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Integument Microstructure of Cephalothorax in Linuparus
japonicus NAGAO (a Late Cretaceous Crustacea)

Ikuwo OBATA, Yoshio FUKUDA, Kazushige TANABRE,
Toshiyva MIYAUCHI and Yasumitsu KANIE

Abstract

The microstructure of integument of cephalothorax in the late Cretaceous lobster,
Linuparus japonicus NAGAO is described on the basis of scanning electron microscope
study of the well-preserved specimen from the Middle Campanian of Hokkaido.

The integument of cephalothorax is composed of three different layers such as
epicuticle, endocuticle, and membranous layer, in descending order (Fig. 3).

Numerous elliptical and circular tubercles are densely distributed on the surface
of epicuticle (Pl. 17, Figs. 1-2). Each tubercle, about 100 to 120 #m in diameter, has a
shallow hollow in a central part, which is connected with a cylinder-like pore in the
endocuticle (Pl. 17, Fig. 3). Within a central pore of some tubercles projections of ir-
regular crystals frequently occur (Pl 17, Figs. 5-6). They might be a product of dia-
genetic replacement of exotic material, because such projections have not yet been found
in the modern Decapoda (FUKUDA, in press).

The endocuticle is thickest (about 80%) among the three layers of integument.
It is characterized by multi-layered lamellae. Each lamella, about 10 #m thick, is made
up of numerous alternating thicker and thinner calcareous fibrils (Pl 18, Figs. 1-2).
These fibrils have a concentric structure, being arranged obliquely to each lamellar
plane. Many small pore canals of about 1 #m diameter with the same trend with the
central pore are running through the endocuticle (Pl. 18, Figs. 3-4). Similar structural
features of endocuticle have been recognized in the two Mesozoic lobsters, Eryma strickl-
andi and Hoploparia longimana by NEVILLE and BERG (1971) and DALINGWATER (1977),
and also in the late Pleistocene Brachyura, Nurusia japonica (Pl. 18, Figs. 5-6).

The density of pore canals within the cephalothorax in the present species
is much lower than that within the walking legs and the abdomen in H. longimana,
studied by DALINGWATER (1977). Taking this fact and YANO’s (1974) biochemical study
of the integument in modern brachyurid species into account, it is suggested that the
density of pore canals within the integument in the Decapoda is probably related to the
tropism of animals in life.
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NEevVILLE and BERG (1971) ® DALINGWATER (1977)
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Linuparus japonicus NAGAO (1931, p.207-214,
pl.14) 13, HURW, EEEW +HEH BEREO4
tz EFHZEBL, WEDN N, L. trigonus (von

SIEBOLD) IZITEE LEZ 6N TS (A, 1931).
BRI L AERE, BRERSIEEREAT, BE
IRDBE], KIFBMIETEOEREICH » GIKE/ ¥ 2 —
WERHSIFEL, DAL Iy g il T3,
EAOEMNNE 1N, W4 BH#&S) 12k, K
WELEICH > TRY HE N LEAERARE O
WPAE, 1959) OWEREEBEBEHL, ZOHO
ARE ) v a—ndh) ROMAEREHLE GEIXS
BE). Inoceramus (Sphenoceramus) schmidti Mi-
CHAEL*, I. (S.) sachalinensis SOKOLOW*, I,
(Cataceramus) cf. balticus BOEHM (DL EZ#H),
(Y &% 15), Neophyl-
loceras subramosum SPATH, Phyllopachyceras
ezoense(YOKOYAMA), Damesites sp. *, Kitchiniles

Eutrephoceras (?) sp.

(Neopuzosia) ishikawai (JIMBO), Anapachydiscus
(?) sp., Eupachydiscus(?) sp.,* Canadoceras(?)
sp.*, Menuites sp., Teiragonites sp.*, Gaudry-
ceras striatum (JIMBO)* (PIbE7 &4 ), Nip-
‘ ponaster hokkaidoensis LAMBERT* (U =). ZhbH
DILERED» S, L. japonicus %EE L 7-HifE DR
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Fig. 1. Index map showing the fossil locality
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Fig. 2.
thorax is preserved. a.

Linuparus japonicus NAGAO o 5 fifg Hi.
a. i (SEM HER O LM 2 KA TRT). b. ZRUIERE
Linuparus japonicus NAGAO. MIYAUCHI collection. Only the cephalo-

left side view in which the sampling area
for SEM observation is indicated.

b. deformed ventral view.

Photos, without whitening, by FUKUDA.
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Fig. 3.

Diagram showing the internal structure of integument of cepha-
lothorax in L. japomicus (cross section). CHS. chitinous setae
(7 8E=), EPC. epicuticle(%7 7 7 5), END. endocuticle(§
27 %7 %), MEML. membranous layer (f£/&), TBC. tubercle (&
#), PCHS. pore of chitinous setae (%7 EORIFEF), LFS.
lamellar fiber system (BHIREMHER), PCA. pore canal (/N&).
FUuKuUDA delin.

£ 1T B R & BB

SEM micrographs of the integument surface of cephalothorax in Linuparus
japonicus NAGAO. Specimen from the Middle Campanian at loc. WA4B,
Omisaki, Cape Soya, Hokkaido. T. MrivAucHI coll. The preparation shown
in this plate was treated for 1-2 min. with 49 hydrochloric acid. Unit of
number under each bar indicates pm.

Figs. 1-2.
Fig. 3.

Fig. 4.

Figs. 5-6.

Tubercles on the integument surface.

Shallow hollow, connecting with cylinder-like pore, in the
central part of tubercle. Arrow points to the central part of
hollow.

Concentric fibrils of the endocuticle exposed around central
pore of tubercle.

Projection of irregular crystals within the central pore of tub-
ercle. The crystals might be the product of diagenetic replace-
ment of exotic material.

Photos, by Fukupa, under 20KV for an acceleration voltage.
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WU an o AOHRIZEET 2 (AR, 45). —%
O, & 50pm A% O ORE 2 Ho%E R
BAT2 L OVFH 5N 2%, iz LROfEHRICE
FILI-RERMERICE » THRIA TV (AN,
6 ). ZoZggiy, —RERmICFF O EORIES
BELTWRI LRERT 50, BEOEREORE
i, 20k 5 BEEIRE SN TRV EER, 1980).

FEERFRIRES OB L, AAREREICBID LTz
FLOEHTHY, {LALOBRETHBIrLBALRE
DHFERAL U 12720 12BRIC & 2 E ) 5 Z s TR
FxNnbDLEbNn B, DALINGWATER (1977) I,
THHER (77 r) @ Cambridge Greensand
» 518 7-BEE Hoploparia longimana(SOWERBY)
ONE DRI, BEOFRFA L BREEROEE
2RO 5.

EHOTEIIL, NEO80%BULEEEDBZHNS F4
SPEET B, TN 513 45° fi OEE T 2T
FEV BHEKEOMIRMED S 721, FEX 10£m [ O
HERERE DR WISy LR WIS SR EICERS L 72 B
EEFEFS GEI8MR, 1-2K). ERRORREG,
Y o 5@ Trichelida #i[H Proherpochelida o
Eryma stricklandi (NEVILLE and BERG, 1971)
® H. longimana (DALINGWATER, 1977) |2HER
INTBY, I5ICETEFHE LABREED N
japonica DOFEMIFEN 7 72 5 Uy BABICEHI TR
2 (BE18MF, 5-6X). L. japonicus OFBHE D
MARHEDE L, H—EEELYE BRI TN 3.
R OMIIL, AREREICTL EE ICE 2EE]
pm BB ONLBED SN B GEBEAE, 3-4 X
REITRT). R O/NFLIE, NEVILLE and BERG
(1971), DALINGWATER (1977) 2k v E. strick-

landi, H. longimana OWI 7 S I1ZRMEINTH
Y, %72 N. japonica (FEI8XSF, 5-6D 1L
HHNB.

P boEEERIcESWTETRXINL. japonicus
O EZHEEOBRK %28 3 KITRT.

V. & £

FRoBEERICE SR, L. japonicus DOFEIIE
OWMBEE %, tAB X UBERBREICOWTORF
BRELHBL>OBERT 3.

R A7) wknE, BED= - H =FHOER
AANROBNERZERT 2N 7251, WrF25
IHANTHEKILOBEBEN WS ABIFICLD,
L. japonicus OFEEIL, MBOFT L VHERICX - T
BRI NRLT VI Eddhdorzds, 202 LIZEAED
NEERTORKIEDORG—HEZRLTWE LD LE
ZbhB. ZOBEELERE (1977 OWIEHREE2EDH
®%&, BZ5L L. japonicus OFEHE ORI
2F 7 IICHET LD LBhNS.

BEERD S, FBONEORY 77 7123, o
2NV —FTh 3 E. stricklandi (NEVILLE and
BERG, 1971) ® H. longimana (DALINGWATER,
1977) L[k ARKENMGHED S s 2 EREE B
SNPz. ZDZ b, NENS F I T ORISR
+HEERICED b 2R & HEE X 1, NEVILLE

(1975) 28RS L= & 9 B ERERBOEREIZL 5
KRBT OZLRBREAICL 2 b D EREBXITW.
BHEDS  ORBEONEIZ b ARk 2EREESED
LENTHBY, ZNIEANY 727 5 2T 2RKEOH
WHERT OBHEE DB WIZ X » TERIN S 2 b
I T3 (TRAVIS, 1963; YANO and KOBAYASHI,

® 18 B kR B B

SEM micrographs of the integument internal structure of cephalothorax in
Linuparus japonicus NAGAO (Figs.1-4) and Nursia japonica SAKA1 (Figs.5-
6). Figs.1-4: same specimen with Plate 1. Figs.5-6: specimen from the
Upper Pleistocene Kamiiwahashi Member of the Narita Group in Boso
Peninsula. Y. FUKUDA coll. Same preparation, as in Plate 17. Unit of

number under each bar indicates gm.
Cross section of the integument showing lamellar structure of

Figs. 1-2.

endocuticle.
Figs. 3-4.

tioned endocuticle.
Figs. 5-6.

cuticle.

Pore canals (arrows) in lamellar fiber system of the cross-sec-

Concentric fiber system and pore canals (arrows) in the endo-

Photos, by Fukupa, under 20KV for an acceleration voltage.
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1969; KUMMEL ef al., 1970; GREEN and NEFF,
1972; DANNELL, 1973; MuUTVEI, 1974; DALING-
WATER, . 1975; GuUBB, 1975), I OfHET, B
BoERR, 37— VROBE LRI HEICAIK
FEWESIREBZ LIk TTRENZ LEEZLNT
W3 (Travis, 1963, 1965; YAanNo, 1975).

AEOFBEROMFHENE L, H—EEELYET
FEXNTWSY, L O¥EIE DALINGWATER
A977) 12k Y H. longimana \2 b WEINTW3S.
ek niE, ZHIIRBBIKELY 2D, BZ51L
FLOBRCRRY2E58 L3 F ErLE#RL-
ELTW3. 2ok BEBIERICL 2%F bR
BRBIKE A~ 0Z I, JEEEAERY €54 bD
FERICOVED LN TWS (FEITIZH, 1978; TANABE
et al., in press).

AOHERN 2 F - 5 NRHERICEE T 2 /L, E
stricklandi, H. longimana (NEVILLE and BERG,
1971; DALINGWATER, 1977) RFHi:d N. japo-
nica IZHFWHOLNBZ LI, TTIRBNSE XH5K
4R (1967) 1k, BEOERE, —ravi= (Car
cinoplax longimanus (DE HAAN)) OFEMFHNEE D
B 2 EE S L 0T ICE N LB OFEER#RE L
TWw3. Travis (1970) 12k nif, BB, ¥V ¥
=& (Astacura) O—7F&E, Orconectes virilis HAGEN
T, MBOBEILAKILOE LWEST, XVE
W2 LREBL TV, 202 epbabdE, MO
TR DRIRAL L BB 2Bk A H 2 LB 5.
Lo L, K& 1974 1En =FHONFERICOWTE
(LB RS B SR L, CHTIRNV LT Iva—
2 OBENCEDER» S, BRAONLEYE OB
BI2EIS LW RS L TV B, '

AEOEMAD MR ICEET 2 /ML OEE I,
DALINGWATER (1977) 2k % H. longimana O
HHPEENC D BNFLOZNITHENTEL {{EW. 3]
MERC B LT, AR B AL B OB D L v
Wic B2 &b, NLEEOEEIINEZ OB &
B H B2 LRI ND. ZORHFEZIAET 57
WITIE, SHBES X UMUARBEON &I oA
R L OB RO ASDEE 25 9.

R KRR DRI hY, BRLYE L
e L7z KEEFF BB 7e 0 O R EFEE L &

FUNARZEEE R OHH ARSI 1 L L kT 5.
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