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                                 Abstract

    Synopliea} evelutional ckanges of an eehinoids genus Echinarachnius clttring tlie IN'eogenie

titnes in Japan are ebservee. The Miocene specles dlffer fTom the other later species in their

small te$tg, mere oval forms, simple ambt}laeral furrows and their supramargina} periprect$.
' I'hese .facts az•e important 'Åíor the blostratigraphy. 'l"he variable amb"laeral pelals exhibit no

definlte evolutioiiary tendency.

                              Introduction

    Echtnarachnitts is ene of the most popular genera among al} eclainoids living
areund Japanese Islands. It lives on the sandy s}}allow sea bettoms.
    The fossils of this genus are diseovered in the Tertiary strata of this country.

Tlie living species were studied by S. ToKuNAGA, S. NisiyAMA, H. IKEDA, K•
ONoDA and TH• MoRTENsEN, and t}}e fossil species by S. ToKuNAGA, T. NAGAo,
S.'NisiyAMA, W• E[AsmMoTo, I. HAyAsAi<A, M. SmBATA and the author.
    The geological horizons of the$e fossil species of Echinarachnius were clari6ed

later by effbrts ef many students. They oecur in so varlous horizens from the
Oligeeene te tlie Recent as almost successively, offering va}uable data in con-
sidering the development. The elaborate exrelutional successions, soch as the
ecl}ineids in the Chalk of England oar in the Tertiary of .North Amerlea, cannot
be established in Japan for the preservation is by ne means good. Nevertheless,
Echinarachnius occurred in localities of varieus geolegical herizons of Japan
would be very valuable with retscrard to its plrylogenical development. '
    The author expresses his acknowledgements to Prefessor JiRo MAKryAMA of
his institute for reading over the manuscript, and Mr. KAzuNosvKE MAsuToMi,
JTVIr• SvEo KANEKo and Mr. JvN)} ITo!GAwA for their kindnesses offering the
valuable specimens.

         Reeent and fossll species of Echinarachnius in Japall

    [lrhe recent species of Echinarachrtius live, not only in the Pacific Ocean,
but also jn tlie Atlantic Ocean, the Indiari Ocean and the lled Sea. The Japanese
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speeies are known widely distributed fxom I'Iokkaide in the north to Kyusyu in
tl]e south. 'rhe fossils oecur in the various strata since the Oligocene.
    These Echinarachnius are living without exceptien on the sandy bottem in
the shallow sea shores. The fossil species are always discovered from the sandy
or conglemeratic matrices, and this fact seems to show the circumstance of shore
waters in the past. At present, the following thirteen species and two subspeeies
are xecognized in 3apan, (* fossil species>

               Table 1 Th.e geeiogical raage ehart of Echi•narachrtius.
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E. mierethyroldes

E. rumoensis

E. subtumidtis

]l. naganoensls

E. tsudai

E. ishloi

}`lh ]asranolitliinus

F.. paxma

E. mirabilis

E. mlrabilis temtis

E. griseus

E. brevis

E. parmaebesus

   Oligoc.

i-I

l.1]il
'i l,

Mioc. 1)iioc. I l'leistoc. I IIIotoc.

     ll
     l.

     /i     I

m/     Ii
     ,l     ll     1i
     Ii     t/     1- /     lI
     l -l

     i-i
     j1i
     / ny     /t     ll 11
     l/     ili     1/     //     li    ll    tt/     il
    jl    ili

   ]
   l
   i
   i
   i
   i
   l

   i

   i

   l

   I
   i
   l
   I
   l

   j

"--  i-
                 I                 l                 i-/tt TtJN___t-ut-ut-t-                 I
                i
       _

?
:

l

i
i

i

*

*

*
*

*
*

*

*

*

*

Echtnarcschntus itipponicMs (ilFIAGAo)

Echinaraclmtus subtunzidus INTislyAMA &
Echinarachnttts ritntoensts HAyAsAKA &
Echinarachnitss microthyrotdes NisiyAMA
Echinarachnius ntinoensis zt. n.

Echin(trachnius naganoensis MomsmTA
Echinar(tcltnitts. par•ina (I.AMARcK•)

Echinarachniiss Labcrtsnol•ttltii}tss INTislyAMA

Echinarochnius mirabilis (A. AGAsslz>
Echinarcechnius i•sl}io't MoRIsHITA

HAsHIMoTO
SHIBATA
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* Echt?taracltnttts t•sttclat MoRIsHITA

* Echtnarachnius ntirabilis tenzeis YosmwARA
* Ec}}i,narachntus grtseus MoRTENsEN
  Echinarachnius brevis IKEDA
  Echtnarachntus parrna obesus H. L. CLARK

Besides, E. asiat•icu•s MicHELiN <Recent), ff. elongatzt•s NisiyAMA (Nt iliecene), and E.

parvu•s NIsiyAMA (0}igocene) have been reportecl ])y S. NislyAMA from Saghalien.

                   Morpho!ogie feature ef eadh epoeh

    OLigocene Only one species, E. nipl)onicu•s (NAGAo) frem the Ashiya Creup
of Kyusyu is kTiown. The systematic position of this species is not certain, but
some morphologic features, sueh as its large lengitudinal diameter, eccentriÅë
apical system, periproct be in supramarginal, undifferentiated ambulaeral furrosvs
seem to show the aneestral form. The figure given by Nagao illustrates tl}e
general featare of this species, very much allied te the ]NvCieeene species, E.
rni•noensis n.n., except it's moclerate size of tesL.

E. parvus of Saghalien is very close to the Miocene speeies stated abeve.

    jiWiocen.e The fo}iowing four speaies are known.

           Echin,araehni,ess n)icrothyrotdes NisiyAMA
           EchirLarachnitts sztbtitmidzt•s NIslyAMA & KAsHIMoTo
           Echinarachnitts Tu,moensi•s HAyAsAKA & SHmATA
           Ech'inarachnii.t•s minoensis n. n.

    Among these, E. ntin,oensis oceurs from the middle Miocene of Nagano, Gifu,
Kyeto, Nara and Yamaguc}ii Prefectures, ana the other three species prebably
frorr} the upper Mioeene of Iwate, Teyama Prefectures and Hokkaido.
    The most remarkable featuxe ef E. minoensis is its small size of test, measur-
ing 8 rnm. in diameter. Moreover its eccentrio apieal system and it$ supramarginal
periproet are the other important features. The ambu}acral furrows of this species
are indistiRct, but certainly it is undifferentiated as in E. parvtts.

    The test of E. ?'niciothyroi,des is moderate in size being abeut 55 mm. in
diameter. Hewever, the eccentric apica} system, and t}}e bifurcated ambu}acral
furrows near margiR are tlie distinctive 'features of this species.

    E. sztbtumidtss and E. fttinoensi.s are just alike 'in trifurcated ambulacral
furrows at margin of test, suprarr}arginal periproct and ratl)ear small test-the
former about 33mm., the ]atter about 4,1mm. in longitudinal diameter.
    E. elongatus from Saghalien has the similar characlers besides : the smaller
test (about 28mm. in leng. diameter), undifferentiated ambulacral furrows, rnore
oval shape, and supramarginal periproct.
    The general characteristic common te the Mieeene Echinarachni•us, is the
smallness and oblong of the tests with imdifferentiated or simple bifarcated
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ambulacra! furrows near margin, as well as the suprarriarginal periprect.

    Pliocene The following six speeies and one subspecies are recognized in
the Pliocene rocks.

           Eclili}ara,e]miu.s naganoensis MoRismTA
          .,Echinara,chniu,s parma {laMARcK)
           Echi,naraehni.zts mirabi•lis (A. AGAssiz)
           Echi,n.arachnii.t,s mircth'tl'ts tenu•'i,s Yosi{iwARA

           Eehinarach,rtkts tsu•clai IVIoRismTA

           Echinarctcluziti,s isl}ioi• MoRismTA
           Echilxarachni,Lts EabcranoLlthCn•tt•s NisiyAMA

    The PIiocene forms are variable, presumably inciicating the mest thr{vingpess
ef the genus. ]n general, these species have tke wavy margin of test, ambu]acraL
furrews bifurcated near the peristome or re-biflurcated betweerp. the margin and
peristome. The tendency tewards the wider transver$e diameter, and the
migration of periproct to the postearo-margin, are conceivahle.

    I'Zei•stocene The following two species are lcnown.
           Echina,ra•ch,ni,it•s mirabi•lis (A. AGAsslz)

           Echin,arachn,i,u•s grisei.is MoRTENsEN

    The general features of the Pleistoeene forms are not essentiaily cli{llerent
from those ef the Pliocene. &}t the supramarginal periproct gÅí E. grtsezi,s is

-tmterestmg.

    ffoZecene The following feur species and two su})species are known.
           Echi,narachniu,s brevis IKEDA
           Echinaracltn,i•us pa.rm•a ol}esits K. L. CLARK

           Echi,narachnius parina (L4MARcK)
           Echinaraclmius n}irabiZis <A. AGAss!z)
           Echi,naraciutius mirabtZis teizt-is YosmwARA
           Echinarachnius grisezis MoRTENsEN

    Besicles, tl]ere is tlte Saghaiieia form, E. . cssia•t•ici.ts MicHEuN.

    E. rl}lra•biLts is reported from the alluvium of Namba, Osaka City also.

The general features seem to have been not ehanged sii}ce the PIiocene Epocli.

                         i
             General ehange through the geelogieal epocl}s

    This modern genus of Irregu3ar Eehlnoids, appeaxed in the Tertlary periocl.
    T})eir tiat mode, specialization of (ligestive system (periproct ancl peristeme)
and the reprocluctive organ (genital pores)v (lenote the adaptation te a nes•v living

methed. "Åíhe degeneration of Aristotle's lantern in this genus as in other irregthlar

ecliineids indicates a ehanges of diet. The backward lecation ef periproct and
the disappearance ef genital pore liPon the posterior interambulacrum are related
tpt• t}]e fiattenecl test; "i'he depression leads to cem})lication of all' organs.' Tke
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oesophagus lies between peristome and periproct hardly remain a space to accept
another organ. This is why the posterior genital pore is missed in this genus.
Jn fact, all species of EchtnGrachnins have no genital pore in the posterior
interambulacrum.
    The morphological changes through the epochs between tlie 0]igocene and
the Recent, are as follows :
1) Size increased, old Iongitudinally oval test replaced by new transx,ersely oval
one. Height unchanging, always at abaetinal. Slightly concave actinal surface
flattened later.

                    a                       i•l.".

                 b  
                   

     Textfig. 1 The relative figure showing the differences between t}ie Mioeene ancl
               the later specles. a. a small species of Echinarachnius from the
               Miocene. ]). an oblong species of E'chinaraclmins from the Miocene.
               c. a wavy species of Echin•urachnius since the Pliocene.

2) Nurnber of genital pores is invariably four. This is related to the flat test
and the situation of oesophagus.
3) Simple actinal arnbulacral furrows of tlie early types changed to the later
complex ones. The furrows are undifferentiated or bifurcated only near at the

                  ad                                         v/
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2 The relative figure showing the changes of ambulacral furrows
   ])etween the Miocene and the later g.pecies.
   a,b. The simple ambulacral furrows of the rvliocene speeies.
   c,d. The complex ambulacral furrows of the Pliocene species.
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raargin in the Oligoeene and the Mioeene species, while the bifurcatien take
place near around the pexistome ancl even rebifurcation is cemmen in the ]ater
forms after the Pliocene.
4) Chaitge in location of 'periprect from supramarginal to posteromarginal. The
change happened during the }ater Miocene.
5> Petaloiclal area lndifferent, exeepting the .increasing number oÅí' pore-pairs of
peta}s i. e. abeut 4,l ln E. 7nicretlLyroi.cles of Miocene, about 68 in E. r?zira,biZi,s

of Recent.
    Ameng the c}]anges statecl above, the height, thiekness of margin ef test
and the prepeTties ef petaloidal area {lo not show any definite tendency. These
cl]aracters seem to be variable. [l"he changes between the ]IYi{iocene and PIioce.ne

suggest a big a}teration in circRmstance. The apparent immutabi}ity after the
begiiming ef the Pliecene may yepresent the arelative shortness ef time, some
millien years may not be enoug}}.
    Some poor specimens o'f Echi,n,ctrach•ni,u,s at hand fumish an examination ef
the yotmg form. Tke general featares of young ferm of Echi,nctrachnizts rnira,bii,is

were described by S. ATisiyAMA. It is oblongiy oval in outline, it has a
sLipramargina} perlproct, eccentric apieal system cancl a small number oÅí pore-
pairs. 3'i}ese yottng characters of the Recent species are well eorrespomling Nsrith
the adalt characters of the pioneers of the eligo-". flioeene.

                Notes en the speeies of Echinarachniits

                     Ech,inarachniu•s nipl.)ori•i,cits (NAGAo)

                            (Pl. XI, f].crs. 3, 4•>

.l.92a 'l'. IN"AGAo, Sci. Rep. [1'ol]oku Itnp. [fniv., 2ncl ser. ].2, l, p. 16, pl. 1, figs. 5, 6

].94•e S. INiTisTyA,}fA, Jub. i'ubl. Comm. Prof. YABisls 60th Birth., p. 82].

eligocene : Ashiy.a Group ; Takasu and Asakawa, Ashiya-cho, Onga-gun, Fukaoka
                          Prefecture. (Long. E-130"40', I.at. IN-34S, neaT
                          Wakamatsu City)

                  Echinarachnizts microthyroides NIslyAMA

                              (PI. IX, fig. 5)

.l94•0 S. NisiyA.xrA, Juh. Pul)}. Comm. Prof. YABiil's 60tli girth., p. 828, pl. 44, figs. ].7--LtO

]949 A. MomsuiTA, Jour. Ceo}. Soc. Japan, ,55, p. 256
l.953 A. MoRisml'A, Mem. Coll. Sci., Univ. .Kyoto, s.e'r. B, 20, 4-, p. 219,'pl. ], fi.rr. 3

Miocene : Suenomaatsuyarna Forrr]ation ; Fukaoka-cho, Ninohe-gun, Iwate Prefec-
                                      ture. (Long. E-leq"20', Lat. Nn40el5')
          Tsu])ono Siltstone; l'{ukugahara, Sendanno-mura, lligashitonami-gun,
                             Toyama Prefeeture. (Long. E-l37e, Lat. N-36"
                             4HO', near Takaoka City)
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                ? ; Karr}itsugg-mura, Kitashiclara-gun, Aichi Prefec-
                              ture. (Long. E---137"ttlO', Lat. N-35"IO'>
Pliocene?: Shigarami Formation; Kawashita, Togakushi•mura, Kamiminechi-

                                . guil, ]Slagano Prefeeture. (Long. E-i38elOr,
                                  Lat. N-36%10', near Nagano City)

             Echinaracluzi•zas szabtunttduas NlsiyAMA & I-IAsmMoTo

195e S. Nrsn'A,MA & W. IIAsiii}toTo, Shortpapers I()l'S, 2, p. 39, textfigs. 1-3

". Iiocene: Tegeshita Fermation; "rogeshita, Rumoe City, Imlokkaido. (Long. E-
                                14,2e40', Lat. N_44"20,)

                                                         '
              EchÅínaracibnizas rttrnoen$is HAyAsAI<A & SHIBATA

.l.95L) I. I'ltkyA•gAKA & M. SE{mAT.x, Jour. Iiac. Sci., Hokkaldo Ui}iv., ser. 4,, 8, 2, p. 8L), Iig. I

Ai{iecene : Togesliita Fermation; Togeshita, Rumoe City, I{okkaido.

              EchtnarGchr}'i•us ntinoeibsis <MoRIsHITA) nonb• nov.

                            (Pl. XI, figs. 5'"-r7)

ll.953 Ststn.ondia naga.itoen.sts, A. MoRis}nTik, Mem. Coll. Sci., Univ. Kyeio, $er. B, 20, 4•, vl. 218f

                                  fig. 2, pl. I, fig$. I, 2
1.()54, Echinarachnius brevis, iA.. MoRTsmTA, Mem. Coll. SeL, Univ. Kyoto, ser. B, 2]., L, p. 225,

                                 f}g. 2, pl. 7, figs. 1--3
.l.955 Echinarachni"s sp., K. MAsuTowt, Jour. Soc. Ettrthsci. Aiiiat. 3apan, 8, l, p. 29

    Deseription:- Tlte outline of test is subpentagona} and po!ntecl behincl.
The ]argest wiclth is in the pesterier paired interambttlacra. The liigl)est point
is at a little anterler te the apical system, which i$ eccentric anterierly, situated

at 4,.7mm. frem the anterior margin, and mea$ures 10mm. in lengitudinal
diameter. The genital pores are four.

    The abaetinal surfaee rises to apex gently. Its anterierc paTt is more
elevated than its posterior part.

    Ambulacral petal III is mere broadly open at it's extremity than tl}e other
f'our, but it is nearly egual to the paired petals in slze-Length 3.lmm., width
1.7mm. . Poriferous area is narrower than !nterporiferous area-0.3mm and
1.1mm. in width. Number of the pore pairs are about 22'
    The row of pore pairs diverge near the centre and converge towards the
extremities. The actinal stirface is slightly cencave. rrhe peristome is a little
eccentric anterior]y, similar te the apical system. Tl}e peripreet is reund in
outline and supramarginal being at a})ont 0.5 mm. frem the posterier periphery.
[rhe ambulaeral furrews are iRdistinct.
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_Measurements :-
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    !1
    17
    12
    11
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  Apki
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    11
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 7.0 mm•
 13.5

 8.6
 8.5
 7.2
15.8

 6.0
 4.5
 xi..0

 6.4,

!}.o

Width

l6. 4,

6.3

4.6

4•.5

6.8

    Remarks:--- A smal} fossil of sand•doli.ar from the Aoki l';ormation of Nagano
Prefecture wa$ iiamec{ Sismondta TzagQi}oens./'s. .,<A. MoRismTA,•l953) Bat the
material wa$ intexnal mode, which is guit6 identical with the many small speei-
mens obtained frem tlie TVIiocene of Gifa and Aichi I'refectures, and determii}ed
as tlie yeung of E"cltinasrachni•mas brevis. After then small fossi]$ belong to the
same eatagory bave been cliscovered at various localities ; Okuyaraacla of Kyoto,
Susa ef Yamagtichi anc{ the same localities of Gifu Prefecture. Examined in
cletail, ali these specimens aye referred to the same species of IEchinaraclbntus.

'l"hey are not really yeung; they are small but adtilt specimens of a distinct
$pecies of Ech'i,?'baraclbn'gt.ts'. Tlierefere the auther has to rectify the fermeer

nomenclature. I-Iowever, as the name " Echtn(trachn.gtts na•gaiioensis" is pre-
occupied by a species of the Ogawa Fermation in Nagane Prefecture, a new
name Echinarachnius miizoensis is introduced here.

    Thi$ species is very much allied te Echinctrachnitts Parvus NisiyAMA frem
the Oligocene of Saglialien, but ciistinguislied frem tlie latter by no slaallow groove

in the middle part ef interambulacrum V ; the ambulacrum III undifferentiate
from the ethers, its cencave actinal sicie and its periproct being situated nearer
to the posierior margin.

    Geological Herizens alld Localities :-

MicldlelV[iocene: AekiFormatlon; Shimizasawa, Aida-mura, Higasliichiktima-
                                gun, Nagano Prefecture. (Long. E-l38e, Lat.
                                N-36"20', near Matsumoto City)

                Togaxi Tuffaceoas Sanclstene; East of I'Iaginoshima and Ixxkyo-

                                          yama, Kamade-mura, Toki-gun,
                                          Gifu Prefecture. (Long. E-1370
                                          20', Lat. N-35025', near Tajimi
                                          City>
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Nagashino Formation; Yeshimura, Nagashino-mura, Minami-
                      sliidara-gun, Aichi Prefecture. (Long.
                      E-!37"35', Lat. N-34"50', near Teyo-
                      hashi City)
Tsuzuki Fermatien; Okuyamada, Ujidawara-mura, Tsuzuki-gun,
                   Kyoto Prefecture. (Long. E-l35050', Lat.
                   N-34"5e', neax Uji City)
Susa Formation; Koyarna. Susa-ch6, Abu-gun, Yamaguchi
                  Prefecture. (Long. E-l31"35', Lat. N-34P

                  35r) .
IFujiwara Fermation; Furuichi-cho, NaTaCity. (Long. E-l35e
                    5ot, Lat. N-34S40')

                     EchinarachntLts pcz,rnies (LAMARcK)

                       (Pl. IX, dg. 6: Pl. XI, fig. 1)

1900 S. YosmwARA, Zeel. Mag., 12, p. 393, pl. I5, figs. I.4•, 25

].903 S. 'lbKvNAGA, Jour. Col}. Scl., Imp. Un{v. Tekyo, l7, p. 12

1925 H. L. CTJARK, Caf. Rec. Sea-Urchin$ Brit. Mus., p. 168

l933 S. NisiyAxi[A, Iwanami-koza, p. 47

l939 H. IKEDA, jouT. Dep. Agr. Kytisyu Imp, Univ., 6, 2, pl. 4•, fig. 9, pl. 6, figs. 4•, 5

l94•e H. IKEDA, Annet. Zool. ]apon., ll9, p. 3, pl. 2, fig. 4f

l94i2 C.W. CooKme, Jot]r. I'alaeen., 16, p. I6

1948 TEI. MoRTENsELN', Monogr. IV2. p. 367, pl, 71, figs. !6, 23--26

l949 A. MoRisi-iiTA, Jeur. Geol. Soc. 'japan, S5, p. 256

Pliocene: Omma Sandstone; Maitani, Akamaru-mura, Nishitonami-gun, Toyama
                            Prefecture. (Long. E-l36e50', Lat. N-36"4iO', near
                            Takaoka City>
          Sawane Formation; Sado Islancl, ISIiigata Prefecture. (Long. E-l39e,
                              Lat. N-3s")
Receiit: uiikneyvri in Japan.

                   Eehinaraclbnius ii}irabilis (A. AGAsslz)

                           (Pl. VIII, figs. 3'v6)

1885 IL,. D6DERLEiiN', Seeihve! von Japan "u den Liukiu, p. 73

].9eO S. YosmwARA, Zool. Mag. 12, p. 392, pl. ].6, figs" 9, le

k903 S. ToKvNAGA, ,lour. Ce}l. Sci., Imp. Univ. Tokyo, 17, p. ]I
1906 S. :tbi<uNAerA, Jour. Cell. Sci., Imp. Univ. [iokye, 21, p. 7L

X925 I-I.L. CLARK, Cat. Bec. Sea-Urchlns Bril. Mtts., p. i68

1929 [I'm MoRTm'sEN, Sci. Rep. Toheku Imp. U}iiv., 4,tli ser., 4t, p. 477

l933 S. AoKi, Iwanami-koza, p. 4•7, fig. 60

l935 1'I. IKEDA, Bttll. I?ac. Sei., Kyusytt.Imp. Univ., 6, p. 2e2, i}gs. 5-8
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l935 I'I. IKEDA, B{}t. Zool., 3, p. 1765, {ig. 5, p. ]766, {ig. 6

1937 S. Nisi.yA}iA, Rec. Oceanogr. Works in Jttpan, 9
1939 H. IKEpA, Jotir. Dep. Agr. Kyusyu Imp. Univ., 6, 2, pl. 2, iigs. IL---L), p!. 4, fig. 7, pl. 8, fgg.

            4,, pl. 12. fig. Ie, pl. 13, figs. 1-3

]94•0 N. IKEDA, Annot. ZooL Japon, 19, p- 4i
l.940 S Nisiyts"iA, Jub. ?ubl. Cemm. Px'ef. YABE's 60th Birth., p. 835, pl. 4•3, fibrs, l--4i, pl. 4ifi,

              figs. 1-6
.194,1. D. MlyADI, Mem. Imp. Mar. Obs. Kobe, 7, p. 517, fig. 5
19447 I. IIAyAsAKA & A. MoRisH{'r.s, Acta Geo}. Taiwan., l, 2. p. 94, pl. 8, figs. 'k-2

11.948 [L'H. MoRTEiisEts', Menogr. IVz, pi 375, pl. 61, fig. 9, pl. 63, fib,. 4•, pl. 71, figs. I.9-2Z

I94•9 A. MoRismTA, Jour. Geol. Soe. Japan, 55, p. 256
1954 El. UwNo}ri, ?ubl. Seto Mar. Biol. ILab., 3, 3, p. 354

Plioeene: Omma Sandstene; Takemata, Mitani-mura, Kahoku-gun, Ishikawa
                             Prefeettiye. {Long. E-136"tl,5', Lat. N-36e35',
                             near Kanazawa City)
                           ; Kuraniadera, Akaniarti-mura, Nishitonami-guii,
                             'Yoyama 1'refecture. (Lonsf. E-l.37", Lat. N-36e
                             tSS', near Takaoka City)
                           ; I'Åíetta, Kamishiro-mura, Himi-gtm, Toyama Prefee-
                             ture. (Long. E-!370, Lat. N-36e50', iieay Kimi
                             City)
Pleistoeene: Narita Fermatio}i ; Chiba Prefecture <! arita etc., Long. E-lclOC20',

          ' Lat. NT-3504i5')
             Miyata Formation ; Kanagawa Prefecture. (Hatsase-mura etc., Long.
                               E-139a40,, Lat. N-35"4i5t)
             Shinagawa Formation; [l.rokyo City. (Oji, I.ong. E-l39e4,5', Lat.
                                   Nl -35e35t)
                                   Ibaragi Prefecture. (Kuga-mura, Long. E-
                                   lmoe5', Lat. N-35C55'}
Ho}ocene: AIIuviam; .Namba, Osaka City. {Leng. E-l35e3e', Lat. N-34P40')
           Recent specie$ is widely distribating from E-I4ale N-4i3e to E-l300
           N-33". (Otaru, Hakedate Bay, Mutsu Bay, Coast of Sanriku, Senclal
           Bay, Tateyama Bay, Tokye Bay, Yokohama, Misaki, ebama Bay,
           Inland Sea, Ise bay, Tanabe Bay, Kakatft, Bay, Omura Bay, Amakusa)

                  Echinarachnius laganoltthinus NisiyAMA

                            (?l. X, figs. 1, 2}

l940 S. NisiyA,x{A, Ju}). Pub. Coinm. Prof. YABE's COtli Birth., p. 830, textfig.I2, pl.44•, fig. 21,

              pl: 45, figs. I--9 '
1'liocene: Shibikawa Sandstone; Wakimoto-mura and Okura-mura, Minamiakita-
                                gan, Akita Prefeeture. (ILong. E-l39"55', Lat.
                                N-39"55,)
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                      Ech;narach?zius esztdai MoRIsHITA

                              (Pl. I"><l, fig. 5)

]94+9 A. MomsHiTA, Jour. Geol. Soe. Japan, 55, p. 257, textf}g. I

     75mm in diameter, 5mm in height. Test i$ v.ery fiat and round in outline.
Apical system is central. Each interambu}acral area is more or less depressed
at margin of test. AII amburacral petal$ are nearly equal in its Iength, reaching
31Ll, ef radills. (26mm. in }ength) Porifereus zones are much narrewer (i.5
mm.) thaR interporiferous zone (6mm.). Number of pore-pairs are about 55:
Actinal surface is slightly concave. Ambulacral furrows are bifurcated close to
peristome that is central.
     Straight ambulaeral petals are remarkable feature of this species.
Plieeene: Omma Sanclstone; I{utamata, Asakawa-mura, Kaheku-gun, Ishikawa
                             Prefeclure. (I,ong. E-136"50', Lat. N_36"35',
                             near Kanazawa City)

                      Jf;chinarac}tnins islxiot MoRisKia'A

                              (Pl. X, fig. 6>

19(l•9 A. INtloRistiiTA, Jour. Geol. Soc. Japan, 55, p. 257, textfig. 2

tgO.5mm in longitudinal diameter, 4,2.2mm in transverse diameteer and 6mm in
heigl}t. Test is thin in margin, remarkably e}evated to apex, and subpentagonal
in outline. Apical system is more er less eceentric anteriorly, situated at 19.6
mm. from anterior margin of test. Number of genita} pores are four.
    Ambulacral petal$ are longer than half ef radius of test, and widely open
in their extremities. Anterior paired petals are slightly shorter than tl}e otlier
three. (II, IV:l2Å~6mm. I, III, V:l3Å~6mm.) Porifexous zones are broader
than interperiferous, (por. Imm, intpor. 4,mm.) Numbei of pore-pairs are
about 38. Ambulacral petals diverge at 2!3 of radhis, then eonverge at their
extremities.

    Periproct is rather inframarginal. Actinal surface is somewhat cencaye.
P.eristome is slightly eccentric anteriorly. Ambu}acra} furrows are indistinct.
    Elevated test, widely opened petals and inframargina} peTiproct are remarka-
ble feature of this species.

Pliocene: Tagawa FoTmation; Tagawa, Konade-mura, Islishitonarni-gun, 'l]eyama
                              Prefecture. (Long. E-l36"50', Lat. ]sl--36040',
                              near Takaoka City)

                   Ech,bxarachntzes nagGnoensis IN(foRismTA

                            (Pl. X, figs. 3, 4)

]953 A MoRJ,gmTA, Mem. Cu}l. Scj., Ux}iv. Kyote, $er. B, 20, 4" pl. ], Iig. 3
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Plioceiie :

]898 S. YosmwtiRus,.Amiot. Zool. Japon,
l900 S. YosmwARA, Zool. Ma.q,
]9tlO S. NIslyA."[A, Jub.

I9t18 Tm MoR,rEiysEN,

1949 A. MoRisHiTA,
l954 i-I. UTINo}fl,

Piiocene :

Recent :

l927 '1'H. IV{oRTEts'sEN, Annot.

1929 '"I. MoRTENsEN,
I933 S. Aom, Iwaiiami-koza, p.
1935 H. IKEDA,
I939 }I. IKit'DA, Jeur.

194dO Ii{. IKEDA, Annot. Zool.

1940 S. NIslyA)rA,

l948 TH. MoRTENsiÅíN,

Pleistocene :

Recent :

1936 H. k{EDA, Bot. Zool.,

  Ogawa Formation; Naniai-mura, Sakae-mura, Miiiochi-mura, Kameji-
                     mura, Kamiminochi-gun and lliasa-mura, Kita-
                     azumi-gun, Nagano Prefecture. (Long. E-138"IO',
                  ' Lat. N-36"4HO', near ISITagano City)
  Shiiya Formation; wwzuhara-mura, !S4Takakubiki-gun, Niigata Prefec-
                     ture. (Long. E-138e5', Lat. .N-36e40', near
                     Takada City)

         l:chlnarach•reitts ini•rabiLis termis YosmwARA

                    (P]. IX, figs. 3, 4i)

                       2, p. 61
                 i2, p. 392
         Publ. Comm. Proe. YABk's 601h Birth., p. 83{)
        ]Ntlonogr. IV2, p. 378, pl. 6I, iigs. 3--5, l}1. 6Lt, fig 4

       Jour. Ceol. Soc. Japan, 5t5, p. 256
     Publ. Seto MaTine Biel. I,ttb•, 3, 3, p. 354t

  Omma Sandstone; 'HLitamata, Asakawa-rr}ura, l<aheku-gun, Iskikawa
                    Prefecture. (Long. E-136050', Lat. N-36e35', near
                    Kanazawa City)
Keminato (Long. E-lti,OelO', Lat. IXT-35"IO') and' 'l-aitozaki (Long. E-
z4,0a25 , Lat. N-35"20'), Cliiba Prefecture.

1<atsltura (Long. E-l36", Lat. N-33"4iO'), Wakayama Prefeeture.

            EchtT•besrachisitss b(rri•seLss MoRTENsEN

                    (Pl. }X, figs. 1, 2)

              ZooL Japon., lll, p. I95, pl. I, ftgs. I-4s textfigs L)a, 2tt

        Sc;. Rep. Tekoku Imp. IL}niv., tldth ser., ti+, p. 4,77 '

               4.7
   Buli. Fac. Sci. Kyusyu Imp. Univ. 6, pl. 4s fi.trs. 1-4
        Dep. Agr., I<yusyu Imp. Univ., 6, 2, p}. 2, f}g$. 3-5

             Jftpon. I9, p. 4t
     Jub. Publ. Comm.-Pref. YABE's 60th Bivth., p. 841, textf!g. 64, pl. 4i3, iig. 6

        Monogr. IV2, p. 379

    Kiyokawa Formation; M'andanoyama, Ichihara-gun, CIiiba Prefec-
                         ture. (Long. E-140elO', Lat. N-35e30')
Saghalien', Akke$l3i (Hokkaido, Long. E-!44e, Lat. N-43elO'), Coast of
Yamagata Prefeeture and Mutsu-Bay.

              Echsncbrach,ititts l/revis Ii<EpA

                  (Pl. VIII, figs. 1, 2)

            i2•, 7, p. 73, {isrs. a--c
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 ]939 }{. IKEDA, Jour. ]i)ep. Agy. Kyusyu lmp. Univ., 6, 2, p}. 3, figs. I, 8

I940 H. h<EDA, Annot. Zool. .Iapon., ]9, p. 5
1940 S. rNiTisiyA}m, kb. Ptibl. Comm. I'rof. YABE's 60tli .Birth., p.84•3, textfig. 65, pl.43, figs.7-9

Ptecent: MuroraR (Kokkaiclo, Long. E-ILII"IO', La,t. N-4,3"), enal]arna (Fuku-

           shima Prefecture), ls:itasaki (Fgkuoka Prefecture) and Shibushi (Kago-
           shinia-Prefeeture, Leng. E-13ie, I.at. N-31e30,)

                    Igchtna.rac}bniu,s parm,a obesu,s H. I.. CLARK

                                 (Pl. XI, fig. 2)

I.935 H. IKEDA, Bull. Fae. Sci., Kyu$yu Imp. Univ. 6, p. 20,5, pl. 4t, fig. 9

]940 ff. IKEDA, Annol, Zoel. Japon., ].9, p. 4

1940 $. rNiTislyA}fA, Jub. Publ. Comm. Prof. YABiL"s 60th Birt!i., p. 827, textflg. 10, pl. 43, fig. IO

i9tl8 Tfi. MoRTrEts'sEN, MoBogr. IV2, p. 372

Recent: Karntchatka, Sagha}ien aud Akkeslii (Kokkaido).
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Plate VIII



Explaitation of Plate VIII
   (All flgtires in natural size)

Echinarachnitbs brevis IKEDA

  l?ig. 1 Reeent specimen from Onahama Bay. Abactinal side.
  I?ig. 2 ditto. Aetinal side.
Echinarachni{ss ini.rabiti-s (A. AGAssiz)

  lrig. 3 Recent specimen from Suiken, Wakayama Prefecture.
  Fig. 4t ditte. Actinal slde.

  Fig. 5 Fossil specimen from Namba, Osaka City. Abactinal
  Fig. 6 ditte. Actinal $ide.

Abactinal side.

side.
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                          Explai}ation of Mate IX

                             (All figures in natural size)

Echinarachn,i'uas griseus ]StfoRTENsrt-N

   Fi.". I Recent specimen frem A. kkeghi Bay. Abactinal side.
lt"cJzaaeh,Siktg,,,28ili3al,:Zd,•,e'.,,.mu

   Fig. 3 Fossil specimen from the Omma FoTmation at I'Iutamata. Abaetinal side.
   Fig. 4t ditto. Actinal side.

Echinarachni•zts microth),roides NisiyA"fA '
   Fig. 5 Fossi} $pecimen from the Tsubono Siltstone at Mukugahara. Abaetinal
Eeltinarac}tniths parnea (LAi[ARcK)

  Fig. 6 Fossil specimen from the Sawane Fe.rination of Saclo. Abttctinal side.

side.

'
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PIate X



                           Expianation oÅí Plate X

                             (All figures in natural size)

Eci't,irtarachn,iu•s laga.noLi.tk,i•nus NrTsryAi{A

   Fig. IL IYossil specimen fron'i the Omma I;orination of fE"oyama. Al)ttctinai si(le.

  }?i.cr. 2 IF'essil specimen from the Slii}/)ikawa Il'ormatlon of Akita. A})actlnal $icle.

F,cltinaracl}ni,u,s n.aganoensts ]Nt{oRisi-HwA

  l?ig. 3 Fossil $pecimen from the Ogawa I"c}rmation of Miasa-mura. Al)aclina! sicle.

  Fig. 4 ditte.
Echi'nara.chnius tsitclai IVfoRisuE'vA

  Fig. 5 Fessit speciinen froin t'lie Otiinia l?{n'ination at I'Intaniata. Ahac{'inal side.

Echin.araciuzius isleioi MofasTiiG"A

  l?ig. 6 'S;""ssil speciinein frern ihe "I"agawa Ii'or}nalien at rl'agawa. Al}aclinal side.
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                          Explftnation of I'late XI

                            (Ali figures in nat"ral size)

ljclii.naracltniu•s parn}a (LAMARcK)

  Flg. 1 Recent specimen from Akkes}ii Bay. Al)aetinal si{le. (Ikeda's Fig.)

Echinarachnius parma obesus I'I.L. CLARK
  It'"ig. 2 Recent speeirnen from Akkeshl Bay. Abactinal side. (Ikeda's Fig•)
Ec}tinaraclmiu$ n.ippen,icus CN'AGAo)

  Fig. 3 Fossil $peelmen from the A$hiya C?reup at [l]akasu. Al)aetinal side. ("Tagao's I;ig.)

  Fig. 4• Fossil specimen from the Ashiya Qroup at Asakaxva. Internal moeld. (Nagao's Fig.)
Echinarachn.itts minoensis n•. n.

  Fig. 5 Fossil specimens Åírem the Togari Formation of Crifu. 'Al}actinai side.
   Fig. 6 Fossil speciineB fi'om tlie INagashine Formation of Aiehi. Internal }noi"{l.

   Fig. 7 Fos$i} specimen from the Tsuzllki Cfroup at Oku>ramttcla. Int'ernal }nould.
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