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Limulid trace fossils from the Oligocene of Takeo,
Saga Prefecture, Japan

Hiroyuki O1sur*, Akihiko MATSUKUMA and Atsuo ATHARA

Abstract

The Oligocene Yoshinotani Formation of Takeo, Saga Prefecture, Japan,
yielded several distinct footprints without any track maker at the end of its trail. The
most well-preserved trackway, consisting of eight left footprints and seven right ones,
is described in this paper. Each footprint has four ‘fingers’ and a bifurcate ‘heel’. The
right and left footprints are arranged symmetrically. An average stride length, 25.8 cm,
is nearly equal to an average track breadth, 24.6 cm. All left footprints are nearly equal
in form and size, averaging 6.2 cm long and 3.4 cm wide. All right ones, 5.4 cm in
length and 3.7 cm in width, are also identical with each other. This evidence suggests
that the trackway was made by a pair of left and right legs of the track maker, which
moved both left and right legs simultaneously. These footprints have been compared
with the trails of bipedal vertebrates, including birds and turtles, but the manner of
occurrence and the morphology of footprints suggest that they are probably under-
tracks formed by the pushing appendages of a limulid, i.e. the paired sixth cepha-
lothracical appendage with four blades.

Although no fossil limulid has been reported from Japan, the trackway of the
Yoshinotani Formation , i.e. Kouphichnium sp., suggests that Japanese limulids should
go back to the Oligocene age. It is predicted that limulid body fossils will be found
from the Yoshinotani Formatiom, which is important in considering the origin of the

living Japanese limulid, Tachypleus tridentatus.
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Fig. 1. The locality of footprints in
Takeo, Saga Prefecture, Japan
(33°10.U'N, 130°02.I'E) shown
with arrow on the topographic
maps of “Takeo” and “Kashi-
ma”, scale 1 : 25,000 published
by the Geographical Survey In-
stitute, Japan.
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Fig. 2. Columnar section showing lithology
and stratigraphic position of the fossil
locality (after Aihara ez al, 1986MS.)
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LTBY, 7JV—9-BELTHELTVES. 2Dk
) BHREE PO IL, B0y TN ED LT L
I BRIERBRTNOER L RFEET S L9 28R
KB L AR HEANTAR D BT & D LRSS
ESINA. BREMEAZRERTIE, ST THME
EHERT A LAHR L ERYAST I FOES
BURERTFEICEZLEINTH S, ThLAR
WITREESEHF TR ES K, BRE L OEFES
N7dbDEEZ LN, —RICITBREHE RO
HEYHICEoN 5.

BEMERICDOWVWT

FERINZEMLA I, ERDRBED T @
(L01-07), HFRDBEH 8 (RO1-08) fRF#F &
T, EHORENL, 178 2A TIIITE
HRFRICHEA TS (F3). 1THFRE N33E 5
N48°E FIRAIANBR NI A —T L TWwa, Zhb
RENDIZ A, AREAENZIIREICIEA 7 2 B oM
EVERK (a) 2SRRI TBY, £-RH
FloRENE I 1 BOoBRM2IER Ob), £-
EMARNZ I R R AR AN L EOEEE (o) 25
T 5.

HESBEED L WEED (101, L06, RO,
RO6) %V, L ——Efgh (F—x v 2HH,
LC2010, EHMEEEE £ 3mm, R AF v ££0.05m,
FHREE0.5um) FAHWT, EEIRORKKEEH
Nz COBRMETRONIET T %L &I
BEEIED (1984) OFFEIHEVI V2 —F -1
L0 2mEBCEERE LR LA (H4). %
DEER, FRENTIE, BIH ISP THUS 4R
DIROEFHHEBE L CRO SN Tz, ER
Gh o SBFITMU D —ROIIRDER S Y,
BROPDRENTIZZDERPHFEIZ 27 L T 5
ORRHENE (K7,C,D).

REIOXREZ S LTI, 5 ISRTEMIZD

L O

I EBtGERDOATvF. al

Fig. 3.

GRAABAIORRI 25| - & X
%. bl EREFIDRENO R
WZDOWE-EEE. c It ER
IR D5 -3 & 4. L01-07 :
ZESEEN, RO1-08 @ A5 2.
Sketch of trackway showing
symmetric arrangement of foot-
prints. a: A pair of long and
narrow scratches placed inside
each right {footprint. b: A
scratch located nearly mid point
of stride of left foot. c: A
scratch placed just inside left
footprint. L01-07: Left side foot-
prints. R01-08 . Right side foot-
prints.
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Fig. 4. Contour map of footprints with 0.2mm regular interval. Arrows indicate val-

leys of microtopography.
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Fig. 5. Basic morphology and measure-
ments of footprints. I —V . Digit
length. L. Maximum length of foot-
print. W Maximum width of foot-
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Table 1.

print.

Measurements of footprints (cm). I —V
. Digit lenght. L : Footprint length. L01
—07 ! Footprint in the left row. R0O1—08
. Footprint in the right row. W . Foot-

print width.
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SR : A REFIO#KNE. T : 4THME.
Measurements of successive trackways.
SL : Stride length of the left row. SR :
Stride length of right footprint row. T
: Trackway breadth.

E2R EUWELAEOKIELITHIE (m). SL: A&
BEFIOMIE. SR . HRFAFIOHKIE. T

ATHAE.

Table 2. Stride length and trackway breadth of
the fossil footprints (cm). SL : Stride
length measured in the left row of foot-
print. SR . Stride length measured in
the right row of footprint. T : Track-
way breadth.

Stride length

Stride length  Trackway breadth

(cm) (cm) (cm)

SL1 25.0 SRl 29.9 T1  26.5
SL2 245 SR2 27.9 T2  25.5
SL3 25.0 SR3 25.6 T3  24.7
SL4 24.8 SR4 255 T4  24.5
SL5 25.1 SR5 25.0 T5  23.5
SL6 26.1 SR6 27.0 T6 23.4

- — SR7 241 T7 23.8
S 25,1 SR 2.4 T 24.6
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DEBFTHB I EARBENTWS. BEIRIZH
LCREREFIOFFEREFIL Y RE L, HIE
IZOWTIRERENFIDOF AR E VA, ZHITEDER
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REIOMEFIREIZOWTR S &, M T5EE
O RENIATEREN I LIS HRIcEN LT Y,
LA b REME K L ORIBASFEEICKREW & h
5, ENGREMIIAEA 2 ADRZRFICEAL LT,
BER OBTE LTV Z Al TE S, 7,
REMEIZ L CTITBMBASFEE ISR E W i b,
FISEY LMK, RELFETH -/ E
Z 5N A (THULBORN,1989). L2 L&A 5, &
TR KR DB AT 2 AL THEBRT 2T 2o TV
72T A0, EHMEOES HE X TIEHEM

E3E RAELHEROL, BIORAMEEATH
ok, Lx D FHREME. Wx ! FgR
ENYE.

Table 3. Ratios of fossil footprint length to
stride length (Lx/SL, Lx/SR) and foot-
print width to trackway breadth (Wx/
T). Lx : Arithmetic mean of footprint
length. Wx : Arithmetic mean of foot-
print width.

Lx/SL Lx/SR. Wx/T

SL1 0.22 SR1 0.19 T1 0.13
SLz2  0.23 SRz 0.20 T2 0.14
SL3 0.22 SR3 0.22 T3 0.14
SL4 0.23 SR4 0.22 T4 0.15
SL5 0.22 SRS 0.22 TS 0.15
SL6 0.21 SR6 0.21 T6 0.15

- - SR7 0.23 T7 0.15

ThAhH. ZORBEIZOWTIE, EIEREiASEBRED
BRI EIRIREICH ), KPR EIE TR
FTKELTRY) 225178 (RAKFHIT) LT
Wt EZ L AHEMNICHBETE S (STokes,
1957).
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FICHEHHNTHE. Blb, BIHIC4ERORKDOE
PAsh Y, HFIEHR 25 LA 1 RO
D5, FSFEWE LT, TNH6ETOERIF
Bl ST IreisHETLUEND A,

FIEEMODHETE

ARPMLA DR RS, ENEE & LCORER)
WhsE 2 5hT &7 (HEIZD, 1986MS; KA,
199IMS). ZTHIZEIC, REEIDS KOFIRE
WEHEZTBIE, BEUHIEIH25-26em &
KENWZLITETWTWwWBE EEDbNS.

Bt RHOEREIL, —REHDOREH
(MURIE,1954) (ZHEBLLTW5BA, UTFTOATE
HORMEZHBEICELRS. BRI, (D4XDRE
LT, % baML, E2RoR (ER)
TR, B8, AMED 3T R E, 1Rig
PHEFEEL, GHFREROBETIX4EETH
BAZELA, BEEAL S HFEADKIIHFLELL
W, BEITOEZS, FEBMUAICEY TS L
3%, BMIHICATHE”, BAC1E DREK%:
BHo-BEE, {LAEZEOTHLNTHR,

KA (1991IMS) A EBMUAEDEIEE & L
T, WAREVIEAKIBICERT A EHEY X BD
AT L. SHILRBENRICH L CITERED
FEEIRENWZ EPOHEEINTRBIELAEE LR
DEWVI E, RUEEKRECKPHTCED L

E7H REETHHRYS ) SBEEMUA. 27—V lon. KENIRBHREED 25 LI2ERZRT.
Fig. 7. Footprint from the Oligocene Yoshinotani Formation, Takeo, Saga Prefecture, Japan.
Arrows indicate a bifurcate trace. Scale . lcm.
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B8 WEBEBENTINHOLEHESEW. Ar—V 1 1lm
Fig. 8. The right pushing appendage of living limulid Tachypleus

tridentatus from Imazu, Hakata Bay, Fukuoka Prefecture,
Japan. A : Bottom view. B : Side view. b : Blade &&Ei®~
S IKEF. p ! Patella BH. pt : Pretarsus BUHE. tb : Tibia
&S tr - Tarsus M &i. Scale . 1cm.
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£4ER BRERERGERED 7 MY Gkok
& & ATHE (cm).

Table 4. Stride length and trackway breadth of
living juvenile limulid Tachypleus
tridentatus from Tsuyazaki, Fukuoka
Prefecture, Japan (in cm).

Stride length  Stride length Trackway breadth

SL1 3.0 SR1 2.8 T1 2.6
SL2 2.4 SR2 1.7 T2 3.2
SL3 1.9 SR3 2.1 T3 3.4
SL4 2.8 SR4 1.9 T4 3.7
SL5 2.6 SR5 2.3 T5 3.5

T6 3.4

BRL, M0~ 2ME&4%2<L, REBEOR
BL—F Lk
Caster (1938) &, Wmrarp (1935) #%7 %
U AERENRY INRZTHOLET RS Rd b
TEEO R & L CRLE L7z Paramphibius %
WL BET AU DD T A Limulus
polyphemus D 1 ~ 5 FMOFRE L BB, RO
AR - BEE - BRI - BRI & B IRER T SR ED
WL, {tA LB LR, Paramphibius 134
REZ LN TV &S B O RMMEA TIX
%<, BEEHEEWOI TN FHORHFTHS L
Miam L7z, Caster (1938, 1944) i, AN 7
FFZEHDOES KHVANTIREGF EREN B 4D
WIREE 2 2, FHTmIEHRIZZH LTS
ZEERL, —REHBYOREZ EbE 4R
HIRBEOITAZ L RIBRT S LI, EHEE
RA T NH =D RIMEA % Kouphichnium ari-
zonae &\ ) %Al THEE# L /2. HAENTZSCHEL
(1962) i, 4 LEBMLE ORFLITL - 72
C Paramphibius % Kouphichnium DIEFYE
ZEl, TRV B~TVaRKD Kouphichnium
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BAERI TNV EHOEREEZ OGN TV 5.
BHEE O RWILA X, BIROEEN CasTer
(1938) ZSERLAFRYZDILAL Y 1 EL 7R
WZ EEBRGE, (DRTAIC 4 RORORE T
%, QBFIZEMI 2 5 LB REEN 1 XKD S
Z &, QFREREZVWTRIEBED TV &, @)
MR AT 2 A TIRITAEAMNRICHATH S
& 7 &, Paramphibius (= Kouphichnium) DIg
KRR E R - EHICERL L Twa. REEDL
ATIRE, £1~45HICE 2HMRVEIRDIR
AR D H o TWRWAS, EEIO IR EICH
HICR SN AAROERE (K3, a-c) 25 fiL
BWIZRTEFLICS -5 L8NS,

BEHT FHZ EDHE

Bl 7 b A= G EFRPTRO 4 A SN T
WA T XY A AT N Limulus polyphemus
LKRERE, VA h T M= Tachypleus rotun-
dicauda 4 v FERHE~RET 7, IF3I47
NH= T gigas 4 ¥ FERB~RETV7, 7
T NH= T tridentatus AR~FET V7. TV
TEH T NH = Tachypleus B 3FED S H, WHH
RIZHAT B K7 b H = Tachypleus tridentatus
IZDOWTE S FHORBE, STROSHOEE,
BRUOBWREEZBIE L. BRI EKRES
B REW4SE), KOREREREIERR
BT CHRE L.

E5HHICOVNT I AT Pk 108k L,

SxtoBE (BB 2RoTw5h. HE5HWI6
HOMOPTRSBEFIHMEL, STHOHESR
OFE R LTS, F5SEWOREICE, 7
AN A HT KR AALD 3 BT OWTHERL S
NBENTREH D Y, BN O HEIZ3gRD
2ERDNGHBH (H8). ~TRE&FE, FHIE
W BEIIEKE CERICEAPNT, F2HKEE%
WML ARAL DR HFAEHE %2 T 5. Cas
ter (1938, 1944) 12X iE, ~NFIRKD L KD
& IR OBIRER & VME D AEITHE VEATIZIZT
180° L K& L, BUE TR LAV &A%
HENTWA., BEREDY 7 M =THHETIR

ANTRBYKECHE, BAETRIDTVAI 2V

(®8) Zihb, HT AT —ORERREICILL

TESHFHIC LB RBFR L DBRBIIED I LN
TIN5, ;

HOBEZ (C2WT | ESEEITOREDOEIE
2, RUERBENEOKENCOBIEI LN,
BT MH D5 OEMIEITEBEFTOE S FHHIH
MHOHANENEICEAR ST, ~NTREDLHD
BB H AR S ZICHE, BIHICHE
FFonze &icHLA. 0L EMHBTHES
OHAFERICE T 5 2 L PR I
HITFWICOWT  TBORLELEE DT M=%
LA, REOEHERTFRURIRICE BRENE
Dt &5 RBIIMBOEA L ) b  HERY S
IZELATH, FECERF IDERYOFREIE.
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Fig. 9. Relationship between void ratio and
effective stress, or depth, of clay sedi-
nents in pH 4 and pH 7 (after OuTSUBO
& IBARAKI, 1991)
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Y74 OmgEH HRO AN BTFON T
P =tk BIR, EFREBREREL I, £
9.1em) O 5 HFMOBKIE, THIEIZE 4 RITR
TEY)TH L. FBOFEHILER2.2m, ER
2.5emC, THMENTIEIZ3.3enTH o7z, FESH
Mo RAEIZ0.7cm, REEIZ0.4emTH 7. B
HE S HROFH EDLIIER, ERL $0.3T,
JEENIE L ATERE DTG & D Hix0.12TH o7z, &
NoOMER, BREERBLADLROELEY
bDTHAH. KEFOEEDFHHIBAREEIC
HLTRPAEVEVHIRKERIZE 57285, Thid
FHEE B MM LA ENBMB A A4 0] 0 KAB H O 4 &
DRECRICBEITE BIRETH o 7272072 LR S
ha.

EIMERORERMGICET 2EER
RHET TRR Sz REMUA QBB L, &

7 M A= limulid TH B L EZ SNh 59, A
IZIZE 5 FHO RN ASEIRNICREI N TS
h, EREPELER, SIBORBEREDOLN .
I, E5HKHUNOHOIEE & Bbh bk
("3, a-c) FROLNLETTHA. ERILA
DD L) RERLFFRBICEALTE, KO
3% LHBEZ LMD, OursuBo & IBARAKI
(1991) &, ke THALRE L -MEHEEY &
KE»PSH 2mE TORS TRIBRLAHRT 52
EAENERTHRLZ (K9). BBEIEN
LHERBYOBMEIMET$50T, KPRIZBWTIE

HEREW ORBIE WG ERBSD &1 (,

POBESNRTWEEZ ONL, HICHRILD ‘

INE S BRWHERRY E T RERZBBRICHIEN S 1,

TRERETD 5 bF O TR IR S 1S
v, R OB (GINTEE) L 2o RICHEE
N7z R OERIRE OB T EERNICHER T 572
W, WEHAKDORZLHLUTO 3 HEDOHREDIC,
SMM0 DMLY lenBEASE, FhE5 &K
Wik ZICHEDEBAEDREER LT b
PHE L7z (X10).
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Fig. 10. Relationship between shear strength of sediments and form-keeping ratio of traces. Form-
keeping ratio is shown by (diameter of deformed trace/diameter of original trace) X 100

(%).
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