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Population dynamics of Chaetoceros spp. and multivariate analysis of its relationship

with environmental factors in Daya Bay, South China Sea
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( Institute of Hydrobiology , Jinan University , Guangzhou 510632, China).Acta

Abstract; Population changes in Chaetoceors spp. and environmental factors were investigated in Daya Bay, South China Sea,
from June 1997 to July 1998 and the spring of 1999 and 2000. Relationships between abundance of Chaeto. spp. and some
environment parameters were analyzed by multivariate general linear factorial analysis, linear stepwise regression analysis, and
principle component analysis. Chaetoceros was the most abundant genus of phytoplankton in Daya Bay, contributing 23.25% of
the total phytoplankton ahundance. Chaetoceros reached peak abundance in the spring of 1998, with maximum cell density of
6680.6 cells/ml and 99.78% of total phytoplankton. C. affinis, C.debilis, C.distans and C. lorenzianus were the main bloom
causative species. The nutrient levels were high just before the bloom of Chaetoceros , but dropped rapidly as the bloom developed.
Results showed that depletion of nutrients especially dissolved inorganic nitrogen (DIN) led to the collapse of Chaetoceros bloom.
Peak abundances of Cheatoceros occurred under a wide variety of water temperature (15°C to 31°C) and salinity (15psu to
31psw . Results from statistical analyses revealed that water temperature and ratios between nutrients were the key factors
influencing on population dynamics of Chaetoceros, while DIN and salinity played important roles as well.
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BETEENEYER., AREEEEFRAYRETN IS MU GEHEEHERNERAAREEN L
BRIE—-EBELERESRENBE , BHEERLFINREY,

LB ( Chaetoceros spp. ) RFWHERNEERF, ¥ RN HEMHFLEEE  CRREBESFLSHBBNR
REBRERE, BRENATHAT EEAEN, BHGAR NABRERERGE, BABIAERRSE
HRRHEYRETHEREAR EENFIYNRTRY. AXHRT 19972000 EFEAREBATHRAM
BERH AHERAETAINTNAERARKBENRRRFHXRBTTOR UTRAEBSESEZBEAK
PETHIRREERFEYBHEEHPOER, ARESEEEERRAOEY fa 2L R RA AR
2R
1 HE5AE
1.1 REAWRBHELWRENT

ERAEBRE S MREAEA D, KPS I UTRAFEENEREHILL,St.2.5.7.5t.8 i FAEFM
X,5t.3~5t.5 FER KRR, S.6 MABOX RS, SWARERBRIFTSHAEK 1. B SLEKSES
FEBEKBRHAKIK 0.5m LRER JEFEKE,IL BT RBEEY T, KT AT E W00 E, #5
REMMFABE T ENSBOFHELEMMENY . KERES . CHH 4% PHEERIAEE. HE 405,57
45 3 20 ~ 50ml, SR J5EX 0. 1ml 7E Olympus CH30 BY BH2 B # %% FWME 547

1.2 AW HE 1431'E 11432 E
FIFT SPSS 10.0 AM T8k #F, A AL o g B ~L VN
MM B RSk IR B TV M LA (DIN) AT i 4 N Eéb .

FoALBE (DIP) | W 7 1 Bk B £k (DSI) BB R F b (N: “”% sr;
P) HEEJEFL(Si:N) EEME T (Si:P)SFHANF Z
HER, SYEEHHTEEHERTEHTALE TR sl P
P B R4 47 3000 T IR R B R R YA Su6
MR P AR R E a(Chl a) &R 2 N> oo
Fe SR AETHERE T, BHET LR AT < C\?—:‘%’ "
2 GRE9W 22°40'N |
2.1 AEEENYHER

AU BATEYREE, TEYHERBEAEE W1 ATH Rk IBRREARE
(Chaetoceros aﬂinis) \Zﬂﬁffﬁ %ﬁ(C.barealis)\ﬁi‘ﬂﬁ Fig.1 Sampling stations in Aoctou area of Daya Bay

E3(C. brevis) . i T 1 B (C. compressus) . £ 55 A £1 BEERENE RO EY
%ﬁ (C. debilis ) Hi éﬁ ﬁ % ﬁ ( C. ConStriQtus) » ﬁﬁ% ﬁ Table 1 Date, frequency of sampling and analyzed parameters in this
L% (C. curviserus) FEEAEE(C. densus) UEAE  survey

% (C.didymus) EEEFI BB (C. distans) FAALEE  RHENE FHE S RBE RS M Sampling
. Lo Sampling time stations, analyzed parameters. and frequency
(C. diversus) . Ff1 BE 1 % B (C . indicum) 3 2 1 7B B 1997-07 ~ 1998-04 St.2: W/3d, I, KR, BhIE; 2
(C. laciniosus) 35 AT (C. lorenzianus ) B A E H#&: &/m
1998-04-02 ~ 06-01 St.1~5t.6: ¥/3d, St.7, St.8: K/15d, i
% (C. peruvianus ) . B 70 1 T 3 ( C. subsecundus) . 1 58 & e k7

e ; . 1999-03-18 ~ 06-01 Rk
ABR(C. subsilis) BEABER(C. vanheurckii) ‘EEEE, 2000-04-07 ~ 05-23 St.1, St.2: W/d; St.3-51.6: W/3d, FRH 1§
AEBHE(C. weissflogit) F KT URBRAETE . FHA #
ER ZEAER FRABELSRY. ERAZMA,
e f By R LGE , T E R —n SR S e — oy 2 bl Lo

22 AEERNERKEEIRESHHEHRTHXE
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B2 BRT 1997 ~ 1998 471 1999.2000 EFEF A ERR L SR EY AR B E ot @283, 7E 1997 ~
1998 EEEF P, FIEYARKETREINHENEETHIE(E 2.), T ATBRE 1998 F 5 APHEREEEY
MR EREN T ERRKE  ATRERERBEEME 2 LEE 2 5N 6680.6 cells/mL 1 99.78% ., [ Bt £
EHAH 1997 ~ 1998 FEE B WHYE—RAR . 2ETHHEI LR 23.25%. PHEAVHAREKEE4ADH
BEAT I EEHE, BEAERAMEEEAS - EHEE, KRB IAHEEE
( Thalassiosira subtilis) o MAh, R E Y HBEBEERLM 3 T H B TIEE, Y2 YRR %S I, A
EX-REGPWELE UBHES-EABRHIA MERAPHEYELE LR, ATEERSNAFT LY
BT 40 HBCE R 640 ~ 907 cells/ml AYIEMHE , BT SR E 43 L2920 40% ~ 50% , (HRK 22 T 40 f B B 4 iR, 1999 4F
2000 £ EF  ATRBRARNEHEYVRL LR, ATRIRKETEETFHEYAREE, HEY

BEE BRSSP N 866.2 cells/ml #1 588.8 cells/ml(E 2b, 2¢),
O fEH = BiErmm
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Fig.2 Changes in cell density of Chaetoceros spp. and overall phytoplankton

AEHRAREBESKR BENXRDR, BAREE D REKRMILESSFIH 25 ~30CH 25 ~ 31 psu
ZE(E3), HENBEEZIIKE GREFAT, AERPTHA - LBRMIE, 1998 FLASKEIE B
AT, R KEE2FKBRREAREIUY 16CER, KKK EYH TERL - SR ERYMHOERAEE,
BRAERES., ESREEMESIN, KBIXE 30C, ALY RN ABHEE SEAEESEK
Y. AERARBERE LN, SEE T BEE K, R 15~31 puZzfd, 19977 AE8H ATAKNE
BUFLEMEW, KM E — H RS 25 psu AT ,8 H 15 AZ2FERKME 15 psu, XA FHAHEHE BE
A EBS M B %3 (Skenetonella costatum )] B M AEMELEBG T B R TRAKMESES, B ot h TH#
RBWMAWHRNFEFENERBEATENHOMELEL , FENLER ALY . HAF,1997 ~ 1998 £ F
BILDHEEK 1999 £/ 2000 FEZEM PG L AT, KEEESHEHEARBEMN T, MH DIN &
HEm, KEREARERASIENERSLIENEEK  EATRS/MERERBA K AREEBHEERN
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Fig.3 Abundance of Chaetoceros spp. plotted against water temperature and salinity
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HEFENRE.,
2.3 REAERYHRAREELS

1997 ~ 1998 EEMA A ER MMM B L NE 4, 199845 5 AAEHKEL LR, ERMAEE . HIK
AER AFAETENLEAETESNEAETTYHNAREEET 1000 cells/ml, 2 bR ¥ # 2 4 40 U 31
BEEMH, HMEEATHERE MRS 2870.0 cells/ml, WA, FRAEHEDLEATERBEHHLEMH
EHEYF,IFF 1998 F 2 H (XF)HIMT 632.4 cells/ml HIXRBE R, EEFE S HEEMHREE LEHEL 100
cells/ml( & 4a), HULULER, BB A BEEXKIE ERE BN, BEN KB SFR KR EEA. 4
FAERAEEAERRT S AR LANARKERES) , HEEEFE0997 F 8 A)KRRFENIE R4
H R 435124 504.0 cells/ml #1 300.8 cells/ml B K & & (& 4b,4c) , AT KL KRN 31°C, i 4 3% P9 7
FEERETZERENEE. FRATEERALVEKXKESHAEELAERDH, BNEEFESMHEHKEME L
R— TR EEE, K EERE _REAEEYMH(E 4),

E 1200 a WH A E X Csubtilis o 1200 b EEEMER Cdistans o 1800 I~ ¢ HEAMER Clorenzianus 0
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Fig.4 Seasonal changes in cell density of dominant Chaetoceros species

MEEKENRESEFRWEEDNEX, KEREM, KEEFRLETE - AEHFEREKF, KEH
BT KEBE LA HE DIN,DIN FEMKEWMIAK 204pg/L 5 T2 43,g/L;DSi S REAFHT
Me ABARERSBIHNF ;T DIP & BAKERME BRI K, AT, KTEBBREENEFRLEBERABERK
EAMEEYREM, SRR MEESHE DIN HEN S rKEHR, A XREHGE T EREHE
SARBAKEBTRERT .

2.4 AEERMAREESHaiey BARFREZTOH

2.4.1 ZRERFIENH 1998 -~-2000 FEATRSHBEEFHERTRFEMNGERIARK 2. NERE
BFESHEREE NPHAEEABRBEL WEAL 3 BEEKEHEEESDT 0.05;, HIKE KR, B
2000 4E4h,1998 #1999 FERBE, BRATHARKBTHINABEEF&FE TR, 1998 F X f £ #
SRR A T B A R SitN R NP, A K Rt xd T B A0 A A 7 A B R R 5 1999 AR ER
KR F0Eh B B g 8B B4, DSi K& Si: P N:P % A B S A M B & - A B B R ; 0 2000 4F 3% DIN MIN:P
SATRMARBEEAREN,

%2 SEERSESH 1995-2000 ERAERARBRSFEET 2 @8 BR#MEKFE

Table 2  Significant of multivariate general linear factorial analysis between cell density of Chaetoceros spp. and environmental factors in three springs

from 1998 to 2000

E0 Year 7K 7R Temperature i FE Salinity DIN DIP DSi N:P SitN Si:P
1998 0.035° 0.147 0.92 0.929 0.129 0.058 <0.01" 0.895
1999 0.01* <0.01" 0.332 0.362 0.052 0.036" 0.231 0.02"
2000 0.764 0.816 <0.01" 0.795 0.994 <0.01" 0.999 0.999

* BEWAKEMHE /DT 0.05 Sig.,p <0.05
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2.4.2 FBHFEHMN HATEARKBRSHERFATESREENL, HRAE 3. FRAEHEFRA
Tt ERARBBESNEWE R, BE EE TR S NEHERRARER T REAHER. AEH
FRABFH, AEEAMRKEELSKE LE . DINEMEX, 5 DIP.DSi REFTRZLARMR, LHALE
ERR. FE AAAGTAKRT, FAREUWESZHHEY S KR BE BERENXREY, KB BE
MELRFEAMEERNTCHEERER  ERBOERNAZIE T ABHHEER

23 AEMSHFRETFHESEARGESHER
Table 3 Linear stepwise regression analysis between cell density of Chaefoceros spp. and environmental factors

4 Year A 77 2 F

YT Doy = = 5675.0+ 156X; 4 64.1X = 0.19 Xon ~3.85Xprp —0.08Xpg; = 2.26 Xpip — 4 51 X + 0.88Ksir
Linear regression df =212, R=0.341" " '
SHEZE L EHE
Linear stepwise Do = - 317.53 4+ 135.4X; - 178Xy df = 212, R = 0.286" " 9.336
regression

1999 &4 6l 15 D peeto = 1597.9 + 11.9X; - 55.9X5 + 0.26 Xy ~ 0.76Xpp — 0.02Xpg; — 0.14Xy.p ~ 0.90Xg.n ~ 0.05Xg;.p 11.314
Linear regression df = 250, R = 0.552" " '
KU EH EH
Linear stepwise Dy = 1409.7 + 12.5X, - 51.3X; df = 250, R = 0.512"* 43.943
regression
&4 EIH D oo = 263.7 -~ 9.69X; + 0.48X5 + 0.46X oy — 4.51Xgpp ~ 0.06Xps; + 0.40Xy.p + 10.0Xg;n — 0.05 X5 13.014
Linear regression df = 161, R = 0.636" " '
lc 3 P AULE!
Linear stepwise D gpaeo = 293.0 - 9.65X; + 0.65Xp — 6.30Xpp ~ 0.079Xpg + 91Xy df = 161, R = 0.624" " 19.940

regression

% Do X7« X~ Xpin -~ Xpip~ Xosi v Xnep « Xsion  Xop ST B R F 2 B A 340 MU0 R (cells/ml) #1525 808 £ (°C) .22 ¥ . DIN. DIP. DSi ¥k BE
(pgL)UBREMNZEHFETF, « « BFEMEEAT 0.001,p<0.001

2.4.3 EBASHW LL1998~2000 EFFAEE HE PR . FHEYSHAEEE HERE SR IKE.
#h B \DIN.DIP.DSi,N:P.Si:N.Si:P fl Fe £ ME T AR FHTER T 2. BWABEFIR2 TER
2N ERDBRFRMBEODLEF. BRJESZEHEEFHNERSNAREM LR, BERLEFH
HERAREIE(ES), FHEEY BEE AR MEE . FEXEAYPRTHMTERS AMEHSTH,H
RT3 T FRAMREE A, MMHRE o« WHEFRAANSFRSBZ0E, Fik, T84 1 ERARBHEDSE
YR F, BFEITE NP.SIZRIP BT RS 2 ERFE, M NP.SFRAKE SECTFHEAE
BAMZRIRERSY 2 Kb n, SREH, AR HE BIFEYTEYR T IR 1 A AmA
EERFY , MEFRLZANLARTRERFERS 2 W EETKE,

T a 1998 10 b 1999 ¢ 2000
: BHE . | FiE : 1.0 dsi EWE
dn ERL RS g émw‘t’”ﬁ
o 0.5 - o 0.5 - B ey "‘rﬁﬁnﬁknﬁ 0.5 [ L1 ﬂ‘rﬁ@%
g o . ﬁ% 0 fel P9 Chaetoce 0 &, T, i
g dip ¢-1:4 ° a® i din Chagfoce
8 . f? . ds N
0.5 0.5 L in o5 dip
HEHN dip
-1.0 1 | -1.0 I ! -1.0 ( 1
-1.0 -0.5 0 05 1.0 -1.0 0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0
Component 1

B 5 1998 ~2000 £ BB AT EFEEFMEYE 7 EWD 2 WG WL R E
Fig.5 Component plot in rotated space of principal analysia on etvironmental and biological factors in Daya Bay in springs from 1998 to 2000

2.4.4 BRAMERNGE ZUANERERY, KENATEARBETHE WAL, HREERTEZA
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BB, WAL EFA DIN S BB RE —E¥WH., RKEBESEKEBE—-REAETEEREEM 20~30CZH, &
EEREEA, RS RER, B TR 3a %4 [ IR R # % FKBENE T,

ERTRZAMKAN A ERARKEFERVUEEW, MEEFES WP, ERXTEZ MM AL
FHAFERSWEBRARE . FEFRUTRTERELSERA LA BREY SAREENARNE
W, — B IA A DIP & B N: P ¢ 7 3 40 Me 2 3h 8% i % oKk, T Xt ek BE B WA K 9% DS FI DIN & &1V, K
TEBR—-ITHRESTEFENEE 3 FFHM DSi SEN 137pg/L, FHE Si BREL,Si M AESRAREREY
HWEHRRERL2HE. DNSRVMAZTHEARBEREHER W, ZLEEAFE 2a %+ DIN HEmE
F, 1998 £ 5 AAEHKEHAET KB DIN,KE12/5 DIN EB TR TIE 5 %, T DIN BN S T k4
IR .

2.5 RUBKRERFREMSZHREDBEESN :

MNEFLESERE, KEEHBRABEFRUEIR, KFEEIFEEERE— 3G K KRR (GB 3097-1997)
WEAY BEREBHEEFNEEY, HEABESKNWHEAMZER AR, KB NBEH#HAKRES,
B DIN S B ZEE M, N-PHEM 1980 £ 2.5 FAZEFEFERM 25 U E, W N:PH 10 fFHBKESE
REB KA EMEYREN—RIEL" . KEBERRGEE, —REATEENERTSZIME, Xt
RAERKTEEEUZHHEYBEVEERN, HEEM NEEERERAZAEFREMRN EKEE
WD REREE RS BRE, YERHEAE T KEPERYE, IR NS KEE EREAMER FHES
WERERER, BRASRFHEYBE R AR, U043 KT H 38490 Fh 70 40 B 50 B 45 8 5 6 hn , B O
WA RAM T AEBERBEVERT - EEW.

3 #ig -

MAERERERTEFHEYNEEAR, ZRY LY S HNELFEEZTHLANRBERE,
HHE R

QUKBHEFRTRZAMLAN A EHRARKETHEERHAZKE W, W/ DINHEEBRREE —F
®uE, W DIN KW AKBREERAERERBHEHENERERE,

GIYREBEEKKE E, FENERBZULR BEEFTRNMNALE, RRTEAERSF/ B
EEEE BHREAFSEPHEYHEREANEERR, HEESEROME B EREEWRERT,
M B0 A < 0 45 ok 40 B A b 500 T %, T 7 4 0 6 386 285 o B0 R R R R, R 4% 5 00 5 L Vi 9 1B
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