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Process of eutrophication in enclosed seas recorded in dinoflagellate cyst
assemblages and sediments —the case in Nagasaki Bay, west Japan—

Kazumi Matsuoka* and Hyeung-Sin Kim™*

Abstract The change of water quality in Nagasaki Bay, West Japan after reclamation of the Koyagi Channel
are reconstructed on the basis of analysis of sedimentary facies and dinoflagellate cyst assemblages in two
cores collected at the stations NGB-1 and NGB-2 (86 cm and 60 c¢cm in length respectively).

Sedimentation rates of these cores estimated by ?°Pb method were approximately 9.9 mm/year at St. NGB-
1 and 4.3 mm/year at St. NGB-2. The median diameter of the sediments varied from 3.9 to 7.1 ¢ at St. NGB-1,
and from 1.9 to 8.2 ¢ at St. NGB-2. The proportion of silt and clay increased upward at St. NGB-1 after recla-
mation of the Koyagi Channel in 1968, because larger sediment particles derived from the rivers became
unable to be transported to this point. At NGB-2, the median diameter of the sediments became 3.9 ¢ from
1.9 ¢ around the 1943 year horizon, concordant with the remarkable increase of human population in Koyagi
Town.

Dinoflagellate cysts mainly consisted of the autotrophic Gonyaulacoid Spiniferites spp., the heterotrophic
Protoperidinioid Brigantedinium spp., and the autotrophic Gymnodinioid Pheopolykrikos hartmannii. At both
stations, cyst abundance decreased approximately from 1969 to 1995, but cysts of heterotrophic species in-
creased during this period. At St. NGB-2, the abundance of heterotrophic species recorded a maximuim (ca.
649%) at the horizon deposited in about 1948. Since reproduction of heterotrophic dinoflagellate cysts is stimu-
lated by foods such as diatoms and other smailer phytoplankton, the increase of these cysts indicate that
primary production of diatoms and other phytoplanktons might have been accelerated, and that in that period
nutrients for these autotrophic micro-algae such as nitrogen and phosphates probably increased. These data
suggest that eutrophication started in around 1950 and was accelerated after reclamation of the Koyagi Chan-
nel.
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Fig. 1. Sampling locations and submarine topography of Nagasaki Bay.
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2. FEEHFHEDITH (A) DI TR (B) OMIRELTHIN. A SETHPIBE1 9534 R1T [REKIEI, B
3R U < 19854EFAT. MIRAIL Tl R RIFHAESRE (1964) ITL 2.

Fig. 2. Change of flow in Nagasaki Bay after artificial recalmination in the Koyagi channel estimated by
Nagasaki Marine Observatories (1964). A; Before recalmination (Map published in 1953 by Geo-
graphical Survey Institute). B; After recalmination (Map published in 1985 by Geographical Survey
Institute).
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HMRUSTE

EEE DI TIc & » TATHICER L
R EBRAKEIL 2 #S, AHERRAITH S
7K%E26.3 m DI (32°41'N, 129°49'E, YT
NGB-1&£93) &, Al Td 5/KE25.0m D
1A (82°40'N, 129°48'E, LI'F NGB-2& ¢ 3)
T A N — IR L THERYI R B o Rk &
AE8OmMmM, BEX1mdD7 2 Y4 7E2HN
TERELL 7 (K1), BELU 2REEHE NGB-
1Tiz86cm, NGB-2Ti360cm DEETH-7.

HEREY) O S HETR S BT S U PSR (P°Pb) @
BEREORIEIC L > TRD 72, EBRORIEIR
NGB-lico W T iHHREYIRE L 0 2-3, 15-16,
30-31, 45-46, 60-61, 75-76cm DES i 5,
NGB-2ic>\W\WTld 2-3, 10-11, 20-21, 34-
35, 45-46, 59-60cm DESH 5 FhZFnHE
AL, SHEFLIA v T4y =TIk
HHL 7.

RIS dTEREE (ERy MEE) PESE
(Mcmanus, 1988) TiT\, £HRAHOXE
» 5 5 cm [ THREL L 7230 0¥ 2407 L 1=,
ZOHERROBY TH B, E—H —Ic10~
15 g OHEREYIRE = AN, & 51 E K &20ml
OREHF () vBFrY Y L) EMATILKR
EAL, Wb oMEBHERE» FHBRYKN T % X
s, —ERERET COHBS EER
Z1IDOA*Z2Y ) vF—=ic Atl, Stoke R icH-D
WCEHE & N HERRRLF O PERERER H> S 15 1 K I
B &, AKETF10cm A 520 ml OEE %
L, WBIETES%2ft-k. 22V ) vF—i
Bor-HEAHA63um DX F v L RBIEICH
FTRESEEL, eV ERhCBISERIE LT
BB7 LV =y s% AN, LR TFEEEL,
HRBICES R o £, DELARELE
LE&-2, -1, 0, 1, 2, 3, 4 ¢DEH
i}, RO LB oBEX A2 - 71,

RHEER v X~ 247 HEEHE Matsuokaet al.
(1989) ohEIic & -~ THE L. HEHRE 2
ml %100 ml OTFEZMED H 2R8I —H — i
AN, #10% D HCl %02 TR A v 9 LK
FZ, E5IH20% D HF 2B\ CHEHBRE N T

2BEL, BE125um DR F v L ZRIDE I
i3, 20um OFLICE - R 2 ED TEHK
AMNA, RFEAI0mIIcBE LI IBBEET
BRRERER s U, BREEehd o L1k,
1.0 ml DR & FBAGTFERICH L, T5ICHK
HkZE1.0~15ml A CTHRL, BB
85 (OLYMPUS IMT-2) ®IEM B 2FBRMKES
(Nikon AFX-IIA) ZHW\WT ¥ X k OFE R U
Hxfr-1 (K1, 2).

#® R

1) HEERERUERHOER

20ph JIEIT & » TR 1 L HERGERE 13 NGB
-1T99mm/year &7 0, HELL /286cm O
RERHIBENOEMOFEHFEE L TV,
NGB-2T ORI ERE 124.3 mm/year TH D,
AL 7260 cm OREIREEN D © 138 FE #1404 R
DitsEE"/l. COREIE, &5 7 (M
3, 5) ofticHRERRED 5 OEE & &F
EHERER I E D W T L R 0 R 2R
L.

2) RIEEHARK

NGB-13i 5 T D HREAR T II Rk 2350 8 ~
52%, ¥ bERA H3HI22~65%, it ER A A
21~34% OFEFHN TEAL L 7228, Hitrks 0F|
AR EE L TRES (LGP s, v
VRS IR R TE A S 1964FEEHE TR
22~32% T, REREILD - 1chS, 19684
LRSI L I U, RBH (19954EHH) <Tid
#6596 ICE L 1. WS OIS R KRB [
BUDMERNICH - 70h8, FiC v v bR ASEIICE:
U7-1968FEE SE2BICED LB LY, KBS
TRPYB8RITIE > 7o, hRKEME Mdeg) &
19444ELHI33.9¢ TH - 12 DA, # D ICHki{k
LEBHTIRT.I0IICE -7 (X 3).
NGB-2#1: T DR ER T 1 d PR 4 23523~
88%, v bERATHSH 6 ~25%, *EEELS A
6 ~52% DEIETH » 1. WS IIEBHBERV
Rk EELTY L TR L D EVE
BEEDTWIH, 1963FEHD S RBIICH T
DU OB 2 ERBIZR L. HIC 19704
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species name

Gonyaulacoid group
Spiniferites bentori
Spiniferites bulloideus
Spiniferites hyperacantus
Spiniferites mirabilis
Spiniferites ramosus
Spiniferites  spp.
Operculoding

OBemulod/‘nIum israelianum

phorum

Subtotal (%)
Tuberculodinioid group
Tuberculodinium vancampoae
Subtotal (%)
Protoperidinioid group
Brigantedinium  spp.
Brigantedinium cariacoense
Brigantedinium simplex
Selenopemphix nephroides
Selenopemphix quanta
Stelladinium abei
Stelladinium reidii
Trinovantedinium capitatum
Votadinium carvum
Votadinium spinosum
Protoperidinium americanum
Protoperidinium lattisinum
Protoperidinium leonis
Protoperidinium minutum
Subtotal (%)
Calciodineloid group
Scrippsiella trocoidea
Subtotal (%)
Diplopsalid group
Diplopsalis lenticula
Diplopelta parva
Dubridinium caperatum
Subtotal (%)
Gymnodinioid group
Pheopolykrikos hartmannii
Polykrikos  cf. kofoidii
Polykrikos schwartzii
Cochlodinium  sp. .
Gymnodinium catenatum
Subtotal (%)

Dinoflagellate cysts counted
Number of cysts/1 cm3

0-1cm

22
5
S
2
2

36(36.7)

2
2(2.0)

9
8

1
4
30(30.6)

10
10(10.2)

nN -

3(3.1)

- b we

17(17.3)

98
490

Table 2. Occurrence table of dinoflagellate cysts in NGB 2 core sample.

5-6cm

21
4
2
S
32(25.0)
1

1(0.8)
16

6
2

&N

1
S
1
42(32.8)

12
12(9.4)

1
1
1
3(2.3)
26

6

6
38(29.7)

128
640

2.

10-11cm

-~

2
43(28.5)

15
15(9.9)

29(19.2)

151
755

14-15cm

47

12

9

5

4

77(37.9)
0(0)

33
24

N w

13
78(38.4)

29
29(14.3)

14(6.9)

203
1015

20-21cm

n

2

6

5

1

10
35(28.7)
1

1(0.8)

26

20

2

4
1
2
4
2
1
7
69(56.6)
6
6(4.9)
1
2

6(4.9)

5(4.1)

122
610

25-26cm

-N o

4
45(33.1)

15
15(11.0)

-

7(5.1)

13(9.6)

136
680

31-32cm

S
37(41.6)

0(0)

12
16
1

wnN

3

38(42.7)

9
9(10.1)

3(3.4)

2(2.3)

89
445

NGB-22 7K h OIHMHERE ~ 2 EHRE.

35-36cm

~

AN w

1
22(43.1)
2

2(3.9)

8
3
1

2
2

18(35.3)

5(9.8)

S1
255

40-41cm

15
2
2

3
20

15

3
60(53.6)

1
7

34(30.4)

10
10(8.9)

w w

6(5.4)

2(1.8)

n2
560

44-45cm

-
S ww

4
50(61.7)
1

101.2)

16
4

2

23(28.4)

4
4(4.9)

2(2.5)

101.2)

81
405

19
9

12
74(66.7)
1

1(0.9)

7
3

R

4

24(21.6)
2
2(1.8)
1
3
4

8(7.2)

2(1.8)

m
§55

55-56cm

38
7

2
23
16

3
89(58.9)

1
31(20.5)

10
10(6.6)

NN

4(2.6)

1
17(11.3)

151
755

59-60cm

30

2

S

S

15

n

9
77(67.0)
1

1(0.9)

10
1

2

2
31(27.0)

1
1(0.9)

5(4.4)

0(0)

115
575

¥

(6661) 99 T
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NGB-2
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X 3. NGB-1& & U NGB-22 7 AR ORI EHHE & chothi R, Z0&Ktih 3 *Pb I & » TH - R EE %
Hic LR OERZ, HofhEIER? > OES 2R,

Fig. 3. Temporal distributiioin of grain size components and median diameter of NGB 1 and NGB 2 core sam-
ples. Vertical axis of the left side represents the age of sedimennts infered from the sedimentation rate

according to *°Pb measurement.

HOoBOESTEMICED LI LY, KEfTrR
22%1218 - 1z, ThicfE - TRE RT3 1.9~
3.9¢ TH » foh K R {EAREI TI38.20 1273 -
to. YV RO DOEIGIIKE KT B &L,
FBIIEF Th TN L 72, Bk 3
KA DRDHIEE - T W 19704 S i %
ZLY, TG FHEEDK 6% (18784FELE,
FED» 5 -50cm) 5 RKEHLTIIHREDHK52%
IETHEMLZ (X3).

3) BYEEEL X FEEMAK

RIS T IR EME & RIRAE (v 2 b ED
FEEN, LA g2 K52 ohicF4
BEREZELHD, TOEAICIH—OEYREC
B -k ZoDEZBEHRESNTVWS, ARTl
v 2 VEOFEEE LAY EEE - M S
NEEHERWVSEN, Y2 MEMBE5LohT0i
WIEAITIE, T x 222 o TXE]

L, e,

S O1EiEE T & IR v R M I SRR
& L T Gonyaulacoid ${ @ Spiniferites J&,
Protoceratium™ & ({424 Operculodinium &),
Lingulodinium™* &, Tuberculodinium &, Cal-
ciodineloid 28® Scrippsiella J&, Gymnodinioid
¥ @ Pheopolykrikos
mann) *° Cochlodinium* &, Gymnodinium* J&,
(G. catenatum”™ ; X 3-3, 4) 13 &, pEKERE
# & L T & Protoperidinioid i @ Brigan-
tedinium |&, Selenopemphix &, Stelladinium
[&, Trinovantedinium J& (X4-1), Votadinium
B, % 0fthd Protoperidinium™ J& (X4-2),
Xandarodinium J& & Diplopsaloid $ O
Diplopsalis* |&, Diplopelta J&, Dubridinium J&,
Gymnodinioid 3§ ® Polykrikos* J&13 & Tdh -7z,

A cER LAz 2 b OBHEIRBIEEALREL
TdH - 1ohs, FKECi#kD Protoperidinium*spp. (& -

hartmannii (Zimmer-
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4. NGB-127 (40-41 cm depth) &K SEEH L 7oiRMEE#RE Y 2 b,

Fig. 4.
capitatum Reid (heterotrophic), 2.

Dinoflagellate cysts found in sample of 40-41 cm dpepth in NGB-1. 1. Trinovantedinium
Protoperidinium sp. indet.

(heterotrophic), 3.

Gymnodinium catenatum Graham (autotrophic; reticulate surface), 4. Gymnodinium cate-
natum Graham (autotrophic; chasmic archeopyle); scale bar is 20 ¢ m.

FAR, 1998 : X 6) @z kA NGB-1H 5 pEH
L, NGB-2Misi TiEA L BEH LIS - 7z,
TR E & v X 803 NGB- 1155 © (3400~
1350 cells/cm® DO#EiPHIC H 0, ¥ T9I25 cells
/em?®, NGB-2#li/5 T13255~755 cells/cm® T,
SEg4 3 588 cells/cm?®Th - 7. R TIE
NGB-13i 5 T1320~27Fi, NGB-2ii5TI318
~23fiTH - 7z. NGB-1HlI 13 NGB-2#li i Lt
NTY R MEOEBROIKRED» o7, By 2 MK
TR & S HEIREURE R A & R e >
L7eAs, % Off[h)id NGB-1TB#E TH - 1.
NGB-1 i i T3 19054 A2 5 19654 & T
&, Spiniferites J& % Lingulodinium machae-
rophorum 15 & OPTHKEFEEE Y 2 P BLE L 12,
1968 FERLIMR R & T I3 PRI R BEFERE ~ 2 b
DEEG FRDERZ R L Acoickt LT, fEEsE

T @ Brigantedinium spp. % B 3. X & FE ©
Pheopolykrikos hartmannii 75 & 3EEN L 7.

NGB-2 /5T l&, 18554FEtHEA & 19364t %
TOIIIANT HETERE > 2 b D Spiniferites @M
ZEELD, 1946FEHICE—EaR L. 0
B9 EEICH ORI L 7oA, Zo%kk
BB THORD Uiz, Bic19404ER0 5
19604EH £ T DfH]d Brigantedinium J&75 & O HE
JBRERIE Y X b oBESHEML, KEEOK
649%IcF T L. 1913 E I 3 AIRE R 214
ZHMLTY 2 M EUSREED 255 cells/cm® & T
B L1chs, #0Td Brigantedinium J&75 & D
MEERERRE >~ 2 b DEIGEM4T7%6 1 £ THEN
Lt

g & b v 2 b EUIZ19824FEIT D L 72,
FIOMNIREFERE & X b D Spiniferites |& & IR/
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Lfchs, [EUMILKERED Pheopolykrikos
hartmannii 33 L, NGB-1H#iST#H27%,
NGB-2#i5 Cl3f20% nE|& %2R L2 (X5).

£ =

19455EFiR O BJERT TOAM B AOEMA E
BEDKEEZ 5 THAHBELHAIHEL
iz, —%, RIGERSOBFEEF DL
THKERBEICEZ 28I L TRIROERIF
s 3. DEGHBEKIRE (1964) &, #A
TIREDTTORENIEALEHNEVWAERE~
BB TERSHL B, S 5IEDIYTHIO
LRI TR ZNMEE BB Eick, Ads
OHIKZHEDIE LB EFRILE (K2). 2)
FHIFZH (1968, 1969) ©LLiEh (1969,

FOSSILS 66 (1999)

1970, 1971) 3, B OBV ICK > T
oL THLfl O #KDRNBEL 120, »o¥F
SR THNIC TIBPEEHASEZ I N L 2 &I
& o TEEXE « £FHkSEMT 2L, 2O
TR OKEER SESICHETT 5 SHERIL /2.
D XD BHEFTFRN, EDILTHET L TH
SIEEFVEERERBLABRAELOL S ICFHET
X350 THAHDh, HHIITHROKEREE(IE,
A EERE L 7 HEREY O WA © TR ER ~ X +
BECEDLIIIRMENTVWEDTHA I D,
F7o, HREELE» SEY HT < EAHRBER
EOELOEHRIIEDLSI T ODTHAD b,

1) HEREE
2°Pb JITE I & » TR - FHHEREE 3

3
Number of cysts/cm Number of cysts/cm3
o 8 8 8 Qo o
o 3 © » o 8 8 2 8
A NGB-1 R
- L T T NGB-2
1995 1 19957
1990 1
1985 1 19851
1980 1
1975 1 (autotrophic) 19751
1970 1 H Gonyaulacoid
51965 - o B 19651
s ] Tuberculodinioid
> 19607 1| iy 19551
b5 1955 Calciodincloid K
21950 1 S group R ]
S 1945 ] i 1945
‘1940 o 1
d (heterotrophic) 1935
1935
1930 - & Protoperidinioid
group |
1925 1 74 Diplopsallid 1925
i A group
:g]zg i EGymnodinioid 19157
group
1910 1905
0 20 40 60 80 100
18951
%
18851
18751
18651
1855

0 20 40 60 80 100
%

5. NGB-1BX U NGB-22 7REOBWBER Y X M EB X UHEMHKROZEL. MEI *PbRIEICL>T
B PR A i L - R OERERT.

Fig.5. Temporal change of dinoflagellate cysts’ number and their assmblages in NGB-1 and NGB-2
core samples. Vertical axis represents the age of sediments infered from the sedimentation rate

according to *°Pb measurment.
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NGB- 1 #15,79.9 mm/year, NGB-2ii574.3
mm/year TH » 2. RIFEOH & T OEHH
TR (3 AN IR ER A & B T D 2.1~2.7 mm
/year (& « FAR, 1998) k4 3 & KE W,
KA DA MR AT 13320 Km?, BHEARIZ160
J m*/H (8% - Bdt, 1985) TH 5 DITH L
T, ERBOREEERIZ17.1Km?, ®JIIKo
ARARIZ447 m*/BHTH 5 (BEREE, 1997).
R T O EEHERERE AR E VO BN ICHRA
S HERYE SRR R L Tgnl s
BRYT2EEZONS, £/ NGB-2TO LM
FEEANGB-1L b/hxna &, Z il
AT BHENID/NEIET, A S h B HREYESD
RO EIERBDH 5.

2) RIEMERK

NGB-1& NGB-20ifji s TEEIH % B W 7ok
Kkl e z@E LT, kS IiEN12~88%TH
D, RNEBTOWRSDEEHI0BLTTH S
(&« WARE, 1998) T & EHET B EMLEHER
THb., TNREHRO X S ITAKNE L RIBED
FOSUHRE R A THE ) D & ORTEARDSE O
&, FRAERERNESFNCEP > T &I
LB56DTHA.

NGB-1 i T DS D EI & 13 B 1 [ v
TR LT, BFIC19684FEED S v v b RS A
BicHEmL, BRASEED LIRS i
DA TLHNCBEHE 28 L Tiib T BN
B & Sl & DHFIKAIHASHD L TIT & » TR K
150, RIGEREENDOHEKAHFRESEIL 72/
BThiBEEZONS, %0, HEHiHoILfIK
BTiRans§g< 20, gL OKRORBEHDE L
15 5 Fo o ISR DA SHA S N 3 BRIk
X IR R DOHEREY S NGB-13 /5 & TEM I g
73D, NGB-1#i5T v v b D KERS kLTS
BEOCHE s EWREINE, - ThR
MR ME & 19444 (FEH» 5 —50cm [B#E) 13
390 TH - 1 OHMEBEWF O HE T LI S0 1<l
Kb L, 19694FEtHIZI36.3¢ 1, EBHTIET.1
GITTE - 7o,

RIGETRERBOEAKE VI EKERER
BIEED—> L1105 COD BEL 1 5 (EIFEK

11

EESRERLE, 1971). ThicHt> &, NGB-1H#is
TI31968EE, S HEBYIP O SRESHEM L 2
ZEbS, CODMEL Bt EELONS,
NGB-2#t ¢ bR &4 %@ L TS
OEAIEBIICET TR L, FFICHRET O
AC14524,000 ALA L1 5% U 72 19434E BT B R 43
R L, Sk ML, ol s
5, Bl (REE/KEREE 1971 0k 5,
Z O E DR CKEERBET Lo T &5 DS
Z %, & 512 NGB-1#if LRk, 19684EtH»
ST RE R L, SRS L e,
CHRBEEHT OEHDIITICE > T, BRNTOH
WHZEAL L 7558, MAHRERM OB A 8-
1Lk BbDTHAS. 1878FHICIFIO@
TdH - to P IR R AE A 19434E LI 1239 ¢ 1272 D,
BREMF DL T O N2 1968 ELREBE T
3829 IC > TVA T EIbEHATW A,
PDlhiclirtcz En s, BHEEERBEREZR
THEBEEEOATHED L THET L 1219684
EEBEIC L T, RIBEOWKBEHRESKECE
bl HrSBEEREBORIMEATH 5
NGB-1#ligi5 & NGB-2/] O FREE S8l & iz
LItk T, BAD S OHEREYIERZEK K&
L, ERELTHNHEBRYSTET LS
1851 T EPRBEATOELD» SFAIS T &4
T&5.

3) BWEED X MREEMAK

RIGHE O 2 s THRIL o HREE > S EH
LcRHEER v 2 b BHEOTERMEK 13 Matsuoka
(1984), /MEiF» (1986), £ « ¥R (1998)
IZ& - THE SN ARNB P RIBE S & X BET
BoOMEHRBHEY S SEHT 3 DEEEA
EFEILTH -7, 81 HERLEOSTER
BREEERBYICEESN TV AREEEY X MO
MR (Matsuoka, 1994) & dERIT A &,
5, HEREYITh T OB ER LB SRR & 75
THEMBRASED L 7o mJREM 3B .

TAMIERE > 2 b OFHEEE I NGB-1#t15 T
925 cells/cm?®, NGB-21#is5 588 cells/cm?® T,
B4 2 KA (£ - AR, 1998) TEEH L7
gy 2 b i $1046~1835 cells/cm?® iz~
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B LDV, KIGHEOIHEREE S AR & b
ZELAREVTEDS, TOBVEHIDSTHA
LI BOHREYIC L > TY X FEEFERINT
WHIEickBEEbNE, &5ic, NGB-1i
A3 NGB-2#5 (1913FEARWT) Ickh~xT
v 2 bMEEEDSHEEA00cells/cm® » 5 B
1350 cells/cm® & TR L, EHIFHKZ WV,
I3 NGB- Ut s s LB IR <, BB A
SERSNTL 2HBYROEBIC LD VX M B
DERENBZEICXBEEZONS, WiE &
bITTE D o RIS v 2+ EEE G EDE
Mm%, RBREBEH Y X b OBS ZBEIER £ R
Ui, RERKBHRWERY 2 b OBINE XEE
Hom, 4135bbERBETEORICRUT
D & 5 ISHEREEMBEE A B 0, Mk OREE
ERMA LTS v 7 b v OHEiEIE—RREIC
BRROE SIS 3 EFHI T3, 9, K
EEF ORI U hs » TRARREED S etk
TAMERL D OEVEEESEEL, DL THHER
BEDOWEY TS v 7 b vHIlah oS W BIEE
BEBMERHALC N 7 ) TO8ET 5 (GG
3, 1996). TN EMHE - TEHEHP 7 7Y
TREEHET A RBRBERMERESHET 2
(Gaines and Taylor, 1984; Jacobson and An-
derson, 1986; Lessard and Swift, 1985; Hansen,
1991; Jeong and Latz, 1994; Neuer and Cowles,
1995) (X 6). Lichi> CHRYh CREBHRE
HERHEER Y 2 PSS 2 2 &3, —IREES
ELTOEERB EoMEERM LT, DL
TREHOMIEEE L ICREBER (EXP) V)
DOEEMZEE D ERBILOETERE LTV S,
NGB-1 5 T (3 & BE# o I TR D 19694
LHic I3, Brigantedinium J& % Diplopsalid 3§45
BindsnL, HEREEHRY X P OEHERN
43%icx ML . Uha LE U, Mz
KEREE v X b O Spiniferites & ® Lingulo-
dinium machaerophorum B E IR L. B
BF DI T TR SBRIHEFLE S hic NGB-
135D COD 2 5 FEI1Z EDfic25 ppm & TEA
WUKH%, 2ppm B THBE LK SR LI
Sy, 1995F i ldppm K> TV 3
(BT RREDRERSR, 19956). REE

FOSSILS 66 (1999)

SEEEROMM

£
U
BR

CULETEPYENTY T
(€3]

T REICR AT
WK DR SR

7

T BREICENT
WK OFAEEF

@I\

BN R RNE NN
Gonyaulax
Scrippsiells
574 FEM
Chattonella

Hotorosigma

FRRRSHITH W D BHH

BURRET ) TSI
UIrFYTEAL)

BEM A NIRRT

ERMEREREELE man

-
"ID ‘ll'

6. KEEFOEMEMIRELRBWESES L URE
JRRE M IRIEEEE O AR,

Fig.6. Relationship between increase of nutrient,
and autotrophic and heterotrophic dino-
flagellates.

By EEE S 19704EEHIC 108 cells/cm?® I
ML 7%, REED19955E12130.6%X10°
cells/cm® ICETRD LTV A, CORREIREIG
KEREW D A OBRBESENT & AiEE %2R
LTWaEbEZONED, ZO—HTHBRE
REEMSERBICED > THINMERICH 2D T, KE
EEOARMDEL B s cohESDIRAEZTE
W, —7%, NGB-2#if5 T3, 19408ERA» 519
604FEE D8], Spiniferites |& % Pheopolykrikos
hartmannii 1% EWILREBREE > X F PR L

1%z Brigantedinium J&<° Diplopsalid $i73 & ®
PEBRBER Y X P 1948FEHITII64RICE T
ZELf, ThooHEHR, NGB-2#LAREIOA
O & 2 KEHEEOETERRLTWE EE
Zohd, TbH b I1943FEEICEERTO AOM
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0.5

—e— i T3k
(NGB-1)

—m— K EE
(NGB-2)

1969

X 7.

RIBEICH T 5 BiED COD 0%t (RiFTHRBERENRRER LR

1995). &KW T

RRIEREEICE VT NGB-1 Hi S 3B T EMORAIC, NGB-2i3K# KM TORIA I
FEELTWBDT, ZhZhOEHEEEE25IH L.

Fig.7. Temporal change of COD in Nagasaki Bay after Environment Concervation
Section in Devision of Public Health and Environment of Nagasaki City (1995).

23,000 ALl Eic7s » fo (HEHT, 1982) T &
HIEHKBROHME 725 L, MA TR,
5 DIEEIKRAI & » T dEIEROERELH
RESNTAEED T ETH B, S SIKHRD &
S, [A@] U BRI OB S L, K
TSNl TW5E C &id, BIFE/KERRE
(1971) H/Red 3 & i, COD oA
LTW3EEZONE, Chon&RIE, AOO
EISEEINC & B LR OBFESET LI &
BOIhMbEE, ZD—HT, NGB-2HIETIZ
BREMEF W TOREI NGB-1 i3 &F L
otk d>ThHsd (K7). NGB-2 i
{1 T D COD OHEIIIEHIL TEE TIE I <
19904ERIBRICAE L, &0 Bl TIBADME I
H 5 (KIGTIRERERRERSE, 1995). #
HIER S 2 MEKE DS, DI THIO 19654 E
KPPHEMT2b007nBETEBOLTVS
T &P, BEMAR TIREIREER SN v
BIEBEMLAHABE, NGB-2HIA TIREHE
{LDETIIEE >TVWBEITHSE. DT LR
BRERGTBAS IS AL S BB AORD R, BEEHED

M TIC & » THESET LTV 2 RIEH#EH» S 0
KOS NGB-2HIS B L5 - T &, &5
WKEHRENOI O AL EORRSES L TH
NTETVWBIEERELTVS,

B

BB T3 NGB-211 45 D 19404E 5 51960
FROFRN B R EEERWERE > 2 b O8N
ELTREBREN TV LS, IREHROBRICE
K9 2 A2 Tt HIC & - THIEHEK PR
BEKASHEML, ZTOMRE L TEREBLASETL
7z, S HIT1960EMRHE DO FHEWE O HILT
& o THIRRICE L 2siE &, NGB-1HS M8
WWRAFEKDOTHEAT 2EGHDIEL 12, 20
2k > THHILTILM (NGB-13#18) & Rl
(NGB-2) i cgkomEinDiE 5, Mk
HERYI OERES R S Nte, & b THNCE
EHIP TIEMNER SN LIck->T, 2205
DOTFEIKHMBEML, ERBIMSRES NI, £h
DFRK T NGB-1 T3 » I TEE D 19654EH I
FRMEEREY 2 FMEREsENLE &b, =
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LR OHEREY) T I IEBRERER ~ 2 b DR s
Hme 3B/l 1e.

OB, HEYICERINRWEESE Y 2 M
£13, KEEDOIFREEFROREEZ & KWL L
THy, KEREZEXETT 2O RIFLEE
&8 S5 5,

I

AR EED I >VTHA DB CHES
Wi Wit RIBKFKEFREL B5%E EH
REFEFILFIRGEHIZ, A RoBEZREZELT
BISRERE LTV WEBRASILE E%
RICEHT 5.

ARFFRO—E AR EREB L C
(GRREE 506640600, L% ; MEBFE) BL U
B C GREEES10640452, R%E ; M
o) itk ot BLTYREHOBEERLES.

51 FA 3Tk

MR #E - ILOER - BFRILZES, 1966, KIETHPIRA
NN, RUBEBOKEFROEE. RiEREETIH
#, 103-116.

PEE—HR - ILOERE - 3R K, 1969, Ri#EOKE
oW T (538D, RIFEHAEGIFHEH, 57-58.
EE—HR - PREE K - AR - HRF - HE T,
1970. EE#BOKEIc->WT (FE4f). EFEEE

BIZCARER, 31-32.

PE—BR - R R - WAL - BHXHE - AT -
HE F -UERME -MEL= -8 EW--ESE
—« bH—, 1971, REFEOKEI>WT (Bb
). RESHEFEAHE 13-14,

Dale, B. and Fjellsa, A., 1994. Dinoflagellate cysts as
paleoproductivity indicators: state of the art, po-
tential, and limits; In Zahn,R. et al.(eds.), Carbon
cycling in the glacial ocean: constrains on the ocean’s
role in global change, 521 -537, Springer-Verlag,
Berlin.

Gaines, G.and F.].R. Taylor, 1984. Extracellular di-
gestion in marine dinoflagellates. J. Plankton Res.,
6, 1057-1061.

Hansen, P. J., 1991. Quantitative importance and
trophic role of heterotrophic dinoflagellates in a
coastal and pelagical food web. Mar. Ecol. Prog.
Ser., 73,253-261.

Healy, T. and Harada, K., 1991. Definition and

FOSSILS 66 (1999)

physical characteristics of the world’s enclosed
coastal seas. Marine Pollut. Bull., 28, 639-644.

SRIZME - Bt %, 1985. AN (IHE, I,
Ik, IV AY) « BRBEESINEEET LSS
(§%). 879-900, BAZEINEMEERE. HEBKFEH
MR£.

Jacobson, D. M. and D. M. Anderson, 1986. Thecate
heterotrophic dinoflagellates: Feeding behavior
and mechanisms. J. Phycol., 22, 249-258.

Jeong, H. G. and M. I. Latz, 1994. Growth and grazing
rates of the hetertrophic dinoflagellates Protoperi-
dinium spp. on red tide dinoflagellates. Mar. Ecol.
Prog. Ser., 106, 173-185.

£ FF - MMBTE, 1998, HHEEE v 2 b BEHRK
PORICANBIEBY 2EXRELLOBRE. LTSS
7 b vELH, 45, 133-147.

EPENT, 1982. FHEMTH. pp. 303.

AR R - B - SRIZIEZ, 1986, BHAREERE
HERIIP ORBERE Y X F OA/-1 ANB. BXS
5 vy VESHE. 33, 81-93.

Lessard, E. J. and E. Swift, 1985. Species-specific
grazing rates of heterotrophic dinoflagellates in
oceanic waters, measured with a dual-label radio-
isotope technique. Mar. Biol., 87, 289-296.

FAREFE, 1995, HiE# St IEHEERAN D OHE
EFRVRMEE RS- AL BREORE-EE
R oY LARE —, BETRENERA
bkl No.116, 45-61, KEIETH.

Matsuoka, K., 1984. Organic-walled dinoflagellate
cysts from surface sediments of Nagasaki Bay and
Senzaki Bay, West Japan. Bull. Fac. Liberal Arts,
Nagasaki Univ., (Natural Science), 25, 21-115,

Matsuoka, K., 1994. Holocene dinoflagellate cyst as-
semblages in shallow water sediments of the
Tsushima Islands, West Japan. Rev. Palaeobotan.
Palynol., 84, 155-168

Matsuoka, K., Y. Fukuyo and D. M. Anderson, 1989.
Methods for mordern dinoflagellate cyst studies.
In Okaichi, T., Anderson D. M. and Nemoto T. eds.
Red Tides: Biology, Environmental Science and Toxi-
cology, 461-479, Elsevier, New York.

Mcmanus, J., 1988. Grain size determination and in-
terpretation. In Tucker, M. ed. Techniques in
sedimentology, 63-95, Blackwell Sci. Publ. Lon-
don.

RIGHEIEE, 1964 REBEOHRICSWT. 1-3.

RIFEKERERE, 1971, REBRUCEAIRGRER
LERATRE. RAESKERBRSEERSE, $18f



ft A 66 (1999

1-102,

RIFE, 1997. RIFEMHETEE, H43kR, 1-409.

RIGTIREREITRERSE, 1996, Tl 7 EREE
R2fTER, 1-171, B

Neuer, S. and Cowles, T. J., 1995. Comparative size-
specific grazing rates in field population of ciliates
and dinoflagellates. Mar. Ecol. Prog. Ser., 125,
259-267.

ERGIELE - &8 BF - Gh B (BEFD, 1996. &Y
TSV NV /EYYA v, EYEFES, HilEK
FHRZ, pp. 3-64.

FHIEN - ILOERE - A D) 5B - LD B,
1968, EW#EOKEIc>WT, RIFEHERLTH,
97-103.

SFHEBEN - LOERE - /6 K - 5B - BB,
1969, EF#HOKEIC>WT (F28). RRE#HE

15

WA, 53-56.

rhEHESE, 1956, RIS, RIETHINHRES-FiR-,
298-308, K.

Versteegh, G. J. M,, Brinkhuis, H,, Visscher, H. and
Zonneveld, K. A. F,, 1996. The relation between
productivity and temperature in the Pliocene
North Atlantic at the onset of northern hemi-
sphere glaciation: a palynological study. Global
and Planetary Change, 11, 155-165.

Versteegh, G. J. M., 1997. The onset of major north-
ern hemisphere glaciations and their impact on
dinoflagellate cysts and acritarchs from the Singa
section, Calabriza (southern Italy) and DSDP
Holes 607/607A (North Atlantic). Marine Micro-
paleontology, 30, 319-343.



16 : FOSSILS 66 (1999), p. 16-33

RHIIERFEEEFICERT SE L HFILRBEOFEHEL
BRHERFIE" « 6 5L - FNEEEIE

Seasonality of living epiphytic foraminifera from seagrass beds
in nearshore zones of the Ryukyu Islands, Japan

Kazuhiko Fujita®, Hiroshi Nishi** and Tsunemasa Saito*

Abstract Seasonality of epiphytic foraminiferal populations living on leaves of seagrass has been studied in
seagrass beds in the nearshore zone of Irabu Island, the Ryukyu Islands. For this study, seagrasses in a 100
cm? sample area were collected monthly between February 1996 and November 1996, and in April 1997.

The epiphytic foraminiferal assemblage consists predominantly of calcareous taxa, being dominated by a
phytal form species, Calcarina calcar d’Orbigny, throughout the year. The assemblage is also associated with
Hauerina pacifica, Vertebralina striata, Lamellodiscorbis sp. and Glabratella millettii during late winter and
spring, and with Quingueloculina seminulum, Q. semireticulosa, Bolivina striatula, and Cymbaloporetta plana
during fall. Therefore, crawling forms increased in spring, and free living and attached forms are relatively
abundant in fall. The species diversity increases in spring and fall, but drops in summer. The total abundances
of foraminifers fluctuate seasonally from 2,258 individuals/g seagrass dried in spring to 128 individuals/g
seagrass dried in late summer. Population dynamics of the dominant species C. calcar controls strongly these
seasonal changes of total assemblage. The percentage of adult specimens with reproduction chambers and a
large increase in the specimens smaller than 500 um indicate that asexual reproduction typically occurs dur-
ing spring.

The spring is, therefore, most comfortable season for all epiphytic foraminifers, whereas summer season is
so severe for survival and most of foraminifers die during late spring through summer. These seasonal varia-
tions in the epiphytic foraminifers are probably related to the changing regional environmental conditions
within seagrass beds, such as food supply or physical factors, e. g. temperature, salinity and vertical circulation
of water column.
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BANCIER L 7o 013 BRI & 2 —E#HOTHETH 5.
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Bt oOEEFEIcERT 2E LA RBUTO
4ODHETERICRATE S L &IER LI

1) # FH7E# (phytal form): Elphidium
crispum % Pararotalia nipponica W=RE S h,

R OIE FIcEL S E (pseudopodia) %5ED,
AR LT 45ELL) £ET 3.
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Glabratella spp.*® Spirillina vivipara D & 5 I
FoRBOTREHEORMIEESE, B[
DM SNBSS E DA N OIS,

3) BEZEHESE (attached form): Rosalina
globularis % Cibicides lobatulus <RZFE S 11,

BROERHICBEEMHE L7 L CEEEFEEZT
5.

4) HHRETFESE (free living form): Quinquel-
oculina spp.® Bolivina spp.® & 5 12, HEOK
RNl & - 7o HEREY D th Mg EE D KTH % T %
WL CE x| 3,

Z D%, Langer (1988, 1993) &EEL S
EtMELREEr 4O ES V- 7
(morphotypes) X4 L, #i#E (BE) Hok
B KES - HEMITISLT, 4D V- 70D
BROHEDCERMBREEEEEHR L. HEA
¥, #hith#g o ¥ 2L Posidonia oceanica 1 12ZED
WoatEoFsL I ELEFARICE -T2
DORBIZYNRELELET 2. EoREH%E D
SEDELCIR, BEEOHELEEE b /-
TOLERMSEL, BHLEEL S OMTE (rhi-
zome) DIELFICIE, 42D 7V — 7HIFIFHEE
BHRTERBLTWAZEA2RLE., £
Fujita and Hallock (1999) &, 7ol &I
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TEH D Archaias angulatus ®° HHETEE T/ R
DHEB/EFRBAHOLRBFVWT L, £LTIH
SOEFRIE, BEORECABTL TVWIE LY
B (BHEIRD o ABEEHAL L) ot AR
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SOWEICHONE LI, EEHELHBOE
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B owEm0E FHEHLREICBE T 2R IETE
IO, BRERFIEDIRERIC S EBERSILL 21
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B, ENL SVOEETERLTEY, FHMNIC
ED I BEERTOIBELALHONTY
W, Fh, BRVIETRBEHRIOELD YV
THEEEOBAFILRICET 2R S, RBETL
oA RESA (Kuwano, 1956; Hohenegger,
1994; Hohenegger et al, 1999) <% Baculo-
gypsina sphaerulata DEEEEIEE & RERIE R
EEORMS b (Sakai and Nishihira, 1981)
KRN TWS,

Z I TAmDEMIE, HRERFIEDINEBERIC
KR AE AR OBEREE TN 0F
HZ{LEHS ML, BALRBEOZHEH» S
BIRRBEROREICODVWTEET 2L TH
5, D& RIE A ROBERSE AR
BRRICE T AR, BEEYHEOTTORT
HEFOERE| A AIE £k ICT 5 L TER
HI7S AR L T B 23 Tiel, ELHg
FLEBENED & S RERBEERIC & > THEE2Z
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EiTotc (K1), Erildm FaichiE L, F
MK &£ U H60cm 1 EEEL, *T*?#'J i & Heim
FlcREH LBV, CoMmERICR, EORHASK
5mm,EEﬂe@@é@mnmu$@ﬁ$(x
) BEAELTWS. O L 2 &
DB EERB-TH, 2EPFELELTHNS
&L, EMEAROERGREL TV
5. WEFHOREICE, AKEREDYR7 v s
+ (Halimeda opuntia) RH{LFED Y <5 v 74
(Gelidiella acerosa) & % \\3 Laurencia sp.d i
gBanb, KERIWH YA XoFho#EE% T
KET D, B4 X0 KEREE O
EN5. TOMBE IR F < 2B E
gah, RVEAEYICE > TES NI/ R
HBRbOMERIN B,

HEHEHREORET -0 b, AVESE -
AR KEICE L TIR19614Eh & 19904F £ T,
AR « L EEIC 2 W TIR19754ED 5
19904F & TOFFMEAS, HARKR 2 #E32i
(1995) I &HoNTVWS, TNLEDF—F I
k3 &, BhEHBRERNSMRICEL, FFY
SR1323.1CT (K2A), AVEBKRE T Hic
bm (2830), 1 HickbEwy (17.2°C).
AR /KR 122,033 mm T, 54 150 mm ¥T W [

B 1. Wigeis (A, B) LERHRETR (C) ONEX.

Fig. 1. Sampling site in seagrass beds in the

nearshore zone of a fringing reef flat (C),
northwest off Irabu and Shimoji Islands (B),

the Ryukyu Islands, Japan (A).

FOSSILS 66 (1999)

125°E 130° E

S
| Qt\sl‘ ?' ¥~QOkinawa Island
. 25° N
Pacific Ocean

/ @ : seagrass beds | _

Moat
(shallow lagoon)

Sample Site

Island ¥
Miyako Island
0 10km
L1
A C
/f -~ : reef crest




it A 66 (1999)

35

A

30

25

20

mean air temperature (°C)

precipitation (mm)

@ 10
E N
o
* trs44 @
@ g
y
T oy
H
§ |C
E O—T—TTT T T T T T T
35
2
£ 345
o]
»
34IIIILIIII|I(I’
c 9 5 5 c 35 © a g =
§f22:3533§58%38

Month

2. EHEOKHET -9 (A-C) LtEHEHE LG
DEEES (D) OFEE{L. A BEBSE
(25— - IREKELBRESEOREHE %
RY), B. AfMKR, C. AEHE®ES & &
ZEE., SEF -5 BARSRHL MBI
(1995) 26, RBESBBEEBEF -2V
¥ —DESHITF— 9 » S5 |H L.

Fig. 2. Annual variations of meteorological data
(A-C) and surface salinity (D) around
Miyako Islands. A. Mean monthly air tem-
perature with the mean range between the
highest and the lowest air temperatures, B.
Monthly precipitation, C. Mean monthly
wind speed and prevalent wind direction.
Data from the Okinawa branch office, Japan
Weather Association (1995) (A-C) and
Japan Oceanographic Data Center (D).
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EL7oKiR (BEoM) Lol

Fig.3. Weekly sea surface temperature around

Miyako Islands from February 6, 1996

through April 30, 1997 (open circle; data
from IGOSS products bulletin), compared
with the sea surface temperature measured
at the sample site (filled circle).
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ZhAEKPTT S 2F v 7BIOIEOMMIC AN TR
btk 5% RV VKA
KCEE L, BELLEER, ERETo-X
Ry gtk (1g/) KLk, 1 BRKE
Ltz 63umD33WVETKEVL, BLE
MR LT LICNE LTV AEYZEVWELS L.
o, MEZEMETTHELT MORERLL
BILEMEESB W EEER L. BORVWIE
LhEEUBHE R, BETEY, oa—X~xXvHv

FOSSILS 66 (1999)

R ERELR, BELBNICL THE0CD
=7 vORTERS S, BEICHEL TREE
HEOMEL .
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S L ik reTciRviiL, BoREE, FEE
BO T 7. o= XXV ANVGREBEEICKLS
HAEEAICB L CIIERIET 2BR b5 50 (B
%1%, Le Calvez and Cesana, 1972; Bernhard,
1988), AR TR L HEEkEEETH 5 &
AL, PIBOEITEIT- 1.

/., BREAICERT 2E LA REED
B 5T TH 5 Calcarina calcar d’'Orbigny 2B L
TR, $XTORRLSEREBHEEEGDOET
100fE&ELL LW L, BEEEHEERN T 51
HORKEE L, Bl L&, REoFE
L& - THKEBEEZHINL, mEOBGEKET
HLtz, &5, B4 DHEEOROEREREN
REREFRMEE I AT e 702 -5 —%H
WTHITE L fe.

BHESoBFARBEEORRNBEICOWVT,
JEOL B0 ER ik it & & E F B JSM-6330F
EROTEES L UBEREET- ..

®m R

HEREEOEDNEL
(1) £EEE

AT, ERKEI00cm? WICEXT 5
BicELTOMAEE (R4A) LBERRE
Blghtofir (K4B) 2:4EL, BE
o MERROERER AT L, BfL
HRAICEE T 2 B EORBUIIZERIIC  FEi
LT B EBTFRENSG. LpL, @ED
ML LR T 5L, FTEBEEREIPEAD
EHcy—vidE—H Lk, ZIT, APFHET
WHEELBRERICE S HAMOEEEETE L
AR LI
HEBRERREI»SFIHLITCEHKD2OD
EgicEml, BEFICEmT 5 LD EELEE
EEART. FAENMEE L TOFEEEIZI36



{t & 66 (1999)

BikT, 3 AKXkl (2,268M%), 108 <&/
i (128fffK) %E08kd 5. 19974E & 19964ED 4
AofERE, 2hZ2n1918Mf & & 1,800 %
T, EFICEWEERYT. 19965128 H» 51997

7,000

— : Total Foraminifera | ]|

_____ : Calcarina calcar | 4

Number of individuals/100 cm?2 of bottom

Number of individuals/g seagrass dried

Number of species
n
o
Py

Species diversity
1

Equitability
o o°
- n
1 b
n:§i>

Mar.—
Apr. |
May—
Jun.—

Jul.H
Aug.—
Sep.—
Oct. -
Nov.

Feb. 1996

Month

21

FESHETOHNF— 73w, o
HEEHBERENL TV EHRlsNh 3,

2) HEoZHKME (- BEHRE « HEHE
B DR P & U Shannon-Weaver BT E
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Fig. 4. Seasonal changes of the epiphytic foramini-
feral assemblage at the sample site between
February 1996 and November 1996, and in
April 1997. A. Abundances of total epiphytic
foraminifera and Calcarina calcar d’Orbigny
per seagrasses in 100 cm? sample area, B.
Abundances of tatal epiphytic foraminifera
and C. calcar per dried seagrass weight, C.
Number of species, D. Index of species diver-
sity using Shannon-Weaver information
function, E. Equitability.
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W, BE»SF (2AMSAH) whiFTEL
13 5FElL, Vertebralina striata d'Orbigny (3 ~
6 % ; Mhk2-7), Lamellodiscorbissp. (2 ~12
% ; XIhx2-2), Glabratella millettii (Wright)
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(56~26% ; KKk 1-5), Hauerina pacifica
Cushman (9%, 19974F4 A D & ; Xhk2-4)
DAFETH B, V. striata 13 T OWHHIC L A EER

AN, F, Gomillettii \FEMAMAE RS

AAfIA (plastogamous pair ; [KfK1-6) 75,
CORIcHZ CHE SN S, ARED L 3
HAERBINA~3 A T8~I13% &KL, 4~5
Hicis 3 £33%ic#Ed 5.

—h, K (9A»S11H) ichind 55,
Quinqueloculina seminulum (Linnaeus) (6 %,
10 o & [y 2-5), Quinqueloculina
semireticulosa Cushman (4%, 10H®D A ; X
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1MA® % ; Kk2-3), Cymbaloporetta plana
(Cushman) (2~79% ; Kk2-1) 0 4FETH
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Homhoiw, £/, Coplana Z8HICH 4%
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PR 7o & 5 e FHATLRIEG, 4> DT
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Fig.5. Monthly variations in the species composition of epiphytic foraminiferal assemblages at the sample

site.
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% 1. HEFIEFRBMEORFHEFICERT 2E LA RROREOMEAKEHEOSKE (Bl - BERE -
). RPhOEFUXSOEBVELUTOBEY : BEEFEE (A), BRLEREE (F), MEU#EES (O,

ELHEEE (P).

Table 1. Abundances of epiphytic foraminifera living in seagrass beds in the nearshore zone of Irabu Island,
the Ryukyu Islands, with the number of species, index of species diversity and equitability. Abbre-
viations for the modes of life are as follows: attached form (A), crawling form (C), free living form
(F) and phytal form (P).

L month
Species mode of life| Feb. ‘96 Mar.'96 Apr.'96 May'96 Jun.'96 Jul.'96 Aug.'96 Sep.'96 Oct.'96 Nov.'98 Apr.'97
Agglutinated Foraminifera 0 0 1
Paratrochammina sp. A 2 2 3
Gen. et sp. indet. 1
Porcellaneous Foraminifera 44 24 2 6 4 6 7 12 46 36 65
isorus hemprichii Eh A 1 1
Comuspira involvens (Reuss) c 1 1 1
Hauerina pacifica Cushman (young form) A 2 2 2 1 2 2 41
Miliolinella cf. australis (Parr) A 1 3
M. oceanica (Cushman) A 1 2
M. sp. A 1
Peneroplis pertusus (Forskal) F 1
P. planatus (Fichtel and Moll) F 1
P. sp. F 1 3
Pseudolachlanella incisura (Todd) F 1 1 1 2
P. sp. F 2
Pyrgo sp. F 1 1
Qu (Cl F 2 2 1 1 3 5 1 3
Q granulo-costata Germeraad F 3
Q laevigata d'Orbigny F 1 2 1 2
Q. neostriatula Thalmann F 1
Q seminulum (Linnaeus) F 7 1 1 1 1 1 1 3 1 3 2
Q semirsticulosa Cushman F 1 1 8 7 2
Q. sulcata d'Orbigny in Fomasini (1900) F 1
Q spp. F 6 3
S involuta (Cl A 1 1 1
C and Todd F 2
Tn'locullna affinis d'Orbigny F 2
T. austriaca d'Orbigny var. A F 1 2
T irregularis (d'Orbigny) F 1
T. oblonga (Montagu) F 3 3
T. cf. sommeri Tinoco F 1 1 2 2
T. subgranulata Cushman F 1 2 3 2 3 1
Triloculir [(:] F 4 1 2 1 1
T. pseudooblonga (Zheng) F 2
Vertebralina striata d'Orbigny F 28 14 5 1 5
Gen. et sp. indet. 5 1
Hyaline Foraminifera 361 194 158 200 229 225 177 174 137 267 392
Ammonia beccarii (Linnaeus) P 1
Angulodiscorbis corrugata (Millett) [o] 1
Bolivina striatula Cushman F 2 1 1 1 11 2
B variabilis (Williamson) F 2 1 2 1
B. spp. F 1 4 1 9 1
Calcarina calcar d'Orbigny P 220 101 133 192 213 210 158 144 117 178 285
C. defrancil d'Orbigny P 2 1 1 1
C. hispida Brady P 4 4 4 3 9 1 5 3 5 8 1
Cribroelphidmm of. articulatum (d'Orbigny) P 1 2 2 3
bradyi (C A 1
C. plana (Cushman) A 3 1 2 3 8 5 3 21
C. squammosa (d'Orbigny) A 1 1
Elphidium reticulosum Cushman F 1
Eponides sp. P 1
Fissurina sp. F 2
Floresina dumrandi Revets F 1 2
F. philippinensis (McCulloch) F 1
Gavelinopsis praegeri (Heron-Allen and Earland) A 5 1 1
G sp. A 1 1 2 1
Glabratella cf. chasteri (Heron-Allen and Earland) Cc 1 1 1 3
G. globigeriniformis (Heron-Allen and Eariand) c 1
G. millettii (Wright) c 107 55 9 3 1 2 2 13 32
G sp. o] 1 2 1
Globocassidulina sp. F 1
Lamallodisoorbls sp. nov. in Jones (1994) A 21 13 4 2 1 1 54
minuta (T P 4
Mychosfomma peripora Zheng [o] 1 1
cf. revertans (Rhumbier) [of 1
Nsooonorblna spp. A 1 1
Rosalina bradyi (Cushman) A 1
R. globularis d'Orbigny A 2
R vilardeboana d'Orbigny A 1 1 2 1
R sp. A 1
Rosalina ? pacifica (Hofker) A 2
Rotorbis aff. auberii (d'Orbigny) A 7
3 sp. . A 1 1 1
Sigmavirgulina tortuosa (Brady) F 1 1 2
Sprillina ? sp. c 2
Strebloides sp. P 1
Tortoplactella rhomboidalis (Millett) F 1 2 1 2 1 4
Gen. et sp. indet. 1 1
Number of specimens picked 405 218 180 206 233 233 186 186 183 306 458
Number of species (S) 19 24 21 9 9 19 14 24 29 34 2
Index of species diversity (H) 1.40 179 1.29 0.52 044 0.60 0.76 1.20 173 191 1.41
Equitability (E) 0.21 0.25 0.17 0.19 0.17  0.10 0.15 0.14 0.19 0.20 0.19
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KiEE - HHRAEFRSE) X895 E0TES
(JLE, 1986 ; Kitazato, 1988). AWFE T3,
BILABEL NS OEFRRITXSY L, T O
HMEEAEHLZ (M6A, £1). HiERHESE
b o> TOWIRWEPKEETE LWL TR,
Kitazato (1988) THefis hicREBORE %=
HWT, HbAREDH 3EFERICED 1.
REBR O EE OEEEHE T E LEERE
(C.calcar) H754%, EREBEFTE G
millettii) 79.7%, BEEEHE (Lamello-
discorbis sp.) M37.4%, HHEFESE (Q. semin-
ulum, Q. semireticulosa, B. striatula) »375% T
Hote, BLEFEZEISA®S9H (B oEH)
WhiFTRICE L, TOMIICIREIED80%LL
EEEDB LIS, ABEUBAEEEE2A
Ho3A (Bekh>HE) ehiT26%UE, B
BAEEEIZI0A 118 (B 120% 2 Lo
ICET 5, 199THE S 19964ED 4 A 2Lk d 5 &,
1997 ICBEEFREOLERMNE LG - T
W5, LIEORER, EEAFEEIEMEBELT
Z0ns, BICITERBAFESEML, i
BH4EEPBEEREVENT 2{ERSH 5
b5,

(6) EROmF A X

APROFER, HILRBRORY 1 X1 bFH
EBHBBEDOND LW o L8> 7, NEE
& (63rm Pl E180 um ki) DL® BEIGE,
2 RICHAME (49%) %KL, Z0%5AETHE
b3 B, KREMEE (600umBlE) @&, Thid
HicAAns 8 Qe THmML, FicbAr
57 ADMEIC 3206 U LicEd 5. 8ANS9

Xhg 1

Plate 1.
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Bk, NMNIORESBOEMLED, 9
A» 5118 & T30%HiHOBETCHESNS.
Ft, 19974 4 AREFED 4 A L KT 5 &,
63umpPlE125 um RiGDOKE & % bOfEEH
PREVWERID A SN,

& 5%& Calcarina calcar DEKEEENRE
HAEMBOBEROE LA RHEE R,

Calcarina calcar dOrbigny A3 1 2@ L T KX
BEGEEDSIETHESTONE. TOEIR
By v TR EENICER T 5 “RER 1L
H” O—FT, b oaA4 FREEE (trochospiral)
BoZRY % b >AIKEZRORARTH 5 (K
1-1). HERFNC G, AL SEREFEICH T T
DOEE « MARERBHICSM T 5 (Reiss and
Hottinger, 1984; Hallock, 1988). ##AE D
WERBRALOME T, BHEOMILEDIIRLSE
CAERLTWVEY, Bl ol#EHoPIc %<
#Hxh 5 (Hohenegger, 1994). HEAImEH D
HEERFEEIRIOm DEICB 51 3 (Hohenegger,
1994; Heheneggeret al., 1999). £ BB E L
TIWEHBEYOERRE X » SHEEECY v T LE
OXERMEFCIEH % S > (Hallock, 1984,
Hohenegger, 1994; Heheneggeret al,, 1999).
INSORBICHROEEOB (spine) » SHEE
HMEESWMLTHHEL TS (Réttger and
Kriiger, 1990). 7, ARRIMRNCEER
(Diatoms) AHLAEFFLLTHELTWS (Lee
and Anderson, 1991). AWE T, LLTD 3
BB LT C. calcar DREKEREEEBRET L1,

HERy BRRREOREEERICERT 2 ERE MMAFAROEERNBETHHNES, 20 1.

Scanning electron micrographs of common epiphytic foraminifera from seagrass beds in the

nearshore zone of Irabu Island, the Ryukyu Islands, Part 1 (scale bars=100 um). 1a-3b. Calcarina
calcar d’Orbigny. 1. Adult specimen, a: spiral side view, b: edge view, c: umbilical side view, sample
in June 1996. 2. Adult specimen with reproduction chambers, a: spiral side view, b: edge view, c:
umbilical side view, sample in April 1997. 3. Megalospheric juvenile, a: side view, b: edge view,
sample in October 1996. 4. Calcarina hispida Brady, a: spiral side view, b: edge view, c: umbilical
side view, sample in June 1996. 5a-6. Glabratella milletii (Wright). 5. Megalospheric specimen, a:
spiral side view, b: edge view, c: umbilical side view, sample in March 1996. 6. Lateral view of a

plastogamous pair, sample in April 1997.
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: Phytal forms

: Crawling forms

g : Attached forms
()

=2 : Free living forms
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8§52 8532838 3% |8
E; Month E:L

X 6. BUllESCBYBEHA 0K LHEAFLREH DL

TR (A) B XU A RO (B).

Fig. 6. Monthly changes in the relative abundances
of four modes of life (A) and shell size
classes (B) among epiphytic foraminiferal
assemblages at the sample site.

Plate 2.
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(1) AT
ErICB T B C calcar DEAREHE %, BHE

UD&@’J’%}’ "&Flir"ﬁ <, Hffifg (100cm®) A
BT s AT LT 7 AR & R DR

ﬁglg%towﬁwwttf*wt(E4AB)
COFEICBVLT D, MFOEH/ Y — v BE—
FLTVWADT, TIThilpHHER1g bk
O OEARCE AR & A2 Ui, (AR
&, 1 FPEEFLRBHE o4 BEE & BIERRIC,
Bakh SFICHT TERICHEEML, EFCimd
BEMEF O/ 5 — vERT. WERRZELT
O d626MA T, 4 ik (1,330Md
&) &b, 10HH/N (82fK) L7 5.
19974 4 A (1,330M{k) & & UF19964F 4 H
(L,194ff{A) 0% Z, [ L & 5 B MEKE R
7.

(2) Ahi=E % b ok

Calcarina calcar D RO AT 1E, BH XD
bELLRELEOALEZEZ LD, ZohItEHK
OEMEBEEN TV AEADRD S (Khkl-2,
-3). TO&IBEREMEAM (Z2AR) =115
L = DH:5EE (reproduction chamber) T& 3
LEZoND., AUIETE, AHEOR DM
JEET - 1A OBIGZH ST B eI,
NHE 2 oA AR L, ARt sk
RKAEHELE (WT7TA). Z0FfEE, SA»S5
HK#UT(IV*F)&QH(IMV)@ZO
DOEHIc D&, HbEE % & O fENED s i,
ZDLHE%E Mﬂaloo cm® WNICEKXT 2HED
f- 0 OIABICIRE S 3 &, AIHEE b OMIKIR

GRERSI I O R B Oy R L I A B A R TE P AL O ERTE FHMEEE, £0 2.

Scanning electron micrographs of common epiphytic foraminifera from seagrass beds in the

nearshore zone of Irabu Island, the Ryukyu Islands, Part 2 (scale bars=100 um). 1. Cymbaloporetta
plana (Cushman), a: spiral side view, b: edge view, c: umbilical side view, sample in March 1996.
2. Lamellodiscorbis sp. nov. in Jones (1994), a: spiral side view, b: edge view, c¢: umbilical side view,
sample in February 1996. 3. Bolivina striatula Cushman, a: apertural side view, b: side view, sample
in November 1996. 4. Young form of Hauerina pacifica Cushman, a: apertural side view, b: side
view, sample in April 1997. 5. Quinqueloculina seminulum (Linnaeus), a: apertural side view, b:
side view, sample in May 1996. 6. Quinqueloculina semireticulosa Cushman, a: apertural side view,
b: side view, sample in October 1996. 7. Vertebralina striata d'Orbigny, a: apertural side view, b:

side view, sample in March 1996.
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Living C. calcar specimens with reproduction chambers
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X 7. BRESICB B Calcarina calcar DEBE%: o EEOLREFEFE (A,B) BLUBELOBEBEGKD
HR L@ (C,D) oEHiZ(k. MEKRVThSERRKI00 cm? WICEKXT 2HBEDIH O

Fig. 7. Percentages and abundances (the number of individuals per seagrasses in 100 cm?® sample area) of
living specimens with reproduction chambers (A and B, respectively) and of dead specimens on
seagrass leaves (C and D, respectively) in Calcarina calcar populations at the sample site between Feb-
ruary 1996 and November 1996, and in April 1997.
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Fig. 8. Size-frequency distributions of Calcarina calcar populations at the sample site during February 1996
through November 1996, and in April 1997. Upward and downward histograms in each graph show
the size-frequency distributions of living and dead specimens, respectively.
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LIS, BELAROERIIELL SELLAKD
T, BEOHHEI—FEREELTHEY
ZDBB VDT, ROGHBEEE DL VDS, BE
EOEBMEIEC B -TwB T LIt 3,

BT RO B RBEORTN 3T LE
BEETHB Ccalcar > SR I B0, £E
FE, £ER, B IREDF—41E, O
DRI L > TREBHBEZI TV, LEX
¥, C calcar TREOHMICEBEEZ ok
BHERI NI, NEDZRY A ORI L
THY, ORHICHEMEISEEML 7 & %2R
B9 5. T, BESEOEEKL/NE
ok ML TWE, LhL, C calcar ®
HEgoE -7 34 Bicdy, 20N ED
LFNTwsD7T, 33 G millettii D &>
WNEREEEE, Hpacifica ® Lamello-
discorbis sp. D & 5 KBEHTEE, V. striata 13
EOHBEFRERE, $XTO7V—7HlEmL
TWBZEiclas, $1bb, HEOKY (34
~4R) iKidd 5w rEEERKOFIL RSN
L, BEHOELRICE > TR OESAPTVERE
Kh-1EFEZIOLNS.

—fi, B (RcRAER) ofEFEE,
WNEED Ny 7Y TR EDHBOEIMCKIE L
THEINT 5 &4, B EROBILRETHE
hTw3d (BlAiE, Erskian and Lipps, 1987;
Murray, 1991; Gooday, 1993). #HEETH,
EORMICIEERLEOE LMY (epi-
phytes) »ff& LTk (Langer, 1988; b,
1995), zh o OBEFRDOEMY, BOMRHOE
FHELREOBEKOET ICEEEELA TV
Dbl i, Ccalcar 15 EDOREEF
LR HABEATE L TWB0 T, KELMHL
EWHEROTEH EERLE AR OEZL S
ns,

EORFEHOEHLRELY

Bichi s s, ELHEARBEOMEEKEERK
NESITEDT 5. B, FEUHEEEPCHBA
HFEEZDO 7S V—THED L, C calcar bEHEIC
BLd 3. 20ERELT, FTHREICKSE
NEZONG. BFiLZ, AEERSHERYIE%
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BEREZ SER T 20, EHEY L T ORED
HmEE (BE) RoREES & ot ISR 0EEL»S |
ESECSh3. EBE, REOREA19964E 7 A
SIHI AR A, ZhIBMAESER L
. UL, BEBEoRBLIEROERL D EL
HUTBD, ZOEBLEIEZSNL,

EES L, ALYy THENOBEBEERED 2
MR OBHEE D SRBRICELRREREL TV
fehs, & CTREFICHEALROMEEELS BT 5
L RERRED SNl ot LT, T
CTHE LEEBORBD R, T oOREBESIc
RotcbDThh, EF0OHEEICHEEREED
ElteBBERLTWwWE EEZ SN B, %12,
Hallock (1984) &, PAAREHICHIES 5/°5 &
FEOY v THIC 2 > OBRAIESEHRBEL, C
calcar DAKHEEOZHEHERT L.
ITH, COROBNHED - OEEBIIES
WRDT 2 &) BERNIRS b - fo. BER OK
®2m) TR, EAEEISA»SI0B LT T
BmL, 10HEKEICEST 5. z0%I2AF
TRAL, 1256 A TEWMETEET 5.
HesE OKE1m) T, BEEKIEROEHBH
L<, AEZELEESREE,L -1,

—7, Sakai and Nishihira (1981) &, [FU
WEFIEOAGEOHEEOMKEE LT, FL
Calcarinidae # 1 |8 9 % Baculogypsina
sphaerulata DEFEEEEHE L. BAEED
o ofEEEE, & (4 8) L (11A) itz
hzh6,728f&K, 6,058fkE£<, B (6A
E8H) &% (2H) 15457k &K U5,618MH1{A,
3,888 KICHDT AEEMSH LN DB, FITKD
BEBIIEOKESICE T WS, 121 L, EZ
KELCREDT A ERBW, £, ¥4 XD
HEEM» S, COBRFEIKE6ALSTHITH
FTEMEREE L TWEEEZION, FLEAEE
ERTIRI50fED S B, 10@{EMSEREET- 7 C
L bHER s i (Sakai and Nishihira, 1981).
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AMFF & Sakai and Nishihira (1981) O#f%E%
HELTo» 2L, BEBOEICEIHS D
DD, BLROEEE,SEFEICLL, Hitdliuve
W, —RESEE L TWBEIICHZ B,
AKFETIE, ZOF—FIMBETVDT, 5%ELEEID
BILRBEOEH LS MIC LIZVEZEZ TV S,
AFBEMEE LB T 3 EBOREOZE T,
1) KBEM30CEL $TERT 3, 2) EoHHD
TN 5342 TRV B, 3) BEEIC KD
v IHEOHEHAN OIRIBMBTEE - 720, BEOEEIK
L ORBREELFEL, WKOERMSELL LB
EFOERMEZ OB, KB, EZHv 7o) 5
Wiz L OEREBE T, KECHREBRERLEOE
fbick » CTEFALHOBEKS LT 5 &
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HoEEZ, FILEORBEE K L CEERY
2RiELZD, 50, INSOERICK O
INBERIS SO AR IR B A, BN
KEARICEENENECEbELONE, L
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BEBRERL EOFMIE T — s B0, £0
FRZZ2ICKR DAL T ENTE L, 12,
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% & ¢ Calcarinidae o B AL X, i Ok
(spine) » SHSEMWME W L THEIFTES
% (Rottger and Kriiger, 1990). # D%, @
EHBETL T, HMBEVHOHRICLVBEOR
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BERR PN B VIR PRI A U hig, ERICE
LiBRBE» SO BRhh 5. Lich->T,
P OBEMEGERE, BEETHETLEE»S
BT LABEEEZLSWEEEATVWB I &I
5.

—75, BAMEREDS 2 0 OREBEBOERL S,
B OB CRELERFLROECRIE|L,
C.calcar bH I 3EEHSHHT 5. <o C
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calcar DX HBAKBBEARTIE, HERHORE
CEAEFILFVWIEBMONTED,
Amphisorus hemprichii ¥ Amphistegina J& T
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X7Y «7=% (Mary Anning 1799-1847) HFRICENRT &
K EE T

What do we know through the historical study of Mary Anning (1799-1847)?

Michiko Yajima*

Abstract Mary Anning has been famous for fossil hunting since her lifetime. Among many palaeontologists
studying Lias fossils from Lyme Regis, Dorset, William D. Lang (1878-1966) and Hugh Torrens (1940-) stand
at the head of the study of life and work of Mary Anning. The historical study of Mary Anning makes clear
the change of historical study of general sciences and throws light on the relationship between

palaeontologists and fossil collectors.
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19994E1d » 7Y » 7 = ¥ 7 DHFE2004E D 4
T, Theida L THBY v Ry o ah, 45
2354 ) —Y 2 (Lyme Regis) Thimhh 3,
SALY=VREATY s 7=V I hEEN, &
EL, ECLACHITH 5. HOERI00ET S
SIG0ETZ R GHL N - 1. 4, ZER2004E
Wanfrbh s, HEZERIIOARD LS TH 3.
19974E1Ci3/Nw b ¥ o 54 T V2004ER 42 %
DEsNIH, FEZhEFERL SVOEER
3, WRAMS, 27Y) e 7=V, Ny by
RIAZNEBRAZIBEEOBVIEE LD
N3XHB->tDid, MEES, HEYERD
BEDBKELEDYD, ZOEAAT) e 7=V
IHEELTWEPOLEEZE, A7) T2V
THEOHFENERBEL TAW,
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AF7Y 70T

AT e TV I OERER, BRTELIIC,
1900FERICA->THSD LT DM - T
X}, T T Tk Torrens (1995) &FH)II (1996)
2BREICLTHERICE LD 3,

* W R R {E%E Tokyo Seitoku Gakuen, Oji, Kita-ku,
Tokyo 114-0002
19994F 4 H18H %A+, 19994 5 A24A%HE

BLVWEERAORVF+—FEREY)-—0DD

LT, A7) e 7=V /IR1T994 5 21 HEEA
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KW BB LW, * 7 ) &
B - f., HITETR T IH S 2 7 Y OffihsH -
TEEENIEE - a i, 18104F x 7 1) 10
ROKIC, RIIEFE ST ELLL > THEKTRT
L, " REERICME-1. Yat7, x7)5RE
F54 L) —YREBET B{LAZBREICE-
TRt EBG 2. RIZERI»SBIZEE LT, /&
BYLAEEEA TR, 18114, 7 )11
DRICHEFIOREERR L. 20k, L0
LEERALTVWSE, BEBHOKEFTSH,
1818 2 EHDOAEORE, 18245 2 7 V) 245%
DEOEHREEOHR, 1828FE0HRBEOFKRE %
BIFBENTES. YA FY ROHEY,
HEMZOHBEYITHD, 2T e TS RE
#3EHE, TR BRLCAEELTHE:EELT
Wiz, A7V, HRECHEROMICES % »
b =2 2ED, ZIFEE LIS T, {bARTEE
ERRALEE /. 184ATHESHOH A 7 ) IdHA4 v
THLE. FHATHE.

ATY 7=V OHREIE, v FYOHR
FEYEOKEBERBEOEADZ KBRS
TW3, Yoo v F/HEESKAT Y « 7=
YISRBEEEL, AT VLERERE-> THLE
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bDTHB., b9 I MOHBKHIZ, oy
WHFRDT =% — « 5 — A ZDOERE E W H/NE
BEBEILHE, bBAA, T—H—+Fh—5sX
DOHBED LD >TEBY, 1 F)XDELSA T
WENAT, WBHREZEATY 7=V /DY
BEAH 5, 27 ) DK, FABEE LW
9 (Lang, 1960). L Tcchsid, A 7Y -
T=Y T DEBEEATVWETHAI ), FhTIZ,
F o5 eN—v o (1796-1855) T & - THib
NIcEVDNBEKER T » FOIEHID, A T7YVD
FHKEERATVRE BB (K1).

SALY—DR

4 ¥ 2FEH, F—+ v b (Dorset) il H
554450 =Y, 4F) 2L 2NS
THENTH 3 (K2). Bid, #WKAEETlb
5. BERWICIE, 75 v 27 ~Y (Black Ven)
%, =5 v * % v 7 (Golden Cap) LS
I, ELOLERZREELTWSE, 2T Y DAE
TOERERS2 S, #tH/y—x (Bath) L&D
WL, ZLOERFLOERRENE I L) -V 2%
TV, ALY =Y REFER, AFY XD
Ty 2 5%54 7 2ERETIHBESEHLT,

« 7 =7 (Tickel,

K1. KEZXT v FOXATY
1995).

Fig. 1. A water-color sketch of Mary Anning
(Tickel, 1995).
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TN AT BRI NEHEF VRS LEES
FET A, HEEW 2 CHIHERILTW AN, #E
REHRAEL &, FARAL LA oHBIEHET
ER P R A

FA LY =Y RFVAB VA HIETRIT b B
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1817) &, /Nt MEsEonT) (A—2 7 4
v, 1942) T4 —HF « 22709 TDEHKD
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{EEEELTOWABEENBIET 2. TO/NGiOM
H{bichtc>TlR, BEDSA LY -V ZDHT
o RiTbint:, EE»SHEEEL LHHL, &
IR 2B EHTE D b DA 19t diics -
TLE-KkZEIHITHS. MEDOFHY — v idFRN
BBERICLT, 3 JI2BVWT Y b EELR
OB, k% 5.

AT7Y e FmoTICBELNIA

AT e T=vFid, bBEAARMXOADEL

Golden Cap

FHRIMSILREDOZET 5

K2. 5441 — R4,
LA,

Fig. 2. Index map of Lyme Regis. Fossiliferous lo-
calities are shown by shadow.
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7V U DEEFESHO VTV,

o v FroEREEYEEORES (Stern, 1998)
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K3. Ny 235V FETATY » 7=V /7 DOFK, B
ARE, TABRSE1H5DOFHKEZIFERNR
ote. FBESLVERBOELEFERE L
EENTH B,

Fig. 3. The beginning part of Mary Anning’s letter
to Buckland. Date unknown. “Sir I did not re-
ceive your letter time to send any sort of
sketch, there will not the two hour of day-
light until the post goes out again!if there
was time my eyes are to certained with pick-
ing it that I could not see the:----- it but Sir
you may take my word when I say that it is
far more perfect than the one the Birming-
ham Duké the body is as perfect as any fossil
I ever sh---of co--rs”
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WotDTH 5, BEORFERF 15 I3EK It
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flixhTEVWEEZIED 1.

—fRIALLOREZ I3, FELUNEECRES
DEFMBHVONE I EMBEBWL. 74 0Ey M
P, N—FKRER, LGOBEZICHE SN,
BAD S NVICERIBTENTWEDT S, &
AW, AF)ZOMEFREG, A7) T=v
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W37 TH3B (Torrens, 1995).

AT Y DRE, 4FYRTIE, 18784 R.F.
Tomes M35 4 7 2D Y ~ I anningi Z R L
fo. 19364 id Cox AR —# H ic
Anningia %2#R& L7143, Thid&€ =4 (1927
%, 7 7Y % ® RBroom # € H ¥ ic
Anningia E WO BZEDTI) THH->DT,
1958 4 Anningella 1= % & ©v 7= (Torrens,
1995).

4 A b 53— FIT & Cytherelloidea anningi
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AT e T=Vv7IE1929%E 1, 4Dk HICH
WiIskiF 2 LicbhZ2RE L, HEYFEEICTES
&L, MEETHS ) L1 (Riley,H
1797-1848) ® 7 # ¥ — 3 Squaloraja &\ 5 %
BiM/RT &K HIT, ¥ 4 squalus & = A raia D
BT 2 EEA. BRI -9+ v THE
ofERE] DAith s, MHABOHO T, [k
bhicR] Bdbh, TOARBENESLBCHD
EEZoN, ZHRIIHLTATY « 7=V 713,
54 LY) -V RATRPBEICAFTESDT,
4 EBE LT, FOBHKEIHN, Squaloraja i3
A DM TH B EERLIDTHS (Taylor
and Torrens, 1987). B T, Squaloraja i3
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A7UDLTIzmhE

AT o 7=V 7ML AEREGGEL DI,
HAMEH T IEREE T TIEIASL, OB
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F MO EZFICIZd > EEWVERES > H T B
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39

#%ﬂﬂ/’/_)}? Lt Oy A
l—w‘—'—""[' - mel '—/’%)%“ﬂ’ L//f-
¢J\u4 Ze Qe /. A «2‘./(;,34
ru,‘-w/f el

/,.,u_fl,i:

Q¢&.ﬁz~4,4%g’%
/ /”«r\/a ﬁ// ,/QZ ‘
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) e 7=V S DOFHK BItA Squaloraja DA
FBfESAN TV B (Taylor and Torrens, 1987).

Fig. 4. Part of Mary Anning’s letter of Feb. 11th,
1831 to Professor Sedgwick (Taylor and
Torrens, 1987). yet approaching to fishes in-
sects birds and animals about a foot ! half in
length of which the underneath scratch is s
faint resemblance, and being the only one in
Europe price 50 £ Sir should either of the
above named specimens suit you I should
feel greatly obliged by an early answer I re-
main sir with great respect your obedient
Servant Mary Anning.

WBIEA DM,

Squaloraja BARIZOWTIE, AT e 7=V
TSI 4 9 710 Y FEWVWD EEEZER
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v FICEBEAEEE LTERLTWS, IRV
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Torrens, 1987). T D50# v FIZBHETIZWV L
SIT1E B, Bifc EEME O E B R % i g
WWDTHAEI M. BZHL OEHRBo VK
yRBMHHAERLE L bDTHSE, 546 —
V2D LS HHENTIERMERb-HVE
Bbhz, 279 «7=v/0BEREFORICIL,
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N— 54 MIEHERES 5 LW,

BELKUEHICE > TRKEOBREL LT Y
LHREEE THEE B ons &, KENXDOEN
BB, HHEOKRETSBZ 5. Ty
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1. P-THER G25f4ERD Mok &/ (70— 20%] OMEEK (B, 1995). #% -+« v~ b VEERTRAL
teR=s8= (kv b) Fu—a0ERFicky, BEDKNEHSBIY, KEEICERLES R« 27 ) —
VER(Eot. FORER, NARELE R UHDREEREIMZE L, Ao ayndsEsiE L, Kt &N
BRBEINT, bR LT V- EbNB LT, BRE YT EHHLIED 1.

BEARAREL S D, AV ST 5.
Z0%, HiFEIKLT 2 OEREBEDRICL -
TEBLICIZC 3. D& 5 miRESEIRS: <
&, lYIZ L TENIRET 2511 b KES4TE
WD, —HTRK - #gE, &< ICEBHEDO R
TRERRZKBELLEELZONDE, TO—#H0
HEE L, BEREPERBEAOHERELE WS 5T -
FRREZBE L1 (o] &350t [HE0L ]
WS YF ) FIEUSTBEDT, [F— DK
LIP3 &2 d 3.

P-THERTE X/ 3 >DIRE 7/ o—~VEH
(KiEfamk, EMEERR, BRESRELE) Z2H—
FHCHATZ 3G E LT [Fr—a0&] BF
ATH 5. P-T EHRFMOFMRER EE A KA
RAKOYBEBHTH B R ——FI— LD LRI
b, BREBHH LIRS e [Fr— 0% ]
YF)AIRE ST o —NVRBIE(S B &L
HEE & N, AWK Rk 2 Ry S 7S MR o HER
BroEREBLENS, P-THEHRWRR, 72
RBEEHL Y & R ZHEE & 2 BeBEic & 543, 41
R — ¥ — 7 ) — ATEE) O B EERL O A As I

SNB. BEBIER—— T b OIER & A
PED43Ze L P-TEERLIFIIcbMELB X TEY,
& & OB bR [7V— 20K ] & KR
BhRBE I EDBHEES NS, Kh v T ) TRK
DOREBEPANZFEDLDEHIIOVTH, Ok
STHAEALSDT Tuo—FHBNETH B,

X #
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BECPHOEN TR L HRIGEXE"

TEFBLE" " « REH— " - A

[FLoIC

HELORBEEEROLH IC> VT,
Larson (1991) O% 1 KM@ TL<5Hsn
TWV3, ZORLTVLIHNEEEIKISR~S &,
B IEZ Ohifi % © — 7 Il O R ER O
ZL0ENSSD, Thidz—1—7L—s0t
Rik3b0T, TXNTOBRBEROL/LIEICD
CEICHRTERLELTVS, oo 2%
B Bl O DFER, WKEE « KR - K
BOERBEI-ELTVS, HELRELD
ML SREHRESEONT X (Priceet al.,
1998). L& L, £iF @ General Circulation
Model (Priceet al., 1998) iz &k niE, BRI
HiomBEE i3/ EETEFEHEOKE (small
permanent icecap) BELEL 2B LEVWH T LT,
Z ) THNKFEIROBOEE SHIATE 5.

HELDO120H0FEROEL BTV EFA b
BETERSNTELDT, 7VEF A MEDOEHE
PEORERER TS & OB EBERIBR S —T B &
B3R TH 5. House (1989) itk 3 LHE
HoEhELdbicT vEFA MROROLHEM
I3HA L, % Albian #4> 5 Fi# Cenomanian
Hiehrcsgtor— s 2Rk LTS, O
oML E S Larson 5& 0 £ & D -BIED
HBEFROEH s — v ELBVRO—EHERLT
W3,

BED7 VEF M4 FEOBOSHIEDEE)
bR EEADT vEF A MRICODWTLHHE

*Bioevents and paleoenvironmental changes in Mid-
Cretaceous

**Hiromichi Hirano, BREH KZH B FHHIRE
=

***Seiichi Toshimitsu, HIE 2B E A
****Takashi Matsumoto, BHEHA AL T ¥
AR - IS RYERE

""" Kazuharu Takahashi, EREH KFEARFEREE T
HABMERRME THER (R B8EEskL)

g__i_\.**** . %%_H%:*****

HEBECTELALVTOSEEOTEH %KD 12,
900RTEEZ Y X b » 7w 7L, FEHIIEKRISEITD
ThaY, ZHREOFVESHOE— 7 MHBD S

N, Zh 5, §BiH Barremian #, % #
Aptian #§, % Albian #1, K %

Turonian #, i Coniacian #f, Santonian #j
ThHy, HEfLEZE L TRRKOEHEEERT ORI
% Albian HiThH 5. BRO LML IND
D ¥ — 7 OO IC I E B OB/ N e 5 —
vERB oD, ThoORERMEOE B
» o RCEHELEKAE, Al Aptian i, F#
Albian #1, %% ¥ Cenomanian #], ®i i
Coniacian i Tdh 5. *7-—HOICKHFER %
ANTENOHEZ 2R 2 L2 2B LT, SHHE
DM LB EEIC, B3 B0 IcHE
BlLTw3, AELHEICOWVTIE, Santonian
WMo E— 7 LB R LO—REZW->TWEES
BT LR,

BELOBFEBREERICONT

B, AL 3 EOMHEFEEREFE (Oce-
anic Anoxic Events ; LIFB§ L T OAE &329)
BEHIOH, HVWAHMNS OAEL ~3 LB EMA X
nZhosnd B 0AEL I WTId OAE la~1d
DAEMFBIAE N TV B (FZ i Bralower
et al, 1993).

OAE 3R IC 3 AEYRELZZ T TV R WE
Bz vt BEicIERRECEBOR
IKED, HEDBETLBRICELET S LIckD
RENB, 2 LT, REBLEKLL, ZoOBET
EAMICY 7 b2 EBELOFITHSATY
3. COXIRBERERAT B EF VI o
boh, BRLEBRINTVLBEDIZ2ET VD B,
—2i3, OAE2 (C/THR) O &5 iciEKED
ERE-HL, BEHERT L, HBEYASHIR
DEHEBMTBEATVS Z &, RERLEL
DHIRBIE CEBFICIEAEICY 7 b 2T EMD,
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BHEDHEY 75 v 7 b vicREE N B —REED
BEnAEF o TWwB (Jarviset al., 1988).

L—21F, ZROBBYIPSHEYE & bIcHF
KEBSNHERETZ260T, WKENSKTL
& &, ROIRZEOMOSIERNSFERH & PER D
BEY - BEYOMBESEMLU L SAELE
% (Erbacher and Thurow, 1997). T D&
i, BEHOESRY, HEZOFERICL > TEL
BHY, RERMELOEHILTLELS L
RS W,

BEOFHAERL OAE

OAE1 BRIRD & 51z la~1d @ 4 [EH55%5
ENTV3, HATRIV: B BIBRBBHOY IR
EOBOILKRY RO v a v TERERLTE
7= (#2132 Hirano and Fukuju, 1997; &#& 3
», 1997). JkRFEDE7 v 3 v Tld, BIEHD
HESLTLEZENIEER I, HEMICd
ElEED (1997) OBNIEENRLTWS X
KT LHBETREYL, 2hTd TOC B &
USBC oZEHME, ER»5znTh OAE
la~1d IEXfLETE 2 X TV 3B,

RERALA L D Z &) ic > W T Erbacher and
Thurow (1997) IC& 349V 7D ¥ 3 VT
i3, OAEIcIZo W T S "CDIED ¥ 7 + Hif8
5NT, THIIHEMEDOAETHA S LEES
BBXTWB, LhL, dERKFETIESCDIE
DY 7 MBFOLNTVS, FiBEEGEIKET S v
74— AICHAREEDICHBSE WD TRRED
REWPDIIWEEZOND, FOXSICHBE
OAE lc i3#rB#: <175 <, lab,d &[F CEHE—
WEEOHEINICL3EEZ LN B,

OAE ZHIERFIEHNCIEE § 2 BE OB ER %
BoRBEbLIT LT, HFEECHE, shid
ZORENSHAT R EBREATVSEY, F
fob ISRBETICBERO b 5 FETHK, METCHE,
ZNODTLEL, v e BRI Kty e F 4
FThs/Sy o NYFREFRIINY o FhFhNY o Ry
FHRNY e F LT F VEDNLAT—H—, D
fthz 5 5 v ORFEIC & b HEREEE O HERFTE OB
LBk ERD 1. 2 o OFERIE, OAE
la~ld st LA BETRAERRE R
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(TOC) HE 6 CIKIED Y 7 + bV, &L
R LEERSh, RERV—EERLTVAS.

BADBELPED OAE

Cenomanian/Turonian ifj #i&H{ © OAE 2 ic
S W It Hasegawa (1997) AEEMICE TS
BVEETENERESR EF TV, 199651
MERAYEAEED C/THERA2HATImE
EKE & > TEBELHE - MECH - HHFTR
D47 % 3B 15 - 12 (Arai and Hirano, 1996).
THITHIL-> T Orth (1989) <&k » Tk T Ir
DM EN, OAE2 OEEREOREE L
T3 Hot spot DIEFIHH - 72 & W 5 & LRI EEM:
siEFsnl L L, FAZEOAFER TSI
EABKRIEL TR Lo, BERoEREESH
W ot, &AM, Reyment (19984EFA(Z)
Itk 3L 0AE2 DE#ELE 20 L TOBEORT,
EEBIRFTAITO LBV REENBEEESOT,
BT&REEEFTH 5.

BADRBERLD OAE

B4 2L EREA L1z 2[B]D OAE D iEH i
Coniacian #ici5% 2 OAE3 BHIo TV 3,
I E T 5 & Didymotisevent (#] 7 1F
Wood et al,, 1984) t[EFEEEbN 2. EELE
MIDFREE LB VI — oy NOYYBHET, KL
ERBWIT  WiEEE 0 T # H Didymotis B
REDICEKELRT 3. BEIBBRICBVTLHE
ik Dz &k S BHRHBED o, HELOE
A, BRBAEDS I F8BEEShATL
BHIMH BHS, K24 A== —DPRER
RALE T RITh TV D,

OAE & HAEYSHIEOKE)

#ILEAEYFICE > THEENR I L1, OAED
HELkE&IT vEF A FEOBEEHMICHBED
HEIEAMBEDOSNEDEIPERES,ITT ST
LTHh3 ERERETILE, BEOHMBT
OAE la |Z Barremian $l®# 4 0 4> 5 Aptian #i
23T, 1b [2ATH Albian 8, 1c 3 Albi-
an~1% ] Albian HOR{HA, 1d 3% 1 Albian i
L1z, % Albianim o7 vEF A FEDOE
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BMENEC R LRAONTVWEIETH B,
HA2ED 7 v €34 MREHEEICB VLT,
OAE 1d & 2 0% XABIT 5 721 O SREEM T,
Z OO TV TN S OAE OB I {E VB H
M, BVREEREZRLTVWS, BEkHEIEEL
T, Z0kHREFICHHDL ST, BEHKREIFHL
CEDtERETE 5.

C/THRDOAE2ICK B L7 — 4 3 &M T,
FERMRREDEV. T OR, HEEREIPPEVY
ZhP ECHEENEoTH B L, THLLE
# Cenomanian 1% —4 L TA 3 & # DI H
LWEOHBAR W Edsbh 3,

OAEBIit2W\WTh, mUVMEHEEKREITEL
MEESTEA EN B,

TR TH B, —MOERDEFEDE L
BREBRWT, HADT v EF 4 MEOTES M
DEET OAE LD TEWVEENH 5 L EAZ
STH 5.

SiRORE

F EDICBA TAROFEERT E(VAREULA,
EAEEYLAME LB WE T ATRBEE(LGI
KO ERSEEEE B T &, QR LETERERS
B4 x<—h =907 — 5 2 2RIcE -
THERT T &, QURERMAELD T — 5 2P L,
Y —REEOEEICEBREA - T, REB/HROD
SR D S L HIERHTHE THIBRBRIS 0T 2 4 5 C
&, WF 1z, REEAALEBZERTLOF L
WREEY S 20T, REFRLKILZTZERR
WA T 2 EPSEIORELEEL SN S,

COBBEEA® S, 1998 & fkic /v ) @
UNESCO-IUGS @ IGCP £E 21 L WE BRI
B oY =7 b EBRHFLTWILET A, KE
#, IGCP-Project434& L T&EE sk, £<
OWEEZEDOBMAEBT, T OREEMEL o\,

X M

Arai, Z. and Hirano, H., 1996. Geochemical study of
the Cenomanian-Turonian boundary oceanic an-
oxic event in the northwestern Pacific forearc
basin: An example from the Cretaceous Yezo
Supergroup, Hokkaido, Japan. Geol. Soc. India,
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gk T ER 1 HE TR D RO f HL 2R B & B Bk (b5
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AFEAML A -AER,/ EREROLIRIERE
BET®R - AERE " « BRIPX** » Marcos A. Lamolda****

Paleoenvironmental changes inferred from the distributions of molecular fossils
at the Cretaceous/Tertiary boundary

Tetsuya Arinobu*, Ryoshi Ishiwatari**, Kunio Kaiho*** and Marcos A. Lamolda

#6500 FEERTICIE 2 /o AHEiE/E =4 K/
BROAXBHMBELE TR, BELLTIO%DHE
BB LI EBRES ShTWw 3 (Jablonski,
1994). KREHMBEASFA L 1B 3B O B3
BEHPREB/R Y X7 LOREHSHE /- &E
AoNTED, FNOOEEEBHRT B EIGE
BRFETH 5. HEREY), HESDICIEY TS
¥ 7 b VICHROEES T, BLEEEMEYSkD
BRSO, ERAYHROERATEENET N
TEY, INEFTOMANLSZTNThOEY DS
BLREERDT (M A=—H—F39FL
f) BEELIERBRIh TV S, GBS FIIHERY
WE L BB IO TEEEL AR § v, 1k
FHGEHICRED D 0, HENRER DA
Aw—A—-¢ L THERERTCAV STV S,
INSDNA < — B — OEERCHEOEMH
5, MEFOREL - WEOEYAERS, FED
EE), BEDSHENDOYHEEXBRELEIT>VTO
FERNBons b0 L HFESNE. ARTR, &
BHIER(LENFEEEA L, K/TERO LK
RO AT - 1 ERO—I AN+ 5. KKt
K/TERtEoERE2 R FEESH
TVARHAMICOBDIT VR RS VEFRDAH 5 /¢

WHEARRER T % V¥ — HEE BFEEmes IR
B Mineral and Fuel Resource Department, Geologi-
cal Survey of Japan, Tsukuba 305-8567

T RIREL R FRER SR Graduate School of
Science, Tokyo Metropolitan University, Hachioji,
192-0364

* R LR FRFEBRE 728 Graduate School of Sci-
ence, Tohoku University, Sendai, 980-8578
****Facultad de Ciencias, Universidad del Pais
Vasco, Lejona 48940, Spain

* Kk

HK/T®7va v THERULICbDE[MERL L.
SHBEEERR IERTRBELRE LK, BB
MERYEY/A5 ) —VEK (6 : 4) THBE
Bertih U e, fhHR BRI RR 4Y & ek 1 41
L7k, BB ESICy Y AFVIo< b
77 4 —ic & ORIk LKFE B & U PAH (£
REBHERIAKR) CHEL, #R70= 35
7 4 —/HESHET (GC/MS) itk 3RE, E&
ZiT-1-.
K/THERELOBE® (0to +0.5cm) DISH
BRRALKFEE S D275 74 v 7545 (m/
z85) %9 (K1), n-7u#H v ORHIIHFHK
BAESEDON, CxZ2HAETE2HDTH -
fo. TREMERTESE -7 VH ¥ (Ca-Ca)
BBEROSEFEYICHRT 56D TH b (Tissot
and Welte, 1984), K/T BRE® IZEL S~
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1. #54 K/THERELE (0to +0.5cm) D5
RIRILKFEES D m/z857 5 7' * v b "5 4,
BEZn-Th v OREHKETRT.

Fig. 1. Mass fragmentgram at m/z85 of saturated
hydrocarbons in the sample (0 to +0.5 cm)
just above the K/T boundary at Caravaca,
Spain. Numbers denote the carbon number
of n-alkanes.
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OYIBEBREHBEA TS - RSN S, —HE
His LY 7> v b VIicHRT B -7 n
V12 CollFT& % (Gelpietal., 1970) 8, %
DHEEREFBHTDEL, 70070 VEHEICH
RTBEEZEZONBA Y 7L/ A FR(LAZE (7
VYR8V, 71445V) b, -1,

g7, K/ITHRELOBETREEGEKL2ED 2
L 30/ ko PAH ietHa 7z, HicER &
B L7 &% % 5 h B peri-condensed PAH #s
K/TERBELOBETREL T, ZORR
SfrEhK/THERETOAELE S KL T
10052, ET& - 7= (Arinobu et al., 1999) <
DFERIE, Wolbach 5 (1985) MHEERLKK/T
BRTORBEBEKKORELZRTLHDTH
3.

ESICK/TERE FOBED S Cy, Cun, Ca,
Ca R/¥ VU Cyy Cooy Cao RV EWVWSH—HD
Fo%) 4 FR{LKFESBREE N, oD FHY
A FLEMEEZEMCERELR DO TH 5.
Cw, Cu, Cod SV RIEAK N7 FYT (¥T/
Ny F)T), EBKRE NI T )T, LEREN
JFYTICHEKL, Co® XV IRBREN T
VT, AFVERNIFNT, 25 VBT T
YTICHRT B, Db, BRENs 7Y T OHE
FITROF VN IVORERFKENLAELLORITEH 2
BETHDSROFETDH 5.

IhETERSTFERVEHERERS I, B8
BRI T RS FRO/NS WERY) (EF =

BEd it/ in#hit O
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AV) BEBHFERETH 7. LHL, —ffic
WO E h O BESF ORI, Bk
TEROBBTEVICEA LLERE#RST (5o
VaV) BEELTBY, EF 2 vOEIAIERE
ERYIOENPRBTLIIEYL., Z0DHREEE
BYIOKEAE LD 2o« v o EEigE
ELTO [HEEMANA A ~— 5 —] %REBF70BIR
HIEE SRR & - TRIEHIC 8 S & 2 Biffibs
LT3,

X

Arinobu, T, Ishiwatari, R., Kaiho, K. and Lamolda, M.
A., 1999. Spike of pyrosynthetic polycyclic aro-
matic hydrocarbons associated with an abrupt de-
crease in 6 °C of a terrestrial biomarker at the
Cretaceous-Tertiary boundary at Caravaca, Spain.
Geology, in press.

Gelpi, E., Schneider, H., Mann, J. and Oro, J., 1970. Hy-
drocarbons of geochemical significance in micro-
scopic algae. Phytochemistry, 9, 603-612.

Jablonski, D., 1994. Extinctions in the fossil record.
Phil. Trans. Roy. Soc., B344, 11-17.

Tissot, B. P. and Welte, D. H., 1984. Petroleum Forma-
tion and Occurrence. 699p., Springer-Verlag, New
York.
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taceous extinctions: Evidence for wildfires and
search for meteoric material. Science, 230, 167-170.

BLERLBRER"

5% NEE SN

[FL&HIC

R DK H TR S BEE L EYMR OB M BEH
ok (~555Ma) IKEI>TW5E. ZODH
EREEAEYICBOWTHEEFICASNE DT, &

*Benthic extinction event and global warming at the
end of Paleocene and in the early Eocene
**Ritsuo Nomura, EBRAFEHE R

WOBEEFILBBEN /S o - NVicBirah b &
AT - 1980 ER DB ICERH s NI LD
(Tjalsma and Lohmann, 1983)., &5, #&H
SN DW T DEENERRE « IRE DR AL DZ
Be—HL I >TwETH?S (Kennett
and Scott, 1991). BB BEELLBENEG T
U2\ I DBRIC L - T, HRBEOZLEGHE
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wiEtic 52 5 BRI EERHO P LES LT
25BN E F - 72 (Thomas and Shackleton,
1996). K&, < OHEEITHE BIGHTH 3K
PEELL S50, HEOREO
RIRE & BEE L CEELHAERNRE VR 5,

EXOHH

COBREIFBEABLREEDH20~40%
BHETACETHB. LrL, HETAEREE
“PaHEL - it g 58, wbwi~Fza
B (o 3AHELED) 0B RR-TWwWa T &
KHEET A NEND 3.

B o REENALOZBISET (% e it
DE—=7 5 5-3%ET) &, FidO &> ICEE
D E ST, HEBEEEORHLTHMHRDT
BREUEHRERLTVS, BEOEMIALD O
A EKER, BROERK (~2000m) T17
CitbET 5. HKESROERLT 2B 5D
PVIICBBRZEHRA R (CO2, #5v, EK) »
ROEBLBEHE LK. &I, KERMELOAM
BAET W, BEEoEYEHICbBDOH, FLL
BOCHBELRIICERE LI ENHLAT
b5,

HREZEOEZS
BVKETRAKPOBEOBRESET T3
fed, A S DEETHEROEBRZ(LHSEL
KBRL TV B I LRBETELWVL, BHETH
55 (Kaiho, 1991). #BEZO%ROELEETL
RO BROB/MEL BB -» THET 3
LICWBI LR, MBFLEEELLBAOEE
RERTHD. oI, HBALEBEIOKECLS
BEEE MBS OND, HBEHMEMSEZ 20
C DBEEDERDOEFHTH S (Thomas, 1998).
THbL, BEBEELVFIONS 2aBOFFE
HER, BEELSEEORERENDLVEE
AR L CTHIBER M E E A LR, KB
SHEEBVTOHEDDIE WEEL R SIF TV
. TDEIIHABE, TONT R ABIOMHEE
Er—@oBEE L LTTREL, WHhWAEHME
i BEIH R OB ED S HERBOBE~ DL
BHELLTHRABNETH 5.

FOSSILS 66 (1999)

REFALOETRICIZ, FEBAKOEVIES
BEEVERSY bRIRIA I D375 W 7 D EEEIK DTE
BEEMSMETLLEALNS (&2, BFMNI
», 1997). Fi, 7o — VIR FERIER
TOERBKDOEREHE L TV ARl 2 RR g
3. —HT, 7—FABOEESERKDA v F
E~OFHH GEEEROE) dH#EsNns. L
ML, T o425 VOKERD SRED
BILRORMEIMTFERD SBH N ZIRE « 5
FAT7 561, 1V FE KEFERER 2L
TRERKEOVWTNOEEKELD 7 —F 2 Dg/KE
EHEVWERICKE S EWVWSH (Charisi and
Schmitz, 1998).

Db k> IEesis 2T, E&IIBEFH/AT
kit %8 U CRBERERK S EARNICTER S
hcwicl &, 2L THBENPRECRT220D
BIREEEBRLTWAEbDEEZ TS (K1).
—fgic kbbb KRy 7 REFNTHAT S L,
MBI R TR EBO R v 7 AH
BEELL, Ky s ROBEX AL, EE
TERMBHRD TERICE s icBBVEL, LiL,
SETEZIONTVWEEIYUEESERK
(warm saline deep water) IC& > TEXEHE h 3
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