrnzts an,,cr2izZli'ca2idatzis (CAN'voi<).

    i) The epidermis coRsist's of the epiclern]al, mucus ancl clavated

cells.

    2) rl"erniinal bucls are founcl on the entire outer sl<in of the fish,

though not invariably on tlie ventral atid the anal fins.

    3) Tl}ere Ere three trunl< lines of free neuromasts.

    4) The neuroniast canal is founcl only exceptionally on tlie anterior

portlon of the trunl<, and n]ay be regarclecl as vestig'ial.

    s) There are son2e singu]ar structures among the scales as "rel!

as in the epiclermis of the acnterior portion of the trunl<, and tliere are

reasons for interpreting" tliem as vesti.cres of the c`,mal organs.

II. Cobi'lils bz2'ev(e Joi<DAtsT Lk SNyDEi<.

    6) [Il"lzLe epicleriLais is devoicl of mucus cells.

    7) 'III"1ie canal is fouRcl only at the Exntierior portion of tlie tr[ii:Lk as

ln the forgoing species.

    8) There are no vesti.o'es of a canal system in aRy region,

III. Barbalztla oreas (JoRDtxixT cSl[ FowLER).

    g) The canal systein occurs boti} in the keacl ancl in'the trunl<.
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IY. Lcft.ta eclii5aonde Jop.DAN & RicHARDsoN ancl .tLef2ia nz7el7onzl (JoisDtx,N'

      & I'owLER).

     io) rllie canal syst'ein is founcl neither in the head nor iai tlie

ti`unk,

V• AITi3.a2t7'n2ts aTecemcilaros2is (IBAsmEwsi<y). . ' -'

     ii) 'I'he canal system is found for a short extent on the anterior

portion of the trunk as in t]tZTils.cr•urn2ts an.crui71iba2tdal2is.

VI. •.l)zin.crt'Zz:7is leaibaztzr (TANAi<A).

     i2) The epidermis consists of the epiclermal ancl mttcti,s cells, but

lacks the clavated cells.

     i3) 'The terniinEl bncls occur neither in d}e outer sl<in nor in the

gill region.

    it;) 'l'lie catital sys.teni appee}.i's cqi.ially iit the heacl ancl in tlie tri.inl<,

     is) II'he canrecl systeni of t'he 1iead appears earlier than that ofthe

ti-unl<.

           '
    i6) The puzzlinpg ftvct', that both in cor-t'aln Cobitoicl and (ilast'erostcic.l

fishes tlxe cancal systein is limited to the aiiterior portion of tl]e trunl<, can

better be unclerstood by assuming' a special mocle of tlie obliteratiRg'

proce$ses oÅí the system iR which cles.eneration tal<es place latest in the

above--mentioned portion.
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               EXPLANATION OF PLATE XXIIL
1;ig. i, tN netzron]ast in the cana}, and a terininal bud of ]11i3'.o'itriitts an.o'2tt71xicautfakts,

I-'" ig. 2. iX ctuial ancl its opening in the slgin of 21nt an.a2iilliicaudatus.

1["ig. 3. tX vestige of the neuromnst canal "rith its opening, ancl a fiee neuroniast in thc antet'lor

       po!'tion of the middle bocly linc in ilL an.eui71iicaudatids.

1`"ig. .a. .iX. vestige ivith a ssvellinss at the base of tlie canal in ilf. ctn.o'iti71.itrautl(.x.lus.

1-'ig. s. An epidet'mal liollew with a netu'omast at its base iR .'7f. an.o'itilltZra2tdatus.

Ii(T. 6. A free neut'oinast and a netiromast in the caual in Cob?Zi3' bi"corte.
  e
I-"ig. 7. iY free neuroniast and the lateral canal in Pun.crititts kaibar(e.

I;i{.r. 8. The netiroinast canttl of the oparcular rcgion in Pten.o'ltiids kaXbai)tv.

          '
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bL ves ,.. .., .,. ,.. ... b]ood vesseL cl ••• ••• ..• .., ... ... clavatecl cejl.

ep. l]ol ,.. .., ... ... cpidennal liollow• fi'. ncn ..• ... ... ... ..,frce netu'omast.

niuc... ... ... ... ... .., nluCtls CelL il]tts .•. .., ... ... ... ... nluscle.
                                             tt
                                                             'llel'.., ., ... ,.. ... .. ... ..,11el'Ve.                                         Ile,l... .•. •..                                                      ... ... ,., ...1]CUI'Oll]EISt.

neu. can.., ... ..• ••• neurornast caiial. op. ctiii••• •.• ..', openin.cr of the canal.

pjg... .., ... ... ,..' ... pigment'cell. sc.•+ •'•• ••• •., ... .•• ... .., scale.
      t/lttsctit....... ... ... ... ... ... scutum. ter••, ••• ..: ... ...' ••• terminal btid.

vest. can... ... .., •.. vestige the ofcana}.
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