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Spatial and temporal variation of phytoplankton and impacting factors in

Jiulongjiang Estuary of Xiamen, China
WANG Yu, LIN Mao™, CHEN Xingqun, LIN Gengming

The Third Institute of Oceanography, State Oceanic Administration, Xiamen 361000. China

Abstract: An comprehensive survey by hydrological, chemical and biological teams in the demonstration Eco- Securaty
Zone of Jiulongjiang Estruary was conducted in Xiamen, China(24.3°—25.6° N, 117.7°—118.2° E) during spring
(early May) , summer( middle August) and autumn ( late November ) of 2009 , aiming to support Eco-Security management of
the estuary. This paper studied phytoplankton species composition, abundance, spatial distribution, community structure,
seasonal and interannual variation due to the variations of environmental factors in fresh, brackish and sea waters. With
analysis results of 97 samples taken from 21 stations in 3 seasons, it showed that there were 135 species of 7 phyla
recorded. Diatom was the dominant species in abundance. Chlorophyceae was subdominant though it was dominant in
freshwaters. Dinophyceae and Cyanophyceae were seldom observed and Euglenophyceae and Chrysophyceae even rarely in
contrast to Xanthophyceae which was common in 3 seasons. Composition of phytoplankton species varied spatially. The
phytoplankton, according to its ecotype and habitat can be grouped into freshwater, coastal and eurysalinity and oceanic
species. The most important species in brackish and sea waters were Skeletonema costatum, Eucampia zodiacus,
Coscinodiscus spp. Melosira granulate, Cyclotella caspia and etc.. The freshwaters were predominated by Planktosphneria

gelotinosa, Scenedesmus spp. , Pediastrum spp. , Phormidium tenus and etc.. In contrast to a remarkable seasonal and
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spatial variation of species composition, the phytoplankton abundance changed less with stations horizontall though it varied
with seasons. The abundance of phytoplankton ranged from (12.10—1135.21) x 10’ cells/L. with means of 116. 16x10’
cells/L. Seasonal variation of abundance reached as high as 358.68x10"cells/L in summer, and to the lowest at 39. 84 x
10°cells/L in autumn. It is evedent that distribution pattern and seasonal variation of phytoplankton abundance and was
controlled by dominant species. Two areas with high abundance of phytoplankton can be discriminated at brackish wasters
and sea waters in the Jiulongjiang Estuary, this 2 high phytoplankton abundance areas were supposedly caused by high
nutrient input and interaction of interface generally. The Shannon-Wiener diversity indices and Pielou’s evenness of
phytoplankton community were low in brackish waters with sharp seasonal change. High abundance of Skeletonema costatum
and Fucampia zodiacus were the cause of lower diversity, heterogeneous distribution and community simplification.
Compared with historic dada composition of phytoplankton species became much diversified jointed by freshwater algae
though abundance was lower than it used to be. Though the community were obviously dominated by small and chain
forming species, such as Cyclotella caspia and Melosira granulate. Tt was Skeletonema costatum that remained the most
dominant though the Mcnaughton index ( Y) reduced sharply. The regression analysis showed that linear correlation,
compound linear correlation and multi-regression were significant between phytoplankton abundance and salinity, SiO,,
NO; and PO}, respectively. Spatial and temporal variation of phytoplankton was associated mainly by salinity and nutrients
in the three seasons of 2009. In conclusion, the phytoplankton community in the Jiulongjiang Estuary have made up an

unique estuarine biota characteried by significant seasonal variation and hydrologic influence.

Key Words: phytoplankton; seasonal dynamics; spatial distribution; interannual variation; environmental factors;

Jiulongjiang Estuary
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Fig.1 Phytoplankton sampling stations in Jiulongjiang Estuary in 2009

M. B AT XA S SRR BRI 7S TR AT
WO BRI () IR (1) WS ) SRR IR RIS

: H' n; ..
=3yl = Y=t
;pz 022D ’J IOgZS’ Nfl’

2, S S RE P RN SE, Pi R RSB SRS SN RE LU A nd SRS | RN RECR N S A Tl
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2 ZEREHH
2.1 PR ATk

JUIe VT PR A E sk 7 N1 75 T8 135 Fh (3R 1) o b = S RIRYRETS A 45 J8 78 Fh, i B Fh
HM57.8% . HREEIRZ, A 13 J& 28 Fl, 5 20.7% . W 6 J& 12 Fh, 5 8.9% , WEWEA 10 J& 12 Fl, 4
8.9% ., MR¥E2 B3 P, 12.2% , WA 1R 1 B, PRSI BT (X 1.%2), HEAR
RPN E B PREFRIRKEE R 2 53 Bl fA B ( Chaetoceros spp. ) HRE ¥ ( Rhizosolenia spp. ) TEH H =17 %
B, [R5 ¥ ( Coscinodiscus spp. ) . 15 R #E ( Odontella spp. ) TERK M £ REEREL H £ 20 Fh, M 3
(Scenedesmus spp. ) 5 &k (Pediastrum spp. ) JFAFRAT WL, H¥EFEE RN R Z 7 M KESHEFRE., #iE
Kb RAE R i R PR, R K ER A 2 S RAER T 1 Fh, SBUER BRI
17,

F1 ARTHAOFEFEDHOMBER ESLXBRETEL
Table 1 Ecotype and seasonal variation of phytoplankton species composition in Jiulongjiang Estuary

e A= AR R A B RRAE

Species Ecotype and habit A Spring 5 Summer Bk Autumn
T3 Bacillariophyceae

JEARIREE Actinocyclus crassus PRI R K Vi Vi

IRREEHIFE Actinoptychus annulatus TR BRK V4 vV
SN 523 Achnanthes brevipes JEEA , BURIK V2 vV
FLINHEE Entomoneis alata IR K vV VA

http ; //www. ecologica. cn
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VKI5 Asterionellopsis glacialis TR, 1K vV VvV

IRARMEIL % Bacillaria paxillifera JIEAT 7K VvV
I 4h G Bellerochea horologicalis TR K vV vV
BIE#E Cocconeis sp. JECATG, JRIR K Vv vV
WANINREE Cyclotella caspia JECAT, JEIR K vV vV vV
W& TEE Chaetoceros peruvianus TRUE, K vV vV

BB Chaetoceros densus T, MK vV vV

% KA BB Chaetoceros lorenzianus T, MK vV vV

FYE B Chaetoceros danicus TFIE R IK v

JiEsE B Chaetoceros curvisetus TR, MK vV vV vV
IR 3 Coscinodiscus asteromphalus T, MK vV i
LG RI G 8 Coscinodiscus Jonestanus T, MK vV vV vV
SRR Coscinodiscus curvatulus TR, IR K vV vV
NS R BT % Coscinodiscus curvatulus v. minor TR, IR K Vv vV
LEIL R T % Coscinodiscus lineatus TRIE, JBIRIK vV \ vV
/IR B i # Coscinodiscus oculatus TR, K vV

Hr0 B 8 Coscinodiscus centralis T, MK vV
RSHR T ¥ Coscinodiscus radiatus T, MK vV vV
B BBATEWE Coscinodiscus bipartitus PR K Vi \/
W [ i 3 Coscinodiscus deformatus TR, K vV
B AN IESE S Thalassiosira excentrica T, K vV
Eh R #E Coscinodiscus maginatus TR, JBRIK v vV
WS Cerataulina bicornis TR SR Vv

FUEEIE 3 Climacodinum biconcavum T, K vV
Hb RS A Dactyliosolenia mediterraneus T, MK vV vV
$ 55 WUBESE Diploneis bombus JIEAT 17K Vv Vv Vv
i [RAURBFE Ditylum brightwellii T, BR K v 2 Vv
JE B Donkinia sp. At Vv

W SE A Diatoma vulagare TR, MK VvV

FEE M Eucampia zodiacus TEUE BRI vV

LT ¥ Eunotogramma debile T, MK vV vV
WekT# Fragilaria sp. JEEATG , JIR K v vV
WG LN 3% Guinardia striata TR, IR K Vv vV
WORBE ST Grammatophora undulata T, K vV vV
FRE -3 Helicotheae tamesis T, K vV Vv
FYEMFEEE Leptocylindrus danicus TEIE, BRI vV vV vV
IG5 38 Lauderia annulata T, MK vV

JEAIE B Licmophora abbreviate T, K v Vv
WO AT 2235 Lithodesmium undulatum T, MK vV
kL B4 W Melosira granulate TR, TRK Vv vV vV
TR HAEHE Melosira juergensi TEIE, ROK 5 R K vV VvV
VK LB Melosira islandica PRI, WK ROk 4
INHE #E Navicula parva JEAT, JEIR K v Vv

HIHEHE Navicula directa JEEMG | BURIK Vv

FIE i Navicula sp. ATE v v
% IRZEIE B Nitzschia lorenziana JEEA | BURIK vV vV vV
KL #E Nitzschia longissima JEAN, K v

R 22 ¥ Nitzschia frustulum JEAT, RR K vV vV vV

http ; //www. ecologica. cn
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Spcie et b B B Baum
Y522 3 Nitzschia lanceolata JEA iR 7K Vv vV
W NP AR Odontella mobilliensis TR, SR K vV vV
KEHWIREE Odontella aurita T, K Vv \V
AL YIRS Odontella sinensis T, MK vV
HHWARLEE Paralia sulcata JECAT, JEIR K Vv Vv vV
KHLEH Pinnularia major JE A, ek %
SPILEE Pinnularia sp. FNES VvV
RFNHZETEBE Pseudonitzschia pungens PR BROK vV VA
i M JHEE Pleurosigma acutum JECAT, JEIR K Vv Vv vV
WFFEIN A1 Pleurosigma pelagicum JEEA , K % vV
AR JE B Pleurosigma affine TR, ki k Vi Vi
JEIRIEAF 3 Pyxidicula weyprechiii TRE K

{AECARAE ¥ Rhizosolenia bergonii

K ARG BE Rhizosolenia alata f. gracillima

ZERMRAE T Rhizosolenia styliformis

KEERIEAREHE Rhizosolenia styliformis v. latissima

WIEAREE #E Rhizosolenia setigera

FR Rl 253 Skeletonema costatum

ZJe B4 Skeletonema dohrnii

A WEE#E Surirella fastuosa

- H AT Synedra tabulata

1 I Thalassionema frauenfeldii
ZEICHFER I Thalassionema nitzschioides
[ 4 3 Thalassiosira rotula

WFHEBE Thalassiosira sp.

UITET 3 Tryblioptychus cocconeiformis
FI 3 Dinophyeae

/N DT LR Alexandrium minutum
BB W LK #E Alexandrium catenella
A Ceratium furca

KAFBE Ceratium macroceros

FLR & Dinophysis candata

BOEHE Noctiluca scintillans

JEH 5 Prococentrum sp.

A RZH B Protoperidinium leonis
W/NEZ 3 Protoperidinium minutum
Jii IR £ HE Protoperidinium depressum
XUHH 522 B 38 Protoperidinium conicoides
FERRIF L ¥ Protoperidinium subinerme
£ Chlorophyceae

I TE LT 4E 3 Ankistrodesmus acicularis

SE B Actinastrum hantzschii

P W VU SR EL#E Arthrodesmus incus
A8+ W Crucigenia lanterbornei
DU+ Crucigenia quadrata

JHEREE Echinosphaerella limmetica
MTREL 3 Euastrum sp.

/N A F ¥ Selenastrum minutum

P 7K
TR, K
T K
TR, 1K
TR, K

TR, IR K
TR, K

JEAT, JiR K

JEAT SR K

TEE IR IK

PR, IR K
TR, K

R

JEAH , Bk K

TR JEIR K
TR, K
TR, 1K
TR, K
TR, K

TR, BRI

FNE
T K
TR, K
TR, 1K
TR, K
TR, 1K

TR IRIK
TR, IR IK

TRIE, IRK
PRI, IRK
PRI, RAK
TR, WK
TR, RO

LA L L <<
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< <
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< < < <L < <L

< <

< <

< <
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gk
g':::ies ﬁz/E(ﬁypfzaiijgiftﬂ: # Spring & Summer Fk Autumn
A ZF# Selenastrum bibraianum TR IRIK V4 V4
R Scenedesmus obliquus PRI K v V4 V4
W H M Scenedesmus armatus IR IRK \V V4 Vv
RYNMIFEE Scenedesmus acaminatus IR, K V4 vV
T B M Scenesdesmus carinatus TR IRIK V4 V4 V4
VUM Scenedesmus quadricauda I, K vV vV \V
ZIJEMEBE Scenedesmus dimorphus TR IRIK vV vV vV
Z4FLINBE Scenedesmus perforatus PRI IRIK \V V4
A= BEREE Strombomonas fluviatilis TR IRIK \V4 V4
W G Spirotaenia sp. T IRIK Vv
TFEREE Planktosphneria gelotinosa TR TR IK vV V4 \
Gt 5L Pleurotaenium sp. TR, TRK vV
TR Pediastrum duplex TR MR IK vV vV vV
TR LR Pediastrum duplex V. gracillimum TR IRIK Vv vV \V4
KU 85 3 Pediastrum biradiatum TFIE, IR K vV \ vV
S L BE Pediastrum boryanum TR IRIK \V4
VUi 3% B3 Pediastrum teras TR IRK V4 V4
HM I REUE Pediastrum simplex I IROK \/
2% B ELFLAEFP Pediastrum simplex v. duodenarium T, IR K \V4
W22 Ulothrix zonata TR IRIK \V4
#5¥E Cyanophyceae
AR BE LT YEBE Dactylococcopsis acicularis TR IRIK \V4 V4
MIEREKEE Gloeocapsa punctata TR TRIK vV
L2434 Merismopedia elegans PRI, IRK vV V4 V4
TR FEREE Chroococcus limneticus TR IRIK V4 V4
INEEREE Chroococeus minutus I, K iV vV
SCRIEEFE Ophiocytium capitatum PRI IRIK VA V4
TR 223 Lyngbya limnetica PRI IRIK V4
B Oscillatoria tenuis IR IR K vV V4 V4
LIV B Trichodesmium erythraeum PRI, JBR K vV V4 \
LW Oscillatoria fomosa PR, oK Vi
IS Phormidium tenus PRI IRIK V4 V4
R MRIEEE Spirulina princeps TR, TR K vV Y4
PP Xanthophyceae
B LR Tribonema affine TR, IR K vV vV vV
4> Chrysophyceae
INERIRESESE Dictyocha fibula PRI, ok Vi
PR Euglenophyceae
IEARBE Euglena caudata P ROK vV \V4
B R Euglena piseifomis PRI WK vV Vi
AHALERLEE Trachelomonas similis IR IRK iV Vv

* FRMIRS [ 7,11,14-16,21,22 | BIBFIT L5 50801 4% s V Em i 1

ik B S 32BN T B B 45 B ( Skeletonema costatum) 1% 325 f 3 ( Eucampia zodiacus ) | FURL H 4% W
( Melosira granulate) J5/ININREEE ( Cyclotella. caspia)  EAEMAHLHEE ( Paralia sulcata) | [R5 , 3 2 LB VL]
17U A A R v A = B v (R IS, S TR SR T DX DL R 1 XK . P T B L B X 4 B R &
T, A ST E PP B IR FEGE 0 58 i P Bl i SR Pe e i, 2 JE B 45 ( Skeletonema dohrnii ) {UE M

S Ry MR YR K R BESST P AR A W B M S ( Scenedesmus armatus ) | VF BR B ( Planktosphneria
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gelotinosa) \BEFEWE  FEW N DXIRACKI SO0, B BRI A 2 Mas . Horp BibsE SO BROEAE I 1 X B A
Ho RIS, Hrph SN D7 K8 (Alexandrium minutum ) 75825 )] 1 XA 888 K6 R
T P IR K KIS, 3305 R R B R IR K i AR DG, FF RBAE B RIR K A B 1020 o 2 R
AP F-243%: ( Merismopedia elegans) B A ERPEE ( Chroococcus limneticus) | TR BRI ( Gloeocapsa punctata) |
JINE B ( Phormidium tenus) , TEFEV% B IC A0 30t A7 | 2 BLRY (R 3R K 28 RS 52 20 33 o 6 3 ( Trichodesmium
erythraeum ) S SR () 9 7K o ,ﬁﬂl?ﬂzﬁéﬂdﬂio TP 5 AR IR K K SR HY SR , B LI, il
R — T A 9A] T X R T T XA M

v R 2R TSNS A TR R S LR VT T XTI X S AR AR A O R Bk A
BB ISR 0N X 2R AR A B S N B S A A B SR i LR A 2 2R
FWNTFIEAE Y T FE R T 53 A A AEAR RAR BE b 52 P ) S5 40 B T 3 1 ST

%2 ARTADEHENEBHE T

Table 2 Seasonal variation of important phytoplankton groups in Jiuilongjiang Estuary

FHHHE important phytoplankton groups # Spring X Summer Fk Autumn
fik#%: Bacillariophyceae 28 J& 46 Filt 32 J& 52 Ff 35 J& 53 Fit
£k Chlorophyceae 6 )& 14 Fh 9 J& 19 Fh 8 J& 20
H1 % Dinophyceae 4 @5 Fh 5@ 7 Fh 3)@ S Fh

Wi ¥ Cyanophyceae 6 @ 6 Fl 9 J@ 10 Fh 8 J& 8 il

¥ Euglenophyceae 1J& 1 F 2 )@ 3 Fh 2@ 2 F

¥ Xanthophyceae 1)@ 1 Fl LJg 1 Fh VR 1R

47 Chrysophyceae 1g1 fp - —

—: KA

2.2 AR KA FHIE

AR U VTR] 1 A3 WA ) ) A IS A R AR B R AR (3R 1), WT 40 LR 283 . (1) IROKZETE, /i 7 46
JEAR, B SR VR ST & 1 v T 10 P DK, 328y e o BRI S o3 ik i 2, AR AP A T R
B SRR B N OEREE (Chroococeus minutus) B REEREE /NEBE ALIEP- 2085 . SRR E A0
JHIRK DCRER A —E M . (2) IR #h36 R, EE MM FE SR K SSIE X, WA B FR R & R+
B, AT LA R PRI ) AR KR EAE R 2 T iR, DLREEEE Oy O AGRF A B A RS T A A E
wE R P AN B ( Leptocylindrus danicus) (Z2 283 ( Thalassionema nitzschioides ) 55 ) IR AR ERFh , 845
JURTFh PRI IR, HAMZ SRR GAR 2 1) BOR K I TR A KA (0 AT fek 28, An | 2201 3
( Nitzschia spp. ) . B £ 3¢ ( Pleurosigma spp. ) . &1 T # ( Synedra spp. )  fl/IN/INFR 3 48 H: BUEE 3 ( Surirella
fastuosa) %5 EIHEAE = BRI FRE, BRI O E B AR, (3) B tEINGISHEE, A fE T 5
B BRI X, B R A T IR K H VR EE (Odentella aurita) b 138 5 3 ( Dactyliosolen
mediterraneus) A RV ¥ ( Ditylum brightwellii ) VL S B 7K PE 094 28 2R X AR 45 3 ( Rhizosolenia styliformis v .
latissima ) FERFH % ( Protoperidinium subinerme) 55 . 1SRN FE AN =
2.3 TRIFHEY) R 2T AR A B o A R AR

JUI VLI OV PRI AR )T 2, AR G K B ZR e, BRI, RS AN~ B2 9 2= 5 8L ]
W(3R3) . mESEFREART NS EN 80% LA I, a2 XA St A, R FE e AR F- BEA W B By 1710, A
RIEREN 82.8% , L¥E L AEEE LB A BRI K TR N R 8. 15% . fkde F TR BR I, 2 e S
AR R BB L AT R ZE IR 0. 16% ,3X 5 EVR Ak e SR R AR A A% G
Fo WEEEA R FE R L BITER TR IR R 2. 17 % 3 Tk 3 2 ETE AR R IR I, W A VR Th AR G O, R
Bk BCR R LGSR B SR BRI LU B A R I  FERK R S L, R RETE R
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®3 ARTAOZFHEVETEXHARFENSTTEL/(10° 1/L)

Table 3 Seasonal variation of important group of phytoplankton abundance in Jiulongjiang Estuary

# Spring ¥ Summer # Autumn
i %2 Bacillariophyceae 1947.8(88.5% * ) 4475.6(88.7% ) 433.85(82.8%)
£E32% Chlorophyceae 136(6.18% ) 323.9(6.43%) 42.70(8.15% )
1324 Dinophyeae 37.2(1.69% ) 8.05(0.16% ) 2.65(0.5%)
HE#2 Cyanophyceae 24(1.1%) 21.8(0.43%) 11.35(2.17% )
PR Euglenophyceae 3.8(0.17%) 6.2(0.12%) 1.1(0.21%)
2% Xanthophyceae 46.8(2.13%) 219.6(4.35%) 32.3(6.16% )
4x72% Chrysophyceae 8.8(0.27% ) 0 0
3592 B Total average abundance 165.67 358.68 39.84

# A% TR S AR B A L]

TR B A A R AR A I . 2 AR Ak AR D R, B2, TR £ B, F R 165. 67 x
1034N/L, LI IX 4 S18 F1 S20 Mk B 41X, 2h 270x10°—310x10°4~/L, 4B A S19 .S10 5k LA K 1517
5 S14 S16 Wbt AR HAT S 35 SRS S 30 A 0] 1P X ) v DGR I i S (B 2) . B2 PRI
F IR, 20 358.68x10°4~/L, ST Fi SO il kB AE X, Sk 920x10°—980x 10° 4~/L, i 1715 L1 S8
Wl DA Rz &35 %) 816 S17 Wb ARXT BA e A2 5 . SR04 52 R VR 1] 5% v 38 e 3o g Y] 1 A DX B0 ¥ X 4
3 1 B A F YT TP X S1—SS Ik o i X (1 3) o Bk, TR 2 BE AR, S 250 39. 84x10° 4>/
L, LA S5.86 DLRifEl )5 R HRAY S7 .89 Mk Ky m {4 i, 43><103—55><103/\/L T AEFR Y S8 Ik LA
K] TP X ST.S2 sl 2 A R 32 88, AR oy A S 3 [ S DX LA ST 1T P DX S ) 9 1T DX 3 Y A
AL F 1T N X[ S3 .84 821 iﬂ!ﬂﬁﬁ$ﬁ?1ﬂ%mﬂ:ﬁ@l:( Bl 4), BT JUR YT F1 DKV AR ) = B 04 5F- 1f o0 AR

BT RS (P B SR R S ) RS IR K A S H R B oA

24.55°N ) \ | | \
310
=
140
24.45° =
100
70
24.40° =
40
24350 = 30 e
2\0 | | { | | 1 1 ¢
117.75° 117.80° 117.85° 117.90° 117.95° 118.00° 118.05° 118.10°E

B2 ARTAOEFZFHEWTFHFEENZESNH(x10°4/L)
Fig.2 Spatial distribution of average abundance of phytoplankton in spring
2.4 BB T M Lo Ak

A A ,Jﬁﬁéﬁé\zlio\ﬂééﬁ{%w?ﬁ%fﬁﬂﬂﬁﬂzfEI’J?FEFIEMJ\@Bha/R ARSI V=0.02 BIFH2E
VERRETE RO S0k BE (2 4) o RPN —Fh2E, Pl B 0l i i B fc o, o 6 2 19 L 1] A
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24.55°N 5) N\ ] N
980
O
24.50 600
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24.45° -
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24.40°
100
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24.35° [~ /) T ST
60 s
| Il | £ | | | J
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B3 ARTWAREZHEYTFHFEENZENH(x10°4/L)

Fig.3 Spatial distribution of average abundance of phytoplankton in summer

24.55°N

24.50°

24.45°

24.40°

24.35°

—10

1 1 !
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Z L C
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B4 ARTNOMEZHENTFHFEENZENH(x10°4/L)

Fig.4 Spatial distribution of average abundance of phytoplankton in autumn

R R, AR AR, 2 0. 77 (IR I B AR & A 1) BB () 10°/L) o 3, Pl B 45
LR BB N = SN 0. 28 (A BERF LML, 72 3075 ARAE 5 o0 — U8Bl LS N 0. 41, R
IRBI R R A 0 - BE B, VR B TR A = B 0. 04, VNN I PR 0. 03, Bk, il
FBRHEREAR D 0. 37 EAMES: B = p i L, MORE B AR T R E IS R Hh R p A EE R 0. 04,
SRS AR, B B SRR T R G R DU 0. 04, UM S = A5

DRI WA 4= KL V- T80 23 A=A A PR AR T, B e Bk 3 Al L
AP BEVE I AR il e A A X 3, A 1 A B R AL EE (V>0. 1) (B A Ak L B 5
TP OABRFN 2SS, B, BRI N IXE) S1—S6 M A 1, HABM G247, (B D BB ] 2 g 3
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x4 ARTAAFHENRELBENETEN(Y=0.02)
Table 4 Seasonal variation of dominant species of phytoplankton in Jiulongjiang Estuary(Y=0.02)

B L3 EE Dominant species and Mcnaughton index

% Spring B Summer K Autumn
N M Eucampia zodiacus ,0. 41 HR Rl E 25 Skeletonema costatum 0. 77 Rl E 253 Skeletonema costatum 0. 37
Hh 253 Skeletonema costatum ,0. 28 BUkE E 4% Melosira granulata 0. 06
W45 Thalassiosira sp. ,0.04 FihBIT% Coscinodiscus maginato ,0. 04

W/ INREE Cyclotella caspia 0. 03

B AR BB, 33X S JFR K ST Rl 3 20 W /K 38, SR 531 F SR TT 11 P DX TR 7K /K 3 ) P4 s Y B <, 7] 1
KAFERERK(ES) , EZ BRI P A5G (S1.S2 .4 . S21) A Y, HoAtm s ¥4 . =5 (8 D R AE i 1)
Sy FEHR ST K ARREER SO M3, 3% I IR AK ST Rl A 55 22 I /K S8, AR o A R 342 3mT 11 4 X 1] P o VSl 4 7
T TSR R R (E 6) , Bk, BRI 1 P XA B 55 (S1,S2 921 ) At FLA I b #4047 . o {ELIX o 81
TEIFERY S6 Mk | KT ) A il SO Mk | X & R K A I Bl & 48 £ By /K3, B AR A3 A #a 3 1 IT VAR X DA R3]
1PN X 0390 g ) T DXt (P 7)

24.55°N \ |
4 A
NN \.
120
24.50°
70
24.45°
50
24400 |20
110
24.35° |-
. )
| | | / | ] | L C
117.75° 117.80° 117.85° 117.90° 117.95° 118.00° 118.05° 118.10°E

E5 HEhHBEEABREENTESH(x10°1/1)

Fig.5 Spatial distribution of average abundance of Skeletonema coatatum in spring

2.5 RERAMFIELZT2 L

TEVE 2RI R R ARV RAE BT P8 o M Y TS 88, AR SCHR A1 22 FE 1 418 00T B2 22 R 1) 2 i X
FEAS A SRR 8 LA S A PG 32 P B 25 36 i Shannon-Wiener Z2EEPETE S0 Pielou WIS REFREL, R X i £
DXAE St A BT BB IEA T AR A3HT . U YT R R K S8 V7 WA ) A S A ROAS [RD , 3afi T 22 52 K, B 4 e
VIR (H) RIS ()) R 2E7U 8, Y 2R Bun 2 AR S RZL (R 5) o MTH N IXEY H REE
BRIK BB, FkZE S6 Ml L EH (il 2kl ) e b Bl B B ik, W10 X R FRIZ, U HAE
R 7 1T By il H AR AR AL SR IR U3 (P B 450 ) S P B — BB, O LI 1] 5% R B T dek i)
S7.88 .59 M X S16 S17 Ml H H'<1. 0, IFHAH YRR M 3240 . Bk 1] B g AR EF I ( ST .89 ) HY AHXS
BAR, SR XA (R RIS ) S ek, i IX H TER R E A RAR, B3R, X2 L
T CIF Bl fde) B b IS, MRk SRR gh i e M, 5] BE 28 (8] 22 5 3G M (R 6) o T I IN XY J 85 R ,
ARENGEF , FKTE S6 Wl PRI (i 453 ) SR hEUE J EAR . W E X RSN RIEN, U HAE R S ]S
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E6 EFHhMBLERAMFENTHESM(x10°1/L)
Fig.6 Spatial distribution of average abundance of Skeletonema coatatum in summer
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= A A
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Fig.7 Spatial distribution of average abundance of Skeletonema coatatum in autumn

R S7 M2 AUHFh (R 2% ) B R O VS S5 B — ) IR IX J BRI 0 (S12) A IF 5h S

FEERAE Z A TR G AARI AR SE L BRI,

FWAEME (RS, K 6) , FEFHNYM ZHMIRECT 1 2. 41, H'<3. 0, RFF1 1,81, H'<3. 0, K514
2.79,H'<3. 0, X ARFRWIZOK S B e A TS 45 M OF AR o ol T P U B 4% 7 B 20 ) o = JEE R s A6 1
AR WIS (e it B2 v oAy B — T S B A AR B IR . P 2) BERG AL AR, T 11 A DX Bk A
PR A . T 0 XIS (S16 .S17) TER FREN AR, B8 LRI AR FH KRBT, LRXAFF
Al FEIG R AT . A PR AR R Vi S A AR T B 2 M 2 JE (9 O AT AN 2 S O ST B e iR, A
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b DR B AR BN S A RO R, A L W A B ] 5E 4 A T s S L, S BONE TR A5 A
A Bl AT AN 5] U I 2 REPERR ARG, DR TP AR ) R I 2 RV B DL SRR A M B 1

ARSI
x5 ARITAORZHEYIH SHEEERONEER F6 ARITAONZHEYVEENSENREEN
Table 5 Seasonal and spatial variation of diversity index in Table 6 Seasonal and spatial variation of species evennessin
Jiulongjiang Estuary Jiulongjiang Estuary
SRR Ik i H FAEIR I DA J'
Sampling area Site # Spring & Summer Fk Autumn Sampling area Site % Spring X Summer £k Autumn
W H R S1 2.93 3.208 2.875 WA X S1 0.77 0.7423 0.703
Freshwater zone S2 3.56 3.206 3.233 Freshwater zone S2 0.84 0.7548 0.748
S3 3.00 2.722 2.669 S3 0.84 0. 6806 0. 640
S4 2.79 3.252 2.620 4 0.84 0.8788 0.670
S5 3.14 2.64 2.135 S5 0.80 0.6759 0.502
S6 2.77 2.279 1.524 S6 0.75 0.5833 0.347
S21 2.94 3.476 3.012 S21 0.80 0.869 0.753
A X S7 2.76 0.2328 1.992 WA X S7 0.77 0.0056 0.478
Brackish water S8 2.98 0.9322 2.775 Brackish water S8 0.74 0.2122 0.679
zone S9 2.90 0.445 1.891 zone 39 0.76 0.1048 0.445
S13 3.46 1.046 2.853 S13 0.85 0.2614 0.672
S14 1.45 — 2.856 S14 0.36 — 0.685
S15 2.89 1.756 2.753 S15 0.72 0.4064 0.648
S16 2.31 0.5251 2.677 S16 0.59 0.1344 0.630
S17 1.49 0.4104 2.954 S17 0.47 0.1026 0.708
X S10 2.22 1.978 3.402 TR IX S10 0.53 0.4504 0.816
Sea water zone S11 1.82 2.295 3.091 Sea water zone S11 0.52 0.5146 0.756
S12 1.95 1.596 3.470 S12 0.53 0.3633 0.778
S18 1.06 1.656 3.193 S18 0.30 0.3769 0.716
S19 1.44 1.961 3.757 S19 0.38 0.4465 0.830
S20 0.59 2.095 2.946 S20 0.17 0.5126 0.694
SF-45 H'mean 2.41 1.81 2.79 44 J'mean 0.64 0.44 0. 66
—: S14 Pk = BTHE R —: S14 P TR

2.6 TRUFHLYIRETE B AEBRAE A

BRIV PR () A 258 A, A 20 142 80 AR LIS gt phA7id 22k ) B vEoRHE N
FAMA 1986—1987 41 4 Z=PEMEIS I 5 [1992—1993 4E1Y 6 MUY JE | 1 R iR g8 2 7100 LA K
2004 AR JE [ 1R IRK TR AT A R PR RIS A AR U YT 1 RR K X R SR 1] P s v R, BV )
S EV 1S — 2RI (B 1) o WU PN XA 3R AR 7K 388 PR 3 A5 3 o7 A 138 B, 5080 5 SC ik WoRHAH V) 32 =
DR s R 2 I 1) PG e ] 0 DX O 1) 5 BT ¥ 3 ) (R PR AR ) R SR e s A DR e T s
BEH UL R NS A ST AR

5557 SR Eb, A YRR A R TR TP DXOR K KIS SR | B A R RO R AR TR, W
P FEETHAEI S, AURHEA T FEEN 219. 46x10°4~/1,1986—1987 424 213. 51x10° 4~/
L,1992—1993 4F°4 253.22x10°~/L,2004 4E 4 402. 76 x10°4>/L, F-JE [ 2004 4E G A 8RR, 1 1992—
1993 4FA BUINER , 55 1986—1987 AFH A 25 40T , 2 W RIE A Y 8 A i 55 IR /K K 38, (R R IR K e S 2O
KTTRREE KA ERE IR, JE 110G s ] 1Rl 7K XA 37 DA A 2 4 2 DA A ] DXl g R ARGt 2 S s
AEBREEAR IR 22—,

TP RS B sk A F R AR T v il B S e AT R 1R 2 — A 34 (LI 34 B8 A R i (%
8) . PLIASSHELE 1986—1987 FAE il B 453, IR R 0. 71, [R] B 3 2 4 240 it e A~ AR 55 /)N (50—
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200 pm) FUEESE, 22 ANMIREAA =2 LRV U DX LRSS IR D22 T8 22T M 4, L A BRIk, 400
0.03.,0.02, 1992—1993 4, BA LASHAK, ZA0MIREA SO0, - AR B U S 0. 79, IR
B VKT LA SR PEFAEE R 0 0. 02, B IR AN AR REAE 1 9 TG A B 3 (160—300 wm ) 3 i M TR 32
—o 2004 4 A SR BEIC IR 0. 44, ARFZERELAAIMIEL (140—300 m ) F [5E 75 35 2L A, i T B 24
JEAMA . BB A B LS 0. 15, B IBF IR T80 0. 07 4% FRIRI i 0. 04, 2009 4F A Ui £
B, AR AR A 0. 48, [T BE Y O st (6 F I, Ha IR B AR 0. 04 JaR K R P )
LB B (/N REIR AR ) A PR3N 2 — PR3 EEN 0. 09, /N i BEIR A AR 1 7 3 25 BE AR A 0. 34
DU AL T 5 8 SRR A5 A U AT 5%, R AR MUl A A B8 5 2 NOS S A2, /N2 i = 2 2
AR X NOS MR AR 2
®8 ARTANFHEVMRBLXBNEREN(Y=0.02)

Table 8 Interannual variation of dominant species and Mcnaughton index ( V) of phytoplankton in Jiulongjiang Estuary(Y=0.02)

F B HAFD B AR HEE (V) Dominant species and Mcnaughton index( Y)

1986—1987 4 1992—1993 4= 2004 4F 2009 4F
Sl IRE g S RJIIRE i GRYIIRE s SR
Skeletonema coatatum ,0. 71 Skeletonema coatatum ,0. 79 Skeletonema coatatum ,0. 44 Skeletonema coatatum ,0. 48
I P IV LB TG 4 TR B
Pseudonitzschia pungens,0. 03 Thalassionema nitzschioides ,0. 02 Coscinodiscus jonesianus ,0. 15 Eucampia zodiacus ,0. 34
FICIGL B VR AT I B3] 7 AR T
Thalassionema nitzschioides ,0. 02 Asterionellopsis glacialis 0. 02 Coscinodiscus asteromphalus ,0. 07~ Melosira granulate 0. 09
I T & I 53 s H31 8
Chaetoceros lorenzianus ,0. 02 Coscinodiscus granii 0. 04 Coscinodiscus maginatus ,0. 04

3 EmEREYEENETERSR
3.1 HhF

B R X AR SR B E B BE LR R R AR BOR K SV DX, 26 B AR AR Z %o 77 IWEAE 40 1) o3 A B =F A
Al Bl R s 25 22 53 27200 3 FLIF A 2 2 A 5k B B 5 R A — 37 I S L, Jude i
O] AR TR) A 25 28 70 1) 7 D A A0 A A T 6 8 VU PR A 0% TR /K E S 5 A e R B 8] T — S 1 O 52 P 0 i ) e o
SAAVE IR, TEIRAKIX, AR SRR T 1108 TIRK IS AR K Sl | v O H e IR BB A IRy
PR PR REFE R BEAETE 2 A0, R R B A TR LRI 11 P XA A S0 00 3 A R 2 A A v A M T L IR K
X, IRK 5K IR A3, $h A BRI AR ERT 7, Fem R B T ik 28, H TEREIAERSE , IR K 1 2w
DATE N IZAL AR B SR R B R PR AR R SO0 XA R AR A R AR AR (H PR A )
STEMERAE N F R, U HAEE VR (83, Bl 4), i X AR T 22, DOE R ik
A W A IS REAS IR ANEERPS ) R L, U YT 1 PR R ) Fh 2 A A 2 AR A DR R R
HEAAR S IAREL , J8 T BRIV PG PR R X R A PR WA 2 5 o vl Tk e D 3t i s S i e PR s
B, ARWIHANHEZ, TR £ 5530 kI LA 6 R B, IMIH 72 A ¥V=-0. 001X% +0. 298 X -
4.896(R=0.865,n=32,P=0.001) , HZES5EHEICHZFE R, RWELEIFIEE BOX 1 TR F 5 5
MZEFHFERE, MAA TR, BEESERE =R R A SR B, BIH RN Y=0.01X°-0. 507X +
6.522X+20.209( R=0. 784 ,n=35,P=0.001) . [fi JE4F PR UAAE ) 4= B 5 30 B L& S BRI AR 2%
3.2 HEFRE

B IR R RUAE Y L AR A ) E BB N 12—, B AR AR Y AR b 2 1 5 i 30 0 D A ) ) B Ry
AR TS B IR ) S B, R [R) S IR LR (b 22 [ AR 2 S A R A B B BRI, 3T X
TR AT T4 45 P S AT G 7 %ot 3 FR h 25 A0 728 B A i 18 5 R s B2 IRK B A RN FE R Si0; W,
TR AR R O AR A O B T2 B2 T PRI AE R i e e e 3 S Y ) O v S AU R e R
EE BRSO TR IR, JL IR VIR 15 b 408 A% Ji2 10 30 o R0 5T 1] 2 000 v SR b e K Y
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RERR SI0; A AN R R A KR TR B RE L) Sio; AR aCRR T sio)
JiE ARER BE AR PR AE KL 5 T 27 °C I 25 5 i A A A 0 o ) R B R A MR A 1 U YT 1 X B 3 i
DR AR ORI B AR SRR AR RO (85— 7)) Rl e B rh B 2R B L R DL AP A 2 B (5 B
JEERY 90% L) 1) IS T 1N X EIRK KIS (18T 6) o BIMEEAE T P s i IXC {51 A i R g 8 1, A 2
RIVRT BRI AR A (R B ARl B A TR (181 5) o i SR e sl i K S M, , 5 U 0B 19 K A )
R 3 —driimh B2 2 A L Ph P2 s 2 e, A RS Ak 5 4 2= PR Al ) 2 B o A S 3 — 2 (A
8) , FE o FR R B BT I P DXIR K K SR, A/ YT SR 7K X R =2, ZE AT 35 1 30 VA DX 4 o = B X
FEFRLM AT,

24.55°N o h 7 /[\ \\\ /
W Y~ IR -
N .
220
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90
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o N
2435 ~0 Y
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Fig.8 Spatial distribution of average abundance of Eucampia zodiacus in Spring

ROKBEZEERE D | R e | SR P M i PR S R R SR R B SRR s
FRERUR BE IR K AR B R ol B s e i A5, B TAN AN N A R TR CE SR ER T EL T
TTEH I, X % A A AL R A A s iy ) ke H A LR YOI 11 N DOR AR I R 2R 5 —
FEFEE, JURTLR A X NOS W E—BE AT 220K N 1 FEAAEIRE, B NO; FI T4 s
B S BB 2 AT PRI RIS S5 R Z R B s e 2 G 22 i ELAE LR VO] TP X, 5 38
JREEE AR AN ISR AR B L FLE R A S SRR RR A POL IS A E RO

AU B AR TR ) S Si0; B9 =R IHIG S R B, AR Y=-2. 078X +30. 701X° -
108.973X+191.422(R=0.294,n=96,P=0.044) , 5 NO; BB AL MAE LR WA HTER Y=0. 678X+
98.410(R=0.251,n=92,P=0.015) ,5 NH] LR EIAE KR, 5 PO, MRERERLI & XAKE, TN Y=
-0.518InX+10.829(R=0.242,n=92,P=0.019) , VFWEAEY) A0 5 F AR Z B R R g Rk, h T4
SIS S B 20 B 2 S50 fF T L5 s B TAE L RUE 7835 .

4 ZEig

JUIETTIRT F 2009 4F = Z= B (TR 20 s 7 AN T128 75 J@ 135 F, EAOR LR, SRz HEERE
PR TSR R MR S R R A SRR O N X R R, RIS FE T AL
AR 225K, MR IR R ) 1 A 25 28 0 R AR BEARRAE R BO0T o0 o = R, TR B R oD AN]
3 AT ORISR F BT o B SR TR B0 25 ) 8 100 200 i = B2 K, 5 SOV 484 T SR A, ol ) o3 A
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] TR IEN  ZAEEREAR . 5 SR MR AU F2 5, R BEARPRIRAR, IS R o R
FIE FRERIE LTI 1R S A M 1) o A1 B 2 BE I 25 AR A ) SRR [N 3R, 5 PRI AL 2 BE AT AR B0 R i
P AL ZIESC R T H XA ZSIREE RSl ) 2 i R i S22 P, 2 17 e AR ) 4 A 70 A
Lo AR5 R R BN FRRABIESE
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