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Geology of the Arc in the Northwestern Margin of the Pacific Ocean and their Formation
by Large-scale Uplift of the Arc and Sea Level Rise; Formation of Suruga Bay”

Masahiro Suisa?’

Abstract

Suruga Bay, the deepest bay in Japan, has been formed by large-scale uplift with thrust faults and
absolute rises of the sea level about 1,000 m since ca. 400 ka. In order to form a stratum, it is necessary
to uplift of the crust and absolute elevation of the sea level, which means the Micro-Expanding Earth. In
the Jurassic period, the sea level was 5,000 to 6,000 m lower than the present. After that the strata and
the topography were formed due to uplift of the crust and rising sea level by the eruption of the flooded
basalt at the ocean floor. From the Cretaceous, the plutonic igneous activity and the uplift of the continental
margin of the Pacific Rim began. In the Late Miocene, the arc began to be formed by uplift of the crust,
ultimately the present topography has been formed by large-scale uplift and the sea level risen about 1,000

m since ca. 400 ka.
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When Did Masaki of the Miho Peninsula Become Land? ; Transitions of Sedimentary
Environments during the Post Glacial Period Inferred from Analysis of
Foraminiferal Fossils in Boring Samples b

Masahiro Sumsa?’ and Hironori NaGasawa®’

Abstract

Miho Peninsula is complex sand spit with three sand spits overlapping the western side of Suruga Bay
central Japan. In this study, we aimed to clarify the transition of sedimentary environment during the post
glacial period of Miho Peninsula by using foraminiferal fossils from the core obtained by Ishihara et al.
(2014).

The boring sample is a full core with a total length of 70 m and can be divided into four layers; the
lowermost gravel layer, the lower sand layer, the middle sand and mud layer and the upper gravel layer in
descending order. For foraminiferal analysis, samples were collected from the middle sand and mud layer
and examined, and were classified into three zones from the characteristics of species composition. It is
thought that the middle sand and mud layer has accumulated on the sea floor with of the water depth of 20
to 60 m like the present Hagoromo Spur during the sea level rising period and the falling period during the
post glacial period. The sea flooding surface of the Jomon transgression seems to correspond to a horizon
between 50.50 m and 50.75 m depth of this core. After the middle sand and mud layer was deposited, the
seafloor was rapidly buried by the upper gravel layer, and the last sand spit of Miho Peninsula including
Masaki was formed. The ground of Masaki in Miho Peninsula on where our Museum is situated, seems to

have emerged from the latest Muromachi Period to the early Edo Period.
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7=6®M. 1-2 : Ammonia ketienziensis angulate (Kuwano), 3 : Elphidium aduvena (Cushman), 4 : Bolivina robusta
Brady, 5 : Melonis pompilioides (Fichtel and Moll), 6 : Cassidulina carinata Silvestri, 7 : Quinqueloculina vulgaris
d’Orbigny, 8 : Rectobolivina raphana Parker and Jones, 9 : Bolivina spinescens Cushman, 10 : Uvigerina proboscidea
Shwager, 11 : Lagena spicata (Cushman and McColloch), 12 : Globigerina bulloides d’Orbigny, 13 : Globigerinoides
ruber (d’Orbigny).
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ketienziensis angulata, Elphidium advena,

Elphidium excavatum clavatum, Nonion japonicus
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=RPEREBFO RO TE 2h

x1 FLREAOELHYZ (26.01~38.18m).

Depth of top of sample ] 26.10 [26.30 [26.50 [26.56 [26.87 [27.08 [27.41 [27.83 [28.19 [28.91 [30.20 [31.10 [32.19 [33.20 [35.24 [36.17 [37.28 [38.18

Zone] A zone
Benthic foraminifera
| Ammonia japonica (Hada)
Ammonia ketienziensis angulata (Kuwano) 1 2 3 1 1 4 1 1 1
| Amphicoryna scalaris (Batsch) 2
Biloculinella globula (Bornemann)
Bolivina durrandii Millett
Bolivina karreriana Brady 1 2 1 1 1
Bolivina robusta Brad 1 5 2 2]
Bolivina seminuda Cushman 3
Bolivina spinescens Cushman 2 3 2 1 1

Buccella frigida (Cushman)
Buccella inusitata Andersen
Bulimina marginata d'Orbigny
Bulimina subornata Brady 1 1 1
Bulimina tenuata Cushman
Cassidulina carinata Silvestri
Cassidulina norcrossi Cushman
Chrysalidinella dimorpha (Brady)
Cibicides aknerianus (d'Orbigny) 2 1 3 2
Cibicides Jobatulus (Walker and Jcob)
Cymbaloporetta bradyi (Cushman) 1
Dentalina ittai Loeblich and Tappan 1
Elphidium advena (Cushman) 1 1 1 1
Elphidium crispum (Linnaeus)
Elphidium excavatum clavatum Cushman 1 2 3 4 8 1 1 1 1
Elphidium jenseni (Cushman) 1
Elphidium subarcticum Cushman
Elphidium spp.
Epistominella tamana (Kawano) 1
Fissurina cucurbitasema Loeblich and Tappan
Globobulimina perversa (Cushman) 1
Guttulina austriaca_d'Orbign

Guttulina regina (Brady, Parker and Jones)
Gyroidina nipponicus Ishizaki 2
Gyroidina profunda Aoki
Hanzawaia nipponica Asano
Hoeglundina elegans (d'Orbigny)
Hyalinea balthica (Schrster)
Lagena clavata Williamson
Lagena hispidula Cushman
Lagena semilineata Wright 2 1
Lagena spicata (Cushman and McColloch)
Lagena striata (d'Orbigny) 1
Lagena sp.
Lenticulina calcar (Linnaeus)
Massilina milletti Wiesner)

Massilina secans (d'Orbigny)

Melonis pompilioides (Fichtel and Moll)
Miliolinella_circularis (Bornemann)
Neoconorbina stachi (Asano)

Nonion japonicus Asano 2 1 2 2]
Oolina melo_d'Orbigny
Planularia planulata (Galloway and Wissler)
Pseudoglandulina laevigata (d'Orbigny) 1
Pseudononion japonicum_ Asano 2 1 1
Pseudorotalia gaimardii (d'Orbigny) 4 2
Quinqueloculina akneriana_d Orbigny 3
Quinqueloculina costata_d'Orbigny 1
Quinqueloculina lamarkiana_d Orbigny 1
Quingueloculina polygona d'Orbigny
Quingueloculina seminulum (Linnaeus)
Quinqueloculina vulgaris_d'Orbigny 1 1 2

Quinqueloculina_spp. 1
Rectobolivina raphana (Parker and Jones)

Reussella aculeata Cushman 1 2
Robulus lucidus (Cushman) 1
Robulus nikobarensis (Schwager)
Rosalina bradyi (Cushman) 1
Rosalina columbiensis (Cushman)
Rosalina globularis d'Orbigny
Rosalina vilardeboana d Orbigny 1
Saracenaria schencki Cushman and Hobson
Sphaeroidina bulloides d'Orbigny
Spiroloculina communis Cushman 1
Stainforthia ishikiensis (Asano) 1
Stilostomella lepidula (Schwager) 2 2
Triloculina laevigata d'Orbign
Triloculina rotunda d Orbigny
Triloculina suborbicularis d Orbigny
Triloculina suttuernsis Asano
Triloculina tricarinata d'Orbigny
Triloculina trigonula (Lamarck) 3
Uvigerina proboscidea Schwager
Uvigerina yabei Asano

Virgulina bramlettei Galloway and Morrey 1 1 1

Valvulineria hamanakoensis Ishiwada 1 5 2 1

Valvulineria sadonica Asano 5

Genus and sp. indet. 1 1

Total number of benthic foraminifera 0 0 0 0 0 2 6 12 20 15 25 30 17 2 5 10 4 7

Planktonic foraminifera
Globigerina angustiumbilicata Boll
Globigerina bulloides d'Orbigny 1 1 1 2
Globigerina quinqueloba Natland
Globigerina spp.
Globigerinella aequilateralis (Brady)
Globigerinella obesa (Boll)) 1
Globigerinita gultinata (Egger)
Globigerinoides conglobartus (Brady)

Globigerinoides quadrilobatus (d'Orbigny)

Globigerinoides ruber (d'Orbigny) 1 1 1
Globorotalia inflata d'Orbigny 1 1 1

Globorotalia scitula (Brady)
Neoglobogquadrina dutertrei (d'Orbigny)
Orbulina universa d'Orbigny
Pulleniatina obiquiloculata (Parke and Jones) 1
Genus and sp. indet. 1
Total number of planktonic foraminifera
 Total number of foraminifera
Planktonic foraminifera ratio (%)

Total number of foraminifera/ 80g

14 22 16 29 30 19
14 9 6 14 0 11
448 704 512 | 1142 ) 1097 748

11 5 8
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x2 FHILBEAOEHY X (48.50~53.00m).

Depth of top of sample

14850 [48.82 [49.10 [49.50 [49.71 [50.05 [50.25 [50.50
Zone]

50.75 [50.90 [51.00 [51.25 [51.50 [51.75 [52.00 [52.25 [52.50 [52.75 [53.00

B z

ne

C zone

Benthic foraminifera

| Ammonia japonica (Hada)

| Ammonia ketienziensis angulata (Kuwano)

24

| Amphicoryna scalaris (Batsch)

13

Biloculinella globula (Bornemann)

Bolivina durrandii Millett

Bolivina karreriana Brady

Bolivina robusta Brad

Bolivina seminuda Cushman

Bolivina spinescens Cushman

Buccella frigida (Cushman)

Buccella inusitata Andersen

Bulimina marginata d'Orbigny

Bulimina subornata Brady

Bulimina tenuata Cushman

Cassidulina carinata Silvestri

Cassidulina norcrossi Cushman

Chrysalidinella dimorpha (Brady)

Cibicides aknerianus (d'Orbigny)

Cibicides lobatulus (Walker and Jcob)

Cymbaloporetta bradyi (Cushman)

Dentalina ittai Loeblich and Tappan

Elphidium advena (Cushman)

Elphidium crispum (Linnaeus)

Elphidium excavatum clavatum Cushman

Elphidium jenseni (Cushman)

Elphidium subarcticum Cushman

Elphidium spp.

Epistominella tamana (Kawano)

Fissurina cucurbitasema Loeblich and Tappan

Globobulimina perversa (Cushman)

Guttulina austriaca d'Orbigny

Guttulina regina (Brady, Parker and Jones)

Gyroidina nipponicus Ishizaki

Gyroidina profunda Aoki

Hanzawaia nipponica Asano

Hoeglundina elegans (d'Orbigny)

Hyalinea balthica (Schréter)

Lagena clavata Williamson

Lagena hispidula Cushman

Lagena semilineata Wright

Lagena spicata (Cushman and McColloch)

Lagena striata (d'Orbigny)

Lagena sp.

Lenticulina calcar (Linnaeus)

Massilina milletti (Wiesner)

Massilina secans (d'Orbigny)

Melonis pompilioides (Fichtel and Moll)

Miliolinella_circularis (Bornemann)

Neoconorbina stachi (Asano)

Nonion japonicus Asano

Oolina melo_d'Orbigny

Planularia planulata (Galloway and Wissler)

Pseudoglandulina laevigata (d'Orbigny)

Pseudononion japonicum_Asano

Pseudorotalia gaimardii (d'Orbigny)

Quinqueloculina akneriana_d'Orbigny

Quinqueloculina costata_d'Orbigny

Quingueloculina lamarkiana_d'Orbign

Quingueloculina polygona d'Orbigny

Quingueloculina seminulum (Linnaeus)

Quinqueloculina vulgaris_d'Orbigny

Quingueloculina_spp.

Rectobolivina raphana (Parker and Jones)

Reussella aculeata Cushman

Robulus lucidus (Cushman)

Robulus nikobarensis (Schwager)

Rosalina bradyi (Cushman)

Rosalina columbiensis (Cushman)

Rosalina globularis d'Orbign

Rosalina vilardeboana d Orbigny

Saracenaria schencki Cushman and Hobson

Sphaeroidina bulloides d'Orbigny

Spiroloculina communis Cushman

Stainforthia ishikiensis (Asano)

Stilostomella lepidula (Schwager)

Triloculina laevigata d'Orbigny

Triloculina rotunda d'Orbigny

Triloculina suborbicularis d'Orbigny

Triloculina suttuernsis Asano

Triloculina tricarinata d Orbigny

Triloculina trigonula (Lamarck)

Uvigerina proboscidea Schwager

Uvigerina yabei Asano

Virgulina bramlettei Galloway and Morrey
T —

js Ishiwada

Valvulineria sadonica Asano

Genus and sp. indet.

Total number of benthic foraminifera

21

27

T

68

52

83

Planktonic foraminifera

Globigerina angustiumbilicata Bolli

Globigerina bulloides d'Orbigny

Globigerina quingueloba Natland

Globigerina spp.

Globigerinella aequilateralis (Brady)

Globigerinella obesa (Bolli)

Globigerinita gultinata (Egger)

Globigerinoides conglobartus (Brady)

Globigerinoides quadrilobatus (d'Orbigny)

N

Globigerinoides ruber (d'Orbigny)

Globorotalia inflata d' Orbigny

Globorotalia scitula (Brady)

Neogloboguadrina dutertrei (d'Orbigny)

Orbulina universa d'Orbigny

Pulleniatina obiquiloculata (Parke and Jones)

Genus and sp. indet.

 Total number of planktonic foraminifera

18

61

11

10

20

19

55

10

 Total number of foraminifera

20

11

26

42

120

48

38

28

33

18

10

34

123

58

105

Planktonic foraminifera ratio (%)

ofo|e

30

27

19

43

36

11

10

Total number of foraminifera/ 80g

244

788

402

993

1344

3840

1536

1216

896

1083

668

320

1088

3936

2121

3584




=RPEREBFO RO TE 2h

x®3 FHRMEAOEHY X b (53.25~57.75m).

C zone

Depth of top of sample | 53.25 [ 5350 [53.756 [54.00 [ 54.25 [ 5450 [54.75 | 55.09 5525 [ 55,50
Zone]

56.15

56.25

56.50 [56.75 [57.17 [57.25 [57.50 [57.75

D zone

Benthic foraminifera

| Ammonia japonica (Hada)

IS

w

2

| Ammonia ketienziensis angulata (Kuwano)

8

| Amphicoryna scalaris (Batsch)

Biloculinella globula (Bornemann)

Bolivina durrandii Millett

Bolivina karreriana Brady

Bolivina robusta Brad

Bolivina seminuda Cushman

Bolivina spinescens Cushman

Buccella frigida (Cushman)

Buccella inusitata Andersen

Bulimina marginata d'Orbigny

Bulimina subornata Brady

25

Bulimina tenuata Cushman

Cassidulina carinata Silvestri

Cassidulina norcrossi Cushman

Chrysalidinella dimorpha (Brady)

Cibicides aknerianus (d'Orbigny)

Cibicides lobatulus (Walker and Jcob)

Cymbaloporetta bradyi (Cushman)

Dentalina ittai Loeblich and Tappan

Elphidium advena (Cushman)

Elphidium crispum (Linnaeus)

Elphidium excavatum clavatum Cushman

Elphidium jenseni (Cushman)

Elphidium subarcticum Cushman

Elphidium spp.

Epistominella tamana (Kawano)

Fissurina cucurbitasema Loeblich and Tappan

Y Y N N Y

Globobulimina perversa (Cushman)

Guttulina austriaca d'Orbigny

Guttulina regina (Brady, Parker and Jones)

Gyroidina nipponicus Ishizaki

Gyroidina profunda Aoki

Hanzawaia nipponica Asano

Hoeglundina elegans (d'Orbigny)

Hyalinea balthica (Schréter)

Lagena clavata Williamson

Lagena hispidula Cushman

Lagena semilineata Wright

Lagena spicata (Cushman and McColloch)

Lagena striata (d'Orbigny)

Lagena sp.

Lenticulina calcar (Linnaeus)

Massilina milletti (Wiesner)

Massilina secans (d'Orbigny)

Melonis pompilioides (Fichtel and Moll)

N

Miliolinella_circularis (Bornemann)

Neoconorbina stachi (Asano)

Nonion japonicus Asano

Oolina melo_d'Orbigny

Planularia planulata (Galloway and Wissler)

Pseudoglandulina laevigata (d'Orbigny)

Pseudononion japonicum_Asano

Pseudorotalia gaimardii (d'Orbigny)

Quinqueloculina akneriana_d'Orbigny

Quinqueloculina costata_d'Orbigny

Quingueloculina lamarkiana_d'Orbign

Quingueloculina polygona d'Orbigny

Quingueloculina seminulum (Linnaeus)

Quinqueloculina vulgaris_d'Orbigny

&

Quingueloculina_spp.

Rectobolivina raphana (Parker and Jones)

Reussella aculeata Cushman

Robulus lucidus (Cushman)

Robulus nikobarensis (Schwager)

Rosalina bradyi (Cushman)

Rosalina columbiensis (Cushman)

Rosalina globularis d'Orbign

Rosalina vilardeboana d Orbigny

—|=]=|n

Saracenaria schencki Cushman and Hobson

Sphaeroidina bulloides d'Orbigny

Spiroloculina communis Cushman

Stainforthia ishikiensis (Asano)

Stilostomella lepidula (Schwager)

Triloculina laevigata d'Orbigny

Triloculina rotunda d'Orbigny

Triloculina suborbicularis d'Orbigny

Triloculina suttuernsis Asano

Triloculina tricarinata d Orbigny

Triloculina trigonula (Lamarck)

Uvigerina proboscidea Schwager

Uvigerina yabei Asano

Virgulina bramlettei Galloway and Morrey
T —

js Ishiwada

Valvulineria sadonica Asano

Genus and sp. indet.

Total number of benthic foraminifera

197

91

44

22

48

47

2]

42

53

58

114

49

74

Planktonic foraminifera

Globigerina angustiumbilicata Bolli

10

~

Globigerina bulloides d'Orbigny

14

Globigerina quingueloba Natland

Globigerina spp.

Globigerinella aequilateralis (Brady)

Globigerinella obesa (Bolli)

Globigerinita gultinata (Egger)

Globigerinoides conglobartus (Brady)

Globigerinoides quadrilobatus (d'Orbigny)

w

Globigerinoides ruber (d'Orbigny)

Globorotalia inflata d' Orbigny

Globorotalia scitula (Brady)

Neogloboguadrina dutertrei (d'Orbigny)

Orbulina universa d'Orbigny

Pulleniatina obiquiloculata (Parke and Jones)

Genus and sp. indet.

1

 Total number of planktonic foraminifera

46

32

32

16

11

2

7

14

12

 Total number of foraminifera

243

167

180

loo
e

107

51

28

53

Planktonic foraminifera ratio (%)

55 65

11

128

82

57

11

Total number of foraminifera/ 80g

8294

5700

6144

3109

3652

1741

956

2087

1877 | 2219

4369 | 3230

1946

307
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scalaris, Lagena spicata, Pseudorotalia gaimardir,

Quinqueloculina vulgaris & % . Bulimina subornata
t Cassidulina carinata, Gyroidina nipponica,

Virgulina bramlette, Valvulineria hamanakoensisi
1%, 5200m72* 5 T OfEH#EIZ % { F6 B, Uvigerina
proboscidealZ52.50mA & T DO JFHEIZL L B &
ns.

PEMHEIPID S B FRER SN L HHIE, DITo@E) T
H 5. Rectobolivina raphanai354.00m & 49.10m~
50.50mIZR SN TR T 5. Lenticulina calarix
53.50m & 50.05m~50.90m D HPHIZFEH L, Rosalina
vilardeboanal350.75m~54.50m\Z, Rosalina bradyi
1352.75m~54.25m D P IZIZIZEM T 5. £ LT,
Ammonia japonicalZ56.15mLlLF DJEH#EIZR 5T
PEHT 5.

HILIALA IS TN FEEMEOE G, B
wEOLHEVHEERITIE, 20 AH10~20%Th
505, 48.82m~50.90m & 51.50m~51.75m D A E Tl
EAE%ULETH L. HIHEDOHIAD ) HIRKZR

3 D 135090mT61%, KW T50.05mD51% TH 5.
HhH OHEPHETI1251.50mA%56%, 51.75mA345% & &3
ZIRTY.

FREPEAE,  RE T FLE A o RE B AR
WYz, HEYEMLRWD, Globigerina
bulloides & Globigerinoides ruber\3 =M\l 72 0 Bk
W9 5. TETid, Lo 2820z CTGlobigerina
angustiumbilicata, Globigerinella aequilateralis,
Globigerinella obesaZs &5 L, Globorotalia inflata
BV ONDFHETHET 5.

INSHALIYLA ORE NS S, kb =
FEH A~ CHD 3 ODL AT IZX ST 5.

AT

A, 27.08m~3818mD#iPH T, HEbRkE D
EECHY S5, HAILBbAOEREND R L, &
Kix30.20m D1, 142644k /80gTdH 5. A. ketienziensis
angulata b E. excavatum clavatumH I & A LD
#2225 M L, Bolivina karrerianaX® Cibicides

aknerianus, E. advena, N. japonicus, Q. vulgaris
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bALND.
B

Biifi, 4850m~5050mdD#iPH T, HiEabRkE O
TE O EEBICHYS T 5. FILEALA DR IZ
244~384011K/80g T, I KD JF#EIZ50.05mTH 5.
COWORE LT, WEREOERESS, 13
EAEDHAET20% L ETH D, H&AKAH50.90mD
61%ThH5bH. KLEFETIX, A ketienziensis angulata
L A. scalaris, Buccella frigida, E. advena, E.
excavatum clavatum, L. spicata, N. japonicus, P.
gaimardiiD3E L, R. raphanah¥ T OFIZE S
THEHNT 5.

CH#

C1i71350.75m~57.75m D #i i T, HILHALA DRE
MElL, Zoio e Tz %<, BET£ <,
$§1253.25m~53.75m D #fi P T6,0001E 14 /80g LA I~ D #E
WMEDDH L. FEUREOE TN 5 EH G134 0 B
12372 %50.75m~51.75mO#HPA TR E L, £hlAt
X20% LA &/h& v, JRAEMTIX, A. ketienziensis
angulatat A. scalaris, Bolivina robusta, E. advena,
E. excavatum clavatum, L. spicata, N. japonicushs
B L, 51.75m& O TH5d 51 Bolivina spinescens't
B. subornata, B. frigida, C. carinata, Gyroidina
nipponicus, Melonis pompilioides, Reussella
aculeata, U. proboscidea, Virgulina bramlettei,
V. hamanakoensisb ¥ 5. =h, EHIZH725
50.75m~51.75m? P TR. vilardeboanak L. calar
HMIEZDOHPHIZR > THET 5. 72, TED55.75m
~57.75m D FEPHIE RS JERE D e THRO v B
UL, CofPAD) £56.15m& ) FAOHHADE
 TAmmonia japonicah S 5.

Z =

HFIREDOHTE

AR - KEF (2016) 1, AFmO T EBDEEREIZH
7ebhar=v bl %, AHBIOZO IO TEDE
WZh7zb1=v I 2DFEMAEA11,500 - 11,350cal yr
BPCTH 5 Z &h 5, miokflofw e, ZHmEE
DREFHO IR T L DL L. €O LD
2=y b 21%, HiEth 2ot 2oatfr 5 ifti
THERE L 72 oK o AW g ] o Ry & 3 L7z
PEREICH A=y b 3ITDOWTIL, #ED
HALAR =LA DN E EOEMD S, FRER

BRI CHERE L 72 Fr I iR & L 72, €L C,
FIHEREICH sy 41, SRR R K
THHERY L LT

ARWEFETIE, HERIERE O A LI 2O W TR
L7272, TR OHEREREE D ZALIZD
WCELT L. AFIEA, (2014) T, THBEO
e BB A 5 1311,500 — 11,350cal yr BP & W 9 4R/l
PSS TWT, 2L ) AE - K (2016) 7%
Fa4 L 72 & 9 (2 RS8R o T ERAY FT 13 ok ] o g
EHR EEZ oML, B, PEIRED LB
DEEE2927TmH H 1%, 1,278 —1,383cal yr BPE w9
FAMEAH N TS (HEIZA, 2014).

KAEGILREITEHRIIDZDVAmmonia
ketienziensis angulata, Elphidium advena,
Elphidium excavatum clavatum, Nonion japonicus
LML, FIRERAILRLE TN, AT,
AL oENE S DR, RIRL 72K a7 3
BRIz TEMT 5 Lo DA, Bolivina
karreriana k Cibicides aknerianus, Quingueloculina
vulgaris?3H SN 5. F (1990MS) &, =HRFEED
SR A A i35 D -1l Bt i JES Mk 45 20> 5 WKL 7 W B
(228 2 P4 B 38 @ 7K 3 20m~ #9500m D BLAE D
JE P OF LR DG 2, AEREILRO 5 %
I, BEAILRONA % 7K L. Afi
OFERE X, R (1990MS) DB. karrerianak
C. aknerianus TR DT b N % HAK 5 AW O
Loxostomum karrerianaii \Z8BL L, L. karreriana
WK OIKIFE20~40mI 53 i T 5. O &
N6, AT, BUEOPKEIEIR D X 9 % K520
~40mDO NI FEM OISR L 2L E 2 6N 5.

Baitix, Rectobolivina raphana?™\IT I OHFIZIR
ONTHENTA2HEED L, a7 EaRICERT
5 A. ketienziensis angulata b Amphicoryna scalaris,
Lagena spicata, Buccella frigida, E. advena, E.
excavatum clavatum, N. japonicus, Pseudorotalia
gaimardiiZz EOME b ) T s, EEH
(2012) @ I #efb X OUTHE (1986) OFERE T, W3
(1970) o & HHMT 5. 5132 (2012) &k
E (1986) 1% Z DR % KEI00MELR DI REK R\
LRREK ERRofEEE &2 LT, 1Yy (1970)
(& AT 2 K BEB0~80m DI R DI & LT\ 5.
T 72, ZOnIFEEEN O IS D R E .
Bai oMk X, & (1990MS) D Cibicidesl® —
Siphoenerina raphanaw \ 2P L, T O 3P4



EZS S L S S A

W OKER60mA EIZ S 5. £ 72, K (1990MS)
TIFFRHEMEA LIRS 0 ~40mTIF E b DT %
WS, JKERA0~150m TIIKERIZHHA L TZDE G
Bings. IhooZ s, Bifld, KiE50~80m
DOBHEDPILIEH O D X 9 % BRBECHERE L 72 &
EZbND.

Cnifld, B L HMT %25, ERHET AT Z
CBolivina robusta, Bolivina spinescens t Bulimina
subornata, B. frigida, Cassidulina carinata,
Gyroidina nipponicus, Melonis pompilioides,
Reussella aculeata, Uvigerina proboscidea,
Virgulina bramlettei, Valvulineria hamanakoensis
RENELT L. ORI, Inoue (1989) O
BRI 2BV % Bolivina robustatf M T 5.
Inoue (1989) D B. robustaliffld, K#E265m Ll
O LR ORE L TN TwWS,. F72, Inoue
(1989) 12X, U. proboscideald H A Tl |k
TR O RICE TN T VWD EINDEDS, T4
) ¥ U TIEKIES0~60mD B EICH TS L &
N5n. Cii ki (REESL75mBL 1) TlIFEfE o
FIEDL WD, TEHTIEZOHEN DL 7 b,
(1990MS) DIFHEHAFLRDOE G 2O WT O RLIFIC
X, T2 LiZCu FERAKEEIOM & 1 Fw
WHRICHR L2 L E2RET 5. b, CrildkE
(1990MS) @ 12 AL D 7K 4220~ 50m A 3L 12 55
#i 3 % Cibicides)& — L. karreriananii \ZR L S50
REVED D 5 A%, A3 7 WK CTlE Cibicides)® O #E A3
P, TNEEEFSHTLIENTERY. R
LD EERALT, CHfldkEE40~50mAl DBl
TEDOPKMEH O X 9 ZANETTH L 72 KEEM O I
R L7z EZOND.

FBKEDBKELR EZFREBDORK

KHIZA (1998, 2000) &, =Pr:Babeki4 i
TOFWRREMIICHEDE, ZREENORFEEZT
M S B, B, A2, AUE, AOBIZX9
L7z 512, 2RO D5AEE & WERRSTTERE,
FZREOEL XD D, ZRPEOBYEDTT VLK
WM DK HE LA o 2 o e, M
SO O ARHERE TN S iz & L7:.
BI5 1, KHIZA (1998) A48 (1987) & Saito
(1994) DifpKHEEB M ZGIH L TER L7227 v
2OKIKI LA O il K 82 & IR E 2 KT 5
BRI O HERE g OHEREIEI 2 /R 37 XS, A2 7 3k

DEAER LA HORLZ MR 72 DTH L. 2
DN E B &, v 2OKWR M O KX BIAE DK
ZELI00mAEICH V), S S#130004E R 2> & LA %
468 T, 9,000~10,0004F Hif 12 BIAE D IKERAOM A} 3 T
L, S 5127,000~8,5004F Fi (2 K15~ 10m ik
T L7z, & 512 EA L THI6,0004E 5 12 K i
BHAELD +2miZdh ), TOBET L TIALEDH
IKAEN 72 o 72,

EXCE S AE SN L BN $ i F S IV I0Y ¥ & A
AOERE L RBEORE TN, 2N 25 iR
WY TR X o RIS 7S HER L T
BWWENTR S Lz, REIE2 (1998, 2000) 12X
E, 42 59,000~10,0004E 7 12 K EAHIE DK
RAOMMF L T Lz L &0, SBIEBZ2E->TB
JEAsHERE L, 7,000~8 5004F- Hif 12 K415~ 10m 2 iff 7K
HEAMEE L7- & XICA2R L ALEDHERE L, 2L TH
6,0004F- Hif L& O 1K & [ T W AORE ASTE R S 7.

DFTCIE, CofkiELAE FROMBEE L
T, KaT7iBoOaHEAILHOERSE» S, &K
a7 R OHRGEFEZ HEE T S,

AR - KB (2016) 1, AT 7K O R T
EBEar=v rl&L, ZOLina=y 3 (KX
DR ERRSIRIE) A2 511,265—11,723cal yr BPO S
PR FAEMRMEIHE LN TVWAZ NS, 2=y b1
IO OHRE & L, ZHEBosiimiigs
Wiy aboe Lz, 72, Ak - KE (2016) 13,
RKavREOTEHWEEZL=y F22 LT, Zhid
AT CHERE L 72 ok o eI O HERE I & L
7. TEbSE O Ao v AR R g 0 2K A 511,265
—11,723cal yr BPO s ik FAEED T ST
b2, HE - KE (2016) 1I2HEv, AEE
KA D HERHEE LA ORI L £ 2 5.

i IRE O T, AL LA TIEBATE C
WIZH7D, HEIN LU L LT B IdKE
50~80m®, C A 13 /K H40~50m A D BAE D FI 4
W OHFIE D X 9 AT L 72 K BEW o B 1 HE
ML-EEZONS., T2, CHORLEIBOBENEE
51.43mT7.825—7.970cal yr BP® gt jé 3440 i
PELNTWDEZ ERs, CHOx 8500~
7,0004F Jif O g K #4533 L 7T REME DS 5.
Z DOWE DK HEIBAEDKIEIO~15m EHE SN S
ZENDH, TORHED T HERREDN 510~20m%
i< &, #36~41mé 2D, HILBLAL» HHEEL
72 KEEA0~50mftir & v A RS L 13— T 5.
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HRIEH (199) DEREF - A2 A1 AD
FHROILEH ! C# @  B% A
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K5 DIVLKBALREOBKEZLE=ZRFEZERT 3 RIOKIALURORRE QKR (KHIEH, 1998) ORICKH
ROATABODERR ECBFRPEMAL. /=, KAEH (1998) OFEEFOHAEAARDIEATDERERT.
a: B (1987) (C& BB KAEL(LEER, b : Saito (1994) DiFKELILHFR.

HEREb RS D FEE D58.15m A 5, 11,265 —11,723cal
yr BPORBSH R FEFEMRMEI ST, Ehzk
b L DR OHERIEE X 5 O HERHELLIIRA 5
K> B L BAEDKFEO~60mE 2 Y, a7 RFOH
RS IRIE DILEERE L 1FIF— T 5. WKEZZD
# b k5L T9,000~10,0004F A |2 fi /K HE S BIAE DAk
TEAOMA L TR L, & 512 EA L T7.000~85004F
FCHBAEDKIEIO~15mTER Lz e E2 b5 2
L, HEIERE O T EO C i€ o W IR
L7z EEZoNn5. LaL, CuavFflift
AH B IKIEAO~50mD BRI HERG L 7= 2 & 2R § 2
ED5, CHDIEE A L DHIE X500~ 70004 Hi D
WK RS L 7R D, 2R
(Z2» (1998, 2000) DA2JEH F 721 A1ZITHIYS T 5
EEZLND.

HiEabRIE TR B (4850m~5050m) 1, C
W OR EE (FEE51.431m) D7,825—7970cal yr BP
E BRI RO T (REE47.53m) 124,445 —

4,680cal yr BP & \» 9 etk e FAERME A ST
WA I Ls, 70004 LK FA I S8
6,0004F- Hif LABE > 7k #e o0 [ T Wi wI W o He R g & % 2
5N 5. #96,0004F Hi (2 E K HE ] 2 0 2 % K T
A, WS LIRS, ARZE - EE (1996) 12
TR, M XL, R (B 174
WG E D ] (7.000~55004E00) (ZReR 20 2 72
WD & & T, iEAKHE O fi i TN A SCRE AR T
#76,0004E 1 T, MKEIIBAL VM 2mEro7 &
ENnb. BuidHELL &oRa 7RO B
B, JREIO L E A+ 15mTH S T L bk
ZE52m (5050m+ 2m) EHEE S, AILdbn 2
BfEE L 72 KEK60mISER T 2. §4hbH, Bif
(E KBRS0 ~60m D BUE O P DHFIK O X 5 % B
ECHR L7 2 ONR5. BiFoss il 5
ZNLREOWmKE T OMRE L 3T5 L, B
HIZMZ A (1998, 2000) DAOKE DI FEHICIZIT
4T 5.
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AT (2014) DB M TIE, TREESOmA I
EEICT M2 5MMB- T4 EMMB- 1470 295
DIEB LN IZX 5T 5 2 LA TE, FROMMB
- D43 Quercus (2 FJlEaF Suim) HEET
Cryptomeria (AF)g) BNENIIRE, Cephalotaxus
(A 2 AXIE) & B & ARTERENE VLW
Y#¥d bH—7, EANLOMMB- 1 %iidCryptomeria
WERE 5D, Tavodiaceae (A XEl) & Cupressaceae
(/7 %8 RIHZKRCHBD DS, 2D L) %]E
B S, AKIEA (2014) 1F, MMB- 140
AT EAR A S iR TS 2T THES T
LA AR TH Y, MMB- I Wi AFEZ &
L 7zimas st 3Etpk (P IRAiAk) CTho7eEZH
N, BT & L CHbE - B Tho 7 L
£ L, WAERT DBEF DM 2 7,000~5,0004F 5 & HE
EL72. Thbb, BWORKIIHIZLART T A
DHEEES0.50m~50.75mD [ DG HEDS, 2 D DALHEE
BN DOBTHIZ D720, M O L A S 3
HEEZEZOLNS.

A% (2810m~38.18m) &, HHIeRE D LBz
Hrz, AFEIEH, (2014) XD ZOTFEH (HRE
37.65m) T1,875—-2,045cal BP, &6 (4F£29.27m)
T1278-1.383cal BP& ) SEALUHEAVREN TV 5.
1,278 —1,383cal BP & \» 9 4EAUfIE, HARDEEEL T
I EMER (5924 ~7104E) ICIZITMHLT S,
DL X, FTICHAKERBELIZIFRICEZ R
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KAEPNC BT B I X 24 ¥ F Ostorhinchus ishigakiensisDE5 & Gk "

RBAH B

Reproductive Behavior, Larval Development and Rearing of Captive Cardinalfish,
Ostorhinchus ishigakiensis (Ida and Moyer) in the Tank."

Ayumi HASEBE?

)

Abstract

Reproductive behavior and morphological changes in aquarium-held juvenile cardinalfish (Ostorhinchus

ishigakiensis) are reported. Before spawning of the parental pair, the male actively moved toward the

female whilst exhibiting courtship behavior (mouth opening and lower jaw isthmus inflated). Just before

spawning, the female acted aggressively toward the male, pulling and chewing on its abdomen, before

both fish repeatedly positioned their abdomens together, each shaking its tail violently. Post spawning, the

male held the egg mass in its mouth until hatching, 12 or 13 days later. Newly-hatched larvae were 3.82-
4.09mm in total length, with a small yolk. They reached 6.20-11.40mm in total length 20 days after hatching,

at which time the number of fin spines and rays reached the final complement for the species. Thirty days

after hatching, juveniles were 8.27-16.95mm in total length and had similar first dorsal fin spotting as the

parents. Eggs were noted in the abdomen of individuals which died 260-400 days after hatching.

=

I Y 24 ¥ EF Ostorhinchus ishigakiensis (Ida
and Moyer, 1974) &7 v V2 ¥ A BRI A VEF
BICRL, AE6cmIIEICH 5. REIZNENETHR
WD RIS 2 I, o TR FWICHEET 5.
BEF RV PAEOBGIRIZ A0 L, A Tld
HAYNBICAERT I EmbNE (K, 1997 ; #k,
2013).

AHOBIIE, ML DT> I 54 RHfaEL
FRRIZ, HEBIASIWEN TN Z HE 3 5 B2 H 5
TSN TwA (Ida and Moyer, 1974). Z#h
FTIZ, JRRU25H i £ TOfFREfOTEEZLIZD
WTHE ST A% (B - 328, 2004), Wi Ry

[

ML 2 7% C2HIUBERISRTE o7z, #
&, 20154F 3 H 1 HIC#Giifaish o AT L7oAR
ZAKRANTEEL2EZA, BEAO4H16HIZIHE
WIZIRZ P9 5 MR 2 fERE L 72 20174F 9 A 30
HXTIZ6HMOBALIFAZRTHERL, %hfrie
WAL S RELIZ OV T OM R E 572720305
T 5.

M ETE

1. BAAFLHABTRUEHE

B, 20154 3 A 1 HIZH i 2 0l U Cabid
AR EORMI0MEARZ ATL, FE3IA6HX
0 HHER AR A S OY  TWTRON D T
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PEMIN TS, FAFEKEIZ) 27 F 27 A
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TV A, REELAMNC AT 7 L Aeoliscus strigatus,
a7 7 Protoreaster nodosus’s &, 7 FiKI305.D
AR A FRESHE LTz, fFKRIE24+ 1T
WCEE L, KAEEEIZ400W A ¥ W T A K5 0T
14 2T, BHFIE 8 ~17H DM ST L7z, filbk
i, A P T7 Y 7THY, TY) ORASR
yFAREW RO N TR 2 582G 1 5 2 7.

BORATE)OBIZHE, IENIZIR &2 /A 9 2 HER A
MO THERE L 7220154F 4 H16 H 2> 520174F 9 H30
HET, AKHEEELICHBIZE > TTo 2135, F
WKIRLCTF Y VHDE T E A AT L, TUFLVA
AT X B ATo 72, HEBUT X 2 INPREDHERR
(X O - 120 - 17 &2 B2, 1 Hiefk 3 32t
HAT- 7z, URGRENIRT L, INOPRA % ik o il
BHFICHO THEEL-H %2, IIRERKBLIHHEE L
TR L 7-.

2. B - (FHADHEBRUHE

PHOEIZICIE, UM L HHOMEBRZ THIc k-
THWEF, vty bERWTRHICHEH
HIR A 7z, IROIEREBISHE, LM T
TOBIEE, FYZNVARXFIZXAEEEYZ
Tiro7z. IR, DRBRA @Y =) Bk L, Seseii
WEE T TR L ORI L 7.

HHEA OB & BIgI21E, EBODEND S AR
PEL L 72k & v 7z, E2s PR S s H o]
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% FBRECTHB L7
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ML ETREEOHENERE L RS HHR
I0LOMAKEA T 72 72, /7 7uur7 v R
Nannochloropsis oculataZ HML7=KBIZEI D AL
A FF S O EHE R 25TG L3 5 2 & (EWIE
A, 2002 5 By, 2006) R, VI IHEAHOFE
RIBEICHRIE ORI (8K, 2014) 2212, fiE
KicAazva L s (Bms A7 vl IV12, #EkR
5670 1 70 L7 TSRS 2Rl K
MAAENZ100WE — % — 1 A2 AL, BALHEHT
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DSS - S LARZFFHLTER, BRI LTT VT
3 7 Artemia salina® /7 7 7)) 7 AE, GE R
R—=%, MAFHOREI Y FNEHRA YD EZ 7.

FHEFLOTEREBIZHE, fH AR & fLifh Z L%
BRILL T, e WiMEE T Cofigts, 7Yy
AL B EEIGE e T T 72, £/, BED
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AT v 7 BEERR (150 X 15 150Hmm) (245 %H
#R L, FHIROHEAREE 2 fsgalek L7z,
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1. MEHEZE EHBIRY IR

BN ANIA A EOMEREAIZIT E A ERRD BN
Mo, BRATHIMERE S TH 5, HEIE T FHE
iR LTI 2 CIENISIRA 5 5 2 & TRkBIA®
WHEL oz b, MEMESLIZHADIREIC 22 &, 1K
ROROLR PR AT OLEALH R S 7275, Mk~
AR 5L W R AFRUIMERR T & o 72, 2016
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Fig. 1 Parental pair of Ostorhinchus ishigakiensis.

EILARKHIFHTITIZ X ) A 8k & 22 0,
T TR L 72RO BHATEY I X o THEME K OV
RIS R RIS 22 B &, MEGHEICEERT, BHER
ORI I Em B SNz (Fig ). 72
RS L IC—EfPADOMIRD Z2HH, HOOMIKD
RO AT 5 &, HTPICaEELcH
T2 X ) IS 2T B D ERR S 7z,

2. HIEITE

FEIRTT DT TR S OTE R B2, MEVS AR 2 A L
8152 L CTTC, FISHEORT T EPH T T S &
WSO %2 O3 2478 (BLF, BFIOATE) 25K
57z (Fig 2A). HED Z OFTENICR LTI, K4
MDD Z W TZEL - Wi & Vo 22ATEIAS R S 1
7z F7z, 1RO ME U CTHEE O HEAS RS B
TTEI 247 ) A b Aoh. HoOfTeng, <
TR & BEIN I T F CHIRFBIZ S e,
FEINOBH AN % &, MEOBEAM R L, ki
X o TUIEFIILE M & BRI skt & S L 72,
FEINIERTIC 22 5 &, MO Z YTl
7T & o ZATEN AL, S 518, THS
PoMEN R BRT 5], B THOBER LR
FF3] L, MR RITEIERT LIk
7z (Fig. 2B). Z1Zxb L CHEZPEINE AT £ CI24T
b T2 2 BTN OBEEEDS T A3, J
B % Z U CRMEARD MEASHEIC T % LBV
B &R L7z, MEDSIEER % HED IR A4 S TR
WAL B LT Z MG L%, Hixehic

Fig. 2 Reproductive behavior of captive O. ishigakiensis. A: Male approaches female while mouth opening. B: Just before
spawning, female acts aggressively. Figure shows female using head to lift male’s abdomen. C: Male and female align
abdomens and violently shake tails. D: Male holding egg mass in mouth.
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Fig. 3 Egg mass of O. ishigakiensis. Scales denote 1mm.
A: Egg are connected by a bundle of adhesive filaments.
B: Egg mass removed from mouth of male parent.

BHET B X ) ICREH AL {EbE7z (Fig. 20). &
NOOTE 2 MY K L7285, HEOITENIZIRA A
EN-0%MRE L7 (Fig 2D). JIOA T
BRI 740 RERR L, WIRERR L 72 013 FIC 9 ol
BEFCTHo72h%, 13:00~14: 00124 |, 16 : 00~
17 - 0012 4 [, 23WFEEIC 1 MR L 72, 72, EEN
FORT216 : 30~ELTHTO18 1 0012 318, AT
D18 : 00~21 : 00l 2 MIFRE L 7.

3. - {FEAOFEEERR

ZREINI KM ORI K o Tl L7293 % 1
BT B AERMEIN T, PIE NI IE R/ 2 OBk A
HFAELTWz (Fig. 3A). BB ¢4 L9 12L
T, HEEAROENIZINE S Twiz (Fig. 3B).
YREIE ARG & Bb N 290 % 575 T4,170~4,228 %
(n=2) #¥ A, E£f£078~089mm (‘¥ = m(E
71 083%0.06, n=19), ##%0.68~0.84mm (0.77 =
009, n=19) ORRHEMIETH- 7.

BRI AG 2 S ML T TOFTE H 1%, 12~13H
B L7z BHBIZIEAT A 1 R £ O 18R E 2~ & B

IR, 20BFICIZR T L7z,

B O, 453.82~4.09mm (P34 + 4%
7% 0 394+015, n=15), ikt 8 +16=247%
Bz ohi, BEFREIEIL~2HEH 1T TOR
TR 128 A AE S A, THALEF BB & B I O )L
HPRICRRD BNz T, EOERFIROB T 25
RSN CTHAE L. PRI 2 L T
W2ABEIZENZFEO L, B EMLL Tz, feigik
R I N T2 8375 <, g - 20 - B
gk a2 2 L C—8,A2D Lo Tz (Fig 4A)
BALE R, §9VIEOEEEZ R L2A%, WL 2
R [ A2 A A N T4k L AT Y2355 < 70 2 IS
Hotz. T, AL S OIREFIEICKIS LT, B
Wa ko THREATEZ R L 72,

Bk 1 H#%, 4:8358-441mm (4.11+053, n=15)
Y, MMEEE LTHAY A IXYRT LAY
DIELE TR BTz,

Wi b 2 Uk, 4E390~460mm (427*037, n=
11) %Y, Wi 7+17=247 %%z 5h7. B
RN AR W LR & L, TEEEE O T
IR b NIz F Tz, N ORI 2T D14
FRICEAR O A MR L 7z, IR S, I
s L 72 (Fig 4B).

WAL 5 Hfs, 2E372~527mm (479+107, n=
12) &0, Wi 7+17=24082 bh7. R
HETE O BEFERSIER L2, EoTFHIZ 1 EHO
B FRASPICEHD SN T, E2iuELE
BED I 2 MR L 72132, REBAS T EB T R hg
DA Stz (Fig. 4C).

WAL10H %, 484.76~6.05mm (547+0.71, n=
9) 74, WMiBIZ7 +17=240%z bh, HE
Ko PR a2 R L7, BF 5 LE Rio Bk
FIZBAIR 2 O B IR A 3 < X 9 1Tk L, BHTER
DN TR AT % 1 IR ORI B A FE A
TRCHHE L2, A OB R LR S
DB, BRIV 2 RO Z MR L. 72, 8
25 LB BICRI0RDIBLEIE L RIEIC4 + 4 =
8 KDk & AR DIESFIE % R L 7oA, 26
1 WD FEIE D 5Nz (Fig 4D).

WiAb15H %, 4:8529~658mm (577081, n=
7) &R, W7 +17=245 %z bz BH
ORI, ZE44 1 OB ECIR B E A 72
WCHBL U7z, 452150812 1 B9 dkge, BBl 28
RGBS L, RBIEIZS8 + 7 = 15RO kg5 2 1
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Fig. 4 Larval and juvenile of O. ishigakiensis. Scales
denote Tmm. A: Newly-hatched larva, 3.94mm in average
total length. B: Postlarva, 2 days after hatching, 4.27mm.
C: Postlarva, 5 days, 4.79mm. D: Postlarva, 10 days,
5.47mm. E: Postlarva, 15 days, 5.77mm. F: Juveniles,
20 days, 7.70mm. G : Juveniles, 25 Days, 9.78mm. H:
Juveniles, 30 days, 12.20mm.

AL 7oM, —EEDD & T o T BUIREE D 4 BE AR
ohsz, Tz, B 1 EEIC 4 RKORSEHE T R
L, 5EEgEEAED b7z (Fig 4E).
BEAL20 H %, 4:56.20~1140mm (7.70+3.70, n=
6) &0, MBI T7 +17=240 A 5N B
MY, Bz ICHERICH > TOBRER» 5 RBHIC )

Fig. 5 Juvenile of O. ishigakiensis. A: 20 days after
hatching, 8.60mm in total length. B: 25 days, 10.91mm.
C: 30 days, 15.63mm. D: 40 days, 18.10mm. E: 50 days,
25.85mm.

JC, BHPNCEEINBIL 2. 70, ERIAEH
THERZ» S EERIS AT T L b oL, A5
BT THAERICIMBL L 72, 28 1 56812 7 S,
JEEEIZ 1B 5 Bk, MuiEIZ13M S DiES 2 MERL L
ETOREFBIARMDOELIEL, MEAMICA -7
T/, B 1EEEOR 3R FIC R AR HBLL
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Fig. 6 305 days after hatching, 53.81mm in total length.
A: Immediately after death. B: Dissected abdomen
showing eggs.

72 (Figs. 4F and 5A). COWHDS 7 IV 7 I 7ML
WAEE G 2R, B SNz BMEE® S
PR L20 H 1% F CofH KiIZ23.6~288C TdH - 7-.

JEAL25H #, 4:5§9.00~1091mm (9.78+1.13, n=
5) LAY, REEERICHEORESABD NIz F
72, WAOFENATERE - BRI SRBHEE 2R o
TEHMBLL 7. (Figs. 4G and 5B).

BEL30H 4, 4E827~1695mm (12.20£4.75, n
=15) & %&b, BRI EREERISHAAERICHB
L7z, 72, 61 HEOROPITELKE CHE
L, #ixliCAMBEZ iR L7, (Figs. 4H and 5C).

WiALA0 H %, 4:813.17~21.80mm (1848 =531, n
=13) &%V, % 1O S RO
Rl o R 2R L, JFICHE 2 LK
Bui Il & I L TR R RO O BEAAE A 1245 1
8o 57z (Fig. 5D). F 72, HREMEKICHAET S
PRl e HORRIEL L5, At ET
HEI otz TOEIKE A BT ROKEIE
LANT, HAIHHET2H8MHOREI vV F%25
Al A, HENREOLNT.

PEAL50 H #1213 4:520.19~27.29mm (2295 +4.35,

n=12) & 7%, FHIPIEIRO I OEILHRAIRIC
e s h7- (Fig. 5E).

WEAL90 H #% T4 525.72-37.75mm (32.74+7.02, n
=21), ML150H # T4 $34.90~5258mm (40.22 =
12.36, n=25), H#{b240H % T4 £44.19~63.08mm
(5146 +11.62, n=17) Z3E L7z, L2600 H %258
T L 72k E41.15mm o 1 flifk & 304~400 H #1238
L 72455381 ~74.70mm (n=3) DA% figH L 72
EZA, EIEICIZFEEL 2R R S T 72,
FHER DA R L 12 2 & 2R L7z (Fig 6).
B, WHL260H % OIE TR IZREEAKIE L T
72720, REZGEL -

Z 23

1. BADOHEE

AR O P X 2 ML, B TE TR
LMo [HIATE) ] RLHEOMEREZRIC X 255
O, AKFELFEBO A V7Y ¥4 0. semilineatusT
(T EE G O B D LGRS\ B /N 2R 5
M, PRI R S At /N BEDS 2 41 Y
35 (8K L8, 1987). A7 VT I 75 ED
7 a4 I EF Apogonichthyoides niger TIIRE D
K o TR TH D (RIS H AR,
1962), REATEIO MILHE L MET S SITHROHIED S
(Kuwamura, 1985). AWFZETIE, Bl OMAKRES)
WCTE Lol bbb, BIEUWIIWIN % HEHE
FIFRRD L NG Do 72D, BT X B EEEEA &
BOEATE)OBIZIZ X D EHATRG 23R R REIC 2 B &,
WV HELZHRT, BEERO T TS < AT T 81 Vi 72
SNz ZomiE, FELINVEL MR L /28T %
FEABAR & RO A R S, REITBIF 5 KL
ToMEEARDREBCTH S LRSS, L L, B
B OB O K ERAERETH L L &, &
DRI HIHFRA 1EL & 9 12% 5 DT AYIHET
HhHT L, EHI, MEEEOHTIIL K OMFET
MM OB REE 2O RREEFHESINTSD
(HJII, 2017), AEEDLETDH 5.

2. ¥HEITE

INFE TIHE SN TV SRR OB TN,
Mt DFEMEIY 22 REATE 2”0 L RIG S N B EDS
W, KELFBO 7 0k A VEFO. notatus T,
WD SRE MY 72 SR EBATE 278 LMA 2 BB L 220 %
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ATHEAR Z 3 0 58, IR 2 ~ 3 Hui» S HED i
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Development of the Educational Program that Utilizes Marine Education
that Contributes to Science Education at Elementary School "’

Yoshihide Ito?’
Abstract

The education in ocean blessed Japan imposed various educational problems, and one of them is the
marine education. In order to establish the marine education, introduction to the curriculum in the school
education is effective, and participation by lectures of specialized institution is expected. In this research,
curators of the university museum organized an educational program linked to the marine education
combined with learning contents of science of 5" grade elementary school while receiving advice from
elementary school teachers, and visited to elementary school to give lessons. New teaching materials
related to oceanic education are Whitebait of marine fish and marine plankton. The new teaching materials
of the educational program were related to marine education such as marine nature, marine life, marine
and human relations, marine environmental problems, etc. It became contents related to the public’s
understanding of the ocean. We analyzed and validated a investigation result of questionnaires that we
took surveys after the lessons about educational effects of the educational program. The subjects are 22
Shizuoka elementary schools, 1194 students and 57 teachers. The content of the educational program was
proved to be effective for science in elementary school, as it was able to respond to student’s intellectual

curiosity and willingness to learn and obtained understanding and evaluation of teachers.
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