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I S ae i i shad 72, My M &K LT X%
SR TG AR W 2 2 T I B W (R ot 1, 2008; Fh
3 &%, 2011; McQuatters-Gollop et al, 2019)., 171 3l
Y2 re e AL X A, R AR W AR IRl &, F 2 1 PRt
F 41 GLOBEC ¥ ¥ it 3 ¥ 51 D #% 0 B 52 H A5
(Cushing, 1990; 5K ik 5 %, 2001), [AIA, 771 sh 445
ATz, B e R, XA IR, R R AR RS
fe B 1Y R4 28 4K (4 %, 2003; Richardson, 2008;
McQuatters-Gollop et al, 2019)., Fiifsh¥ A &E L
FEPE, A2 25 T B F A [H] ¢ & & 2% (Richardson, 2008).
R T AR PT AL VR S Y T PR B AR Ak Y i 7 D K
HIEEABZRG 0T, ¥ sh il o3 g
¥ (functional groups) (£ JC T, 2008; FMFASE, 2011).
AR TR B ) D e 2R R X 5 3 R g 28 K il B
U5 HA AR B8 5 0Tk, DL RO AR 25 R G fid B A 1E 1
AN ANTR], 33K Sk J5 T 17U 2 0 0 26 25 2R G B T4k 2
e ELiloe SN

FATTLARE M A 161 5 e i 5, A2 V8 50 T i Vg Il
BRANLL AR B ¥, S — 1> 2F 3f AT A 0 Vi LY VR 7
JREPH T A 28 R G BR A2 W v A B A 5 sk iy 2
FE 7, W32 NS5 sl iy iR ZU 52 e, i AR R T dkT
i, TR, s E . RERE TR
TR UiE Mo K 77 SR B A5 A S N 2R TR Bh (IMIA 4, 2015). H
21 AR LIk, sk B0 = B2 RN E M i ) 45 i AR AT b
IMEMEEE, 20115 EHAAE, 2012), BONEAES RS
A 01 AR b R TR g A2 A8 RS 4 5, W I R
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Fig.1 Location of Jiaozhou Bay and its sampling stations
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Jf- i Turner Designs model-10 fluorometer il 5 M- 4
RaWkE,
1.2 HRAEBIETFESF

TE U S WA B ZooScan I 1 8 W IE 14
53 M R G (Hydroptic 28 8, WL E) T8 25 L THEUHH
Koo AESCI Z P Motoda 43 B 5 X RE 5 F
T4y RE, S 28N 1/4~1/128, B 40 RE TG B9 RE &l A
24 cmx11 cm 1Y% BIHEZE, {6 FH 4 800 dpi 1Y 73 HF %
(BEAME RS T 5.29 wm?) X FEA AT B I AbFE
il Zooprocess FA4 X F14# J5 W A= Wy A7t . W)
MR 9] .l g Plankton Identifier %X {4 (Duffy-
Anderson et al, 2017) % H W& 2= > Jr ik it 17 A 8hiR
S, Bl G X B Sh Ay 28 AT N T80 E, LAAR ORI i
S ERE N B HERR 1

T7U 2l W 9 =F B LA ST 5 KK i SR B R OR
K it pR ) T T AR SR DA IR 4 RTINS . PR
B A e AR S KROK R T B (AL mg) R
TNo VR PR AR A nT LA A
R, TE . EAY R, Horbom s m A
AR R HERR (eI, 20115 I RKEE, 2013), A
W5 Hh e — % B RO R4 T AR P i A 5, TR A K
AR B I FL Y ZooScan #24E . A4S BEIR T
Sh A P B (mg/m?) A R A = 2 B
BEAN VT U 2 P 4 i B < 1 RRUAE ) R 4 BROC R (O
DB UE AR TR o ANTRI 2SR Y D B A A 0 2 AT A TR Y
Bl ZRB, AR SRR o6 T R Y S R DR TR U
S SR (52 I, 20115 1S RKEE, 2013), AN [AZEHE
PV S A S A R B B OGRSk 1 R, 3L
Hh gl 8 40870 R S BRI A i 5T A ) B AR SR AR
B/ NRUK B (BT T, 2008; {UESF, 2016).

FEZEAT RN 4 1, A T RBUR % 8 A Z2 R B it T
MARE R RGARO A EZAER, BT —4F 12 HEY
A2 oA, HAhi =1 R e o 3~5 A K2, 6~8
HREZE 9~11 A B,

f#i 1 SPSS Statistics 27 #ATE I T, AESEAH
ST HTR TR AR DG R AT KXt LU PR 2l W) D) Re R4
b 5 W FZE P X R, EJEH R package
“ggplot2” 1 origin 2024 Al

HR AT Dy s B, % 5 N VS A 25 R e A R T
HFRERTERAYR, BEE, BTEAYE. B
B T AR i DA K 2 S A, W R 2R T AR
Yz b 5 BB E/ FEAYRZ L, BREEYES
BTEAYREZL, KRR TERAYRS L THEAEY

*1 ShEIDSFHHMIEREYIEERSEMER
B AR (K, 2011; BFKE, 2013)
Tab.1 Conversion formula between the biological scanning area

and biomass of zooplankton functional groups in the offshore
waters of China

GC REIH5EE IlgWW=1.16 1g4+2.55
LC KAIE 2 IgWW=1.16 1g4+2.55
SC/NEER R 2 IgWW=1.16 1g4+2.55
CH B2 IgWW=1.56 Ig4+2.24
ME /N REZ lgWW=1.854 4 1g4+1.692 7
INE & =S IgWW=1.854 4 1g4+1.692 7
T A Y
GC KA 552 1gDW=1.423 1 1g4+1.369 3
LC KA IgDW=1.718 9 1g4+1.522 3
SC /NMike 2 1gDW=1.718 9 1g4+1.522 3
CH B2 1gDW=1.345 4 1g4+1.300 4
ME /NI B 1gDW=2.032 5 1g4-0.083 2
AP B2 1gDW=2.032 5 1g4-0.083 2

T WW i #0259 i (mg), DW b T 844 (mg), 4 W2
A (mm?)

w2 b, Hop ARG RS IE Y E KA RS |
INRURR TR, I R R IE A /N EEZE . B
B T 2

2 ®#R

2.1 BMBZEMNYRBIERNEETLNESE
LN
2.1.1 RS e RtiE bR A S SR
VAR kT AT YN i LY BN Y =g AN B N A A Rty L v
() ELAT 2 25 A OCHE (FE 3R 1), I PH 5 A 35 4k (i
BE L OEFREL . WS . chl a S5 RFRINEREE ) (s
W AE ) HUR . o, IR T H A Y AR TR AR RV
Y L T K 3R R RIS B I A e (P<
0.01), MFE ., HBAEYE, REESETEZL. B
JE T EH A Y S IREE R T B A DM — B, #S n4%
FAVE SR EL (B ER MDA R ER) 1 A0 X (P<0.01), &
FHE SR E A 5 R AR A5G (P<0.01)
JREIHVE F 2R IFSh VIR A ML 26 . s . B
WAL KB BRI B, UK IIRIRAEY
M4 A, O F AR B AR LRI B AT A, Hor
BRIEZE ., s BWIE . KB, HFEREIHES
ANl 7T S W b R R LB R T 91% (A3:
91.6%, C3: 92.6%, D7: 91.2%), 1K FL4= ¥ &8 T 90%
(A3:90.0%, C3: 91.3%, D7: 98.1%). K& &2 S i
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TRIFsh Y REE AR S iR 2 28R, P T EAE
Y ol 74.5%£10.1%, HRGE B . KR
PR AIRZE (] 2), B AL RIS DB 2 2l 2k
At 5 BRI, KRR TH(E] 2a~2d). A
BRI T EHAY & A ZBFE, WAk 2 AW it
TEFZRI V8 v ORTS 1 AR R 2 A ) s AE K R
(K 2e).

2.1.2  TRIESh YA 2 I B S AR W R A s Bl AR Ak
AR 2003~2013 45 e PN B4R A2 26 T F A= i g K
AR S R (K 3), FHE 2, TFEsh P AL i S
i, 2003, 2005, 2007, 2010, 2011 4FA8 244
Y re 6 H ik BE(E, Hd 2005 4F 6 AR LAY
ik F] 9 525.67 mg/m®, T EAZ A3 U7 R AL,

3.190 7%
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KA 8 AIRFIEME, A 2011 FFZJ)5, MR A
Yy =R, N 6~8 HEERTE] 3~5 H .

A BT B AR Y AR T 5 2 SRR,
Hop & e I AEY B R 2 TR, AW s
B KHAAE 2 H, 2004 4F 2 F 355 409.67 mg/m®, #k
YRR 2003~2011 4F 2 [0 5L R e, iifE 2012
410 A HELEIE, K 571.89 mg/m’,

2003~2013 4F, BEHIE B2 AEY) T EAY & & T
SRR E IS R R R RIRKZE (K 4a), 2013 4FF
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Fig.2 Dry biomass proportion of key zooplankton groups at different stations (a: A3, b: C3, c: D7, and d: Average) and monthly
variations in the proportion of dry biomass of copepods (e)
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], &Fhe KT HEAYEBEEN TREMERZ
(3 2), Q25=28.58 mg/m’. Q75=105.85 mg/m’, B4 />
A3 FIE 2.30~409.67 mg/m® 2 8], Bk 4b T 25K -,
BEORE G b, O ity i v 1L, A8 ot O P A /D B84
Oy R, sy ik e PR . BkEbe R 28 T H A (A
A% (3 2), Q25=25.46 mg/m® . Q75=77.08 mg/m’, J& 4
AT BRI Y 2715, B 43 A YE I FE 0.85~
571.89 mg/m’ Z [, B8R P AE Q25 LA FIX [,

®2 RNEZIRBIERE A
Tab.2 Percentile values of key indicators for zooplankton in

Jiaozhou Bay

KRR T E YR/ (mg/m®) R T S 5 /%

=

25% 75% 25% 75%
BFE 212.58 530.25 13.80 39.44
eSS 196.16 844.71 12.79 36.72
B 25.46 77.08 13.46 27.19
= 28.58 105.85 16.87 30.87

Je e F A B A R RO s BRI Ry
£ 2 (23.09%) > 4 2= (21.63%) > H 7= (21.09%) > Fk Z=
(20.46%) (I&] 5b). A 2= fise o 28 1 5 o b oG B B {1 A
(52 2), Q25=13.80%. Q75=39.44%, K& 4345 1
TE 0.02%~70.37% Z [8], #& A4 ghfu [l b, 2808008
B AE Q25~Q75 DX [H] PN, AN /D BUAF A7 H S0AR st Ot =5
{8, W e BT . B R T N L
AR T &2 (3R 2), Q25=12.79%. Q75=36.72%, %k
PO A S HE T, AE 5.92%~65.71% Z [0) . & 2=k
KT E K LEEA TR R ZE (R 2), Q25=
16.87%. Q75=30.87%, % ¥& 4 fii yu [ 7£ 8.15%~
54.33%. Bk BT T E L (H Q25=13.46%.

0.8

0.7 y=0.264-0.002x
Re=0.51

0.6 P<0.01

Q75=27.19% (3% 2), Fdli /3 A L FEITE 0~69.91% Z[H] .
LKA, B E 5 e 4 A F b R s R
FERINFR R T AR R, oA fe i M ik T A,
25 21T B I sh 24 4 H R AR oty S, AR R S B IR
I ) ) 43 A AT o
2.3 BT RS Y Th e B IR AR I MR R SR

SEREFER

LT SR AR Py s Bl Y L R R R SR T
EAEY R SRR EAY RS 1 25% F75%
H L TR V7 i Sh RS R o3 S AN ] i 2 7 (3
3), FEANTRI 24 A R[] B SEPREE o LA A fd etk
AU T i S S HE T RERE ARG £ B, AT AE R R
G r= T ROEERAE Y A E L L

R3 TRESRGEREE LB N B Z 48R
FRX) DI
Tab.3 Classification criteria for zooplankton indicator levels
corresponding to different types of ecosystem health

S B BERTHEYE R TEAEY = )
[ER A H AL
Y E >75% >75%
fat L >75% <75%
SRy Sepil] 25%~75% <75%
o A JR A <25% 25%~75%
Jiindpig i 25%~75% >75%
e U 78 <25% >75%
Yyl = 1 <25% <25%

A, TEAE A AL BN E YIS LT, nT LAE i 2
AN B B AR L, PR A W R e A
HEWR T O EE B R B DL (18] 6). TERZ BT A W L
PO g I, e 98 T A e A TR

0.8
0.7 y=0.26-0.01x+(1.27E-4)x2~(6.08E-7)x®
ol R=061

: P<0.01

1 1 1 1
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Fig.6 Relationship between the dry to wet biomass ratio and the proportion of wet (left) and dry (right) biomasses of gelatinous organisms
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Fig.7 Results of ecological system health assessment and classification of Jiaozhou Bay in winter
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AN EXPLORATORY CASE STUDY ON ASSESSING THE HEALTH OF JIAOZHOU BAY
ECOSYSTEM USING ZOOPLANKTON FUNCTIONAL GROUP INDICATORS

ZANG Wen-Xiao'!, WANG Wei-Cheng®, SUN Xiao-Xia"**° SUN Song"**?3
(1. Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071,
China; 2. State Key Laboratory of Mariculture Breeding, College of Marine Sciences, Fujian Agriculture and Forestry University,
Fuzhou 350002, China; 3. Laboratory for Marine Ecology and Environmental Science, Qingdao Marine Science and Technology Center,

Qingdao 266237, China; 4. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 5. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract Marine ecosystem health is under severe pressure. Therefore, scientific and effective evaluation indicators
for its assessment and early warning are urgently required. Plankton is a sensitive indicator of ecosystem changes and is
critical in the marine food web, supporting important ecosystem services such as carbon sequestration and fishery
production. Based on survey data of Jiaozhou Bay from 2003 to 2013, this study screened two types of zooplankton
functional group indicators closely related to environmental changes: the dry weight biomass of traditional forage
zooplankton (large crustaceans, large copepods, and small copepods), and the dry weight biomass proportion of gelatinous
zooplankton (jellyfish, chaetognaths, and tunicates). These indicators represent the productivity level and stability of the
functional group structure, respectively. According to the range and thresholds of the historical data, a graded evaluation
standard was established. By constructing a two-dimensional coordinate plane based on zooplankton functional group
indicators, according to the graded evaluation standard, the historical health status of the ecosystems in Jiaozhou Bay was
classified into ecosystems with benign and risky development. These were further subdivided into seven types of health
status, namely, rich-product, healthy-sustainable, benign-development, gelatinous-development, gelatinization, high-risk,
and resource-scarce. This study provides a typical case using zooplankton functional groups as assessment indicators to
establish an assessment system for offshore ecosystem health.

Key words zooplankton; functional group; copepods; gelatinous organisms; offshore ecosystem health



