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Tab. 1 Functional groups and main species checklist based on Ecopath model in Jiaozhou Bay

455 No. YJHEL functional group S /il species composition
1 Y phytoplankton FES A
2 %) zooplankton B, BWK., AR, MmE
3 I 84 zoobenthos A28, WE . S B, 4Bk
4 dEA 51T Ruditapes philippinarum  JEA = I54T
5 Y2 penaeid prawns JEJTER . 2035 (5 XTUR . HARSR . B IEEER . BHREUF, PEPIXER Rl A
6 %2 crab WBEhE . HAE . =i TR SNEA R HA GBS
7 3k /£ 2§ Cephalopods HAMM DM, SO0, BRE S0, Ky, JElg . 2 CIes s
8 JKEE jellyfish AUEIKEEZS . BROKEE . FiK RS
9 #2F} Engraulidae B FREBEER . FPAMGER . HAHES
10 HAh | 202 other pelagic fishes BN Tt W, Bh AT RS 6B
T . Wy A6 REEHE, BiW R EEE . A8, BRRVIEE. mWaEE. RyYaFe. &
11 #EJ2E Peuronetiformes s
(N =E
12 N Rl Hexagrammidae R /Ngedn . BRIG/NZR 0%

NLLEERAT R . SARIRR A . OF RARE M PR LR R 0 KSR, 4L

13 WFpE Rl Gobiidae

IR AR IR £ 55

TIREH, s KA

Rt RS

AT B IR A

VRGP, weE . S Fah . pREh. SREEM . 6. AL T (0 5F

TOBRER ., AL B AERLEE | /N 0 A

MERZM, Rilfgle . 22U
FLEE | VLEE ., HICHE . SEEE . DRSS
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14 Hi#HFL Pholididae

15 #f2% barracuda

16 fiE ikl Sciaenidae

17 ifiJ% H  scorpaeniformes

HAt A &R )2 a2k

other carnivorous demersal fishes

19 HAJR)Z IS other demersal fishes
20 #HLEEJS rays and skates

21 WEIE 4 detritus
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Tab. 2 Input and output (in italic) parameters of Ecopath model in Jiaozhou Bay in 1980-1982 and 2015-2016
1980-1982 2015-2016
il T & it
functional H7°K gy i;é /Q%% BAOHR  BRE e /izz /2%2 Bl A%
group trophic biomass production consumption eco_tr.ophlc trophic biomass production consumption ecoltrf)phlc
level ! > efficiency level : > efficiency
/biomass /biomass /biomass /biomass
1 1.000 26.000 120.00 — 0.754 1.000  38.000 150.00 — 0.430
2 2.000 18.000 25.00 125.00 0.132 2.000 4.000 25.00 125.00 0.052
3 2.053  45.000 7.00 24.00 0.570 2.053  30.000 7.00 24.00 0.465
4 2.021  25.000 5.65 26.30 0.888 2.021 100.000 5.65 26.90 0.988
5 2.626 4.700 8.00 28.00 0.957 2.626 0.380 8.00 28.00 0.704
6 2.521 1.800 3.50 12.00 0.806 2.679 0.120 3.50 12.00 0.597
7 3.201 1.180 3.00 15.00 0.836 3.201 0.170 3.00 15.00 0.483
8 2.905 0.045 5.00 25.00 0.356 2.905 0.045 5.00 25.00 0.356
9 3.188 2.280 3.00 9.70 0.982 3.196 0.160 3.00 9.70 0.718
10 3.149 2.420 1.50 9.00 0.890 3.150 0.130 1.70 9.00 0.582
11 4.109 1.300 1.55 6.70 0.768 3.924 0.008 1.60 6.90 0.478
12 3.764 0.250 1.24 4.30 0.823 3.793 0.005 1.24 4.30 0.645
13 3434 3.350 1.69 5.50 0.933 3.360 0.150 1.59 5.50 0.832
14 3.339 1.480 1.50 6.50 0.942 3.292 0.100 1.50 6.50 0.626
15 2477  11.000 1.52 5.40 0.750 2477 0.040 1.52 5.40 0.654
16 3.961 1.340 1.60 5.70 0.923 3.779 0.012 1.66 5.90 0.814
17 4.260 0.850 1.30 4.70 0.606 4.124 0.008 1.30 4.70 0.424
18 4.245 1.100 0.90 3.80 0.758 4.170 0.016 0.90 3.80 0.486
19 3.374 1.500 1.50 5.10 0.978 3.391 0.050 1.50 5.10 0.625
20 4.409 0.100 0.59 5.20 0.169 4.383 0.003 0.59 5.20 0.339
21 1.000 30.000 — — 0.763 1.000  50.000 — — 0.324

% 3 1980-1982 ££FA 2015-2016 ERMBESRFEME. 2. ROBBENRREAZEFINS S

Tab. 3 Comparison between distribution of biomass, production, flowsto detritus and throughput at

aggregated trophic levelsin Jiaozhou Bay ecosystem in 1980-1982 and 2015-2016

. 1980-1982 2015-2016
g%é& =] =] N e = A =) =) = N e =] A =)
trophic level L A T I R BENT 2s 7k A i 10 TR AR
biomass production  flow to detritus  throughput biomass production flow to detritus throughput

VI 0.0603 0.0433 0.0781 0.201 0.000406 0.000157 0.000602 0.00194

A% 1.01 0.701 1.378 5.344 0.0106 0.0053 0.0183 0.0608

v 6.43 2.706 9.334 39.06 0.19 0.136 0.421 1.428

111 18.42 8.243 46.22 203 2.96 11.94 15.00 67.67

11 96.80 129.2 1360 4020 132.2 547.0 986.7 3825

I 56.00 517.2 768.2 5305 88.00 2877 3252 9954

&1 total 178.72 658.1 2185 9573 223.36 3436 4254 13848
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FE I AR 25 R G e FLSh i RN R £
GG A s B e B s, AR RS A
T OCEER R AN o AR v 3 Ao DGR i S A T A
S Sfe B S B, SRR A ) S R R B —
PR ERT 0721 1 R 2 435k 1980-1982
AEFT 2015-2016 4EJIN V5 4 25 R Ge o RE 4 Gt i
BEO A, MR AT LA 1, G 30 4k TR
IR AR W R i R, H G R s B
RAFZ M I HEFE S — A, SRR R B T A
RIENEE Y, W T AR B IR AR B[R] B AR

HE BRI AR, fTERG RSN EA
HEAEH, P A 7S R G O 8 SO
X, X R AR RGN A, il
PSS 0 b A& R, 7EREMITS 1980-1982 44
BRGEY, RIS AT IS 5, 676
SR At TR £ P I 2 £ 28 SC B 3 8 BURH X 8
MAE 2015-2016 BRI BT G B FR AR IR T
R, & PR AR RIS T AN R G %A HoA I ¢
HERP L RVART T, NV AN B3 S R X S R
RIS AT, JCHERP AR fb 32 IR A RLAE by B A 11
KRBV )Z B, X ZR G0 1A X B 52 i 3/,
RT3 M 2500, I AN B
24 BMZETRGERBFMELRER

5 4 19801982 4F-H1 2015-2016 4F JiS M 75
AEBRGLDRFIES R . REME RS A0
RN, NFRSATLUEH, 2015-2016 4F M5 A
BRGHIENRE LT E N 13884.680 t/km, 1H
BT 1980-1982 4FHY 9630.037 t/km, ZRGEE
HEIN 44.18%, FHRGHBIIE A, MU A7 JE A
o4 4254 tkm?®, AHILT 1980-1982 4EHN T
94.66%, 1152 fg & A B A H RIE R4 h i,
FAN, 2015-2016 FATZRGEE L EE N
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SESRPRE R, M 20 120 80 AR RN BLAE, A%
FEMR S T RS W 4 /N R B, 2R 0 AN B34 K
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Tab.4 Comparison of transfer efficiency of aggregated trophic levelsin the Jiaozhou Bay
ecosystem in 1980-1982 and 2015-2016

2015-2016

trophic level /P22 primary producer ) detritus  SUBEWE all flows 42 7% primary producer  BEJH detritus S FEIR all flows

S 19801982
11 6.90 10.25 8.26
111 22.71 23.62 2331
v 20.28 20.78 20.61
\Y% 18.32 18.57 18.49
VI 16.61 16.80 16.74
F-14 mean 14.67 17.13 15.83

17.21 14.04 16.07
18.31 20.13 19.76
13.55 13.85 13.76
11.90 11.92 11.92

— 10.54 10.46
16.22 15.76 16.35
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Fig. 1 Keystoneness index and relative overall effect of the
function groups in Jiaozhou Bay ecosystem during 1980-1982
Numbers in the figure represent the number of functional
groups in the model.
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Fig. 2 Keystoneness index and relative overall effect of the
function groups in Jiaozhou Bay ecosystem during 2015-2016
Numbers in the figure represent the number of functional
groups in the model.

TIAIRES o 7E Ecopath R 7I th | FH B 15 5 £ i
JIT AR TR RO S R ) WY S e, T A AR TR ) T
R, 35 ATLIE Y, 2015-2016 B R 5 iR
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Tab.5 Comparison of statistics for Jiaozhou Bay ecosystem Ecopath model between 1980-1982 and 2015-2016

RGBS system statistics Ay year

1980-1982 2015-2016
ARG E R /[t/(km?-a)] total system throughput 9630.037 13884.680
S 42 /[t/(km?-a)] sum of all consumption 4324.721 3930.683
SR B /[t/(km?-a)] sum of all respiratory flows 2461.885 2264.061
L e B R /[t/(km*-a)] sum of all flows to detritus 2185.316 4254.000
Z 58 PR /[t/(km?-a)] sum of all production 4117.892 6580.486
B 94 7 /[t/(km?-a)] calculated total net primary production 3120.000 5700.000
ARG 4 L PR /[t/(km?-a)] net system production 658.115 3435.939
B i /[t/(km?-a)] total biomass (excluding detritus) 148.715 173.397
B P B B total primary production/total respiration 1.267 2.518
BRI PR B B A W total primary production/total biomass 20.98 32.873
BA W/ BORE total biomass/total primary production 0.015 0.012
WA 178 2 9% mean trophic level of the catch 2.117 2.023
Z G0 38 5L connectance index 0.268 0.248
R AR system omnivory index 0.136 0.116
Y5 E (5158 pedigree index 0.505 0.568
Finn’s ¥R F5 %X Finn’s cycling index 11.61 4.269
Finn’s 1 #12K F Finn’s mean path length 3.087 2.436
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Compar ative study of Jiaozhou Bay ecosystem based on an
Ecopath model
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Abstract: Based on survey data from fishery resources and on the ecological environment in the Jiaozhou Bay
during 2015-2016 and 1980-1982, we constructed ecosystem models of Jiaozhou Bay for these two periods using
Ecopath with Ecosim 6.5 software. The models of the Jiaozhou Bay consisted of 21 functional groups. Based on
the two models, we compared and analyzed the differences in ecosystem structure, function, and attributes. The
trophic structure of the Jiaozhou Bay ecosystem in 2015-2016 had changed, with a decrease in the proportion of
top predator biomass and an increase in the proportion of Ruditapes philippinarum biomass. The main catch
product was R. philippinarum, and the mean trophic level of fishery catch had reduced. The energy flow of the
Jiaozhou Bay ecosystem was mainly dominated by a grazing food chain, and the system-energy-transfer efficien-
cies increased from 15.83% in 19801982 to 16.35% in 2015-2016. Analysis of the keystones species for Jiaozhou
bay ecosystem indicated that R. philippinarum is a keystones species in both the 1980-1982 and 2015-2016 peri-
ods. Compared with the 1980s ecosystem, the scale of the Jiaozhou Bay system had increased and the net system
production increased by 5 times by 2015. The parameters of the ratio of total primary production to total respira-
tion increased from 1.267 in 1980—-1982 to 2.518 in 2015-2016. In addition, the connectance index, system om-
nivory index, and Finn’s cycling index decreased from the 1980s to 2015-2016. In conclusion, the maturity and
stability of the Jiaozhou Bay ecosystem has been reduced over the past 30 years, and the system has shown a trend
moving from a mature stage to an immature stage. In short, the Jiaozhou Bay ecosystem is currently in an unstable,
young stage.
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