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Ecological niche analysis of dominant shrimp species in the Jiushan
Islands Marine Nature Reserve

Kaida Xu, Kaner Lu", Zhanhui Lu, Qian Dai
Marine Fisheries Research Institute of Zhejiang, Zhoushan, Zhejiang 316021

Abstract: The broad aim of our study was to understand shrimp communities and the relationship between
dominant species by conducting ecological niche analyses. We collected data with respect to quantities, bio-
mass and species identification on shrimps from the Jiushan Islands Marine Nature Reserve in November
2015 and again in February, May and August of 2016. Using indices such as the index of relative importance
(IR1), niche breadth and niche overlap, we analyzed the ecological niche of dominant shrimp species. Finally,
we compared niche breadth to understand the relative resource utilization capacity of different shrimp species
in the community and also identify whether shrimp species are evenly distributed across the sampling
sites/seasons. We used spatio-temporal niche breadth which is a comprehensive descriptor of resource utiliza-
tion and the product of temporal and spatial niche breadth. In total, we captured 16 warm-temperate and
warm-water species in the marine reserve, belonging to 8 families and 12 genera. Seven dominant shrimp
species (IRl > 500) were identified, belonging to four families and five genera. Results showed that relative
shrimp resources varied with season and further revealed that shrimp biomass in spring and autumn were
higher compared to summer and winter. Spatio-temporal niche breadth of all dominant species (except
Exopalaemon carinicauda) was higher than the other species. The spatio-temporal niche overlap value be-
tween Alpheus japonicus and Parapenaeopsis tenella was the highest, indicating that these two species had
highly similar resources utilization. On the other hand, Exopalaemon annandalei and Parapenaeopsis
hardwickii, were least similar in their resource utilization. The importance ranking results calculated using
IRI and niche breadth were not identical: Palaemon gravieri had the highest spatio-temporal niche breadth
value, yet Alpheus japonicus had the highest IRI value. We note however that the indices used cannot reflect
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biomass of the species.
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of relative importance (IRI)
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Fig. 1 Illustration of the investigated area and sampling sites (sampling sites were set around the core area of the Jiushan Islands

Marine Nature Reserve)
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Table 1 Shrimp composition of Jiushan Islands Marine Nature Reserve in 2015-2016

# Family J& Genus Fh Species &R WILA G AR EE R AL
Optimum Occurrence Index of relative
temperature importance (IRI)

XHiRE} Penaeidae TR JE Metapenaeus J& EGHT AR Metapenaeus joyneri WW oAA 99.33

BAXTIRE Fennerpenaeus KEHXEF Fenneropenaeus penicillatus WW oA A 7.75
FRUFJE Metapenaeopsis F KRR Metapenageopsis dalei WT ceAA 4.62
fii % UFJE Parapenaeopsis Y5 {iiXfUF Parapenaeopsis tenella WT ceAA 1,002.58
W& IGA XTI Parapenaeopsis hardwickii -~ WW ceAA 2,204.78
KR Palaemonidae [14FJE Exopalaemon Z KA Exopalaemon annandalei WT ceAA 3,944.06
HJE AR Exopalaemon carinicauda WT oA A 752.25
KB JE Palaemon 5 IKKE IR Palaemon gravieri WT ceAA 3,008.04
EfgKEUF Palaemon macrodactylus ~ WT o AA 415
AL Alpheidae IR @ Alpheus HA SR Alpheus japonicus WT AA 5,370.43
IR Alpheus distinguendus Ww ceAA 374.41

HEUREL Hippolytidae — HEfidRJE Lysmata Risso HifEAF Lysmata vittata WWwW oA 4.4

IRE} Sergestidae EUFE Acetes HHEFEUF Acetes chinensis WWwW A 123.28

SFRURRL Processidae  2iEUNE Processa HA S8 4F Processa japonica Ww AA 0.89

IR Rl Solenoceridae & #ENFJE Solenocera A IR Solenocera crassicornis ww oA 2,183.67

PEFURE} Pasiphaeidae ZH#ITJE Leptochela MU Leptochela gracilis WwW oA 104.97

WW: BEZKHEFPSE WT: BRIEHEMZE o &, o B, A B A £

WW, Warm-water species; WT, Warm-temperature species; o Spring; e Summer; A Autumn; A Winter

O M3 RS Average catch number per haul (ind./h)

3500 | P14k Bt Average catch weight per haul (g/h)
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E2 LSRR FIRERE TR (95% EIEXE)
Fig. 2 The change of relative biomass resources of shrimps
on a seasonal basis (95% confidence interval)
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Table 2 Comparisons of dominant shrimps among spatial, temporal and spatio-temporal niche breadths

L/ el 2114 5 Y VA -3 P ] A= 25 7 5 55 Ip 2 2 R 2SO B
Species Spatial niche Temporal niche Spatio-temporal
breadth (Bi-space) breadth (Bi-time) niche breadth (B;)

Z K HEF Exopalaemon annandalei 4.49 0.67 3.03

HIRKEIF Palaemon gravieri 4.54 1.04 471

WA I XT IR Parapenaeopsis hardwickii 2.42 0.60 1.46

#JE HUF Exopalaemon carinicauda 1.40 0.31 0.43

HAEUR Alpheus japonicus 5.18 0.73 3.76

015475 %R Parapenaeopsis tenella 251 0.64 1.61

H AR EEIR Solenocera crassicornis 3.14 0.75 2.35

3 ELFBBERRFEAEME = EESMVEHLEUAT)MIEESVI HLUL)ERE
Table 3 Spatial niche overlaps (under the diagonal) and temporal niche overlaps (above the diagonal) between dominant shrimp
species in the Jiushan Islands Marine Nature Reserve

ZRALT  HERKELE BRI CBREAR HAZUR 005 0ixbir A HER

Exopalaemon Palaemon  Parapenaeopsis Exopalaemon Alpheus Parapenaeopsis Solenocera

annandalei  gravieri hardwickii carinicauda  japonicus tenella crassicornis

Z AR Exopalaemon annandalei 0.65 0.03 0.72 0.24 0.38 0.14
HIKKEIF Palaemon gravieri 0.67 0.75 0.69 0.24 0.52 0.82
W5 I 5T IF Parapenaeopsis hardwickii - 0.50 0.80 0.13 0.11 0.39 0.99
2 HUF Exopalaemon carinicauda 0.54 0.85 0.53 0.37 0.46 0.21
HAEF Alpheus japonicus 0.61 0.90 0.58 0.89 0.95 0.08
15475 % HF - Parapenaeopsis tenella 0.65 0.72 0.58 0.51 0.77 0.37
HAEEF T Solenocera crassicornis 058 0.83 0.90 0.65 0.71 0.56

I E R R BT 0.6, AR PR EZKTHm

Values in bold are greater than 0.6, indicating high niche overlaps between two species

F=4 MBMENEZEETNEERE
Table 4  Spatio-temporal niche overlap between dominant shrimp species

%7 R AR BIRKEIR o IR0 HR AR HIASTAR 40554 %iR

Exopalaemon Palaemon Parapenaeopsis  Exopalaemon  Alpheus Parapenaeopsis

annandalei gravieri hardwickii carinicauda japonicus  tenella
HIRKHEIUF Palaemon gravieri 0.43
W& AR XT IR Parapenaeopsis hardwickii 0.02 0.60
A EHUF Exopalaemon carinicauda 0.38 0.58 0.07
H A 4R Alpheus japonicus 0.14 0.22 0.07 0.33
G545 %R Parapenaeopsis tenella 0.25 0.38 0.22 0.24 0.73

FRAEEHENR Solenocera crassicornis 0.08 0.68 0.89 0.14 0.06 0.21

RS
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Fig. 3 The change of catch weight of dominant shrimp species in each season during the investigation
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MRiiIess, 2017). EBFFTIEIR, HFLMHAFRE

F B EGEZE, 1 LA AR SR R R 2 B H A
ERURIRZ ) (B13), X AT RS T 2Rl g e B 1
FRY, HERH MR K (REES, 2012), K4 kk
SEAWTH RN 7 B AP R G R . NHFE TR E
KT ARG BB K, AT 8 RV R+
VS T i R 0 P B R A KR T PR 8 R (R U
1%, 2010), MM NE ZE T BARAF 2 — 105 KO
XU ) ZR AR AL T BRI 1 58 (R 5, 2002); [F)
B, KT ARV R 30 5 00T o 3 30 BRI, 3K
R ERPERIR, W= KA. 7R AR H A
IR, A AT REE RS TR ER A R . A
()45 SR 1) R 2 35 Jo i A o o) 1 %) R S SR AR W (ORI
H4E, 2012), AEKER, BT RKELIFEET A KA
FAR (GFiRE B4, 2013), [T 1 L B AR o) % 0 i Ak A
Ko JE WL F B B AR ORY X AX O AN 2T
UF 2 Y5 A A2 B — WA g S AR R (1E13), 1 A A
ESE IR il N e VR Y A S
32 HiE), FEESMNEE ST Z#ESUTE
— AR I 2 1R AR S A T8 A KM R T %
VIR AE AR B AR R BRI BE 0, AR IR o A G
AR ) S B T X AR RE ) (5K 42, 201); T e ]
Az A5 T8 JE TR (K& AN [R) W0 P AE ) () 48 B % %
TRIR RSB, AT S e S 8 AFF T3 P S
I B ) (T 955, 2010)

© FEEH (2014) B HIVEUFE ST L0 S LR I R =
FHIE. B2 Arig s, PEEE R, F 5.



EACE TRIFIESE: JEi51 & AR DR X AR SRS A 2 Air 607

HARBR 22 QR DL R IR R B
2 () A AL TE A, B IX =AM R e TR A XA
A, Bk =N . AR IEBennett
25 (2010)$ HH F“ AN [RI P o A= A o7 9 J 5 5 L A= B3
PR VIM S 58, AT IR ) s Ak
H A S 5 58 BB R i A L R . R4
INERRIE N 1 SRR T IR B MR S 2 I T e
T A BEE SRR, LT 2R (R
FIEARAEL, 1995), M5 EOH A S 58 FEE TR & .

B PCAC B R 1y N ) A A5 7 5 B A A R, Tl 3L
FEVR AT HAA] S B [R]85 B e, RN AR
BEONBIAT, SRS AT R A A R (R S,
2009; 57 HHESE, 2013)AHAT. TH 8 R 1A A4
AT EEAE A/, Ut BRI PR AE TR A 30 o A B
AT, XFERETHRAFKEREZZEN. K
TSI (K 4, 2009), HEMKEH RS EA
RTE M AE AN BE S MR (B S, 1990) FT 51 A2 1

P TR 2 37 > P, HL 43 A () B 52 380 ) A
nd 1 K AT P 1T R AN et e S VA2 B S 1]
Hi IR b A) 26 R (ZE8AE, 2007). &5 G KB IR LA i
re PRI 25 AR A YR FE AR, R P& 2= A I 3
L5 I

T 3 EU A 43 A R A U IR B R 2 A A A B
JERTAI(F2), WA, 25 ) DA R B 2 A A5 A 5 B AR A
HA AT BA @A SN % E YR EA
— 5 A LA N () AR A 5 P, 088 PG AR 11
I ) A2 257 8 PR A A v, T FG 22 [ A 2 A7 5 A )
NFHARGR . FRHERE, & BTN R A
A () 2 FE b oeF B (1 FH RE A BT 22 36 B
(THRE5%E, 2010).

33 HE, DEESNEESHTE _HESNES

AR ST SRR T W ont IR A A L, T
A2 25 A B AR 7 T R )R B8 5 R PR AL
(F1EESE, 2006).

TER ()2 8 b, AR AR B A G E AT X R4 A
RO TR B 1) AR 25 A7 B8 B {H(0.99), 3 W AE AT F2 i 35,
X AR S0t BE R R F B 2R AL T — 8 X
F2 EH G A7 0T MR 5 e 4 8 B 1 A R P P o e
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Fig. 4 Comparison of temporal niche breadth, spatial niche breadth, spatio-temporal niche breadth and IRI of dominant shrimp species
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