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Seasonal changes in macrobenthic community structures of sea cucumber

Apostichopus japonicus ( Selenka) farming ponds at different water depths
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Abstract; Sediment samples were collected from three sea cucumber ( Apostichopus japonicus) farming ponds of varying
water depths, i.e., low (1#), normal (2#), and high (3#) water level depths, in the mariculture zone of Jinghai Bay
from July 2012 to April 2013. Macrobenthic community structures were analyzed to investigate the effects of the changes in
water depth. Light intensity, Chlorophyll a ( Chla) and total organic matter ( TOM) contents differed significantly among

the three ponds. Light intensity and TOM content of pond 1# were significantly higher than those of pond 3# in summer,
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winter, and spring; whereas no significant differences were observed among the three ponds in autumn. Chla content of pond
1# was significantly higher than that of pond 3# in summer, winter, and spring; but significantly lower than that of pond 3#
in autumn. No significant differences in water temperature were observed among the three ponds for any of the four seasons.
Throughout the investigation, 41 macrobenthic species were identified, of which 21 species were annelids (51.2%), 16
species were mollusks (39.0%) and four species were crustaceans (9.8% ). Significant differences in species composition,
dominant species, abundance, biomass, and diversity index were observed among the three ponds during each season.
Macrobenthic abundance and biomass of pond 1# were significantly higher than those of pond 3 # in summer, but
significantly lower than those of pond 3# in autumn and winter. In spring, macrobenthic abundance of pond 1# was
significantly higher than that of pond 3#, with no significant difference in biomass between the two ponds. These results
could be attributed to the remarkable fluctuations in the abundance of the dominant species such as Musculus senhousia,
Lumbriconeris heteropoda , Cirriformia tentaculata , Ruditapes philippinarum and Eocylichna braunsi. The Margalef abundance
index of pond 1# was significantly higher than that of pond 3# in summer; and the Shannon-Wiener diversity and Pielou
evenness indices of pond 1# were significantly higher than those of pond 3# in autumn. The Margalef abundance index and
Pielou evenness index of pond 3# however, were significantly higher than those of pond 1# in spring. No significant
differences in diversity index were observed among the three ponds in winter. Hierarchical cluster analysis based on the
Bray-Curtis similarity coefficients revealed that the community structure similarities among the three ponds were 43% in
July, 37% in October, 43% in January and 48% in April. The low similarities among the three ponds suggested that the
macrobenthic community structures were significantly influenced by differences in water depth. The analysis of similarities
(ANOSIM) indicated significant differences in species compositions among the three ponds for each season. The similarity
percentages analysis (SIMPER) showed that the species that comprised the macrobenthic communities of different ponds,
were also the dominant species in each pond for each season. Canonical correspondence ordination analysis (CCA) showed
that water depth, Chla, and TOM contents were the key factors influencing the macrobenthic community structures in
summer and winter; whereas water depth, light intensity, Chla, and TOM contents were the key factors affecting

macrobenthic community structures in spring and autumn.

Key Words: water depth; Apostichopus japonicus; macrobenthic community ; biodiversity
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ARSI 2012 4 7 H Z 2013 4 4 F A8 IR 50 B2 506 1 2 T A0 A RN W95 1 (36°86' N, 122°
13'E) fIZ 535 =i AT, $EH3 DALYt | A28 2 hm® (200 mx 100 mx2 m) . 3R A 2894
TR, SR FF RS, 38 e 4 i 2 2K T % 40 K R TR] 39t 3 G S, B 3 b 3 43 0 i b I SR AR K A7
(~1.5m) IEHKN(~2.3 m) A E KN ~3.1 m) 97K BRI N 1#, 2450 3sith 3 = i I A vk ok 2 20l
MK Y 40%—60% ., J|Z: (Apostichopus japonicus ) TR 5 ind/m? , JIS AR ELH 20 g, M
FEAH

S50 UG A — A0 B RGBT AN T A HLARAT BRI RS, DRI b I8 G 3 2 1k — 3, b 3 i Ul 3
BRKZUURE T RVETS . BT IEEI 3 A u A AR W IORE S, I PR AR, DA PR A U HBURE 7 s A I
1.2 KRR S AL

2012 4E 7 H (EZ) 2012 4F 10 A (FkZ) 2013 4F 1 H (&Z) 2013 4F 4 A (FF) T 3 DS FR5 I
AT RAE R FUA 0.05 m® (I ZOR Ve e Rl 7 R 3 ANEEFE, SR A8 1 S/ 0.5 mm
FLAR B R o RS Zh 4 , I 75% RS B0 [ e ) L BN AR RS R SRR O, B G Ak
R T PRI B IR (R AT R ) (GB/T12763.6—2007 ) #£47
1.3 AR RE

TERAE I 2 b K R I ERZK IR DERERREE s IR )Z 5 em JeAE—F53T 50 CARIRME T BB, 28 PN
UG T 665 nm H1 750 nm P TFIE 48K a &5 (Chla) ;55— 7ES I P 550 CTFRIBE 6 h M SA
ML) & & (TOM) .

1.4 HAEAE S50

K FH LA H8 8053 B85 7 03 45 5 S TR JECAT Sh W e 1) 2 B AR 3l
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Table 1 Environmental parameters of each pond for each season

Ay I KR JEHEBR L/ 10%1x KR/ °C M4E o/ (pg/e) B
Month Pond Water depth/m Light intensity Water temperature Chla TOM/ %
1# 1.65+0.18a 3.59+0.37a 28.90+2.81 23.92+2.92a 7.60+0.87a
2012-07 2# 2.47+0.15b 2.97+0.30ab 28.53+2.85 12.41+2.27b 5.82+0.89ab
3# 3.18+0.19¢ 2.49+0.54b 28.68+2.76 16.05+2.38b 4.70+0.25b
1# 1.43+0.15a 1.59+0.47 19.67+1.17 12.38+2.85a 4.73+0.58
2012-10 2# 2.20+0.10b 1.19+0.12 19.20+1.22 15.51+2.89ab 4.16+0.41
3# 3.01+0.17¢ 0.93+0.34 19.37+1.25 19.92+3.22b 5.46+0.65
1# 1.37£0.15a 0.26+0.01a 1.47+1.12 10.07+1.67a 3.84+0.77a
2013-01 24 2.18+0.16b 0.25+0.04ab 1.37+1.60 7.63+1.30ab 2.82+0.50ab
3# 2.90+0.10c 0.20+0.02b 1.17+1.46 5.34+0.51b 2.26+0.36b
1# 1.58+0.13a 1.17+0.21a 10.60+2.12 18.01+1.92a 5.84+0.65a
2013-04 2# 2.32+0.16b 0.68+0.10b 10.43+2.21 11.69+1.19b 5.03+0.47ab
3# 3.07+0.15¢ 0.64+0.08b 10.67+2.13 14.48+0.55b 4.10+0.48b

BRI TFIEARERE (n=3) , B TR FEAREAR B A #1225 (P<0.05)

2.2 YR BRI A

4 AR FLUETE I ORBURI Zh 4 41 Bl Horh Z BT 30 21 F 05 51.2% , AR Y) 16 F, i 39.
0% , F5csh¥) 4 i, i 9.8% g%%’é*ﬂ#ﬁ&ﬁﬁﬁ@%iﬁ@ﬁ%ﬂ%(Apostichopus Jjaponicus ) FRFE ML ) E B
A2 3 A IR R AL S LR 25 S K, FER IR AT B Z D U XA BTN (£ 2) .
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Table 2 Dominant species and its dominance index of each pond for each season

W 2012-07 2012-10 2013-01 2013-04
Species 1# 2# 3# 1# 2# 3# 1# 2# 3# 1# 24 3#
S1 M7 LG

Pl 0.10 0.13 0.14 0.06  0.09

Musculus senhousia

S2 FERID A
Lumbriconeris heteropoda
S3 Z3Ufg

Cirriformia tentaculata
S4 FEHIEIRAT
Ruditapes philippinarum
S5 (58 i JiL g

Eocylichna braunsi

S6 ML
Cossulella dimorpha

S7 HE Bk

Hermadionella truncate

S8 77 15] 5k

Notomastus latericeus

SO 75 M4 SR

Nassarius dealbatus

0.02 0.09 0.16 0.06 0.06 0.12 0.2 0.18 0.09 0.03

0.08 0.04 0.07 0.07 0.02 0.12 0.02

0.05 0.03 0.02

0.05 0.04

0.04 0.02

0.04

0.03

0.05
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Wy Ff 2012-07 2012-10 2013-01 2013-04
Species 1# 2# 3# 1# 2# 3# 1# 2# 3# 1# 2# 3#
S10 XL
HS LI 0.03 002
Amphictene japonica
11 S Eg
S11 5 El‘&ﬂlu 0.03
Macoma incongrua
S12 155 13
AL 0.07 0.02 0.05

Hemigrapsus sinensis
13 %
§ 3 %)\ﬂlf ' 0.10 0.04
Stenopus hispidus
S14 5 JLEAZIE
Nassariusdealbatus
1 S /N i
S15 H 7!9%4 LG 0.02
Dorippe japonica
S16 F L1
Phylo felix
S17 YRS
Nassarius variciferus
3 Il v b
S18 H A vh4 0.02

Neanthes japonica

0.05 0.02

0.02 0.02

0.02
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4 AREEH 3 AN E R R RAG sh e AR R R 1 B, BEFEEAAEYRRIN 1+ L%
KT 3t 3, 2401 34t 22 S A I 28 s R ANAC ZR 3R R 34 s 1o 28 K T LoRn 245t 30, 140 2t B 22 53
AN BB R RN 143 5T 3#ith 3l | 2400 3t e 22 2 AN W3 AW I SR B R 14 3 5 28 KT
24 I, RN 3#YE 25 SN
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1 RSHFEMERRRENMEENEYNE
Fig.1 Macrobenthic abundance and biomass of each pond for each season
iR A AR 2 (n=3) , B AR SRR B 4 B #5422 57 (P<0.05)
2.4 YR HREE

4 ARAER 3 AU IE R AN 1) Shannon-Wiener Z2FEPEFE XL (H') \Margalef ¥ Fh 3 & FEH8 50 (D) 1
Pielou YRI5 EEHEEL(J) WA 3, 2 1413l D W3 KT 3atudl Bk 1#th 3l 1R D W35 KT 3t &
T MIERE H D J 2RI RE HFR3WMIE D M J BERT 14,

2.5 HEESSH T

KBRS R AT 85 R W E 2 FioR, 4 A REER 3 A3 K AT 2 4 1 0% 25 00 AR A AL
26% . H 2= 9 AFE R AR R 43% , ANOSIM 4347 & W] 3 /1>l 35 [) 3 % 4 1 22 S A 3 (r = 0.85, P<0.
01) . BkZE 9 HE RN AL 3 S ZR ARG, AAH Ul 37% , ANOSIM 43 #7728 3 Al [B) 3F 7 4 ki 22 5+
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W2 (r=0.77,P<0.01) . 425 9 SRR AUME 3Rk 2 A s K, SVAARAUME 43% , ANOSIM 73BT 3R 3
AN I TRV 9 2H 22 SR % (r=0.88,P<0.01) , 2= 9 NFE A [H] B AHAL P 4k 22 34 O, RV IPE S 48%
ANOSIM F3#r2B 3 />t 3 ) 7 7% 2H B 2 Sl . 2 (r=10.70,P<0.01) . SIMPER 73T 78 2% 22745 3 1l 3 17t
S 1) KT JECAT Sl R 22 5 1) B B R 45 I Sl e 35 (2 4)

R3 NSFEMEXBRMEY SR

Table 3 Diversity indices of each pond for each season

A I Shannon-Wiener Margalef Pielou
Month Pond ZREEAR S B F R ERE D WS EERE S
1# 2.43+0.18 2.42+0.25a 0.67+0.08
2012-07 2# 2.12+0.55 1.87+0.37ab 0.72+0.14
3# 2.08+0.22 1.47+0.19b 0.76+0.06
1# 2.92+0.21a 2.72+0.27 0.80+0.05a
2012-10 2# 2.82+0.32a 2.62+0.44 0.88+0.06a
3# 2.85+0.17b 2.06+0.77 0.51+0.04b
1# 2.02+0.13 1.66+0.14 0.66+0.04
2013-01 2# 2.28+0.18 1.57+0.36 0.82+0.06
3# 2.28+0.41 1.91+0.23 0.81+0.15
1# 2.36+£0.27 1.74+0.06b 0.76+0.07b
2013-04 2# 2.62+0.41 2.02+0.27ab 0.81+0.10ab
3# 3.00+0.18 2.60+0.36a 0.95+0.02a

BRI TFIEARERE (n=3) , B TR FEAREAR B A #1225 (P<0.05)
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Fig.2 Cluster analysis for each sample of each season

2.6  KEURAG S YIREIE 5B F R R

KA ST T DL 38R 5 3058 K71 CCA Zr A4 R &l 3, 5 ZHEY B HT w3l 0 A (E 23371 0.437
10.255 , F2 SR8 FHEFP Rl 5C R AR 18 0.924 F10.953 , HFP- 34556 R 00 REVE 424 77.1, Ui HE
J7 5l 5 PR EE T [ S M 25 B DR BE A 1 S B T A S5 R BR I C R . 58— 85 Chla &7 & SUAHE (r=-0.
76) 5 5 Al 5K IRIEAHDE (r=0.80) , 5 TOM &t GAHOC (r=-0.47) , BKZEHET T 5l 9 REAEAE 530 1 0.
558 F10.095, Fh 2 5 3485 - HE R Rl AH 26 R 50K 0.948 F10.919 , Wy Fh-3R55 5 R 10 2R 4330 91.1, 3558
HEFF 5l 5 P58 T [ S M 25 & IR BE S0 1) B e T P S RS R OC R . S — Bl S5 7KIR (r=-0.93) \TOM %
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H(r=-0.57) Fll Chla ¥ & (r=-0.80) HiAHC, 5IE3RIEAHDC (r=0.62) ;55 5 TOM & & IEAHIC(r=0.53)
7R T )RR AR 0.372 11 0.124  Fh 288 5 P15 R 1 HE 3 Sl 19 AH OC R B0Ch 0.992 F11 0.956 , W ffi-34
Bk R BABUE %00 70,5, UL HER 4l -5 2158 R 7 [ 26 PR 45 & AR BE e i i S W 1 R S 3R B IR R G &R
B —H 57K (r=-0.96) " TOM & (r=0.86) Fl Chla % (r=0.71) A0 ; 5 4l Chla S IEAE(r=
0.64) . HZHEF BT H R EE(E S 54 0.482 F10.161, Fh2s 5 R8N 1A A ¢ B30 0.957 F10.949, 4
Fh-PREE S R0 BAE 4% N 83.8, U BHHE T -5 A58 IH 7 (R 4k M 45 & IO A 3 A e 10 e W T 1 b 5 R B T 1)
KFR, B SKIEIEME(r =0.83), 563 (r=-0.81) .Chla & (r=-0.78) F1 TOM & & (r=-0.70) fi
K A 57K (r=0.38) Fl Chla &3 (r=0.36) IEAHSC, ZRA TS , 7KK Chla F1 TOM 7 /2 5% Wi fil] 2 5+
B b 3 KR SRS 20 400 1) B IAR BE H 7

F4 RSIFREMGEE KRR EE S B RRTEKE (S BT RRIRH RIS ILE 1)
Table 4 Similarity percentages analysis for the species that differentiated the macrobenthic communities of different ponds for each season ( the

number is the code of the macroinvertebrate in Table 1)

1# vs. 2# 1# vs. 3# 2# vs. 3#

J10r Month Yyl TR ik TR ik DS
Species Contribution/ % Species Contribution/ % Species Contribution/ %

2012-07 S1 14.21 S5 15.34 S3 19.89

S3 13.22 S4 11.07 S4 12.83

2012-10 S14 11.11 S1 22.22 S1 21.89

S17 10.43 S2 13.33 S3 11.68

2013-01 S12 12.55 S1 14.73 S1 14.53

S3 11.39 S3 10.20 S12 14.10

2013-04 S1 17.01 S1 12.93 S15 11.63

S2 14.53 S3 11.85 S18 11.00

3 e

3.1 AR IR RIS 58 M 5 R IS 2l Wy eV 48 A 1 2= P84k

CCA 43HT 21, JK IR A 52 M 2 (Apostichopus japonicus ) 37 4E 1L 3 K Y AR 2 B0 B 7% 10 FEE R BE 7, X
57K RE M RK SN T L K it v R B R A R S M B IE SR B0 T 3 A
I RE VR SR AR E R I N5 2 (48% ) > Z5 (43% ) >4 Z (43% ) >FkZ= (37%) . ANOSIM 73 Bt 7R, % Z=745 3
AN (B 7 5 40 A7 70 W 25 25 5, 3R W KR 0 3R 2 5% 41 1tb I KL S G 50 ) T T 4 ) o 0 3 5
SIMPER 73 #3228 | £ 2= 5% 3 ATt IR 18] KB SIS A s My e % 2 S B2 3 A FH B9 Wy b D 24 8 i DL 34 b
B3 AN IEIA AT S WU (Musculus senhousia ) U328 S8R, N Z A W IEAE A LR AN 141t 3%
B IR 15 IR & 82 ( Eocylichna braunsi) , 2 #th 3 09 201 88 HL ( Cirriformia tentaculata ) F1 3 # 3t Y¥ (1) JE B 52 05 47
(Ruditapes philippinarum) , 1 B45 W35 8] KB S0P RE 7 25 0 AR E B AR, Bk = SE LG (M. senhousia ) TE
1A 240t AN FRE 0P (B 3t DRI R DL B L, [T 1o 3ty 338 11 BB (9 DL 3 bt > WL 2R
B2 ( Nassarius dealbatus) VL Sz 2# 350G )DL B AP AN LS8R ( Nassarius variciferus ) , 203 /1t 35 6] B % 25
FARRIPE B — 2D REAR . AR R 2400 1 IR A () DL 3 Fh b 82305 )5 8 ( Hemigrapsus sinensis) B AL E
BN TR 3 SE UG (M. senhousia) PR EEAE /)N | 1 LA MBI RIRE IS S M AR IR AE R . 52 341t i Hh
PR LHFP B AN E (Dorippe japonica ) F H AR F VD% ( Neanthes japonica ) ,{H AR B F8 £ 348/, Tl B
IS LIS ( M.senhousia ) 145 W3 8] 22 Ak S A8 /N ) 30 3 M PEREIE S5 M AR U PE E— AR K
3.2 PRBEIR R XIS IRt E KSR A ) A 1 1Y 52

KA Y S — R AE T Y sh W, DU ML R L B ol IR | IS WG e mT ok HL 4
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Fig.3 CCA ordination diagram of macroinvertebrates-environmental factors
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