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TERROT, DR b A 2R AR R AP R R . PR, X
TS 7 Ui Sh W B T R AT O B TR A 0, (H AT
X 2 U 38N TR K CBE VR RRAE A SR D . DIV
(2R R R IVAS NS I | A [ R RN AN R A S i
A B PR T 2 DX 28 1 v R R R O DR R AR
14y B, T AR, 32T BV PO A R, AV KA
ke,

AR 5 8 WL 16 VG e 0 1A T SR R A, A3 T /N
IKEE SR 53T TR, R T K BE R B AL A 19 3h 2

LT I A% HL U 94 Y XU 2L

1 1|8°00’

AR AR, G AT BRI DR 68 /N B K B I 23 AR A Y 5
AL 000 X 2 g 00 A A% v 2 77 7 O 1) TS AE XU o
T 2 40F 5% = A X A KB (Aurelia aurita), B2 K B
(Cyanea sp.) 5% K I K EE, B4 £ x5 /NI K B 1 % 3
PR AT, ASBIE S A ol i VY Rl VT Sl N R KB ) A 2 A AU
FEHRAL T ELRRBORE, JE VPG T IV AE AU, LU 4
Je A S R G PEAL R LA oY A
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Fig. 1 The sample stations in the southwest of Bohai Sea

T U 3N 4 SR AR i FH VR Ui 2R 9 ) (TR K TR, D 4%
50 cm, [ H LK 0.505 mm), HiJiE 2 63 17 i 3,
e - BB oK B A BB R RS ke R A A
FU, f e K A AR A B ARE SO, PRAFTE 5% 1 H
FEE K W b, 2l I SE e = AT . K AR A R
R Leh, FER L 2 BB T, 4 AR T80 X /N B K
B B AL B R, IO SRR B . AR
/N KRR 2 4 i B B ArcGIS 10.6 5114 24 il .

WS B IR K IR L WK RIZIRE L SR | pH.

A SR ¥R AR, SRS E. TILA SR,
2RI E AL N CTD(RS CTD4SM) KA, H
HRK R | 7KL . B S A CTD A5, A 45 22
FAE ST SIS A, AT AT LR 1.
22 HIEAE
221 BEE S BT

ANE K BE A S A P A R O 3B HR L (Y) oo i AT
TR, LK C1); AH &R 27 [B] /N 7K R b 24 B 5 R fff
PR EE R R (R) P #7115, WX (2),
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Y=P,xF, QP

R=[(a+b-2c)/(a+b-c)]x100%; (2)

Aorp, Y YRR BE R AL, 2 Y>0.02 1, iZ A ED A X

T WL SR F Oz A i B B A P=n/N, Ho,

noE S PR B R B, VR AR A R A AR B

R FP TR F5 a b 43 5 R A SR P A 28745 (14 Fl 28
B ¢ ARSR A 2=y 2 [F] A Fh 2

®1 RRERSHFE

Table 1 Analysis methods of environmental factors

s WEER Tk
1 pH pHIT%
2 AR WU
3 ek s Bl e A AR
4 WL o i AR
5 TR T T

222 WEEHFACH BT

fifi FH Canoco 5.0 BRI XT EH 2 #k T & & FF
4 LR B /NBRUK BEPL AR 32 B e AR 2 L IR
AR O R AT AT, S Bt AT A R O N 4 i

(DCA), £ J 28 SR 1T 4 i %) B2 20 7 (CCA), #) Bl
T2 g(et]) Fedle, 25 R PRI, IR HN
T BE XN KB 2 B AR AR Y R W T SPSS
18.0 B A1 47 # [ 3 J5 22 73 Mt (One-way ANOVA), 73
Br 4 A IR R 22 57

3 4%

31 FhRAMERBF

2020—2021 4F v V4 g A VA 4 4 AU M E
ANTUGKBE 13 Ff, AL 4G 11 FhoKBEAK B 2 FpoRi K B
TE/NBU IR BE T 20 11, K SRR B 1 84.62%, 17K
5 15.38%,

2020 4F 8 A (B %) L5t 9 Bl (47 8 Pk i
KR K 1 R RS KB, @& T KB (Bougainvillia sp.) . T
¥ K B ( Turritopsis nutricula) . % > M- /K B ( Eirene
ceylonensis) X T H Z= B 2020 4F 11 A (BkZ) JL%
FE TR, ALHE 5 AR IR AKRE K 2 BT K BE, Jor g
F fih 22 7K £+ ( Lovenella assimilis) 3 4 7K £ ( Ocyropsis
crystallina) X AEFK 72 90 ; 2021 4F 2 J] (&2 ) Hh s
W2 Bl B KRR RE; 2021 4F 5 H (5% Jh % i
4 Ffr, ¥y Ry K WE K B, FL /N 8K B ( Hydractinia
minima) {{AEA 25 I, P S 2H T L3R 2.

x2 FRAFHRSHEHEABLER

Table 2 Species composition of medusae in different seasons

hd=s JeR¥ e RiT %4 FES k7 KT w
1 TR B EFKEE Bougainvillia sp. + - - -
2 IR KA J\BE R G B Rathkea octopunctata - - + +
3 IR KA JTHE KB Turritopsis nutricula + - - -
4 TG B AN KB Hydractinia minima - - - +
5 TRBEIK B FRE KL Obelia spp. + + - -
6 IKHEKBE U111 75 [ K B Sugiura chengshanense + + - +
7 IR P T fih 22 7K B Lovenella assimilis - + - -
8 IR KA IR S Eirene ceylonensis + - - -
9 TKUEK B HETAIF-7K B Eirene menoni + + - -
10 TRBEIK B EERSEIE KB Clytia hemisphaerica + + - +
11 IR IR DA A K B Proboscidactyla flavicirrata + - + -
12 MizKEE BRI i K B Pleurobrachia globosa + + - -
13 Hizk Bk K B Ocyropsis crystallina - + - -

Rk, —FR AR

LI N SN RO S L i EEE S VIR = i ]|
H: Ak 54.54%, KA 100%, 44 80.00%, F 5 81.82%,

PR AR 79.09%, FT Z MAFAERI S, HAF)
KRR R R R, 2 YRR, A
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PSR RR, HHK 66.67%, k2 100%, 2748 100%,
FH 100%, FEEER N 91.67%, HAFEAEZ TR,
PHA W S 4 AU I B S R RN, NELK B
14 A B 36 vy 2 YRR A B . R A0 i K R
K2 KB — 3 Fh; B K B 7R 4 25 0 e 34
s B 25— DR SFh iR 1L 75 (KB . 45 FR B AR 35
PedA s | FRE b R BRI L 3,
32 KBFEEZFTHTTUSHRERFXER

AR AR VR A I T R N R R TR B &
Zx | BB EE 500 30.78 ind./m®, 12.08 ind./m’,
0.57 ind./m*. 30.74 ind./m’, % 25 F1 B 2 /N B0 K ) = i
SRR, R R4 Zk B 2 B ARG (18] 2),

AR AE AT S AL, R A SR A R b N K A
FRE B R . BRKEEFEE R, @i X AT 5 e
A6 2 R A BRI, 1) S0 7K BE = 32 26 70 1 AR A1 S 32 3
TR, Z v v, S A AR 2 A BR AN i K
FE 22 FF- KB o Bk i (DX T B0 B 7 v 0 v
B, AR RORN O ER AU i K BE, 55 AN i T rh
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Table 3 The dominant species and dominant degree of medu-

sae in different seasons

GiES FT O ORBE FESH% HER%
BREApUEARE:  H 0.39 45.52 86.21
B2 RrokEE HE 0.27 35.17 75.86
HBREUKE,  HFE 0.08 11.59 65.52
BRAIOUEAREE Bk 0.69 83.95 82.76
NBERIOKEE &7 0.18 87.27 20.69
WL FHIOKEE  H%E 0.32 58.56 55.17
INBERSIOREE FE 0.05 26.15 17.24

K EEREE S B, B Y P AL K R R R A
Bk o &FKEEFE N —AF i ik, /NKRE 25
Ay T 2% P U g O T, 2 A 2 O N BRE P TR B
A 2 e (E DX T B Bt pY AU K T e s AR I B 9
A rp S, T E AR R 1 T KR
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Fig. 2 Distribution of medusae abundance in different seasons
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PH A 29 b, KRR 2.0~16.0 m,
FH T e 1) o S T S R 3 4 e . KR R T (R R AR
3 22 5 (p<0.01), B FE/K il i, & KRS A%; 4
AR 35h 31.4, & o, B B ERAL pH &
AR 8.18, Bk, H R A S 2 4F

478 8.73 me/L, fb2E T A E 2 4E 48 1.20 me/L;
BRI Eh & B A 4E 1 7.00 ug/L, THLA & & 24 F
YoM 196.17 pg/L. A4 B R A 10 17 i sh i) =6 18 I 4%
TV A B PR AN UL 3R 4, SR AE ST 2 ()
PIAEAEA i 2 M 22 7 (p<0.01),

R4 FRAEHEHINEERBAFREEZTHE

Table 4 Average values of zooplankton abundance and seawater environmental factors in different seasons

SR qA% T X7 B P

TS AR/ (ind.-m ) 180.20+105.56 96.85+671.91 163.92+568.7 2078.68+171.69 *x
B F R/ (ind. - m ) 53.80+422.22 5.05+19.61 85.64+275.83 1678.11£162.11 **
JKIR/C 27.69+5.37 12.56+2.1 2.69+4.41 17.16+7.17 ok

HE 30.95+1.24 31.24+2.02 31.96+1.54 31.46+1.83 **

pH 8.09+0.24 8.28+0.45 8.21+0.4 8.12+0.14 ok

WA SR/ (mg L) 7.04+1.87 8.93+3.42 11.44£2.72 7.5242.76 **
T R/ (mg L) 1.193+1.47 1.20+1.50 1.41+1.82 1.01£0.77 **
B o/ (ng L) 10.94+66.02 4.185+9.04 8.99+14.34 3.89+5.14 **
FAAE I/ (g L) 315.43+856.2 143.9214621.5 248.09+722.6 77.25£199.5 ok

e f03Ep<0.01,

H CCA WI A, S5E R 2K 56 45 1 18 3 (p=0.004),
ANTR KR 5P G ) 2 AR AR, LR AR AR S A
B A 0 AR OC (18] 3)0 P A HE 3 Bl A9 S5 A {8 50 31)
h0.67 F10.12, /NBYFKCBE A B2 5 P45 PR HE Sl 4 A
K BN 0.899 F1 0.427. KR (WT) 555 —HE 5 il &
B RIEAEIE(0.791 2), #h B () 55 —HF 7 il 2 5/ ok
FURH O (—0.597 5), b BH 52 Wi 3 Vg VG 5 /0N BB K B 2
AR 1 3 R ) R S K TR RER B

[ 3 H, AR /N R KRR R A S IR B R -4 AT
Fil, BREHEAR EE S Z F a4 0, 75—
A4 BT A A, WK TTHLA S B BER AL
GREREFHERERWE T ERFEAREENGTE
SRR 2R T, HEWrbe RS FE R E R B
Wi PR FR A REAR S E | A S & pH 20 i
FESE MM 7, R S 5 — R OC R
#0-0.302 9, pH 555 — F 5l 9 A OC R —0.244 8,
I Tk B2 5 9 A 4R B L pH SR R K T A L, X Rk
Zt /N R KRRV 45 AL 52 e B R, R L R B e
R KBEH B, 25 IR BE R 7 AT B B S 1) 5 i e 4

4 g

41 HEABEDEBAEMENTILHEEL
T Y T T N TR KR A AR 2 A A K BEK

FERIFT K B, A 2528 R R iR T R AR R T, 4 Y
(] Ao A 2 5 R 00 3 R s L RKIRD R 54.54% ., FKA

1.0 o im o
o HFE
° BkF
%% ..
o) e ®oe
k=3
g
&
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®
0 % ®
Copepod{’.’ .
°
. ° COD .
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°
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Fig. 3 CCA ordination of small medusae and environmental
factors in southwest of Bohai Sea
WT: K ii; DIN: JoHL%; DIP: B[Rk ; DO: ¥ fift 4 S: $h/%; COD:
1k 275 S it 5 Copepods: 8 2%

WT: Water temperature; DIN: dissolved inorganic nitrogen; DIP: dis-
solved inorganic phosphorus; DO: dissolved oxygen: S: salinity; COD:

chemical oxygen demand; Copepods: Copepods
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6] K 100% ., & 75 16] J9 80.00%. % 5 [H] A 81.82%; 1 #
Fib 2 4 BB R O H K 66.67%. Bk & 100%., & F
100%. 7 H 100%. A ] =75 (1% B 248 2 mid A G b
VIR R, 5REE . SR ARk YA
K, | AL RSN\ BE P [CK B R AR
v, 730 WG £ A0 TR0 DAL, iR 2, iR
AL 1-5 7003 o5 A3 46 % e e 29, g o 8 4 B0
58715, 1959 4F K2 1992—1993 4F P YR A} i) i k17 ) ¢
R 2 R \BE B oK B % B 0 o g U, %% B o 1
iK% 99.9% LA, 78 4 A A, 5 H 4y X FHE i—
AN, 555 HE 80.8% LA 1, 6 H 43 J5 AS T H BLE,
2014 4F 5 H X i v v b v B0 R A rh R BT 8K
2 \BEW [RKBER, AT 2021 4F 2 H (&2 ) M
2021 4F 5 H (FF2) By A & B, J\BE P [C/K B4
LN TN 82.27%, B H 20.69%; & =% N 1L
9 26.15%, 3 7 IR Ry 17.24%, 5 DL AE I A 25
HHIE .

U 111 55 [ KBRS  ZRE AL, iR AR | i
1 ARG A e, Wi 55 FCOK B 32 B2 00 A 7 1R B
h 17~ 18°C, #h N 30~31.5 (I, AR K 20
AN 17.06°%C, $hE Ny 3146, RAFFE AL RS
D7 s VA AR, A 2 B R L R R 1L 7 ER
IKEE B PR

K2 B R4 SR Bk B i K B T iR
TEWESh Y, 3 N PR 05 BE ) AR I AR e AR gk 4
B (R RIS AT 0, BR AL g K B B KR (R 2 ) 3
il R 10.3~30.6°C, 4 /K k55 T 25.5°C, BRAL i 7K £:
W5 ARV AR L) 02 o ARAE B R A R B, 1KY
KR 27.69°C, 343 B Sl 30.95, J& T3k AU
Joi KBRS B A TR SR . S AN IR SR 48, BRA)
i 7K Bk A U B B AR I, 23 32 31 88 B 52, S K IRF
BN 13.2°C BF, M AKBE CERAL00 s Kk B ) 2 8 v F56
BT 31 KR BRIk A5 IR 5 0 A R b
PR ARG, Bk Z2 18 2 - Bk 12.56°C, SF- 35948 B
31.24, PRI A A B2 8 4 5 2 e Bk R oK AR R 458 G Bk
TR g K B AE K

B2 55 SRR BTN 43 0] o 2P 2R SE MK BE R 24
K BE, PR IEUE KB F 1 5 1L 11.59%, ) ==
FSE KB 3B A7 b 35.17% 3% PR Al K B8 76 Tk [ V67 35
PIA A0, DU R At UE S, 2 BR 9 MUK B 78 1
by 3 B B e RPN SR, 1959 4F B s A P SERUK B R
= B 1K B g KR 26 3 B 1Y 68.9%, FE ) B - BR 52
WS K B By BV VR U 3 A B DR B e ) 22 RO
IKEEJE T RF KRR & 2 il BB 2R 0 H LA

T 1959 48 J 199248 A vh & 3, 7-8 J 1y 2 1% & 15
SAE R R I3, 1992 4F 8 H 4 7E BV YAk
T FE KT 25 ind/m’ 195 B 4E X ™, E R A
) 80.9%. AR FEE ZE A A R B, /NEK B A Y
F AT AR AR AR 5 LA IR A 4598 S AR I 22

W 5T BT, kAL o /K BE © 951 S 7 1 Sl A%
F, ¥ T DU 50 9 TV A 1), R T LT T A L Y U
UK X< AR A= e, ARWFoE &2 B, B 2 5k
A A ARAT BRI s K B, B ZE 0 7 I EE R 86.21%,
=Ny 82.76%, & ZE FIAE AR UL ES A S . 5K [F
S X b R L) UK 171 3 5 D R A M b e B, Bk
Mg K EEFE 6 H 9 H Oy XAty i s T BOK 11 B 52 i
K, EATE A B PEAl 45 T AR

3 320 [ A /K 3 FE <R e A TR, 5 A%
Yo R R SRR 3O T VR R R OK RE 2 R i A KRR
(Aurelia aurita) . Y0183 ( Rhopilema esculentum) .
0, 85 /K £ ( Cyanea nozakii) ®* K Wi 22 7K £ ( Cyanea
capillata) ™, ) 1 VY FE 1 3 K ALK B 32 202 W i
LU H KEER, B R — B 6-9 H BT 2013 4E %
B8 BT i A K B S RS BE R 1 500%10¢ ind./km?, 75
16 3% B 3x10* ind /km*, 2018 4F 6 H & BH i 1 15
2R A T M 30 ) KCRE S 3k 221.21 ind./(net-h), &
T A i R VD U R R O (3.68+3.34)
ind./(net-h)B*,

P O o 98 VP e S A S UL A% R A R | Bk
AEAE— 22 AU, IO B o7 5 7 Bk 28 g 7K B | Vbt 48 I
W H KB
42 HREERFHNEABETTUHEE

AN KB T U A S X B A O BURK, HoAs
o BAH L) SRR A 5 I Ak oK A IR R L B B
YA G, CCA K IUK T . 4658 5K F AR b &2
e KA S, Tk W AR A 52 8 e 7 T RN R 8 2 52 /ALK
BE B AR RN

V6 VY S VA S 1 N R K R S R B G Y
P2 S, BARR I B8 AR, %50 A Fe s 5 oAb
o 20 B T X /N TR KR 2R 43 A R AR A5 04, %48
A3 R A 52K 2R M R 22 R DI G (3R 4), A
AFRE AT B OK IR (27.69°C) IA A AR DU Z= vh B 5 4,
INIU KRS 35 32 B R 1K 4R 4 DU 25 vh B 5 30.78 ind/m?,
537 Sy e A I A /N R KRR B T R A K
B SR, RO RS, FERIRE(17.16°C) BT, 2
HEFEE B W 0 A A B 12, B R KIR R 12.56°C, /N
TR KBRS 44 42 8 R 12.08 ind./m, Bl %5 K R AR, &
2 (KN 2.69°C) /NEL KBRS 2 3  hy 0.57 ind./m’,
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At 8 A DX SRl e /N K CRE 3 B 32 2 22 K R AR ik
FA 5% M), 2003—2013 45 154N 185 37 Ui 3 0 1 A v, IS
B VS b5 T8 v o A DX N Y KR 2K S 5 0 K R
7 5L F A 56 56 2095 2002—20034F 4 I 11 K A1 I 1
SARE/NTRKRE S B S SR Z IR 5 R IE AR OGS, TR
LA R A A LA B AT, AR TR s AR e TR
Tesh s WRACHE . & d R RE L B AT, DA 52 ) P i
B A RS AT

1E CCA & IR B 5 7K B = AR fb 2 fe KAl
Ko FREE S HER WA G B L 00 R DG, SNV
Ui sh a2 o, & B/NRUK RS B R R
AR AAEBEJRAT &I, 50165 VY b 350 06 305 o 3R 1)
ANRUGKBE R TR L AR BT R S HE, T,
B T DLAE, R AT AR BRI T /NI KR SR R Y 4
Ko SREEARRTRONR NRKEEIIE ) | SRR R ),
B T B R B, kR AR 5 e 8 A I SN K B
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Characteristics of small medusae community correlated with environment-
al factors in the southwest of Bohai Sea

3 3
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gical Prewarning and Protection of Bohai Sea, Ministry of Natural Resources, Qingdao 266033, China; 3. Shandong Provincial Key Labor-
atory of Marine Ecological Environment and Disaster Prevention and Mitigation, Qingdao 266061, China)

Abstract: According to the data of four voyages of zooplankton survey in the southwest of Bohai Sea from August
2020 to May 2021, the community structure and seasonal variation of small medusae were analyzed, and the effects
of environmental factors on the abundance of small medusae were discussed. There were seasonal variations in spe-
cies composition and abundance distribution of small medusae in the southwest of Bohai Sea, a total of 13 species
of small medusae were found throughout the year, including 11 species of hydromedusae and 2 species of cteno-
phores. The number of medusae species in spring, summer, autumn and winter were 4, 9, 7 and 2 species respect-
ively. The mean abundance values were 30.74 ind./m°, 30.78 ind./m?, 12.08 ind./m® and 0.57 ind./m* respectively.
The dominant species were Sugiura chengshanense, Rathkea octopunctata, Eirene ceylonensis, Clytia hemisphaer-
ica, Pleurobrachia globosa. The average seasonal replacement rate of dominant species was 91.67%, showing obvi-
ous seasonal succession. Water temperature and salinity were main environmental factor affecting the seasonal vari-
ation of total abundance of small medusae in the southwest of Bohai Sea. The increase of water temperature and nu-
trients in spring promote the growth and reproduction of small medusae. In summer, copepods provided rich bait for
small medusae to promote its growth, the community was mainly affected by salinity in autumn. According to the
risk species of small medusae in the southwest of Bohai Sea, it was speculated that the peak of risk species in sum-

mer and autumn was a risk to the planned nuclear power.

Key words: hydromedusae; ctenophores; seasonal variation; environmental factor; zooplankton copepods; Bohai Sea
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