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Benthic foraminiferal changes in relation to human activities

in brackish environment:
Part 3 environmental changes during the past several decades
in eastern Lake Nakaumi

Ritsuo Nomura"” and Yukio Yamane”

Abstract: We report the benthic foraminiferal changes with respect to human activities in
brackish environment over several decades. During the past several decades, many reclaimed
areas have appeared in the eastern part of Lake Nakaumi, in addition to the dredging of bottom
sediments and the comstruction of a gate for water exchange. The bottom water and
foraminiferal fauna might have been influenced directly and indirectly by these human
activities. '
The most critical foraminiferal changes were found in the sediments of 60-70 years ago
(~1920-30) and in those of 25 years ago (early 1970). We belive the first faunal event was
caused by the dredging of sediments in Sakai Strait, which caused salty marine and brackish
waters to be exchanged. A 2.8km long embankment constructed in the mouth of Sakai Strait
might have facilitated the introduction of marine water into Lake Nakaumi. By this process,
Trochammina hadai increased in place of the previously developed Ammonia beccarii fauna in
the deeper part of the lake. The second faunal changes might have caused by further
introduction of salty water into the main lake area by limiting the opening to Nakaura Gate.
We attribute the foraminiferal changes to the formation of more stabilized halocline by a
consistent input of marine water and the subsequent development of reduced bottom
environment, ‘

Key words: bottom environment, foraminifera, human activity, Lake Nakaumi, salinity
changes
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Fig. 1. Locations of studied five sites. Darker portions in the lake showing reclaimed areas

and gray ones in the lake showing dredged areas.



WI7KZREL D AR HEuE & AR FLROBELRL: 0 3 PO BEE 10 FOBRELL 15

oA 7K FY

EXTHRTFEN

-10

/ KFEANO
S-95-1 ST-95-2 ST-95-3 ST-95-4 ST-95-5

1_
~ 5 7
g
N
[Z¢] —
£ 10
o
Q
o
g 157
8
s
S 20
o)
=2
n

25

2. R AR OBIRE RISLIA R &SRR O B0, HERGHAE 13 hif - OB B AR PRI
N (1987)IT & 5.

Fig. 2. Schematic diagram of bottom topography and the lithologies of columnar sediments.
Sedimentation rates shown in diagram are referred to the results of the Nakaumi-Shinjiko

Research Group et al. (1987).
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Fig. 3. Constructions and their intervals during 1920-1995.
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Table 1. Locations of studied columnar sediments.

Core sample Sampling date Water depth Temperature Salinity
(Location) (m) ¢ O (%)
ST-95-1 June 10, 1995 6.5 18.2 27.0
ST-95-2 June 10, 1995 6.0 17.9 27.0
ST-95-3 June 10, 1995 6.0 17.7 21.0
ST-954 July 2, 1995 5.5
ST-95-5 July 2, 1995 5.0
N3.7% & 9% B Shic. HET 14.5cm 213 Hi%
EREE ORI & £ 045 DEHDIEMIEL TS, oS OB FLRBEE,

AWFETIE, 50~60cm DHEREY) % higEE D 5
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Fig. 5. Sand contents (%) and foraminiferal number per cc at ST-95-1. Noted years in right side
are for discussion.
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Fig. 8. Sand ratios and foraminiferal number per cc at ST-95-4. Noted years in right side are for
discussion. Sand ratio is based on the ratios for the sediment weight of 0-1cm interval.
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1973-T44E 2 A LT NETHBHEEZLL. Zhixd
EICVIRBATHET B &, WIETF 17cm i 74.8 5
Bl, T7bHB1920EZ A L1 5.

BABREEOT(EN D A1
Z HtE0hEELS

SEREET U7 Fig 0B A HEEL, T hadai A
beccarii (sl)IZX D EHEINTHDY, ThooED
FEHEEN AT 5 2 &Itk » T REOERICEIT
BEBEZEALDEREE > THIb.

ET 20cm £ TOHEBY B L OB FLREBEE T
B LTI h 2REZ (ORI, 1920-19304F
AL 19T0EERIFED AR N TH B, WL, KF
T, BT, JVERNIC L > TR A SN 72Kl
&3 &, 120FLFO P L 2D HATIE
FHEZABNYER RSN TE ST, BROEE
OBBENERFIHEL T D EEDbN S,
1800 MK D S ICHK P T IE >0 BARKED
EDD I BN, PR TN ERELEZ
DONMIAHTH S, Frid, 2ok LEERRT
BB - T3 AREEIWIKEEE I — s
HZzb0&EUTH, KEMNTREES(LICIIEU
NEMN IO TRBONEEZ TS, I THER
UcO D3 EREE T & RS ED B
BB OEN I I N/ 19224F9 8 TH 5.
COTHEIF19GB0FICHLINTH S, EhEEE
GOk (EEEBBENRS, 1933)1Ick 5 &, Sk
AR OBRNEEICL D, EEIELT 5 &
INTTE o Totcdd, HRRB A FBREMIF T 2.918km
FEHEHE S I LI & - TEEOFENIE SRR
ELUTORIFNE IR E DT -7 2 &SRS
NTW5 (BT, 1986, 12,13). F71, WAMTHOD
EERICL B &, ZOEFEEMOMIKDIESEENE
U, ULhrbEHAOPHETIEENH - 7o 31T

WAL 1941 4 (BB TN 16 4R ) FAT O L TH #E (p.
1370-1371) IZI3IRD & 5 Bt N I T 5.
[ EEOBE, SREFIEINTHRELDIS
HBICHIZLTHA. HHIE165F 10 HICBIRE T
i U7 “ETENGE 0 BB ORI (KRB 0% T
A D& “Fikg—/kiE L YV, FEhig ) K >
TV EHD, NENRORNOBITIZEI “1EE
RBEBN-_RY” &b 5. HARZEEF ORES
CERENE IR EZICbIER T, EEX B
DO DITEIIRED MRS, SRSk DFEEL
LPbHNTTHS.
PRBICRIELLSE, MSFiEk OSBRI 0,
KEEN %M THREIIZA D, BIZEATHOTER

e 2,

12. B3F S4F (19304F ) AT DRI I & IT B S EGHE DI
R(EEBERTE)ORT. LOEERZSERE X DD
Tk, TOEERBRFEERM L H BkE & BhREREE R
HLDTH5B.

Fig. 12. Old post cards memorialized the embankment construc-
tion in the mouth of Sakai Strait. Post cards issued in 1930.

13. BB RIS IZIB S T BB IREE DB
EEEHROTHER (BT, 1986 £ 9 5IH).

Fig. 13. Geographic position of the embankment.
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EHEAL, Mz I NEHRKOFEH IS EERTR K % 28
W, BEAZELI L/ LEAERSBZIEEED
7o ZHER E LT HMMTHAEEIC T HE A i
BLEAFE L, BR14FI3, REMEKLRERE
DELRAMEBDI ...

IO O WFEMICk T AESEEOLFRZ, B
LRHEOE/LLI S LEICIEZ 5h, ThETE
‘B BE U T 72 Haplophragmoides canaliensis O X 9
RIS BEEFOENED U, b - THIESE
FEVEIH D Ammonia beccarii WEEH T A L H 112 5
(BFHF - F, 1995). T ERIBRIC g T b kD
BRBED ER T 25k % 1920-1930 FE O HEREH I
HBBZENTES. bbb, ST-95-1Tld A bec-
carii MY U, ST-95-3 Tl T. hadai D FE HEEEAN
EHU, ST-952THZOEHEIGIE LN >TW 3
(& 11). Trochammina hadai D ¥EHNIZEH S g5
BEDOFFICE-ThbodNERTHD, HEE
BRGE UTIHIES BN L b &EbL, £hick
HRIEDETBREORKENERICE > bDEEZ
S5h5. —F, FiEEEOEROIESE (ST-95-5) T E
WHEEEI DT 2 L0 IRFOBRENR SN S
(K10). Zhid, BT (VLT ES AZES,
1962) iIcgEb EN T 5 L 51T, KN DE (1922
FYIZ L B3 REMOKMOBIICEE D E
E2Zohs., MHMOKAD3Zcm DS Tem~ E/NE
(1832 &EIT&-T, EFBEORWEERKH
WATRA LI EREREZ oL D, SESEE
DFiFEO TEKBFEMNDRANES L1, &
B O REKIEFEANDOREMEEZI NS LS ]
I OKIEER Y A7 LONTERIL LI/ dTH S, L
1oy T, FAENICEEIN G 5 A. beccarii i Z DBLE
A1 DTH S (K11).

ST-95-5 Tl 1948 FE DAHXTHY 7S T. hadai DN
1958 4 2 A D A. beccarii DX HIBENNIL, 1lcc2 b
OEFEIIEENCRELEH 2> TR
», ZOBZII OO TIIEBINICERER L FS
FiFohimints>Ths. 1950FRHEH¥EEL L T60
FRIPECEEFERNPESZIESHLTE D, &
HEREALINWOOEENbOoDNILEDEZS
b, Bokic &k 2 REHEEBRYOBELIIDEE TS
LIELIEEDONTNWAEZETHH B,

WEMBYEZ NN S HARBEEAREZ IR
2H5ZT03A0IE, 1970FRFREIC & oHEREYIC
BPOWTH-HLTHEHONS., Zhid, Aiblick
T ST L I LRI - fo—&ED
THEILLI-THEREBIINTWHWELDTH S.
ST-95-3 T3 FISEYIZ A. beccarii DEEINNEDH 53
DY, FEAEYIZ T hadai DI & - THE DI o h,

FiE T EKABESKOEFIMIE L2 & 58
BOEEL FOHEOETAVEELRER L - T
WibDLAHLoND. BIRERBEREFOHMEIC K
% &, JKEE 6m i T 15,000~17,000ppm F2E DI
R B Rk RN 1970 BB LU R S
N5 (X4, ZhicR—E7—F7DRINNSH 3 D
DEgIKOERE LRI H -7 bDELUTIZ S
EMTELS. THDLE, MEBLOTEKIZIEE
TTHEOHEH O BEI NI ENEZ S
ha.

IO &9, HiED 1970FRLUEDOWETIE, &
TS BRI AN 1970 SR LU & D MERF 2 29 LR
BN TINS I EMNT hadai & A beccarii D BEEH
ZehoRniEEs, LML s, digEda, &
<iT, E4 THHICHE U ST-95-3 # & T g fOHic
T. hadai \yg70 LT3, ST-95-3137/KEE6MTH b |,
ST-95-1,-2 L IFIERI LKEEF I I &, Zho
LRIEOBEENIEZ NS, FelZlnH, 8
MAFIA S T RHE L ORISR & 75 -
TWBbDEEZLS. ZFUIHABNIZL B &,
BEEBICIE N D Ol A b > TKE ImIc b &
RBEMTONTVAE., ZORETH->TLDIES
BEOSOEIO FTEKIZMEA RS v P3Nl
ENTFHEENS. T, BELRoREMEHEBEY DR
EH~oBHEZIOSNS. 2 ERMN
T hadai D¥EMAME L b0 & Bbh, gz
HigE D IR & TR - RS N AL INICTERK
Nl EicihdH. HEEATIE, ThoBikEho
FRE TR SRS O F — & MW 7o IR HERE S O
BHELHBL I ENTELL. L -T, Bl
DEAEEM~G L WENEEREOZE(IIS %D
EEEEE L.

¥ & o

1 HiEEE D 5 H G & © REHEREY A RER R
L, #BBYTICEEFh 2 FARBEELEESWL
7o, I THBEEABTEZELRNIC Tochammina
hadai & Ammonia beccarii (1) & O 72 1D, Trilocu-
linella oblonga *P Pelosina sp. %5 Lofied T HFALH
&t oTWnA, UL, Ri2&0kES O OffEk
b L OHEMNEDBALIIZEAL (T. hadai O B & W
myd, ANAENGSEARYWETERICK S TiEOREL
{bOEEEBEEIICEIET 5 2 EMNTE 5.

2. PIFEEOMET 20ecm ¥ TTHON SR B
EinHAREOBINZEIZ, 1920-19304F & 19704
PP > T A T EMHBAL .. S 2 TRD
WREROIEL, T FREHEHREHESEIN
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(1987) 12 & % 2108/ (POYEEAZLIZ L, X S ITHEREY
FIZE N D HINHEREY b L OB FLRBHEE DB ALY
ZAOSRDICHDTH B, 21087 (Pb) I L BHE
FEBE TIIBATIC & » TH 2 h OBFEENE L 5 7
W, TIHHEDOA N bEETLT S DICRLE
BN FNFELEETH 5.

3.1920-19304F 0 F gD REZALIL, HEKEDE
ML S e TEHICk > TR X
T35, BK@EAEEREF A 2.9km i b K35
ORI, FRBNOHEKE T~EAT A%
BEZELTED, A beccariilZfi » T T hadaih
Wind 5. oKLY, BERIBOIEBKNEENIC
e ha k51t , EHEEN L DLE/LL
72, WMETEHETEENLOZFLL LD L
HHN5.

4. 19704FRFOBREZ LI, Ao MCB/KEDOT
- BIKALETENC & - TESINICER S hcHik
FA08Er (FRILIERS, KigRRR 72 &) DERIC K S
TEAKOBRARBOEHEICLSbDTHS. it
PEE 1970 FELIHT & 0 HEK DIRAD & D EHAYIZ
0, EHRBORENEZE TS, EHEREMN
HEE <, BITHBEEEICEIS U7 T hadaild, O
ARV P TISIREEFEERIE TS,

5. ROt N i oBIETIE, His
MICRIES TEKD 5 v FHPERBHBEMO L OB
HAOBEHIRI b EAESN, R LD 7K
HTRONIHEZLEZEN - TS, Hilgiyi
EEHEY OB+ EZ 2854, ABRLMMOE
HREABOEEENNDEEBLEEZ T 5.

i (33

1920-1930 LD HILMBLDOLLE b7 5 Lz
HAMETREBET 51 bl - T, SEREEOM
LR S & OB & A S0 BRI B
ENEHORAETI L. I ENO SERA

THTHELEEDID, BLUTHRHEHL BT 5.
5l F 3 @k

GRAEIE 0 44, 1995: T8, FiEOKEFEES
BORE. FIMEEAFHENMAERES
EE, 1621, BARIE.

AL, 1941: ¥ATLTH 2%,
p.1365-1371).

ALTRER S AZESR, 1962: FHERALTIEE, 1-1837
(BEER— ¥ :p. 20-21, p.1168-1171)

=3 BIEN 9%, 1987: gD EHIE & HERAE (
Btk ). ILIREHBISISE (AAREREE), 3%, p. 167-
174.

g - SBT3 0 3 4, 1987 HijE - O
B OEREHFTL —ZD6. FHFICEITS
1986 FEARER R & ERBHBYF O F 1L
o R (TH)— BRAFHEFIER
4 6, p. 61-84.

AR - B O, 1995 KB DO A ARTYEE &
EEFAROBELN —Z D1 BIREFHEAR
I TX D84, Laguna, 2, 1-9. BRAZEKSE,
Uy —.

Nomura, R. and Seto, K., 1992: Benthic foraminifera
from brackish Lake Nakanoumi, San-in District,

1-1750 (Bg#E R — U .

Southwestern Honshu, Japan. Centenary of Japa-
nese Micropaleontology, p. 227-240, Terra Sci.
Publ. Co., Tokyo.

B AR - HNEE, 1995 BIkEEO ALK E
EEAFAROBELIL — 20 2 KB OH
RIHFRORER. BRRFHEFMLE29E,
31-43.

BEikth, 1986: BEikish (L), 1-1008(BER— U .
p. 744-762).

Bt BB GRS, 1941 SEEEEEERL S, 1-134.



