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The brain of the fishes of the order Gadida, with special reference
to its morphological differentiation

Osamu OKAMURA

PEk, %5 BHUEOMCET 55T Emic £ <, MALME (1891), CoLE (1900), HERRICK.
(1900), Evans (1935), SVETOVIDOV (1948) ¥ X OfP3fE (1953) 7¢ i &k » Tiilshh TV 5,
LAaL, ThoDBFRIITRTH IRBEENRELTHD, £OMD s 7 BRSO
DHIRITIZ OO TEFREBICHS, TFhic PFULLER (1913) 2 AFEEE Va4 EH 1L E
DU E R & ooA# %, TUGE and SHIMAMURA (1958) 23 kSEREEEy a XS D 1
A4 N5 k4 Nematonurus acrolepis (BEAN) iz A£f8 L Oz T FhEs kLT
HILTEIR, DY, £5BABEORHRE ShTEREROMNBHRREES XD, Thhd
AHABOITRTHBT LA TH L0 LI PRI LTV, Licdi> T, £35S
DR DOFEYE, BRI BT B IMO TSt L ORI Rt e SRR O — RV EREL
Mo D ERRMLOENTHS, EROGEERICLDEL4FBELT, sv/LE
ABXCVILSOIWHISED, ZDOIHAL LERABRICOWVWTIRED THRITTSZ
LEL, 45HEHOFITXSE, 258, VA UFRBICVILFSHEOY 345 EOEE
B VTR EInZ 72,

COBEITHAREY 2 45 BT 2HENHRO—FTH H, KIBEFEZTEV 77 EH X
FIKEFHEDOMEERREFCH LIEL BHLHE LTS,

# B & A OE

A U7-fafi3> o4 5 Physiculus japonicus HILGENDORF, F #'F T 45 Ph. inbar-
batum KAMOHARA, <435 Gadus macrocephalus TILESIUS, 24 kw45 Theragra
chalcogramma (PALLAS), 44 w = Bregmaceros japonicus TANAKA, k& 435 Nema-
tonurus longifilis (GUNTHER), % & = @ k4 Coelorhynchus smithi GILBERT et HUBBS,.
7> H&5 Abyssicola macrochir (GUNTHER), + VU &5 Hymenogadus kuronumai (KA-
MOHARA), v 2 2 7 45 Malacocephalus laevis (LOWE) 3s X 0% 4 2 v 3 &5 Ventrifossa
garmani (JORDAN et GILBERT) D 11T H5, ZhbDoL, BIUNWSEOY A vFE2DE
Z, OO FTRTONEIIHTLIBE DO KSERER R HY S B EREI X > TEbhi,

IhHD7FN <) CEEEAD DM ETHE LT O REEE TS i, BETCHELT
HED X S ICHIBBEARZIER L, WEMOBZRICHV7, ’
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EEiZya g stk TR IBCURL, #7458, 25BOFECREZ®E, ¥
A IFRCBV TR LA EYHEREET S, IHMOKENAEIC IEEVPRD I, —fRiC
ERHBEOBH BT 52, Y44 yRTRmBEcHS, Evans (1952) & X oy @
(961) it X > THEIHSI TV 2 X 51T, WMOKFME LBMBEDOES & ORI T B B&R
HY, MHEFIMTHHFA v AR TIIRES VB UL LLEY, HEEEBORMEHT5IE
WY E I B hOEE QBT EDLHTE VDS, Hlds O INEE TIIESTEE I
EETOHEAL DS,

UK (telencephalon) [Zmixk olfactory bulb & g olfactory lobe o2 FEHE, h
DIiCHiRE+ 5 i#E olfactory nerve & mEZE olfactory tract 75755, MLANKRIZMRER &2 16 ZE
olfactory sac ITH L EERT, 4 SHETREOAELHCED LIS B 1~3X), L
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Fig. 1. Lateral (A) and upper (B) aspects of brain, and frontal aspect (C)
and cross section (C’) of precranial cavity in Physiculus inbarbatum. cc, cerebellar
corpus; ccr, cerebellar crest; fr, frontal; ge, granular eminence; hp, hypophysis;
me, mesethmoid ; mo, medulla oblongata; ob, olfactory bulb; ol, optic lobe; oll,
olfactory lobe; oln, olfactory nerve; on, optic nerve; os, olfactory sac; ot olfactory
tract ; pf, prefrontal; vs, vascular sac. Scale bar indicates 10 mm.

L, vVaxgsHBERETIIMRSBRIBICEE TS50, BERIINREEZ > <Fo ok
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HELCRTOCBEIL, MBI D2 THFTMAE I ENVHL UL LVWEBTH LM, TONE
ZOWVWTRSLIZHEMD S VIZEMOMESEO NS, $hbb, £ 5HEMEOWBRIX
HICHTHEEENICE 2509l @E1I~N3K), vaxs HEASOTNITREIZHo TIRE
WEETD CGBAN), S5, ¥4 0 ABTRKEESTTFICMHIEL TV 5720, WEKITRE
CEGE TS (B3N, WRIIEL T2 RPER O IR MR H THLER L RIEZ MK 228, ¥
A UARTIE: E3X), MEOEFREBIIHEAMCHEELERESEDOND, 4 5HE
FFORBFINEHBREOWE N> TED, TOHHBIC BV TEGIZMIESTHEL, £k
LTIRERICADZ &7V (B 1~3 X)), Zhicl, v a4y s HAMEOWBRITEEDRE
ZHICHEE VI ETFICEL Y SV, FIEBERORISA> THEL, BN 1/3 METHo
EACOHEL BRI, BMERCHS (FIX), EAO/UERITS ISETREFOLERICD
72T 2%057 0, RUMERIIAMIMEL DIMEY EZR) Faxs5pEvasrsEox
FERICHEVTOR 2R 14 K), 44 AR TREBITbE>TH—ATHE (53

Fig. 2. Lateral (A) and upper (B) aspects of brain, and frontal aspect (C)

and cross section (C’) of precanial cavity in Theragra chalcogramma. Scale bar
indicates 10 mm.

), MEIMOMMICABEL T, MEOPRTHS, 7 HIHEOMEIT M X < FiE
T50, TNTHRHCE > THEDEEMRA D, FILSRTRREELIVIAE IR,
FOMOF TN, MEDEFICIIFAELREEZ RS L Wbha/NEEA L S Tt 5,
RS S BITRESHBMORMCUE@EREYZEL E2KN), F345 B CIESER
KENTEHO, WHBICISOWTRDHEDOEHTE LT EIK), vagsETiddy - ks
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CHENWTERLN 3~5 HOEHEE LTRO LD B4N). bk, ko 3FHTHNT
BT HO WL UL LW TGE TS L SR TOSBIZR, Y FERX 7 = Eigidn
ThIPEETH5,

il (mesencephalon) 13D RIS HICH H, Xfxic LAHIE optic lobe & xhd S
L HA#E optic nerve &2 57 b, HEPREZAS, REORRIIEIIETHS2, ThT

D ———

Fig. 3. Upper (A) and lateral (B) aspects of brain in Bregmaceros
japonicus. Scale bar indicates 3 mm.

LEHC X > T—ETHHABED BN, FT45EEY A AR TIHIRIEHEY (81 .3X),
2 SRTEIBFACEVCIINEE B2K), vassp TR ETAMCEVIINELYETS
(EAN), REOFEIT—RICTL, LIRFITLIRITIEZMNED P TTEICNTHNEL,
FOMOFT L RMERRE 2~3 DA E X T T Fhw, HEMFO lateralen Einschniirung
RECRBEOLRRWD, bLBH-TIBETHD, HMRITNEDOTHTEXXL, —HiTiE
ZhOTRKZNVWLF LI ETITAIL,

fiM4 (diencephalon) ZHMD T A B L, JE<} infundibulum, ZE inferior lobe, 5T
(R hypophysis ¥ X ofmFEfK vascular sac @ 4 FEIRE FHfK epiphysis 75705, R
¥ L REORMICNET S EAKIT 2 5 IHENBITIX BEAT L OIITRED TN 5 55,
VALTFETRENTERD D CEERORRY L LTROOND., WIONITICIIRE L
B BR A BT R+ L X5 postoptische Commissurenplatte Ai—fhic & < F&
TS, WIS L, FERAKRTEARCL > TkEbh T, #25 AASTIITEDRE
C3ERBEDON, A TARTHETEIINLUS LLRET/HIL B3N, FT45EE
IR TRIEREALTIIMNBEEZETS ELINMK), 56V ax 5O TEIIFMEICIGE
LTHEZEL, TOREFZEN X > T3~5 oEdEicsis (E4X), WTE
EILREF DM B > TR K FEET D3, TOFLEBES LR L CHHRBICBRE L Z» R
Hohsd, 25 HRIKT DN FTEAIIHBS LA, ERTHEPRET, MHBIKFNT
Ty NVREETD 1IN, W oIE9 Y 34 SO TEIR MBI HEE L TEOMBITE
LKA, ORI ABKREEL, THERRINTACE TS, mIKELEEDOT
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HEORM, MTEAOHEHBKICD > T, MEHDBTLEMD D N IKEOEMEEZ TS L0 9,
CDMBERIZY A oA RTIEROHELS, Vv IFSFTIEREICTE®RT D230 TEOHIIET
EORRICDHD, 25FEFTXSBTIRERIIREL TTEDKINICET S,

#% M« (metencephalon) (Z/\J4{& cerebellar corpus, /N[¥Fp cerebellar valve Ik X8
frZeft granular eminence 2> 575% . ENO/NMKIIGIEDBLITICH > THEMOKEG %2 &
O, TOFREBRBIIAOGKITCTIE ML BHELBR DD, 2 7RI 0CF 74 5B
D/PREF—RCHEFE TR, HRES,>SEIL CEROF I, £ D, DO EHIH
WY 5 B1~2N), YA oA BTIVIMRIIESECMEL EFTRRBET, RFEZOWD
U% L LR L 2B DNMEAREROBTHICEE L T0D GE3IX). v axsBo/NuEIizs
FRBLOEF I SEDO NI THNEEL ZABIRTH 5P, 1ZEHILT 2 EPERTDH D
GEAK), COBRTEMBMEILRAONDD, TOEATI/NNANTHOMEICESE T
T NI, E DI L TR LI, NI ST i MR O B iR T
RS & IHER D B DD . CORERIEY A v ARCEFRIFETHD2, TOMDsT
BRBTIRISHEL, LV aFsHTRMAFZVEUS LLEHRTS 34 KX),

# i (myelencephalon) |3/ \Ji#% cerebellar crest, Hf##%IE facial lobe, KFEEE vagus.
lobe ¥k ¢f3ESE medulla oblongata 757 %, /NNEDES, ESEONEEEICILEN
MU THRPRICA SHERED D - T/NRE & KiEh s, ZoEiEld Evans (1940) o somatic

Fig. 4. Lateral (A) and upper (B) aspects of brain, and frontal aspect (C)

and cross section (C’) of precranial cavity in Coelorhynchus smithi. Scale bar
indicates 10 mm.

sensory lobe iYL # 4 oA B ZR< £ 5 BABIC SV THETHS, TV asrsFED
AMBIEFHRES VWL UALL, I EEACERETS BAN), SIS EIEEOREIC
fIEL, WRKBEETD L b TWEBFA AR EZDOFLARMBETIRISFEE TS, %k
ARFEREIIOPUINCEALE T 2 L vbh, ARRETIRDEVIGEL L., ERITX <FEEL .
WFNDOFHZ BT AN RBEATHD, B2 Td, ¥4 v ARHEEO I H LB LKL
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AL, #HEARLZE I~3 MEZIZAS, Z0OX S RIESEHEPOINKIZE I~3 FEmEo &
BEFECEELTOS, OO FRMEIEEHOBKCIL > TFHL, FRICER L7
EEDHM S HEICA D, FDHHCETRT S, '

EREIC BT B BINBOREIEN 2 525 &, FaLTHRTIIKNSRE LS REELTED,
Wi, %0, PMBX CRENOIHT/INEIL D, 2B TIIRNELITPMN, Mk, B
TR, HA o ARTIIKN, BN, %N, WkSECdN, v agsBTIam, PR, R
BB X Ui E /I IO/ N E L T B,
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£ 7 BRED I, WEROIE, SOHEL, WMBIZX > THRBEC DD L ENBRTHS,
KAPPERS (1936) ic X % &, DX 5 LBERD BT HI#RF#: neurobiotaxis iz X 53D TH
v, TOFERIRMELT, 475 BAETIIEEDR /A REER LBEEE, S 518
BEEPILRL THB700, BEROBIINBRZ Th-7-:E20N5, BAWESHEOPFT, &
DL D BRI OB dof s LTida4 BIE, v AFRUE, ~raFo 2B, #
T EMERSI Sy A BB (LA, 1961) AmshTtunsd, B (1963) & GOSLINE (1963)
XZDORIZERL, WRMOLIHL ORFEAVEFEBRBERHERETH 724 5 BIaELZ 3 1 HiQ
FEl3va 7o 2BEEHOBIC N ENERMA 72, BERO A BAVIE R REFENERZ
BT L TH5HEORML, 7Y 74 FE2RR < LIRS T LLIRAY R IRAY 78 B SUHIC
B35l BIXFRLALOBETI VERECHMLL TWd v ax s EAEIZS 7 HHQ
ML DLIDEMo GRHELZ) MEZ 2L VI HEHITK > THEIRX 5,
MOEREGAIEOFTIEE L L TEHTH S 2 1% SVETOVIDOV (1953) i X - CHHE
i N, FO#%, EA (1959), Fig (1963) #sk X MILLER and EvANs (1965) 73 &
Woy o v mEME, 24 80 E X < Catostomidae Bfaio oIz +h FThNTEZ iEH
LT3, BHOETHRALND X ST, 25 BAEISOTOMIZE L RERESAZRL,
HEH, RFLTBELIBOOEREL LTEETHS,

REONERLOMDOITEI S X OB L BELBRY DD, ThLEZRMT S L3NG
(1953) OEFFRIZ L > TILL BN T3, 25 HRETIITh ZThoORNZ X > TMES—EL
TWB0T, ZRHMUEO—BRIVIAEEEZNEY? DIEETHZ &EATE2, AHiE (1953) X5
&, MEERDRIEIZ LR THIRMICKE L, REREOESPEMTHLBUEI FH v 5, ¥
AUFRZERL 25 AMEREI S CoNME T RATVw5, AIEEF I8 HIEV TR DR
HHTHY, TOMD %5 AMETILOMEABE P ET IELRV L H5THD, kv 3
25 FUIRENLEBEIETH 2T 22 bOTRERHEWERRD HE L b D>, TUGE
and SHIMAMURA (1958) iz & % &, ARFEHUED 1 BA NT & 7O EHIED BIYRGE 13O F {4
FLAULTHLE VD, £, BEHEO Y a3 LS5 FICET LU E VT D, ZOHD BIdH4EE
BEH 600 m FIAIZET S ETIRKEICAZ I 2L, 1000 m LETHD TARLBHE RS
EIPHIBNTVADT, EEMIETHAEVIKLTHZTOREBEHIN L DERTHD L
FEIND, I (1953) icXx 5 &, #sRHaixkxagiiBo/ N \NEE2Fkz T, 0
TENLEHMTH LKA REE D2 &V S, FILIRMELIARTH S, IRESIEREC
HDHVALSTEEREWT DDV A4 v AFITHIEHMTHE VR E 2 @ dohv @
bbb, WG (1953) 35X of TUGE and SHIMAMURA (1958) iz X % S BFHEC H D0 F 7213
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R e IREEIVTEN I UTII FEL L CHEET DL LV D, ZORCETHR ¥4 v 4 B3R
BEEMTHD, VAL SEIRSEEETHL LMK SRS, JIE (1953) X 5L, m3E
f#% JOHNSTON (1906) iz X » TINEBEHNDKRFEM Z &2 T 5 L I, DAMMERMAN (1910)
X of KAPPERS (1921) 2 X » T/KJFDORESZM 37t b Tiefeorgan & ZinXivicat, &%
ORMBIIEES X OCBiE (1958) OBEICX > THIREHTHIN TV 5, DI FEKITEEE
FRRELEEOF TS, F5EBIOCVILFSHTIHLILSFBZEL TV, BilgEo 9 A
U FTIIRBECTREOUIFRFER L L < —HT 5, BRERE & /DMEDOIRKIZIEIAREE O
FEERTRTEVDRTWS, EVANS (1940) 132 05 OB D 5 H/ANMEEIZ HE2S 3 5 Tk
% Gadus morrhura =3\ T somatic sensory lobe & L, # S TIXL < FZT+ 5 Lk~
TVW5, ZTHDORBBEPROIEKEL LYW +5 &, BUREREILY 24 58Ik TIERIC
I FHEL, FOLFSEHELSHIIFVTLILTERTED, YA vFFHTIIFHKEL LV,
O#EFIE TUGE and SHIMAMURA (1958) DR L X< —H+5, Lo»Ll, #5HEIE
EEFEITERISPELLPEVTERATH Y, TALFTLIEE Y 355 FUTEEMIIE
IV 0T, KEOPREL Y oMK TEHETD S L LW (1953) offmiciEl T
5, EHIT, VIAFSEICRT /M NEOTEEIE PFULLER (1913) I X - THEAESh TV 5 &
S THIERE G OB A BCFERL b, FAUHEHAEF T4 5HE 4 SHEHZSVWT IR
Bhb, ZOX 5 ISR OREITEIHFC I 5 HERA SRS DD EEL LD,
% 5 BHRSIINRBZMERL TV B X O WILBT NI E T 52°, EREOFEHITIT 2 > DR
BOOLNDE, FILIH, 27HBLEVILFHIBIDEBOREIITE L TUMNNES X
CEEMREONIARICE 53D TH 5, SATO (1937 « 1941) 1ZflL » LHBOREZ HV Tk
T AT MEENIRET L LERLTV S, WolEd H A BT B DIEEE DT
ZRFOBHONKICEDDIDOTH S, Z ORTIIERERITL S H THEEDO/ 3 KA S
BINIFRMEPEFCFHEL TR, STHIMRBRELIEET SO LTINS,
8, 295 B2HRT 2S5BSO —RVTE B X CTENINE? SO X S ITHEESh
5, Y4 oA RMEIIERIGHTT, WY MRV RMTEI R & 5, SRR X ORI R R E IR
2 LRSS TN EMCEEEID E D RV Bbhd, FI45RB LK
& 5 BHOFIXBGET, REMTENIWRRTER, & <F I8 5 BHSERE SV, BEies
 WATHED R, IEIUSMEPLIE SR, WRTENIRER CTH D2 REE TR 5. v a4 5FH
FHixwb U UL BT, REFTEIRAKEER, T eR_R T REXICHT 50750 O
B hE b0, 7215, M EAEE 2T\ 35 L XELSNA ., TSR IIER I
S, WRTENIERTH 55, ZPLOREENEISDL 5 TH S,

£ #

ARCHVTHANS S A 2 BH 4 B 1L FOMES HE SR, TOR, %35 HM
FILHORNEE 22 &, BXORNBREN 25 RO EE E LTI RETH 5
ZEAVHIBE LA, X SN K S e BB O — R B M « 8 b e TEE S
72,

L ks SRS S WO RS h T wic X 912, 25 BUED N TIEINER 110 i g
HOHWHEL, MEIZX > THRFICORA D,

2. 45 EETRIRIITTEEIENC D D ARG X > TREEIC D 7eh 5, F7- 1 fomes
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BEFRCNES G TE D22 WEICIZR L TAL LV, FRAZRET, WHEHBICR Ty

+ NVREET D, VoIS, v a g Tl E TIEER NI SR & TSI A D LS I 5
To. L7ndoT, MRk & LD IS IR — DU R ASD B E L, & BITERDBERE
EVIZETCEEL, MFCsyTIEIZAS, TRIKIBHRT T ICH > TEHT 2,

30 FAUARTRMERIIMNIEEZEL, MRIXEr <, WHEOKMIIIMA LHIET, h
BRIT R, T, WRZEE, DS L CmBERINZE A LD SRy, IERE I F RIS
L —REXRIETERS B, 7 T4 7 BREORT & 7 BHURD T X <BTH D, RE
BIZIRL, MFITEL, MBEREOTALEMET, NMRAIIAS < ThRINT 5. T BHEE,
MRS L OMBERIE L LT Do S HICEBEHRIITY A Y ABUTHT 21T LR L LV,
PAEL, F IS RIEO RIS IR L O b X <FRT 5T L, BEOHMOURITIER
TRZATHPLEDDRD T LR EDUTEVT S 5 BUSIOM E R %, v 345 BTIE
ERUAERE LTOREDEND, KERBVHUL LAIRT S &, TE, Filzis
FNeBEPIREIC X CHET DT &, BLOEMRITIEHT 2T 282K LTIRSS
%I LB ENEHENTH S,
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Résumé

In this paper the author has newly examined the brain of 11 Japanese teleosts
which belong to the families Moridae, Gadidae, Bregmacerotidae and Macrouridae of
the order Gadida. As the result, it has been ascertained that all of these fishes have
the brain pattern peculiar to this order, and that the brain is differentiated morpho-
logically among the suborders or families and probably even among the genera.

1. As has been pointed out by several authors on some species of Gadidae, the
olfactory bulbs in Gadida are always separated from the olfactory lobes, being con-
nected with them by a pair of olfactory tracts.

2. In the suborder Gadina, each olfactory bulb remains in the precranial cavity
and is anteriorly connected with the olfactory sac by an olfactory nerve. But, in
Macrourina it migrates forward into the nasal fossa to be close together with the
olfactory sac. Consequently, the olfactory nerve is not recognized between the bulb
and sac in this suborder. The olfactory tract is widely separated from its opposite
mate and does not enter the orbit in Gadina, while it is overlapped by its opposite
mate and passes through the orbit anteriorly in Macrourina. Moreover, in the former
the hypophysis is depressed and shovel-like in ventral view, but in the latter it is
mussive and hangs downward.

3. General features of the brain in each family may be summarized as follows;
in Moridae the brain which is moderately compressed bilaterally in general appea-
rance is similar to that of Gadidae in its basic pattern, the olfactory tract extends
from the anterior end to the posterior end of the precranial cavity, the surface of
the olfactory lobe is complex in shape, the large cerebellar corpus is cylindrical in
shape and extends backward to the rhomboid fossa, and the inferior lobe, acoustic-
lateral area (granular eminence and cerebellar crest) and vascular sac are well
developed. But the gadids are different from the morids in having the optic lobes
larger than the telencephalon and the olfactory tract consisting of 2 cords, median
and lateral. In Bregmacerotidae, the brain is cylindrical in general appearance, the
olfactory tract is very short, the surface of the olfactory lobe is almost smooth, the
cerebellar corpus is strikingly depressed, and the inferior lobe, acoustic-lateral area
and vascular sac are not developed. The medulla oblongata in this family is strik-
ingly enlarged and gives rise to the Ist to 3rd spinal nervés which run downwards
along the posterior margin of the shoulder girdle to enter the outer 3 soft rays of
the pelvic fin produced into filaments. The macrouroids have the brain highly com-
pressed, long olfactory tract and large cerebellar corpus erected upwards. In this
family the acoustic-lateral area and inferior lobe are very well developed, but the
vascular sac is rather small.





