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Spatial changes in meiofaunal composition and their associations

with environmental factors in the inner Ariake Sea

Motohiro Shimanagal, Yasuhisa Henmi', Katsumasa Yamada',

Hideyuki Shimasaki', Akiyo Maenaka'

Abstract: We evaluated preliminarily the spatial difference in total abundance of metazoan
meiofauna and their community composition at higher taxonomic level and their associations
with environment factors at six sites in the inner Ariake Sea, off the mouths of the Chikugo and
Rokkaku Rivers in September 2022. “General” densities of total meiofauna (around 340 ind./10
cm? on average) were detected as a subtidal mud bottom, but higher than values observed in the
other estuaries in Japan, during the same seasons. In the surface sediment on the bottom (0-1 cm),
statistical analyses revealed that water depth, concentration of dissolved oxygen, water temperature,
and salinity in bottom water were the primary factors, which were totally associated with 95% of
the observed spatial changes in the meiofauna community composition, whereas any investigated
sediment parameter, such as median size of sediment, was not chosen. In the subsurface sediment
(1-5 cm), the proportion of meiofaunal composition associated with those environment gradients
was considerably lower: only 49% in total. These suggest that the meiofaunal communities in
surface sediment are influenced by the environmental factors of water mass above the bottom, but

those effects are weaker in the deeper sediment in the investigated area (194 words).
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AIFMEE, JUNPERICNIES % 4 DDIE (Bl -
- fRR « BEA) ICPHENTZ NN KDOWNIETH
D, LduuNnNT 7 LFIANZ, YXHTE
FRE, HARENTIEAEHEOH (—ibhiEd 5/\
RBICE M) T 22 ORPERMNERT %
TEMNLLHSENTWSAD (R, 2000), FaXED
KBEAEEYNC AN, N REEEYNCEI T 2 H1A
70,

AAARYEFRAE LG AACE T 7 7F1& 05-1
mm OffiZEE L, 31-63 um OFFICHZ b3 Ed:
EVIORIRT, X ITXRTOFYIFNC BT % %48
MhaEnsg (Giere,2009). TNH XAV B
AN AR E < BHHRE), EEEE
W<, MEHEEYERR & ERICEDb 5 —7, —#)k
WIS B R Tz a0 Tz, IKEREERELOE D
Wizt se b U CHAEN YR L TN TV 5 (Giere,
2009). T HICAA ANV b A HREHE CEREE(E
NODMPEN R 5728, BHEM D RE2Z 28 5D
BB 7 SV BN T X7z (Giere, 2009). H
AEANTE, WEIK, LKEBOMOE (ki - £
H, 1993 ; EEFIE A, 2008) REEEE (EIZEH,
2008), fHEAE (MEA - ARAF, 2016) %, HHHELE
A CSUNNETH %)\ (Shimanaga et al., 2015)
KA (Kawano et al., 2021 ; Nguyen et al., 2018,
2020) DEAERE L XA AN~ ARHEOBHEMED
FANSNTEIEN, ML TE, M)
W OFR R WAIZD, 1992) 50, B ELD
MEHRDDHIE ENFHARENTNEEDD HIED,
2019), YR REREEZHOTREL Y > TV
IS LIz AA AN N ARHERRICB T 2 alkGm
TR Z UWIREETH - 72,

FEHEDE, BRI, I, SAa)REO—
JHDF8 & i I 2 A RHEEES O R DOW FICEH
W, AAFRNY MAHEZIT- T2, RWIFETIE,
AAEHFIR D A A A XY b ZARHETHMH O —EERE & L
T, ERGBEEELAN)VD AA AN b ADRHER K
EEREREEO/KE - K & ORI E M2 FEf L 7z

MR ERE
AAFRY N AFREIZ20224F9 A 21 HH S 28
FUCHNT T, GBI O 6 DOHIE TirbN 7z Gl
f5OH 2 33°04°38”N, 130°12°397E, 5 T & 33°05°48”N,
130°15°107E, |55 L : 33°03°017N, 130°13°227E,
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A N 1 33°047°247N, 130°16°577E, #ll /5 O :
33°02°36”N, 130°17°16”E, #H] ;5Q : 33°01°28”N,
130°14°147E, 1, BHHOKEIERLI SR,
NSOWPEE, HIHBERICBIT 2V F AHOE
A O & 2HIC, WA 7Y b ADOERE
PHEMTONINRZSZEIGEEINTZEDTHS
(Yoshino et al., 2010).

B RICBNTHWEBE L1 mO/KE OKik
temperature, F4) salinity, TA{FEEZRIEE DO) &K
5t (the JFE Advantech AAQ-RINKO multi-parameter
water quality profiler) THlIE%, A A A2 KA
DY TIN5 DI, HIEE LOWRYZ, =
HELER ey (BESESR r AE 1T em, RE 50 ecm) 72
AWT3EEREL, fit BT, HEREY EoXREKE
ARA b CHERSEO RN, a7NEER T
WRZE DT T ATy ZEITUH LR (B K24
THLE LA TR K D) ICty MME, HERT
Yi#kg (0-1 cm ) OHEREYIZ ARA M ERXT YV
LABMDONT ZHWT, HE (1-5cm &) DOHERE
WY T TNV ENEIm DTS AF Y 7o)
Y (SR ZRHOWTERER, ZhZ N 100%
IR/ —)VCHEEL (AAFAXRY N ADOKZET
0-5cm £ TOMWEHEEPIEIC ML TNE T &N
HI5NTW3, Ttohetal, 2011). HFECHEREY) O o
Rt (Md) &S (%Mud) SOV > 7V,
AR~ 7Y P AFEICHONDNIEAI A=< Y
Fr2AVv—feds (Gt TERES NI HER)
D—&% LidD 4em TS AF v 720 I THRE
UTeY 79 IV RIH Ulz. 7272 USRI HERE
MEJE - g DX ARFLT2DT, ThHoN
T A—Z2IF LU ORHERLG T T3 RE, HFEL D
Al—D7—2ZH T3,

KERBICBNT, AA AN b A&, Danovaro
(2010) DR B#IC, auaA &)L F (Ludox
HS40 [1.3 g/ml], Sigma-Aldrich, St. Louis, MO, USA)
FAWCTHI U, AHIRERSEME T, Ml K4
NATVHIRE, BRDBRELNIVTCY —T 1 T
ZiroTe. R R & e 2RISR RS o &
(LA-920, HORIBA Ltd., Japan) %W\ T{To7z. X
AF R N XD L BREER (+KkE) D
BEEM: 1 distance-based linear models (DISTLM) 7
WTHERT LTz, T OfENTE, BEERMRZEEEEE
U, [ERFCHIE E N7 EREER O & B &
RO mWREE R ZE O L, ZORE %
TRt d %57 TH % (Anderson et al., 2008). B
AR & B & N7 BRBEELA] & DB distance-
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Fig. 1 Locations of sampling sites in the inner Ariake Sea.
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Table 1 Environmental factors in bottom water and sediment characteristics at each site.

Depth Temperature

DO Md

Site (m) ©0) (mg/l) Salinity (um) % Mud
H 9.0 25.5 5.8 313 22.5 75.2
L 13.1 253 5.2 30.6 22.2 79.7
Q 16.7 25.2 53 30.4 37.1 64.5
J 7.8 25.2 5.1 30.6 19.3 85.4
N 11.2 25.3 5.0 30.6 22.3 82.4
(0] 11.3 25.2 5.4 30.2 18.4 85.4

based redundancy analysis (dbRDA) =W TRIRL
To. TOHERERDRDA LEXD, =271V
R EREELL OB FE £ ORIFS% T 13 Bray-Kurtis
similarity index) 7\ 7z > 7 VR OFELLED AT
LM A[EETH S (Anderson et al., 2008). TN 5D
fi# KT 1C 1& PRIMER7 software with the add-on package
PERMANOVA + (PRIMER-E Ltd., Plymouth, UK) 7%
iz,
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TE, SHRTRESHY Y V&, AAA4X
Y hREFA—DOY T IVHEKTIE RN Eh D, &
TSI B XA ARV N RS HEEHAAE, B
U'Md & %Mud D 3 Y2 )V %, KlET 1
EIE & Nz B O/KE S XA—2 AR T L
REDEZEEMRHTICHWE (E D).
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Fig. 2 Spatial differences in total meiofaunal density in the top 0-lcm sediment layer and
1-5cm layer among sites. Bars and error bars denote the cumulative mean density of main

metazoan meiofaunal taxa and standard deviations, respectively. Others: other minor

meiofauna such as ostracods and mites.

m R

RGBT B AA ANV N AORERERZD
Tl (= AEHE(R 22) 1% 1571 = 619 fE{Ak /10 cm® ©
Hote, BTOWHICBOTHRLE L LD

AT, FH96% (i/)h95- Ik 98%) 7 &bz,
HERI LSS (0-1 em) ICPRE L7258, XA ARV
N A D4 B EE 1L 157 A /10 em® (16 {f {4 /
ml ¥EREYD) Tt L, HEREYIRE (15 em) 1F, F
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Y9 1414 4K /10 ecm® 35 flfA /ml) T, 2{AKED
#89% WMEEBEIC LTV (K2). £ETI,
fRHRE CF 142 fE 4K /10 em?®, 92%) IRV TIE
EHA T OB ERPE > 72 (8 K /10 em’,
5%). FRC, FHEMHRIATZD B 2 DDMEESORE
BT B (Q, 0) ThHA 7 VHEHOEWER
NS NIz, —75, HERAE (1-5 cm) T3,
SHEOE 5RIZ T 97% (1361 ik /10 em®) F
TERL, ZEHEMN V3% 55 (39 {4 /10 cm?)
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DA, LA T U EEED (1 03%,
5@k /10 em®), ZOMO P FEARHIERRE S B L
REEh o7 (X 2).

DISTLM fEi OAGH, HEREYIEE (0-1 cm) 1277
192 AA AN N ARHEMROZEMZR ERE &
OB DR & N7z DIZKEE CREERK R Z RO
K1 46% LB SNz, RO THEE EO DO
MarE ([F30%), /Kis (16%), 45 (3%) HVEH
Th, Gatd s, TS OBREEHER TREEMKRZ
HOR 95% LEEMNIF b NIz 2L, JEREE
R EWICHBEED & K, OB E N & EEd
FERBEEREI T 2175 &, Wk b ik
R & mOBEME R LT (FNEN 32%, 23%).
dbRDA &, W2 DDOMWERDEICZTNZNKE
TN, WO CHBEAEIC Z > CaEd % X D IKE
DFEWHT X O DO EEDPRE D - 25 (Q,
O) ThA 7 VHOEGHE N> TE@mZR LTz (X
3(a). HEREWIZERE (1-5 cm) DA, HIE I NizER
BEgipA & BEAT U S NIz A A ARV b ZRHEAR O
22 B OBEZ AT 49% T, £E XD LEWL
A RENT OKIE 22%, Fryekif 10%, DO - /K
HRENTN8%). LL, {MOREEKEEEY
TREREEN I TR 2175 &, KiZED, 3
N T OERBEEIK & B & O R M IR Ml Z2 7R
L7z (3-8%). dbRDA OfERE, I XTOMIFTHR
HEENZITE S L, TSR E LIZEREIST A—X%
E DB RENEh o7z (K 3(0b)).

z g

B RARD X A AR b ZAO P4 B (K
1600 fli{A /10 cm®) &, FRCETHAEZIBZ %55
£ & 5 50 m LUROJEEH M & U Cldtied T—H
M7l Cd %A (Higgins and Thiel, 1988), 4F (% ¥
7% % WAIZEE O JA RIS TR oD 3 55 CRiEE
SNTEREEIOHWETH -2 (1990, 1991
£ 9 F 1 4 180-400 fi {4 /10 em?®, #i i+ S,
1993). F 7z, HEREYIPOSE AL TE, K
EHA 7 FITHEYERE TR D mWERERE (]
PRS0 1.6 5, RN 720 64 15) ZRL, ##
HYEE ZEHT | om LROHEREYIEICE 4R T 5,
&S R EIC IR T S 2 — U MR E N Tz

FX R LNV OB EMKZ Rz 5E, dEE
XA AT HEREWIENY) R E 2R FERED R
L, MEOEERN50% BEICKIBEEH S
HERI R IC BT E (Bl A1 Toh et al., 2011), 9
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NTOW R TRRBEEMEARE D 9 HIDL L2 HA L
fe. ZO—FT, HNENA 7 FHOA R
W, 2DODHEKADOEBICREINLAFROEQT
BRI NTz. Pz T, ThSHEN HHRET
N5, SELTI L NTARAAT
D LR EN VS THIBIT 5 2 E S MNCE
DODOH % (KD, KRFELX). EEAAT O
FEAEE, HRRGECHRAREHEYIOEEH T
HBH, 7L bTZEO—EHBII b S 2 3
LZERRETZCENTISENTWVS (Vafeiadou et
al., 2014 ; Cnudde et al., 2015). 2 [E|DFE CIIHER
Vi OB RS FE B OFHIZTT > TWinho 7z
m, 5B, BESOBICERELIEERY>ZNE
RS B EEZ S & Ul BYIOF 2 RS
BRENDHBIEA.

AAF RN b AR D22 R & BB E A
DB 72 Z 25 mfiih U 7o A5 5, HEREYIREIC B,
Tid, HIEOKEDMIE, DO EEERKIERE,
JEIE _EDOIKEIC B 2 BREZS K & BEERAI AL & DIIC
EOVBEMEAVRE N, HEREYIRFRIOBBRICERT
BAAARY R E ST, BEHKOZLE —
PN L BEE R MY i WO HERE Y O RS0 T 0 1,
HEZAN T LTI ENaho 7z, MESHTH
DY > TIWERAALZAXRY S AW HOY > T )IVhE
BAHUIBRTHEIN N GR EDRELBDENED
D, FEFESNIELE DA T VOB FEREL
N)VO T TIE, 7L b7 RSN, By
WK DOENT XA R a3V s EREEA
AT VEHOBEERNEGNVT EAREINTNEDT
(&5 A£FERK), TNEOHERYICRET 2L 8L
OREEIMEN > TzDhE L. —J7, KRR
7 EOKEICED HEHUE, WO ENDT
MWThadT e, HNCEWHEZRLIZZ EMD
Bz 13K & O—KFHEIIE R = 0.89), T b
DZFINEINT RAA F R b ABEIER LIZDT
7% <, HEh - AHIEICHERIR B D X A A XV
ADBEMBICIERH LIz EEZ BN 5.

ISR & 13 B D HERYIGR I T, BRIR
R B STz XA AR b ABHE R DZE
MAEOEGIIH 49% &, ZEOREDREE T
o7z, TORERIE, K - RS mICET
HUREYIRIE L B30, HEREYIRIEICER T2 A A
FARY AR E EOKEOREIIH E O 2T
WZ EERET %, B 5 BILETEOREE#E
HOREMIRE, SBRAEDRREERN T MM
HREENTVEDEAS. —fRICAAAXRY R X
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Fig. 3 dbRDA of meiofaunal community composition according to DISTLM with selected envi-
ronmental factors in 0-Icm (a), and 1-5 cm (b) sediment layers. The percentages of variation in the
fitted model and of the total variation in mean abundances of meiofaunal taxa among stations as
explained by each of the dbRDA axes are indicated. The direction of each vector and percentage
figure overlays denotes the direction of the relationship between the dbRDA axes and each environ-
mental factor, and contribution of the factor to the spatial differences in the meiofaunal composi-
tion, respectively. T: water temperature, Sal: salinity, DO: dissolved oxygen, Dep: water depth, Md:
median grain size. relative abundance of the three most structuring taxa at each station (I. Cope-

pods, II. Polychaetes , ITI. Nematodes) superimposed as segmented bubble plot.
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I HERE Y8 72 i 253, thiobiotic meiofauna & (X
N2 Mo RsEx &, HEFEYERET 20-30 cm
DORTEIE TCEERT S EMNHENTWVS (Giere,
2009).
AIRFEREIC B DTS EEHIIE N XA AN
¥ b ADAEEE XD HROBUEAEI S N7z KH
JIFRIEE D55, BIAE 9 HIGAE R ED FH 5 I
THD, TNUIZTDOERFD RO DO R
DK TFHFRRTH 5 LEHEINT NS (Bhd- E£H,
1993). HAMNHEZIT- 72202249 H FAITIE,
MBIEIE D DO S B ISR IRAE D FLHE( (2.8 mg/l,
Diaz & Rosenberg, 1995) %= R[a] % C & 13720 o 7273,
[[4E 8 H 11 HOIA ORI AL DEEE T Fido
HHEfEZ Tl % DO RENBIHIE N TWS UKE
it AT 7 = 7Y A | https://ariake-yatsushiro jp/
ariake/danmen/danmen_hiduke/danmen_top.htm, 2025
E3H21 HEE). Leh->1T, ShEilEnk
20229 HRAIDAA ANV B ABED S B, K
([ HERSPI 2R SEER DR L LASL D 7 AR DR S
EEGRIE, 8 HOAMROFED S MO IRAE
ThHolzrlREMIF B DR, 514, ORI ERE
ENTY Y TIVOHR L ZB U T, AL AR
b ABEERHRR DR 2 b & BRBEEN & O RE M 258
RTBDVENDZ12A5. 61T, BEHHAT
THICBIL T, & DARROEERE L L DS RERGR
ITIC, SRS E U REEEROM, W)
5OEER E & DR S Nk U 7 FiEAT 728 U
T, thiobiotic meiofauna DIFELEXZ D734 7 il R 9
HEEENZHOMNCT B TETHS.

C OWZEE, MIATEGEN BREI AR -
BRI ke Oy HEME L - BRBE RO IS 2E (BRE
#F 5 1 — 2203 kKM 5 IPMEERF20221003)
(WK © BRI (W8T DOWipkZz2) T
TNzt DTH%. £z, RFEROBIEICFEEL
TELDHEEVEREWZ2HDOELDOEGHE &
LAGUNA fifEZEREOE A BRI E#H ZH LU -
F5.
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