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HET AR SR ESUR TN IRES R,
Hoek g stk N T 48 1 N 2K i (Anthropocene) fi Bt
(Steffen et al, 2007). AFTENIHEFEAES RS LI
AW 22 B I RGBSR 2 1 2, e AR A%
%4k (global climate change)* iAW) 2 FEAE I B4
B RIRZ), BRI .

AR AR A EER IR N 2R B i B Ak
AR RS HEBOE 2 1 CO, T 51 KR E T
T2 T w2 SN T AN S 25 i L S
T AR AN S5 A S A O B R A — R B B B AR
(Harvell et al, 2002), 31T 52 M AR S RGN
ZFEVE . RSN T, W KR FIR
WA B REAER RG AR T 82 8 1324,
HFEZ R AR

A BRASAF AR T W AR 2 R AR 2 4R
T DAY N A B B RE O R RAH G B AR
Y2 BEVE(PNEEFIEEDK, 2016). WFFCFRAH, BRA (%
AT, PR AW AR R AR 5K, A YE
K, A K547V 46 /N (Hays et al, 2005); —
S X PRI AR R A T O, VA KR AR R

WA H 4: 2016-07-18

AKH, BV IZEEA N AR L) (Karl et al,
2001). [FE, K5 CO, 73 R T+ 13 B K iRt 2
SRR B ) ES A AE, S BRI A ) 22 RE A,
DA SA HH 5B W T8 A8 oK F 8 (Findlay et al,
1999). 3 /KR E WAL IE B b2 K Z AL B 2R MR
S P 1 55 2 08 S0 V5 D0 REL P R Vi 0 S /) 24 i 2L o o
A8 A 77 1) % (Hallegraeft, 2010).
R A S R G T IR e, &
WHERIHEY S S8 R R AR, ERFESA
Girh Py e e R I E R A . RRRARBIR
N, RPEAEPUALER IR K v B i S W 23 A
Bl 171,000 km, 1074 7K 1% 40 o3 A1 Y B 46 /)
(Hays et al, 2005); fEH[E, RS04 IR Fh R
It A RSO O N B, R A S vy Ao = P4
Mg Fh R AE ARG (ERIEAL, 2011) . TEIF/KER AL 1 FEA
T, —EHRFRR KRS, TERIERAR
eI EFCO T, B2 KM BHmRIIEA
FT T B, TRE I G50 B AR A AN BT R  AS [R) W Ao 1 5%
BARRIAE, WK & (Calanus) ¥ 15 € % K,
111 9% 22 i 5] 7K 2% (Centropages  tenuiremis) ) 15 & %

HEETH: ERERBIAFE S (41276124, 41581260340)F12 B #B-K AT 244 22 i+ #1

* JEI/EH Author for correspondence. E-mail: phytoplankton@163.com
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HIH = (De Kluijver et al, 2013). {H5—RHZ, A
FVEEN T 3 IR 7K B A (191 T ) HE TSR P K A
S5 ) o2 1 SR BT U AR DRI AR K U, BRAKE
WY NS U, R LA K A R -ATa E
(BRFAIEE, 2016).

FIRE, BT ARRSER N, AR EM 5
AN R AE R ARk, SRR 0E 2 R B e
THIAL G E 1840 kmPL_E(Cheung et al, 2009), 1
11— 26 = T3 AT E T U 3 ) W K R LE & 9 g Uk
L BE RGN B (%R 5 2025, 2009) . 7K IR T e 15 8 v
PR PR RN VA 7K (1) £ 2845 A BI04 7K T I AR 4 32 1
HILEIR 1 R B T, 2011), a5 RAE
P A R BRI N, N A0 2 RS 1 (1) 5
B/ (Sheridan et al, 2003). AS[F YRR ER AL
[y LA AN ], IR A 2 H ] — e R R 1 A K K
WINFET: 3, 136 M iR 4RI 1. (Menidia beryllina);
T FRA X K PG ik 4 (Clupea  harengus) 52T A K
(Baumann et al, 2012). 7 4F, SAHME G R AH15 K
PE S f G RO T 20 3 0 (8 AR BESE, 2004) 6

VPR FE B 51 i Ao B S A AR A T
BN, HEPE R BRI, 3 T 5 i AR R Y R
(Hawkes et al, 2007) . 1M1 [H]_FF2 o it £ A
SO, A LTI K 48 11 & 52 (Fuentes et al, 2011).
BT v DA OA ) RO Ak, A6 i AR
VIR IE A5 R0 R AR T O, T JE e R s e 2 i
BB I Ve A7 DL PRS2 M (Frederiksen et
al, 2006). HFOKHIRLAY 218 P 5 b — Seig A1)
(AR V5 AT S Ak 2k, b e L ECE R A
IEREE, FEE K 4i(Ainley et al, 2003).

A BRAS A A AN IR 5 T TR IR R VA T AV AE
BARAGH R AV . SRR S EOE i
g R R R TR 9 S DR TR YA L AP 11 0 A Rk (O
HABEEE, 2013), H2 2 FECEAIH G K LM GRS .
TEFEUE, W HEKIGE, 15059 RKR I £ /%
PERRAR, BEVESh MR A ERAR ML, RSB IEAE W)
NEAE . AR BRI SRS R
J&, T BR g VA K A A= 4 1) o0 AR S R 46 /DS, B

b, ZBRMARIH K, FLYMh Rk 4
(XH T, 2011)0 HFFERR A0 2 0 AR S P ) A K
Ak, HACE R RS REUSE TR R AV N
W5 1% B IS T S2 BR AL IS, R R Sh i Ak
FETZZ I, BRI S A 54k BT
(I AN (Aze et al, 2014). ABERAEBLBSTL
AR TCH ME B W) 1) B 78 45 ) A1 AE W) & (Cheung et al,
2009).

i ST ) = EAR i 7 N O i i [0 I~ O
LA FIE . KCO T,
I A 2 B R hag o, SRR IRATEGH, B
AN [EP AR AR A 32 B B S M AN R, sy b Ah ) A=
KAZFEMAK, TR SR AN A4 B A7y B A5 32
it (Farnsworth et al, 1996). 5 F 52 FRAR LA AR
VIR, R EE S ALK, JFm s
A BERH R Z e RN, R Rt i
M MRIIRR L . AR, DAKZLR AR BN P 2 4
PE(Alongi, 2008). i B2 55 B 1) 43 A £E L2
BRE— P 1AL R (R [ 45, 2012), TCOLMKE I
D1 g B2 L AV e 161 B = o O A7 s
ARG, BRI S EOM A R BV S5 4
RAAA(RE LA, 2009). ZHFKIRILHIFZME, K
LR 1) 1 T 39 B (Porrites) W) SE A 2R R % 28 B #H
JITBEAIS, I 1) PRV TR A 2 B AT 7K MBI 3 1 2 K A
AR, T A I T (R R A e LA A AN ] 2. (Aze et
al, 2014).

1E R A A 3R SRR A 0T g AR W) 2 FEPE I R
W) BRI Rz, RATELR T LR SRR 2, 3%
IR 7RI IR B KK Tl EAEY 2
FEMERIAE O R, ST ALH, DR . MR
Y FRIEENY) . M. JRAWBIYAE 2 R Ak
AR N A TE BRI I BRSO T AR
TR P R AR ) 2 AR PR U — gk R, A
o A AR 5] E R AT R A BRASAR AR AL T AR
ZRENE ) B 2 55T .

X H 22 SC R D http://www.biodiversity-science.
net/fileup/PDF/2016195-1.pdf,

(PUEgmiE: JAER)
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| CREERHCRZZIGF SIS RE, K 300457)
2 CRIEERHR R R S5 A0 2 SR =, K 300457)
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Marine phytoplankton diversity and the impact of global climate
change

Jun Sun'?’, Bing Xue'?

1 College of Marine and Environmental Sciences, Tianjin University of Science and Technology, Tianjin 300457

2 Tianjin Key Laboratory of Marine Resources and Chemistry, Tianjin University of Science and Technology, Tian-
jin 300457

Abstract: Understanding the effect of global climate change (GCC) on earth ecosystems is a key issue
worldwide. Compared to terrestrial ecosystems, marine ecosystems are more sensitive to GCC. Stresses
that GCC brings to oceans include warming, ocean acidification, changes in currents, sea level rise, and
enhancement of ultraviolet radiation, etc. Phytoplankton are the key primary producers in marine eco-
systems and very important in the ocean carbon cycle. Distribution patterns, primary productivity,
community succession and phenology of phytoplankton can all be affected by GCC. For phytoplankton
species distribution, the distribution region of warm-water species is generally extended, which is op-
posite the trend of cold-water species. Phytoplankton primary productivity is decreased globally, and
phytoplankton cell sizes are gradually reduced. Intensity and timing of phytoplankton blooms are
stronger and earlier, with a higher frequency of harmful algal blooms. Ocean acidification has been
found to greatly affect the metabolisms and biodiversity of marine organisms, especially calcifying
species. Enhancement of ultraviolet radiation may inhibit the growth of phytoplankton. Furthermore, El
Nifio, La Nifia and enhanced precipitation will decrease phytoplankton biomass. The changes in phyto-
plankton growth and distribution will lead to variation of its biodiversity from the gene to ecosystem
levels. Phytoplankton eco-physiological studies under GCC driven factors and long-term monitoring
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are key pathways for understanding the phytoplankton-diversity-ecosystem responses and feedbacks
under GCC.
Key words: global climate change; phytoplankton; biodiversity; biomass; distribution; phenology;
community structure
W2 R A i RGN EE I B RS RGUK TFIEY RIS R AP VIR =%, &

SEEAZIRIZREME SR, K as TAEY RS
NI I AR S A R DL IR O 1) % P AR 2
(S 54, 1995). A2 FEEE AS RS
Dt 5 A H A S AT B IR SR AH BAEH, (e
OGN . WA 2RI B BRI 8
FIARIE, K EAREAR RIS R, I 27 oA 45
UL R BRI PR (PMVEE, 2011).

BRI SRR T IR, B RIR T R
ARG B ARECE N NTE BT A A IR o (35220 I8k,
1997), e A 1 4 3R A4 A8 A L P8 2 AR R S i1,
XU PE AR B AR S AR G I R TR O BT R A )
(Brierley & Kingsford, 2009). #E{fi1, ZI21004FK
FCOL R E 7] LLIK £]750-1,000 ppm (Hallegraeff,
2010); A ER-F3IE 2 DU 10420.2°C s FE I K
(Hansen et al, 2006); #F7KpH{E L &E10520.02 ¥ 3
P& (Doney et al, 2009); 120t HIIHLLR, L2
HEVER PR E K T 0.6°C (Hoegh-Guldberg &
Bruno, 2010). 1975EF|20084F, 4Ek700 mLAk#
PEWR U BN T 1.4 < 102 T (Levitus et al,
2009). AERAEAR MK EIRITEI AL S, Ptk
X 52520 SN R, AR Ak %y A RSP 1 AR b R 1 2
% (Bindoff et al, 2007).

A REERAEBAE T T AV Z PR
B 5 R AR 52 1) 25 [EL I 58 8 ) AR, A HLAS AR A
T FATSRATAE — S [ {5, G AsE 284 [y S4Bl & JRAZAEA
e PEIX (], LAY A5 (6] 73 HE L BN Y B R
VO AN AB BRI SE, KRR EY
KAV Z R BTN RIT L, DL IR — S A 1)
BRI, P — 2 i 00 25 0 R B F S Y ) &5 R
(Bellard et al, 2012). K CO B HHG N LA f 425k
AR 0T A A R G R R B AR A R IR T
(Hughes, 2000). AHX TRl A& R4, AT R
GERT A BRA AR A T A U (Edwards & Richardson,
2004). SR1M, HIREFHEES RGN EERAEA LI
MR AIE 55 ) AH X 8¢ 2 (Hoegh-Guldberg & Bruno,
2010).

YIBE R B G R 3R, 2 BRI AR kT B
SEEYIM SR . FUAEYI R A A
X IR EE (148 A0 2 A 5 75/ FH (Round, 1981), [FIS
FOREIR Shb . A Je AR 7 I o e AR A AR
S, RIERER . = BB E S
R A BRI SE JT (P ESE, 2002). RGP
EMI BN S R ERFELZ AR R LS
FEARRS S T RS R RUREE, 2006) . HH T 5210 77
TP T A2, annl R BB P B
ESE, E ISR S R Y A 28 2
+4r 5 4% (Winder & Sommer, 2012).

A BRAS A5 AR A0SV AR 1 B i S BRI AE
WEERRIL . BRIk 2. WP ETHE . RRALK
A5k S5 SR R 54 (Harvell et al, 2002). 11 A4
XA BRAG AR e B 2 EERILE Z AR E . AR
B WG T UL R R A Y A2 A (Findlay et
al, 1999).

A BRSNS 2 R VR AR ) IR 2 L R
Koo WFP L RS MR /NG o TR IR A 1 e AR
K, WRIKAE, Ka) T2 ASERE, 2RmE
T W N e 1Y 32 2R U (Winder & Cloern,
2010). VFIEHE B ZE K A B KR DL R G BT IR 3,
MAERIEE, KENSEEZEMAR. KEMFAE
B, 52 BRI R MR, T IR 0 K A (P [R]
KR C 2 % A T A8 Ak (Thuiler, 2007), MiiiE—2 i
F T VR IR 0 K A B 5 VR s ) AR KA — 3L
NI 22 52 S DS (P RE R A 8 R TR % R R /K A 1)
W2 XA RRNE TG . AKIEIREL & DL
WA= B . FAh, AEREE SR
S VR A P AR R AR /N T /N A0 B PR s i S R AR,
TS 2 5 5t o X SRR AR /N e AR,
N E P 2 (8 AH B¢ R R AR R, Ik
FEAS R G LMW S (Litzow & Ciannelli,
2007). WAL, SRR T YA
KB A — 8, AR A7 7 HLIX % 57 1% (Winder
& Sommer, 2012). AL AIRFE . KTCO5 &
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THRATERERR I IR AN EAL . BRANIG 4%
S ERAR A AL I R X W R B A S 2 R AR
IR 73 AT 2

1 EHRSFIFEYS MY

5L R ELEE R W P R A AR B, Wk E
VEFH RIS A, 40k 1T 5038 3 i AL D 1) A AR
I3, IPIFRBIEE VA B A S RGUKF R A T
TEY) 2R

(D& BRTHR 2 A R W A 7 77 o iR
B FE10°C, A4k 2 B ks 48 & — £ (Brierley &
Kingsford, 2009), 4xBRAZER 238 N6 H 774 72 /10
RN, DAL, iR R EGRI A A Kk
DA K5 AR 22 384 1n(Winder & Sommer, 2012). 4A1M,
ARLE TGN AE 7= 70, B A SR AR B 1 £ 2 X Ui
T B, PR T 47 4 il (top-down  con-
trol)34 5% (Sommer & Lewandowska, 2011), B & %
14 2 1 4= BR Y B0 ) 7K 4 2 46 I B (Barker et al,
2009), SEFOLEE TG AL, BRI
IR A= FR . IR s, ZRAb KT
PR IK X PRI RE YD A0 M = B2 T v, TR 7K DX PR A
YhAH Hg 3= 2 % {K(Richardson & Schoeman, 2004). F
Wt B E R E M 4 FRa (Chl a)iRFEAE =1L
RN PE12%, HA A S KB T =1
TR CA S R 1A 44 5 (Montes-Hugo et al, 2009).
M201H 22904 AREE, BRIERIR A7 ) 20 T B
6%, H:rh4% K AELE S A I X (Gregg et al, 2003).
Boyce%5(2010) %] 18994F LI 3k 4= BR ] 1) V7 e A 4
AT THETT, I BRIE I H SR 3R T B B A
SNBSS, HA R ERER BB ALES A R
U DX PR R MR FE I N, v 26 B2 3 [X (>60°) I AH 2.,
T T R RV 2R R S R Pl Ji2 v T3 52 Vi
(Boyce et al, 2010). P22 LKA AR B, 1RIE
BF K P 3 19 I 2% 3R UK 2 1R K (Behrenfeld et al,
2006).

(2) A BRAZ IR 52 e VAR A AP AT, (AR ER K
b B 43 A7 3 B 1) AR T 5k, T ¥4 2K 23 AT 3 R 4 s
(Hays et al, 2005). MEAE{L1°C, LR XPTERAR
{6 734160 km (Thuiler, 2007). 1 3 J& (Ceratium)
IR 22 B i 40 A 36 BELZ W ) A6 f . 19704 BATT,
PR A (C. trichoceros) X 4 A 15 9% [ 5 55 i 35,
JaRAT R R T A = it DA A b AL (Barnard

et al, 2004); MSUAE(C. hexacanthum)] 53 AT
404E 7] [5) Jb YK 11,000 km (Findlay et al, 1999). ¥
¥4 K P ) B Bitectatodinium  tepikiense, 434
VO A FI43° S, AL &R Ja — IR UK G F A EE
i£%34° S (McMinn & Sun, 1994). 20140904
W, b AR B S BE B A K R i AR O B K Fl
(Beaugrand, 2004). b B #H PN 7 A
YIRKIISE T TR B, IR A A R
T AR, O A W OE T AR Dy DL SR BR R
(Prochlorococcus spp.) A B R AZ AEY), & AX
— BB JEL R AT RE Ak A 4 BRAT R (Karl et al, 2001).
X A K HA(1979-20114F)F 78 K B, Chl aifk %
W, WV, EHEE LKA AR, MR
PRI EFEAE NI, 1t X — 2RI 3 22 iR DR 2 Ut
J& Ft =i (Suikkanen et al, 2013).

3)RJZ MK THR 2 S WY % o £
BE IR, BRAL 2 RO A K e R AR I
] % 558 & (Thuiler, 2007). & 511°C, HFFKIERE
S ] ZE K 1 R (Sommer & Lewandowska, 2011). 4=
BRAR I T BUK SRR IR TS R R A&, T B2
IKHEI I A ) T8) JLF- % A 5% W (Edwards & Rich-
ardson, 2004); i WiltshireMIManly (2004)7E L1
WHFLRREH, 2R IR, T BB ZR K AR K A I ]
HEAR B 7 F ORI W 7E W gLR KRR P
(Western Scheldt Estuary), 75 UifAE 407K H 1045 & i
(] 876 T+ 42 BT 1M #2 5 (Kromkamp & Van Enge-
land, 2009). 7 [ 46F, HFUK LI R HE3E 3 v K
VIR K B R N TR Y, T /K X3, 0K
R I T i 2 5 7BV i L A7 7K I R I T AR
(Brierley & Kingsford, 2009). FgM Y- &1 i 7
TR SR A T B, AR ik AR
BR B, TIaX — A4k 5 K fh ) I 1] S RS Ok, VT
TR AR 35 ST (1) A2 A% B A B M (Antarctic krill) 7
U FE R, T 51 A2 B Al & 4 1 A2 4k (Moline et
al, 2004).

(4)BEAE IR SE T, PRI AR 4 DL SR
B RN Rl /S R B, U L) AR ) 2 PR AR
(Daufresne et al, 2009). /& FE1°C, AR
PN 4T it A AR R4 2.5% (Atkinson et al, 2003).

G JE T i, FEMR IR TR, MR
Wi hek e A AR G o PRI R T23°CIY, BB AR A
Birm TR K 2R (Jager et al, 2008) . R 5T H
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JE SRR R T I, WR AR CNP LA
SO, TR S AR AR CE R #h L COKFE )RR G I,
N AR P CN:PFEI R K (Finkel et al, 2009).

2 KRRCOEASFIGFRILSZFiIFE
Y EZ =k

KA COLHE T i UG R A #1823 i A
VI A A A A, T SO AR KRR )
1%, RABUR IR EME KRR 2. CO,
TR (3G i 2 38 i I D A [ s R, Hok A 4E
FH Bl 2 3558, {ELG— S8 AN B8 3E 0 5 COL K FEE 1) 4 ol
SR ) 25 77 A AN 5 M (Hays et al, 2005) . FERUTH 5T
FKH, MCO EFL1,150 ppmf, 4IREE:E AR
X JE 2 PR 10%, T A6 K 76 7 AT B Al AP 1
fik 8 A 6 3 FE 2520 40% (Bopp et al, 2005). PLRE 7
50 8 F IR E YRR, MCO 5 R RIA
700 ppmA11,050 ppmf, HIZAF= 7753 I K27%
J39% (Riebesell et al, 2007). %A1, Clarkf!Flynn
(2000) X 9TV V7 U AEL ) (R BIF FL R B B NCOLK
FEARSIR BRI A K . TortellZ5(2002) % 7518
KPR A IR MR B, RCO,% (150 ppm) A F
T Kr & 8 (Phaeocystis spp.) 1 A F] T 1E 8 194 K,
{HECOL 7 (750 ppm) A A TREEEAIAEK . AR,
1 COLIR LA R T IR % B8 (Emiliania huxleyi)
A JenanoZ (2-20 wm)iF R A A K, 1 T R AT
T FE W)~ 2 4l i K /N, T A pico 2% (0.2-2  um) ¥ JiF
) L% 46 50 (Engel et al, 2008). #4215 CO,
WP SR AR VR P AR K 1 T S R IR A
C:N:PLUE, C:NLELLKC:PLLIE 2 FF i (Finkel et
al, 2009). AT, FRUFRE YT RERS IE B R K =1 CO,
73 JE fI 3R (Finkel et al, 2009). CO,iK i TT 15 5 80k
HRBREF & R BIRAENR UL E
TR AT R M2, X AR 2 BRI R AT T,
T 0 55 AR WA RN, B R R, KA COL IR
22 2 it — Pt =i (Hallegraeff, 2010).

HEFEIR AL 2 X VR AR ) 2 FEVE = A2 RS T,
FE ARG . VR R AL K RCOKR T 5
SR —MAR, BRI LT RER 100
JiMi[fJCO, (Brierley & Kingsford, 2009), 5z X &
T BE B RE M, COL I R IS 6 A7 78 b [X 22 5 1
A B 7K AR TE 5 824k (Guinotte & Fabry, 2008). B24k%
B4k S AR A IR Y S e A BRI . 2 AT

FUAR B, TRAL e A 3E 45 A0 A0 FE 45 4k 2 e A A 1 A
K, WM AT= 7. BRI R R 5,
PR AL T DASZ MR R B2 A B, b R 2 1)
ST 3 L, AN R 2R IR PR S B R AL
(A e S AN AR (], A AR 7 HR g o AR KA PR
HAG1k 38 K (Lohbeck et al, 2012), AR A 752
H, TE R COLIKFE N QS BLEE 540 S 01 2%
A7 J1ER 21 N (Iglesias-Rodriguez et al, 2008). H4H,
P& AL AT DA R i AL 22 RE MR BRAIS, TR AR VR ]
G DU TR AR OR A FREE A, R S EUE)
= K14 hN(Findlay et al, 1999). [E]i, ER{L AT fEiL AT
A FERIAEK LU Y)Y 8 (Secretariat of
the Convention on Biological Diversity, 2014).

TR A 2 5 Ve 3o e L 40 %o 4k %) IR VAT ) P T i) 42
SO LA, G PR AR A T S U X K ) TR
Ho MRS ARBYI S G, BRIk
W WSCE A E 2 o 248k 5 40 2% W 2 2k AR
(azotocheline) &5 & W, pH {H XJ Bk K ¥ B
(Thalassiosira weissflogii) B8 WS LT3 A 5210,
M 5DFB (desferri-ferrioxamine B)4E & ), J& [
T T %) R TR AT i p HLAEL (%) PRI T PR A o SRR B,
pH M 8.4[% Z 7.9, VR A XT 2k R W 2R R B
10-20% (Shi et al, 2010). [FH}, pH{E FIBEEAE 5] 2
AHEMEICR S EN A, WH JG K (Hallegraeff,
2010), 24 AP AT LA S #5274 (Portner et
al, 2005).

3 EBREUMEESFiENSHENE

RRAARAE KFER R G4 70, 38
2 ISR B RIS, M R AR A B R R e T Ui
MY A e 2 FEVE . 2 R ERRFEARAL BI 52 ),
R H) I it (Bast Australia Current) O 28 [ B9 J&
7360 km (Brierley & Kingsford, 2009), 1fij FH T <
KRR R nsE, A 7 X L ¥ (Gambierdiscus
toxicus) )73 A YUl FH25° SHIFEH K F37° S (Halle-
graeff, 2010).

W6 B 22 UK ) B A I 55 5 K P8 22 ) 0 4 30
L (Schmittner, 2005), T A V4 A £ i) )l % P10 42
BRIVGEL IR W, EHS SR EEAL
R, ERCE SR, A T U 92> (Barker
et al, 2009). i BV 90 5 S 45 S (] (122 X i
TEE A RIS A B, 5RZ. KEZEML,
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T P RS2 A P T B 28 LI (Piteher et al, 1989). &
IRJEVE R AT, FRTE R K23 TE RSP ) 2R K1
PRE, MMBURZR &R 747K, ThL el & A= mt, v
TRAE R PR KA 2 A4, H B2 23 B IE 15 LA
3°C (Dulvy et al, 2003). b FF3i 5 R BFF AT LARZ I R
EE S EEKAR S . E NGRS E 7R R
fm By, SFEEREEKE RIS . MR
PRI T A R AR SRR U R, BEATRER
AT E R LA e (Litchman et al, 2007). [Flit,
B T H R AR 2 I AR ) 1) AR BE /N O 1)
K. AR, BAsmlet s m A1k, mig
1 H 5 1945 K (Granéli & Moreira, 1990; Doblin et al,
2005), AL ERF AR ) s B . eAh, 2
3B 25 SR K AR R SR A, 1T R 1 7 U0 AL 0 1 A
Koo ABRVEVE I 578 3 B0 S i KA =R
R, 326 T 5 B0V U A ) AR 2 K T R I ) B2
(Smayda et al, 2004).

ARG AR IL 23 5 i g VR S R SR
MR A R . R LS 77 2R 75
INFERIH, M K . IRE R AT
e 26 FE 1 X 520 S 7K TR A 2 IR B B 1) ) 3 i A
Y1 Fl(Boyce et al, 2010), R RS EH] 5903
[F) A FHAE ARG AT B i X 2R R IR T PRAIC . & 7K
P 2 ELR A R B S I AR IS
RN ORER 3 =Yk /R Pl TR v S S 'S
(Huisman et al, 2004).

4 FINERIEMSFIHEYI SN

ligk=p: i E2 2 R W ) 27 B PNEL i 82 ST PN
FHAm ST 1G5, Forb (8 A Rt 2 38 0 . SR HME
SHCH R HAHIUVB, BeXF i )40 f ) — e 4k
HOE R AARZm, aOEER . BRIk, 48
JHL VS PR S RE AL AR A i LA X DNAZE i) (Héder et al,
1991)0 MAENFIA KL UVBE U, B A 1A
UVBHZIHAERRE R H =, ik, UVBIRZREFZNT
PRI RV B R RS K/ (Hallegraeff, 2010).
TR FRAE R R MRS T, — SRR AR, wirp
W8 2% 8 (Skeletonema costatum), 1E 0 —L8hd 5,
TWNMEE XS #(Amphora coffeaeformis) K FH-Ui IR
¥ (Odontella aurita) §8 3&E N = 5% B 1 5K b 48 5
(Fouqueray et al, 2007). A BH#E H < 51 77 A ) 7k
W C:N:PIIAR AL, 2 AV T AE A7) 48 B 1) C: P BN : P

(Hessen et al, 2008). A [FI 5 KIVEFEY)NT K SR
S RURFE BEAN ], R AR VE BT I FE A ) 45 M
SF (1) R R B v T R VR R AR W) (Fritz et al,
2008). AN A A B AR S R s B AR AN R, T
Rk v B O ISF 4 A 4 e 5 1 2 A2 A QB (Duinaliella
salina) WA, 1B R w58 5 A5 B i B e Ak K
FEAEAIHIVER, i Heterocapsa triquetraXy A PHEE 5
A AU (Barbieri et al, 2006). UVBHE S LA
SR G . IR SO B AR A AR Y &=
(Héder et al, 2011). IhAl, 28NS 23 5201 — S5
TP AE KA T B 2 B 54T, S s s — )
Fh ] B R 7K JZ 43 A7 (Bischof et al, 1998).

5 HthTLSFirases

A BRAAE AR AL R IAE O IR JE o K e i B
GHR ~ Bk ARSI 320K e TEREIK
(RRIR, R & SR 2 BIREMR, 3 B0 R
i, B s L & (Alheit & Niquen, 2004).
WA R, B 5 AL H B (Pyrodinium  bahamense)
K45 Jo R Jé 1 I &R &2 1E AH 5 9% £ (Maclean,
1989; Azanza & Max Taylor, 2001), >K [KHL1E
(Karenia mikimotoi) J Fe 58 G M (R /K )8 5 o 7K
JE WA < (Rhodes et al, 1993; Chang et al, 1998). [#
IIAEE 2 FR) AR 5 M0 Y A 1 Y 9 FRD R AR e, 3 T o6
RS RG AR Glhn, B R IEER
B Gymnodinium catenatum)5 ¥ F5 77 1K
(Alexandrium tamarense) ¥ 7K KAz 5L ) 1% 7K
1 N X (Hallegraeff et al, 1995; Anderson, 1997).
TR S 1 A A 2 18 iR R X ) & TR A K,
MR AR FARER M M EY R, A FKER
A PRI 22 AR K, 3 1T M Y 3 ke 2 e A v
FHEYHI A K (Bauman et al, 2010), £ERSfEAR
1 BB Ak, TS B L AR 1) R S
(AT T [ 482 5 W Y e AR AP0 1) A2 K (Riebesell et al,
2007). UK Ef 22 SEE KR FERRAC, $hAE 2
FIHEMBERE, BENEREE R, HERR
VR A KB (Finkel et al, 2009). UK FIH5 K
& BRI R X LA T, DRtk bl 2= 42
IR W9 42 77 71 (Arrigo et al, 2008).

6 RZE
EIRFAU SR LSRG — L6, W
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WIRAEF=T1 A HWERL 221 31 3 #2 (Richardson &
Jackson, 2007). EYIMFIREEAL IR FFIFAED
FEVR 45 M) %5 (Sommer et al, 2002), T EFIFHEY) £
PER MO BR A VA 7 2 MR VR I X B B 3)) 3 (Behrenfeld
et al, 2006). H FIAT I 43R ARL T B
W S T T W P K o T 3 D A 0 11 28 A 7 7 72
AT S0 B 5 SRR AR, DL A RS ARAR A an T
XA R G D) RE 77 AR 2 ) (Winder &  Sommer,
2012)0 ERAARAR AT IS KRG 2 7 1H Y
JE 3, AR A S I SR SR D B T S 2R R R A L
VER, AR /D2 8 S Y R A7 A A A 20 Ao 1P A 2
ATERME . N SRS N A2 R ] R UL I A B SR A
(Rost et al, 2008), 1M f& 4% iS50 I 8] 22 LR 2 L
JEANEE:, X RIS A] P SR N T 0 A, O SR
FYMCHI IS (A R, SRR RAFAE — E W ZE,
DRI EAC IR (A 22 24 () M I sl AR A5 JC R B L [N,
B XSRS A ERYERT TR A5 Gtk XAk
IAERARAL, A ERAR A SCRT DL DX A ok
S

ERi IR ORER2 k7 RIS IR N e = R Nl
FEL M REWTI(AMT) KPEVE 58RI (8] 77 41 B 7
(BATS). J& [F #7504 0 (BODC) . S7F 07 4E
YHE WA (CPR) WA R AN AR, &
7 RV K4 % (COPEPOD) & Ja 35 I 3 e ) 132 51
PR (HOT) [l i 2% 4% 1 2 2> g 7 4005 2 (ICES
Oceanographic Database) (NS 2E A L
(NODC)%:(Hays et al, 2005), XL T & %f 4Bk
SR N R E YR T B AT, R
AN TR A (AT S AT U i) 1 A BRI B 4
£ BB A BER DLACHT 2Bkt R, a3k
ATVER gk A 3R A AR A0 0T 7 T AL A A 9 1) 2 e AL o)
EA R 35 B (Hays et al, 2005; Perry et al,
2004; Paerl et al, 2015).

Hh ] Y VT Ui L A 22 4 MR B I 7T D s AT DLAE
F201H 44304 (Nie, 1936), 1H I IE KA 52
FEAE20MH 2260 AN, 2502 FEK B MK R,
HEroA 7 REM TAERM. HEX T2k mA
A RE v LT VA U AL ) 2 R A I B T DL R 5% )
LB RGEE M REAAL ) TAERA FIERETT .
i BRI Y 2 RO AR 2, Nk
TSR IBUR A A 3R S5 A A 72 B SCRe 77 FE I, 1A
FAIRARAR AT b [ R 2 R PR BT AT

RERSTEE P R IR & ERRFET
S
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Time series variation of plankton in a remote industrial island, Taiwan
Strait, southwestern Taiwan

Meng-Hsien Chen'’, Saou-Lien Wong %, Tzu-Chun Chen',Chen-Tung Chen'

1 Department of Oceanography, “Sun Yat-sen University”, Kaohsiung, Taiwan 80424

2 Department of Aquaculture, Pingtung University of Science and Technology, Pingtung, Taiwan 91201

Abstract: Eighteen years of monitoring data at four sections along the coastline of Taisi Township, Yunlin
County, between 1993 and 2010 were used to study the effects of power plant on plankton. Sampling was
conducted at depths of 10 m and 20 m in each section. Among the four seasons, the fourth quarter (October to
December) had the lowest average abundance of plankton over the years. However, the peak abundance of
different types of plankton occurred in different seasons. Zooplankton had the highest abundance during the
first and second seasons (January to June) while phytoplankton, shrimp larvae and crab larvae had the great-
est abundance in the 2nd quarter (April to June) and the peak in fish egg and fish larvae occurred from the 1st
to the 3rd quarter (January to September). Cumulative data from 18 years shows that the pH of SECS5 often
dipped below 7.8 since the 3rd quarter of 2000. pH value lower than 7.8 were frequently measured in the sta-
tions of section 5. Each time the pH value is under 7.8, the quantities of zooplankton (75+69 ind./m?), phyto-
plankton ((1.60+2.28)x10° cell/L), shrimp larvae (2.4+5.8 ind./m®), crab larvae (1.9+5.0 ind./m’), fish egg
(0.881.10 ind./m®), and fish larvae (0.16+0.32 ind./m’) showed significant low values (only the half of the
total average). Accordingly, we strongly suggest that the warm water effluents discharging from a power
plant should maintain the pH above 7.8 in the coastal waters to reduce the negative impact on the marine zo-
oplankton biodiversity and abundance.

Key words: pH; plankton; Yunlin coast; ocean acidification; flue gas desulphurization (FGD)
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Fig. 1 Map of sampling sites in the remote industrial island of Taiwan Strait. The sampling sections marked with —10 and —20 mean

the sampling station at water depth of 10 m and 20 m, respectively.
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(1) 22 5(P<0.05), M 2% 50 BRI, B =7

40.06 x 10°-20.15 x 10° cells/L, PI4F#E-F1%5
FEN331 x 10° cells/L, % RN NS 5
(4-6H), BB MREFEI . LR 75
Ak b, H 20024 L JE % R G A B B I

W) 2 22 PIME TR i) ia % fa AR (&I3b)
2.3 EREhEE

JIERF 24 (shrimp  larvae) 4= i35k ) 25 =F AR
WETE I 90.93-170.2 ind./m®, J4E 4 s T 13
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FEJ97.2 ind./m’, 8 ZE(4-6 ) NF R g . 78
199319994 ) 25 - ¥ {f Y [l 42.2-170.2 ind./m’,
1720002010 4= [ 2= - 35 3 i 35 il U 24 0.93-99.8
ind/m’. T 104E 55 — 25 i 06 i (1) 257 2 = 1 148 .2
ind/m® B & K P& A 16.5 ind./m*(P<0.05), [F] & 24
pH<7.8I5F, JLF- ARGk i) sl BB 2e). BEAR,
L IBFE RS DU P o i, s i e )
A —ZEHTUR, A 208 ind./m®) PR T
BRI 2 FME48.2 ind/m’), EoREFSK
[ e W AN P 5B R B, L H B s i 2= 1) 7
B . BRES AL, IRHMATE S = ZMZ P ME N
B IBERT(34 ind/mY) K TFig#JE(16 ind./m’), i
B FRN NI o, S EEEATAT
B¥ )5 (E3c).
2.4 EBEIK

V3 4F T8 4y PR TE A g S (1 2270 = AR ARG L
0.6-59.5 ind./m’, Fi4F 4 i 3 7 ¥ 3 N 5.0
ind./m’, WWEHIKZ MBLIESS —F s, IR
20024F 2 J5 JLF TG B B i g B . 72 1993-19994F
f 2= 5 SF 2 3 B Y Bl AN 1.4-59.5 ind./m®, T
2000-20104FE M 790.6-33.8 ind./m’(Kl2d). Hrag—
M 21619 ind./m’)HIZFHME, 7R 8%
B OR T B E(7M9 ind./m®), HAh g ZE BANH
B, HEFHWNIEE R, HEERNE, &
SEANG ZEA I U EBLAE L IB R (12.6 ind./m’)
ERTH ZBHE6.4 ind/m))H1EKP<0.01) (B
3d).
2.5 fahp

Ji 4 fa 9P 4 i IR 2 R AR AL E Bl oA
0.01-32.4 ind./m’, Jj4E 4 10 & T 1 4.0
ind/m*. % —ZEH=FA9OMMWFEEE. &
1993-1999 4 [f) Z& 41 ¥ ¥ 4= J& ¥ [ 24 0.01-32.4
ind./m’, 7f12000-20104E JU] 40.02-13.2 ind./m’, H
JUF-TC W e . 4pH<7.81, B8 0 s (&)
2¢). WWEH) BTG INZESR, RIS —BIE

TP MEAE L IBEE RGN ind/m’, REETH
| IEEE 2.9 ind/m’ (P<0.05), AN43Z= 544
HE TRIR (S HH7.0413.1 ind./m’) (P<0.01) (Kl3e).
26 ff&

JJ3 4E A S AT £ 1) 2 Y = B AR A R D 0.03 -
18.0 ind./m’, JI4E4iHRE P EF 0.9 ind/m’,
FHAEE— B =R, S5 AP
&5 5 1993—19994F [ 2= 1 - 4 4 BE VG H 40.09-
18.0 ind./m’, 20004F 2 J& 1 2590.03-4.0 ind./m’ . i
104F w WAL P L IS S AN it 25 o 2b, i
&z HAbAEYIIME B R, 756 B g .
REH A, 5HAMFEAEYERE @SR,
AT f 1 =F BE AR TE A SR AT 2 JE 3 n 2 728 . (1&126)
P U AT f P ETE L BT R E S, &
WHE—ZH=F NG BHATE42. 46H128
ind./m*) K TiZ2#)5(1.4. 0.8F11.6 ind./m®), HE—
s =24 2% % 7(P<0.05), MHIZEN 2,
BEIARE, SELNBE BHTEERTEHE
(43 %1593.3F11.2 ind./m®) (P<0.01) (&31).

2.7 KiEpHESTHIET7.8MELLE

H DI ARV A A AR Ak 4 B 5 4, 7EHR
JIBERVAE ST, 6 H IR R B A A K AR pH<7 .8 1)
1HTE, MU DLJG T AR A e e B A o IR 5 B
RARE(E2). SURTERTIRSE AT 5, & TUFhAED
WMET ) I8 5 5 BUE #E a1 NR(EI3). idt—5HE
B I8 T JE n] AE A HoAth b N RSB F 1Y
AEHFW AT SRR, MR BH#1E)E, |
[ — R B 37 0 5 p H <7 8 Ak 2 JH At Y00 3k 300 A8 22
Ext, JF Che-testGuit oo dr, DAPRIS I [a] i 22 5 i 3
P S TATRER i SNIL Y/ F R o I = OE S [
(78F1161 ind./m’), FE/KVApH<7.8 (K13 &3 /T
IKARpH=7.8f1 34 (311 /1287 ind./m’) (P<0.017
0.05), HAFAR/rZ=41 2 5 W% (P<0.001) (K
4a). VFIFEM K Z LR EZR, (ATEFE UM HI
pH<7.8F .3 B (4= BE(P<0.05) (El4b). HF4hfk

«—

E2 19932010 =B AT 2 MILSIE A RS FIFE YR FEE/ ZETN. ()iFiFFanis; (b)FiFHEY; (oiF4hiE; 1)
ik (&l HF&. DOO=AMATENE TO=AENANSEZKEpH<7.8 FIE, EHELAINEE, EEARE
EFHETE.

Fig. 2 The monitoring data of abundance/density of plankton between 1993 and 2010 in the Taisi County, Yunlin, southwestern
Taiwan. (a) Zooplankton; (b) Phytoplankton; (c) Shrimp larvae; (d) Crab larvae; (e) Fish eggs; (f) Fish larvae. The hollow triangles
show the mean of total station, whereas the solid triangles are the mean abundance/density with pH<7.8, the vertical lines indicate the
standard deviation, and the horizontal dotted lines are the overall total mean.
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Fig. 3 Comparison with the seasonal and whole-year monitoring data between 1993 and 2010 in the Taisi County, Yunlin, South-
western Taiwan. (a) Abundance of zooplankton; (b) Density of phytoplankton; (c) Abundance of shrimp larvae; (d) Abundance of
crab larvae; (e) Abundance of fish eggs; (f) Abundance of fish larvae. “Before” (n = 7) means the data collected before the operation
of the power plant between 1993 and 1999. “After” (n = 12) means the data were collected after the operation of the power plant. * P

<0.05; ** P <0.01; ***P<0.001.
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WHE X 5 (El4e). AFBINTE S =240 50.47F1
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ST 7 7 (P<0.05), 17 H AR R 22 e A 2 2
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Fig. 4 Comparison with the monitoring data of the pH>7.8 (blank bar) and pH<7.8 (shaded bar) from the third quarter 2001 to sec-
ond quarter 2010 in the Taisi County, Yunlin, Southwestern Taiwan. (a) Abundance of zooplankton; (b) Density of phytoplankton; (c)
Abundance of shrimp larvae; (d) Abundance of crab larvae; (e) Abundance of fish eggs; (f) Abundance of fish larvae. * P <0.05; ** P

<0.01; *** P<0.001.
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A5 FH £ R ot ot 2 R P g K b K I m A
TR IR Sk 5 MR IRk A% B P 2B RO g AT FR R BE, [
ICHTHEH 7K 2 H SN K R ER, 4 i i< &%
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AWML R, 35K pH<7 81, B Xk ik
HH R 5 T e A A 1) = B MBS 25 (s TR B,
oK B pHbR 2 B A FIBFEASR 2K, &
WU TR R R B H bR, RAERAIR 1.

HL )12 % 5 R R HER AR ) 7 SRR T 2R
R Ay g%, SIS p HAE ¥ T B o SR 1) 5
DAFE VR 2 1 0T HER AR R AR 3R 5 o, X g 35 i
(1356 B AR O 1) PR 53, 1 ot LT B B A VR AR
YDEFE R /N (RS2 U645 2008). 4V TRl Y
VR IEHETGE A . RTeh A& R
AREF DI CRBEAR, 2000)55%  IRFAH
AL, R I AR X R R AR ) 1 N TR A A
M B LIE R 2 W RT3AE N IEAT I, BT 2L EL
FRFIRN . TP TR R 7K A B A 1R K 14
FERUONE, RN TA) 7R Ay e HET, R e Al 52 el /1 3
TR, WO S 78 R I R 2 b IS A5 . SR
M, ZHKAR RN, A SMEteZE
R, o B A 4 S BAE MG PRV Ui AR D I BE AR
th b EAMEBIFRIRH, MpH<7.80), WX M
) #8123 PR TG ¥ 43 7% R B ) <9k (Dixson et al,
2010) I ¥4 00 1 #E B H R 77, X EARA it s Rl
iR T TEA== (S Be /| T F 5 A T P P 1 bl 3
AR R, BURINEHE KIS R i, DLkb
XA B, I AR SZ N 58 5% 7 5 1
J5 T

Bt A ST AR R R A SR AT 50 B A Ak
A HRHIEAARETI T, HanEs
89 % Jr B, Bl IR RS 6 7B ) K5 K TR B AT
Fer P LR 2] 4N 8] 69 4T BB o
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BEBKFREEREBFRZFTIT

7t %ﬂré e
CHILRF R AR BRI R, GV 80424)

HHEE: A TR A K2 RS BTt T KA — 5 120064 4 (1 H ) (7 H) I ZR1E 6 1535 e ifg S5t AT 7K SCER I K
TENIRAE, DAV 3 R SR A R 2 2 I 8 00 A R L S K SCIR R A OGP . A R R e R e R &
HIFE R ZFEE R B A, TAZEBIZE AR, FERMRAFRA AU ERBH LG R, EE
BB NG (Creseis clava) JXFEMEWE(C. acicula)F 5 FEWEMR(Limacina trochiformis), & & i B2 RFE
FERI9TY%, HA X FRE MRS & T F I 62%,; A= L BRI ONRERIE (Limacina inflata), 5B &K FER)
72%. RBRFEEEZSE LA ERHRNETER, BEN UGB E, LM CIR &, Mk
5 YFh 2 FEPE R SO0 35 AR B RS R o BHK ST B 3BT B % Sl B AR ) SO OCRFIE S SR o, BB 1%
VINEIMERIEE ST - TR SR s 37 [ P 58

KEIR): GV, BEK; A TR KOO

Seasonal dynamics of planktonic pteropods in the Taiwan Strait, western
North Pacific Ocean

Wen-Tseng Lo", Bor-Shiuan Lau
Institute of Marine Biotechnology and Resources, “Sun Yat-sen University”, Kaohsiung, Taiwan 80424,

Abstract: Zooplankton samples and hydrographic data were collected in the Taiwan Strait (TS) on Fishery
Research I cruises during the winter (January) and summer (July) of 2006, to investigate the seasonal and
spatial distribution of planktonic pteropods associated with hydrographic conditions. Pteropod abundance and
species diversity were higher in summer than in winter, while species richness showed no difference between
seasons. The pteropod community structure was similar between seasons, but the abundance ranked
differently. Creseis clava, C. acicula, and Limacina trochiformis predominated in summer. Together they
accounted for 97% of the total pteropod catches, and, C. clava accounted for 62% of the total catch. Limacina
inflata was the most common species in winter, and accounted for 72% of the total catch. The spatial
distribution of the abundance of pteropods showed seasonal differences. Higher abundance in the southern
TS occurred in winter but in the northern TS occurred in summer. Greater species richness and diversity of
pteropods was usually observed in the southern TS during both seasons. Based on our results of
hydrographical station groups and their biotic and environmental characteristics, we propose that in the study
area the distribution pattern of the pteropod assemblage was closely correlated with the seasonal succession
of water masses driven by monsoons.

Key words: Taiwan Strait; pteropods; distribution; monsoon; hydrography
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U )G R B BV P SR i ) P G e A ) &
B (YunChang Ridge), 575 1 e ¥ Hi . 45 46 3 ik

AR IR RSt 5K 3% (Jan et al, 2002). &5
YUk B 0 T U A 2 ORIk, T K IR B B 2
U, R£9200-1,000 m; £V e 60 A R,
T e A0 I T 7K R A A el v s, ST 38K
RZ179100 m.

SIE W VA 2 MASEIRK ], db77A
[ ¥ £ ¥t (China Coastal Current), F§J7 A 23
it (Kuroshio Branch Current) X2 7 #f 3% /= 7K (South
China Sea Current), iX£6/K 3t [FSZACE & sk
HIZK BRI . R B KRBT AL 7 B3 0 e TR ER
FedE, IR B AR IE B I B R I S i =
PRSI, T R R 2 KPR A T R AN K
H1Z [f)(Chu, 1971). &R EIAN R K ] 32 32 4
FR) 5 T S 3B S R 2= 15 PR K (Lin et al, 2005).
AR R SO 2R L R, Y BT T e
g B KE AL s, B2 ARIETERM = E R
FRIREAS, AEATS A 6 23380 AAG T, o ] 3 e 3t U5 B
RACZERIRS VR KFGIR R Nk G5k, £
3 V5V US FF) P 508 5 P SIS B AR T T ) R
(A, 1961). B 22052 21 P4 g 2= X2 e, 7 it
RSB EEM SOREEN G 15k, £ = B PR 4
NRZFRZPIIE SR, RIZRINE SIS AL
WA, TR E L Ge i [ ke b 1) g ke 7 AL 5 17 32
rh ] 5 0 32 21 VG R 2R XU BEL R PR VT AR,
YIRS /N . 2, B TS HEIR A2 B 2= KM
EME ZR/KHAZETTE K (Fan & Yu, 1981; Jan et al,
2002, 2006; Hong et al, 2009), FBH I 5200 4817 i
BN Je F ARG ELE DI 53 A (Hwang & Wong, 2005;
Hwang et al, 2006; Hsieh et al, 2011, 2012, 2013;
Chou et al, 2012; Lo et al, 2012).

BRI 5Tz, NI IR
T EATR R, (H 2 R0 IR KEREY)
T, A > HORh 28 40 A T MR DX IR . 5] 2
Limacina helicina ®1 Clione limacina J& T [XF
(Lalli & Gilmer, 1989; #BE 5, 1991); Cavolinia
globulosa W J& T RyEPERE KRR, ST & s 2h i
WIS, Creseis clav i H IUTER BRI R /K R s L e 26
KRB AL AL, 8T R AT A ) (8
K, 1995); 1M Limacina bulimoides ST KR K
WEL, X T @R Ta A, ZJE T Wi

(Xu, 2008). HTRERKZMETHRZ, B
i T IR AT B NI I, DR A SR SR A it
WK K $8 75 B (van der Spoel, 1974). #l4,
Cavolinia inflexa 2=WBAE MM FERZETHERHE K2
AR 7 ARSI, IR 4R s P (van
der Spoel & Heyman, 1983); Creseis virgula 1t 7§
2 BN [F) 22 R 5 2 A [R R A0 A i =X, e
W25 R FE = P Bl (ARG, 1991); 10 0L 2 13
(Paraclione longicaudata)#iIN 972 6 125 B it 5 2 )
T 36 8 B (Xu, 2008) . FE G AR I, i i
(Clione limacina)¥# K& FHEIE BRI (A, EATH
I3 A LA AR A AR K B NARZ 48 75 M RS
2. 1991),

(E 5 V5 W ok e <08 3T e A5 A S V- 1 3 AR R I AT
FHAL, AN FRHE K (1989)1F & 725 HRFIk PG &5 i 4k K
T (1993) 1 13 B — 65 1 T M it 37 i 38 AT 3 157 T
BR R RA AT HIKLRIRZ B . 5
Chang M Hsueh (2005)tH 8 T & &5 Bk [l 3T j5 ¥ 45
RBERZFETAMN, KA FEMRAMNC
acicula5C. virgule var. conica, X PR A 2T
WMHERZ . ALK Z R T/ NTE R,
KT HAN GRS k= . AR
BT AR T A A 5 VS v ok B S A M D 4
FAGEAEA R Z=T ) 73 ARk, R 5 K00
BT HIR R

1 #RA7E

1.1 BERMEREMITE

AT GV KR5S BT Kk — 5 7
RRTE2006E 4 (1 H3-12H) R EZF(TH17-23H) T
3 V5 Y W A3 32 5 174 DN ks (L 1) R AT 1 7K S HHis
SRS RAE o FEBE— b 34T 15 W sh VR A 1T,
156 AR SRR E I R 2 BB R 2910 mAb iR
RS K S, MRk E RN R RS
AR Fr it . ISR AEAE FTORIM (4 [
HA2160 cm. W H K/NA333 um), EHZKIER200 m (7K
TREGR S PRKIR B IR 10 mAL) PLAFFD T mifr)idk
B P AR g R AT A, O R R E
Al A W KRR, DA A K AR 3]
FRERIFE  RAF IR AR ILE NS E LLS %
PEAE R B PRI 58 R AE, 17 [ S0 25 TR FH 20 FE 28 A
BRI, DS S 32 R AT Bk Ot
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UMt g, MM S ez KIESE PR KEE
(1964). 111 55 (1986). LallifliGilmer (1989)LL KT
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HMEH 2 1 E R (MeanxSE)

Table 1 Seasonal difference in hydrography and the
abundance, species number, and species diversity (H’) index of

pteropods in the Taiwan Strait
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Fig. 2 Contours of sea surface temperature (‘C), salinity (Sal), and chlorophyll a (Chl a) (ug/L) concentration in the Taiwan Strait
during winter (January) and summer (July) cruises of 2006.
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T2 AEBLUTHRELESAZ FHFEE (MeanSE, ind./100 m’), HEIFFERA, %)REHAEOR, %ZEHES
Table 2 Seasonal difference in the abundance (Mean+SE, ind./100 m?), relative abundance (RA, %), and occurrence (OR, %) of
pteropods in the Taiwan Strait

PLIES A2 Winter B2 Summer
Species RESES 3 AHXS = HEEES RESED XL PR
Abundance RA OR Abundance RA OR
L FWEYS Limacina trochiformis 0.44+0.2 1.22 35.29 35.92+19.9 8.42 76.47
JYRMZ L. bulimoides 1.37+0.55 3.85 35.29 0.39+0.23 0.09 17.65
FEWRAR L. inflata 25.73+11.1 72.24 52.94 5.62+3.05 1.32 47.06
WEMRJE Limacina sp. 0.05+0.05 0.14 5.88 0 0 0
WEBWR Agadina stimpsoni 1.32+0.73 3.7 35.29 0.13£0.1 0.03 11.76
WBIRJE Agadina sp. 0.04:+0.04 0.12 5.88 0.32+40.12 0.08 35.29
LFEEMEWR Creseis virgula 0.69+0.55 1.95 23.53 0.09+0.05 0.02 17.65
HEZEMRYR C.virgula var. conica 0.64+0.43 1.8 17.65 2.65+1.61 0.62 23.53
REEME C. acicula 2.6+1.57 73 35.29 111.16£91.41 26.06 41.18
FE2EIRIZ C. clava 1.69+1.11 474 23.53 266.424259.33 62.46 70.59
BIZJE Creseis sp. 0.09+0.06 0.26 11.76 0.2+0.14 0.05 11.76
HEVEWR Styliola subula 0.7+0.4 1.97 29.41 0 0 0
WRIZJE Styliola sp. 0 0 0 0.07+0.07 0.02 5.88
WARYZE  Cuvierina columnella 0 0 0 0.03+0.03 0.01 5.88
RIEZWNZ Clio pyramidata 0.02+0.02 0.06 5.88 0 0 0
=INIEHENE Cavolinia tridentata 0.05+0.03 0.13 11.76 0 0 0
KWytal® C. longirostris 0 0 0 0.03+0.03 0.01 5.88
AKWIBIR C. longirostris var. angulata 0 0 0 0.1+0.1 0.02 5.88
ERFI8 C. globulosa 0.14£0.1 0.39 11.76 0.03+0.03 0.01 5.88
e IR C. labiata 0.04+0.03 0.11 11.76 0 0 0
K2 Peraclis reticulata 0 0 0 0.06+0.06 0.01 5.88
WIMESE Desmopterus papilio 0 0 0 3.3+2.09 0.77 58.82
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cruise of 2006
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Fig. 5 Hydrographic station groups and its biological and hydrographic characteristics in the Taiwan Strait during summer (July)
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Comparison of zooplankton communities inside and outside the Hang-
zhou Bay in autumn
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1 Key and Open Laboratory of Marine and Estuary Fisheries, Ministry of Agriculture of China, East China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090

2 Key Laboratory of Engineering Oceanography, Second Institute of Oceanography, State Oceanic Administration, Peo-
ple’s Republic of China, Hangzhou 310012
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Abstract: We analyzed and compared the differences in community composition, K-dominance curves and
diversity index (H") of zooplankton community structure characteristics inside and outside the Hangzhou Bay
in autumn (outside the bay: 122.10°-122.58° E, 30.54°-30.93° N; inside the bay: the east area of north:
121.67°-121.87° E, 30.68°-30.83° N; the east area of south: 121.60°-121.85° E, 29.95°-30.24° N; the west
area of north: 121.31°-121.56° E, 30.58°-30.77° N). Results indicated that there were large differences be-
tween the community composition of zooplankton outside the bay and those in the three areas inside the bay.
The area outside the bay (community I) was composed of nearshore species such as Pseudeuphausia sinica
and nearshore low-salinity species such as Centropages dorsispinatus, followed by offshore species. Com-
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munity II (the eastern area of south Hangzhou Bay) was composed of nearshore low-salinity species such as
Labidocera sinilobata, followed by nearshore species. Community III (the eastern area of north Hangzhou
Bay) was mixed with nearshore low-salinity species such as Labidocera euchaeta and estuarine brack-
ish-water species such as Tortanus vermiculus. Community IV (the western area of north Hangzhou Bay) was
characterized by the dominant species, Tortanus vermiculus of estuarine brackish-water species that had the
highest proportion, which was different from the community I. Generally, the community with lower salinity
adaptability appeared in the western and northern areas. According to K-dominance curves, the dominance
curves of community I and community III were quite gentle. In addition, the initial cumulative dominance of
community III was higher than that of community I. Compared with community I, the initial cumulative
dominance of community II and community IV were far higher than that of community 1. The initial cumula-
tive dominance of community I (outside the bay) was particularly low, which indicated that there were many
types of dominant species in community I, and the dominance of single dominant species was lower than
those communities inside the bay. Results of variance analysis indicated that there were highly significant
differences between the diversity index of zooplankton outside the bay and those in the other three waters in-
side the bay (P < 0.01). Meanwhile, there were no significant differences between the three communities in-
side the bay (P > 0.05). This showed that the diversity index of zooplankton outside the bay was higher than
those of the communities inside the bay. The influence of different water masses resulted in zooplankton
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community differences in the inner and outer waters of the bay.
Key words: Hangzhou Bay; community; cumulative dominance; zooplankton; diversity
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Sampling stations of zooplankton inside and outside the Hangzhou Bay. a, The west area of north Hangzhou Bay; b, The east
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different parts.
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Fig. 3 Bray-Curtis cluster of zooplankton community structure inside and outside the Hangzhou Bay in autumn. I: Community in
the offshore area, II: Community in the east area of south part, IIl: Community in the east area of north part, IV: Community in the
west area of north part. The same below.
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Fig. 4 Non-metric multidimensional scaling analysis of zooplankton community at each sampling station inside and outside the
Hangzhou Bay in autumn
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Table 1 Results of one-way analysis of similarities
(ANOSIM) for zooplankton communities inside and outside the
Hangzhou Bay in autumn

X% P ANOSIM
Area R
AN SV R R R

Offshore area vs The east area of south part 0.001 0.796
TANEEER S N bR R

Offshore area vs The east area of north part 0.001 0.979

Vi ) il ]:\\/ < I—LAA ﬂl

AN, 5 3 AL 0001 0.992

Offshore area vs The west area of north part
P: FoRRENE; R FoRKR(E.
P, represent significance; R, represent test value.
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Fig. 5 K-dominance curves by abundance inside and outside
the Hangzhou Bay in autumn
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Table 2  Eco-group species composition and abundance of zooplankton inside and outside the Hangzhou Bay in autumn

Hi4: Species “F¥)=EE Mean abundance (ind./m’) M AR
I 11 1 v Eco-group

FRAEPTIK & Calanus sinicus 12.5 0.1 0.1 =
KIBVF 7K % Schmackeria poplesia 9.9 0.9 u
XU JE f K % Labidocera bipinnata 0.8 0.1 o
HAIEMAKE Labidocera euchaeta 4.0 47.4 41.1 0.1 o
T RJE KT Labidocera sinilobata 378.1 1.9 o
KPR F Acartia pacifica 1.8 0.5 o
HETEKE Tortanus vermiculus 0.1 2.8 9.6 32.1 .
IR K & Paracalanus aculeatus 0.8 0.3 25.7 o
B K & Centropages dorsispinatus 26.9 1.5 0.2

R 2B 3 K Centropages sinensis 3.1 =
HApAE P K & Sinocalanus sinensis 0.1 u
MR T K& Eucalanus subcrassus 8.4 0.1 X
T K T Pontella spinicauda 17.6 g
R 95K Acartia spinicauda 0.2 2.2 o
ORI K & Canthocalanus pauper 0.5 X
JEfIKE Labidocera rotunda 6.7 g
T EHIK R Euchaeta plana 6.5 =
RSB RIK % Euchaeta concinna 2.2 P
R JE K& Labidocera acuta 0.4 o
@K & Undinula vulgaris 0.1 pd
98 R 7K & Centropages tenuiremis 0.1 a
F K Sapphirina nigromaculata 0.1 X
ARk & Candacia bradyi 0.1 pd
IR FE Nannocalanus minor 0.1 ¥
T R Gastrosaccus pelagicus 0.1 0.4 =
KR A Acanthomysis longirostris 8.2 5.9 1.8 5.2 o
R AU R AT Acanthomysis brevirostris 7.9 7.2 a
/NIRRT Tiella pelagicus 1.4 2.5 8
AR AR Pseudeuphausia sinica 29.3 0.1 5]
HAEIF Acetes japonicus 0.1 0.6 B
ERRICE I Lucifer intermedius 0.4 0.3 X
AU Leptochela gracilis 0.1 g
I H Iphinoe tenera 1.0 0.1 g
SRR Diastylis tricincta 0.1 o
T g 7 1R Sagitta bedoti 12.7 80.2 0.1 0.1 =
HEET B Sagitta nagae 0.1 0.1 o
JIE Ji i Sagitta enflata 1.1 P
I/ P Tullbergella cuspidata 0.3 ¥
B NRIZ Creseis acicula 0.1 ¥
A 422 Atlanta peroni 0.0 ¥
Wi Cypridina dentata 0.0 P

w RO o IR ARERA, | dmiigAh; K AR

m: Estuarine brackish-water species; 0: Nearshore low-salinity species; m: Nearshore species; ¢: Offshore species

P R P TV R VAT 1T 242 K A o 5 A 2R B0 B Ry
18.18%, G /& T REVAL; 5 0K 25 b R 36 A 28
oy 5 N45.45%K0136.36%, P& E T VS SN BEIRL

{ER BN (7).
2.5 HMERINEEGRRFRN LS AR LIS
MIESFIZR2 AT LA i, 154N IREVE TR L 55 A
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Fig. 6 The variation of eco-group abundance of zooplankton
communities inside and outside the Hangzhou Bay in autumn
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PEIDEEREESERERILS
HOBE (IR A4

&R GRS g Ha R BRERY

1 (h E R BT ST 0T Se s e AR 2 S0 =, ILARTT S 266071)
2 (FEREFFERY, 63 100049)
3 (P ERERCHEE R TR RS RGN E, IIRE S 266071)
4 (F Bl SR ARERE SRR, ILRE R 266237)

2 VL (Gracilaria vermiculophylla) 2 B i i 18] 7 A2 25 5250 45 1 2L BORN D) R 4 15 () B B SCHE IR, (R
REHERIBAL G5 1A 2 FEPE AT 50 B AT DR Z o AR 78R B BB cox LI 51 % B 19 19/ JLVT 5 4
BT T RER B ABRBAE 0T . 461K E 641 bplicox 175 i B AL S 21N 28415, TS AT
o ETcoxl FAIMRGEHEA T BRI AN 2 B2 20 AT 7R, 19D BB BRI Oy mg AE P AN 26, by
YL LA 13N T AL 7 R, AR AR I DARE I 6N AR T LR 2 o IR B BE B A0 03 F 5 22 49 T s BT
B AL SR N AL BN, BB AL AL IA B AR o B LSRR (0 22 e SR B i T L&
(SUR I SR RS

X #18: Gracilaria vermiculophylla; okifkcoxl; RANRE; WAL REN:; BEREHE L

Genetic diversity of the habitat-forming red alga Gracilaria vermiculo-
phylla along Chinese coasts

. . . . . . * . *
Ruoyu L1u1’2, Zhongmin Sun1’3, Jianting Ya01’4, Zimin Hu'* , Delin Duan'*

1 Key Laboratory of Experimental Marine Biology, Institute of Oceanology, Chinese Academy of Sciences, Qingdao,
Shandong 266071

2 University of Chinese Academy of Sciences, Beijing 100049

3 Department of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao, Shandong 266071

4 Qingdao National Laboratory for Marine Science and Technology, Qingdao, Shandong 266237

Abstract: As a habitat-forming species, the red alga Gracilaria vermiculophylla has been noted to play an
essential role in shaping coastal marine communities and maintaining intertidal ecosystems along Chinese
coasts. However, few studies have been conducted that analyze the genetic structure of the population and the
distribution patterns of genetic variation. In this study, we compiled partial mitochondrial DNA cytochrome ¢
oxidase subunit I gene (coxl) of 19 G vermiculophylla populations (461 individuals) and performed phy-
logenetic analysis and population genetic surveys. A total of 461 mt-DNA cox1 sequences were obtained and
edited into 641 bp, which contained 21 polymorphic sites and yielded 15 haplotypes. Phylogenetic infer-
ences, haplotype networking, and principal coordinate analysis consistently indicated that G. vermiculophylla
populations diverged into two groups: the northern group is comprised of specimens from the Yellow-Bohai
Sea and the Shengsi Islands, while the southern group is comprised of specimens from six locations south to
Xiamen, Fujian Province. Analysis of the molecular variance and Nei’s genetic distances indicated low ge-
netic differentiation between populations in each group while group-level genetic divergence is comparable
to the degree of subspecies differentiation.

WOk 1 41: 2016-02-03; 352 [ 1: 2016-06-07
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genetic differentiation

BT (Gracilaria vermiculophylla)sf J& T 413
MIHLLEENTLE HLERL, 22— Ml gl Re
BFHFE(Guiry & Guiry, 2016). HEILE IR E AT, 4
TWEAIR, W A8l e, WKgmi, mEak, o
BRE LA G4 s 4, LRI EER . KA G+
FIE 5320 VY 4y 61 FE RV Y (1R 1 2R 45 4 2 I
AR I EEAAE (G B2, 2008). FHILE 2]
V) 71y AR A TEVR IO A 7 o B S B o o
R, ST 5N EVLE ] /N AR A
VS B XE T AN S 3, TEEHESH A 0 =E BERIAE )
EWAE BILE GRS g, #tmizsik
JRAE A0 A A5 B 7% (Thomsen et al, 2013), b4k, H
VLB R — M R () 5 SR P 2, e i o
/K JFi 355 (Riosmena et al, 2009).

FUL & & KT VF U R B M U5 A (Terada &
Yamamoto, 2002). H Bellorin%5(2004) & X 1t 5 P &F
)R ) 45 JE W [X (Baja California) & I BT &
J&, 15 KT %R 5 (Saunders, 2009). K V4 ¥
(Rueness, 2005; Kim et al, 2010; Gulbransen et al,
2012)Ffi SEARIE 1 HILE B RIEE AR .« IE 104K,
VLB AE R 2R R AR TG 92 9 2 P AR ] 2 300
HPES KIS, 08 T S A 2 FEVEZ R
T B) s T 5 R RN AE 2S5 R S8 D) RE(Thomsen et al, 2013;
Hu & Juan, 2014), F1E2#F A 2 RE. EIHIEK
SEEEHLIX, B T AR P A ETLE ) 4 R
TE ~ ML 2 S VERIN DL N IR R R 55T
[Hi(Yang et al, 2008; Saunders, 2009; Kim et al, 2010),
A RV E R AL S5 K 0 2 A5V 340 A3 1) T 5%
D A 4 TE

FILE AR BT Az, RSk sg
SR H s AL A AT AL T T B O T, R R R
AL T VA B3 TiT R EATKIZ F, 1999).
HAr, ENAEDRERTEILE S TR et i
JE(Zhao et al, 2013; #/RHESE, 2014), HETHEHT
DNAZK TS TE A R G4 o A, B AP RHMYBR
b B R BN R i o Gulbransen®$(2012) 385
T RFE AR (455 SRA Y00 [ AN A 1 A R B )
I [ 96 Je T 1) L E B A R A B m gL %

FEVERFAEAT S5 R R I, SRR i R AR B X E 7T
FILE B L S A U mT R 27 AR L
SN o AT FUILCER 19 B AR (146 L IR LT 5
fh I E KLV cox 1 P31, £ 73 T /KT 3EAT WA 4 5E 1
FLAk XA R B IS B R AL AR AN
R BAL B AT TIRA T, IR X A
A% S5 R AN R0 A M SR BT RELA 7, DA AT
A BR YR ) DR RN AR ISR AR 2 AR 3

1 #RA7E

1.1 #mREFMMIESH

7E2013-20164F 18], #ff 7t A1 BA7E H [ i i B
[F1) i 7E 18 /b 55 K 45 B 4560k ELYL B AL i, BERRAS
A FEIR TIRARAE « NP RAEA B 55 X, 54k
SINT LT B RIESE(2014) K H B T M 1S
PR BT A T8 AN R 11 2R R AR cox 1 7 51 (KF789526—
KF789530). # K/ MIFEAM k194, SLit461Hk
M. REEVEANE B LR,
1.2 DNAREL. PCR¥/ HE&F0NF

30 mg I FF S 7E X ALK IR i, F B RIYE
FEERRIMMEEY) . BT 5 I VR U0 B %
ok, I F R ) FE R 2 42 O ) &2 DP305  (Tiangen,
Beijing) & U E T & (I ZHDNA, —20°C {747 %%
(ZEREANEE, 2013). K HSaunders (2005) i1 4L 75
# H 51 ¥ % GazF1: TCAACAAATCATAAAGA-
TATTGG # GazR1: ACTTCTGGATGTCCAAAAA
AYCAY B BT B IR cox 1 P 5] 71 [ 7
TakaRa TP600ZUPCRAY kAT, SRAHS0 pL )Mtk
Z: BiKDNA 0.5 pL, 10xTag Buffer 5 uL, dNTPs 4
pL, 5 U/pLi¥) Tag DNAZE & (TransGen) 0.5 puL, 5l
W12 uLAIB4E /K38 pL. PCRISFLT J9: 94°C AL
P£2 min, 94°CAEME30 s, 50°CIB/K30 s, 72°CaEfH1
min, 30/MEIR; 72°CLE(HS min. 34 =) 1% B
JUEE A o Jo P Uk R I 5 2R AT Al 4k, 7EABI 3730XLil
PG BT IERDT
1.3 HIBELIBIARG L ERBE

FiBioEdit 5.0.6%XF(Hall, 1999)%Fll 53k 153
ARk cox 1 FAIEAT LI F TR IE . W gmiB 11
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31 5 ANCBI#4/TBLASTnS R, SR AU &
FIEHIFF. MGenBankH T 3 7E fE 28 2% L HA T
N R R T R B R A R R iR
(Gracilariopsis lemaneiformis)[fcox1 7 H|FIES 7% .
XLEEF B AL HE: HUL# (EF434927 . EF434936 .
EF434937 . EF434938 . EF434939 . FJ499550 .
FJ499581. GU907103. GU907104. GU907105 .
GU907106. GU907108. GU907110. GU907111.
GQ292864. GQ292865. GQ292866. (GQ292867-
GQ292868 . KF789526. KF789527. KF789528.
KF789529 . KF789530), %i 1L & (G salicornia)
(FJ499537), % BT # (G tikvahiae) (FI499538 .
FJ499539 . FJ499548 . FJ499549 . Fl499542), G
parvispora (EF434921 . EF434922 . KC113593 .
KC113594), KF¥EILE (G pacifica) (FI499517.
FJ499531. FJ499533. FJ499534. FJ499536)F1E%i
(KF789531). K 4l #1% (neighbor-joining, NJ) #ll
B K AR 2 (maximum  likelihood, ML)HJ% R4t A
BM. B K HModel-test 3.7 (Posada & Crandall,
1998) 1 AIC#x 1 (Akaike information criterion)fffi &
BB HKYHHG T = 0.6193, G =
1.5714). #RJ51# FIMEGA 6.0.6 (Tamura et al, 2013)
[FJKimura 2-parameterist {% 5 25 15 B GE NI AR, 7
Hasegawa-Kishino-Yano i 8 "~ #4 ML . 77 f§
ML # 5 NI# i B, ML Heuristic Method i
Nearest-Neighbor-Interchange. 4t & B M 73 315 55
(1) B AS FE ¥R H B RS 75 7 (bootstrap method)idk
TS, H R HE R 1,00000.
14 BREEFEDR

K HIDnaSP 5.1 (Librado & Rozas, 2009)it 5%
TR 200 SUBU(Np) S TUE(NR) . SR 23S
YE(Hd) AR R 2 A6 () 8 F GenAlEx 6.5 (Peakall
& Smouse, 2012)THHFFFAA] [ Nei sigt AL PR & FE[H]
WL (Nm), FEAT HAE T 50 Hr . 93 73 T (principal
component analysis, PCA)F14-F /5 2 73 H1(analysis of
molecular variance, AMOVA). F|FNetwork 4.6.1.3
(Bandelt et al, 1999)ff]Median-joining i) & E T
BEARLAR cox 1 7 HI I A5 Y AR B o

2 &R

2.1 Zf{Rcox1 X EMRGH LS
B3R5 1461 2 ki A cox1 FE #1641

bp, 7 TCIRIE R A N . BLASTnd® 2 /R &
% cox1 /7 51| 5 GenBank H1 A JF & 3R I BT & 7 71 1)
FHBUEEAE99—100% 2 8] . NTFIML 22 Gi b s, ASHIF 7T
W13 cox] 551 5 M GenBank T #f14 ¥ EIT 8 %
TIREN—DKR, BARSFFEAN100%, [FRf %55
SRV 5 8 HA RIS R A2 20 (B

NIFIML 2 G50 [7] B 34 S22 7 Wi V0Bl (SS) LA
(R 1 3AN AR () LT 5 cox | F7 91 [RS8 1) 1
7 Ko [ gt A B ) FLUL B A S (GU907106
GU907108. GU907110. EF434936. GU907103)%
RN RIS 3, i E E T LA R 6N BE AR 1504
T & coxl FFH)(YT. JH. TC. NA. ZPFIXL)E N
—ANEEI (B X &5 F R B o [ ) JLT
B E R AL 1L
22 EEZSSMMEERSS

46 1 MK cox 1 P A &G 210 2B (% H
2 A8 S #63.27%), LIS A RI(R ], R2),
GenBank £ #f 5 A KU136374-KU136387 Fl
KF789527 (#2). HA b #FRIL 9N Z &4 A
(151.40%), P77 BHARSN 2 A00 /(5 1.25%). db77
T PR 1 A% HF R AN B £ B 2 25 1 43 i) 7E 0.00000—
0.00081 £10.000-0.516 2 [H]; T4 J7 #f A 1) 1% £ B2 Al
B % 25 M 4 B #E 0.00000-0.00143 F10.000—
0.4002 18] o VL E AT KB ML HRRAAAE R 2
#£(0.00050, 0.300)% =T Fg 7 2:8£(0.00027, 0.116)
(F D)o W EUTHF 19 FIT SRR AOAZ TF IR AN B A5 Y
Z A4 511°50.00318410.589, Frb g 7 BEAKIITC.
ZPAbL 5 BEASS. EY. SY. SD. JM. CD. HS.
7735 R B 1A A

LR cox 1 B B p A R I (B12) R, i
BIHS5-H14 DAHS A O 2 BUIREUR, & S 2 2 6]
A AR 2 57 (KR 2) . B AT RUHO-HALLHO Ny H 0
2REREUR, FRSRZ B4 E R
HO-H4FIH5-H14 I cox 1 7 FIFENL 15346+ 517 562
F604 A7 1E B i FIRFAE AR 57 (R 2) . T 4h, Hfis Y
HS5-H 144X 53 A1 E W LRI (SS) LA (1 134N A4 HL
HApHs R T B AN EILZRER (5T
83.28%) . HO-H4AY 73 A FEAR 2 [ | T A PRI (XL) LA e
6 TEMR 5L, AR HO & 5 7 B 1) 3 B L 52 L fs
(15 EL94.00%) (%1, E2).
23 IRfRESMPCADH

Nei’sist & FEES(R3) o, JEITLAR 64T



57 HF A v [ A A A L LB AR A % 2 Rk 785

b7 28 North

(SS, YY, EY, SY, YH, LR, SD,
DC, IM, CD, HN, HS, ZZ and
EF434936, GU907103, GU907106,
GU907108, GU907110)

Gracilaria vermiculophylla (GU90T111)
Gracilaria vermiculophylla (EF434927)
Gracilaria vermiculophylla (EF434939)
Gracilaria vermiculophylla (GQ292864)

6562 Gracilaria vermiculophylla (GQ292866) FEEE 5 Korea Peninsula
S Gracilaria vermiculophylla (GQ292868) . _
Gracilaria vermiculophylla (GQ292865) HZ Wi Russia

Gracilaria vermiculophylla (GQ292867)
Gracilaria vermiculophylla (EF434937)
Gracilaria vermiculophylla (GU907104)
Gracilaria vermiculophylla (EF434938)
Gracilaria vermiculophylla (F1499550)
Gracilaria vermiculophylla (F1499581)

HA Japan
53/- ~ |
63/63 ~J]

100/100

B 7 2EEE South
(YT, JH, TC, NA, ZP and XL)

- Gracilaria vermiculophylla (GU%07105) HA Japan
Gracilaria pacifica (F1499517)
Gracilaria pacifica (F1499533)
Gracilaria pacifica (F1499536)
Gracilaria pacifica (F1499531)
Gracilaria pacifica (F1499534)
Gracilaria salicornia (F1499537)

94/93 o 5’ Gracilaria parvispora(EF434921)

100/100

51/51

100/99 q:'am:!'w’!:a pww:spora (KC113594)

Gracilaria parvispora(KC113593)
Gracilaria parvispora (EF434922)
Gracilaria tikvahiae (F1499548)
Gracilaria tikvahiae (F1499549)
Gracilaria tikvahiae (F1499542)
Gracilaria tikvahiae (F1499538)
Gracilaria tikvahiae (F1499539)
Gracilariopsis lemaneiformis (KF789531)

96/94

100/99

—
0.02

Bl ETHEIBZAEcox FHMEANIFTMLE . #FRRETLANERIIFEREE 50%, FE&EANIR, HAML
Bh). BHAERSERER.

Fig. 1 Neighbor-joining (NJ) and maximum-likelihood (ML) phylogenetic trees based upon mt-DNA cox1 sequences of Gracilaria
vermiculophylla and some congeneric species. Numbers indicate bootstrap values (> 50%) of NJ (left) and ML (right) inferences.
Population codes are the same as in Table 1.

T A R 38 A E B I DS, B K AH0.003 HEBLAEYT RN —AFE R, BRI DA 31 TRk L

XL Z 0 7 I3 LSRR B Rt MR N — A7 B (EI3). FHHli1 (Coord. 1)

RN, B RAEN0.062. BT FRAR S AL BEARIEI 38 A2 (Coord. 2)MARE T 90.54% 1175 53K . b7

FEFE AT R, B/hR0.211, KoN0277. FEdb BRI E MR S B 2 7 171 o0 A, A st A%

PN M B SR 2 1] [ Nei s 35 44 25 25 0215, AR S B 113.88%, 1T P AL IS HE 2 [R) 1 383 4% AR 7 )
PCAZ M4 R /R R E R TS0 EILE A SER80.66% (K3).



4 W £ K Biodiversity Science 24 3%

786

0000 0000 0000 0000 0000 (4100 0000 0000 €000 0000 0000 0000 6v0°0 SIT0 1120 SITOo 1120 [4r40] SITO 77
0000 0000 0000 0000 T100 0000 0000 €000 0000 0000 0000 6v0°0 SIT0 1120 SIT0 1120 [4r40] SITO SH
0000 0000 000°0 100 0000 0000 £€00°0 0000 0000 0000 6100 910 44y SI1T0 440 [qr4y) 91T0 NH
0000 0000 100 0000 0000 £00°0 0000 0000 0000 6100 SIT0 110 SI1T0 110 44 S1T0 as
0000 Troo 0000 0000 €000 0000 0000 0000 6v0°0 SIT0 1120 SITOo 1120 [4r40] SITO NI
0000 (4100 €100 S10°0 100 (410 [40X0] 2900 Y€T0 6CC0 €€C0 6CC0 0€T0 €€C0 od
0000 0000 £€00°0 0000 000°0 0000 6100 SIT0 110 S1T0 110 44y S1T0 as
0000 €000 0000 0000 100°0 6v0°0 L1T0 €Ico  91T0 €170 €170 L1T0 A1
0000 €000 £00°0 €000 7500 o L1T0 1220 L1T0 810 o HA
0000 0000 0000 6100 SIT0 110 SI1T0 11C0 44y S1T0 AS
0000 0000 6100 SIT0 110 SI1T0 110 44 S1T0 Ad
0000 6v0°0 L1T0 €Ico  91T0 €170 €IT0 LITO AX
0000 LLTO Lo 9LT0 LTo LT LLTO SS
0000 2000 0000 2000 2000 €000 X
0000 100°0 0000 0000 0000 dZ
0000 100°0 100°0 2000 VN
000°0 000°0 0000 JL
0000 0000 Hf
0000 LA

77 SH NH ad NI od as A1 HA AS Ad AA SS X dZ VN DL HI LA
“1 91qe], 29s sopod uonendo suonendod vyjdydomonu.iaa p1ip)1oD.45) JUOWE SIJURISIP O1IAUIT S ION SIMIIB] € 9[qRL
(e Y H MRS PNG BB T 2
9L£9€1NY \ D L D o) D \ 9] L L L L o) v v 9] o) \% v D 1L I ¥IH
78€9¢€1N v D L D) 0) o) \4 D v L d5 db o) L \4 D 0] \4 \4 D) db I ¢€IH
18€9€1NY \4 D 1 D 0 o) \4 \4 \4 L L L o) v A% 9] o) \4 v D 1L I ZIH
08€9€1NA v D L D o) \4 v D v db db db 0) v v D 0] \4 A4 D db I [1H
6LE9ETNY \ D L D o) D \ 9] \4 J L L o) v v 9] o) \% v D 1L I 01H
8LE9CTN A D L D) 9) o) v D \4 db \4 db o) \4 v D 0] \4 v D) L € 6H
LLEOSTNY \4 D L D D Q) \4 D \4 L L L o) \4 \% 5 L v v O 1 6 SH
£8€9¢1NA A4 D L D) o) o) \4 19) \4 L L db o) \4 \4 D J O \4 D L 91 LH
SLEIETN \4 ) L 3) o) o) v D A4 db L ) J \4 v D o) \4 A4 D db 6l 9H
PLEIEIN \4 D L D o) o) \4 19) \4 L db db D v \4 D D \4 \4 D db 6S¢ SH
98€9€1NY \ D 9] {9) L 9 D D \% L L L D \% \% D 2 V. VvV DV I ¥H
L8€9€1N \4 v D L L D D o) \ L L L D \ L L o v L o 1 I €H
S8€9€1N D D O D L o) D D v L L L D v A4 5 O V VvV O 1L z M
LTS68LAN A4 D ] D L D D ) v L L L D v v 5 O Vv Vv V 1 S IH
$8€9€1N \4 D O D L J N D v db db L D A4 A4 D o) \4 A4 D db |84l OH
Jaquinu uors €9 €09 09 €68 ¢ c¢ LIS 09¥ €ey 90¥  0LE ¢SE 9vE  0ST Sl [41! 9 ¥9 TS ST 14 ToquinN  adAjordey
-52008 YUBEUOD) sons orydiowA[od i 75 % ¥l £ % BN il

‘sous orydiowAjod 910uUp JUOJ JUILJIP YIM SIdNJ] Y], ‘pjjdydojnoruiaa vrinjion.r) ul sadKjordey [x0o g1 jo sayns owydiowkjod g 9qel,
RS EHEDE LRIV EE Vb MGG S TS EWEANED FIOYTG SIETE %



71

HF A v [ A A A L LB AR A % 2 Rk 787

H13

Hi2

B2 EIBMZENKcoxl BERPNMKE, BER
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Fig. 2 Median-joining network of mitochondrial cox1 haplo-
types in Gracilaria vermiculophylla populations. We only de-
tected haplotype HO—H4 in the populations south to Xiamen,
while H5-H14 only in the populations north to Shengsi Island.
Population codes are the same as in Table 1.
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WL E(Fer=0.933, P<0.001); RA3%M38 7K H
FEAATA] (Fsc = 0.465, P < 0.001), 1M #EAR P 38 AL AR
FEANFNA% (Fsr=0.964, P<0.001). HIT & B b8t
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Ffi. YangZH(2008) LA 1 i AT H A 43 HL X 1)
144 BT B 2k bR cox 1 7 41, Kol B 148 S RN
1.2%. Kim%F(2010)ELAL 7 A 3K3 120k BT & B kL
fRcox 131, 22 7 22 81.98%.. AW 7L,
H ET 46 1R BT AR EVL B 2R cox LT 1A% 1
R R N3.27%, L RN EREN
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B R AR AR AR S (F2) . LA W 7T P VT 8 2R 4
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Fig. 3 Principal coordinate analysis of 461 mt-DNA cox1 sequences based on Nei’s genetic distance. The amount of variation is
explained by Coord. 1 and Coord. 2, respectively. Population codes are the same as in Table 1.



788 4 W £ K Biodiversity Science #24 %
R4 EHILIEBRFHSFERI(AMOVA)

Table 4 Analysis of molecular variance (AMOVA) of Gracilaria vermiculopylla populations

AR 5 SRR B H B Rkl Vi BRENH I RE EYeshint
Source of variation df Sums of squares Estimated variance % of variation F-statistics Nm
—A~ZH One group

BE1ATA] Among populations 18 434.049 24.114 93

4K Within populations 442 34.103 0.077 7 Fsr=0928"  0.039
PHANZBE (R T BEAR, JE 7 BE4A) Two groups (Regions: South, North)

2K Among regions 1 405.675 405.675 93 Fer=0.933" 0.019
25 H Py 44 18] Among populations 17 28.374 1.669 3 Fsc=0.465

FRPY Within populations 442 34.103 0.077 4 Fsr=0.964"

For NSRRI 70 RBL, Fsc ISHE P RFOR )18 15 2040 R AL, Fso WREIR IR AL 2L R B P <0.001,
Fcr was calculated as the proportion of variance among regions; Fsc was calculated as the proportion of variance among populations within regions;
Fsr was calculated as the proportion of variance within populations. * P < 0.001.

cox1 JP B % H TR AL 7 %24 /T Saunders (2005) 7+
SE P L5 A PN S 8] A e 2R () X TR N o SRABLIR) &5 3R
1 BAE XS 4L (Gracilaria gracilis) (2.04%) V%
S (Hypnea asiatica) (2.06%)F Mastcarpus stellatus
(2.60%) %21 FI 70 1 (Robba et al, 2006; Gerald-
ino et al, 2009). Robbat%(2006)>K 44Saunders (2005)
MBI T RIRAERT G gracilisFIM. stellatusidt
ATHFEAIDIR, B S BB R AL 5 3 R AT A
J¥ Hi(incipient speciation) il . Hebert%(2003)7E
I3 BT SRR cox 1 7 1 R 158 A I B A B A P 1 4%
BAEAE/NT0.200,  [7] J& Fil B (1) 38 4% B 5 — MR 4%
JE Rl A AL RS ) 1064 22 « Chus5(2009) 1Ay 24 7
P 15 A% BE B K T0. 200 1T BE A7 78 A 2 B A7 b (9
P14, 2012). AHFFT R ALSEHE ) & HEAR (] ) 188 4% R
B K 90.062, A T70.200, T R Ak S 18] 1) 35
fEFE B 0215, fiff A S 4E %5 (2009) Cheang %%
(2010)F1Bo0%5(2014) %} e i (Tegillarca granosa)~ ¥
I & ¥ (Sargassum  hemiphyllum) 1 44 ¢ 3%
(Gelidium crinale) ¥ BV Fp [P HF 5T, 45 & A& XK
PCAZ3 T - AMOVAZL SEANFE R BB vT 41, o
I 21 LV e G S A] 9 404k 2k M N S 7k
o X AR N ZEE IR 0 (A D 51 A 5
B )RR j7 A 45 110 A8 A (a3 SR 20 P4 B P [ b gt
XTI T RE B W AR S 4. Rk, A VL&
A6 A B A TR A W AR AR A7 X T YL E W R 1
AT RFER ORGP AR H A B S X

Kim %5 (2010)7E 3 [ 35 7 J M7 AR I 21 1 Ff
cox1 Bf5 74 . Gulbransen®5:(2012)84 1 7 KAF S AR
FERRE, AE[R] — M DR I 380 7 /b B A T, #8012k
T35 5 R A B 0 0V 8 AR 10 A% &5 4 40 M 1

PR o ANHIEFUAE B AR I 2 154 T E cox
BAER, ST ET R SR IE (Kim et al, 2010), X
HE— 301 S R A SR B TR 0T 41 95 AR 13 A 45 4 AT
R ITIE B, AN, AR IR AR
71~ H LV R AL 2R 0 AL A DT b LR, 3 ok
RER AN VL E AL PSR R R, XA
R T LUE B RFEERAE N DLER )

FAR R ] 3 v VT ) AR AL TR A S A A
BRI Z AR, (BAEIR 2 AN TC ZP.
SS. EY. SY. SD. JM. CD. HSHIZZ)H H Al
BN FRAEDY, BN v B AR B . X T
M5, JotE S0 o (R AR A 2k R B T4l
A, 3E T PG R R AR B A% 2 FE 1% . Peason Al
Murray (1997) & BLLL# Lithothrix aspergillum{E NF|
A R I B 0 1 X AT A P IR A B A R () gt
& Z R, TAEALIBAT Jo P BTA M R L A 2 F
PG . XM RAEVLE @i i b R G HiE . i,
Guillemin %5 (2008) f# i SSR 5 ic #f 7T &4 | V1 &
(Gracilaria. chilensis)KIN, £ EARTEWTEIGIE KA
TIRTE BRI 8 AL 2 FE K- BAC T B AMTH
PEAFEIG EARBER . HVL B N AE AR g, A
ARG ARTT DAZE [F]— I S AEAE, DY) fld 144 F0
ME HERC TR LE [l — I i AR R AR . BRAT
AIEETE AN, 1E B AR S B Tl 40 ) VL
FEREAE AW 2r R AR, A R H BT R BT 1 B AR
("G B FPRIBZY, 1959; Rueness, 2005). FILE—
AR AR AR A TR T AR AL T BEAE DN /N . PRI J5 A
XRRE « 1 MR 9T (Rueness, 2005), iX
A g I B 2% A0 45 V0 1 i 1) B AR 48
Jifhi, BEAARAR KR, ot B MIA B 4%
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2010; Hu et al, 2013). [T BT &L 758 H
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BEBE B3, R MARGER], Re). X
A 2 AT RS A P8 A6 78 JEC AT A= 13 1003 1) 5 i
IR RAARIE . 0, VDR H SRR B Y
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Macrobenthic diversity and seasonal changes in the mangrove swamp of
Luoyangjiang Estuary, Fujian Province

Junhui Lin, Xuebao He, Jianjun Wang*, Heshan Lin, Yaqin Huang, Kun Liu, Jianfeng Mou, Shuyi Zhang,
Jinxiang Jiang
Third Institute of Oceanography, State Oceanic Administration, Xiamen, Fujian 361005

Abstract: Based on a year round survey conducted in the mangrove swamp of Luoyangjiang Estuary in Fu-
jian from August 2013 to April 2014, macrobenthic diversity, seasonal changes, and the impact of mangrove
rehabilitation on the macrobenthic community were analyzed. We recorded a total of 78 species from 7 phyla
in the study area and the community was dominated by annelids and arthropods. The gastropod, Assiminea
brevicula (Assimineidae), was the most dominant species and was more abundant in mangrove forests than in
mudflats. ANOSIM analysis showed that faunal communities were significantly different between mangrove
forests and mudflats, with the former characterized by much lower macrobenthic density and biomass.
Moreover, some of dominant species, such as Parasesarma plicata and Phascolosoma arcuatum, were only
found in mangrove forests. Higher value of macrobenthic density was found in winter and spring, while mean
biomass was higher in spring and summer. Significant differences in macrobenthic communites were ob-
served among seasons except between winter and spring. The present study demostrated that, species compo-
sition of the mangrove macrobenthos indicated characteristics of a young mangrove plantation and seasonal
changes in macrobenthic communities might be due to different breeding seasons of the dominant species.
Mangrove vegetation had a noticeable impact on macrobenthic communities, as evidenced by significant dif-
ference in macrobenthic communites between the two habitats. Density of macrobenthos in mangrove forests
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was much lower than that found in 2009, but the sesarminid crab Parasesarma plicata became much abun-
dant. Since mangrove forests and mudflats support different species composition of macrobenthos, planning
is needed in mangrove rehabilitation for the protection of habitat diversity and heterogeneity.

Key words: macrobenthos; species diversity; seasonal changes; mangrove swamp; mangrove rehabilitation;

multivariate analysis; Luoyangjiang Estuary

TR PR A 52 ) 30 0 7K 3 R T T 5 R
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Fig. 1

AFRFEBILE WA I AT o AR A AR BRI 14 73 b7
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1.3 HUELHT

SR RAR 2 20 55K 2 e 20 1 0 3 5 R
I Z FETEFR AL
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d = (S - 1)/log;N )
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B AT W7 T < 2 XU 2R 5 22 0 b, DR AN [F)

Map of the study area in Quanzhou Bay. The four investigated transects (QZLH1-4) are represented by the dark bars.

T T A 284 S A R IR AT Bl 40 o A A7 503 . 3 R
Wi o JEC AP 2 0 e by ek T Fob— 2 P b e, i R
ST G, TFH Bray-Curtis AU &40, DAL
SRR TS 1 28 28 (CLUSTER), Two-way crossed
ANOSIMX A [7] 2= 75 R W7 1] BEAT XK 35 22 S o 25
PERL S, DAR U BE 7% 22 0 W 2 0k, IR
SIMPER 73 #4435 %o % 45 7 2 T AH AL /A ARABA
PiY N oNINELIEN

&#HR

2.1 MEEARIDH

R 95 T 10 20 AR PR i R 4 0 A R SRR
REHGEh ) 78Fh, FJE T-70143F%), Hrf, ZORARA
RI62FN(E ). ITIHKE, AT s
PR BN AT, R8T IR, SRS, H
WMz LS A RSIYRERE 1KY
PR W, B A BN AT TE LI AR,
oAt YRR A W IR AT B, &S Wi R R 2 2
JSS AIR S S )RS I sl o = (1812), i ah 2k
A T33-440 2 7], QZLH2KT i e 5 » LM FRIKT

2



794 ¥ £ K ¥ Biodiversity Science o024 %
80 r -
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Fig. 2 Species composition of macrobenthos in the mangrove swamp of Luoyangjiang Estuary. QZLH1-4, investigated transects.

*1
Table 1
those highlighted with number marked in bold italic.

B BRI O LI AR IR K 2L ERAR S B 35 B HE BUE (R B Fh b BRUREF X R B9FP2E)

Values of dominance index of macrobenthos in the mangrove swamp of Luoyangjiang Estuary. Dominant species were

2 Species ITTi Transect Z=77 Season
QZLHI QZLH2 QZLH3 QZLH4 %7 EE= "= KT
Spring Summer Autumn Winter

34 Annelida

PEWIVL AT Tyrrohynchus heterochaetus — — 0.027 <0.001 - 0.002 - 0.003 <0.001

HARNIZE Neanthes japonica 0.006 - 0.011 0.010 0.100 <0.001 - -

A4 AP #& Dentinephtys glabra 0.015 0.032 0.011 0.020 0.005 0.062 0.026 0.007
ARSI Mollusca

JARIVEIZ Assiminea brevicula 0.455 0.225 0.578 0.045 0.405 0.192 0.239 0.181
B4 Anthropoda

M WERIE Corophium lamellatum 0.002 0.002 <0.001  0.294 0.009 0.005 - 0.332

MI4ji0IER - Parapenaeopsis tenellus 0.001 0.007 0.002 <0.001 <0.001 0.029 - -

PR F Parasesarma plicata 0.020 0.024 0.001 - 0.002 <0.001  0.009 0.003

TSI Metaplax elegans 0.016 0.014 0.056 0.001 0.005 0.059 0.006 0.015

TWIIE Tlyoplax ningpoensis - - <0.001 0.165 0.018 0.060 0.027 0.011

LR Uca arcuata 0.037 0.018 0.037 0.012 0.019 0.037 0.036 0.010
H s Cnidaria

PN EHGZE Cereus sinensis 0.037 0.072 0.003 0.037 0.003 0.003 0.197 0.007
E ®mzh¥ Sipuncula

S HEBER W Phascolosoma arcuatum — 0.020 0.006 0.001 - 0.001 0.004 0.006 0.001

“RINAAFLE; “= represents the absence of species.

TR SR B 5 M B AN ], i AR 4OV
IR (Assiminea brevicula)fz J 5 W, HAUHAE &,
Jii & L R W i 2K (Corophium  lamellatum) F1 5 )%
Ve (Ilyoplax ningpoensis) ML R =i(R1). M
WA, BN RL AR AR SRS T sh )k
F(K2), kE=MKmz, 44, HEmED>, H32
Tl R 0LV W DU 2 S B PR A A, v i

AR A 5 i 2% (Cereus  sinensis) Al H A fi] vb 4
(Neanthes japonica) & ZEEIIPLIAFN, A /bR
PRI . KFHEHAFIERD.

AU SN B A A0 2 1R J3 A1 S FEAH R R R, 11
AR ATAE T A Wi, 220835 R A HH BT K
1T, 02 Bl AR 200 AR SRR, gy b A
E & K B aF

(Tyrrohynchus  heterochaetus)
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(Palaemon macrodactylus)~ HAZE NUF(Callianassa
Jjaponica). IR T-#E(Parasesarma plicata). F
IG5 8 (Helice pingi)f = JE 4 %% 2 Hi(Phascolosoma
arcuatum)?s . MNHILZETIRE, 16F M) IYZ
HAREER], 37R I BL T
22 HEMEWE

785 BEIVL 10 2148 AR Hh DR 2R JECADG 2 49) 1) 4~ 1)
BRIV RS R 416/m*HI45.84 g/m®. i
QZLHA Wy i 47~ 245 %85 8 A0 A0 8 4) iy ik 20 A
Wi, Z0 W AR A i A A9 QZLH AT QZLH2 W if
EUBIE /R e k= s AP = &S TN o k=
BRI L B3 W 0 2, A8 2% W 1) T 2H A7 A
Z5E, WML s o ., QZLH3 M LR 143
WAhE. FHRA L, RIS R4 FE
w2 S PR R . B, K AF
%o AR ZETT (10 A AL R3S UL G s o A 34,
WL R M LAAR S RIS I 3h P T, IR )
Wy U A E AR, HAD S ) i A T K2
(E13).

O 34554 Annelida O %445 Mollusca

1000

E 800 b —
kel .
g .
=600 | :
i
g
A 400 |
fiid ___ —
X200 b . E
L7
0 7 K4
QZLH1 | QZLH2 | QZLH3 [ QZLH4 ES ME
Spring | Summer | Autumn | Winter
W71Ej Transect Z17 Season

BN R IR R 7 220 d R R W, K
TR U APG 59y 40 5 A A [ B 0 R 24 i) 2 e 0 A 5 (P
< 0.001), H.Z=15 1 Wr it 2 18] (1) A2 HAF FH AR 1A 21 8
FK(P = 0.003) AEPEAAFZFET(P = 0.004)
FUREIW (P = 0.009) R34 2 5 B3, 25747 5 Wrifi
Z A HAE A 23 (R2).

4T LLE ), QZLH1FIQZLH2 P 4% W i %
e/, BT/, Mk, J6MEQZLHAKT ¥
LA R, RN AR O DL W T A4
HEZEARLIN S, QZLHIFQZLH2 M 1 AE: 4 & (1)
AR I K . R34 W], QZLHIAIQZLH2 W [fri %3 &
ZH AT 2 B, 1T QZLH3 Al QZLHA W 1 %% & 45 v
TBR . ARIFIE R B SIET=AR, 25
e HAR YD #x F 2 M IAE BT, AT R 0
MAEA B, DA S F NI, b
JEFR AN e RN Y R R 2K (Corophium uenoi)
AR A HE,
23 FhEZHMETL

7 BH YL 111 AR Hb S A 20 ) 22 A 1 A B

O 45 %54 Anthropoda B JLAh 34 Other taxa

80
o ’- —
£ 6o | =
&0 —
2 —
E 40
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oo kb =
by i 7]
. - 4_!! A ] FA 77
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B3 GERRTIOORMEM KB RN Z EFE Y SEHM

Fig. 3 Composition of macrobenthic density and biomass in the mangrove swamp of Luoyangjiang Estuary

R2 RMIIOIRMMES KB RM AR ESHMNE R ERE

Table 2 Two-way ANOVA on community parameters of macrobenthos in the mangrove swamp of Luoyangjiang Estuary

24§ Parameters ZE5 Season W Transect ZE<TT SeasonxTransect
F P F P F P

Y E Average density 4.476 0.000”" 16266  0.000”"  3.624 0.003"™

PP Average biomass 5.493 0.004™  4.574 0.009"  1.119 0.378

Margalef== & J£$5 41 Margalef species richness index (d) 0.730 0.542 2.156 0.113 0.242 0.985

Shannon-Wiener% #££§54{ Shannon-Wiener diversity index (H") 1.415 0.256 3.327 0.032" 0.727 0.681

Pielouy)s] F 4840 Pielou evenness index (J') 2271 0.099 5.524 0.004”  1.066 0.413

* P<0.05; ¥* P<0.01; *** P<0.001
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Fig. 4 Seasonal changes of density and biomass on the investigated transects

IR(ELS), A7 4 & B4R 2 (d) /r 170.983F11.867,
5 B FR B0 L4 0.253-0.820, £ AEMEFRE(H)
I 10.754812.480 2 [8] . Wi 2= ¢ b, F & JEHR (D)
K/NFINQZLH2 > QZLH4 > QZLH1 > QZLH3,
Z FEPE 7 B0 (H) FI B 5] B4R B () 2 QZLH2 >
QZLH1 > QZLH4 > QZLH3. =548tk |, & s
Bt EEFm, K A8 2R
SERBUNVBIRIAE .. KEm, & FEE. XN
PR3- 7 200 i 4 R AR W] (K2), ZFEMESREUH, P =
0.032) 145 BEFRB(J", P = 0.004)7E Wi i) 4775 2
E
24 BELSH

FRAHT(E6)ER W, HeMEQZLHAWTIH 1) A )
W E VK &5 K6 5 21 0 AR TR AH AL 1 4 I » - Two-way
crossed ANOSIM 73 M1 (K 4) K, NHEZFET (P =
0.001)FIA [ W T (P = 0.001)RIFES 4 My I A7 A bk
EXES, BRI — PR, JEMEQZLHA W 53
LT ARIBTIRI VAR AT 25 25 5 BRAC R RRR 4514
KA REZE AL, AR 238 BEA

JE S0 1) SIMPER 43 BT 4 W, %o 1 B bk W 1
AHAL: DTk B K RS SR AUV IR ARl 2%
[ Bl 1AF ) V0 2% (Dentinephtys glabra)~ SNIA3A I (Uca
arcuata)~ 75 WK 78 (Metaplax elegans) = 4%

A RIRAUAH T B0 40 35 477 % W (Parapenaeopsis
tenellus), IRMZETTHR T 61%KIAHBIE .

3 iTig

3.1 SEMIOMXEME SR % FE M FIE
MM U GRIEZ S, 1999), EADAE
W 4y B A AR v SR AR ) BRAEUE B (Nagelkerken
et al, 2008). R AN LTI, ¥ FHIT 20 ARAE B 1)
PRI T AT 105 . AT, AR LRI R
Wi 71162, FR15 SR I sh b K dse o =F
B, (ARSI RO, I B )% B R AR )
HAME . AL RIS PI R 2 R 2 2
T HAR YK G ARG VY [T (FE WA, 2013) ML el H
ZERE MR (FREFESE, 2008), T BSAG T L8l R AR
MR, T AR O LSRR T 22, 2007) I3RS 2R
FEWE (AR A AEAE, 1999)F1 L K IV 41 B AR (Sasekumar,
1974)%% . FHECIS PHYT I Z0RAR, a8 Ko (1) J LB P
SRR ARAR BT 2 B 28 Rty 2 PP e b, 1X
A AEAE 2 BIRFERI 0 JE 4 e AP R 3 m . A
DX R I A R O i, AR TR A T e
T, WAV TR AE, N NIRRT A 6 B % 5
K, KRG T 2 BRI, B ILE B A Y) =
Ao HARIURIT PSRRI 2 B 28 % 1 e 1 At
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Table 3 Seasonal changes of macrobenthic density (ind./m?) on the investigated transects in the mangrove swamp of Luoyangjiang

Estuary

W71 Transect 2 Species % Spring 5 Summer K Autumn % Winter  ¥J{H Mean

QZLHI RUETE Total density 176 146 139 149 152
LR Assiminea brevicula 112 62 41 62 69
HAEANISEIE2E Cereus sinensis 0 50 18 17
JKIAFRE] Uca arcuata 12 5 9 8
SIEHEYER W Phascolosoma arcuatum 0 16 4 5 6
AR 2245]  Rhizodrilus russus 12 0 0 11 6
TS Metaplax elegans 2 14 0 7 6
[ 5 WIvb 78 Dentinephtys glabra 5 4 7 5 5
FIRUAN T8 Parasesarma plicata 2 4 11 5 5

QZLH2 RV JE Total density 199 149 231 158 184
FEIUTR IR Assiminea brevicula 89 9 27 75 50
FAEAFEIGEIE Cereus sinensis 21 84 27
PEWIILEE Tyrrohynchus heterochaetus 25 0 50 4 20
I} UF Parapenaeopsis tenellus 0 62 0 0 16
[FA 55 WIvb 48 Dentinephtys glabra 4 9 20 10
WRAR 2245 Rhizodrilus russus 0 0 5 21 7
FIRUAN T8 Parasesarma plicata 9 2 4 12 7
FHMKTTE Metaplax elegans 5 11 0 5 5
KBRS Uca arcuata 9 2 5 4 5
K‘ K TTIE Metaplax longipes 0 7 11 4

QZLH3 B FE Total density 818 331 281 508 484
FEALNE Assiminea brevicula 498 167 171 386 305
HARNI % Neanthes japonica 249 0 0 0 62
FSK & Metaplax elegans 12 34 21 52 30

QZLH4 M JE Total density 512 217 484 1,541 688
R Corophium lamellatum 71 21 0 1,397 372
TUYEEE Ilyoplax ningpoensis 140 176 135 107 140
HAAEEEZE Cereus sinensis 0 4 229 20 63
LB TE Corophium uenoi 222 0 30 0 63
FLIUTBIR Assiminea brevicula 78 16 89 18 50

Wi T ARSI - 24 85 LS R A T2 3R LK 80% LA L

On each transect, the sum of average density of all the species listed in the table accounted for more than 80% of the total density.

0O Margalef 3= 5 [ T8 % Margalef species richness index | H2)ETE 5 Pielou eveness index

3.0
25 r
; @ o F : (A i - P A ? F
20 - g- /[ I /I " R/
SRR R I 0 R IR R
CHATNE ARG LR R ‘AR BN
10 (A ¥l o’ ¥ ‘ Y- ’ G ﬂ #’ - Y- v v [ t ’ 7 /i (4 |
AR R PRV ALY e i Y ’
PH C/RE JRE 3 /Ry i o] “ARE/EE /Rl /K /RNy A | LA
oo 5 5 5 A d 4 5 ."n' vV E YRy
# kS =4 % #*® ES # 2 #* % |QZLHI1 QZLH2|QZLH3 QZLH4| %
Spring Summ::r Autumu Wlmel Spring | Summer| Autumn Winter Splmg Summer Autumn| Winter | Spring |Summer| Autumn Winter
QzZLIIl QZLII2 QZL113 QZL114 W1 1 ransect

El5 &I AIRM AR RIS REE R X A IS H(QZLH1-4: HTH)

@ Shannon-Wiener £ #1415 4 Shannon-Wiener diversity index
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o
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Fig. 5 Diversity indices for macrobenthic communities in the mangrove swamp of Luoyangjiang Estuary. QZLH1-4, transects
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Fig. 6 Cluster dendrogram of the macrobenthic communities in the mangrove swamp of Luoyangjiang Esturay. QZLH1-4, tran-

sects; Spr, Spring; Sum, Summer; Aut, Autumn; Win, Winter.

F4  FTETENEZ X XANOSIMAL
Table 4 Results of two-way crossed ANOSIM between sea-
sons and transects

A YEHl Z=15 2 M Among seasons  WiTHIZ [A] Among transects

Test range R P (%) R P (%)
pS¥N 0.318 0.1 0.485 0.1
Global

J % Spring/ 0417 02 QZLHI/ 0157 13.7

Pair-wise & Summer QZLH2
% Spring/ 0.388 0.2 QZLH1/ 0.148 11.1
K Autumn QZLH3
% Spring /4 0.083 27.1 QZLH1/ 0.823 0.1
Winter QZLH4
5 Summer/ 0.408 0.7 QZLH2/ 0317 1.2
K Autumn QZLH3
% Summer/ 0.454 0.6 QZLH2/ 0.859 0.1
4 Winter QZLH4
K Autumn/ 0.284 2.3 QZLH3/ 0.553 0.1
& Winter QZLH4

FBE(FRO6 R 25, 2008), (HJL 342 22 /b Sk il
(Capitella capitata) 54 = FHAL, Al VTP
B JE A SRR KB s, AL S S Ik
/NS R R R AT

T8 FHL AR DX R A IR 345 ey, 26 FE W 2
e T AR, HABPL AL AT B A vb A, P
WIvb AT FRIRIAHTE . FC T R AR
HARASE I ZE N ) TR A R S . JADH IR —
NI LR BN ), VA (2014) HARAE I HLAE AR X
HA BB, 12002 5 56 KR L AR (AR F5

25, 2006) [ EEL AT . IAWIFRE, BUHER
TR () ol 288 T A A 25 1 W SRR e D B A A H B,
WIPH T (RITEE, 2013)FJL YL 20 R AR 4 AR (5
JEREAE, 2008). PAVHIR VT HEEIEE . BEIRRK A
Wy, SR A L B R w1k 20.9% (£ S,
2014), [F) I ] £ 2k T B8 0 ) I 4E N 2B (1) £
K1 Yk (Macintosh et al, 2002), I
R SR M R AR . AR LR
S F A0 55 WK 7 8 R A LRV 1 £E R AR 1)
PLIAFP (RS, 2007; BROGFESE, 2008), F5HK 77
BT 2 ML T4k 5 B R ORI FOAH T
O ILAE LM AR A, (B35 A 5« Macintosh 55
(2002) LU 7 R ARFRFNAR AR (1) JE AR B P b S 4 ik
K, NI (Uca spp.) TEIRFRL. BUEIERLA
TCIRBR BB RGP AR T 32 SR, e
REPAR DX D) LA T 0 il 1 A2 S Can B AR o5
P, G5 G AR X LIRS AR 2 ) 0 35 M S 21 U A
T BHYL 2L AR R Ak T AR5 1
3.2 EMIOZMMKEHRE YT TN

AW BRI A HEE, 2.
K, AanEdsE. E5m, K 4T, 25
R AR, (HAM R S s s, XA
MR B E B L R, BRI RERCR, BT
W MR, A ER S, RV R
I, B DR by 2% 2 2 A AP Ay /N 2R i A2 S i
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RS AEE(2013-2014) 520094 (XIZR AL, 2010) ARSI H P S HEEREE RO R LI
Table 5 Comparison of macrobenthic diversity and density from the present study (2013-2014) with 2009 (Liu, 2010)

24 EA QZLH1 QZLH2 QZLH3 QZLH4 A&/ S
Parameters Year FrES e prEs o prEs E FrE "= Source of data
Spring  Autumn  Spring  Autumn Spring Autumn  Spring  Autumn

W ¥ Density 20094F 655 194 878 504 1,061 220 636 672 X% K, 2010

(ind./m?) RN Annelida 144 219 414 275 533 42 330 219 X2k, 2010
A Mollusca 373 69 355 125 495 168 148 69 XFERL, 2010
HEEY Arthropoda 133 59 76 65 24 3 100 59 X2, 2010
2013-20144F 176 139 199 231 818 281 512 484 A

TR 20094 21 12 25 15 15 10 17 15 X%, 2010

Species number  2013-20144F 17 12 19 17 18 13 20 23 PSR

Fri . RS MR LD MR B 3 1 R R
WMoh2 FEm, B KERERFHESE, 2006), H
RIEW LI L E LS EY B EE T m T4 %
(AR K55, 1999), K BIAN RN X L0 R A Zh 4 1)
T ARAARA B OB R AE(2013) I, EEAZ)
YIERIZE 4L, R S MBS R 2= AR 0
JEA BN B B 1A B R BRSSO A B))
W) B ZE AR B R S LA R R A
AiE=3)\E2 2 S NP TR ML Y I 3 e
KTIADFP, A w4, #2F, i
BEA BFWZER . HADPLARN I ZE AR R
AR, FHFUK T8 7 e B G0 1 47 6 32 2
HILTER ZE, DN PR E M BAR, W
JIAAEE . MWK ARG, & BNERNIENSY
R AR B AN, 7T BeE B P2 4
SONERT, AT, KRR, oK.
3.3 EFHII AR LI A AR MR & 3T AR B 4 RO 220
REESEX

1 200245 i MRORTEME LA, 985 BT 20 B b T
R T 20445, S8 T J5U AR 1 2140 1 o,
WEH TK AP 28 R FNYTR) S . Lee (1998)IAK), 4L
PR PR 2 (A2 AT JE R A B 1 22 AR S T, DA
HAMWES RGO R Z . A AT,
PRI 5 GBI 1128 AR IRALL, W i (1) Ay
Bodeim, AHAR Bl 2 W B AN F], R A X
ANOSIM 73 HT 3R B T D6 M IR AR Zh ) B vk 45 10 5
ZEP AR T AP A B 22 e WAL, £D AL (15
NSRS TOE B S, 9 T S 2Rk
ARMYIFZ A, W= R A SRR BAH
TR AELT AR H I AR, 2R AR 25 B AR JEC AT
S H KT, A A bR A S 1A R R AT

QZLH1F1QZLH2 W (i (1) 5 FE A A= 4 & 2 £ K T
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G ZJ 100 ) Tl 22 06 AP AR 5 AR T 408 3 1 G At vy 11 A
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TR E, BRSSO R, W] RIS K
2T ARIX R A= P A= Wy B AR ) R SR R, el
JE P AEIR RS . AR BNy, 20 AR
AR WP E s, AR TR B (Alongi
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VAT S5 R EL (R 5), 20 W MK R B Wk 2 R
QZLH1 FIQZLH2 Wr A Ff S £k /b, 25 5 0 W F B,
1T QZLH3 F1 Y MEQZLHA W i Fh 254 BT 14 I, % &%
WA kb LUK, IS U A I R LA B N
ISR AR S, (B AR RSB th Ak )
WIAR T T s, ARG B SO AR VA 1)
TSR 2, %o QZLH1AIQZLH2 Wi i fr 41
AP R, 1K 3R W 44F [R]85 BHYL 1204 BRI ATG 5y
VIRER IR 2 H 25 20, IR SRR ok A2 T
B4k

A OIS LR B e, R
W] TR AR BT IS BN R AR R, PR b A
Y2 FEME R, VR AT RECR R A BT (1 2 KM/ 7
PEo LU RTEIT DURFEE HEAEH, (RIEY R, N
WS RERMER TGV FFE, ZORMAARIT
(DAY JE b a3l W R ] 0 A A 8 4 B 11 EE
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LU 2R VR, e B A e B SR (R T AL
PEo ADBIFFUN R I 2 G0 B R U ] G B M 22
PE, GnZEmpR, T AR IR L(WWE, 2006; 2%
4%, 2007; Nguyen et al, 2012), BREEWHE NS4
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Species list of macrobenthos in the mangrove swamp of Luoyangjiang Estuary
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Appendix 1  Species list of macrobenthos in the mangrove swamp of Luoyangjiang Estuary
[MES PLIEN QZLHI QZLH2 QZLH3 QZLH4 EZE KEFE XF £H=F
B CPMAIR  Eteone maculata + + + + +
KXUH  Eteone longa + +
A% . Gattyana pohaiensis + + + + + +
TN Ancistrosyllis brevicirris + +
HEH Sigambra sp. + 4
PEVIVLEE  Tyrrohynchus heterochaetus +++ + ++ + ++
HARIV A Neanthes japonica ++ +++ ++ ++ et
RRAT MV ZE  Neanthes glandicincta + + +
HRVGIPZE  Leonnates persica + + + + + +
MR ZE  Paraleonnates uschakovi ++ + + ++ + ++ ++
W& Nereis sp. + +
WU ZE Perinereis aibuhitensis + + + + +
Z VUV E Perinereis nuntia + +
KWywnyb?E  Glycera chirori + + + +
4515 YIVb#&  Dentinephtys glabra ++ ++ ++ ++ ++ ++ ++ ++
HEdt  Haploscoloplos sp. + +
GV 3L Scolelepis sp. + +
Al Polydora sp. + +
MRt A & H Pseudopolydora kempi + ++
HAHME B Prionospio japonica + + + +
MEH  Tharyx sp. St + T+t +
/N Capitella capitata + + +
5B . Heteromastus filiformis ++ + +
EARH  Barantolla sp. + +
ENRENT R dL Mastobranchus indicus + + + + +
AW Marphysa sanguinea + +
FIZ2 . Potamilla sp. 4 +
AR LY Rhizodrilus russus ++ ++ + + + T —+
Bk W8I Didimacar tenebrica + +
KHFRIUE  Arcopsis symmetrica + + + +
458%  Sinonovacula constricta ++ ++ + ++
RUTT VW Pharella acutidens + + + + +
YU RS Potamocorbula laevis + n + +
FIRBER  Assiminea brevicula ++t - it ++ A b
ZfLH MR Cassidula plectorematoides + + + +
WIVEME  Littoraria (Palustorina) melanostoma + + +
ks IR Leptochelia dubia + +
55 AR R Ampelisca brevicornis + +
MR T IR A AR Melita koreana + +
B FIUR Hyale schmidti + + + +
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NEN Pl QZLHlI QZLH2 QZLH3 QZLH4 HZE K= K= =
KABFSUN Hyale grandicornis + +
HAK# 3 Grandidierella japonica + +
HIEELEE Corophium lamellatum ++ + + . + o+
=HWREEE Corophium trigulapedarum + ++ ++ ++
FEFIRELEE Corophium uenoi T+ + T+ n et
HIGHiXTHR Parapenaeopsis tenellus + ++ + + ++ +
HAEHUF Acetes japonicus + T+
PG BEER Palaemon serrifer + +
EfgKBUR Palaemon macrodactylus + + ++ ++
HREIN Palaemon carinicauda + +
HAGLUF Alpheus japonicus + + +
KSR Alpheus breviristatus + +
FEE SR Alpheus hoplocheles + + n
LIRUF Eualus sp. + + +
HAZE NUF Callianassa japonica ++ + + + +
VUG KA Metopograpsus quadridentatus + +
J7 8417k Grapsidae und. + + +
FRIRAUAHT-# Parasesarma plicata ++ ++ + + ++ T +
WIUAH T8 Perisesarma bidens + + + + + +
HRAEYe B & Clistocoeloma sinensis + +
FHMKTT8E Metaplax elegans ++ ++ ++ + ++ ++ ++ ++
KEKTTHE Metaplax longipes + ++ + + ++ + + +
FIREE Helice pingi ++ + + + +
DYE KT Metaplax takahashii + T
INWHETNEE Camptandrium sexdentatum + + +
TUVEIE Ilyoplax ningpoensis + +++ S ++
LA Uca arcuata ++ ++ ++ ++ - e s =
F& IR Uca dussumieri + +
FIfzh4  EIRIGZE Edwardsia sp. + +
AL ZE Cereus sinensis +++ o+ + ++ + NI +
FLkiE RHEESE Anemonactis nazelii + +
A JRAE AN Procephalathrix sp. + + + + +
A Cerebratulus sp. ++ + + + T+ + + 4
WAL H Cerebratulus sp.1 ++ + + ++ + + +
A B Cerebratulus sp.2 + + + + + T +
BERg¥ SHEREN Phascolosoma arcuatum ++ ++ ++ ++ ++ + +
BRI  RIMHEEA  Acentrogobius caninus + +
WRE  Periophthalmus cantonensis + + + + + +

- MAKEIA RS HEN 10%; ++ BBLEHEK 1-10%; + ARLEBHER 1%
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1 (EITRFHIE G ¥R, WEE] 361102)
2 (TR EHAES RAHE W E LI E, WA 361102)

W KRR M s R IE & VE R 9 N7 2B 90 & & (planktophagous, Pl). fH & # (phytophagous, Ph). K& #
(carnivorous, C). Z%& # (omnivorous, O)FIF E & # (detritivorous, D). /NIhRERE. A SCAR$E2007-2008 4 & 1
201320144 JF 1E7E 2 (Cyperus malaccensis)~ 3% (Sonneratia caseolaris)2FhAE 5 2 3G 17544225 119K Y JECAY
AR, AT 7T EE D DY TR R AR AR S M Th RERE R A 2 S L T AN BRAR AL . 2007-20084F
KAEFN6F R ALY, 1KT2013-20144 {36 H . ToiR /2200720084 L £2013-201445 &, Vi, R4
BE K AT Sh V038 DU B 38 RO S 3 FE R AE Y i d e, B B0 IO B % LA e i i, AEBR LR, ¥
EAESERB RN DRI & E PO F & ER @ WAERROMZAEEREE) S TERAER. T
LLiR AR, FEVESE AN AR, 201320144 BERIF A BB M F 8 L. BB REMZ EEREs s T
200720084, X2 K A2013-20144F R TN MU (Gelonia coaxans)RIFUL YR (Morerila iridescens)ss, T
200720084 & A7 KA F o

KHER: RARMS)Y), DhaeRt; BB WAy, + DUV

Functional groups of benthic macrofauna in the 14th Yong intertidal zone
of Nansha, Guangzhou

Lulu Yan', Lizhe Cai'*", Xinwei Chen', Guoqgiang Li', Wenjun Li', Jiali Zeng', Yiyong Rao'

1 College of the Environment and Ecology, Xiamen University, Xiamen, Fujian 361102

2 Key Laboratory of the Ministry of Education for Coastal and Wetland Ecosystems, Xiamen University, Xiamen, Fujian
361102

Abstract: Benthic macrofauna were classified into 5 functional groups, i.e. planktophagous (Pl), phyto-
phagous (Ph), carnivorous (C), omnivorous (O) and detritivorous (D). The biotope difference, seasonal and
annual variations of functional group of benthic macrofauna in the intertidal zone of the 14th Yong of Nan-
sha, Guangzhou were analyzed in this study according to the four seasonal data of benthic macrofauna col-
lected in two biotopes (Cyperus malaccensis and Sonneratia caseolaris) in 2007-2008 and 2013-2014. A to-
tal of 26 species were recorded in 2007-2008, which was lower than 36 species in 2013-2014. Both in
2007-2008 and 20132014, phytophagous group showed the highest value while detritivorous group shared
the lowest one in density and biomass. Habitat comparison showed that the abundance index (d), evenness
index (J) and diversity index (H') of planktophagous group in Cyperus malaccensis habitat were all higher
than those in Sonneratia caseolaris habitat. Annual comparison showed that the abundance index, evenness
index and diversity index of planktophagous group in 2013-2014 were all higher than those in 2007 —2008
both in Cyperus malaccensis and Sonneratia caseolaris habitats because the planktophagous such as Gelonia
coaxans and Morerlla iridescens and so on were collected in 2013-2014 but they were not found in
2007-2008.

Key words: benthic macrofauna; functional group; habitat; intertidal zone; the 14th Yong
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Th B4R B A L [F) o) REREAE SR FH AH ) 22 5
FISRTE (YRR, N AE AR 2S00 70 b n] i Ab B VR
WIFIZ A R o ThER XS PR 5 AR 4 1y 3 55 4k,
T ORI BIVEF, EEAS R R P 1 s I B R
CEA TR BR(ER EEE, 2011). WIFAT A S ARG T
AT Rl A, R ERAG I TR B, R
TS R A A8, L ) (1) K B AT B 4 e
FHAECYIME) R M EZEER, —BE/AZREE
FHIEE, 2008).

[ P 25 3 ot ) [ 7 K 25 T AV 30 40 o e 6 1 A
Fo X d5 32 B AR Hp TR W VL DL AR 1) A (R % A%,
2002; KB AL, 2003, WAL, 2007; B4
TEE S, 2012), DAACAR 5% M V5 et 3 9 ) iy (2 A8
&, 2014) MR B 6] 717 (25308, 2015). £E] ML
RV, AV B 15 45 (2010) AT 75 45(2010) 2 51
IE T T INEE VDU Ui ) 0 R YA
SIIRER, B Q013) 45 T M B v iE K
RGP W S5 R . (HI24 Mk, 167 MR IR
b A DL DK 2R JE ARG 2047 Ty RE AR FA AR

AR SCANRTT T PN g v DU i () A K YR A
TR BEE R R A SE . Y RSERE 0 A, ]
V) 15 R TR JE AV 0 4 A 25 2 T RO T M T 0 1 AR
P LIERE TR

1 R
J MR b - DU s 0 18] b Ak M T R D OB

B, MUK HEE ATV 8 R T g e
ZE A, B O TERLE B, K 3 BEARAK,
JUPHR IR K, TR ZK M3 G FEE0-7 ppto
ZHL X SRR, F3RIE21.9°C, A H PR
H13.3°C, 7HPHARIE29°C (805, 2007).

2 MRFE

2.1 HmRESLE

2007-2008 4F F&£ K AL A 2 1) >k 1 2007 42 7
FI8H . 200845 AL H (A EA T, BE, &
7= f1 Rk Z2) 78 ¥E X (Cyperus  malaccensis) F1 ¥ 5
(Sonneratia caseolaris)2F 4 35 5 ; 2013-2014
R RARRM YR 201347 H FI10H « 20144F1
AR4H O MRERE ZE. KE XFEMET) T
AR AE B D) B . AR S RE AL % B S A
FEJ, BAFEFHAUN2S ecm x 25 cm, KEERE
20-30 cm, FTRIRFEA0.5 mmALAE 578 R 3E4T 43
%o REEWBIMI IR RAE %8 FIFR % (i
FEWRIRETEY (GB17378-2007)F1 (IFEE ML)
(GB/T12763-2007) " {1 & HAT
2.2 INEEBERIXRISY

WP RSN S &1, SR E MNP %
(2002). 555 BH%E(2008), ¥ KBLEAR S K 5 9 BA
N5 ThREH

()33 49 & # (planktonphagous group, PI):
WREE &P I R AR B IEROK AR RN AR, B

22.75°

22.65°

22.55°

113.5° 113.6°
[ ¥k waterarea
=] 2 Cyperus malaccensis
I:I HHE Musa paradisiaca

s o 0 10m
D Mﬁ Sonneratia caseolaris

B 7N R PR R E) T K B AR s IR A oL

Fig. 1 Sampling sites of benthic macrofauna in the 14th Yong intertidal zone of Nansha, Guangzhou
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(2) A& ¥ (carnivorous group, C): fii /A3
VIR, BB, R REE.

(3)4% & % (omnivorous group, O): KFE B fkak
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e A Ty ReH 2007-20084F 2013-20144F
pall:iabziky| WHWLHEFE Haliplanella luciae 0 +
A Mii4 R Cerebratulus sp. C + +
7R E Ak Cephalothrix orientalis c +
ZEHRK /N3L i Capitella capitata D +
NIl B Chaetozone setosa D +
FZiEyb %8 Dendronereis pinnaticirrus C +
ZAWMBZIH Eteone delta C
Jug sl gt Mediomastus californiensis D +
Z70% Namalycastis abiuma C + +
MR filyb % Neanthes glandicincta c +
MBS ZE Nephtys oligobranchia c + +
5 s Notomastus latericeus D +
;2 dL Paralacydonia paradoxa c +
Mi7E A 2 HL Polydora pilikia c +
Fil22 gt Potamilla sp. Pl + +
A B Prionospio sp. o +
44 H Scoloplos sp. D ¥
BB Tharyx sp. D +
PeWvb@x Tylorrhynchus heterochagtus C + +
EER A Limnodriloides sp. 0 +
MR FIAIHIE Assiminea brevicula Ph +
512 Gyraulus sp. Ph +
RS Sermyla riqueti Ph +
JeH P4 Stenothyra glabar Ph +
MFH [ Corbicula fluminea PI + +
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ZRJIE% Cultellus scalprum +
2L Gelonia coaxans PI +
W 3CEG Meretrix lusoria PI +
FALIPEYS Moerella iridescens PI +
LS Musculus senhousia Pl +
eI E5 kS Potamocorbula laevis PI +
%i4% Sinonovacula constricta Pl +
D YOHYIF Byblis sp. 0 +
TC ik AHF 4% Chiromantes dehaani Ph +
S FESEK AL Cleantiella isopus o] + +
9 B % Cleistostoma dilatatum Ph +
L3 Corophium sp. Pl + +
KB 78 Cyclograpsus longipes Ph +
FEFHIF Gammaropsis laevipalmata 0 + +
Ve llyoplax sp. Ph
IR Ligia oceanica o} +
KFKHR# Macrophthalmus pacificus Ph +
VY K% Metopograpsus quadridentatus 0
F45 % Varuna litterata PI +
EA=E FH& L Culex fatigans 0 +
FEIH) H Chironomus spp. o) ¥ N
JRWEA R #4:fh Periophthalmus cantonensis o]

Pl IS, Ph: MR, C: ARHE, O REH, D: WERHE. “+"RREIZERLLIILY).
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2 (P ERFERE RS, JE5 100049)

3 (7 SR E SHARE KR A S S AR RSN =, LRF S 266000)

R N 7RI D K AR R B R S R A, FRATTARYE20124F 6., 8F110 (VL M QR g R 1Y
MG S R 2 B RE, B SR O 2 40 BT (Two-Way ANOVA). BT #7 (Cluster). FES 8 £ 4brn EHE F
(Non-metric Multidimensional Scaling, NMDS)UA K 3= F 4= 4 2 L 1 26 (Abundance-Biomass Comparison Curves,
ABC Curves) Xt #ds BORHEAT 73 17 o AR AL FRTY R ZN W 18 1P, Horh 2 F2K5)1820, H 52zh#paeh, ik
P3RS IR, HAR SRR UM . R RS R AR R B 2 R R HOT 0 A 2= e
I ZE RN RE  BSEEREA G R ZERARE, WaEn Fai B s T, 6. 8A10H KB R BIMITE20%
PIARBMAE KT X 5r N3—aA SR, AR AL AR B /K AIG - ABC I 28 3 B I8 g K B IR B V& 2 HUBN AR 2
INTIEHE. Z NFEESNRIRREEE M, KIT AR R B AR S AR R B, 23 (B A A3 5] o

KHER: RARIEY), ZFEE, BEREW, B, KiLH

Characteristics of a macrozoobenthic community in the sea adjacent to
the Yangtze River estuary during the wet season

Yong Xu'?*?, Xinzheng Li'**, Hongfa Wang'*, Baolin Zhang'~, Lianmei Shuai'

1 Institute of Oceanology, Chinese Academy of Sciences, Qingdao, Shandong 266071

2 University of Chinese Academy of Sciences, Beijing 100049

3 Laboratory for Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and Technology,
Qingdao, Shandong 266000

Abstract: To explore the characteristics of a macrozoobenthic community in the sea adjacent to the Yangtze
River estuary during the wet season, macrozoobenthic samples were collected during June, August, and Oc-
tober, 2012, and data were analyzed using statistical methods including Two-Way ANOVA, Cluster analysis,
Non-metric Multidimensional Scaling (NMDS), and Abundance-Biomass Comparison Curves (ABC
Curves). A total of 181 macrozoobenthic species were recorded, with 82 species of Polychaeta, 46 Crustacea,
31 Mollusca, 11 Echinodermata and 11 species belonging to other groups. The abundance, biomass, Mar-
galef’s richness index (d), Shannon-Wiener index (H'), and Pielou index (J') did not show any significant
temporal or spatial differences except that J' in the offshore area was significantly higher than that found in
the inshore area. Three to four macrozoobenthic assemblages were identified using the 20% similarity level
and a low similarity level among stations was also observed. ABC curves revealed that the macrozoobenthic
community in the offshore area was less disturbed than that in the inshore area. As a result of the continuous
impact of anthropogenic activities, the macrozoobenthic community was severely disturbed and unevenly
distributed in the sea adjacent to the Yangtze River estuary.

Key words: macrobenthos; diversity; assemblage; dominant species; Yangtze River estuary
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(RS, 2004). KAV RITOASR N ‘ \ % B RE

G iy SO R, TR A B, 5 SO woww w

2 FTRHI, SE T PR e J5 7 B @ N g

(S HAESE, 1990). BBEATLURSE AR A g 0 L e

4705 4, R S 7 B 85 1 30 A A (2 o A Lo o

& 2007). “;%”m ¥ ¥ ¥

A 20 DUSR A VL 1 Je H 210 i 35K 2 TR A 3
YR Uk B A A 2 IR TE (R0 SR A28 IE,
2003; ZEFIREE, 2007, PMEMHSE, 2007, RAER,
2007; X3 =%%, 2008; Shou et al, 2013), {H20104F
DL 18 A R EAR /D L. ASCAR 2012426, 84
10 H YT AR i8R B AR sh ) R B2 Rk, 2
WA SN DREVE I H 4 18] R0 23 [R] A2 Ak, 5 Py s B¢
*ﬂriﬁﬁxﬁtl:, DU KT A S PSR 3 4R A TR

1 RS

1.1 BEFE

FE-KIT AR IRF . 122.37°-124.5° E.30°-32° N
Y R P B 7N (), T20124E6 A (134 3
B7)« 8 A (123G A1) 110 H (1403547347 KB A
D E R . BN H0.1 mP A SR Ve S R h
BURE29K, AR K205 mm M H K8 i ph ik,
TS%IAELRAT o TESLI0 2 P T AR e . TR
FREE .

1.2 HIELE

KEEMNRAEY = (ni / N) < f;, A, mA
SR ANMAREG N A SIS AMREL AR iR
HE I 1 3 87 0 o T A el 7 B I b YO R AR
WS4 E, Ky > 0.02( 08 & N RETE A i Fb
(FRICALANFRILE, 1989).

{4 I Margalef#h 25 &= ‘& £ #5 40 (d) . Shannon-
Wiener % F£ 14 48 £ (H') Al Pieloudy & & $8 B0 (J) R AL
KBRS BTS2 A . SR PRIMERBAF H 1)
DIVERSE F£ ¥ i+ & X 3 T #§ #x, 3 7 Shannon-
Wiener % F£ 1448 20 (H) ik Floga R m -

KR Z T 243 BT (Two-Way ANOVA)K H)
b7 25 2B P b 1) H 4 1) 22 57 (6~ 8%[110)%)%[1/‘%‘@%
F(123° ERLAPE NI g, AR NI ifs) i) i 25 14 .

L, AYESZE I + DEAK, uﬁwEE*rﬁuﬁ

30° N+

+ KAEuh |

Sampling site [={

29° N+ T f 1 {
120°E 121°E 122°E 123°E 124° E 125°E

Bl AT OSPIEE AR A SIRAE L
Fig. 1 Sampling sites of macrozoobenthos in the sea adjacent
to the Yangtze River estuary

FEFHPEER o N B IR ARAH OG- M RAH T B 5 4
YIERR R,

T R S5 ) 73 R 25 97 5825 53 M7 (Cluster) 1 3E
2 1 % Y% bR I HE i (Non-metric Multidimensional
Scaling, NMDS) S8 (i 4L f15K 55, 2003). £EHT
Z AT F B R — AN A BB Fh, DL b # A il
RO o A FH 3 B £ 48 74 2 Bray-Curtis # BV B, %X
P IR IT R AL . SR ALY B 2 b
(SIMPER) T 5 [F] — B 58 ()~ S AR AL, 30 3
FETTHR Pl (Labrune et al, 2007). {fHFEEEYE
it & (Abundance-Biomass Comparison Curves, ABC
il 2 ) 73 B AT 1 AR AT i 3R T A S W v 32 40
S DL EH S, 2006)

uli S BRI L A2 (8] 43 A1 B ) 2 14
Surfer 12.08fF2E47, ettt Hr i HISPSS 16.0%1F,
TR S5 H 73 H 18 FHPRIMER 6.0 1F S8

2 R

2.1 FhSELAR BT

20124 6-10 H 34N T 2k 3 461 38 K B AW 2 4
I81F(F3R1), HApZBREIRE, A8, fik
IR EL145.3%; HRIRZ, F46Fh, 25.4%;
WARBIWI31FN, 5 17.1%; BZS11H; 156.1%;
HARBECR R, gl f2R55) 1R, 56.1%.

3L BRI R B JECAT BN 0o 28 502 7 184 -
6 H (83F1) < 8 H(96F1) < 10 H (110F1). Sk 3k
ANFERBERI R R EOLE2 . WEIHFTTLUE H, AFA
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200 - ] . F1 KIOSME201246-10 3 KBURIEEIIMA L E (V)
180 4 ﬁgj?f Oth?rs Table 1 Dominance (Y) of macrozoobenthos in the sea adja-
i ij :T%J E;(m‘:;g:maw cent to the Yangtze River estuary between June and October,
160
. [T H3%50%) Crustacea 2012
3 1404 [ £ & %5)%) Polychaeta Wy 6H 8H 108
§ 120 4 Species June  August October
s ez HWEGYIWE Nephtys oligobranchia 0067 0.009 0.007
é = S TR R Paraprionospio pinnata 0.042 0.019 0.056
E 801 VUG BREEIER Onuphis tetradentata 0.035 0.030 0.022
i e RIPTE—H Lumbrineris sp. 0.017 — -
& 401 AT Praxillella sp. 0.013 — 0.007
20 Z B R Tharyx multifilis 0.011 - 0.007
0- W B Notomastus latericeus 0.009 0.012  0.022
p &1(()))% b J6H ASH 010)?) HEEWVIVP 8 Glycera onomichiensis 0.008 0.010 -
—Oct t t
une ctooer un; ﬁj\ Month ugusi ctober KETEHE\#%[P Arl'cidea op. 0007 B B
3 ATSE e 4t . _ R MELid Prionospio pygmaeus 0.007 - -
E.IZ KiLH ?B]ﬁ?ﬁiﬁi2012ﬂ56—lﬂﬁ kifﬁ?*ﬁﬂ]%f'ﬁ%,ﬂﬁk HAE Bl B Amphioplus japonicus - 0.011 -
Fig. 2 Composition of macrozoobenthos in the sea adjacent to V6 Dasybranchus caduc 0.010
the Yangtze River estuary between June and October, 2012 TRns Lasyoranchus caaucus - : -
TIVHREE Xenophthalmus pinnotheroides — 0.009 —
KMH-EWE Lumbrineris longifolia - 0.008  0.036
BRI S ERANAG DDA R, WA Pocnonapradoa 00T
= - Sz —M Apionsoma sp. - - 0.114
T PP 25 S0 R B B R M S i som
. . . . . KWiyb# Glycera chirori - - 0.015
IR T6-10H 34\&(%%}§(Y) HT 1OZF) AW Marphysa sanguinea - - 0.007
WA, Hhe AR AMBEEMAVDE SRR RBH.

(Nephtys oligobranchia) « % 5 H t5 H (Paraprion-
ospio pinnata) F VY 5 BX %% 3¢ HL (Onuphis tetraden-
tata) 37, 8 A L H AL IU 1A KK Z5 JE HL LA, 110 H
1y —FpHUA R i (Apionsoma sp.). FRMEKH. K
2R Vb %8 (Lumbrineris longifolia) 5 W5 3 (Notom-
astus latericeus)F1 VY V5 BR % FE BN LHAFH . 3T
UALFA BE(Y) R 10RL A 5 GLAE SRR A W Vb 7 | &7
T, DY WSS 3k dUrn ]

22 FEMEYE

B IR ARAH I3 Bt K L= 5 A0 AR A K 2 () G
AR IR — B (e = 0.522, P = 0.001, n =
39), =B A A A R R (E3).

221 EE

AR F A KRB AR S 42 WAR2 . thiFk2m]
N, OR B R B  HF 38 F B 9 159.2
ind./m’, HU-FME10H>6H>8H o SN Jy % 4)
BT 2 BT =5 B2 1) 3 T 22 57 R 2 ) 22 S ) AN (8 25 (7,
33=1.615,P=0.214; F| ;3= 1.082, P=0.306).

6 )3 B B 1 7 B el s BRI 2 B 2K 3)
V(i B E I LB N T71.3%) BAREII(12.9%)
H I (9.8%) HAt A (3.3%) AR EL Zh 1)
(2.7%) - -5 i Pyl o 4 H 70 T 2 i s e i 1230

The bold indicates the dominant species.

EFHEFIZRMIK124.5° B (Bl3a). 3 @ik ik
K1 (295 ind./m%). 8 J ¥ ¥ il m EMRAK IR N £ B
KWk B FEE NG N68.1%) . F &Y
(17.3%) BAKRBYI(6.1%) BREZ BhH(4.4%) F1H:A:
FKH(4.1%). FERTEMEAREL, Kbk
fI3k M4 (325 ind./m?), ik IRELZ 1 DU
K53 3E H(135 ind./m®) . 10 3 P25 B H s SR AR v
N2 BRIV B FFERELFIN56.1%) . HAtEH
(22.1%) FF5EEI(11.9%) FAREN(5.4%) Ik
HWI(4.5%). FEFENAE6. 8 H AL, 757 i
123° EFIN124.5° EfFAE A X o 3= fem b Ar
PN2 (550 ind./m%), %% 9K E A F AL R th
AT 5 ME 1 B, TR 4 BN 165 ind./m” AT TS
ind./m?.
222 4YE

R 2 3 A T UK L A Bl 4 )T 38 AR i
N8.6 gim’ (2). WINZE T2 R EE A 4
F) 22 S 25 B) 22 R AR 35 (Fy, 33 = 0347, P =
0.710; Fy 33 =1.200, P = 0.281).

6 A KBRS T84 P, N6.6 g/m’.
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Fig. 3 The abundance (a) and biomass (b) of macrozoobenthos in the sea adjacent to the Yangtze River estuary between June and

October, 2012. e June; ® August; o October.

F2  KIIO4BIEEE201256-10 A A BRI E Z 2B EE (ind/m*) A E M8 (g/m?)

Table 2 The abundance (ind./m?) and biomass (g/m”) of main macrozoobenthos groups in the sea adjacent to the Yangtze River

estuary between June and October, 2012

J# Group 64 June 8H August 104 October T34 Average

F S K72y ESi s EEUY)-—s FhE EE) s F 5 G}y

Abundance Biomass Abundance Biomass Abundance Biomass Abundance Biomass
% E2551¥) Polychaeta 100.0 3.9 88.8 4.7 115.7 2.8 101.6 3.8
525N Crustacea 13.8 0.9 22.5 5.6 24.6 0.9 20.3 25
ARSI Mollusca 18.1 0.5 7.9 1.1 11.1 0.3 12.4 0.6
W) Echinodermata 3.8 0.2 5.8 0.4 9.3 1.6 6.3 0.7
HAhZEHE Others 4.6 1.1 5.4 0.5 457 13 18.6 1.0
St Total 140.3 6.6 130.4 12.3 206.4 6.9 159.2 8.6

FBRBERFHAEEZ BRI SR EER
EE 151 9 59.1%) > HAth 28 B (16.7%) > F 52 30 4
(13.6%) >HARENHI(T.6%) > Z SH(3.0%) (£2).

A R (1472 18] 43 A5 L I 3b, T 2 YA 7 00 1 2R )
R . AR R 5 SONPN2 (29.2 g/m?),
Hop 5 L (Marphysa sanguinea) 1] 4 ¥) & 1K 24.3
gim®. S PR RS, N123 gim’, H5EEhY)
SR AV R R E R B N45.5%) >2 E
KBWN(38.2%) >HAKRBNNN(8.9%) >FHAh KA (4.1%)
>R B B(3.3%) o A A s 1 (1) R 4TS PN2 (45.6
g/m®), %k & B K B B I HF E B (Diogenes
penicillatus) (24.5 g/m®). 1073 FHEWERAL, N
6.9 gm’. ZBREWNTHEWEGHE A E

1) EE 1 2 40.6%) >k B2 5 0 (23.2%) > H A S
(18.8%) >H FE5h#(13.0%) >HAARBh(4.4%). £H)
B i AN3 (23.7 gimd), Hh—fh# M3
(Thyone sp. ))& =ik21.1 g/mzo
23 ZHM

AT VAR I IR B AR B 1) 22 BE 1 L3R 3
4. A HF, KEEVISIYFEEE IR
(d)F1 Z FEEAR B (H) N6 A E110 H 35 3 mf#a %
(3), dFH & KAEE B BAES H R3S, 2358
6.57M4.33. WA BF, wilf KBNS di
HY T (RS . R R I7Z 0 MR H' )
H 1) 22 S A2 1) 22 e AN 3 (d: Fa, 53 = 0.934, P
=0.403; Fy 33 = 0.616, P = 0.438; H': F, 33=0.508, P
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R3  KIIOWEEE201256-108 KB RN LA
Table 3 Diversity of macrozoobenthos in the sea adjacent to
the Yangtze River estuary between June and October, 2012

RKRME  BME PBMEEAR AR
Max. Min. Mean + SE
d 6H June 6.57 1.67 3.44+0.42
8/ August 5.52 1.24 3.60 £ 0.37
10/J October  5.63 1.82 4.16+0.31
H  6H June 4.33 1.79 2.94+0.23
8H August 4.01 1.37 3.03+0.22
104 October  4.15 1.59 3.29+0.21
J 6/ June 0.98 0.55 0.86 +0.03
8 August 1.00 0.72 0.90 £0.02
107 October 1.00 0.51 0.86 +0.03

R4 KIOARISEARRENLHEEMY
Table 4 Diversity of macrozoobenthos in the inshore and
offshore area off the Yangtze River estuary

KAE oME CPEAR R
Max. Min. Mean + SE
d JEif§ Inshore 5.71 1.24 3.52+£0.36
L#E Offshore 6.57 1.67 3.89£0.26
H i Inshore 4.15 1.37 2.91+0.22
iZL#E Offshore 433 1.59 3.21+0.15
J i Inshore 1.00 0.51 0.83 +0.03
i Offshore 1.00 0.69 0.90 + 0.02

=0.607; F) 33 =1.197, P = 0.282), M8 L%&, 8H
KA E P35 50 FE () B i (#23), THARE H 4y 2
[F] 22 57 N IR 3 (Fa, 33 = 0.862, P = 0.432), 1 25 8] -
B, e R R B8 5 B R 2 e T (Fy 5 =
4.504, P=0.041),
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MR 50.6%, FIAl). B JR 2 A 455 1 A5 Vi 3P ity (UK 1
K5. PN1FIMA4uS, ~FEAHE32.0%, TTikFl A 5%
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(52.2%)FIK MR VD AT (47.8%) 0 FoE TR A3k 1Y
I FIPN1 345

10 AR N3 R . BER IR Ak b
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DT R Bl AL HE R T WV AR (38.3%) . KRV &
(10.4%) 515 H1(10.4%) 73 S fE LG H.(10.3%). Hf
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PN2. PN3FIPNAA K, “FIFHINEH30.2%, F 2
DT HR O — R AL R B H(20.0%) A O FE A R
(16.4%)FIHK IR ZR(12.8%) . B 58 340,35 1 7 i ek
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Appendix 1  Species list of macrozoobenthos in the sea adjacent to the Yangtze River estuary in 2012

F} Family YiFh Species

&1 Coelenterata
WEWGHEFRL Virgulariidae
BT Nemertinea
& E Emplectonematidae
HKWEEYIT Annelida

V& —Fh Virgularia sp.

& A—F Emplectonematidae

2R iR Sabellidae
HEHEl Flabelligeridae
HEHEl Flabelligeridae
223 FL Cirratulidae
22 FL Cirratulidae
XA FL Ampharetidae
XA HFL Ampharetidae
XA FL Ampharetidae
XA HFL Ampharetidae
XA HFEL Ampharetidae
e BBl Pectinariidae
BN EL Terebellidae
I/ FL Terebellidae
I/ EL Terebellidae
BN EL Terebellidae

FE#H iRl Trichobranchidae

HEAE Rl Spionidae
HEAE Rl Spionidae
HEAE LRl Spionidae
HEAE LRl Spionidae
HEAE Rl Spionidae
HEAE Bl Spionidae
HEAE Bl Spionidae

2R —Ff Sabella sp.

' 5 —FF Brada sp.
FaNHLHESR U Pherusa bengalensis
Wit H Chaetozone sefosa

Z MR Tharyx multifilis
XU Ampharete acutifions
VAR Anobothrus gracilis

YN IRIE R Anobothrus paleatus
PRI ER—F Lysippe sp.

WS Samytha sexirrata
SERPEEME B Pectinaria conchilega
Pl B Amaeana occidentalis
Wik . Artacama proboscidea
WH R Pista cristata
KFHWE R Pista pacifica
il Terebellides stroemii
JaMER Laonice cirrata
#FRMEVUT L Paraprionospio pinnata
HMe5E 7 L d Polydora pilikia
LB —F Polydora sp.

MW HL Prionospio pygmaeus
HT¥EHER Spio martinensis
HHE R} —Fh Spionidae

KF W& Fl Magelonidae
KF W& Fl Magelonidae
Z&EHEl Poecilochaetidae

RIFKFIT Magelona cincta
HAKFIWA&E Magelona japonica

WA B M Poecilochaetus serpens

Wivb#E}l Glyceridae
Wivb#E}l Glyceridae
Wb # kL Glyceridae
AWV ZEFRL Goniadidae
MWV ZEFRE Goniadidae
Z ik fikl Polynoidae
Z ik ikl Polynoidae
ik HEl Sigalionidae
Bk HEl Sigalionidae

KWybZ Glycera chirori

HEEVIV & Glycera onomichiensis

Wb #E—F Glycera sp.

HEHWIYA Glycinde gurjanovae

HAR MW % Goniada japonica

78 TLA 9 . Harmothoe imbricata

Wtk i —F Harmothoe sp.

RIS L Ehlersileanira incisa hwanghaiensis
Z@E R —FF Euthalenessa sp.
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£l Family

YiFf Species

R d Al Lacydonidae
2R Phyllodocidae
-2t FL Phyllodocidae
Wb Z Rl Nephtyidae
Wb Z&EFR} Nephtyidae
&AL Nereididae
&AL Nereididae
&AL Nereididae
&AL Nereididae

W4 Rl Hesionidae
W4 Rl Hesionidae
W4 Rl Hesionidae
HEHE Pilargidae

A B A} Amphinomidae
Al B A} Amphinomidae
LR ZEF Arabellidae
RYP#AL Lumbrineridae
RYP#FL Lumbrineridae
RYP#FL Lumbrineridae
RYP#AFL Lumbrineridae
RYP#FL Lumbrineridae
RV#AFL Lumbrineridae
WLiP7#EFRL Eunicidae
WLiP7EFRL Eunicidae
WLiP7EFRL Eunicidae
WLiP7EFRL Eunicidae
WLiP7EFRL Eunicidae
WLiP7EFRL Eunicidae
WLiP7#EFRL Eunicidae
Mr%%44E HFL Onuphidae
7745 A Maldanidae
7745 A Maldanidae
7745 fiFH Maldanidae
/NLHURL Capitellidae
/NLHURL Capitellidae
/NLHEL Capitellidae
/NLHRL Capitellidae
#HFL Opheliidae
#HRL Opheliidae
HEL A} Orbiniidae
Sk HiR Orbiniidae
SEHEL Paraonidae
SEHEL Paraonidae

WS Paralacydonia paradoxa
a5 . Phyllodocechinensis
AFRNRH Phyllodocepapillosa
RAEN G Aglaophamus sinensis
FEL WYL AT Nephtys oligobranchia
HARNIPZE Neanthes japonica
KAy EE Nereis longior

W —M Nereis sp.

TRV & Tambalagamia fauveli
54 BFt—Fh Hesionidae
XUME R W Micropodarke dubia
Bednme 21 Ophiodromus angutifrons
ER#ER Sigambra bassi
FMFEAH Amphinome pulchra

A B F}—F Amphinomidae
2289038 Drilonereis filum

WG RIVA Lumbrineris cruzensis
SERRIE Lumbrineris heteropoda
[k RYVAT Lumbrineris inflata

K ZRYDA Lumbrineris longiforlia
RIPTE—F Lumbrineris sp.
HABRIPE Ninoe palmata
AEMYLP L Eunice afra
B Eunice kobiensis

Wb Z—Fl Eunice sp.

Jii V-5 B Marphysa depressa

H W Marphysa sanguinea

B —M Marphysa sp.

HiEA B Marphysa stragulum

VU5 KR S5 FEHL Onuphis tetradentata
LR E W Metasychis gotoi
KPR Praxillella pacifica
0 —F Praxillella sp.

/NSLHU Capitella capitata

JEW8ZE Dasybranchus caducus

22 550 Heteromastus filiformis
5 U Notomastus latericeus
HHEW Ophelina acuminate
KOG Travisia pupa
JEBEL4E . Scoloplos marsupialis
LIRNSHEH Scoloplos rubra
PhFEH Aricidea fragilis

Jhtg H—F Aricidea sp.




TREE, ZWNIE, FUE, SRR, I VLD AR R R M S R R AL, A2 R,

24 (7): 811-819.

http://www.biodiversity-science.net/CN/10.17520/biods.2016039

2016,

£l Family

YiFf Species

SEHEL Paraonidae
SEHEL Paraonidae
Hfg B} Cossuridae
MBS R} Sternaspidae
EHRF¥] Sipuncula
A Rl Phascolosomatidae
A Rl Phascolosomatidae
LI EHF} Golfingiidae
Bk A HEL Sipunculidae
Bk A HREL Sipunculidae
BAEBHY) T Mollusca
T5% /1 DU R} Episiphonidae
TLEREL Calyptraeidae
JGIEF Eulimidae
JGIEF Eulimidae
ZIGUEFR Nassariidae
ZIGUEFR Nassariidae
HIZEL Turridae
SRR} Terebridae
SRR} Terebridae
= XIgF} Cylichnidae
FUEI AL Philinidae
HARkIGEL Nuculidae
HARkIGEL Nuculidae
WtkiG AL Nuculanidae
IHAEL Arcidae
Filfi Al Ungulinidae
UAURIAL Mactridae
UG Tellinidae

¥5F} Tellinidae
"%Aﬂ Tellinidae
WiGEL Tellinidae
WG EL Tellinidae
WG EL Tellinidae
B a Rl Semelidae
JIERL Cultellidae
fiikAFl Veneridae
I5FL Corbulidae
EiGFL Corbulidae
EEHEVIIGRL Thracidae
X 74N Bivalvia
#=MA Octopidae
T sh#1] Arthropoda

i FHE L Heterospio sinica

HA§8 7+ B H Levinsenia gracilis japonica
AR H Cossurella dimorpha

NS H Sternaspis scutata

AR B di—Fh Apionsoma sp.
ERBURE B Apionsoma trichocephala
BEBOE N Thysanocardia nigra
R TT B B Sipunculus nudus
R R Bl —F Sipunculidae

VB THE M1 UL Episiphon kaochowwanense
Ji FETEYE Siphopatella walshi

X ECUR Eulima bifascialis

BN AR Eulima maria

Tk 2SR Nassarius siquijorensis
LGB —F Nassarius sp.

RFEMENR Crassispira pseudoprinciplis
A WUZMR Duplicaria dussumierii
MR —Fh(411A) Terebra sp. (juvenile)
[5 f ) 88 Cylichna biplicata
SEUEMT—F Philine sp.

TIEHAKS Nucula faba

BHB A — P (4048) Nucula sp. (juvenile)
MG Yoldia similis

WS Arcopsis interplicata
B Cycladicama tsuchi
FSMNEBUE  Raetellops pulchella
B Cadella delta

TP BHRRYG Moerella jedoensis

VAT MRS Moerella nishimurai

WT Y6 oBG  Nitidotellina iridella
SERBUE—F Nitidotellina sp.

JERESG —Fh Pinguitellina sp.
FIAR I —F Abrina sp.

/NTIWE Cultellus attenuatus
ZHMMORYS Pelecyora trigona
JERUEMS Anisocorbula crassa
SIS —M Anisocorbula sp.
GBS Trigonothracia jinxingae
XFE—FP(41K) Bivalvia (juvenile)
KM Octopus variabilis
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£l Family

YiFf Species

WRdEAL Squillidae
WRdEAL Squillidae
KJEHEL Apseudidae

B R¥EHR} Diastylidae
XHREHFEL Ampeliscidae
XHREHFEL Ampeliscidae
XHREHFEL Ampeliscidae
B ¥R Corophiidae
BB ¥R Corophiidae
BB ¥R Corophiidae
B ¥R Corophiidae
B ¥R Corophiidae
FIREURE} Lijeborgiidae
R FGERAR Melitidae
IR FGERARL Melitidae
IR FAERAR Melitidae

ARk Oratosquilla oratoria

R o} —Ff(4144) Squillidae (juvenile)
KR —M Apseudes sp.

=5t ERE R Diastylis tricincta

T RAHREHR Ampelisca bocki
ZUIEXUIREANT Ampelisca misakiensis
SUAREHR—Fh Ampelisca sp.
HAKEH®E Grandidierella japonica
FESLHNT  Photis renihardi

R E LR Photis sinensis
RAEMREL 3 Sinocorophium sinence
SRR —Fh Sinocorophium sp.
TR INE Listriella curvidactyla
BZ BN Eriopisa incisa
FEUF—H Eriopisa sp.
FEVN/RPEHANT Eriopisella sechellensis

43T Phoxocephalidae
43 HHT R Phoxocephalidae
HELEUTR} Platyischnopidae

VAR ISL NN Mandibulophoxus uncirostratus
MERSLEINE  Harpiniopsis vadiculus
O EHESLEINR Indischnopus capensis

JEFIFEL Urothoidae
¥ /K EF}L Paranthuridae
IRIFZKEF} Cirolanidae
XTHFEL Penacidae

SRRl Alpheidae

SRRl Alpheidae
KEUFEL Palaemonidae
KEUFEL Palaemonidae
KIRIFEL Ogyrididae
PYIENTFRL Pasiphacidae
PYIENTFRL Pasiphacidae
PYIENTFRL Pasiphaeidae
PYIEHTFRL Pasiphaeidae

% NUFEL Callianassidae
% NUFEL Callianassidae
EAEFRL Albuneidae
HIER} Porcellanidae
WA ZT R R} Diogenidae
WA ET R R} Diogenidae
WA ET R R} Diogenidae
VPR Scalopidiidae
VPR Scalopidiidae
NAEMERL Hexapodidae
BRI EF Pilumnidae

FEHURRL—Fh Urothoidae
HAW TS /KE Paranthura japonica

H Ak KB\ Natatolana japonensis
XHURAL—F(4)44) Penaeidae (juvenile)
SEBH SN Alpheus distinguendus
HAZAF Alpheus japonicus
BIKKENT Palaemon gravieri
BRSBTS Palaemon serrifer
KITKIREF Ogyrides orientalis
RIBMEAF Leptochela aculeocaudata
MMEUF Leptochela gracilis

RN EEUR Leptochela sydniensis
YHELIF—Fh Leptochela sp.
ENIF—H Callianassa sp.1
ENIF—M Callianassa sp.2
KRITENIE Albunea symnista
BERERL— P (%K) Porcellanidae (juvenile)
Y RIGHIE B Diogenes edwardsii
FBHEIEHTT B Diogenes penicillatus
T R 8 — 7l Diogenes sp.

VD EE—Fl Scalopidia sp.

R IRV Scalopidia spinosipes
TRl 7S e, Hexapinus granuliferus
B ERE Xenophthalmodes morsei
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£l Family

YiFf Species

R TRl Portonidae
R TRl Portonidae
R Pinnotheridae

Wi 5] Echinodermata

FHZ% 28} Amphiuridae
FH% 28} Amphiuridae
FHZ% &8} Amphiuridae
FHZ% 28} Amphiuridae
FHZ% 28} Amphiuridae
FHZ% 28} Amphiuridae
FHZ% 28} Amphiuridae
A% 28} Amphiuridae
HigRERL Ophiuridae
YrT#EER} Laganidae
703874} Phyllophoridae

%
%
%
%

BHHESHY] Vertebrata

i fiE AL Ophichthyidae
IR Gobiidae
IFpE L Gobiidae
IR Gobiidae

XUPEYR Charybdis bimaculata
R T8 —Fh(4h1K) Portunus sp.(juvenile)
SIMEIREE Xenophthalmus pinnotheroides

=i E—F Amphiodia sp.

HAE e Amphioplus japonicus
HFAE BRI Amphioplus lucidus
HRARE IR R Amphioplus sinicus

£l —Fh Amphioplus sp.

INBBHIZE R Amphiura digitula

MENGFH % A Amphiura vadicola

FHZ & B} —Fh(4l1#4) Amphiuridae (juvenile)
B R Fh(41K) Ophiuridae (juvenile)
BrF#EE—F Laganum sp.

38N —F Thyone sp.

Rt Ophichthus apicalis

R G2 f R — Rl (4114) Gobiidae (juvenile)
INELT JRUF R Chaeturichthys hexanema
LR F U R Odontamblyopus lacepedii
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I ML T IR R R, &R PG I3 AR INEE, R SIMEFEE . AORIE2014422, 5,
ST AAMHIIR(A B B HOMIAETER, RHAMBERE, M2 Etai. £8EER. H5ERL,
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T2 FEMEF R R () BTG N2, 16-2.86, Wk & FEHR(D) B A0 T BBl 2.79-3.72, Wiy 50 5 15 $0 () 22 A3 B Ky
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Seasonal variations in macrobenthic communities in the subtidal zones of
Jiaozhou Bay

Mei Yang', Xinzheng Li'", Yong Xu'?, Hongfa Wang', Baolin Zhang'

1 Department of Marine Organism Taxonomy and Phylogeny, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao, Shandong 266071

2 University of Chinese Academy of Sciences, Beijing 100049

Abstract: Jiaozhou Bay is a semi-enclosed bay at the southern shore of Shandong Peninsula and has abun-
dant macrobenthic species. In present study, the seasonal variation of the macrobenthic community in this
bay was analyzed based on data collected from four cruises in February (winter), May (spring), August
(summer) and November (autumn) of 2014. A total of 199 macrobenthic species were identified, of which, 79
species were Polychaeta, 47 were Crustacea, 40 were Mollusca, 17 were Echinodermata, and the remaining
16 species belong to other animal groups. The composition of dominant species seasonally varied, however,
most of them were species belong to Polychaeta. The average abundance of the macrobenthos from the four
cruises was 209.85 ind./m* with the highest abundance found in the autumn cruise and the lowest in the
spring cruise. The average biomass from the four cruises was 79.22 g/m’, with the highest biomass found
during the summer cruise and the lowest found during the spring cruise. The Shannon-Wiener index (H') of
the macrobenthic community varied from 2.16 to 2.86, the species richness index (D) varied from 2.79 to
3.72 and the species evenness index (J) varied from 0.58 to 0.82. The Bray-Curtis similarity cluster analysis
and NMDS ordination analyses indicated that the similarity among macrobenthic community groups was low
and the distribution pattern of microbenthic animal groups showed seasonal characteristics. In recent years,
with the rapid economic development of coastal zones and the continuous impact of human activities, the
stability of the benthonic community in Jiaozhou Bay is threatened, therefore, long-term monitoring is rec-
ommended and effective comprehensive management measures need to be explored to result in the healthy

WSk H 3: 2015-09-30; 8252 H H: 2016-01-04
FEEH: RIS SR L (A)« SR e AR 56 v BT A2 748 R GE B RE A (XDA11020303) A 2 28 MEAT L RHIE & 155 H (201505004-1)
" J@IR{E# Author for correspondence. E-mail: lixzh@gqdio.ac.cn
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and sustainable development of the marine ecosystem in Jiaozhou Bay.
Key words: Jiaozhou Bay; benthic macrofauna; biodiversity; community structure

KRG BN ) 2 B RS EA VLR & EFEE 0
VIR Z, a5 B AR A 7 45 T7 e e o 4
AN AR R GBI B AR Re BB (T IESE,
2012). [FINF, EAHAMEFEE. 5402 BT
e 7] 22 SRR i, N PR AR A EORBURR, HOE T
WA VEAN AT S T A5 K IR BT 1 v Gtk O (GE Y
2, 2015). F, BREI KB ERAR SN (1) 2 FEE RO
T SE R R AE X R R g e AR S I AR Mk B B
PSR o

Ji P (35°38'-36°18" N, 120°04'-120°23" E)fir
TR R, RN A F 35 P RN
T, 8 A B A 2= KR A5 T, 1992; HEd
41997, ZEHTIESE, 2001). Hipg b K £933 km, %74
F 4928 km, KR FH302.91 km®, WS HAH85.12
km?*; K EB G HOKFEA L 10 m, “FEKET m;
SR E . Fh SRR SRR, KRR R
F5 LB I DX IR =T AR A (22 T M, 2006, B35 HH,
2010"; BATAEE, 2014).

MMM R E . ARk, 2&E
I RIS A S SO IR X 8, 19354, 5K
BEZERFREIRE TRIMNE R AYX R
A, B20H 504K, o E Bl B g A LT S R
TRERBL 7 o8 A AR 12 DX 18] 7 AW sh Al 1 1 4
WALy AL o e A 2 2 3, 1963); 804EAR LK,
FERLE TAE B BRI E VAR A ST R T
KETFEGHE, 1992; BtAF17 T, 1996); H
19984F /S, 2507 IE 7R I A TAEMEAE_F 0 KRR
WA AN IR A = T RN I 2540 S5k
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TR, 2006, E&EE, 2011); 124, MR EA
ARG 5T 45 (CERN) Ji% 73 B I M W AR S &R
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FETE RIS K, ARG SRR N S A A5 R IS I 5

© #hEH (2010) RME IS RS @ BEEAS. ik
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S DUV P RSP A T, g SR AT AE A B IR I B
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SRV AR CORVE-508) SE R, Bl ) BUFE2 k4 5
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Fig. 1 The sampling stations of Jiaozhou Bay
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A, n SRR NPT Sl R AR 1 S
W LE D AREL £ Z A TE 25 1 2 3t 67 HH B
FISIR(FMEIK, 1992). Y>0.028F, BEIYCAZIF A
AT (ERIEAL TR, 1989),
1.2.2 BEEZHMIEHR

MiEZ R ERR R e M EERE, —
f & F Shannon-Wiener 2 ¥ 4 i £ (H')(Shannon &
Wiener, 1949). Margalef (1968)¥1Fh =+ & 5 %5U(D)
HiPielou (1966)V1FH135 5] FE4aE()) R LR G 7 i v
2R R R &, & oifadotH AT

S
H'=-) Plog,P, 2)
i=1
D=(S-1)/logN 3)
J = H'log,S “4)

Ay, NI Rt i b A SR B ARG SR
Y= RSP EISE S YT U S &S T
SAE B (/N o
123 BERGERTH

i 2 St R AFPRIMER 6.0 (Clarke, 1993)
X MV R B e A B 0 (1 v S5 A BEAT S T o g
TN EE I S BOE AR 5 R A R 2, AT
AR IR R BY e A B = B 24 48 7 iR AL (A
2RISR 5T, 2003), A5 K FHBray-CurtisAH Ll 14 55
2R F(CLUSTER). EJE & 2 445 (NMDS) K AH
AP 43 e (similarity percentage program, SIMPER)

T, M ELBCHRE AL A R AR UL AN B AT R A R v
R Rl

2 R

2.1 FRZELARFLE T

AR IR AR R BN 199 (i3 1),
WM Z BRRZ, HT9R(H39.70%), H5%
IR, ATFN(23.62%); ARSI I407H(20.10%);
TR R BP0 1 70 (8.54%); HABSKERE (I M zh ) i %30
Y. AIEEh R85 167(8.04%) . KTMIUCK:
BRI R 2, A99F, Hrp R 2 (kA
C1 (32F). HAWMTR IR EKCN: FKZR96H, C4
D35 R BN Fh U 2 (35 923 F), HZ=78F, C4uf
K EMER 2 (2250, FEFEH&D, LT6H, X0
HRIR I KT RFE T DS AL Rk e, Hp7e
C3U R EIFP AR 2 1Rl . 4K 2 BRI RS
B %, FOON R RSB S YI(EZ=ALIX),
T R S A At 2R B sh R A8 0 (E2)

AANFIRIAL SR R 1. Hod, FEREGAT
(Ruditapes philippinaraum) NANZ=FE P FLA LR,
XA RE S PRI NA KITAAFREE X, RER T
BEMNTIIRNMEA K. KERRAFI R ZILS
B, ZZRIRZ (4R, HBREMERLEAE2M . i
W Vb 28 (Nephtys oligobranchia) &#K « 2= Fh,
TEHZFM YE0.015) WAHXT B my, J&H WAl fl4F

%25 Winter %2 Spring
29 10% 4% 1%
35% .
. 1% > 41%
: %5 M
21% & 9% AN\ # ZEIY Polychaete

B Z= Summer

13%
12% o
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53N Crustacea

% ARBY) Mollusca

B )73 Echinodermata
HAth Others
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Fig. 2 Species composition and percentage of benthic macrofauna from four cruises of Jiaozhou Bay in 2014
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R 2014FFRMBAMURMBFFE RIR AR BB ()
Table 1 Dominant and common species and their dominances
(Y) of four cruises in Jiaozhou Bay in 2014

&% FF EF HKF
Winter Spring Summer Autumn
Tl HU Notomastus latericeus 0.021
FEHEWGAT Ruditapes philippinaraum 0.033 0127 0.143  0.046

S VIVOTR Nephtys oligobranchia 0.027  0.015 0.038
KRV A Lumbrineris longiforlia  0.027 0.017
s Paralacydonia paradoxa ~ 0.012 0.025 0.037
KB Ammodytes personatus 0.022
ARG H Sternaspis scutata 0.015 0.016 0.039
RVAE R Sigambra bassi 0.012 0.029
Z e MR AL Tharyx multifilis 0.016

HAWE /KE Paranthura japonica  0.015 0.012
W42 Protankyra bidentata 0.019
eSS4 Glycera onomichiensis 0.010

IR H (Paralacydonia paradoxa)ie &~ KR HF,
A=Y 0.012; ANEIE K (Sternaspis scutata)Fll
RVE B Hi(Sigambra bassi) e KR AR, A&
TE4 BZEYE D 51280.015F10.016, FifLHF.
AT A S 15 L (Notomastus  latericeus)F!
K2R VDA (Lumbrineris longiforlia); B 2L R R
SR EAGAT AL, BB FE ) f.(Ammodytes persona-
tus)o AN, % HEE B (Tharyx multifilis). H A,
/K E\(Paranthura japonica)~ W2 (Protankyra
bidentata) F1 4t J§ W V0 % (Glycera onomichiensis) &,
KRBT, ABYE M FZFTHT0.02, ©
MR AESIERIIA G ZM . SRS, BINE KA
RS I AFIEAF A —ERZE 5, HA
22 FES5EYE
22,1 FERHFTEN

JBE 4TS A P DR THT AR SR AR S s A IR B IX 2 % K
R AR B ) B AN AR W) B G v 3 s e, T ik
FEEBRZIFR . 201445 K BEAR S 113 =F FE 2
209.85 ind./m* (£2), &2 M BURAIRE J9: FK
7 (259.58 ind./m%)> & Z (220.00 ind./m%)> & &
(187.08 ind./m”) >%Z%(172.73 ind./m?).

RIS 35 3 B bl v B AR IO
ZEBE HAMEHY . Haahy. SRz
R, R IISEALZC4 (555 ind./m®), X%
EHKmhik455 ind./m’, HALHIFEDI (50 ind./m?) (
3)e A FHFEHEmBNRKIKAZEE. TR

Y. ARSI FADSKREEEh IR sh A, R A
kA7 & CL (685 ind/mY), KM/ D7 (25
ind./m%). HEMRERERIRL M E Rt Froddt
T EBERI P F B e, HUCHZ B B,
HSE B R EAR B, =F FE S k47 /2 D8 (710
ind./m%), ¥ E i {F k675 ind./m’, HAKMKZCI
(85 ind./m%), FZET-HF L il m BRI % B
AR s AR sh Y,
P R b A7 2 C3 (360 ind./m?), HRAKKIEDS (20
ind./m®). #3407 (1 3 AL E A R R AR AL B BEK,
ARG B A B . 2 BEHOIR, R B XAV X AEAS
A Z= 5 AL B AR TR R (BI3). 534k, WA
FE A R LB R B, £ B2 H1(109.52 ind./m),
152.19%, fE4ZF 77 1 3246 35 [ 09 60.83-160.83
ind./m?; WL ) EAG(15.41 ind./m?), 1V (57.34%,
BORCP Y L UAE © 5(39.58 ind/m?), f/MER
7(4.55 ind./m’) (£2).
222 HYEREFFHTN

2014 4F 5 M 755 18 A 3k AL (1) A5 S R W) &
79.22 g’ (£2), 4K AR Ak 3t R 39.51-
119.85 gim’, Wahi k. EE TP EYR RS
(119.85 g/m®), [} RIR 2% % K a, B LAl
BE 5 L] v (82.7%), o A K Ik 2 W 5h )
(11.0%), AR (4.7%), % BF1.1%)F F 585
1(0.5%); ‘L& RS R A DS (1,161.57 g/m?),
RAGHIFECA (4.9 g/m®), BEIRCATERER IR
DSHiMI3fE 2 £, HEZRAMAB /N Z BHAF
FH. KEREHLEY 010432 g/m?)E 247,
AN TR B W0 2B BT o Bl N AR TR Al 2 R
56.1%, BWARBIY)33.4%, B hP8.4%, £ BH
1.3%, FFEBh0.8%:; A4 i st A SR /& DS
(653.23 g/m?), FAKHIEDI (0.83 g/m?). XZF ¥4
P N53.19 g/m®, MRS AT & HLl KM Bk
IRENT79.2%, HMZKFE14.1%, FRh¥3.1%, %
BH2.2%, B SIN1.5%; AEVIE R AL ZCL
(489.43 g/m?), FALHIFZEDT (0.30 g/m’). HEZEHIT1Y
AR AR(39.51 g/m?), Uk i i BCARRON:
BARBNH80.0%, BREZBIM10.8% HF3N16.3%-
ZBHK2T% W EY0.20%; HF, A5 (382.39
g/m®) AW A A, DS (0.01 g/m?){X %
FFZ B, BRONAEEAD B BRAR TN

HEBR JE 3 72 0547 36 B A5 28 14 R 2R 5 44k 3l
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Table 2 The seasonal abundance (ind./m?) and biomass (g/m?) of benthic macrofauna main groups in Jiaozhou Bay in 2014

2# Group TiH Item 478 Winter %7 Spring HZ Summer  #KZE Autumn  “FYJ Average
Z BRI F:J% Abundance 114.58 101.82 60.83 160.83 109.52
Polychaeta )& Biomass 1.18 1.09 1.29 1.32 1.22
H5EE0Y) FJZ Abundance 48.75 15.45 11.67 28.33 26.05
Crustacea W) Biomass 1.67 2.47 0.57 0.86 1.39
ARSI FJ% Abundance 32.50 41.82 6.25 26.25 26.71
Mollusca ‘E¥)E Biomass 42.14 31.62 5.66 34.89 28.58
TR EN ) F ¥ Abundance 7.50 455 39.58 10.00 15.41
Echinodermata ‘E¥) & Biomass 0.80 425 13.16 8.77 6.75
FoAth ¥ F:J% Abundance 16.67 9.09 68.75 34.17 32.17
Others )& Biomass 7.49 0.08 99.17 58.48 41.31
Bt F & Abundance 220.00 172.73 187.08 259.58 209.85
Total ¥ Biomass 53.19 39.51 119.85 104.32 79.22
36’§O° 36N¥0°
A7 Winter -« %7 Spring
700 -
36.20° A - 650 36.20° 330
600
A3 AS 550 300
B2 500 270
n 450 o 2
36.10 ) Cl’ @ 36.10 ng
shie, & PP 3% 180
(> S ;28 150
36.00° - f oy 3 *D6 20 36.00° 120
*D7 1 ;50 90
100 160
4 50 v 130
35.90° ; ) 35.90° : : ! ! 0
120.00°  120.10°  12020°  12030°  12040° 120.50°E 12000°  120.10°  12020°  12030°  12040° 120.50°E
'46N‘0° ‘6N30w
HZ Summer) 7 Autumn
36.20°} " ‘ 333 36.20°} 540
A3 T As Z{S)g i 480
mg a': 550 420
36.10°] e L - 36.10°| 360
AP 3% o
B3 5” 30 o
36.00° 2 - " - B 36.00°- 180
L ;28 120
, , 5 u , o
590"~ L 0 35.90 - s I 0
12000°  120.10°  12020°  120.30°  12040° 120.50°E 120.00°  120.10°  12020°  120.30°  12040° 12050°E
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Fig.3 Abundance (ind./m?) distribution of benthic macrofauna from four cruises of Jiaozhou Bay in 2014

VIR AEY B AE S T R PR AR AR R B T
TEFRRA A F T S IRB R Z B, B
BUNG RO EY R DTk RN . A AEYD R 35 67 5
iRE (F4), BINEEE N S RME A IES:, &
BEHUIR, rmfE X 3 AL T P A K
23 RERZMHMEN

HIR3 W], b A P 2 BRI FR 2L (H ) TEA
A7 TE I AR, & BRI TR 2 4
PEFa 20 i = (2.86), H FE IR 2 (2.34), FZF HAK
(2.16); HAFi A E A TASIEAL(4.07). P

Pl =F B FEARH(D)TE 2= 8] 1P 39 E 22 7 IR AN B
B, NEEURIKION: £ZFG.72>KFEG.48)>H F
(2.88)>FZ=(2.79); 44 f = DA I AE A ZEC
U AL(6.30). WA 5] BE AR H(J) &2 T K B K
TN & Z2(0.82)> Kk 2 (0.77)> B 2 (0.70)> % &
(0.58); 4= 4F g5 = FJME H ILAE 4 ZR D1 D3 sk 7,
¥17£1.00,
2.4 BEEREMSH

SXof 8 M 4 A 0 14 K B T A B ) 3R AT B VR
CLUSTERZ X FINMDSHEFF 43 #1 (ES), 45 F K,
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N N
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%Z= Winter #Z¢ Spring
| — 1100
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yor ) 0 A, o
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fa " ADS o) a 500
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36.00° AD6 180 36.00°} . } AD6 180
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Fig. 4 Biomass (g/m?) distribution of benthic macrofauna from four cruises of Jiaozhou Bay in 2014

R3 2014FRMBAMUR KBRS IREE SRR
Table 3 Shannon-Wiener index (H'), Margalef richness index (D) and Pielou evenness index (J) of benthic macrofauna in four
cruises of Jiaozhou Bay in 2014

DY IVA 42 Winter #Z Spring B2 Summer Z Autumn
Station i D J H D J H D J H D J
A3 2.80 3.01 0.72 0.70 1.88 0.20 0.55 2.80 0.13 3.29 4.11 0.81
AS 4.07 5.43 0.89 4.00 5.14 0.91 0.54 1.14 0.21 3.42 3.94 0.85
B2 1.44 3.16 0.36 1.34 3.08 0.32 3.05 3.56 0.85 0.95 1.96 0.27
Cl1 3.68 6.30 0.73 3.17 3.29 0.92 2.48 2.53 0.83 4.06 5.26 0.94
C3 3.88 5.64 0.83 3.63 4.68 0.83 3.89 4.86 0.93 3.32 4.59 0.78
C4 3.03 4.43 0.70 2.92 3.96 0.71 4.05 5.69 0.91 3.93 4.67 0.87
D1 2.59 2.79 1.00 1.13 1.20 0.49 2.56 2.82 0.81 2.17 1.74 0.94
D3 3.00 3.37 1.00 2.53 3.23 0.66 2.37 2.17 0.92 3.46 4.89 0.76
D5 2.22 2.53 0.74 - - - 2.71 2.59 0.90 2.45 242 0.87
D6 3.66 4.21 0.96 3.24 3.51 0.98 2.20 1.44 0.85 3.20 3.50 0.84
D7 2.98 3.11 0.90 3.24 3.46 0.94 3.24 3.69 0.94 3.61 4.43 0.85
D8 0.97 0.62 0.97 0.00 0.00 - 0.41 1.21 0.15 0.50 0.24 0.50
FYIME Aver-  2.86 3.72 0.82 2.16 2.79 0.58 2.34 2.88 0.70 2.86 348 0.77
age

— TR AR o

—showed that the station without sampling.

FELALIA) I ARALYE R BUBAR(TE10-60% 2 [8]), dEEB Cl. C3. C4FID6, “FHIMIME40.1%, RAEF K
SEALRERE T IR KR4, (RSB MR I T (DTHR 2 14.6% ) F1 55 68 145 Wb 2 (DT ik 2
BOHAAEENEZER . 4AMURINIE J & B (stress)  14.6%); BEAHITTA3FIB24L %, ~FIHEBIIE49.2%,
¥/NT0.2, BRI LR AR RERE AR R AR LR R FRAEFh 2 FEE R IR AT (DT IR 38 48.7%) I SE B UG W) Vb

KBNS, BHATEIES AN VLA AS. (TR T.88%); BEAIIIIAD3. D5SFID7IE3 ik
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D8
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A
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Fig. 5 Analysis of cluster and NMDS ordination of macrobenthic community of Jiaozhou Bay in seasons of 2014

A1, PR3 4.7%, RAEF AR R (TR 3
50.0%); #ELHIVAIVES R E 1A, 42Dl
FIDS.

FIEIE20% AR ALE KT B RT R 23 a4,
BN %, B45A3. AS. B2, C3. C4. D3.
D6MID7, M IE27.2%, FAEFh AL d (Tt
HR%215.2%) F1 S B8 U5 ) vb 2 (DT R %613.8%); HFZHIT
BECLFIDI, “FIJFHLE28.4%; FEAHIITAITIV )7
&D5SHIDS.

BET LRI RS HEA, BFATE S A3,
B2. Cl. C3. C4MID7, “F¥IAHLIM26.2%, TTHkE
B RS HEE VYD 72 (15.7%) SR RWIvb &%
(13.0%) FIAS 5] 55 H1(12.6%); B ZHI16L & A5 FID3,
P 359 KR AL PE 25.3%, 3R A Bl 2 TR i 2 (T kR
63.4%); FEAE 5 D1AIDS, ¥ 35 4Ll 14 28.1%,
AL M 2 L (DT R F41.4%) I F B L E #
(Branchiostoma  belcheri  tsingtauense)( 71 Hk %
29.3%); D5MID677 J& T HEHIVAIV .

FKZETE20% AR AL PE AP BRI 4N E A,
TR uEAI: A3. A5, Cl. C3. C4. D3.
D6HID7, ~FIIMAINE4.6%, FAFEFA IR g (5T
BRZ18.3%) FERGWID (TR 17.2%) AEIE
H(TTHR 3 17.2%) MR VE & (DT % 14.6%); BE4H
ITEHD1AIDSH B, 13 AH A1 34.3%, RAEF A R
77 B8 WG UG (Hiatella orientalis); B2FIDS, N 2% H A&

H—ANEEH.
3 g

3.1 BEEMIARFR BT

JR VS B A B AR, A MEEE, M
bt 5 20t 20 80 4 AR Vi 2 0 0 1A T K e R A
TG IS BE RS, TN R AR 2 B T E A
IR, AR BB . ZEO0FE AN AR A A R S
ARG, AR E &R L AR, I E 2001
TEFF R SAT B ZR R R, A RAR DG, K
BRI R EE P B (E & E 5, 2011). AR
TSRS 199, Hrh 2 BRF R 2,
FUCN R s PSR AR B0, R B A A0 F A S
SHPFEE D . EHNEZE011)E2000-20094E 110
N, REDIFEAN T 1592062 18], A WL4G4
KA FECR 2I— @ A, e E e
MRSl 5 OME TR (Z3EHTIESE, 2001; T
HHETE, 2006; FEutvESE, 2011, E&E5%, 2011),
20144F 8 & B BELE L P B0 B o5 bU A R AR R KR
Fasg, RRAEKIIZI. ok, BEE > KHTF TR
AR\, 2 11— S AN e PP A5 21 7 HER 1) 46
(An & Li, 2005; 5KE W5, 2007; Zhou et al, 2009;
HEIRE AR IE, 2010). #E501E, 51998-20014F4H
Eb, 2005-20094F FI R4 48 0 T H R F(E 4
T, 2011),
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201 SOERMIM I E h, LA ISR
[F) ST v B AR R 40 A, W SR sh R i
T J8 IR 8 (Xenophthalmus pinnotheroides)~ 254 /&
1 (Raphidopus ciliatus). H A IK/K B\(Natatolana
Jjaponica) F ZE V) /K Ye B UF (Eriopisella sechellensis),
AR 55 T3 U (Raetellops pulchella) FE
SCHRUG (Theora fragilis); WRE: W I H AR Bille
F& (Amphioplus  japonicus) 1 40 Jiff % #) ¥ JH
(Temnopleurus toreumaticus)s5 o 10 Al 52 M 25 JECATG
A3 AN AR AN 28 TR B A FF SR, iR F
TS KR K, AHRLIA AR S BETR S5 48 &
A TR RS (FE A S, 2001) 0 ASHIE T LR
HR L Z BN T R SR KR
W R RS AR R), M L
PR ERE LSS A 2 K F B2, AR FE H A A = %
AR B, B A BB P YIEARE. Flhn, 4
Z (1) H A1 /K E(YE0.015)F01 5 25 (1) o) 4% 2 (Y
H0.019)(FK 1), |l (£ & T MR CAsh 7 ) =3 & /2
100 ind./m?, {H7EAS5. C1. DIMID5u5A 3 I,
J 2 AE L ZE TR AS S A 3 74380 ind/m’, T 7E
A3FID3uE 7 = AR
32 FENMEYMENTL

— BN, FEw i AR S R R
AR AL AT S LA VR B AR AL, T AT A 5 ) AR
o FETFNFER ST I BL T, 199819994 fit 1]
T K R R A 3h W T 38 3 R 381,73 ind./m’,
20002004 4F & 304.60 ind./m* (Z= 3 IF 4%, 2005),
2005-20094F /&£378.55 ind./m* (ASit A 4280.88
ind./m%) (E4%%, 2011); HRHEIRATMHE A LR,
20144 1) T35 =F BE (A 1F FE A B IG AT ) £ 209.85
ind./m’, % JEH SR 1T M N 354.60 ind./m’, W] I
UTAE RV P9 R B A Zh A7 (1 = B R T AR R e 11

KAFETHPFHFEEETEEFT, Xrfee
B FRAREERAR, AR N2 B4R T
Z WAL, EE a3k, &7 /N
AMEEYFREACE . BN, S EEWRBENT
BE IR 2R (ERR). B, ZERITY
F B 1E K 2= B 55 (160.83 ind./m?), & ZE (114.58
ind./m%) 1 % 2% (101.82 ind/m*) kK 2, B & KK
(60.83 ind./m?); 7£2005-20094F [ 54, & F
93 B ) BLAE 4 25(176.48 ind./m%), BKIKZ,
H PR ¢A5(119.28 ind./m?) (F 4524, 2011). H5%

NV ARBIY . R SR AR T 38 F
TEANRIZET AR A B 2

o R AR SR AR AT 5 A VS K Y A B 0 1) 4
S A NT9.22 g/, T AUIA350.31 g/m?, AT
WHXNBFEEENRBRE K. ML E&ES
(2011) 2005-2009 4F 45 11 (1) T~ 35 A= 4y & A8 4k 3 [
24.77-41.18 g/m™ 5 FTH G o 7EPI4E T3 32 B R ACHE
SPIEBL, AEAD RN, TR R M T R
WIAEBE A R, MR K IR, R KAE
K, REGLAIGIN. & EZIYRBEN P EYE
T B TR (R2) . £ BRTEARFZEIM
T H A R AR AL R K (1.09-1.32 g/m?), H KT
2005-20094F #4715 ({17 4 A P B (2.14-3.63 g/m)
(E&F5, 2011), HRMMIEESFIEYERS
(247 gm?), EERAK0.57 g/m?); BIEDIH T
EWEAER . K AR UAKR, (HE ZE BRI
Tl B e T A B R (13.16 g/imd), &5
FI8(0.80 g/md); HAMSRBEAIRA ., K%
AMEBER, 1R KR Y E R Ttk .

BRI AE ) () 23 B o A SR (3, 4),
1 B X AR X AEAA B A — 8, A AR
B A SRR A SRR S — S
SR B A 2P0 (0 =F A0 AR ) = 2 B HOR 7 A6 1
HEF R (S, 1997, HEHIZE, 2010; XIBEIL
2 2014).
3.3 BEEZHM

FIE M K 2R JEC AT B 1 ek v TR 0 o 22 P 4
(H')~ T8 FEAREU(D) I3 5 BEFR B () I 2 () 43 A 1)
ZREK. B ) R SR A B PURA S 1)
2R TR B S ST M PTRRER SR, TSN &%
JE R DG - BORE R B VR A B RS LK IR B,
GRS & E, VA2 RS, S 042 ek
W—BR A S5 50 R R HOK IR 2, PR Rh s s — (ke
A, 1997, HIFEHISE, 2010; F 455, 2011). 0
NGRS BT X R A D8 A7, RN A AL
T EIRNBAARR, U B E AT 2R M
V& Z FEMEIR B RIG . 4R, BRSIRZERAN, B
ZRMEANRTEE I — 22 . AT ZHE
PEFREO = TR EZE, Rt THREFEAMA
TFRFA AR LA Hoph R AN FE AR R A R B B, 3
BURNI VIR A, P — . 254 )
B, ZREPERR R,
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FEN, VRh 2 AR B (H) AN i R 4
REEVR AR SRE, 0 TSR = MVEAN .
ZAr P (2002) 2 VOB 2 FE M TR 205 G PN Y8 L 4y
RS IR e Eis gy, HE/hT1, AE
FEi5 g%, HMEA T1-2218], ARG Yy, HEAE2-3
Z ), BEESY; HMEKT3, AiGE. IMEWER
B, ZREMEIREOTN TS G B M S 0 7T Xt
RAETA K, AF A BEE$8 2 FE a2 (6 A P
AN [E)(Wetsbegrtsbegr et al, 1997). 253 1£2%(2001)
fath, M A R Z AR ECE A A
T-3.33-3.50 2 [f], {H20144 (1) H'4-F 35 K /& 2.56,
JE R TS GOR G, 5 P 5 55 (2010) 0] B Hh 5
MO A AT AR — B, SR N RIS BhIE
SEAE—E R B RIS IR A AR B, BT R
WIS 2 FEE A
3.4 BHELGH

HLAE20H 22 904-ARH, X Hi £ (1992) fE 4T A
JEATAE MR 3 N6 : (1) & A (Branchiostoma
belcheri)Tt¥%; (2)#4(Ophelina aulogaser)—F# 1
(Ampharete sp.)FEV&; (3)4HAEZ B AH— H A A5 e
RREE, (4 AR R A — H AR IkoK BV (5) B
5 Z MG (Leioncula sp )BEVR; (6) 7 (Raeta
pulchella)-FEHE FEIGATFEVA - 1 B A I () R HERS, 3L
TR S M RRAE PP R 22 TR KR 4k b
o 12N AL EAS [F 2T (B A R AR ECR, R
AT R CIFICALRZAb T [F —HE2H, AH
P, AL st Ar KGR B, FEIEW L, AL
BIRYRRE, IR 77 5T 7 1Y) e 0 X
1M BE W% 75 AN 7] 2= 795 T2 BB K B 3 40 (F & = 5%,
2011); AL FIE 10 ZEAMAID1. D5, D6ATDSAE 24
W0 I3 SR () e 25 RN — N REZH . e
SRR R EE A MR AR ROKIR .
Wi WL AN EREAE) (MR, 1997; XImEIEE,
2014). THFHEE(2006) AT FUHE H, BT R BT RFALE
S AN AR o3 A AR FE I B A e 55
(20104 5 P R TR JER AW zh 420 (1) == FEE A0 A= 0 4 )
SR 1 KR DTRRIRLAR 20 1 S A LB i & 57
. SKE. e R E )T, 4
SN 5 I ) 25 TP 5 AR B A AR I S
A, RN AL, FEAFZET 5A RN
A i BRI E MG, TR 53 b 2 WA S e IR M e
AT g e SR VR S5 A ) AR R KR . £

FEFIpH, HUGR R RGEBESE, 2014). 1E4 510
VA, A EE 0GR P DR ) s DR A3, DA
1B 47 ] B G 55 K Y R AV Bl B T 4 R AR AR 1
YEFML .

W T A B P RE S B LS IR R RAEK)E
JENEAE AL R AR S RGUE N — AR, R
PR FEVR 45 b 2 A SR A RE S I e N 2835 Bt
TR AR A ) S e (25 1R 4%, 2012). Bildn, kR
ST BB LS K . R BT S
BORE L, AT BN A LT & R B 2l
FHLRD I 547, FE2000-20094F [ 104E 7] A 64N 4F
JEE AR 345 VAR A F0.013-0.042 2 8], A N g
PNV ) ILRR(CE V22, 2011). SRTTAE20144E L
W 2 ok DR R A B R, T Y E AN
0.0009, 7873 156 B J M V25 v 33 5% ot 2 P B o
— L LASK, RS PH VS TS e P M S v o L
IR E R, ST AR RR SRk >, HE S E
H 1 HE SRR, 425 R G {d B2 31 B (80,
2010; TET4E, 2013); [N, RS KGR EHER
MK IR IS R R S E R S A K e
FeAb, DNRIZRER . K RER R SR E . ARG
(PRI TN 20 2090 A ™ B V5 G IR B K &,
(B Fh Z REPEFR B (H) A I(EAS J23.00, 78 A
T B H AT AR — B FR B Y5 e o Kbt R Gd—
R R RNV T R A B HE D R, ke R K
WIS RIS I, PR M LEA VA BRAE T, 4 e 1
TGRS RS UARF S RE R R

High: 242, TH, 2F. T2, HE#H. £
., IKEZFAMT AFHROFINER, FHEH
e A F AR, AR L EEIREFTRET
RAFIEI, PEMFEEFEAMFAEEIER AR
RGP SR RIS T T K X FAth ), E—It
VAT b9 R o

B3k
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Appendix 1 Macrobenthic species list recorded in Jiaozhou Bay in 2014

R BT 4 Fhrhsr 4 [UETA e
BEGEII]  Coelenterata

g El Campanulariidae rpE R 2208 Rhizocaulus chinensis

Fe iR Veretillidae WAL A Cavernularia sp.

bR Virgulariidae WE Virgularia sp.

JRIEENPI]  Platyhelminthes

i dURH Notoplanidae MR & Notocomplana humilis
AFEIYIT]  Nemertinea

GILE} Amphiporidae B LA s Amphiporus punctatulus
HABIMIT  Annelida

B A Sabellariidae HEB T ER Lygdamis giardi

2848 R} Sabellidae U2 Chone collaris

2 R Sabellidae AR E R Eudistylia vancouveri

2 R Sabellidae B2 iy Potamilla myriops

24 ARl Sabellidae 2 Sabella pencillus

BB E Flabelligeridae B E R Brada villosa

5 HURE Flabelligeridae o I I H Pherusa bengalensis

2248 ARl Cirratulidae Mt Chaetozone sefosa

2R} Cirratulidae g 22 g iy Cirratulus filiformis
2R} Cirratulidae Z Cirriformia tentaculata
2R} Cirratulidae Z e ME Tharyx multifilis

XU ) Ampharetidae i B8 P 1 ER Amphicteis scophrobranchiata
XU HURE Ampharetidae YN IRIAFT R Anobothrus nataliae

XU dUR Ampharetidae BHEIA Lysippe trichobranchia sp. nov.
XU HURE Ampharetidae KFH Melinna cristata

ZEME duRl Pectinaridae TR Lagis bocki

ZEME duRl Pectinaridae IR ANy 1 g e Lagis neapolitana

BB Terebellidae i o Loimia medusa

BN Terebellidae i Pista cristata

bl o Rl Trichobranchidae PYEER R Trichobranchus bibranchiatus
TRERE HURE Spionidae HEFE Aonides oxycephala

TRERE HURE Spionidae JEHEH Laonice cirrata

HE OB Spionidae H AR 41 14 Prionospio japonica

&R HUR Poecilochaetidae g A Hy Poecilochaetus serpens

Wb ZE R Glyceridae HEEV & Glycera onomichiensis

Wb ZE R Glyceridae KRN BV E Hemipodus yenourensis
MR Goniadidae HWHYE Glycinde gurjanovae
MR Goniadidae HAfMvib % Goniada japonica

Z Rl Polynoidae VoA % Gattyana pohaiensis

ik iR Polynoidae TV 5 el Harmothoé asiatica
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% i b Rl Polynoidae 78 LM Harmothoé imbricata

Z g% Ukt Polynoidae FERToae s i) Lepidonotus dentatus

E4 v Polynoidae WO Lepidonotus helotypus
85k Rl Sigalionidae T A % Ehlersileanira incisa hwanghaiensis
Bk Al Sigalionidae H A i i Sthenolepis japonica
A R Lacydonidae FLRR 2 Paralacydonia paradoxa
25 R ) Phyllodocidae RECSE S Phyllodoce chinensis
25 R R Phyllodocidae FEAR 222 R Phyllodoce groenlandica
25 R L Phyllodocidae 23 Phyllodoce laminosa
25 R R Phyllodocidae L E RN Phyllodoce madeirensis
w250 e Phyllodocidae FLR PR R Phyllodoce papillosa
wvrb ARk Nephtyidae PR NG G A Aglaophamus sinensis
bR Nephtyidae TR Inermonephtys inermis
Wb EE Nephtyidae wrt bR Nephtys caeca

Wb EE Nephtyidae SRR Nephtys oligobranchia
W Nereididae PRV TE Dendronereis pinnaticirris
WaEFR Nereididae H A % Neanthes japonica
Wk Nereididae KA s Nereis longior

W Nereididae Vi Nereis pelagica

WaEFR Nereididae B E Tambalagamia fauveli
i/ Hesionidae Mk 2 H Micropodarke dubia

W Rk Hesionidae BRI eI Ophiodromus angutifions
EESLIY S Pilargidae IR E R Sigambra bassi

HE 4R Pilargidae T X8R > Sigambra hanaokai

A EdE Pilargidae KA E & Sigambra tentaculata
R} Syllidae A2 Ehlersia cornuta

Al A2 F Amphinomidae B e Linopherus ambigua

Al B2 F Amphinomidae 1 B Linopherus paucibranchiata
RILTEFR Lumbrineridae Mg R T Lumbrineris cruzensis
BRIV EEL Lumbrineridae RERDE Lumbrineris heteropoda
RILTEFR Lumbrineridae MR E Lumbrineris latreilli

BRIV EEL Lumbrineridae KmRibE Lumbrineris longiforlia
BRIV EEL Lumbrineridae R E Lumbrineris tetraura
N Eunicidae b E Eunice aphroditois

WLy R Eunicidae Ji - Marphysa depressa

1 gt Maldanidae BT R Euclymene oerstedi

1 gt Maldanidae i ST H Maldane sarsi

15 R Maldanidae L5 Praxillella praeterrrifssa
/NS dft Capitellidae NSk Capitella capitata

Nk BB} Capitellidae JEHETE Dasybranchus caducus
NSk BB} Capitellidae 22 Heteromastus filiformis
NSk R} Capitellidae rhug] ty Mediomastus californiensis
NSk iRl Capitellidae HEEB R Notomastus aberans

ANk R} Capitellidae T E] Notomastus latericeus
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I Opheliidae piikaa Ophelina acuminate
ek A Orbiniidae JEE I HE Scoloplos marsupialis
FEHE Paraonidae Pl Aricidea fragilis

Hgg A Cossuridae L FE Cossurella dimorpha
ENEESEES Sternaspidae ENEESES Sternaspis scutata
REYTT  Mollusca

e R Ischnochitonidae i B A K Lepidozona coreanica
T A DR Episiphonidae JBE M T 1 DL Episiphon kaochowwanense
I B At Trochidae BN T Calliostoma unicum
p=EsE Calliostomatidae WEEYNE Calliostoma koma
MAREL Calyptraeidae i~ I Siphopatella walshi
B Naticidae JIER: Neverita didyma
BRIRA Epitoniidae SINITESY Amaea thielei
JGIEE Eulimidae ERIASE Eulima maria

TZIRR Columbellidae /B R Mitrella bella
ZGUIEF} Nassariidae 5N BUE Nassarius festivus
ZGUEF} Nassariidae PR LR Nassarius semiplicatus
ZGUEF} Nassariidae ARG g Nassarius succinctus
BgFt Turridae 78 IR AR Inquisitor jeffreysii
TN IE R} Ringiculidae H O FEvig Ringicula doliaris
FIEEL Restusidae AR Rhizorus radiola

= X EE Cylichnidae e JER Eocylichna braunsi
SR Philinidae R A VT 5T i i Yokoyamaia argentata
EABkIA AL Nuculidae SIE ARk Nucula faba

WA} Arcidae P RE L Arcopsis interplicata
B} Arcidae T R F Arcopsis symmetrica
B} Arcidae Fft Scapharca kagoshimensis
i DUR} Mytilidae i SE AL Musculus senhousia
G Limidae alstesgatl o) Limaria hakodatensis
LaR P Ostreidae Kbt i Crassostrea gigas
LaR P Ostreidae 0 T 7 Talonostrea talonata
b R Ungulinidae S [ Cycladicama tsuchi
e Mactridae 75 AP S Raetellops pulchella
LSRR Tellinidae G e Cadella narutoensis
SRR Tellinidae RN WG Moerella iridescens
PRI Tellinidae VL B A Moerella jedoensis
PYGHE Y Semelidae ANIES Endopleura lubrica
PGy Semelidae TN Leptomya minuta
B A} Semelidae PRIG Theora lata

PrigE Solenidae NTIH% Cultellus attenuatus
Trigfl Solenidae IS Solen dunkerianus
JIiE Cultellidae NTIH% Cultellus attenuatus
AR Veneridae B G Dosinia derupta

AR Veneridae R Ruditapes philippinarum
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SRR Hiatellidae HRT7 R Hiatella orientalis
iyt Thracidae G R Trigonothracia jinxingae

WP Arthropoda

AR Balanidae 15 i Balanus cirratus

LNy Squillidae [ gl Oratosquilla oratoria

PGS ES Ampeliscidae 18 ER X R R Ampelisca bocki

AL EL IR F Ampeliscidae R AR R Ampelisca brevicornis

AL EL IR Ampeliscidae LAV REEATTS Ampelisca cyclops

PRSI ES Ampeliscidae 3 SRR A Ampelisca miharaensis

KL E IR Ampeliscidae B IR MR Ampelisca miops

KL E IR F Ampeliscidae = Ui X HR Ampelisca misakiensis

KL EL IR Ampeliscidae H A VD g iF Byblis japonicus

IR Corophiidae H A DL g iR Gammaropsis japonica

B A Corophiidae R Sinocorophium major

B Corophiidae GRS Sinocorophium sinence

R 7R R At Lijeborgiidae EEiE LN Listriella curvidactyla
Iy IR At B R R Melitidae kA e g Eriopisella propagatio
Iy IR At B R R Melitidae FEV) /R e EUR Eriopisella sechellensis
Ly R At R R A} Melitidae KR D R Atk AU Melita longidactyla

G A E IR Oedicerotidae JBE PN TS e S Chitinomandibulum jiaozhouwanensis

i AR} Bodotriidae R Cyclaspis linguiloba

AR Bodotriidae B FH Eocuma lata

i d R} Bodotriidae S Iphinoe tenera

A Leuconidae VTR B Hemileucon bidentatus

L 7K R Paranthuridae H A H 7K E Paranthura japonica

TR K ER Cirolanidae H Ak /K &l Natatolana japonensis

XURE} Penaeidae ST 1) X U Parapenaeopsis tenella

XURE} Penaeidae & TR Trachysalambria curvirostris

IR} Alpheidae B EE Alpheus brevicristatus

RURFR} Alpheidae fief B B Alpheus distinguendus

RURFR} Alpheidae EENGTN Alpheus japonicus

RURFR} Alpheidae SN Athanas japonicus

FEURRL Hippolytidae ERECER7 SIS Eualus sinensis

FEURRL Hippolytidae JERRW LI Heptacarpus rectirostris

FEURRL Hippolytidae P IRAR Latreutes planirostris

K AR AR AR Ogyrididae AR KR AR Ogyrides orientalis

BSE LIV Pasiphaeidae R EHEE R Leptochela aculeocaudata

&LV Pasiphaeidae AR Leptochela gracilis

I NIFE Callianassidae EINI Callianassa sp.

W UR A Upogebiidae AT TG Lk gl e Upogebia wuhsienweni

R Porcellanidae IR . Pisidia serratifrons

R Porcellanidae M Raphidopus ciliatus

RNEEFR Dorippidae H AU K 1 Heikeopsis japonica

KR Goneplacidae [ 2% 5 Eucrate crenata



ity ZH0IE, 1R, Tk, KER BN R KRN sh YRR 21522 . LEVIZRRIE, 2016, 24
(7): 822-830.
http://www .biodiversity-science.net/CN/10.17520/biods.2015264

NEEFR Hexapodidae SR 7 2 1R Hexapinus granuliferus
FEEER} Parthenopidae U AR 2R R Enoplolambrus validus
B E R Pilumnidae 5B g Pilumnus tuantaoensis
B R Pilumnidae e & Typhlocarcinus nudus
SRR Pinnotheridae S 2 5 5 Asthenognathus inaequipes
SRR Pinnotheridae B Xenophthalmus pinnotheroides
BELRBI%1]  Brachiopoda
BU5E IR} Terebrataliidae R 5L 5E I Terebratalia coreanica
BB Echinodermata

ES Sy Antedonidae B 0 2 Antedon serrata
Wit B R Luidiidae iR Luidia quinaria
B R Asteriidae EZ ¥ Asterias amurensis
PHZ 2R Amphiuridae H At e 2 Amphioplus japonicus
PHZ% 2R Amphiuridae Je A Amphioplus Iucidus
PHZ% 2R Amphiuridae RS T R Amphioplus sinicus
PHZ% 2 Amphiuridae AP S 2% 2 Amphiura vadicola
e R Ophiactidae pli il ey Ophiactis affinis
ke B Opbhiotrichidae 5 e 2 Ophiothrix marenzelleri
HivREFR Ophiuridae & IRH IR Ophiura kinbergi
ZI W IE AR Temnopleuridae A ICZI iR Temnopleurus hardwicki
ZI W IE AR Temnopleuridae SHRHEZ Wi A Temnopleurus toreumaticus
i IS EL Sclerodactylidae MRS Sclerodactyla multipes
WS FE Phyllophoridae Fifi [(RAE G 5 Anthochirus loui
LZF Caudinidae LT Acaudina molpadioides
HBE Caudinidae R Paracaudina chilensis
iR Synaptidae RS Protankyra bidentata
¥ EFYIT Hemichordata
S P Sk A} Spengeliidae ol SN Glandiceps qingdaoensis
BZEZIT Urochordata
T B A Styelidae RER Styela clava
SKRFPT  Cephalochordata
X EsF Branchiostomidae HHLEA Brachiostoma japonicum
BEHEZNIT  Vertebrata
AR Pholidae P | Enedrias nebulosus

EH AR Ammodytidae Kt Ammodytes peronatus

IR R ) Gobiidae A [ YR B £ Acentrogobius pflaumii
IR g fa R Gobiidae HRAER LR Ctenotrypauchen chinensis
IR g £ R Gobiidae NS LU B Ctenotrypauchen microcephalus
IR g fa R Gobiidae AR R 1554 Odontamblyopus lacepedii
IR g fa R Gobiidae LU R A Tridentiger trigonocephalus

FRL ARG, BUTWonih T T E T
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Analyzing the tintinnid community structure and distribution in the sur-
face waters southeast of Hawaii from a cruise in 2013

Chaofeng Wangl‘z’3 , Haibo Li'?*?, Wuchang Zhangl’z*, Li Zhao'?, Yuan Zhao'?, Tian Xiao'?

1 Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sci-
ences, Qingdao, Shandong 266071

2 Laboratory of Marine Ecology and Environmental Science, Qingdao National Laboratory for Marine Science and
Technology, Qingdao, Shandong 266071

3 University of Chinese Academy of Sciences, Beijing 100049

Abstract: The species richness and abundance of tintinnids in the surface waters at 23 stations located in
southeast of Hawaii were investigated between 14 August and 18 September 2013. A total of 36 species in 22
genera were identified. All tintinnid species had hyaline loricae. The species richness of tintinnids in each
station ranged from 15 to 21. Tintinnid abundance and biomass ranged from 4,730 to 23,693 ind./m’, and
from 9.60 to 88.61 pg C/m’, respectively. The top four dominant species were Ascampbelliella armilla,
Steenstrupiella steenstrupii, Eutintinnus tenuis and S. gracilis. These top four dominant species were in dif-
ferent lorica oral diameter (LOD) size-classes.
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Fig. 1 Sampling stations in southeast ocean of Hawaii

B, 1989). BEEAF 2 FE 14K H Simpsonta £ 73,
FIFARN = £P7 (i = 1, 2, 3+ S)il SEAF UL 1)
Simpson#E 4, = P AL B i YR A A S
(V)5 Fr B IR AR S E (N EUE . MEO <A< 1)
FOK, RORBEIE M 2 FEERR S R (R R &,
2005). 1%Dolan%:(2006)f1 /5%, BATLAI2 pmyH

R, RGN ()EPRLE R NN RiE
THRPRLAR 445 2245, T4 o R B v o 2 1) 3¢ 33 1H
BRRIAZ AR 20T pm; (2) B T2 7E 100x BZ400% 1]
RS T AT IR R, DRIRE AR I & 2
+2 umffJi% 2 (Dolan et al, 2006).

FIF Grapher 5.0%f AN [H] 1424100 52 47 b2k
BOR B Lo 7 B, R Primer 5.0%F By A 3l 457 fib
T B RBFE AT IR, IR IE g R
X HEANR 1 X 3 D 547 B AT BEVE X o (B
W5, 2014).

2 R

23l 3R R 22 JE 36 M b Fe L B (R ).
Horh P H i 2 10 )@ 22 2% U (Eutintinnus), $£7
M, Hk NS (Rhabdonella, 4F1). 5 HE
(Salpingella, 3%) . =F 5 i KB AP Ny # F #& 3K
(Ascampbelliella armilla), 5 K Ei512,150 /m’
(105 3).

ARSI 5 B R E B EHEAKR, 7. 8.
195 b e 27 Bl 5 B d (B 9218, 175
uh AR R AR(15F) (KI2A). B uliibeah Bl A
FJE (E2B) RS AP & (E120) Z 0 B0R, ’b5e4hE
HUE AR 145 06 R R (4,730 /), 65 3 i
(23,693 /m), 1M1 £ 4 £ I FE 145 36 B A% (9.60 pg
C/m’), 45 3k 52 75(88.61 pg C/m’).

XD 5T LT T SRR YA 2 pEVEE AT Simpson R
oo b, K215 ui i B REVE 2 B EBE (A =
0.093), 23 55 i H K (A3 = 0.450)

B T LT B A T R AR, R
BUR AN I Ayl s e 2 (813) . RSB MY >
0.02)FLA47 114, JLrh L34 B2 B K44 ity el T 2
WH(Y = 0.30). HiiEgiE K (Steenstrupiella steen-
strupii, Y = 0.18). 7#5¢ F 4 B (Eutintinnus tenuis, Y =
0.06)FI£T 5540 % Hu(S. gracilis, Y = 0.05) (¥1, [K4).
XA FEARBMA S SR B RS FE
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Table 1 Species list and statistic data of tintinnid species in sampling stations in the surface waters of southeast ocean of Hawaii

Y Species e H IR 7 25 RESED BRFEE eSS INEIE A
Dominant ~ Number of occurrence Average abun- Maxmal abundance  Station with maxi-
index station dance (SD) (ind./m’) mum abundance

V2L £k B Amphorides quadrilineata 0.0447 22 601 (550) 2,128 7

HIBEIR . Ascampbelliella armilla 0.2976 23 3,659 (3,246) 12,150 10

FEILFEIR AL A, urceolata 0.0001 2 164 (156) 275 14

BEARMBE AL Climacocylis scalaroides 0.0035 14 115 (111) 439 3

KPE# BB Codonaria oceanica 0.0006 5 165 (135) 324 7

FHR TR Codonellopsis meridionalis <0.0001 1 55 () 55 14

JAVGUESL B Coxliella laciniosa 0.0001 4 60 (22) 93 15

WIS U Dadayiella ganymedes 0.0006 7 75 (42) 158 22

FsHERIAS IR Dictyocysta elegans 0.0013 8 130 (108) 350 13

GaE ML HL Epiplocylis constricta 0.0045 14 151 (132) 440 8

RURINR L H Epiplocyloides reticulata 0.0148 20 240 (205) 820 16

FREFLUR Epirhabdonella mucronata 0.0036 9 288 (192) 600 13

FFFLEE B Eutintinnus apertus 0.0362 23 445 (439) 1,658 6

BRERL A E. elongatus 0.0003 3 183 (105) 300 9

M IRER dL E. fraknoii 0.0012 8 121 (68) 238

FIREA R E. lusus-undae 0.005 14 166 (94) 341 3

KVEEHE W E. pacificus 0.002 7 270 (165) 540 21

FRAREE R E. stramentus 0.045 21 663 (465) 1,828 4

ML HAR I E. tenuis 0.0563 22 756 (722) 3,333 4

FH AL B Poroecus curtus 0.0001 3 104 (51) 158 11

L KJRFLH Proplectella claparedei 0.0034 9 270 (455) 1450 9

YRIEEFLAL P. ovata 0.0235 17 529 (659) 2,900 9

435 RS Protorhabdonella curta <0.0001 1 165 (=) 165 8

AR5 S Rhabdonella amor 0.0436 22 643 (628) 2,563 16

BIHEZ& L H R. conica 0.0002 4 79 (32) 113 10

LSS R. elegans 0.0333 22 448 (317) 1,451 4

A/NFBLH R parvula 0.0105 18 212 (184) 675 21

FEAZH B Rhabdonellopsis apophysata — 0.0325 20 529 (576) 2,340 6

Vi M N B Salpingacantha crenulata <0.0001 2 49 (5) 53 11

RELS A I Salpingella acuminata 0.0001 54.(1) 55 8

WEESMH S faurei 0.0048 15 159 (103) 394 10

BS54t S. rotundata 0.0001 2 114 (93) 180 21

FHIME R Steenstrupiella gracilis 0.0469 19 845 (862) 2,660 1

HriZE R S. steenstrupii 0.178 23 2,190 (1,562) 6,988 4

BRYGIE I Undella hemispherica 0.002 11 106 (58) 231 7

2 RACFI R Xystonellopsis brandti <0.0001 1 95 (-) 95 1

FE 1 LA 52 38.0-76.0%, “F35°958.7%. 55— 434 F0
BRI AL Sl ) F B S b A B RS F R
HLA1]428.1-66.4%, ~F35°27.7%. H4TE eI AT
SE AR EE B AE A sl o 2 = B SR KB (1,
TEFEIR HAE16/1N 7 2 3= FE f R Fh, B gl &
TETAN S AL T B e KA. BT IR . i am
R FLE A H(Eutintinnus apertus) 3 Ai &) 12,
3NN R, HUcohER R B, U&kE
R W (Amphorides  quadrilineata) < % & 4% 40 1,
(Rhabdonella amor)FMLHES SR (R. elegans), YITE
22Nl A o A 3FPRD SR B R AE LA S A A H

I3 Al 46 F8 IR S0 L (Protorhabdonella curta)~ =% 1K
L7 Tl . (Xystonellopsis  brandti) 1 75 757 % 5¢ H
(Codonellopsis meridionalis), = FEHARTHA
165 /m’. 95/~ /m*. 554 /m’).

WA EROFHAIE12-68 umiE [FH P, L4
um bR HESE R H12-16 pm. 16-20 pm%ZE 11143
H, HrO48>52 umifib 7o 4F & MR E e F 28
BAR, BATRIN—NOFHES). A DR R
RECN1-6FAE, MREUR 2 122428 pm(F
WrEmE s, gisEgch, o IREA R(Eutintinnus
lusus-undae). M RE H(Dadayiella ganymedes)-
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Fig. 2 Distribution of tintinnid species richness (A), total
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Fig. 4 Photomicrographs of the top four dominant tintinnid
species in southeast ocean of Hawaii: (A) Ascampbelliella ar-
milla; (B) Steenstrupiella gracilis; (C) Eutintinnus tenuis; (D)
S. steenstrupii. Scale bar means 10 pm.
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3 iTig
[ P R 55 41 B SRR 45 M AT S (R o R
A KoK 48 %4E(Zhang et al, 2001; 3K E 4%, 2002)
A RGBSR, 2007; TKECESE, 2009)F 0
%o KK B UCR ISR RE S B — RGBT N
1-5 L), BEIRAEREBINE/NIIFPI, (HF 5 RE
A FEFEBARIFIZE, EH TR ERFEERKR
(RO I X 3R B3 0 7 VR e R EGREE T m)
(KA, SRAERIRE S EROR, H T MALAR R CE
HONT6 um), MEBUNOF SR BTRAX
Pl IEAE SR 75 TR R PR KR R EAE . 7ERVEX
RN 7 47 B d 3 B RS KA FRER 2 g K 9F
F10 um (Dolan et al, 2007; Sitran et al, 2009)~ 20 um
(Modigh, 2003)8%35 pm (Thompson et al, 1999)fL4%
0t 2 AR P /N 3 90 1) T 9
H A 7E R KPR X R B0 5 47 & it 7
£/ (Modigh et al, 2003; Yang et al, 2004; Dolan et
al, 2007; Gémze, 2007). A SCHIBFFEIHE X N #vir 2R
KPEEIRX, BT RE R FRP T 4T B, %
SRR R VG BN 15214, X SHUEAK T Dolan
25(2007) 76 7 AP — AW 0 RIE (PP =& AN
18-41Ff, AR FELFE R 149F0) . ATREMJHE K A
(WA el HORER E W55 4 6 dUFE &, TiiDolan
ZE(2007)MIREE T 64 K ZIFE S, BIRRFEKIRIA
300 m; (2)ASCHE WG M XIE N, RAIMNEE, 17
A2 B, 1 Dolan 25 (2007) F W T 75 8K 26 AN 25 /&
(8°-34° S). 70N JE(72°-142° W), {HZEDolan%:
(2007) % A &5 H 25 b A7 19 3 B % kL. Modigh %5
(2003)FR 18 E[T EEVE8°37" N—32°13" S [A] ) — N Wi
HAOFM A B R, Kb B R R A
13,700-76,000 1 /m’, {EL2 A5 547 48 H 4% 3 (0 =
B . BB R SO AT X B0 K F 9T N Gomze
(2007)7E AP EEFRIE (160° E-160° W) — W7 T 11
R o 1% SCRITE KPP 75 T8 1 X VG 0 S 5
(103 57 R 55 41 6 R T P A AN B 40,0004 /m?,
TEFEAS ARG W LS b e 4F B a3 fh, g
LR B TS AN & S (Steenstrupiella)
(EERA G5 E R)EGA AL )ZK 480 mLA
POEE HBL, NIRRT . A KT BRI
J¥ 3t [ N 4,730-23,693 AN /m?’, 1K T Modigh %
(2003) K945 &, 1H 5Gomze (2007) )45 B0, H.
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EN TSk SR S ONG LSS SRR 2 VE NI 2 414
dUR AN £ BB A

W re e B R N BB S AE ] 7e PR, &
MR E R MBI A, EKIRA T80 mir)uf
B, FiAE S SRAERD e 21 6 HUE B2 b 0 LU )RR B
fiK(Yu et al, 2015). ASHIF 5% H b 67 (1) K R AR T
4,000 m, FrEMEEINEY T, GRS LR A
M

KVEXRD 58 21 B & 7K -F B w] BLy vt

AL HR/KAL. B U7 BRI A B AR A ) ) A
*ﬁ:(Dolan et al, 2012). AXHHWFTAEBRAAF
W AR TR A B, JLrh B K R A 11 (8 52 AU
(Codonaria) < FL % H J& (Poroecus) « ™ 1 H J&
(Climacocylis)~ W & HU&E (Epiplocylis)~ U [ 41 J&
(Epiplocyloides) &R HUJ& (Ascampbelliella) 2&4L
HE . UKL E (Rhabdonellopsis) L1 T HLU
(Xystonellopsis)~ J7FLHLJ&(Proplectella) %15 H)&
(Undella)) I~ A BE A 94 (42 5% HUE (Codonellop-
sis) W48 HUJE (Dictyocysta)~ i 8L L& (Protorhab-
donella)~ HAHE. M0 RE(Salpingacantha)~ 5
AR . B B (Amphorides) . K E BB
(Dadayiella). MEHJE). 7540, BEKMEKFE
JE BT o5 0 ELA90DR50.3414.12%, | A1 284 J fA) =F BE T
i 0 91 248.31413.62% .

AHIT FE & A 5 21 B HUR A B A L 3 A
ﬁﬁﬁ%,$§ﬁ%ﬁ,Aﬁwmﬁuﬁmﬂ%
B FE R AP R = BEAE S R R b AR K B ], i
—Hl % 5Dolan%%:(2007, 2009) ) 3iE —5. Dolan%s
(2009) 47 BT A3 KA v #8 H BRI R R A% Lo Al (core
species), At A I (occasional species). AN 7T
T TR L, W AN E HURIT FLECRS HUAE i A il
&%ﬁ%ﬂ PRI A ASHIE FOR eV B A oA

SN FELT B U — AN HBURE, RRAR fF i
&%ﬁﬂﬁ%%%ﬁ%ﬁ Wreer B TR & 1H
TR B RORE AR FH 53 K242 23 i) Ry e AR 1 45%
25% (Dolan, 2010) AH 7t 4 32 EAR A H 42
VO e AN I EIR A N20-24 pum, g%
HH24-28 um, A5540% 1 28-32 um, L HE
H17532-36 pum. XUt X 45 32 B F AR 1) 1H
BEREAN R, X R i S 1 B AR R L5 4,
REWE 7873 M AN R RLAR O PE AL o

SE 3
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HEE: (B B S AE AR N it K A RIS AR, SR AT g B e A AR e, AR T
BOFR JEFE SR . R IREE. ZE. WS, RIEHTIR . BRI R RS SRR R VMG . fE
T RGN G EBRIGIAEYER, EESERZMPANEXR, FE- MK ERETS5EMIES
BENG G RRPEET &, ¥od. FENTET UAGES Il M St, DU Iy 42 7 SEE AR 2
WFTERSS . AHF7E K H Internetdi AR, B2 ASP.NETHEZE AIMySQLAHE &, f#FIMS Visual Studio 2013 %11 I:FF &
T MR 55 v 2 #E Windows 78X Windows Server 2008 R2 (77 ) #1E R4 LS AEMEIR S AR5, Ll 17
TR S AEMEIR IS A S S, FERCRIEAR. AR X 2 RS AR M BORH SR R
e, seisd p—aE MG KT AR R, HTREA MR ES 2N RERIRE . ZR2%
BAARAERE, TEMSILE, 5T AGREHATF I IR SRr S, eSO SR, A= FE s i) 7R 2
KRR VoA, BUEAE, 0% AERS A

Design and development of a data management system for marine fouling
organisms

Hua Feng', Wenhao Cao™’, Xiaoyang Tian', Zhigiang Cheng”, Tao Yan>

1 School of Computer Science and Education Sofiware, Guangzhou University, Guangzhou 510006

2 Key Laboratory of Tropical Marine Bio-resources and Ecology, South China Sea Institute of Oceanology, Chinese
Academy of Sciences, Guangzhou 510301

3 Key Laboratory of Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology, Chinese Academy of
Sciences, Qingdao, Shandong 266071

Abstract: Biofouling, the unwanted assemblage of marine organisms colonizing submerged parts of ships
and artificial facilities, has a negative impact on human activities related to the sea. The development of
fouling communities is closely related to a variety of factors such as temperature, salinity, depth, season, im-
mersion time, geographic location, distance from shore and substratum type. To facilitate systematic analysis
and processing of data on marine fouling and clarify the intrinsic relationship between the various elements
mentioned above, it is necessary to build a technical platform to integrate scattered and sporadic information
and to share this data through a network. By means of internet technology, the ASPNET framework and
MySQL database, the MS Visual Studio 2013 software was used to devise a data management system for
marine fouling organisms under the Windows 7 or Windows Server 2008 R2 (recommended) operating sys-
tem. From the system, data integration, storage and management of fouling organisms are implemented via
the network. Query and retrieval of data can be conducted under single or multiple search conditions and the
results are exported in several formats according to the user’s requirements. The data management system for
marine fouling organisms provides a useful and effective way to help data analysis and decision-making for
research, industry and administration.
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Data management system for marine fouling organisms
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Fig. 2 Workflow diagram of the data management system for marine fouling organisms
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ment system for marine fouling organisms
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Table 1 “Stations” form structure of the data management system for marine fouling organisms
FB Field KA Type {88 Description #7E Remark
name FFiH Character string ¥EA7 44 F5 Station’s name FAYEFRIRSF Used for identifier
alias FFFH Character string S )4 Station’s alias Z{H Null
location FFFH Character string VAL & Station position
depth 5240 Real number w7 7KIK Station depth
longitude 5240 Real number Wi 4% Longitude
latitude S2% Real number vEI A Latitude
distance 540 Real number 27 1E 2 (A B) Distance from shore (km)
facility FFiH# Character string Bt A Type of facility
settingdate H# Date Bl S [B] Deployment date
retrievaldate H ¥ Date B IS ] Retrieval date
B2 SBESREMHBERRG R RE
Table 2 “Sampling” form structure of the data management system for marine fouling organisms
¥ Field 2K Type 1480 Description #%7F Remark
id 5 SN FATERRIRFF Used for identifier
oridinal FFFE Character string MR 45 Serial number of test panels “KFE A Not for sampling positions
direction FAFH Character string KAEJ7 7 Sampling position “M° A Not for panel tests
s_name FAFH Character string YA Investigation station “THAL”BIARIRTF Station identifier
depth S2¥ Real number KAFE RS Sampling depth
temperature 5S40 Real number KA R Temperature of sampling point
salinity Sz¥% Real number KHE S £ Salinity of sampling point
method MZ¢ Enumeration K55 Sampling method

survey time
area
thickness
biomass
sv_time

notices

E #R%X Natural number
54 Real number
SE#0 Real number
SE#0 Real number
HH Date

FFFE Character string

RIS [A](H ) Immersion time (Month)
KAETEFR Sampling area (cm?)

FEM R Fouling thickness

SAEY)E Total biomass

MR [FSCET (8] Retrieval date

#%7E Remarks

Z{H Null
Z{H Null
“KFE A Not for sampling positions
Z{E Null

R OEFSHREVMBBEEERG HA RGN

Table 3 “Samples” form structure of the data management system for marine fouling organisms

B Field HKA Type 8] Description %% Remark

sp_id F5 SN FAERRIRFF Used for identifier

s id 55 SN KA [ARIRSF Sampling identifier
snum FfFH Character string FEAYR 'S Serial number of samples

gettime H Date KAFEETE] Sampling date FHFK¥E £ For sampling positions
name FFFH Character string Y4 Species name

cover SE# Real number P # WA Coverage area ZF{E Null

density SE%L Real number 5% Density (ind./m?) ZE{EH Null

wet weight SE# Real number /R #E Wet biomass (g/m’) ZE Null

size 5240 Real number AMEK/N Individual size 26 Null

alive 1484 Natural number BEf A4 Number of individuals alive ZAE Null

died E k% Natural number FETAMMASL Number of dead individuals ZAE Null

notices FFfiH Character string £ Remarks 2S5 Null
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Table 4 The corresponding relationships between the user role and page accessibility and jump strategy

Dire pAi| iz AR e B

Function Page Visitor Unauthorized user Ordinary user Administrator

xR Login.aspx LRz Bk B A B Bl e 2 e A RS B K A i)
Login Accessible Jump to Change Your Password Jump to Data Query Jump to Data Query
VE SignUp.aspx  Hj ] B BB T 2 24 SR A C TR Bk 2K 75 36
Registration Accessible Jump to Change Your Password Jump to Data Query Jump to Data Query
K I 25 1Y PswRecov- CipsiL] B 2 R B BB A B K 2 i
Find your password ery.aspx Accessible Jump to Change Your Password Jump to Data Query Jump to Data Query
B Query.aspx Bl 215 % B B A A5 ] A5

Data query Jump to Login Jump to Change Your Password Jump to Data Query Accessible

Kot g 5 Edit.aspx B 3 B B 2 B R B Il e ) i A A5 A

Data editing Jump to Login Jump to Change Your Password Jump to Data Query Accessible
iPakEg:l UsersMan- Bk 3 B Bk 2 A B kA BB A A7

User management age.aspx Jump to Login Jump to Change Your Password Jump to Data Query Accessible
s ChangePsw.aspx B%% 51| % 5% G| AJ A G|

Change your password Jump to Login Accessible Accessible Accessible

%o & http://localhost:49786/(S(lrjyecifsx O ~ © || @ WPSRENIBEBES X
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Fig. 4 Data editing screenshot of the data management system for marine fouling organisms
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FAEBARNISHIRF 2RI G E:
LA BC 322 BB 5% 9 51

T W Ok4F W OB o XE MhE#' ER' ok gD

1 (S Jm) 28 =i et i, 4@ 1] 361005)

2 (FERBHECA R A AP ses =, bl 200333)
TZE: PUH #(coccolithophore)fFAy—F s ), 7E H H I3 AR A5 DL K TR K SR 4 3R AR P R 5 1R
EBENER, K3 B (Emiliania huxleyi) & A i N LR AR FR . 485 FUBUA K (coccolith) & HUA TETE & 4
K F B, HEIEFRAME R8N, ERERIETRPRE S BRI, XEFAESCPETIBRIN
—AHEARE . Ebr R G — A S R AR R A . RSCRAEF 71 B0 i (atomic force
microscopy, AFM)X] i [% 3% B (I RUA B LA AT 1 SO SRR 4L, FRECA (R4 F e (19 5 B B (height im-
age) M5 & (deflection image) UL B AS 544, Har T H% WA R T 70 AR i il & 07 @l ot
JIEE Tt 30 P b T VR SCAR R PR S R, PSR T — AR IR R I IE S T NI A TR KRR R B R L A
B, il &R MR AE 71 3,000-4,000 rpm, 20°C 25.005 min, YREEFAE, RRANLANE A GTUE, BITEY
BI7T°0.05 M NHHCO R, B0 n T 55 3% R 1, 20°Clg - f5 T-H6f & 7E AFME:Al % 30 (contact mode) T
JRT- A%, FARTEES0 pm, MZE1 Hz, 7GR FBUA RIS BIR, B BT RA SN0 %7 iEn]
FF 2= AR R ETRA B 5l S 50N B BUR R A 450 SO iR AR AR I S 7
K8E1R): Emiliania huxleyi; $UARL, TEASFHE, JHT HERGE, mER; ESHE

Observing the morphological features of Emiliania huxleyi coccoliths
using atomic force microscopy

Yu Wang', Huiyong Zhang?®, Peng Xiang ', Youyin Ye', Gengming Lin', Qingliang Yang', Mao Lin'"

1 Third Institute of Oceanography, State Oceanic Administration, Xiamen, Fujian 361005

2 Zealquest Open Laboratory of Zealquest Technology Limited Company, Shanghai 200333

Abstract: Coccolithophores are important components of the phytoplankton community that play a unique
role in the global ocean biogeochemical cycle though carbon fixation and calcium carbonate production. In
addition, coccolithophores are good indicators of climate change as they have indicative organic and inor-
ganic remnants in sediments. Emiliania huxleyi is the most typical representative of coccolithophores.
Classification of coccolithophores is mainly based on coccoliths, which have very fine and complex
structures and are easily destroyed during the sample collection process. It becomes a technical problem to
identify coccolithophores. In this study, atomic force microscopy (AFM) was employed to observe coccoliths
of Emiliania huxleyi with the purpose of establishing an AFM sample preparation method for coccolithopho-
res. Centrifugation was found to be an appropriate method to deal with the AFM samples compared with fil-
tration. An optimized protocol was established: cells are centrifuged at 3,000-4,000 rpm, 20°C, over 5 min-
utes, a precipitate is suspended in 0.05 M NH4HCO; solution, and then a droplet of solution containing sus-
pended coccoliths is pipetted onto a glass attached to the sample holder. High resolution images had been
captured under the contact mode of AFM in air conditioning with a scan range of 50 um and frequency of 1
Hz. The method is applicable to analyze the morphological features of coccoliths under various environ-

Wk H3: 2015-11-16; 423% H 1 2016-04-15

FEWH: HEARRFIES (41506217, 41506136) BHEEHEEAE TU(GASI-01-02-04) R HHERE A 25 AT LRI £ 1(201005015)
* JAIAERH Author for correspondence. E-mail: linmao@tio.org.cn
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mental parameters or gradients in the laboratory and is also suitable for coccolithophore bloom detection.
Key words: Emiliania huxleyi; coccolith; morphological feature; atomic force microscopy (AFM); height

image; deflection image

HUA ¥ (coccolithophore) A2 ¥ v HH 25 2 1 W) 2%
R H 2 —, 1528 1J& T € i ] (Haptophyta)
€ #f 3% 2N (Prymnesiophyceae) (Jordan & Kleijne,
1994), JRMFHELE B IR M FAL TG, 40 B AT
BNB—40 um), K BB . B AN g
JE B B B 5 5 1 R BSUA KL (coceolith), K7
251-20 pm, 2 R0AE T I 4 E 1 H Z K (Young,
1994), B RLEA BIADR . B BIEMOR . mImURAE
IR, Frb g B (1) 2 {3 10 7 240 3 i 1% [
ARGEHE o MR 2L BSCUA KL ) A7 A AR K/ TR, AT
PL 2 N 4 B A KL (holococcolith) A1 5 51 A1 #i
(heterococcolith) B K 2& (Cros & Fortufio, 2002;
Quintero-Torres et al, 2006). i1 #iH LA ERH =
A=A BB S 38 P ATL R A TG T TR o A
KL, PR AR R R R P O AR R (R AL 1) A i 1 i
4 Westbroek et al, 1989), [AlT# i\ N eihEk A4
I B RIS AR A

WA AR FYG R T2 50 A, JUHAE R AR =
25 RO XFAR T S AR R . ICHEIR 25 H = K Ak
rh R R A A R A A B A T LR (D
7#,2007; FhVESE, 2011; 5, 2002). fEIAF 2
2000 A1 EE Y, A IS5 5L (Emiliania huxleyi)
5 K¥EENT A ¥ (Gephyrocapsa oceanica)v] LA {2
TR . LEIX PR, T L A AT,
EZ AT T A BRI, S AR AR Hh = 4 i
X, 4R REME 2 K KB 46 (Brown & Yoder,
1994; Iglesias-Rodriguez et al, 2002; Tyrrell &
Merico, 2004; Sun et al, 2014). FiA7 8 KA R 5
Bk B T4 Jo R L e YR T U AN S 1) e T
4y, HECaCOsTL % = 180% LA L (Fabry, 1989), 3f
AT NP BRI AR D AEYbR 0 S5 S LA BRAS %
RIS, A I PR SR S 2R BT A AL
ACSRATAT EA TSN AP = AR EEZ R Sy, I
MR T AR e 3k Ak R U B RE IR T )T (Rost &
Riebesell, 2004).

P ORI R A T R E I A . R
AR, AR U AL SR FERE L, (L E R
ik, FRATIE TV E A KL R DI D RE AT 4 .

KRERBEFAEN B ] B8 2 HIhRE, iRy
R bR R, PR A R AR R B AR
B, DAJZIE NFRER, 7E w5 R R ORI E A
(Paasche, 2001; Brownlee & Taylor, 2004;
Quintero-Torres et al, 2006) . FA7 % 20 [ 38 i A
BT 55 4 s FABRUACRLAR I, AN R 2K A
BERAAFTCARE A KL, 1K LA 35 b 22 57 () R
AORLA] BE SR E A EAMERFE P AL AR, 45
J AR AR RS AR A R ) S5 4, 7R AR SR
AR IREE 8 2R, XRRBAEILS T RAEH
SIB B — MR ]

1 BRERSSEREEBMR AL

% M 11 (flurometer) . € & PCR Fll 1 2 1% J&
(remote sensing)# ) ¥z I T 7K A4 o A 8 (R AE AR,
{H T H 2L R B, X T B AN BRI LRSI 7K
A TR R B ) 1 P B 4 B = FE S Bl (Winter et al,
1994) . H A Al 5 K A& v A A A (living
coccolithophore) — fix 4 M M £ A 1 BF 78 F B¢
UtermdhlyE FE i J€ (filtration)i% . UtermohliZ: = 2
& T € B A KA i S PR ) A (PN
&, 2002), T B IR U A& H TR BUA AT
IIMTIE, B ) E R E A . UtermohlV:7E
T i 1) 5 I 75 2 KIS 1] T 7K A mh RE R DR,
T 6 G S R], 300F R b PR B R 55 A T e 22 VA A
Utermohl % — e i 81 B R, 74 R,
SRR A AMA K (A B AT, AR
S JE I UE VR RE A E O 't 2 0BT (Polarizing
Optical Microscopy) F1 93 f#i FL - ¥ il £ (Scanning
Electronic Microscopy, SEM)#HAT #4341 . e 2
T 52 5 HEER B BRI, AE 20 B B YA AL G H 2
A /N BRAN GRS A AR IS 22 H I — 5 IR 22
T 4214 F - S Tl WU R b a3 e b, (H4
i BB AT S B B, T E AR R HEAS 3 T
T EIRE S AT AR . BT L, A8 AT = BOR AT
A EERE ST, NARAE R B B ELE o

W H TR 8RS T A 5 2 A
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5T 5 4085 (Yang et al, 2003; 40 ALEEY, 2005;
Chen et al, 2007)F 6 BB (AN E S, 2011; FhE
AR, 2011), TAEBEMFESHE . AR 2R ] XA
T Y 1 45 2 A T I ) A A A 5 70 A (Yang et al,
2001; Chen et al, 2007; ER45F, 2008; FAZE4E, 2011;
Jin et al, 2015; XHFUFSE, 2015). FhZ (2007, 2011)
16 P R AR R R S A BREE G A A ELE AT A
SR, 1 URARIE TR E i TR AR LR OK AR S
AEROEAYIR R REESAMAT. BTEN
SO BRI FUREAAX, & EEY I ASCH KR
IR A E IR REL =, 4 )5 7 22 RE R
PRE, DAL — B B I HOR 2 T IR 7T .

J& 7 77 & 1 $2 K (atomic force microscopy,
AFM) #5844 BERE 2 40, A ot LA B
TR M T BAEOR R 845 2, 20 ZL804FEAR 5 13E
WS T AR R A A, RO TR AR T S
)4 711 E(Dufréne, 2002). IT4EHK, J5 T 775 Mk
WIFLAT 2 N T P R A P 2 s, X T
BRI T A > B R JE (Henriksen et al, 2004a,
b)o X TRUE A, R BAG AR T4
B BB R R A VF 20, B A FR AR
i 2 TR AT P TR A S R I TAL B, AN e AR A i R
T HITES; AFMIE 720 70 Bl RE SR o0 T ¢
e EZ USSRt JiUF T RS vEap P S = BS
B, WIHEFE A 8 (Coccolithus pelagicus). 4HF e
¥ PR % (Helicosphaera carteri) « Wi 59 Y9 A1 ¥
(Oolithotus fragilis)EAG AR 258 B UARL, 1 H &
AT R L oA ML AR B A — A, HRA 7
WA R AR TR AT, 38 R T ) R AR AR W
B, IX PRI R 8] DL R A R A A 2 T )
B EAANFERLE, ARZEIR, A4t
JR(Henriksen et al, 2003; 2004a, b). FiAf1 ki 5<%
(coccolith associated polysaccaharides, CAP)FIfiA7
KLPE R H A, H HIXFh 2 T ge v e 7 B
PLIK R ES i AR T2 IR (Henriksen et al, 2004b).

TOUAT S PR 85 o A R AT o R RS AR 2% 1)
GhK, FEREMSCERRR PR S 5 8 BB . 0T
F IR 7 AT V347 I 23 A A o, HL ) % A
[F 7€ & — AN E R B RT I IR, & RORE T

@ BB (2005) B AL P IR B < ARV (DI 25 A2 S
iSRS, <A L RS E R FUT, 67 i

Je B AR AT 2 15 R BEAT DA R SR I S ok Pl 4R 1) 4
o BTSRRI BIEBOA [ bR gt — € KA A
FEb M 07 1%, ASHIE T AE AR T 70 SO I T B,
LU PR3 HLEE N, R A P AS [F) A Ak B D5 VR WA
WKL, 28T 1B, DRR— it
BO& & T WU RLSCER AN 2 705, FFIREBUE I
AL EEINAHE]  1ZITERT T AN F R AL
AT BUAORL A AL T AR BE AR, BT X 4
RO B e AR S FA AT S T AT

2 R RN

2.1 BAEER

BEA BRI, BEPRCCMP3T71H H 26
TR R Y (L 0y (Center for Culture of Marine
Phytoplankton, CCMP). FH0.22 pmSH IR R it &
(1) K Ve 7K &y TR K B S IC B £72-Si 55 R W)
(Guillard, 1975). KK B H 7R 75 8 K F 3
EPRO3-04ukfiz, HERFEEE1T/HN. FEHTF TS
W FERN L AR 2B 500 mLEF IR LEF IR,
FNE TEY KSR IR, JER20°C, i
JAIN12:12, SIS 260 pnEm s .
2.2 EENEFFA

FEAN A MY A% K56 (Conviron, fTEE
R); T I BB AFM) RS, FEEEHA 7 (DI
Instruments Inc.) Nanoscope Illa Multimode; Si3N4
A, WM R %006 N/m; wE A R O L
(Eppendorf, 1% [&); Millipore E == 1€ & 4t; Milli-
pore PCJiE. i{71°50.05 M NH4HCO3 %7K »
2.3 REFHERGRHERGIE

H BT FH SR il 2% J5 - 07 B30 A W0 RE i 1) 32
RECE LT LR (1) B KA i 72 2 Ry
B 1) 2 B3R, &5 AR T 2 5 BRI, (2)
H ) PR g, B FLARBE N TR ELAR,
W2 G RE BB LERLFL 1 (Kasas & Tkai, 1995); (3)
TR G YIRS I I A2 B, IR & R B s R A
W, eI T SRR e PR A B S ok A E 4E T, TR
5 a TR IE R WP K 2 #0120 B (Wagner,
1998), B # A& 2 BR 2 [A] 1 L Ay 3 422 R Rk Bt
(Thierstern & Young, 2004) . %f TRl A1 i 1 LA W42,
T IR I E e I B i SR AR R A A 1) T
(Vadillo-Rodriguez et al, 2004).
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2.3.1 HESIEURF MM

FRBUE KA A3 um PCIEE A5 g8,
1 5.0.02 Kpa, £ BR300 & 1#0.05 M
NHHCO &M . T BIIRAE = iR T, 258
B 365 O /)N 0 i 3 e ST s il i 7 [ 4 ) I
&R E T AFMEE i &, KA T s
(contact mode)F#H, M1 Hz.
232 BEOETRM T BURE F iR

B TE S A KA S A A, B0
4,000 rpm, ¥HE20°C, B0S min, BOTHE B
FRH0.05 M NHHCOsIE BT 2, R
B3R, BREE FHELH RN A AL,
FH0.05 M NH,HCO; & %5 I BE IR b A 4L
TR, FEERANLA, BB A EUUE, 25 H3 mLi
0.05 M NHHCO:# AT BE 1) [ BTiEmdE
K, RIRARAT, B B IEH BAFMAEE i

W B/ B ) F R AT, TR0 LE TS T R
BEVRLT, I O 2 i XU RS E 1R T 42 08 B (1) 55 3%
Fb, ZRETZEBE TAFMBRE S & fEiH)
10 AR b 3% % AFM Mode, R ¥5 A X FE &, K
Si3N4, it 2 ECHN0.06 N/mIRES, FEARER /N OV
BEBRENCH b RAT469 3k, N5 %
JERM S, LU R E PR, A AR,
KV B AH(HORZ) A BEAE0.0 volts/E 47, T H /&=
{H(VERT)HE-152.0 volts/ A, YesR{ESUMIH %
Ko ST EEHIE AR ADI 5.30 13. sr3, P
3, FFUEIIFFEENS0 um, SR N1 Hz.
2.4 FEIEHIEURF RS NLE

JR ¥ 7 A A A AT [ SR ] (height

image) 11355 I (deflection image). = /5 25 H 1) =&
SEARZS (B S S, AR SR T LB RE R,
JE AR BEAR S A0 SN S R L R TR 3R, SR
B AT DA R — e BRI, [R] I SREC R M ] 45
B 4 L ] (Henriksen et al, 2004a, b).

BRI B2 00 3 2 o 7 4l 8 8 v A0 PRI 7
AFMI#120 pmx20 pmA15 pmx5 pm P Fbd= 38 78 FE ok
NI . TULE HMBCE R HERL . B, AN
HIEESHZNBE KL, ISR EH & A3 B in
Kl v&, FoRflth BB e —d . I A
YA BETEFLAR /N T A AR TR b, BT A2
2 B L S BT IR S, A R A BB 5E 4 43 B
ok, TEIIE R Ik R p 2 RIE A AT BT, (R A
BER FWAATERE AN, BRI g R
RAWES) . HE. LR 5 HNHHCO R
Ik, WA RETH BRI LR

TR BN b 1) 7 VAN 75 AR A Ak B AN SR T &
W, AR SR, X 4H BRI TS A A ERAL SRR
SN o AHRAE SR BE R R, RIS R
CSCP AT i 2 T ) TS, 9 A A A R A AR A
Ji V-, 20 BRI (1 P ER AL 25 R M 2 32 BB, X
TESUR BRI IEBL T RIS 2 . (R X M 7%
BT LKk, D&M ET A2 FER T E (Kasas
& Tkai, 1995; Méndez-Vilas et al, 2007), 1K & &
Y, WEH 5250 FE (Touhami et al, 2004).

2.5 BEiLHIEUREF B MEERENEER

B3R oR, B0 AT LA 25 B A () 1) 41 A ML
AR R B R, 550 B B AL HEA B RE i El
T e, RS TR, HAE R4

Bl CEREIEHIRE SR TR R RERARAE T 7120 pm=x20 pm3FESEE S E E () FIF R E (D)
Fig. 1 Height (a) and deflection (b) images at 20 pm>20 pm in AFM of Emiliania huxleyi coccoliths collected by filteration
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B2 ERTEHRER G THEK L ERH AR ETF 20 pmx20 pm(a)55%5 pm’(b)13 S E RS E
Fig. 2 Deflection images at 20 pmx20 um (a) and 5 pmx5 pm (b) in AFM of Emiliania huxleyi coccoliths collected by filteration

E3 BEOEEETHKZEEFANAEF 1100 pmx100 pmiFHESE E S E E () 55 E (b)
Fig. 3 Height (a) and deflection (b) images at 100 pmx100 um in AFM of Emiliania huxleyi coccoliths collected by centrifugation

I REEAKSE BR8] 7B EE . B4, SRR
TEBMEA RIS, K. TrLUE H— AN
FORLE) S5 R, RUURR T BN AR TE BB U,
BT o 2 1) 28 A KA it W] LA 1) B DA K A 11 0
FRLEE .

B o IO R R R 23 B 2 — AN R R 3
23t 2 B0, 15HH3,000-4,000 pmyg—/MEUE
R ORI K S S EOA R,
AR TCVZEAEA LT AL 53 B K (Henriksen et
al, 2004a; Vadillo-Rodriguez et al, 2004).

JA7 1 AR R/, S A BRI I TR
BRI INAE TS RIS e e i s B b, e B
TS ANE Y 2 Ja P FH XU RS MG 47 9 it AR A

ZJa, BURZER R INE R B, AREN S8
JrRE E R 2, AN R 2 R A AR
AR SR A W SR I U R ARG PR, R i 1 ] 5 i A2
fife, mHSEANPREE. dld JE ) B A 2
BEAT I, BB EAE B L AR, BUA KR 5)
BAEE, FHHTANRKNE D, R8RSt
WA RS (R 1, 2); T2l B O W i A R
i 2 TR U BB 240 ), T ELBEA 52 2 LIS
T M4 AR (K3, 4, 5).

JE7 73 B R R IR (Hz) th 2 — N 2
(RIS DR 2R, BEARAE 4 3l T AR PR /N R BEE F1 9 1
PR TRUR, SR Ay LR, AR, $ 4
PR/ TR PR 5 SRR R, T
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E4 BOWEEGTHEXZEEFTARMET 720 pmx20 pm(a)55 pmx5 pm(b)HESEE R R E
Fig. 4 Deflection image at 20x20 pm? (a), 5 pmx5 pm?® (b) in AFM of Emiliania huxleyi coccoliths collected by centrifugation

Es5 BOWERNG THKREREFANNET N2 pmx2 pmIFFESEE IEHE ()5 R E(b)F5RE
Fig. 5 Frontal (a) and inverse (b) deflection image at 2 pmx2 um in AFM of Emiliania huxleyi coccoliths collected by centrifuga-
tion

Eo =HUWMEFRHTHRIZEEEHAKGER) MEF N pmx1 pmITHEE S E E(2) SR E D)
Fig. 6 Frontal height (a) and deflection (b) image at 1 pumx1 pm in AFM of Emiliania huxleyi coccoliths collected by centrifugation
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E7 EOWEFMETHIRE EREBAKER) R T 77500 nmx500 nmi3H#5E E S A El(a) 5 51 E (b)
Fig. 7 Frontal height (a) and deflection (b) image at 500 nmx500 nm in AFM of Emiliania huxleyi coccoliths collected by centrifu-

gation
IR IR 25 B Rl B 2R i 2 1
3 st

J5 - 7 S TV R o 1) R [ X R4S R
IR E A & — AN R EE AT . A s
I LS, BT BB AR BRI T o B
FEAKT e s LB R, B0
KL — PR R B AR FE T . i B O ISR 1Y
7t P % L 1) R TR U R AT LR 38 &0, i HL&E
BZANRE TPz SR g, X vt —Su
FORARL I 25 FI D) BB A T IR L AT 32, o3
by ot 2R A 95 0 A R AR B AL BRI TR OR

AN [ o 288 A 5 A KPR TS E A 22 Lz,
T A BF 7T 3 B X LS AN [R] TR 1) A R 1T BE7E g
AR RIS IUA B AE S B TR KREIER .. AN
Tt 21 AT 35 1) TE WU A A 7 ORI 25 ) AN —
FE, HAA LS RN AR 2 7 BUa R
A A R 2 e R 24 T DLE I JR T ) A R
PO . H BTSSRI B SR T s, W
PERUATEEF= AR T ORISR, e — AN Tk A2
FRIH L 52 B SL I (Riebesell et al, 2000). % T2 U1
AT [, 3K BV AT DU o 7 ) RAOB AT T R 1
ER . RTI R OO RIS IS
TR, HAERABESREE . T BT T A BN 4
BRAURAR A I TR AR B SN Z R R

S5 3H
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Negotiation focus, impacts, and China’s implementation strategies of Ma-
rine and Coastal Biodiversity in the Convention on Biological Diversity
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1 Biodiversity Research Center, Chinese Research Academy of Environmental Sciences, Beijing 100012
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Abstract: Conservation and sustainable use of marine and coastal biodiversity is an important part in the
Conservation on Biological Diversity (CBD). By reviewing the course of negotiation, this paper finds that
focal issues include: (1) Actions to address the impacts caused by human activities and global change on ma-
rine and costal biodiversity; (2) Tools for the conservation and sustainable use of marine and coastal biodi-
versity resources; and (3) Marine protected areas and Ecologically or Biologically Significant Marine Areas
(EBSAs). These negotiations may have impacts on marine biodiversity conservation, and the process of es-
tablishing a network of global marine protected areas and international marine biodiversity conservation, as
well as socioeconomic development in maritime countries. In the future, China should accelerate research on
marine related science and technology, become actively involved in the course of negotiations, and publicize
achievements in the implementation of the Convention.
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Biologically Significant Marine Areas (EBSAs); marine environmental impact assessment
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