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The interaction between human activities and environmental
change in Lake Kitagata area, Fukui Prefecture revealed by

pollen analysis and CNS element analysis

Junko Kitagawa", Akihiro Yoshida’, Yoshitsugu Shinozuka’, and Noriko Hasebe"

Abstract: Brackish water regions provide a wide variety of environments and high biodiversity.
Therefore, these regions have experienced high human activity since ancient times. Coastal
environments have been changed by both nature and the human activities. Today, human activities
have often caused problems, e.g. deterioration of water quality or degradation of the ecosystem.
Understanding the history of interactions between human activities and the natural environment
is a crucial first step for establishment of countermeasures against environmental problems. The
interactions between nature and human activities around Lake Kitagata, Hokuriku district, Japan
were investigated using pollen analysis and CNS elemental analysis as an example of environmental
change in a brackish water region.

Lake Kitagata is a brackish lake and is connected to Daishoji river; it flows into the sea at the
border between Fukui and Ishikawa prefectures. Human activities have been high at this location
since ancient times and it is well known that the environment has been greatly modified during

historical times.
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Salt making has been a primary cause of deforestation in this area from the Nara to Heian periods
(the 8™ -9t century AD). In addition, land transformation to arable fields took place in the Heian
Period (from the 11" century AD) based on pollen analysis. Arboreal pollen decreased significantly
during these times. During the period when the salt making furnaces were used, based on C/S
ratio, lake water was not suitable for salt making because the lake was fresh. At this time the fresh-
water lake seemed to contribute to local rice cultivation, but the lake water soon became brackish,
based on C/S ratio. In consequence, rice cultivation was reduced in the area, and buckwheat started
to be cultivated in the 14" century AD. The land was deforested further, and it seems that the area
supported only scattered trees. In the early Edo Period (the 17 century), pine trees were probably
planted near the lake, as seen in the appearance and increase of Pinus pollen. Construction work
in the Daishoji River basin during the Edo period increased the C/N ratio of lake water. The
construction of the Kaiden bridge in the 19" century did not strongly affect the lake based on
C/N and C/S ratios, although it was reported that it damaged oyster cultivation. Natural disasters
did not have a long-lasting influence on the environment of Lake Kitagata, but they did affect

regional vegetation for short time intervals
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FUKIE TR QMO Fix & ¢, MK BE
Y« RN AR RIC X 0 EYNc 2R bR - B
BT 2 (AR, 2004). ZREIMN RIS O
Zbt H o0, FUKMEFRBITIN A, WK, HEPE A,
W RN AR Ron, ERafiE /x5 OR
2, 1997). ZDizé, MXKROAKEEZ
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N5. TBHEREYICIIREZ KL TWA ALK
RN EEN, BREZEZEL T 5 (Beer and
Strum, 1995; Fukusawa, 1999). Z DO H Dtk 7% F{
N5 C & CHIMEDZEEZIETTTE, CNSTH
I TIEMOKERGE DL EZ G TES. £, &
ENBRAIGEFEZ OB MA ED NBEHNC KD
Bhnd 52 EAHISBNTUVS (Tsukada et al., 1986;
YW, 1987; (hBFH:, 1996; H FiFhH, 2001). ANHF
7eCIX, EHEE AINEOBICIE T 5 Itk 7Z 6
12, {EM70HT & CNS JTESHT, HEREYIHICF N
BIRFTDEDEER & CITUKIBOEREZE - A\
ISENORARZIHS MY 5.

BB E

LI E IR & AR & DIRERICATE I 5 150K
MTH 5. W 2.16 km? T, G 5%A)IK
B OWIERICD7EM 5 (K D). 7k i m
EDEMNNE L, WKDPBEZICHFHAT S ORAHZ
7, 2009). #EICED SEEAMELS, £2RIEN
6 km H D, MHOEEAEFT TS &> T
W5 (X D). JEEOERAIKGEZ 3.7 m THIHAEK
FID_ERANC S 2 HY, DK O TlE, K%
25~3m T, MOHPRIIIIFIZFESTHS ORK
EA, 2009). FADPEICITETERTICHERT L 72 30 ~
40m DWW EAH O (AN, 2003), ZHICK D
WO SRTONTWVS. FE TN IZKHADILDS.
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Fig. 1 Map of Lake Kitagata and surrounding area. Base map

was modified from the map Kitagata, scale 1:25,000, issued by the

Geospatial Information Authority of Japan.

O IE D S OB Z < i L, 8O
HEFE AOh > T2 (WHIBABERES, 1993
IR, 2020a,b). Z O CTHIEARSCRILGERS (41,
2) EMOOHMICNIEL, AElEOEIEFARR
ENTWVS (R, 2020a). AHEEICHE S EYIAFER
TN o Tz DFERIIFEE TEROD, dHIERHMR
MHEZER « PLIHICH I TOEHTH S GRi,
2020a). i E AR S L B O FEHEEE, 8 il 5 9
Ml EBEZONZEIIK TR A>TV (K3).
CORMUICHFIRFHENTWIEEEZ SN, £z,
A E AR LE YR K © BHIC 1.2 km O NBEICHIE S
ShEnER CRE~PR, X1, 2) TEAaH
ZXORIIFENRE R ENTWS GREE, 2020b). T
WEBATEE S H 0, SBEOEFTTH - Tz L #EH T &
. WEE S, Eh S OHEERCHAE ORI O
AR 5 E 2 B & EEITIRO K WHEKME BN
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HGATTCidin. FAED (2021) OFFERRIC K
5L, RELWVIALED TIE, MzHEFIcEkT
TBHLEZDBNBKEL m X TTIE 14PSU T,
HKDEIRED LN T a5, REEEEDS
W3R T & 25PSU THIK DR ICIE FIX 7R 0.
FREE (2020b) &, 935 HERb/VITH BT L b,
WEP T I S RALREE D E > Tz e HEE T E
LT ehn, EEINEZERT 2 O0MEEE
L TWIEB Tl anh, LW EizizTTw
5. LML, WHoOHESEEEHRDNSZEL TWY
5T EHHENTE S0, YRIIIHOE RN
ZEB DIT T @ > T REEIE A E TE R,

IHDEREEEIAC LD NABRZIC K > TREL
ZIELTWS. M= ARBCR LEBR-O bl LEBF O R
MWE S THHTEMEIAHTHZD, WOE O
1F 18 A LIETIE B> Tz Ehbh > T 5.
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Fig. 2 Locations of salt furnaces near Lake Kitagata.

Base map as in Figure 1.
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H, 1984). ZDHOFEMIINHTH %0, 1688 4
T Ah SN ED KBS [ CHAR T H2 R -
728, 1TI3ETAWMOFEIC K OEFE -
7o (BN EER RS, 1973, LB D2,
2017) & EbhN, W44 F (1969 ) ICHlE SN
72273 5000 77D 1 HifE X TREESE ] CTlEReki & &
HoTWA. £z, 1AM S 12 HidIiZ
TR HREBRDA D - 7z Chid, 1980; #iH,
1985; {EH, 1993). (M [1FETid 1110 4E, 600 %7
2 —)VDO/KHAERBEUEFICTFES N TS Uhit,
1980; i, 1985). BHIRIRHICIZHTHIBATED 72 D
g DE S N7z,

FIRFHAEHI T LI LB DI E T H F O
MPNTNB7, [LERRICIEZ A FOEFENTNT
Wizl EhbhoTWna., UL, BHERHMRORH
FEERE AR, HREME TN ULEMEN ENE o7
EEDNTWS (FEITHREZ G2, 1973; JbiE
JEREEGEf D2, 2017).
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Fig. 3 Black layer of the east section in the 2" survey

area of the Hosorogi-Bandoyama site.
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MEE D EEDbNTWVS (i, 1991).
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B DFRYE T 50cm FRELL, D Ut 7=(iiE CHREZ
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KT14-1 (& 460cm £REX L34 U7z, JEAHIZX 4 1R
E

KT14-1 273V NET, a7 %EER 120cm H
5 170cm & 200cm H 5 270cm I LD B h &
£, 350cm X O NEHET T, EHOHA LN
IhdH-oTz. KT14-2 2713 3)V h 7213k 1 T,
420cm & O R CHEMOALNLENH - I-.
37 R E 325cm (2 WE /1N 7 S (Nitidotellina cf.
iridella) O HEMNE D> Tz, O HIKEIRE D
57K 30m OMPEICHERT 5 THS. KT14-5
a7EVIVNET, WHNRECZ2EN X > TV k.
F 72, a7 PEE S0cm H 5 125cm &£ 180cm A 5
240cm THAMNZ IR U > Tz, R 80cm fif
IIE A F D HBROBEEN D > 7. HEER 360cm
KO TFETHEHOASNSEND S T-.

ST RRERRE

KT14-2 @ 2 5, KT14-5 D 4 51, KT14-1 O 3 %
DWW T ERRFERME Z S LA « THREBX
CIEZR TS AR L T > 7. e RS R I
Calib8.2 (Stuiveretal.,2021) ZFJH LT, H¥Fic
DUVTIE IntCal20 (Reimer et al., 2020) THEEE L 7z.
HEFEICHICAERTHHTH D728, ko H—
INENER L [A]&E & # Z Marine20 (Heaton et al., 2020)
TBIELTe. TOBRMKE L% AR (& 14CHRONO
Marine20 Reservoir Database (Reimer and Reimer,
2001) THEOMEZHEL, — 99+30 (Kuzmin et
al., 2001) ZHwWiz. MEEOFEMIEE 1 1TRT.
FERICHEY, BIEFROPRpE, & L IEHEROE
WEREZHWTHERET IV EREEL, FRHEEZ
otz

(20 pariis

a7 7% LL F+v > ) (Nakagawa et al., 2014) T
BREL, lemZRICY T T VT %iTo0. Z
DD KT14-2 1 DWTIE 34 7)1, KT14-51C
DNTIE 229> )b, KT14-1 12DW Tl 87 VY
TNV 7EIT> 1. ZTOR, 16O EZ#EE
T 510, HAICHAELEVE IV AT ER
19000 {E#hNZ 7=, TER DHIH 13 Nakagawa et al. (1998)
DJ5ET, WLHRC X 2 Bk BTtz D
%, 7 MU TR (AR CROKERRE 9 il 1)
WP Uz, S NEmix, 7V kv 81—
WEAL, 400 f5OYE2EMEE (Nikon BIOPHOTO)
AL, &Y TICBT B AREER % TESR
D 500 DL -#iEe - [AE L.
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TER D HBIRIT IR - KAE ORI 7Z2 Bk < WEP) DAE
OB ZREE UCEHRE L. FRETVNS 1
EHT-0 OHERIREZEITE L, LLF v %)V OW
Mz 1.155cm? & U, lem®* H7 0 O 1ERDIEH
OHERTRZZHEE LTz,

F1z, AEOELE U TOBARORIAIRAZLOH
72l U, IR DFHIE R T 2. BEEHY 5um
EDIZ>ZOMEETZZEDICOVTEHL, {E
¥ & FIRRICHER R 2 HEE L 7z,

CNS FtE 7
SHERENE, SO HRE B E MW TRIENK
oum A F &5 XIS L%, [EiRMEANT
105°C —BRHZIEE &, MRk & L7z, CNS (2
ARRE, 2EHE 2ME) BEONEE, MK
B 15mg ZREFEL, SR> T FIic AN, Zo,
HBG RO MFERER R 2 B D FR < A1, IM HCl i
% 100°C TG L%, $ar 7 Tadh,
TCEDIEE (V-7 vy —Y ALV T+
7 1w 7 #15I FLASH2000) 72 FU CTRABEE THIE
L7z.

m R

TR R ERRIE

R OFERELR L LK 41279, KT14-1 &
KT14-5 357 6 i/ 5, KT14-2 13§ 14 thdh 5
OHEREYI TH % EHEE I NIz, KTI42D 255 &
KT14-1-2-404 CTIFEIEFARDOHRE (K4 : O) &
HERDADRNERETH B 7280, HROREEHWD
o (K4 ZRIHL, BR#EEEITo72 (K
4). AT HEDROE T OFERIE 20 OHIPANL L,
Fiz, KTI4-1D 1Y )V EKTI4S5D 1Y 2T
IS DWW T 20 DHIFAAY 1950 4 X D H LIOEFR
WCETHATWZ., ZDe, FUElX 1950 7%
FRRE UTEEMICHAE L. HRDEEZET S
&, KT14-1 13 P49 3.1 mm/ 4F, KT14-2 1395 7.6
mm/ 4, KT14-5 30 2.7 mm/ 4ETH - 7z

(20 patii

KT14-1

TEM IO RZK 5 1TRT. [EHOHBiRL
RS RIC K D 5 DD RHIEMH (KT1-I~V) %
B LT, KTV 3 E 51 2 DOHiH; (KT1-1Va,
KTI-IVb) (77T 7z.

JRIHIERYF KT1-V (~#J 390 cm) : FAR{EN;, >
AR & AL RS, KARIEH M 90% 7
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Table 1 The results and samples for radiocarbon analysis of the sediment core from Lake Kitagata.

BT TR okt 5 13C HC FEAR TEIEARAR Lab. code
(cm) (%o) (yr BP £1o) (20)
(cal AD)
KT14-1-
2-155  155-156 H* —3.86+0.05 66424 1555-1899  TAAA-12811
(FEARHH)
2-311 311 AR —25.99+0.38 860420 1158-1252  TAAA-150461
2-404  404.5-405.5 fM A —30.30+0.50 1255424 673-872 IAAA-152815
KT14-2-
228 228 AF —28.97+0.54 228423 1640-1950  TAAA-150463
10-37  396.8-397.4  ffM —32.04£0.11 288+18 1527-1656  PLD-33820
KT14-5-
78  78-81 H* (%) —0.30£0.03 562424 1697-1950  IAAA-152814
196  196-199 =* —1.13%+0.17 903+18 1403-1653  PLD-30145
(7x774)
220 220 H* —0.32%0.16 1026+18 1290-1509  PLD-30146
(7H)
393 393 1 —38.8+0.18 1479+32 550-644 PLD-30147

*Marin20 T IEZ# R 7o 7.
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Fig. 4 Lithology and the age-depth models of KT14-1, KT14-2, and KT14-5 from Lake Kitagata.
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5. aF g (Quercus subgen. Lepidobalanus),
7 A vE (Q. subgen. Cyclobalanopsis), A1 J&
/ 27V J& (Castanopsis/Castanea) O H IR I E L.
Z DA, 7F (Fagus crenata) °/N\Y/ / 3J& (Alnus)
DHEIRE E L E>TW5. R OHERRIZOE
ML AfEETH - 7.

SR HIAE Ry A KT1-IVa (3 390 ~ 340 cm) : AA
{EMOHITRME R L, 70 ~80% 1C7x 5. FRCH
D Ry Bk & OBEFRAE ORI Jk DK Z .
HIRR Tl Castanopsis/Castanea 0 H IR D gD
Hir b, {EHRER TIEXT X TORAER DRI
. mHfEma v £ IVOEIRH D (5 390cm)
TlE, BT TNL, ZD®%, WRAICHNT %0,
HERG R TR HIER T V OB X TR 5 &0, HA
{E¥ & o AR FIEHBTRTIEEM L T30, HERT
RICKEZRZ(RIE RV,

SR HIE M B KT1-IVD (39 340 ~ 280 cm) © AA
{TEM OHBIRNE ST 2 DHERRICKE RZE
7w, BEARTER & o AR IS DOV TIEHBIER &
HEfE R & BITHIMD RO SNz, RATER O B
DPANT TN A 2K (Poaceae) DI K% .

Jay #AE #y B KT1-IIT (49 280 ~ 150 cm) © KA
{fEROHBRNE ST L, 50% LN E%5.
Poaceae WMEZEAT, A1 & HBIENHENT 5.
UL, HEEZHAZ L, RARTEMEEARTEN &K
DLUTWS. 2IRNCIER OHERED DR OEHRT
HB. LhLENS, TOEMRICASDUEINDS
VONIBIERS (Fagopyrum) HVHBIR, HEREE L &1
md 5. #EETIEREEEEA TV,

JaHAERy & KT1-II (FJ 150 ~ 50 cm) © IR T
FARRIEH DI NG 5. =3I IV (v
JEEHETS il JE © Pinus subgen. Diploxylon) 7 HIH
OWHELEHINT 5. TR EY, Poaceae D
HIBERD AT 2 0, HERRIZIE & A EZ(ED R0,
Fagopyrum OD{EFNIHZED 5T 2 HBIT 5.

JR HI{ER 7 KT1-I (8 50 ~ 0 em) @ B, HE
FE & &, P.subgen. Diploxylon DA{ERR WA L,
A F J@ (Cryptomeria) h 2 ¥i 3 %. Q. subgen.
Lepidobalanus, 7V FJ& (Zelkova) 7% £ V& HE LT
BDIEFEICELL 5.

KT14-2

TEM AT OFER 21X 6 1C/R9. A% LTI
TEMDV IR « HERER & &P, 08T LIZRHMR
TRRELBEDHENGZD T, FHUFHTL <
7RI DNREBITRARIERM D HEINS 5. P. subgen.
Diploxylon DM B3R & MR =W /5 CHML TV
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C LICHENT 5. HEFEE T P. subgen. Diploxylon &
Poaceae HDMENNT % I 77 TR 330 cm (32T R 72 J=ih
{EM s KT2-11, 7% KT2-1 & U7z,

JRHIAERY R KT2-TT (~#% 330 cm) : RASER O H
BREMEL, YA rh2BigEnz. #iEET
1%, Poaceae DRAZICHIML T\ 5.

SR HIAER R KT2-1 ($ 330 cm ~ 0 cm) © HEfE=
% # % & P.subgen. Diploxylon 213 %. Fiz,
Poaceae DIEME ML TW 5. ZHUfEW, 16K
PAROHEREENEML TWVWA. 37 HEZ220cm T
7 719l (Chenopodiaceae) D HBIR & Hiffm & &
L2 <7550, —KRNGEHETLETOETEZ L
Mol
KT14-5

TEM T DFERZ X 7 1RT. (B O IR & HE
FRICK D 5 DOR/MEH T (KT5-1~ V) ZRiE
L.

SR HIER 7 KT5-V (~#7 350 cm)  © EAR[ER,
VARTFIRIEEAEHBET, RAEMD 90% ik
< &G¥%. Q. subgen. Lepidobalanus, Castanopsis/
Castanea O H BN E . F. crenata 9 Alnus O H
BHREIHNE < moTWa. AT HBTER « HERE
mEEDT.

R HITE B KTS-IV (59 350 ~ 270 cm) @ AASE
MOHBIRIE KT L, HRETIIRL DR
5. WHZETHB L, Castanopsis/Castanea D
DIVRKEN. HEER TIEARARIEM DD LTk,
EALE & o A A BB TIEE THEIL WS
D, HERERICKEZHRZ(RIE RV,

S AE#y 4 KTS-IIT (5 270 ~ 130 cm) @ RAAE
O HBERNE SIS L 50% LN L% 5. KA
e OHERERE DR 5%, HBIZE TIX Poaceae &
ANAFDEMMNH SN BD, TEMOHERE RO
IMEERD 5NV, T DIEMTIC AS D LEIN S
Fagopyrum W& { BRI NS X5 Wiko T %z,
R EIN L T .

Ja Hi T ¥y 5y KTS5-1T (%9 130 ~ 30 cm) . Pinus
subgen. Diploxylon DN B, HERH & O 75 THMN
T 5. TODH, KAREHMMDEEIU Tz, P. subgen.
Diploxylon LSV OARAEH OREIMNZIEE A LR SN
TV, VAR EIIC S 5 Tz Fagopyrum 1%
KT5-Ma i 54D 552 BT 5. RAMZL
BRI N,

JRy HAE R 7 KT1-I (R 30 ~ 0 em) & B, HE
FEE & EARAER DN L7z, P. subgen. Diploxylon
& Cryptomeria D{ERT AV BIZR & HERE &1l /7 TN
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ms 5. ZNLHIMNSEBLINED, T ORHED
HRICZKHIREINS X5k Tz, BEiTTDYV N
ORI, 1514, ALEENBGRBELE LTE N
Lz eMhEb E5bnT3 (il 1991) A,
FEAHIE DA D % D THEFRTIZ RV, ZhLL
HNC B DEREDOZIC X > T, ZIEREITHN
XIS e S 5. JLEHIERL Tl ikKk
MHPUKEREIC IR > 72T E TRIEDEEL S 720, %
DRHB DIV INOEREDN KA & 75> oAl REMED &
WL FIRHCARARIE DNEEICRAD LT B 2 e h b,



AB)FE7- « S50 « B R « R T

FRADKSARD A LI LEZB5NS.

23 IFR—BRROT AT E LRIBEE(L

LA RIC A B & KT14-1, KT14-2, KT14-5F
N T OIS T Pinus subgen. Diploxylon DAEREEAN
9 %. KT14-1 27 TI& KT1-1I, KT14-2 3 7 Tl&
KT2-I, KT14-5 27 Tl KT5-I1 O J3 e 8551 H
2%, JLAERAEIC, TP NI O IR
AL, DR U THHERISS I 2 HD R L
TV oidEkd 5 ()11, 1940). R RS
NTWERWAS, Pinus subgen. Diploxylon DA{EFR H3EY
3 % C &5 Pinus subgen. Diploxylon DAEFEN
FEEIOMRE LT 7 a<y ORI ThN Tz & 5L
Thb.
WKDOEELZ({L LTV, KT14-2 a7 DY
240 cm B OMNS CON W EL 755, TOHEIE
17 ~ 18 HdEHIC H Tz B 728, 18 i FIEEE I 7D
N KEFNOMEEFC XS EARTHICK> TH
NTELETWANILEMCEER 52 - LT
5. T, 17134, WINOFZEIC XD EEN
FEfi ZIc x> Tz (AT RE RS, 19738,
1984; JLiBES D2, 2017). LAL, E OB
TH, 6T CSHPKELREEH, KEH2tiF
BNV, DRl & E CS b SIS RE
T T2 T EMURIMORRICR T 5082 5 2
VR A= R AN

JLBITIE, HEHEHRICIEOE THF 0K
M, TLARMRICIE A FOEIEN TN TV
EMNOMoTWS. UL, BAKEROBHGER
DU, #/KOFHEADRAD L, wih=E L B
MR E A 7, 1973; JLRERERE D2, 2017).
713 DEEIE E 7 O AR 77 OIS
L THAET, N HF TIEDVEE 10% (i F ThiE
LT\ 5 (HAKEA IR E 2z, 2003). 7 H (2021)
IC K BIALIRIAN DG IRE OFERT R T, 10%0
PEdHbv, BUEOTHLOILERE T EMMRETH
3. BIE N/ KT14-5 Da7Iicid, 37 GEER 80
cm DBICH FOBEEOREENMRHE I N, D
EIZERETIICEK S EHERBAER I N 19 1
MBI DHTZD TORHCAHFORBIENBET-C &
ERUTWBAREEDNEW. L L, ORI
CN L, CfSHic k&2 (bidizwv. £z, Z0%
DEICE KERZ(IFED LNV, Dl s s
BOFERN S, HFORKEIEE, BIHRGERIC X
D REL AR & BT 0ERN. LKL,
C/S [hid, B %o BEE TOEDME T T ZDRE
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EENEEN Tz (Sampei et al., 1997), ZOREEF
TOEME T o TenTREMIE H 5. BHIHIREEER
WK TRELEME NI 573D 57D, 10%0
DU £ COMEMR TR, &L <IE, Bk
BIEICDb->TRC D, hFOEBICEERS5 A
FalREMER R SN D, T ORMRDEE TKTI4-1 &
KT14-5 OHERINCZ < DHBF DA S NZ D, Z
Nh7E x5 eh6d, MEMDEENH-TZL
FEZbN5. FAHBERICKDERENDOZEIES
IS 2 DD B .

2-4. BAKEIC K B ADMEE L HRRENDZE

JLEMICE B 52 -8 DI, BRKENDS.
PR TS SRR SEREZE B R, 1973) 12X 5
&, TLARHRICIZHER UK, KEZEDZLD
KENK T > TWVBEM, {EMDHT> CNS L5
Hh b X EMOFZEIHEICEDENEZWL. L
L, {EM DSB8 R 27 1P RHEM D
—IFEEMARD 5N 5. 18 A FEHIC FE
BETAEDHE, 1TREICEFDOHRLEZRD K
WHE-PNEI > TS (HK, 1987). KT14-2 0
7 DIF CRHRICHEE TN 5 2 77 % 220 em 3D
@57 1R OTER D 20% 3 < M &, HERS
HEEIMLTWS. 7AHVROMMEA e D+
(Salsola komaravii) ° 717 = 7 513 (Chenopodium
virgatum), N7 /1% (Atriplex subcordata) £ >
TemE RRICHE O NG EN, EHENKEC > 74E
WC— RIS 7 AR OREYI DI U 7z & #Efl T &
5. UL, THUI—KEBIST, £D L FDfE
TRE7 ATROIEMmDKEICHREENS Z Tk
Moz,

MG IC X2 &, KIEHIEE O I 8HE]
WKHEGELZE WO RLENH B M (Fh, 2012),
HERF LX< bhoTWwixw. JuEMoa7Iicidz
DIEMES A5 ANKIEHEORREHETE S
KT14-2 27 OFEEE 325 em IAE L T, HORE
A3 2 5 (Nitidotellina cf. iridella) ¢, TDH
WA H7KEE 30 m OMIPEICAER ST 50, O
TIWEREE T, JBEICAER LTV EidEZICL
Wied, g HEIEN T REEN D S, HITN SR
e L TEHENEADBNS. LrL, {EMairs
HTE, CNSLETITE, KEEZ(LITALN
mhole.



FEH AL MHERTI DM 90T & CNS TERDHTH 5 AT BRI E & \RVEH)

¥ & B

JLRIOEE L, T HREREEA (L & NEYEE) D
MEAEIC X O ZS5B L TE . JHEHOMLO R
VCAVLTE S 2 Al 5 A B B L B bl | LE B T AR R
5P RARIC R & T W T2 AT REME D i S A
MEDOM> TV (BHEABFEEZ, 1993 ; /K
%, 2020a, b). {EMOMTHER T 8 kT, AR
{EMA 2T 5T &h 5, BAMMKIRES, e
L CHEEIR TR EN T L HEITE S, Ly
L, CNS tEZ MR ER B L, ZTD%, JLEH
DIKEEER & WO T MK TR T 0, BoKIZiTy
IRRBIC Iz > Tz (BUF, “@KkiE” &Ewvna). 9
HACEIEEE BIE L FAMOTUKIMEHEETE, &
L, COciEMIbnTWzEd 5L, JEH
SR, JRE (2020b) OREHT, Hifid 5
R DOBERZF > TO AT TH > Tz ATHEMED Eo.
UL, “BKIE” dnd, BOTUKIINZLL
fo. <KL, VUKIEDRKIZ A TH 0, il
DT OEALDELIDIKHBRFIC B R 52 T L& 2
5N%. “ Pk UIRMROE (11 ik h 5
12 4D 1A CARBIREFBAREDR D O O
i, 1980; i, 1985; JEH, 1993), Z DKL,
IROEM DI U 7z, < Bk b ” IZKHEPIFR =%
BBl TEs. 0%, FKIET SN,
UK L8 A 2B OB AL, —75, YN
JEOER MMM U7z, MfFIc R EY) A tihe 7%,
2D NS > TEREETE S VIO
IKixolzeEBZBNS. (EMONTRERTIE, VD
I & & BICEBISARARIE DA LIz, L,
TLFRHRICA S &V IEMDEINT 5. TLHEREG
i, LA RENCEERROIEEEN R L,
MRSk U THHEHISD S Z b - 7= DRk L T2 &
WO RN DD ()11, 1940), BHFEIZRENT
WEWDMER BT OFEERN 513 <Y ORI TN
e HEITE S, AN REEFOEARTHE
Tz, TOENSMIALERO CN e E L 7&K %.
THICEBDHEND - EHATES. THEICKD
WINDFGEIC K > THEEDRERE X IR o 72h (5
My B B2, 1973; <eHe, 1984; JLis R B65h
D%z, 2017), T KEZLBEII G A MoK
TH 5. HERR OB AR IZIN O C/N e ¢/
S HICIFEREEZ TWiah >z, FHEBOERIC
KON FOEFENTEGEL GoEEDNTWVS
N GHIERT I RERE S, 1973; LB DA,
2017), 7 & &S EIOGERD S IXEH RO IE
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ERBIEM AN TE, CNS ILEIMTLRED S
Nizh oz, HRKFICOWTE, \EOZEN—
RrrIc BNz, 7 AR OEYDNE L LTz &N
Ho e, MBERICREGREREZ (L Z2E5T80D
TREhoTz.

E

AW BRI A AMHSERE 2 > 2 — 2
FESLEFIAOIZE (BRI 17, 28) DO HRZ23%%T
Eficnic. K=V TRECHIZ-> T, LBk
EmFHAE O 1721572, D2 THL Bl
ZHL LT3,

51 A X B
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