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Fig. 2 Interannual variation number of crab

species in Laizhou Bay
S is the slope of the trendline and P is the significant level.
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HAu3 Charybdis japonica 7086 9008 4041 10712 16278 15899 10781 10982 8962 13478
=W T Portunus trituberculatus 263 4307 1392 707 2556 1454 1402 2488 1504 1827
WLk SREE Eucrate crenata 1432 312 2692 550 71 284 3385 2225 1338 2091
H AR XN Dorippe japonica 5991 1315 1415 846 193 92 665 491 2698 1442
GICZME Philyra pisum 174 2839 40 2096 15 0 0.5 0 286 24
WOk &N Dorippe granulata 2 43 860 861 15 1 305 34 966 0
TR, Matuta planipes 62 26 69 147 57 110 237 109 907 275
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Fig. 3

Inter-annual variation of crabs individual in the Laizhou Bay during summer from 2010 to 2019

a: all crabs; b: Charybdis japonica; c: Portunus trituberculatus; d: small crabs.
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B ZH AR PR 2> 5 79.21% . 78.91%7F11 80.39%,
2H AL 2010 4F—HEAS, Joik o B H 4 AR B
FURRERD . 41 B, 41 C M4l D FRER AT =735
HA S, =P TR mpMELniE, 4 B BIAKE
T Ry 21 2R LU & (Matuta planipes)Fl H A8 0 18
2 C FRFFAERIN H AT | WO C A A2

R2 FMEBEEEIZREM
Tab.2 Characteristic speciesfor different community group in Laizhou Bay

LRBLIAE, 41 D FIAPFAERD R H AR 008 Fn ks
KANEEGER 2),

VR 22 T s R oK, 41 A 4l D iY-F
WSRO, N 48.45%, FE 4Rk H A
N H RS FIRE LR B S, 41 A FI4L B 19°Fy
EZRWRZ, N 38.1%, EEAFEFNHALA
B PRGBS, HRS Al m 2=
SR R E B AR 3 TR .

%

2 B Group B 2l C Group C 2 D Group D
3 species As=79.21% As=78.91% As=80.39%

As C As C As C
H A48 Charybdis japonica 38.6 48.73 27.67 35.06 30.17 37.53
=R FIE Portunus trituberculatus 21.39 27 13.82 17.51 15.17 18.87
e LR IR IE Eucrate crenata 5.37 6.77 10.54 13.36 14.49 18.03
LT LR BLIAME Matuta planipes 4.33 5.47 4.59 5.81
H AR KN Dorippe japonica 3.37 4.25 8.1 10.27 6.36 7.91
WUk &N & Dorippe granulata 6.61 8.38 7.08 8.8

e As— BRI C-TiRkR.

Note: As—average similarity; C—contribution ratio.

R 3 FMEBEREESETEHMEN = (R 2 b T

Tab. 3 Discriminating species for different community group top 3 in dissimilarity contribution ratein Laizhou Bay

%
2 A4 B HA4cC
N ) Group A-Group B R . Group A—Group C
FISR species Ad=38.1% FISE species Ad=29.94%
Ad C Ad C
H AN & Dorippe japonica 8.18 21.46 H A X\ Dorippe japonica 6.63 22.15
LR35 & Eucrate crenata 7.42 19.48 9B & Hemigrapsus penicillatus 4.65 15.53
W B % Hemigrapsus penicillatus 4.78 12.53 VELR IR % Eucrate crenata 3.88 12.98
H A4 D 4 B-4C
N ) Group A-Group D R . Group B-Group C
FI%E species Ad=48.45% FI% species Ad=27.47%
Ad C Ad C
H AN 1& Dorippe japonica 10.67 22.03 H A48 Charybdis japonica 5.09 18.54
H A8 Charybdis japonica 9.52 19.64 Wik e N & Dorippe granulata 4.53 16.5
MLk i Eucrate crenata 8.24 17.01 MLk i Eucrate crenata 4.43 16.14
4 B-4D HC-4HD
N ) Group B-Group D R . Group C-Group D
FI%E species Ad=34.58% FI% species Ad=34.11%
Ad C Ad C
H A8 Charybdis japonica 13.88 40.14 H A8 Charybdis japonica 6.79 19.92
=P F 1 Portunus trituberculatus 8.5 24.58 Wiki N1 Dorippe granulata 5.4 15.83
i 1E N Paradorippe cathayana 2.52 7.28 B2k 501 Eucrate crenata 4.66 13.66

e Ad—F 25 71 C—TimkR.

Note: Ad—average dissimilarity; C—contribution ratio.
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Interannual variation of environmental factors in Laizhou Bay in summer
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Tab. 4 Correlation coefficients between ordination axes
and environmental factors

I AL i constraint variable RDAI RDA2
FFIEAE eigenvalue 0.024 0.012
JRJZ7K i bottom sea temperature -0.146 —-0.164
JKJZEE bottom sea salinity 0.027 0.107
JIEJZ 2% bottom sea chlorophyll 0.312 0.223
4 dissolved oxygen 0.136 -0.101
JEEAM A ) 2 ) it benthos biomass ~0.282 0.001
JER JE Hi#E 2K oceanic Nino Index -0.266 0.039
{12 petroleum -0.108 -0.004
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Fig. 8 Analysis of influencing factors of crab community

BST: bottom sea temperature; BSS: bottom sea salinity; BSC:

bottom sea chlorophyll; DO: dissolved oxygen; BEN: benthos
biomass; ONI: oceanic Nino index.
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Interannual variation and influencing factors of summertime crab
community structurein the Laizhou Bay, 2010-2019
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Abstract: Laizhou Bay is located in the southern part of the Bohai Sea, and is one of three major bays in the Bohai
Sea. Laizhou Bay contains many species of crabs and is an important spawning and feeding ground for commercial
crab species such as Portunus trituberculatus and Charybdis japonica. In recent years, the ecosystems and marine
living resources in Laizhou Bay have been greatly affected due to the overexploitation of fisheries. Compared to
the severe decline of economic fish resources, the decline in crab resources has been relatively slow, and the im-
portance of these crabs in the ecosystem has been gradually increasing. Investigating the interannual variation of
crab community structure and its influencing factors in Laizhou Bay provides a scientific basis for the rational
utilization of crab resources. This study reports on the interannual variation and influencing factors of the sum-
mertime crab community structure in Laizhou Bay, based on bottom-trawl survey data from 2010 to 2019. This
includes a description of the species composition, dominant species, biodiversity indices, community structure,
and environmental factors affecting crab communities. Of the 16 crab species reported from this area during
summer from 2010-2019, 14 occurred in 2011, although this reduced to seven in 2017; there were two to four
dominant species per year. The average number of crab species decreased by 0.31 each year; the biomass and
mantissa of crabs had initially decreased, then increased. Charybdis japonica and Portunus trituberculatus are the
important dominant species in Laizhou Bay, the former being the first dominant species in 10 y and the latter being
the dominant species in 8 y. The crab diversity index decreased significantly from 2014 to 2015. Crab assemblages
in different years were divided into four groups: A (2010), B (2011, 2014, 2015), C (2012, 2013, 2018, 2019), and
D (2016, 2017). The permutational multivariate analysis of variance test demonstrated that the crab community
structure significantly differed between the four groups. The similarity percentages breakdown (SIMPER) analysis
showed that characteristic species for different community groups were Charybdis japonica, Portunus tritubercu-
latus, and Philyra carinata. The average dissimilarity between groups A and D was the largest (48.45%), and the
main discriminating species were Dorippe japonica, Charybdis japonica, and Eucrate crenata. The average dis-
similarity between groups A and B was 38.1%, and the main discriminating species were Dorippe japonica,
Eucrate crenata, and Hemigrapsus penicillatus. Other discriminating species for different community groups were
Heikeopsis japonicus, Raphidopus ciliatus, and Philyra carinata. Redundancy analysis showed that bottom sea
chlorophyll, benthos biomass, and the Oceanic Nifio Index were the key environmental factors affecting the inter-
annual variation of crab community structure. The crab community structure was greatly affected by petroleum in
2011, as a result of the Penglai 19-3 oil spill accident. The strong El Nino event had a significant impact on crab
community structure in 2014 and 2015, leading to a significant decrease in crab biomass and biodiversity in
Laizhou Bay.
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