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Paleoenvironmental changes of Yokohama Port since 1870 based on benthic foraminiferal fossils

Kazuhisa TOYODA and Hiroshi KITAZATO

ABSTRACT

Faunal changes of benthic foraminiferal fossils were analysed for a core which was collected from
Yokohama Port in 1989. Eighty six species belonging to 40 genera of benthic foraminifera were
identified from the core. Amwmonia beccarii (Linne) form 3, Amwmonia japonica Hada and Buccella
Jrigida Cushman which are living in eulihaline or well ventilated bottom environments were dominant
in the lower part of the core. Instead of these species indicated above, Trochammina hadai Uchio,
brackish water species, becomes dominant at upper horizons. This means that brackish water environ-
ments were developed at the upper part of the core. Build up of new piers at Yokohama Port created
restricted environments at the area since 1950°s. This probably causes to create the brackish environ-
mentt.

Dissolved oxygen contents of sea water were probably decreased both in 1930 and around 1960’s.
Chamber shapes of benthic foraminiferal species, Trochammina hadai Uchio, Ammonia beccarii (Linne)
forma 1, and Ammonia japonica Hada, indicated that oxygen poor environments were progressed at the
time. Because, specimens which have smoothed chamber shape were dominated during the periods as
stated above. Oxygeneted bottom environment was developped during the Second World War, because
both municipal and industrial activities were lowered during the period.

Environmental changes which were inferred {rom benthic foraminiferal fossils coincides well with
the vertical distributions of heavy metal elements and chemical compounds which were related to
water pollutions. Environmental changes were also concordant well with the environmental changes

reconstructed by diatom frustules, ostracoda and dinoflagellates.
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Core: Yokobnuma Por St 1 Core: Yokohama Port St. 2
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BANEL % b, 2L 0 L B TREREURECEY, 40~85cm THRAKIE X 2. 40cm £ ) b LA TIHRBIL
SLNEL G -TEY, 15cm, Scm, fom (FE) ORBETRL NS (L b, TN L E2Ph i HHfEE
L7-HERRSECA S8 2 2 X, 1910 SEEZ BV THBM ST H - RIEEH LRI, 1960 SR8 5 28k:HE
PEL > TEREELLNS,
V—3. EEEILEORMEL BV ARE SV — T8En
V—3—A. #iaE
EAEBLOEDOHEIED, BENREERMEEZ2 L - TEMT 5, BEFLROBRE, E8ICH#E LR
DT TIRFEEND—2—2HIRICHT > lobate type (27 V), 24 BISH S 2o WERIED T Tl AR 7 smooth
type I27% A (Wang and Lutze, 1986), F72, BOMHATR ) CHROBILF SO MG EILT2HELH S
(Koshio, 1992 MS), L7~ T, TR ERENE LS VHEEEF BEERDOLRZEBHT LI LICX
ST, BEDEFEEROTZNEZ EHTE L, RELEEAFILADBOBEKRICHT 5 8FE WM
DWW, KRR OB EOTHOEREFHILROBIC OV TROBRELRORT 1TV, MEQRER
ROELERF LTAL, MiTICHWLRE, BB RRLOMBIERD L) TH S,

a. Trochammina hadat Uchio



Shannon-Weaver Diversity Index
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15 Shannon-Weaver ¥ E#OE L

WA TLI Trochammina hadai Uchio 13, HEko
BEHBERERPZOIRCE—EH ) DFEOE, LY
<, FEOTEDHIZIE RO IGTEY lobate R b,
Wl B TR R DD VIR IZ—5 572 ) DFENE
HE L, FEOESTEF4 smooth type 127 5 (Matsu-
shita and Kitazato, 1990), BEN%, sREZEDRRRIC
EEINIBEFELERDEZLIILE-TERLTW S

(Matsushita, 1991 MS),

ZOWFFEERIZHD T, RUREEO MR R i
T & % Trochammina hadai DHESREIT 70 T
BEILIF D &9 % 8 Z 7 i25rid 7z,
1 #MO—BOFEORHFSULT, &2THFED
smooth Z 4 &
2 RO DHFEDST 4T, & THOFEH smooth
LD
3 BN—BOFEOENLLLT, HEOENFE
#¥smooth Zr 4 D
4 BO—BOFEORN AT, MED—EBDFEH
smooth 7 H @
5 WMHO—EBDFENELH S LIET, BEO—ED]
¥ lobate e 4 ?
6 BRD-BOFEOEIF 4T, mEN—EBDF
lobate % 3 &

t

teht

)

fji’

i

IR St2ORREORECEITAEILBHL
Shannon-Weaver % #4358

Depth{cm) [Foraminigeral Number{/g) [Species Diversity

4] 68 0.00000

5 134 0.05564
10 130 0.61163
15 24 0.052897
20 16 1.16820
25 i8 0.80088
30 23 2.04096
35 22 1.29501
40 27 2.80056
45 38 2.43809
50 28 2.83331
55 16 1.89344
60 3g 2.46053
65 18 2.42743
70 16 2.24750
75 15 2.40839
80 36 251373
85 40 2.25771
91 8 0.67345
96 16 0.14269
100 55 2.25475
105 56 2.55245
110 29 1.65393
115 73 2.25815
120 152 2.20062
125 209 2.15945
131 134 2.02970

140 T T T T T

[J lobate type (4 chambers / round)
{obate type {5 chambers { roundy

lobate-smooth type {4 chambers ! 101
|abate-amooth rype'{i chambers f ron

B

lobate

smooth:lcbale type (4 chambezs / round) smooth E smooth type (4 chambers / round}
smoolh-lobate type (S chambezs / round) E smootk type (5 chambers / round)

%16 Trochammina hadai Uchio &
g oOFRES N —TOEE



7T BO—EDFEOENF5LLET, 2THFE, lobate LI @
8§ WO—EDFENENF 4T, £®THFEY lobate b D

LD BHAD 7N —TD ) B, HFWIZ TRt O B0 F EH smooth 7 b @ (1~4) % smooth type, lobate
b (5~8) # lobatetype & L7z, SHHEREE 6 MR, St.20 27 T3, LNEHETL smooth
type WELE 5, lobatetype 34 % v, LA L, FOHRIZEEICL > TRY > T b, EE 40~60 cm
D& AT lobate type BEW—2DE—7 5D, 2ORIBTIEPLL G >Twd, £/, e ETD
lobate type ¥R £ & B,

b. Awnwvnonia beccarii (Linne) formal

Koshio (1992 MS) =k 3 &, 77 RERIKERILRD Ammonia beccarit forma 113, BADIBEFES
BT 2 OBRITIZRRO T EAVEREIZIT G lobate type 171, SICE TR FRDV VI E 4 T2 smooth
type 127 % &\ L 918, RICIRA7: Trochamming hadai & R REEELZR L2, JOMBIIBIEE
B L 72 A3 3B T LA 8 5 11T v b (Kitazato and Koshio, HEfiirn),

BEEPEDHAR T T < % Ammonia beccarii forma 1 DIZHELL, B0 3 DO EZEOIE T smooth
type & lobate type @ 2 TN A 7 o) —IZH 3 L7 5592 5 17 BUSRT.5t.2 T Ammonia beccarii
forma 1 O HEIRBEZ (2K 720102, #IWERNHIERA T WiE, 20912 smooth type 27 £\, % ds, EE
45cm & 60 cm T4, lobate type BEZILFIL25%, T0%B L £ D,

c. Ammonia japonica Hada

HERAE D & 2T 5 Ammonia japonica (3, Ammonia beccarii forma 1 & FBOIEEFTH Y, KiE
10 m AIRDE AL 0, WERIEs OB WREICAERT 5 (Matoba, 1970). SOREOREER LB L
DIHBEWH S TlEZ v, UL, 2oL Ammonia beccarii forma 1 & RIEHCIEHERERSZ W LBD
SR OTENEDS lobate 35 L& 2, M2 KAk,

ZIBImI%ED 3 DDFEDIEE T smooth type & lobate type @ 25O A 7 =) — 24t 7, EREE

18 RUZIRY . Ammonia japonica 1ZFREE 20 cm & 0 HiRV-EHED 5 FEH L7y, lobate type (258 40~60
cmDEZAHTEEDL0~80%ZEDHLHIZEEL LY, TORGTELL Lo, F, 20emMETY

Ammonia beccarii forma 1 Ammonia  japonica

Percentage of lobate type(%) Percentage of lobate type(%)
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#1115 lobate type & smooth type & (O b lobate type & smooth type & & thEE



{2 Twv3b, 85 cm LUETIE lobate type @ HE# (3 20~60 RO TEILL T 3,

d & ‘

Vb 3ENEREFFLADREEDRITOMSEIIE, wWTdiE T lobate type @ HEEH 40~60 cm 2B
THMT @M H 32 L FRLA, EBEEED 2 Trochammina hadei ¥ Ammonia japonica 13RI
S Pz EmERL, BE 20~80 cm OB OBHETZ lobate type OEINE WA TIT-F LT b, 20O
ZEHL, ZDIMOBFERNEIMEEDIKURRORBE/LZLEL TWBINEEL LS, St.2
BT LEHFBRERDOEIZRD L 5 7272, WO T BN £ - 1B TFER R R, 75 cm T A5HERE T B HH
C—Ad% <R, ZOBA0~60cm DEZBIHRT B ETRES Teofe, £ LTHRASITEL, 35em
DESHFHERT HEITR LI T o2, BEEBEEEYRELTWE,

ZORALEHPh I X ECHEEMISEE- D WA ICE B2 5 L, 1870 FEHIZ 270 - 1 REEO WX
DR D EFEE IR IT 1930 SFEIZ-BRIVICH Ua g, 1950 FEZ TIEMM L2 b Do, 1960 FEICTHL
KESHEHDL, HAEGHBEEDEL T2 0w ) I e ETE S,

D& WAL, RISELEEFOBHED ZRIER RO SRS S D, BEO 28RN
& WS lobate type 772 < 720 ), i IZ ZEREARGERIZ (3 smooth type Y2 B, THZ L, K
HoBEFEEELLC L > THEARTOEREIC 2 LIEV ZRIC A B EHE LB LN TE S,

v o#

EAEFILRILA > & TR S RIBENBREETEICOWT, fboF—2 (MEd, BHhEE, 855
WIE, ERBIUTERNE) LIbikl, HEETS.

V—1. RBEOEREH CEEFILR

FEUEHE (2 1859 SEDHELIR, #EBHROIIR - BigsiThil, RESPHEROBEIFR YV EINTE L,
IS DMAIHEEREAOHROFE AR ICHE 2 RIT LTy 2 ThHED K E {, FoBETIIEEFIL
BACLAMRICLIN TS L THENLE, COTRITHE TN, MEBOHNLOBED & AL
ML EiT -7,

LREETIZA Y RS BSRIERE Th - LINEBRMEO TR EE, EEIANT, RE3NLICLd -
THDHIT b AL, 2EPTHHE BT - fo, BT 1947 LB ASIRTE, 1972 £ LIIC R BRI CE L
S THUERIZ L O PRSI ERRIC L > (B 19E), BONTOBE L ATLENHENTLE 2 IR LT
A5 &, 1955 FELIE, Trochammina hadal 7P 23T 2 T b, 2 O ARBCRIAO YN TIHEHE
SZREICH 720, ZORIEDIPIAS L - THEEELTHSNIC 2 D, BT & - THEE S Lokl 2
NPICFURMEBSEATIZZ E 2R LT W B EH L b5, 3/, RBIBIRL X ML T72 1972 4L, Trocham-
mina hadai HREED 80 LI L EBZ T b, T L ABIRIEODMINIC & - THIREY S L ICHASNICE D,
FIRIEPEATZZ L33 EFHZ 65, Tk Iz, FILENEEEELY GIE SN IMERORETE
£, MOHIUTIT L HIBRZOBE X3 L {FET 5.

V—21. MRERHOESRSE - AHSEWELEEFELS

5520 [T, METREREFEBIEEN & TIT > LEHGHTROTFEERED S b, AW THRER
Bbs Rl iz 81T 5HEER, £, ARER, 2EREOHFMP TCORESNTH L. EEBRERVWTH
b 30~4d0em TRRAMEEZRL, £REFRLFSOERTH 5, ZDFEEIL 1960~70 E£EEOHERMICH 721,
C DEHAICEAOGERELHIHET L, FICHEEWIC L 2REHRFIERICEATWAZZEERLTWESE, F
TLERDBDOTIEFT DFERT, 1960 FEHICHIEEIEFREZERI DL VWEBTRETH-2ILERLTSE
D, ZHOZEEHBEENHERWEDOREIEL L3 —FLTWwa,
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V—3. OEPHE BEEFLHAF L OLEE

RIFRT, KECEHREEESILAEE L OBICRGBIESH 22 L3R L2, coaT7 Tt
WZOWT O LITHON TR0 TIIET 2,

V—3—A. B &

HEIITER OB ORI S 120, WEEREORBAEREREHET ZHROBEL LTH AT W5,
WETTERBTEIERI PSRN, 1986 4F 8 R (KN ORI TR L 2 EEARSEH D W T, BEREOSH
froize AUREONEN L FRMAENTH B Skeletonema costatum ¥ 1950 SEED G e b WERSE LI Lk
®, 1960~70 FEHDFHEIRAMMETR L, ZOREBIMPEAICH 2 (F 21 M) & L 2R L2, ERBEOFKE
FEAEE BT 1955 FELHA 5 2R 24D TE Y, Skeletonema costatum DRSOV X 1 HF—8 LT W B,
Skeletonema costatum (ZRFIR AR LGS L 3% - T blooming 2292 L2 5, 195060 4 5
ARERPBEE I > LBELEANTH 5,

V—3-—B. tfEH

A BOMEEZEEEIL, FE 0cm & 0cm, BL30em k9D LBRGBETRMRICE-TED, i



b O FG HEAHERY L 72 B T LS 8 4 W T » 720 L 2B 2 BT 3 (I, AR, [
HRBZEEZ I em & 30em & D LEWBAET Trochammina hadai, Ammonia Japonica FH o lobate type
WL >THE), BHEBREVETLAZ LAEIHNE, DI & LA hOEEE & s
LRI L (—FT 5,

vV—31-—-C .%ﬁ%ﬁﬁ

IEEEMIRIC Y, AIMEREA T RRIREEAT (VAR RERTAEI DI LML TEY, v 2
FIZER LABIRAT O T 5 (1B, RE), BEHR S X b o BAEE H 72D OREH ST 45 cm LIED
FEHET {3 3000 cells/g LLE (57 6000 cells/g) TH 2%, 40cm & ) biBWBHETIIF N3 EBL A Lizsh
Vo F2, FEEUIML C 5em LIETIEEEE T LETH L4, 40cm &9 HBWRHETIZ 30 Fi%14E
ZBZEEMiIC b, INHEDT &5, 40 cm fH5E 2 IR E RIS 2 WL - o b2
LiId, ZOZEEEERILBCE Y CEFREROTAOERE L (A>T w5,

VI

B

Wk 130 FHROMITEOTIFEEES, BEHEOEREEd T 2 BABTLILAIED SHE L7,

BUERIE L, 1870 SELIME 1930 4F 3 T HBINEIES D MKIED B WIREE T H - 72, 1930 40114 1940 45 & &
W TR R Lz, 1940—1950 4 & TOE TR IER - KIEHi I (AR ERIIS» - 72, 1955
ELEE, W LWIBIOERIHE ) RN RRENETIC L D, Hov T LIRS, 1960 A 3o g5
BACHETL, EEOBHFBRERMET LA, COMNCEESRBORMNML, B2 L2HESRERD
HEF LA ERRL T, 1970 FLHBEHE N ELLTITHR LT 5,

ZH X5z, WIEEROKRE R BARDOHEREREMTH - 72 1930 418 & 1960 £ L ICHEL L, F0ik
PLELL T b, F72, 1945 441140, E KU REOMIRICE, M EEOIEE L BENTHRN O
(IR O RBIAITIE L 72 DI R TH b,

VDEDES i, BEENEEFILLBEDBIEREEEDOFEEERHER L+ L R L e e /i E
L7z, oz e, HEMHhOBEEFELBLEDSITIE, BHESREERIE DR Vi O BRIERNT % 17
IEICEHTHAZERRLTWES,

H O

AP EIT I CBAD, WFNIBLEGOR - BRI, REBEEM LB L OBRE IR RS UISCAT,
EEFEREICE, HEZ I TR EMRETIRAE 52 Twiiinis, .ﬁ*fﬂk’q—‘mﬂcﬁﬁ’-ﬂﬂé&, NERE—FI

23 TEEDGRDFEE LTnieiinie, 72, HEAEE WEMzsdgiciigEomiRicpy Lt
Wy TRREEE - 2. BEFERNE IO AT ci:&zaﬁtmfz“f‘ai}arﬁﬁ—ckow TOXHREERZL T
eiinie, DEOKFRICERT S,
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