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Fig. 1 Laizhou Bay sample stations in the summer of 2010-2019
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Fig. 2 Biomass of four large-bodied crustacean species
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Tab.1 Inter-annual changes in the index of relative importance (IRI) of four large-bodied crustacean species in
Laizhou Bay from 2010 to 2019

o [ R =R T H A5 REAN

A F. chinensis P. trituberculatus C. japonica O. oratoria
year IRI 7 IRI 7 IRI 7 IRI Herp

rank rank rank rank
2010 720 5 142 7 3542 2 3762 1
2011 444 7 2282 4 4454 1 3967 2
2012 189 8 619 4 1776 2 5674 1
2013 766 5 327 8 4930 1 4670 2
2014 172 4 1446 3 8820 1 5552 2
2015 272 4 678 3 6688 2 8518 1
2016 1103 3 354 6 2871 2 9971 1
2017 100 7 356 4 1771 2 6627 1
2018 291 9 526 4 3083 3 3205 2
2019 155 10 927 5 5368 2 7681 1
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Tab.2 Interspecies association between four large-bodied crustacean species in Laizhou Bay

IEBREE o H R L F 70 B GRS Fhont B R L 7 Bl
et number of pairs of positive number of pairs of negative P s DO S NE R
me:ho ds association and its percentage associationand its percentage number of pairs of no
e wE ENTES [TES i NS associationand its percentage
extremely significant _ significant  not significant _ extremely significant _significant _not significant

Ve 0(0%) 2(3.33%) 42(70%) 0(0%) 0(0%) 0(0%) 16(26.67%)

Pearson 7(11.67%) 9(15.00%) 9(15.00%) 0(0%) 0(0%) 4(6.67%) 31(51.67%)

Spearman 1(1.67%) 17(28.33%)  14(23.33%) 0(0%) 1(1.67%) 9(15.00%) 18(30.00%)

e 5T AR OIS o

Notes: the numbers in brackets represent the percentage of number of pairs
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Fig. 3 Niche width of four large-bodied crustacean species in Laizhou Bay
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Tab.3 Niche overlap of four large-bodied crustacean species in Laizhou Bay

GO ABAES G HSAES
year niche overlap year niche overlap
2010 2 3 4 2015 2 3 4
1 0.08 0.73 0.50 1 0.70 0.45 0.60
2 0.24 0.39 2 0.62 0.65
3 0.52 3 0.45
2011 2 3 4 2016 2 3 4
1 0.09 0.41 0.88 1 0.61 0.57 0.69
2 0.24 0.20 2 0.64 0.41
3 0.48 3 0.37
2012 2 3 4 2017 2 3 4
1 0.03 0.51 0.44 1 0.88 0.28 0.89
2 0.18 0.03 2 0.24 0.94
3 0.37 3 0.19
2013 2 3 4 2018 2 3 4
1 0.09 0.28 0.41 1 0.38 0.78 0.59
2 0.67 0.37 2 0.44 0.55
3 0.53 3 0.80
2014 2 3 4 2019 2 3 4
1 0.02 0.80 0.82 1 0.20 0.24 0.54
2 0.13 0.01 2 0.44 0.53
3 0.65 3 0.78

TEe L EBXE, 2. =000 T8, 3 HARE, 4.00R

Notes: 1. F. chinensis, 2. P. trituberculatus, 3. C. japonica, 4. O. oratoria
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Tab.4 Stable carbon and nitrogen isotope ratios of four large-bodied crustacean species in Laizhou Bay

N [ 3"C/Y 3"N/% .
% KR ” ” HR%
species number T YE AR LR Bie:| IR BeAEE trophic level
mean+SD range mean+SD range
HEBXUR  F. chinensis 34 —17.48+1.25 —21.13~—14.24 11.27+1.31 7.79~15.72 3.27
=R T P. trituberculatus 104 —17.86+0.93 —20.11~—14.91 12.16+1.06 8.85~14.46 3.54
HAEE  C.japonica 80 —18.27£1.05 —21.05~—15.91 11.98+1.13 9.54~14.15 3.48
FHRES 0. oratoria 74 ~18.07+0.90 ~20.50~-16.08 11.65¢1.17 6.84~15.19 3.39
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Tab.5 Trophic niche of four large-bodied crustacean

species in Laizhou Bay

SUCIAEN SN o
% SAHAR
species range of range of total
p 6|3C 815N .
niche area
FEBHXSER  F. chinensis 6.89 7.93 27.57
=T P. trituberculatus 5.20 5.61 17.33
HARE  C. japonica 5.14 4.61 16.87
RS O. oratoria 4.42 8.35 17.45
15
| R A\
13 Ft
Ll
Z .
© 11 b N :
10 F6 F ehinensis NS00 77N\
oP zrituberculatuj s - :
9 L.oGyaponica . N_TT TN
o O. oratoria . . . -

-22 =21 20 —-19 -18 —17 —-16 —-15 —14
8" C/%o
El4 RME4MABEPZXNERESM
Fig. 4 Trophic niche of four large-bodied crustacean

species in Laizhou Bay
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Tab.6  Feeding sources of four large-bodied crustacean species in Laizhou Bay based on stable isotope method %
Fhk PRERIE  feeding sources
A
species eI INBUFR R PURE PR (SOM) (S 5
bivalvia small crustacean sediment organic matter fish liquid
o E ASTUER  F. chinensis 65.0 15.4 7.9 8.3 3.5
=M T P. triuberculatus 42.7 345 9.6 10.5 2.8
HAME  C. japonica 42.8 25.8 14.7 12.2 4.5
iRt O. oratoria 474 263 14.7 8.7 2.8
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Niches of four large crustacean species in Laizhou Bay

LIFan", CONG Xuri’, ZHANG Xiaomin '
(1. Shandong Provincial Key Laboratory of Restoration for Marine Ecology,

Shandong Marine Resource and Environment Research Institute, Yantai 264006, China;

2. Shandong Freshwater Fisheries Research Institute, Jinan 250117, China)

Abstract: Niche theory explains mechanisms of interspecific coexistence and competition in communities.
Chinese shrimp (Fenneropenaeus chinensis), swimming crab (Portunus trituberculatus), Japanese stone crab
(Charybdis japonica), and Japanese mantis shrimp (Oratosquilla oratoria) are all large-bodied commercially
exploited crustacean species in Laizhou Bay, China, with similar food habits. Populations of two of these species,
F. chinensis and P. trituberculatus, are also regionally enhanced. Study of the community status, interspecific asso-
ciations, and spatial niche characteristics of these four crustacean species is warranted to guide stock enhancement
and fishing quota management. Data for analysis of community status and spatial niche were collected by bottom-
trawl surveys at 20 stations in summer from 2010 to 2019. Representative samples of these four crustacean species,
and their potential food sources were collected in 2010, 2011, 2018 and 2019. Using stable carbon and nitrogen
isotopes we analyze trophic levels, nutritional niches, and diets of these crustaceans. Average F. chinensis biomass
(51.0 g/h) was lowest, followed by P. trituberculatus (107.0 g/h). In most years, O. oratoria and C. japonica were
most dominant, and F. chinensis and P. trituberculatus were typically important species in the community. Associ-
ations between these four species are not strong, with a significant positive association occurring mainly between
F. chinensis and the other three species. The niche width of C. japonica is greatest (2.45), followed by O. oratoria
(2.13), F. chinensis (1.92), and P. trituberculatus (1.93). A high niche overlap is apparent between F. chinensis and
the other three species; trophic levels of each are similar, ranging 3.02-3.28. The total niche area of F. chinensis is
the greatest, while that of P. trituberculatus is similar to those of C. japonica and O. oratoria. Nutritional niche
overlaps between P. trituberculatus and C. japonica are relatively high. Proportionally more bivalves are ingested
by F. chinensis than any of the other species, for which diets are more homogeneous. Although populations of P.
trituberculatus and F. chinensis have expanded through enhancement, the crustacean community structure in
Laizhou Bay has not changed greatly. On the basis of community status, inter-species connectivity, spatial niche
width and overlap, trophic level and nutritional niche, and the diets of these four crustaceans, F. chinensis is least
competitive with other taxa, and P. trituberculatus is more competitive with C. japonica and O. oratoria. To max-
imize benefits of regional crustacean enhancement, we suggest consideration be given to competition between spe-
cies, and niche similarities, to determine appropriate release sites and quantities.

Key words: Fenneropenaeus chinensis; Portunus trituberculatus; Charybdis japonica; Oratosquilla oratoria;

crustacean; spatial niche; nutritional niche; Laizhou Bay
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