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Fig. 1 The sampling sites of meiofauna in the southern

Yellow Sea in summer and autumn
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Table 1 Individual average dry weight of different meiofauna

groups

Eid T T B /ug B ST R pg
W EZR . Nematoda 0.4 )2 Kinorhyncha 2
e ML 2 Copepoda 1.86 #JEZ& Ostracoda 26
i 2 Cladocera 26 ¥fi /£ ¢ Amphipoda 15
4 #1175 Rotifera 3.5 4% 25 Tsopoda 15
1728 Halacaroidea 1.5 52 Cumacea 3.5
i 2 Turbellaria 3.5 J5 £ 2% Tanaidacea 15
W52 Bivalvia 4.2 HAlh Others 3.5

%2375 Polychaeta 14

NEFH ArcGIS 10.2 2 il % #F ufi s . B2 SPSS
25.0 B4 X i A5 19 A 0 e A DR o gk A 25
SR B, I XA Wy Bl B 45 A B T #E 4T Pear-
son A1 &40 Mo W A PRIMER 7.0 ¥ 4F £ 47 2 0 48
TordT e XFIREE A k4T 32 B4 M (PCA), 43 BT 36
B AEACLEE s X/ INRL AR Bl 0 B v 1A T AR BE o 2 B 4y
B (nMDS), I F ] PERMANOVA #5564 i) 2% & i 3
PE; I BIOENV 43T 7 42 28 58 F A ) 96 B, 20 BT R 5%
PRI X6/ IN TR AV 3 00 2 20 8 ) 5

3 45
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TR kvl Rl 43 3 AN 86 BE, 30 m DAk (33 5,
3550 ). 30~60m(155 ., 175,275, 285 |
31 590), 60 m IR (195 225 24 Sufif), F
06 2 K I BE Ry 12.91°C; ~F- 24 I8 J2 7K #h Oy 32.37;
FPE R A2 S 0 K 0.022 mm; M4 & o & = HE
9 0.37 pglgs JBE M SR & i B 1.54 nglg A
PLRT & 5 F- 39 R 1.63%.
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[F] B 2 A B R B ka3, AT 43Sy 3 AN EE, 30 m LA
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SRR Z K ER B Ry 32.18; W ERIAR FME M 0.125 mm;
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R IR A, PE kAR L SRR AL
MR E a o hD . DUEE SRR & i . K ORI ER Y B
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XN, AL R o SOKE BHLE . MK o
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chaeta) . - & 25 (Ostracoda) . % HL ( Cumacea) Fll H: b
Je o ML O AL AIERE, AP b 3l s
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fik, 24 275.2 ind./ (10 em?); 33 5 3 7 F= FE e &, A
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Table 2 Environmental factors at the sampling sites in the southern Yellow Sea in summer and autumn

Wifi  WD/m SWT/C BWT/C BWS Mdmm YT/% W%  Chla/(ugg')  Pha(ugg)  oMm% JEE R
H15 41 22.70 10.55 32.22 0.08 42.94 29.81 0.26 1.05 0.53 bagodnieiy
=17 53 22.24 11.09 32.77 0.01 66.60 45.50 0.23 1.16 0.80  W-ME-Fi1
19 62 22.37 10.83 32.99 0.02 63.96 45.06 0.10 0.55 070  W-HE-FiL
522 70 24.05 11.15 32.10 0.02 59.40 49.53 0.32 1.56 191 W-Bi-Fit
H24 63 21.76 11.03 33.11 0.01 59.46 52.36 0.51 1.80 318  W-ME-HiL
527 51 2323 10.58 32.63 0.02 55.70 51.47 0.50 2.19 267  W-ME-FL
28 52 23.63 11.16 3243 0.01 76.00 49.36 0.28 1.26 260  W-ME-FiL
531 34 23.51 14.15 32.09 0.01 80.18 39.26 0.29 1.31 1.39 E- R ity
"33 29 27.16 15.76 32.00 0.03 60.90 35.09 0.47 2.27 1.12 WY
H43 16 26.03 22.84 31.37 0.01 91.77 51.43 0.72 2.22 1.38 LRy
Fk1s 47 17.61 17.85 31.86 0.12 30.15 34.95 0.16 0.69 1.08 WubE
w17 53 14.97 14.78 32.00 0.14 32.05 48.90 0.09 0.67 3.02 b BTb
k18 60 16.11 13.99 32.08 0.11 39.92 49.91 0.03 0.16 2.08 Kb BTRD
19 63 19.01 12.72 32.34 0.12 36.74 49.37 0.38 2.26 0.63 AR STRY
k20 67 16.90 11.00 32.97 0.08 46.57 51.15 1.15 7.39 2.36 Kb
22 68 16.19 11.00 32.97 0.19 25.57 51.05 0.17 1.06 0.67 bagodnieiy
k24 67 17.95 11.02 32.89 0.09 4225 55.66 0.35 1.49 2.74 gy
#26 57 17.11 12.02 32.45 0.19 24.81 51.16 0.14 0.77 1.96 b

27 53 17.00 12.42 32.23 0.19 23.00 58.93 0.19 0.83 4.65 w

28 51 16.21 17.82 31.66 0.15 3031 54.65 0.12 0.60 1.63 FyRb BT
30 39 12.34 18.14 31.60 0.10 39.63 43.48 0.14 0.56 0.90 YD D
33 30 18.26 17.85 31.74 0.13 3327 40.40 0.07 0.40 1.11 sz
39 20 18.01 17.42 31.60 0.01 92.75 47.30 0.37 1.25 1.30 LRy

E: WD. /KR (water depth); SWT. )2 /KR (surface water temperature); BWT. JiE /27K (bottom water temperature); BWS. JiG)Z 7K (bottom

water salinity); Md. "P{E#1% (sediment median diameter); YT. #yEP%H 4 7% i (silt-clay percentage); W. 7% /K& (water content); Chl a. M4t FKafr i

(chlorophyll a content); Pha. %k H4%/% & & (phacophorbide content); OM. A ML/ 7 & (organic matter content).
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Fig. 2 Principal component analysis of environmental factors
at the sampling sites in the southern Yellow Sea in

summer and autumn

SRR, B2/ MUY 3= BEEAN Rk R ] 28 5 i 3
(p<0.05), KT KT 60 m [ 7K 0 £k e = i I 25 B 1K
(p<0.05).

Bk 2= /N TR B 09 7 ¥ 3 B R (350.8+
30.7)ind./ (10 cm?). 40 3b iz, 27 5 3 7 3 ¥ i
i, 4 91.4 ind/ (10 cm?); 30 5 3 v F B I =i, h
1 171.9 ind./ (10 em?). FkZ& 30 5 3 fi /N L JEC AT 501 4
FEIT TR R R, 5 R 30 5l 25
W, DU =F B 5 B0 B 2 /K ORI I g i/ i xRk
FEARTR KR B /N R AW 3 ) =F B AT B R R O 22 03
Br, &5 8 WoR, B2 /N BT 3l P =F B A2 A [R) KGR [R]
255 AN 3 (p>0.05),

PR FRZE /NG B ) oF BE AT ST REAS 1 K
5, 45 5 W s /N AT S ) 35 BE G 3 AR 25 R (p>
0.05). Bk 2= 30 53l 37 25 B 5 PR i A7 il 7 R AR
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Table 3 Abundance and biomass of each meiofaunal group in

the southern Yellow Sea in summer and autumn

[ , FRE/ PR Y/ Y
4 e
S ﬁm’\<ind.-<10cm2>") /%  (ug-(10em®) ™) & 10/%
WPEL R B 389.2+18.4 75.6 155.7+7.3 23.9
Nematoda

78 296.8+28.1 84.6 118.7+11.3 20.1
BRI - 67.2+16.1 13.1 125429.9 19.2
Copepoda

#k 20.4+3.3 5.8 38+6.1 6.4
LS H 34.7+1.7 6.7 121.4+6.1 18.6
Rotifera

#x 10.7+0.5 3.1 37.5+1.8 6.4
TS A2 4542 0.9 115.9+53.2 17.8
Cladocera

7.9 11.6£0.5 3.3 301.9+13.7 51.2
HALEE S H 5.741.2 1.1 19.9+4.1 3.1
Turbellaria

Fk 3.3+0.6 0.9 11.4+2 1.9
ZEH - 1.9+0.8 0.4 26.7+11.4 4.1
Polychaeta

% 3.6£1.6 1.0 50.6+22.7 8.6
iELUES H 3.4+0.6 0.7 5.2+0.9 0.8
Halacaroidea

# 0.1£0.2 0 0.2+0.3 0
IS A2 2.7+1.1 0.5 5.442.1 0.8
Kinorhyncha

774 0.9+0.1 0.3 1.74£0.3 0.3
WFE H 2.340.9 0.4 9.6+3.9 1.5
Bivalvia

Xk 0.9+0.4 0.3 3.9+1.8 0.7
i "2 1.9£1.2 0.4 48.6+31.6 75
Ostracoda

# 0.3+0.1 0.1 8.1x1.7 1.4
EIES H 1.0£0.1 0.2 14.6+1.2 22
Isopoda

# 0.5+0.1 0.1 7£1.7 1.2
T A2 0.2+0.2 0 0.8+0.7 0.1
Cumacea

774 0 0 0 0
Vi R H 0.2+0.3 0 2.844.9 0.4
Amphipoda

Xk 0.120.1 0 1.7+1.7 0.3
R "2 0 0 0 0
Tanaidacea

#k 0.3+0.4 0.1 4.145.6 0.7
HoAy " 0.10.1 0 0.2+0.4 0

# 1.2+0.6 0.3 43+1.9 0.7
&t =2 514.9+32.1 100.0  651.7498.0 100.0

i 350.8+30.7 100.0 589.2+37.1 100.0

R, 45 R /N AT Bl ) T B A AR AR R Y
%5 (p<0.01),

BB/ 3 ) 0T 3 A il (651.7+
98.0) nug/( 10 cm?), f5 & {H th 3 AE 28 %5 uli i,
1 050.8 pg/(10 em?), Bk Z=/NRY AR 20 P 19 F- 2 A= 1)
ol (589.2+37.1) ug/(10 em?), F i {8 H L AE 30 53k

£, 7 1261.9 pg/(10 em?) ., Xf Bk 2= /N BT 3l 9
A )i EAT ST AR ¢ K 5, 45 SR s /NS AN 3
AWy T B 3 2 25 5 (p>0.05),
3.2.2  /NEUIHG Sh ) iETR S5

T B B K 2 NI R Bl ) A S A AT
A B 1 2 bR B (nMDS) 44T, &5 R 4 s, H.
Pkl gs B R, BAF1IX 4. PERMANOVA
g 25 8 o, /N AT Sl Y I T S AR A 2219 [ AF A
e 35 22 5 (p<0.01). 51 S 25 5 1 F2 B HE N g v
28 11 (p<0.05) FIKE 2 (p<0.01), Ki s, fdi2k | g
s 25 TR LA IS s A A 2 1 2 25 5, R IR B PR A
55 R, %28 SRR AL N A A R A5 R

Xof 52, R AN [] 2K TR 1) /N R E AV Bl 00 T 235
Ay AT A BE 22 4 AR B (nMDS) 2 A, 25 A s,
K6 iR 8- Z 5, KA KT 30 m FZKEE N
30~ 60 m Y uh A7 8 R RAE, KRR T 60 m Ak {57 ]
BN BRI AR KRN A W RE .
PERMANOVA i 5 45 5 W7, B 25 /N7 A 3h )
T 45 R FE 45 K DR B 22 [B) A7 FE A B 35 25 7 (p<0.01),
253 RIAEKE KT 60 m 5 H A 7K B B B 2 (7]
(p<0.01), Bk Z= /N I AV 51y ) V% 45 A8 1 4 7K TR A6 &2
Z[H) JC i 3 25 5 (p>0.05)
3.2.3  /NAURAG Zh Y TE B 5 A

T A VR ST 2 R R 2 0 A 3 A /N B JEC A Bl
T EL A ANE 7, B 70 FTAR o B ZE/INELR A Sh Y oy
FAEVTFRY) 0~2 ecm. 2~5 cm Fl1 5~8 cm ¥ HL 1] 4351
h 53.3%. 26.1% Fil 20.6%. Fk Z= /N U JE G 50 49 4 A
TEVLER Y 0~2 em. 2~ 5 cm Fl 5~ 8 cm ¥ kb 15 23 51l
N 49.8%. 29.9% F120.3%. H . FkZFHE — 2 KDL
A /INELR AR S 2 A T UL )2 0~2 em X /AL
JECATG 3l 40 3 B0 AT AT ST REAR ¢ K 5, 25 R R B
e Rk /N Y AT 2 P B 43 A G 1 3 25 57 (p>0.05),
TR Sh P R B BB T TR
324 S HURIRE R 2R T B LM (N/C AR

MO KR R AR R R
(N/C HufE) W35 4. Hrp 5 22 N/C HfHAR LA/, Ty
N 6.7, 245w i N/C W AH A%, 2 1.3; 43 5 3 i
N/C Hoflfe &, J 154, Bk N/C WIEAR AL ECR, 13
M 19.07, Hirf 39 536 N/C FL(E fe (%, N 6.2; 22 5
ui i N/C Wi, o 52.8
33 NEIEWBMERERFHXER

BIOENV 43 #7455 W /s (3% 5), DAY i (ki A%
(Md). 77K & (W) 3 A 0 55 4% o 20 4 RE 8 I - b
it R /N TRL IR AG 2y W A 0 2 AL, LA OC R ECH 0.424; H
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Fig. 3 Distribution of meiofaunal abundance in the southern Yellow Sea in summer (a) and autumn (b)
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Fig. 4 Non-metric multidimensional scaling plot for meiofauna community structure in the southern Yellow Sea in summer and autumn
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Fig. 6 Non-metric multidimensional scaling plot for different depth meiofauna community structure in the southern Yellow Sea in autumn
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Fig. 7 Vertical distribution of meiofaunal abundance in sediment in the southern Yellow Sea in summer (a) and autumn (b)
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Table 4 Ratios of abundance of nematodes to copepods in the southern Yellow Sea

A ML N BREAC N/CHAH L ML AN EHC N/CHAE

CES 15 246.4 80.3 3.1 e 15 462.0 60.6 7.6
17 209.5 374 56 17 2514 11.1 22.6
19 3385 59.8 5.7 18 322.1 252 12.8
22 200.4 454 4.4 19 217.1 17.2 12.6
24 142.4 106.0 13 20 2257 24.7 9.1
27 4415 50.0 8.8 22 320.1 6.1 52.8
28 559.4 108.1 52 24 130.8 10.1 13.0
31 5973 74.7 8.0 26 122.7 13.6 9.0
33 7427 81.3 9.1 27 722 5.0 14.3
43 404.4 26.3 15.4 28 166.6 35 47.1
30 1 080.0 44.9 24.0

33 346.9 20.7 16.8

39 140.9 22.7 6.2
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Table 5 Results of BIOENV analysis between meiofaunal as-
semblage and environmental factors in the southern Yellow Sea

in summer and autumn

BT F A A LIPS R TS
2 0.424 Md, W
3 0.419 Md, W, OM
4 0.378 YT, Md, W, OM
3 0.365 YT, Md, W
4 0.346 Md, W, OM, BWS
3 0.342 Md, W, BWS
5 0.331 YT, Md, W, OM, BWS
4 0.329 Md, W, OM, BWT
4 0.323 Md, W, OM, WD
3 0.320 YT, W, OM

. WD. K (water depth); BWT. JiE/Z/KIRSE (bottom water
temperature ) ; BWS. Ji&JZ7KEE B (bottom water salinity); Md. H{ERi {2
(sediment median diameter); YT. ¥}#P % 1 1% 1 (silt-clay percentage); W.
77K i (water content); Chl a. "4¢# a % & (chlorophyll a content); Pha.
Wi 24 R & B (phaeophorbide content); OM. A L% f& (organic

matter content),

S 0 FEE R0 A5 T e T E R/ N LA B)
YR F B TR, (A R 22 5% T
k2 30 Sub A/ NS R T 1000 ind./(10 cm?),
W TP A, KRR 30 5
S IX — Sl 6 L BR IS, N RUR A S ) R A
ERNER(p<0.01), HFMFE S THZ, Pearson
FHICHE 73 B R, BB EE 30 5 2 67 J5 /N LI AT 3

YR SRR 4 B R R R ARG, 5 kiR
ETE iR S SO - BN &SR-S TR V7 S v R sl I A
FEA ¢ K56, 25 5L 87 g 201 1) R (EDRL AR RO D 266+
o A T 25 5 (p<0.01). 5 E ML, Bk
ZE i O B DL R AR A X T R R . AFgE R,
U R 2 TR R B A3 A ) 2 4 A8 Ak B 2 A IR
RGN L2 p5 R 2R 2 AR 0 W, R
Jt K GRSk K TR/ F 30 m), 8 247 30 72 Uik
TR R AL 0 5 ), Bk 2R K Bl s, TR A R 21
BRI B T R, R BT S X
Sl P T A7 BV K PR R R e AR Ry A U R
DAL F S e oo, i) st DA I B VA A 235 1) i BT 1) BT A
WA B KA, B ToKksh Jisgag, RIZDT
T v b FOoR 0 55 S A P 8 0, T 2 B S AR, o
ER TR ORI

T I L R 2N R I A 2 ) B s 5 R A LA
WEFATER . MR, N Sh 0 53 A 57 1)
ZRHZ R, WK DIRRE SR a &
oA AL AR, 454G BIOENV 43 #r, W E kL
L B K R AL DT B ik R BT i R /N TR EC A 3 )
REVR G5 MR BE I 24 G o DU (B REAR 1 R/
PE T /N JEC G B ) A A 3 R /N L B RT R 1Y
AL E B, A0ED ORI R A R S B R
JoT, HE AT BE AR E L ISR V2 T B KR 2
PERG hnes 1 AHIE 5 pg H0ME 5E R DURR YRS R4, AT
RE TR F o — R AR i A AF . TR, B 20t ag
Foa REGE, BB /N AR S R A T R )
HUR, FBUNR A Sh YT R TR AR 25 5

57 /NG 3h ) 3 B RRE I8 445 F FE R[] K IR
ZIfFER 2R, 25 EEEMAEKEKT 60 m

*6 MEER. RFNAEREIVFE. EVEERRRAFHEISTER

Table 6 Results of correlation analysis between abundance and biomass of meiofauna and environmental factors in the southern

Yellow Sea in summer and autumn

WD/m BWT/C BWS Md/mm YT/% W1% Chla/(pgg") Pha/(pgg™) OM/%
MA ~0.417* 0313 -0.297 -0.332 0.266 ~0.53 1%+ -0.013 -0.06 -0.339
MB -0.345 0.301 -0.336 -0.257 0.195 ~0.523* ~0.074 ~0.113 ~0.309
MA' -0.417 0.187 ~0.162 ~0.482* 0.428* ~0.590%* 0.102 0.031 ~0.294
MB' -0.314 0.197 ~0.237 -0.336 0.286 —0.539%* -0.001 ~0.054 -0.257

e #FIRTE0.0 17K -1 B 3 A0 G * 3R TE0.05/K -1 B A1 OG; WD. /KR (water depth); BWT. Jit)Z/K IR (bottom water temperature); BWS. JIE/Z
7K (bottom water salinity); Md. FH{EK7#% (sediment median diameter); YT. #3075k 1 & i (silt-clay content); W. £ 7K & (water content); Chl a. M-4¢2%
atr it (chlorophyll a content); Pha. 4 M £%M2 & 4 (phacophorbide content); OM. A L% & 1 (organic matter content); MA. /NE S 4 F i
(meiofauna abundance); MB. /NE A Zh ) 4= )+ (meiofauna biomass ) ; MA'. k2305 56037 )/ NE I 5490 =F FF (meiofauna abundance without Site
30 in autumn); MB'. KBEREKZE30° 555057 15/ N AR 3 ) A4 ) 5 (meiofauna biomass without Site 30 in autumn),
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Table 7 Comparison of historical data of meiofauna in the southern Yellow Sea

RFELR] INBU R SR AR INBUEAN Eh PR/ (ind.- (10 em®) ™) AU L% BRI IL%  CNILE  SE 3K
20004F6 /1 18 809.3+407.4 73.8 18.7 3.9 SCHR[26]
200346 H 18 1 584.0£686.0 88.7 5.8 162 SCHR[28]
20044F1H 20 1 186.1486.1 89.77 4.2 214 SCHR[29]
20074F1-2H 15 348.8 77.6 133 13.1 SCHR[2]
2007476 H 18 1529.0+1 121.0 88.0 6.8 148  3CHR[30]
20114F6 H 20 1 194.0+873.0 89.7 5.5 163 SCHR[31]
201346 H 15 900.8+365.6 84.2 4.2 209  SCHR[32]
20134F11H 13 758.4+403.6 94.0 24 39.6 SCHR[32]
2020478 H 14 514.9+32.1 75.6 13.1 5.8 EN e
20204£11 4 14 350.8+30.7 84.6 5.8 14.5 ENEH
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Spatial distribution patterns of meiofauna and the influencing environmental
factors in the southern Yellow Sea in summer and autumn

Song Yuanliu -2, Liu Xiaoshou ">

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266003, China; 2. Institute of Evolution and Marine Biodiversity,
Ocean University of China, Qingdao 266003, China)

Abstract: To study the spatial distribution patterns of meiofauna in the southern Yellow Sea and the influencing en-
vironmental factors, two cruises were conducted in the southern Yellow Sea in August (summer) and November
(autumn) 2020 to analyze the taxa composition, abundance, biomass, vertical distribution, community structure of
meiofauna and their relationship with environmental factors. The results showed that a total of 15 taxa of meiofauna
were identified, among which free-living marine nematode was the most dominant group, accounting for 75.6% and
84.6% of the total abundance of meiofauna in the two cruises, respectively. Other important groups were benthic
copepods, rotifers and cladocerans. The average abundance of meiofauna in summer and autumn was (514.94+32.1)
ind./(10 cm?) and (350.84+30.7) ind./(10 cm?), and the average biomass (dry weight) was (651.7£98.0) ug/(10 cm?)
and (589.2+37.1) pg/(10 ecm?), respectively. There were differences both in the spatial and temporal distribution of
meiofauna. In terms of seasonal distribution, highly significant differences were found in the abundance and taxa
composition of meiofauna. Combined with the analysis results of environmental factors, the sediment median dia-
meter was the main environmental factor causing the differences. In terms of spatial distribution, the abundance of

meiofauna and community structure differed significantly along the water depth gradient in summer, while no signi-
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ficant differences were found along the water depth gradient in autumn. The Yellow Sea Cold Water Mass was sup-
posed to be the main factor affecting the spatial distribution of meiofauna in summer. The abundance and taxa di-
versity of meiofauna in this study were lower compared with other studies on meiofauna in the southern Yellow
Sea. The sediment chlorophyll @ and organic matter contents were the important factors causing the change in
abundance of meiofauna in the southern Yellow Sea. The assessment of the abundance ratio of marine nematodes to
copepods (N/C ratio) showed the presence of organic pollution in the area in autumn, while this result was not con-
sistent with that of the macrofaunal assemblages in the environmental quality evaluation of the same area, and fur-

ther studies are needed for the application of N/C ratio to evaluate the environmental quality.

Key words: meiofauna; free-living marine nematodes; abundance; biomass; southern Yellow Sea
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