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Fig. 1 Survey stations of fishery resources in

Shandong offshore
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Tab.1 Species diversity indices in Shandong offshore

EZERURIEE

diversity indices

WRIEL(S)

number of species

BRZ PR RUH)

Shannon-Wiener index of diversity

FURL FEIEE(D)

Simpson index of diversity

BRI S AR

Pielou Evenness index

X A2 AR S R AR AT

UhALEY) AR RH AT

SEALT38) AR S R ARG AT A R R TEE

region mean (6\% range mean CvV range mean (6)% range mean CvV range
A 8.18 0.27 4~13 1.27 0.25 0.36~1.95 0.60 0.23  0.13~0.84  0.61 022 0.17~0.85
B 17.53 0.21 11~28 1.67 0.28 0.56~2.58 0.69 0.25 0.22~0.90  0.59 026  0.19~0.84
C 24.02 0.20 13~39 2.03 0.21 0.71~2.86 0.77 0.17 0.28~0.92  0.64 0.19  0.24~0.83
Kt total 17.23 0.44 4~39 1.69 0.31 0.36~2.86 0.69 023  0.13~0.92  0.62 022 0.17~0.85

Ve P I D X e Y B A 1 R AT I A s L R R R S

Notes: The mean value of stations in the table is the mean value of the index of all stations in this region or in the whole shandong offshore area
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Fig. 2 Spatial distribution of biodiversity indices in Shandong offshore

(a) spatial distribution of species number; (b) spatial distribution of Simpson diversity index; (c) spatial distribution of Shannon diversity index; (d) spa-

tial distribution of Pielou evenness index
22 XBIMEETF
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Tab.2 Random forest model of species diversity indices in Shandong offshore
TN PR SRR A e T He B HU %
. g#ﬁ;ﬁﬁ added factors& mean decrease accuracy Ty R/ %
diversity indices  skym  igRiRE/C HEIR £ 85 145 1 /km JEG JF A JEHX VAR
depth sea bottom temperature sea bottom salinity offshore distance bottom sediment types survey area
YIFPEL(S) 12.88 23.88 29.36 18.49 16.36 35.50 77.46
number of species
FTREFIEIRE(H) 32.55 12.19 24.23 10.88 25.22 12.26 45.66
Shannon-Wiener index
FERZHENEES(D)  20.80 26.82 14.26 5.00 1.23 6.08 16.09
Simpson index
BRI BISIBETR L) 1691 23.75 15.03 7.48 6.91 9.04 -0.28
Pielou evenness index
#3 WHRIAH A, B, C XBHEMIEHBENARMIRRILE R
Tab.3 Random Forest Model results of biodiversity indices in A, B and C Areas of Shandong offshore
TN AR AR B % H B AR 0%
X ‘ %H P jﬁFE ﬁl added factors& mean decrease accuracy J5 R %
seaarca diversity indices  kyrin iR E/C I AR 15 144 BEL Sk JEC R %VAR
depth  sea bottom temperature sea bottom salinity offshore distance bottom sediment types
A YIFEL(S) 10.76 11.11 8.93 2.84 6.17 18.32
number of species
EREHERE) 142 3.83 2.58 —2.24 8.71 -25.71
Shannon-Wiener index
FEREZ RSO -3.08 1.05 0.68 —4.78 -8.90 -32.43
Simpson index
BORIBBIS BEARE)  —5.77 -1.92 4.02 -5.76 -5.26 -36.51
Pielou evenness index
B YIFE(S) 11.13 4.46 18.14 13.40 2.50 20.58
number of species
TR ZFEVEFREU(H)) 15.18 15.75 13.16 5.26 2.17 27.95
Shannon-Wiener index
FEREZHEERD) 768 16.36 6.58 425 -1.13 16.00
Simpson index
BORIBBISI BEARE()  9.08 18.64 9.23 6.71 1.81 22.91
Pielou evenness index
C DFhEL(S) 3.01 16.71 12.26 3.67 18.06 13.64
number of species
ER RS 10.71 13.29 17.32 14.20 13.88 13.01
Shannon-Wiener index
FURZHELERRWD)  12.84 9.60 13.22 12.93 11.21 -0.83
Simpson index
BORIBBISI BEIRE(J)  10.63 9.02 15.45 13.58 11.49 -0.75

Pielou evenness index

22 R AR JOR =35 2R 2 R4 B0 i) i S 5 ) TN
TR E , FRIERZ s WA SRR R R A A
TONMRIRER AL, HA PR 1~ 04 A e ok 5 42 0 L
TEBIX, MERZIEIERE . FERZHIEIEL
I BE 7R 38 4259 0 BE 45 BOR ) e . 355 A TR 1 D T G i
JE 5 X R ROR T e 3 B TR TR IR R, B
DXBERUF A5 P A TR OR B

TE C X, BB S TR Xof ) o A e T 2 4 5 T
T, MR C XK SRR %%
ZREPERR RO B2 JR 3% 35 2 BER K 3 e b e EE 2
EZ IR A1
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Fig. 3 Relationship between diversity indices and environmental factors

The substrate types in the figure: S. sand, T. silt, STY. sand-silty clay, TY. silt clay
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Relationship between species diversity and environmental factors in the
fishery community of Shandong coastal waters

XU Maozhen '?,  ZHANG Chongliang *, XUE Ying ¥, XU Binduo ’, JI Yupeng '*, REN Yiping "**'
(1. Fisheries College, Ocean University of China, Qingdao 266003, China;
2. Field Observation and Research Station of Haizhou Bay Fishery Ecosystem, Ministry of Education, Qingdao 266003, China;
3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for
Marine Science and Technology, Qingdao 266237, China)

Abstract: The fishery resources and ecological environment in Shandong offshore are under great pressure. With
the impact of exploitation activities such as coastal engineering and overfishing in Shandong, the fishery resources
in this area are in decline, and the number of fish of high economic value is significantly reduced. To effectively
monitor and manage the fishery resources, it is necessary to understand fishery ecosystem, for which biodiversity
is a crucial index in community ecology research to indicate ecosystem status. To understand the spatial distribu-
tion of coastal biodiversity, and the relationships between biodiversity indices and environmental factors, this study
used several diversity indices, including number of species, Simpson index, Shannon index, and Pielou index, to
analyze the spatial distribution of biodiversity based on investigation data of fishery resources in 2017 winter in
Shandong offshore. Owing to a lot of non-linear and non-additive processes in fishery ecosystem, random forest
model is used to assess the relationship between diversity indices and environmental factors. The results showed
that the spatial distribution of diversity indices varied substantially in the Shandong offshore area, with a trend of
higher diversity in the southern area of the Peninsula than that in the north, which included Yanwei fishery ground,
Laizhou Bay, and the southern Bohai Sea. The southern Bohai Sea had the lowest level of species diversity. Ran-
dom forest model could be properly fitted to the diversity data, and the rate of explained deviation reaches 77.46%
and 45.66% for species number and the Shannon diversity index, respectively. However, the regression model of
Pielou index had a low proportion of explained deviation. The bottom temperature, salinity, and water Depth had
significant influences on the diversity indices, significantly correlated with species number, diversity index, and
evenness index. The effect of bottom sediment type was not significant on species number and two diversity
indices, but was high for the Pielou evenness index. The results were also compared for fishery resource surveys at
different scales. The conclusion is that surveys of similar scale are necessary for long-term monitoring of biod-
iversity. This study systematically analyzes the diversity pattern of Shandong offshore ecosystem and provides sci-
entific support for long-term marine ecosystem monitoring and specific marine management. We highlight the
necessity of protecting biodiversity in order to restore fishery resources. Decisions could be made based on the
level of biodiversity in terms of habitat restoration and the establishment of protected areas.
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