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Hi#eH K& (Calanus sinicus) &3 EITIFAES RGRFRHER 2 —, EIRE
A AR S RSB ) R B R . ARSCHE T 2006~2007
SRR WP L REAT VO AN BT AR &, WA T AR AR K SR 1 A3 TR 4 A F
AR, AT SO AL TR S8 1 s i A K o = AR A 1Y) B
MEEA -, [RIINHR D T o 7 I8 A 7K MR SRR A A SR ).
THASERIMT:

(1) TR ERFERICEA BEZRTTE R A0S RAEXE, &
P FE N 2.3748.00 ind/m?,  HHRERSFFEN 6.2 %, BRI R
2y FESATTEAGE, HEF O T BN, BFEEN 0.2441.41
ind/m®; AT =W LA R BK KR WA o 168 PE-E R R 7 X 45,
T K R AT 10.30432.50 ind/im®, kS RS 29.1 %,
BRI — AR H b OO FENABAN, B, BALREYE
o)A . HZEFEN 11.93442.99 ind/m?, B EIE T 11.3 %, MR RS
ATz —: s Aih O S5 EZME, HIRRIEREMEA M REaY, e
FE R ERA AT, B, PAEEK A I T B AR I 1 — A,
FFEN 0.09 ind/m3. &Z R WA .

(2) f&BY) SCATINE R b 1« A Zrh Se K - B SRR 1 W)
MEXRFR, AERNTEFKE, RRRERE, R JRZHEULER. KEH
R a R T Rh. B RE R, LR REKEEREARMKAER T HA
EMFNERE. FF, FENERRTARBRREMRERE, “HWFE
R RIERER Y 547 %, H, RIFEERWEK, £ € REREEEN,
FEBRZRE T mmgm, 1 22 CERHEE; &1 22 CHFER-E
JRAR LRI T I B o R R B AR 32 ZER DMK ER 264 T (R AE 32 /2 40)
PR EMEEER . 25, ERRTKE. REREMEZHZEK a
IRIE, =X PR W2 BRIk 97.9 %. HIEEREAE 20 CLUTR,
FERGEAREE: & 20 CHf, FERE T, EFRREHAGEHEFFNE
T T IR R Y PR RIRA W RS BRI iR RS A
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(3) TR EAERE PO A X AL T3 R, LT R rh LA
AR K B R IR LT R IRAE A IR, S R R K& N RIJER R -
BREEMKATE, AALFXGRE, Wi ek &g AR
AR R G LSRR . BEJE, PEREIA A AR R R R K
N R PG LRI, IR M By AR ML s S o A X o SZHRR TS
P PUE S RO SRE oS S G ok i 173 N BEnW N R 3D Qi T i N | <4 P c =
Bl AISEBULLEN K 2 W (A E IS R R | =iiS s P 4 S =il S A N e B e C N ]
PHL, B2 = LAR I

(4) KB 31 RIBERR MR I A K S SE N i P AL &, 3E
H A B A8 A2 [ B WRURAE AL AL B8 JL A oM B0 . BRI R 2
M. BFRPETRK IR EEN Y], RIZRENRE R SE 1
FER M AR, EBNRIRPII A A R X B3, TR L
Fa g PG AL AR K AR K A IR 2IHh T8 SRR, AL LR
TKESEAM K B BRI AR MR UL B 2EA7 g, B oA T34
BB E R ETHR N . B TR &, KRIEERESIE, _EIHRZEEH
IR, B WIS A th R K R ICVAAEA, BEMFREE 2% o (£ R i 04 JL i3,
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ABSTRACT

ABSTRACT

Calanus sinicus Brodsky, 1962 is one of the key species in coastal ecosystems
of China, which plays an important role in the study of marine planktology and
ocean ecosystem dynamics. In this study, based on field surveys conducted in the
northwest of the South China Sea in 2006~2007, the spatial distribution and seasonal
variation of C. sinicus were studied, and generalized additive models were applied to
reveal the influences of environmental factors on the distribution patterns.
Furthermore, population recruitment and survival strategy were also discussed. The

main results are as follows:

(1) Significant seasonal variation of the distribution pattern for C. sinicus was
observed in study area. In the study area of Beibu Gulf, the average abundance was
2.3748.00 ind/m?3 in spring, which accounted for 6.2 % of total copepods abundance
as one of the dominant copepod species. Population was mainly distributed in the
north of Beibu Gulf and the density center was located in the west of Qiongzhou
Strait. In summer, the average abundance declined to 0.24+1.41 ind/m?, and the
distribution area shifted to the inshore waters south of Sanya. No population was
found in autumn and winter. In the study area of western Guangdong and eastern
Hainan waters, the average abundance in spring was 10.30+32.50 ind/m?3, which
accounted for 29.1 % of total copepods abundance as the most dominant copepod
species. Population was centered in the east of Qiongzhou Strait and dispersed along
the western Guangdong coast and eastern Hainan coast. In summer, the average
abundance was 11.934+42.99 ind/m3, which accounted for 11.3 % of total copepods
abundance as one of the dominant copepod species. The density center was nearly
the same as that in spring, but the population distributed along the eastern Hainan
coast tended to move southward, with the abundance in the south of Hainan Island
increased. In autumn, C. sinicus was only observed in one station in the offshore
areas of eastern Hainan, with the abundance of 0.09 ind/m?. Still, no population was

found in winter.
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(2) The generalized additive models were applied to model the trends in
population abundance of C. sinicus in spring and summer, as a function of ocean
environment covariates including seawater surface temperature, bottom temperature,
surface salinity, bottom salinity, surface chlorophyll a, bottom chlorophyll a and
water column depth. The model results revealed that the major influencing factors
varied in seasons. In spring, surface temperature and surface salinity were the major
influencing factors, which explained 54.7 % of the deviance of population
abundance. Within a certain temperature range (20~22 °C), there was an increase of
abundance with increasing surface temperature. When surface temperature exceeded
22 °C, the abundance decreased with increasing surface temperature. Meanwhile,
low salinity (about 32) could be a good indicator of high abundance. In summer,
depth, bottom temperature and bottom chlorophyll a became the major influencing
factors, which explained the deviance of abundance up to 97.9 %. The abundance
remained high value below 20 °C, yet decreased abruptly when bottom temperature
exceeded 20 °C. From the major influencing factors in summer, we could infer that
it is most likely for C. sinicus to migrate into bottom layer to avoid adverse

environment such as high temperature and intense radiation.

(3) In China, the distribution center of C. sinicus was located in the Yellow Sea
and the East China Sea. Population in the northwest of the South China Sea was
supposed to come from the above two areas transported by the China coastal current.
Every autumn and winter, during the prevailing period of the northeast monsoon,
population from the Yellow Sea and the East China Sea extended southward along
Zhejiang coast into Taiwan Strait and the eastern Guangdong inshore waters, which
was driven by the Zhejiang-Fujian Coastal Current. Then the population was carried
into the northwest of the South China Sea via the Guangdong Coastal Current and
was densely distributed in the east of Leizhou Peninsula. Subsequently, one part of
the population entered Beibu Gulf via westward current in Qiongzhou Strait, and
dispersed in the north of Beibu Gulf under the influence of the counterclockwise

circulation. Another part dispersed southward along the eastern Hainan coast and

v
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was able to reach as far as the inshore waters south of Hainan Island.

(4) In late winter and early spring, C. sinicus drifted from the Yellow Sea and
the East China Sea to the northwest of the South China Sea. It was then widely
distributed in the north of Beibu Gulf and along the western Guangdong coast and
eastern Hainan coast, attributing to suitable environment and adequent food. The
critical period of population recruitment was spring, and the distribution pattern was
strongly influenced by surface temperature and surface salinity. In summer, the
population could not be supplemented due to the monsoon transition. Influenced by
high seawater temperature, population in Beibu Gulf disappeared entirely, while
population along the western Guangdong coast and eastern Hainan coast migrated
into upwelling regions. When autumn and winter came, vertical turbulence became
intense and upwelling regions gradually disappeared, C. sinicus couldn’t make it
through harsh environment and ended up with death. In the northwest of the South
China Sea, C. sinicus wouldn’t perform dormancy, thus no local population existed.
The C. sinicus population in the northwest of the South China Sea must be

supplemented from the Yellow Sea and the East China Sea every year.

Key words: Calanus sinicus; survival strategy; population recruitment; generalized

additive models; the northwest of the South China Sea
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PRI S AR TR A TR H K, B R EhRE 0ES, T EAKEERE
BERB B BN B R EAE, 1984). IFiFahat T4 s e sk i v 1)
PTG SRR R P WA T R AT T (ZElie A%, 2002),
IR AR ) S aE f 28 R A i Rl & (R, @RISR ) 1 BLE
. BeHh, IFh s AN . AR RO A TR i
PR R B YA NI RER AR, 2RI 5 T BV EE I A & 1A
T (PR, 2012) PSR B I IR RO Ay 8 L oA LA Hr 4
DT B AR E TR N B, H A IS A A R A SR B e £
BANFHEES RGN UL, WSSO0y A S R G
BN DFAEI RBAEYIZERE (4RJBAL, 2006).

[F) At AR B, R s ) B A AR . PVBUR SR N NS
NEERF R (Hays etal., 2005), HAMHEEIAS SRR EA HER R FIt,
USRI BRI FE R, AT TR FER S RS R G E K
S FRARRIE TR0 B R 4%, 2000). Tt — RAIMEETRIE, 4
BRIEVEIE BT 711K (Joint Global Ocean Flux Study, JGOFS). 4BRifgiEAE
R %50 /1271 (Global Ocean Ecosystem Dynamics, GLOBEC). 4BRiEN
M2 G5 B vE B W) SRR (Global Ocean Observing System-Living Marine
Resources Module, GOOS-LMR) LL R AP BRI F A S RGBS
9t (Integrated Marine Biogeo-chemistry and Ecosystem Research, IMBER) #[
WU I BN D 8 N B R TR R, IR TR B AR S HLA 5 T e DA
J % R BE AR S AR 03 AR A G 28R S AR ] R

AR, EREANIRAS RGEREER RS, DL ML R
TREMESIEH. EF (Keystone species) 248X T-4EHr A=Wy i 4
RGYIFILLL . EZS R G REANAE ) 2 FEPESE D7 T 4 F Zh Rg S v e R A
fdp CEFAE, 2004). £ILRFAS RS, CEEKE (Calanus

finmarchicus) VRNV EE DI, (R T 50 %Ll ERF i A&
1
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(Planque & Batten, 2000); AN, M SEAEYIG A 77 & F i FR R 5 .2k (i
Rt e) Nghtn (nigf) RREE P R RN A A, B, G
PR B TE ALK VG VR Sh ) B R B, V2 [ BRIt H #0K AR AT 5T 4%
Ly, H1 TASC (Trans Atlantic Study on C. finmarchicus) Fl4zERiEHEA & RSG5
J1% 5 H (GLOBEC) (Reygondeau & Beaugrand, 2011). 7E3REir#FHES RS
h, th4EF KK (Calanus Sinicus Brodsky, 1962) F& )i A 47554
1 EZARFFT (Huang etal., 1993a), =g ny 1A B i 28 S F=FE 1 60 %
PLE (ZEilBfe%, 2003; #JKAL%E, 2004); [N, RS, k. Kig
F B ERATHE RN EEER CEGES, 20060, A& NN, Tk
B 7K 2& AE 3 vt 1 A7 AR FH . 5 A6 RV R S K= AR Y (G745,
20010, 1999 4, FESFHEGBIEE B 1 [H 5 E ALl 7 A MR H - (973
HRD IR mBEES RGN 1 SRR SAH o IR RS
PUREAh 78 "V SR B R e, Rk 1 R K S AR N s R SR A
MR T A K 2 B HCR AR B AR AR AR SO AL SRR s i Sh A AR 7S
RIOCHE [ R, H it 2 DA Y rp e K AR R i AR S R G i B A .

1962 4, Brodsky s Hr 4B HT /K 25 INE P 52 R 7K & (C. pacificus)
IISLHSRAEHTR (BRG], 1964), HICHIF T HEPIKER AT R. T4
50 R#, TR KERE B iREG N2 HERAIRE R —. £
KE K B ARAE RIS A B AR S FC LA b, P A3 /K 3 0 M B 3 A B e 23 A5
B GEINBL4, 2002; Kang et al., 2007; E&5, 2012). MEKk B 5 L4
AL (BRiE, 1964; FhEFSE, 1988; Uye & Murase, 1997; Zs/b# sk,
2003; 7, 2004; EI59°5%, 2013; FaEiESE, 2014). HREES LR RK R
(P20, 1997, 1998; =45, 2006; Z=E{04%, 2003, 2007; FAEE 4, 2007a.
2007b; XIEIRSE, 2011; ACHEHE, 2013). AASGENKAESIHE (s,
1986; XIHEf+4E, 1991; Uye, 20005 k7555, 2005). AEid 5 A stk gty Ok
TURESE, 1984, IEMEE, 2003; Pu et al., 2004a; ARJGkE, 2005; F i,
2009) A KO R T FWULE. BT BT K ZK A6 PO EEA T
WHEE . REEEX (FIEE, 1964), FKEE X HEIDKERRABERKZEFT
XA X 5k, LA X 1 AH SR TN =
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FERE g, AT IKEFT R T R A E (Tametal., 2000; Li et
al., 2006; FKIE5F, 20100, J POvvA O ARE3E, 2012; AEH 4%, 2014).
AR (P52, 2013; FH#ESR, 2004; 5KOGESE, 2014) VLRI EEL T
Jb#B CBELE, 1978; MAHz, 1985). HAEHT/KFE THRIE M (g,
1964), EIREHEAAF T R VE LA —#ir . R SRR X, 3 IR
FEAIE . AEZS SIVE R AR A7 SRS T T /0 W o T VA P72 i ) P05 2 A R A 1
IKSLGEAT R K& AR R T AR PR, R b B8 K R AE P i L
A M RS, HIFRNEMRAEY SAEER M E LR, W
ENVIFHEE BN 1A AR S R )15 A B E L

1.2 HFRIER B R E T RIEHLL

121 ESBENSESHER

A A SR R TR AR WD AE R BRI A8 T D T AEAE TR AU — RAIE RPEXS 5. 7
WFFCAE A MG R, M MAERIEN 5AETITHRANT, TREY SIS EAEH
IS — M. AEZ3E N (Ecological adaptation) & 44 L ik 1L 42
Te A VIRE A AF S B AR 202 B SRS S5 i s B Th g, DA S IEAHE
FLRE AR . AV ST SR 1), AEYITCR ToZI AN IE I R A S PR
BEAT AR« Re s FUAS B 204, FRBR R TG JC R AN 8 I 3h A& AR (b 52 w5 A4
FEAHEAE LR, AR B BT i DL B R T ORI AR A& . (R 7Tl
&%, 20000, MIMSRAFAEAE S BHH 1) B FE P AN B R 3 o 17 22 AR 25 IE A BT AR
2, BA5|RIFA, [HelAsdk (Ecological evolution), #1425 4k,
PR RN, RTT R SRS T

FEARE R R, AR DA SR BRI, T RS PR A E (1
R A5 (Ecological strategy) (Southwodd, 1977). A= 2505 BLA fz i fE
AMERAN HARET R Fd KL ATERE S A ATE B AT A SIS T,
HAE TRV Re 8 i R IR BE G B SR R B . G, DO E A A= i 24
IR SUORRRIE, AP EAS X SR T 20 v IR RN KOEREWIRE, o r RN E
KR, K AREAFRENERE (MacArthur, 1967). K S5 A G — K
NFaE, FIEFRCRS BB S R, DU E R G O RHIE, il
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