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Spatio-temporal pattern and environmental drivers of crustacean communities

structure in the sea area around Dachen Islands
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Abstract: We analyzed the spatial and temporal patterns of crustacean communities based on bottom trawl samples of four
seasons from 2020 to 2021 in order to investigate the effects of changeable marine environment and high spatial heterogeneity
on biological communities in the coastal islands at the local scale. Multivariate statistical methods were employed including
hierarchical clustering and non-metric multidimensional scaling ( NMDS). Environmental factors such as temperature,
salinity, and depth were investigated simultaneously to resolve the influencing factors using redundancy analysis ( RDA) ,
while community stability was assessed using abundance biomass curves (ABC) and W-statistics. A total of 53 species of

crustacean were collected, belonging to 29 genera, 13 families, and 2 orders, with shrimps accounting for 56.06% of the
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total species number. There were 43 species found in the autumn, followed by 41 species in the winter, 31 species in the
spring, and 26 species in the summer. The seasonal changes of the dominant species were obvious. In summer and autumn,
the dominant species were medium- and large-sized economic species, such as Parapenaeopsis hardwickii, Solenocera
crassicornis, and Portunus trituberculatus, whereas small individual bait species like Charybdis bimaculata and
Parapenaeopsis tenella dominated in the winter and spring. Oratosquilla oratotria was revealed as the only dominant species
in common in the four seasons. The density of crustacean resources fluctuated dramatically throughout the year, with an
uneven spatial distribution, peaking in autumn and declining in spring, and the highly significant higher in summer and
autumn than in winter and spring ( P<0.001) , with the highest resource density in the near rocky reef area and the smallest
in the shallow water area on the estuary side. Affected by the migration and selective distribution of seasonal migratory
species, as well as the regional differentiation of the hydrological environment in the reef system, the crustacean community
structure had significantly seasonal changes and regional differences, forming a pattern of high heterogeneity in summer and
autumn, high similarity in winter and spring, and outstanding differentiation between shallow and deep water areas on the
estuary side and the outer side. Environmental factors such as bottom water temperature, bottom salinity, bottom dissolved
oxygen, and water depth were significantly correlated to community structure heterogeneity. The ABC curve showed that the
crustacean community was stable and had a strong tolerance to disturbance. This study demonstrated that the dominant
crustacean resources in the sea area around Dachen Island had a clear seasonal cycle, and varied in community structure in
different regions on the local scale, but they all maintained high levels of resources, which played a positive role in the

maintenance of local fishery resources and provided a resource basis for the functional design of local marine ranching.

Key Words: Dachen Islands; crustaceans; community structure; spatio-temporal pattern; abundance biomass curve;

environmental factors
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Fig.1 Survey area and sampling stations of Dachen Islands
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Table 1 Classification basis of large, medium and small crustaceans

(RN EE S .
Y
A Body length/Carapace length of ﬁEWJ%:;j{IIZI:fE e/
Categories advantage group body length/ e Representative species

advantage group
carapace length

RS Shrimps K >120mm 30—80g H 2= $EXFUR ( Marsupenaeus japonicus)
W B35 % R ( Parapenaeopsishardwickii )

bl —12 — "
i 50 Omm 5—30g & KR ( Palaemon gravieri)
B [CHRIF ( Metapenaeopsis dalei)
i 50 5 - >

A <>0mm <8 1 [ B U (Acetes chinensis)

55 Crabs KA >90mm >90g = PR FHE (Portunus trituberculatus )
R 30—90mm >30g 2 553, [ 1L B ( Ovalipes punctatus)
I <30mm <10g WBESE ( Charybdis bimaculata)

1.3 Fdaibr
K H Pinkas' ™ A% EZPEAEEC(IRD) HE BEVE L3R .
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Table 2 Statistical results of environmental factors in different seasons

B (B LbRifER)
TR R F Season (mean=SD) F 55t »
Environmental factors ES ®=E pES k% F-statistic
Summer Autumn Winter Spring

JIEHR Bottom temperature/C 26.81+0.87 20.18+2.13 10.83£1.07 15.09+0.29 F(3,36.352)= 1180.280 0.000 **
JEEEE Bottom salinity/ %o 28.38+2.04 30.02+2.27 31.34+1.26 30.30+0.65 F(3,38.954)= 9.775 0.000 **

A/ (mg/L
R '(mg ) 7.55+0.13 8.24+0.29 10.31+0.30 9.47+0.11 F(3,41.267)= 1026.962 0.000 **
Bottom dissolved oxygen

MHEE/ (ng/L .
RIS/ (/L) 1.41+0.74 1.15+0.70 1.11+0.68 2.11+1.11 F(3,79)= 6.187 0.001 **
Bottom chlorophyll-a

TR BE
MWE . 8.31+0.04 8.16+0.12 8.48+0.22 8.34+0.06 F(3,40.629)= 15.334 0.000 **
Potential of hydrogen
A/ (mg/L :

%,mE (mg ) . 0.26+0.09 0.42+0.07 0.37+0.03 0.42+0.05 F(3,39.937)=16.164 0.000 **
Dissolved inorganic nitrogen
R (/1
IR (me/L) 0.06+0.03 0.07+0.03 0.07+0.04 0.05+0.03 F(3,79)=25.419 0.097

Reactive phosphate
# FR P<0.05, #* FR P<0.01,BChlLa 1 PO,.P RAIHEE )y 2501 (ANOVA) , HALE TR ] Welch K45

2.2 FPZELH L S AR

GERILRAEW SR 3 M RIE 2 H 13 R 29 J® (38 3) . EEAR 522K 26 B Bk & FZFN 43 41,
31 Fh, PUZESL I 19 Fl, (52 AR SAFIEEY 35.85% , (045 F B 2L B A G OO MR | = et 718 | iR i
L, AR 15 B DXSSIRI AP AL AL 25 S B I A X A A R AR Y Rl 40 Bl 3 DX T K
X AMUGRIK X 450 47 31,38 B, HAKATR =28 I A 0 XY R S e 32 & 1] A K X FR 28500 AL T
Hf =X,

R3I AGEEHEBHRZEOMER
Table 3 Species list of crustacean in Dachen Islands

H B i H% hZE X7 HE

Order , Family Species Summer Autumn Winter Spring

M2 H Stomatopoda

HRSRL Squillidae Wi /N TR, Oratosquilla interrupta + + + +
FIURES Oratosquilla oratotria + + + +
FRAT IR Anchisquilla fasciata + +
LRI, Dictyosquilla foveolata + + +
I 1R Oratosquilla mikado +
INIREEERS Clorida microphthalma +
KX UFEE Oratosquilla nepa +
RN TR Oratosquilla perpensa +

T /£ H Decapoda

FTHFAR} Penaeidae Jid /£ SEXTUR Atypopenaeus stenodactylus + + + +
JI5 R Parapenaeopsis cultrirostris + + + ¥
W FRAR X Parapenaeopsis hardwickii + + + +
IG5 %5 UF Parapenaeopsis tenella + + + +
J8 VKR Trachypenaeus curvirostris + + +
JEN BB XU Metapenaeus joyneri + + + +
T 5T UF Metapenaeus ensis +
thEBAXTUR Fenneropenaeus chinensis + +
TR BERIXT R Parapenaeus fissuroides + +
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H B i CES hE X7 s
Order ,Family Species Summer Autumn Winter Spring
K EXFEF Penaeus penicillatus + +
B [CHRIT Metapenaeopsis dalei + +
H ARFEXTUF Marsupenaeus japonicus +
EHIITR} Solenoceridae T AR HIUT Solenocera crassicornis + + + +
U4 HIEUR Solenocera koelbeli +
HRUFEL Sergestidae HHE B AR Acetes chinensis + + + +
GLUFEL Alpheidae H ARG MR Alpheus japonicus + + + +
£ BHGLIF Alpheus distinguendus + + + +
KU Palaemonidae L ILHYF Exopalaemon annandalei + + + +
H R HUF Exopalaemon carinicauda + + +
IR IR Palaemon gravieri + + + +
B8 K UF Palaemon macrodactylus + + +
BRI AR Palaemon serrifer + +
IRUGLINF Plesionika izumiae + + +
W BLLUF Plesionika dentirostris +
BEIFRL Hippolytidae HEREUT Lysmata vittata + + + +
BESMEMAE Exhippolysmata ensirostris + +
KAEHHIEIF Tozeuma lanceilatum + + +
HEBEHEMIIT Lysmata kuekenthali + " +
HUFRL Crangonidae JNEHEUF Crangon affinis +
BEBEUFAL Pasiphaeidae YUELUF Leptochela gracilis + +
% FHEF} Portunidae 41 B T8 Portunus sanguinolentus + + +
TR T Portunus pulchricristatus + + + +
=P T Portunus trituberculatus + + + ¥
TR T Portunus gracilimanus + + +
AU Charybdis variegata +
H 488 Charybdis japonica + + + +
BiYi48 Charybdis acuta +
MBS Charybdis bimaculata + + + +
EEBE8E Charybdis feriatus + + +
L7 B Scylla paramamosain +
KJHERL Goneplacidae ek 5 Eucrate crenata + + + +
KT Carcinoplax longimana +
YRRl Majidae WU H % Hyastenus diacanthus + +
MU L Pugetiia quadridens +
BAEFRL Porcellanidae H A58 Petrolisthes japonicus + + +

+ o AR P B A

ST 6 A Hrbng FOT XN AT B0 AME S BE AR Lk, O H 28R . BRF LRl =itk
TEE W/ R T AR AR LSRN PR K O A& TR Ty 4 B SR L
R, SN PIRAE, H A R M e AR Z Bl 3, HAR B N ML Al (R 4) . B L K
& FKEZERMEAF R R4 0.90,0.89.0.71 075, K K BEFMAFLES, FERIHH 0.43
M0.20, Z7 b RERIEHSE K Z LR L2 T Moy £ & F 2/ N MARINANZ . F R AR,
PR,
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R4 KERBEHBENMABMHAKR

Table 4 The dominant species composition of crustaceans in Dachen Islands

4y Hik i%%ﬁﬁ}tt{% E%ﬂzﬁéktt/% ik /% *Exﬁi?%?‘siﬁt
Seasons Species Perc'entage of P.erCfer%tage of Frequency Ind.ex of relative
biomass individuals importance
E= [T4R G Oratosquilla oratotria 28.98 20.08 100.00 4906
Summer W [C{XTIR Parapenaeopsis hardwickii 20.00 28.90 100.00 4890
HABAE MU Solenocera crassicornis 6.65 14.25 100.00 2090
=YEMR TH Portunus trituberculatus 26.50 5.65 60.00 1929
TV XTER Parapenaeopsis cultrirostris 4.39 10.01 100.00 1441
Wi /N ER, Oratosquilla interrupta 5.39 6.55 95.00 1135
Tz [THR G Oratosquilla oratotria 37.41 26.36 100.00 6377
Autumn ZIEARTHE Portunus trituberculatus 23.15 10.34 100.00 3349
Wi /N LR G Oratosquilla interrupta 10.57 9.23 100.00 1981
WEEEE Charybdis bimaculata 7.21 15.43 76.19 1726
rFAEREHIIT Solenocera crassicornis 4.04 9.38 100.00 1342
2 XU Charybdis bimaculata 29.60 26.98 76.19 4311
Winter F iR Oratosquilla oratotria 32.29 9.50 100.00 4178
TG4 % Parapenaeopsis tenella tenella 4.93 26.77 95.24 3019
H 288 Charybdis japonica 11.86 2.97 71.43 1059
R RS Oratosquilla oratotria 35.55 21.75 100.00 5185
Spring H AU Alpheus japonicus 9.28 14.37 100.00 2366
H A3 Charybdis japonica 18.37 2.18 100.00 2055
WBELE Charybdis bimaculata 6.70 15.10 90.48 1972
IG5 XFHR Parapenaeopsis tenella 3.41 13.80 100.00 1721

23 WIREAFE AR 528 E 4

AW RN TESEFESLAFESEF T MR BMFFIE, FEMNFETHEZFREE(F=
5.111, P=0.003) ,FkZEEREA N0 1.3 f5(P=0.006) ,FZM 1.7 5(P=0.003) ; EEEFEANESE 1.6
f5(P=0.009) , W H T4F(P=0.017), YRR TN EEZES (F=6.731, P=0.000)

K7 1) b ARG AN (1 2.3) B2 A il B IR 3 i, AMIGRK XAIG (R TG i 3 22 5%
P2 AMITR K X B f i, 30 I K XA (P=0.028) . 2428 T Ak X AMINZ K X F i 3 T 5 T
X T K DX (P<0.05 ), AMIER K DX A= ek W 35 1 T R DX 55 9] 11 /K X (P =0.001 ), 1A 7l X A=
Yyt 2 T AR S KX (P=0.016, P=0.012) , HZE, 310 A E K f i , A s 7e /MG K
DX 5 e, T 3 K X AR SR A P eI, ELAMINTRK X AR e v T HoAt = X (P<0.01)

e 7 1), P 5e 28 o B A A i 7 4 AR I T) 3 L P 2 B 7K R 7 385 T 486 o, 8 4% 7K O ) G . 35 22
(P>0.05) ,Pearson 3T 7w , AKIRS FJE Z [IAFAEAR 55 1 IEAH & (R=0.26, P =0.02) 5 17 LA 255 i [ 415
KR ZEGIREE DL Sm R /K GERE R B S P 25 7. 25—30m AY VR 2 T 15—20m 10— 15m ( P<0.05) ,
20—25m B EFHE T 10—15m( P<0.05) ; W Pearson 7047, £E S AW B S5/KIRFELE T ERE IEM R
(R4 =0.60,P=0.004;R 45 =0.65,P=0.002) , T Z R M2, B BB & SR IR I RIIOC R, e i
BE ARG T N B
2.4 FHELSH T2 22 5
241 BEEZEFBIRIR

PERMANOVA ZpHr&i R 7R, “ B35 R DX IR F7E 0.01 /KX B 251 7= A= 52, P IR 19 38 LA
FHLTE 0.01 7K A AT, T3 KR BYFEMALE 0.05 K (52 5)  “F= 47 BT 22 MBI O 38.65% , i KT
MEF ., BEE S AR B2« 22 DR F R SR BRI | 1 < DX XA (0 4 PR 2 R
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Fig.2 Spatial distribution of crustacean abundance in Dachen Islands
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Spatial distribution of crustacean biomass in Dachen Islands
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Table 5 The results of permutation multivariate analysis of variance based on whole abundance dataset
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Source F-statistic P-value Variance of
freedom square square Carlo test) Perms .
explained
ZE7 Season 3 29103 9700.9 24.627 0.001 ** 0.001 999 38.65
X5 Region 3 3466.8 1155.6 2.9336 0.001** 0.003 999 9.32
JKIR Depth 2 1796.1 898.06 2.2798 0.023 " 0.006 998 2.94
e x jfg\
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5&‘”‘ 2
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SeasonxDepth
X fﬂ\ DAY
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XX 1 W
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5% 7% Residual 57 22453 393.92 25.56
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Fig.6 Seasonal cluster analysis and NMDS of crustacean communities in Dachen Islands
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Fig.9 The seasonal abundance and biomass curves of crustacean communities
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Fig.10 The regional abundance and biomass curves of crustacean communities
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Appendix table 1 Species number

ik H5 || B %'
Species Number || Species Number
L ICHYF Exopalaemon annandalei spl ISR Metapenaeopsis dalei sp28
HEWINT Lysmata vittata sp2 TV XTER Metapenaeus ensis sp29
Jifs J& 5 XTHR Atypopenaeus stenodactylus sp3 HRUGLLYF Plesionika izumiae sp30
JIEAJi X UR Parapenaeopsis cultrirostris sp4 FEPEHTEAT Lysmata kuekenthali sp31
Wi E /N VIR Oratosquilla interrupta spS HERINITEAR Exhippolysmata ensirostris sp32
IR AR Palaemon gravieri sp6 H R HYF Exopalaemon carinicauda sp33
W BB X UF Parapenaeopsis hardwickii sp7 TR XTER ParaPenaeus fissuroides sp34
21 AR T Portunus sanguinolentus sp8 PRl TR, Oratosquilla mikado sp35
E 35K UF Palaemon macrodactylus sp9 U CH & Scylla paramamosain sp36
PG K AR Palaemon serrifer spl10 H AR 75518 Petrolisthes japonicus sp37
FTF G Oratosquilla oratotria spll Hilis Charybdis acuta sp38
LRI Eucrate crenata spl2 SR ITY Anchisquilla fasciata sp39
FIEARTHE Portunus pulchricristatus spl3 /NIRERUR G Clorida microphthalma sp40
H AGE U AlPheus japonicus spl4 J& KR Trachypenaeus curvirostris spal
H A4S Charybdis japonica spl5 K X ER I Oratosquilla nepa spd2
=R T Portunus trituberculatus spl6 KEXHITF Penaeus penicillatus sp43
XBEEE Charybdis bimaculata spl7 KABMIEAF Tozeuma lanceilatum spd4
S SUMIT Dictyosquilla foveolata spl8 [ ¥EUT Solenocera koelbeli sp45
WIGAFXFHR Parapenaeopsis tenella spl9 AEA48 Charybdis variegata sp46
FFH T Portunus gracilimanus @20 || WO/ ORI Oratosquilla perpensa 7
ff WISEIF Alpheus distinguendus sp21 H A3 XU Marsupenaeus japonicus sp48
EBELE Charybdis feriatus sp22 MU AU Hyastenus diacanthus sp49
HE BT Acetes chinensis sp23 P L% Pugetiia quadridens sp50
v [E BAXTRE Fenneropenaeus chinensis sp24 YNEEHF Leptochela gracilis sp51
HAERHENT Solenocera crassicornis sp25 KF B CarcinoPlax longimana sp52
JE BB EE Metapenaeus joyneri 5p26 BIEHBEF Crangon affinis sp53
Wi BRLLUT Plesionika dentirostris sp27
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