4085 B Wl B % U R Vol.40, No.5
2019 4 10 H PROGRESS IN FISHERY SCIENCES Oct., 2019

DOI: 10.19663/j.issn2095-9869.20180702001 http://www.yykxjz.cn/

EUNE, VEERE, TESCHR, XURA, BRI, PAUT, AMEE, E R HIRAESERTOEILE F 00 I 2 S AR K
5 TR S5 A AR SEME . ol Bl# R, 2019, 40(5): 78-88
Liang ZR, Sun TQ, Wang WIJ, Liu FL, Cao Y, Liang QD, Sun X, Sun XT, Wang FJ. The temporal and spatial distribution

characteristics of the nutrient and community structures of phytoplankton and their relationships in the Pyropia culture areas in
Rizhao, China. Progress in Fishery Sciences, 2019, 40(5): 78-88

H BRI S 2 BB = 4 o T
R H5iZ i EY B S HREXES T

Bl P ER EXR Y aEA
voORS RE@' B w BEET ERA]
L ERHE B SR BETE BT AR R ARl T Fp S R R SIS Wl 2660715
2. Bk S EOR R E S S R R 5 R I R IIRE R H S 2660715
3. bBigEERESOK Sl L 201306)

~

FEE 2016 4F 11 A~2017 4 3 A Xt \L K B B B &8 % % ¢ (Pyropia sp.) R 78 8 T R &, 24T
B IFEENBEEEMTE R RN AR AR, ERET, AEERFEIA
(DIN)., 8 B #h (PO -P) BBk B % (Si03-Si) R JE 2 £ I N B 0 2 i K 2| S KB i Ak ey a3 s
#h. SiO3-Si, PO -P. DIN fni ## A Hl & (DON)% & 7% th iy vk 24 B Al oy 7 Al LoH B3 2 %

PR ERATEEA PERA, FHHENEE H(0.049~3.031) X 10* cells/L, iF MM 4 £K %
#F Si03 -Si #2 PO; -P #y LR R A; R R M HEEEIT27 B 37/, FEITTESH, £2%111
B 1R, EERH AN E 4% (Skeletonemasp.). A % (Chaetoceros sp.). [ i 3% (Coscinodiscus sp.)
%, REMAEREMEFHERE, AANH-N)F POT-PRENEET TR FH 1,

3 AR SRR D F R EER B ; HEE X NHy-N R JEfr DIN/P (5 5 37 it 4 & #
MRBEHEAMRXR, HF, FREFHARN AR REAE B EAF, WHRERKHAAHXEEL
FE%E, kW ABEE ¥ (Pyropia yezoensis)Fx 78 7 f A Al T K% i 81 NH,-N A-F-F2 DIN/P {4 |

RE T IEAEBEE R R LR, TR AT 0 R o K & . R 4R h %I
AR . TG G DA ROK PR IRTATE B W T R SR G LA R

KA RERE; R, TRE; oF

hESES Q178.1 THEIFRIRAEE A XEHS  2095-9869(2019)05-0078-11

AR H AR R S  f g a JLAFR T IR LB IR A A ST AR T (BE R JRFE X 2 6 km) . 52 H AR T V3 4
3K (Pyropia sp.), Hilj, FRAMACHIEY KRBT MK TV AR R AZEIE SRR, I ] A 1 T F)
200 hm?®, ZFEWRNTLA DAL SR F7 K, IR WK TR TS5 Y, 7RI A ARSI K
XYL R ELE AT DT (FEB FRAIX 2 2 km), b3 & N P 48551 RKIRE B IR 5 Qe W) (R L4,

* IR Al AR TR (R Rl AL 26) 50 H (2017LZN013) IR A B A AT 23130200 H (2016GSF115038)  H [ /K 7 Bh22 fff
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2004; XIATREE, 2017; XTS5, 2017), g H
I TR 1 DX 28 % A R T, R 25 v s AT 30 T IX A Bt
AETG R R EOR B & S e 8 H £5E, %
ViS55, 1) T YA A A T B T I T R Y PR R, R X
HTF J g K BRI PEAN 5K w3 TR e I B IR
TR

TFUFEYAE TR AE S RGP EE NN
I3, HAE VR Gl A8 2 T Sl K AR BRAR IR ZS AN A S A4 v L
L FioAE AR T 25 5, JLRE I 450 1 i 23 A8 Ak n] e
WA SR I B AR A, BUA R ERGL . PEMY
T VEAR S R G0 5l R 1Y B 2R AR (PV M AE, 2013),
F & B (Richness) . 1] %] & (Evenness) . 7 4% 5 31
(Shannon index). % 74544 (Simpson index)%E £+
P BCHT 2 S BT Ui A A 0 v 04 e 2 5O R ) £
D Y R (EUREREE, 1995), RSB,
TR R Gt TRE . TR Y 2 FE TR B S R R
LER I SE(EF L%, 2014; HhVEHEEE, 2016). 1
Y v 5 RN AR ) 2 ) X BHO'E | 38 SRR A A K 25 1]
PIfEAE s 4, KA 352 FE 15 201 (0 JF J v 52 mm g 7K rh
B 7 30 10 4R S T AR ) ) B U A5 A (2R T, 2009;
FUbRAE, 2014), 535h, HUBIIR ) 585857 58 A 7= X i
FKH A SR ER I W VR AT R A D T B SR AL
[ R A S8R A o PRI, ARF SR AR H R 285 v 5 Vg
P 25 SR SR B B[], X221l 1) 55 53 3 9 DX S HL o 3 1Y)
EFRHH X IF R 2 M2, 3 AT i s 52 5L AN
THEAEL) (%) B 28 3 A R AR B AR S, I %o i 3
BIRACERIATIEN, i SRR 155
Bij 6 5 R SR B T P 7 L BV 3 ) 5 A A K T 3R
T B0 ) I Je S R AR A

1 M ERE
1.1 EHuEAL

AJEAE T 2016 4E 11 H 29 H. 201741 A 12
H.2H23H. 3 H 21 HAEH I8 B2 1k i 258
FRAH X N H R KRE , ISR X e, 43
AT R X IR X AN X 3 AN X, B X e
&% 6 AN, 18 N EAE A WA 1.

12 RBERSHHE

P ISR IRIRE . R . MRRANO-N). &
A(NH;-N) . WASTRA(NO,-N) . TLHLBEREE (POL -P) .
REFR R (SI07 -Si) . BIA S Z(TDN)EIREES L I
TR R . A LB B R K 28 R A2 22 KL,
TR D7 YA 0 KR P 68 EQR 1 52, R 85 7k /K R
1 U8 JE AT VKR PRAT o

ey
= A
The estuary of
Futuan River
- ERFAIK
The culture area of Pyropia sp.
LI
AMH A
The estuary of * * A
Jufeng River A
ALl x x |aM
A A
Al X x [A
A A =

K1 REARECI* . AER)
Fig.l Diagram of sampling point (showed by k and A)

i YSI ZZ 50K 53 H1 L (Pro plus, 3 E) 1%
e . SRS IR O NERsE )
(GB17378.7-2007) i 47 ¥ 1l AF W 1Y = 3 A Feb 25 1 43
Mo 5 IR ER U BE MR I vk 2 BR 0 v R A LTS )
(GB/T12763.4-2007), fifi Fi] AA3 #2351 70 M S0 22
NO3-N R H A LM E ; NH,-N R &l ik 7
MSE 3 NOL-N K FHH A AE 8 LI R 5 Sio3-Si R H
FEAH 5 15 0 22 5 PO3 -P R HHUIA i P 48 D 9 461 0 75
7E . TDN R HLEA PLEK L (TOC-VCPH, HA LS
BT AT E . I ICHLE(DIN)R S NO3-N
NH;-N F1 NO,-N ¥R B BFT; 1A HLAE (DON)H &
% T TDN W Bk & DIN Wk B,

1.3 HiEALE

KH SPSS 19.0 Geit#FibAT N Z I 22 00
(One-way ANOVA) , Duncan £ 5 4 M Pearson 56
PEAIHI(P<0.05 NS B, P<0.01 HZEFWBE),
il Excel #42: EE o 2R PRIMER #4453 41 £
FNFUE S R WA FARIEE. AT
BAFEZ R PRIFEY LR E TR A

Y=n;/Nxf;

A, m R T RRIRE I R f IR TE
AL B s N R i 0 AR ) = B Y
o LhY=0.02 A0 o3 brifE

14 EEFUEMIRE

NI TEAS P A W R SRR, 455 AR
WFFE B B SR AL A T A v (DR i JF 45, 1990;
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FIEAE, 1999; LA, 2008), XIITHEEIRUER
PRAEILE 1.

F1 FHEYEE. SHERBREBBESE
5KEEFKENER
Tab.1 The relationship between phytoplankton density,
diversity index, total dissolved nitrogen and nutrient level
TR Fof SR
P s B
HIT e wsm AR
Nutrient level Phytoplapkt Shannon Evenness .Total
on density index dissolved
(10%cells/L) nitrogen
TEFR
Oligotrophic <30 >3 >0.5 14.29
type
ot g
Mesotrophic 30~ 100 1~3 0.3~0.5 28.57
type
o 2
TR >100 0~1 0~0.3 42.86

Eutrophic type

AWM 1, 20 3 0 RRITE SR . PESR.
SR T AR Y A PRI R RN E o R R A A
BEL FARIEEL. YA TDN 2R MW IHE 53R
AR EA ELAE, W E A IR bR, SRR, AR
FRIRERH M, 13RI LS5 B IR AR R

Q=1/n(}q)
X, Q WEEGIENR, o MEIHEIRE. QHK
T 2.5 HEEFRKFE, 1.5~2.5 NHEFHFKFE, N
1.5 RBCEFAF (S AE, 1999).
1.5 EFEREIEFHI B R A&

A RIT S A ] £ 1 5 3 2 K AR TE ML 57 h 45 4 X
PRI A K B T RERR I 7, AR AE & A RATTE

%

12 - & /¥ X Nearshore area
B 7 X Culture area

B 4MNEKX Offshore area

E-)
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(=]
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oo
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1R
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e
b
el
e
b
ke
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e
b
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(=]
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(9 JCHILE 7 £ BRI X 5 0B b 1 (Justic et al, 1995;
S, 2012), EFRERBRE TR L 2.

®2 &\ B BRENERRMER
B — IR B F B # BT dRofE
Tab.2 The judgment standard as a single limiting factor for
inorganic nutrient of nitrogen, phosphorus and silicon

PR JCHLE IR ERAE D S — BRI A ) s e

Single limiting  The judgment standard as a single limiting
factor factor for inorganic nutrient

DIN: P<10, Si: DIN>1;
Cpm<Il pmol/L, DIN: P<10, Si: DIN>1

Si: P>22, DIN: P>22;

Cp<0.1 pmol/L, Si: P>22, DIN: P>22
Si: P<10, Si: DIN<1;

Csi<2 umol/L, Si: P<10, Si: DIN<1

% Nitrogen

f# Phosphorus

fif Silicon

2 #R

21 BEMEENRTZWL

M 2 HJ LA, A A KR E 1. 2 A%
T (FI22) , 5B MT 3 VA DX 5] A1 A X 2 i 448 i 3
T 22T R o, R P X R [R) B A AR )
P 0 M 22 5(P<0.05), ZE IR ITE R s,
SN DX R B 0 2 v T R Vi DXORIT SR B8 X (P<0.05) 5
1 HEhEERL, 53 A A 22 5% 3 (P<0.05); 11
A LR e, 5 HA A A H 22 57 3% (P<0.05) (& 2b).

22 @, B BERBNEZSHEE

I7 T R, Si0%-Si Fll PO3 -P ¥k JE A
1y BYAS ] 1 52 i 2 M 25 55 (P<0.05); 1 A, AR IX Y
PO -P MefE 25 R i3 (P<0.05); 2. 3 J, REEX
[l SiO3 -Si W ¥ 5L 3 25 7 (P<0.05), £
SATEE R BN, 11 A B4 1 A/ SioF-Si lIER T,

304 - p

30.2

30.0 - 3

29.8 -

1 bl
Y

F #1/7=# X Nearshore area
H F#7E% X Culture area
B 4MEX Offshore area

29.2
29.0 -
28.8 -
28.6

555555555555,

11 WE | 2 3
H 4 Month

ASTA) A 10 2506 X B 1R R (a) AL (b)

Fig.2 Temperature and salinity at different sea areas in different months
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5 2. 3 AMHHESR BEP<0.05); 2 HFREX A
3 FERHGICHY Si03-Si W5 24 H St DA H Y 22
50 % (P<0.05) (& 3a). MK 3b ATLIEH, 11 H Al
FAE 2 I POL-P ISR, 5 3 AM LR
2 (P<0.05); 11 AR AY PO -P MRE A S,

55 AN XA b 22 5 8 35 (P<0.05); 1 H T RHEEIX R 3R
SR ¥EIX. Nearshore area

H 358 X Culture area
B ASMNEKX Offshore area

=)}
1
o

TeHVEERREL v B
S 5 5 &

Concentration of SiO3™-Si/(umol-L™)

S N A &

Lu %@1 '2
H 4y Month

BIIX I PO -P VR, 5O XA HL 5 24 53
#(P<0.05). Pearson MIXMEMTEM, Si03-Si #e &
5 NO3-N. NO,-N FI DIN ¥ & 54 i 25 59 1IE A0 56
KA (P<0.01), 1fi PO; -P #E H5 NO,-N £ i &1
TEAISE K 2 (P<0.05); NHA-N ¥ B8 1 H At 785 77 £h vk i
Z )3 T0 i 2 2% 5 (P>0.05)

_10-b H ¥ X Nearshore area
O 0'9 B B FREHE X Culture area

g B 4MNEX Offshore area
§_0.8 o

TeHBERREL U2

Concentration of PO3-P/(

11 BUE |
H 4y Month

3 AR 1 45 1 DX fk R £ (a) AR R 4 (D) B2

Fig.3 The concentration of silicate and phosphate at different sea areas in different months

%718 DIN A4, NO3-N . NH;-N Fil NO, -N
SEX & HM B0 79.76% . 11.67%H1 8.57%(/& 4), J7 %
SIS RN, AN O NOs-N v i 52 g k2%
5(P<0.05), Ifi NH;-N il NO,-N ¥l &2 5
(P>0.05), ZHEWWE AT A, 11 BT H1
NO;-N ¥ HwE, 52, 3 AR EEES
(P<0.05); 2 H A NHy-N WRERAE, 53 AMILES
3 (P<0.05); 3 A1 NO-NRERAL, 51 AL
# 5% 0.3 (P<0.05).

24 -

T—J 21 ¥l i1/ % X Nearshore area

g 18 3 B 5% X Culture area

=15 B AMNEX Offshore area

[=]

® = u

s 9 H

=] |

8 6 H

g |

s 3 B o F: .

&) 0 ACE WE & : BE WEE ACE MOm Al
118412 3 118412 3 11E4F1 2 3

TR A A WAHRA
Nitrite nitrogen =~ Ammonia nitrogen  Nitrate nitrogen
H#} Month

B4 AR A 0345 i X9 R JCHLA
(BLARTHRR A . Z R ML AR R )
Fig.4 The concentration of dissolved inorganic nitrogen
(Including nitrite nitrogen, ammonia nitrogen and nitrate
nitrogen) at different sea areas in different months

iZ R P NO3-N. NH;-N il NO,-N ¥ fE R 3
AT I X B AN X BT R AR B a3, Ty 22 M s
BHIR, B H M NO3-N kB R XA A [R] 34 G

EPE2ZE5H(P>0.05); 2016 4F11 H FIZ 4R 1 H, AlE)i
X F) NHa-N e B 35 5t M 25 55 (P<0.05); 2. 3 1,
ARV XY NO,-N ¥ BE 35 5 I 38 1 22 57 (P<0.05) . £
BT S BN 10 H G R I X NH-N B4
T, 5 FREE KRN XA H 22 5 0 # (P<0.05); 1 A
TR X RISRAE X ) NH-N W, 550N X AH
Fo M 5 2 M 25 5 (P<0.05); 2. 3 H 3 1 it X AL
FEIX. NO>-N ¥R EE ey, 5O XA 25 = o 2%
(P<0.05).

T2 as R e, ANE A 3 DIN & DON ¥
JE 34 5L i 2 25 57 (P<0.05) . Z L AT 4 R o
11 HF#4E 1 H % DIN R, 52 HH 2
M2 R(P<0.05); 11 A DON kg, 5
Hofts 3 3 AH He 34 5L 2P 25 5 (P<0.05) (& 5).

Fl 5 X Nearshore area
~35 - D FFF#EX Culture area
R B AMEKX Offshore arca
)
Rl i
S 20 o
K315
£10
Q
g 3 &
O 0 A 2
11 BE1 2 3
WRRETHLR BEAR
DIN DON

H 4> Month

5 ANIR) 0 4 15 DX R Vs ik S ROk
Fig.5 The concentration of dissolved nitrogen at different
sea areas in different months
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1% DIN 5 DON Yk BE — e R 8 R [ 3L+
T DX B AN X B W AR a3 . 22 i g R R
BAH M DON e B PR IX A AN [R) 35 0 B 25 1k 25 5
(P>0.05); 7£ 2 H, AN[FEEEIX ) DIN 95 52 o k2
F(P>0.05), ZEILBAIEERER, 2 HiEFIEFX
FFEFH X () DIN ¥ BE 3y, 5 M XM L 22 55 Wk 3
(P<0.05).

I DIN/P {75 A 1 (8] — B4R e 5
7K, 11 A/ DIN/P {624 30.3~33.8, #4E 1 1
DIN/P {7 40.4~60.8, 2 A i DIN/P {E} 19.9~24.9,
3 H K DIN/P {H°} 50.0~103.3,

23 FHFEHEYHMERERSSH
2.3.1 FaALp ey AR R M 3 AT LIE W, JH A

DOKFEHOMES BB A AL 3 1) 35 J® 46 o EvR 4
B, BE#ET ] (Bacillariophyta) RO Fh S FIE e i &2, 3t
27 J& 37 Fh, Hid, fE %R (Chaetoceros)Fi i £,
Kt 5 F, HKJEZ2E %R (Nitzschia), #ith 3 Fi.
Btz 4h, M %3] H %] (Pyrrophyta)7 J& 8 #1, 4>
#: 1 J(Chrysophyta) 1 J& 1 Fli,

232 FiaMMRAF R ALY E K4 AL
F i, VA TR R A ) 32 B FR (AR SO B
FERT 0.1 032 WAl W45 R BEARFF) A B 5%

(Skeletonema sp.). ffi £ (Chaetoceros sp.). [RI7fi i
(Coscinodiscus sp.) . #2555 JLIN L3 (Guinardia delicatula) .
T& Fi R 803 (Pleurosigma angulatum) . B il 47 35
(Paralia sulcata). ffi [ XU # (Ditylumbrightwellii) |

% 5t 15 % % (Coscinodiscus radiatus) . X AR ff
(Ceratium furca)5s . £ il 4> 19 WA 9 P 34
PR —Z, 82 i [A] 0 ] N A DA RE o IR,
Hr, JA 2016 4F 11 7 B FRF8 X [a] iy H B 5 0 T 3
(BRIE A e T SCIR A ORI L SR . 2017 4R/ 1~3
BB IR B AAEQ B REIBER
0.5125~0.8330, 2 A& FHALHESEN 0.3992~0.5973,

3 HBEEEHMNBIE RN 0.6719~0.8014), 2017 4E 3 H,

3 ANAS AT DX 3 T A 400 000 4 34 O i 45 B LA

%?ﬁ;’éo
233 FupdmeFE A 6 TTLE R

B 40 M 32 5 4(0.049~3.031)x10* cells/L. 77 2240 Hr
iR WoR, ANFEAGWIFIEHEY FE R D EEER
(P<0.05); 76 11 A FI%4E 3 A, AN[EHE X K FR IR
Fo 0 B P2 5 (P>0.05); TTE 1. 2 [, AN[EHE
DX H DA ) B 8 2 M 25 R (P<0.05), 11 A Y
TF AR ) 3 B AR S 2 /T At 47 (P<0.01) . 371
X B PR A A = B A b /N T BV DX RN AN IX Y 7
Wt F- . Pearson AHICYESTHI A, TRUFEY) £

®3 AEBXFHEMHME
Tab.3 Species of phytoplankton at the surveyed sea area
3 PLT XA s LT 304 LI & T
Chinese name Latin name Chinese name Latin name Chinese name Latin name
IRy Actinocyclus sp. T e Eucampia zodiacus A 46w Thalassiosirarotula
ML HIE % Amphora lineolata ZE LN G. delicatula W4y Thalassiosira sp.
RT3  Bacillaria paxillifera FEHJLN W Guinardia flaccida WL e Ceratiumfusus
55 M EFR Chaetoceros debilis PR 4mtEde  Leptocylindrus danicus| 2243453 Rhizosoleni styliformi
fEsE i £ Chaetoceros FIE 3 Naviculasp. il fhzE TR 3 Pseudo-nitzschia pungens
curvisetus
I Exe  Chaetoceros densus #EJE 3 Nitzschia sp. ZEfhZEE s Pseudo-nitzschia
delicatissima
sy EdH  Chaetoceros K2 Nitzschia longissma & ks Proboscia alata
peruvianus
fiE# Chaetoceros sp. WKz ¥ Nitzschialorenziana B2 Skeletonema sp.
SR Corethron hystrix Hamhhri P sulcata kS FE  Ceratiumfurca
[@%i#e  Coscinodiscus sp. PR Z K Meuniera Pifgds  Dinophysis ovum
membranacea
EEHR R C. radiatus PR ik k¥ Melosira granulata| #HE  Gymnodinium sp.
var. angustissima
/NR3E Cyclotella sp. T faplarie  Pleurosigma eI EE  Gyrodinium spirale
angulatum
/NGy Detonula pumila RIEM 4% Rhizosolenia setigera #i¢#  Noctiluca scientillans
WKW ER: D. brightwellii Wy Pinnularia sp. YeH EZ B % Protoperidinium
allidum
Wy RE g Diploneis bombus B3 Skeletonema sp. JEH £ HH FI;rotoperidi nium sp.
N pEESE Dictyocha fibula
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Tab.4 The dominant species of phytoplankton and its dominance at different sea areas in different months

11 A November 1 A January 2 A February 3 H March
X - - ~ -
A PrFhFh e PLFhFh e PLFAFh i P 3 i
Sea area Dominant . Dominant . Dominant . Dominant .
. Dominance . Dominance . Dominance . Dominance
Species species species species
LK N e 1 B . ]
Nearshore ,yﬁgj&% 0.2308 Chaetoceros 0.0324 Uﬁ{;@t 0.0391 B 0.1383
arca Coscinodiscus sp. cUrvisetus C. curvisetus Chaetoceros sp.
= i 5 7 o B 17 s 2 o JEL A2 S
AP 0340 P 00403 PRIUBE 0o TR 0.8014
C. radiatus Coscinodiscus sp. D. brightwellii Skeletonema sp.
LAl ey v oA ER B
SR o REILNEE oo FEILNEE 000 ) ,
P. sulcata G. delicatula G. delicatula
I - I A A
Fj““ﬁ’ﬂf“* 01538 T’%@E 0.5125  Rhizosolenia  0.0904 / /
. angulatum eletonema sp. setigera
B
/ / / / IR 0.0547 / /
Proboscia alata
/ / / / Rk 0.4319 / /
Skeletonema sp.
FRFH X S EHE Tk B S O P ”
i EE
Culture Chaetoceros 0.0556 Chaetoceros 0.0258 Corethron 0.0240 Chaetoceros s 0.1979
area peruvianus curvisetus hystrix p-
- S = i S L A2 S
ek 0.0370 e 00197 MIREUBE oo HR R 0.7664
Chaetoceros sp. Chaetoceros sp. D. brightwellii Skeletonema sp.
= S B s S
SHMTETR ) 059¢ P 5 00302 ABILAIETE o000 / /
Corethron hystrix Coscinodiscus sp. G. delicatula
N - TR G 3
[R5 a1 BRI o0 Meuniera  0.0527 / /
Coscinodiscus sp. Detonula pumila
membranacea
o e TR 7 s L A e I = R A
%ET.U%@E 0.0556 HoR R 0.8330 Rhizosolenia 0.0507 / /
C. radiatus Skeletonema sp. .
setigera
== WA JEL A2
e R ET T / / R 0.3992 / /
P. angulatum Skeletonema sp.
P fi i 0.0370 / / / / / /
Ceratium fusus
SRS 0.0370 / / / / / /
C. furca
HhifEIX Y e 4 s - -
Offshore [ B 02727  Chaetoceros  0.0689 fa ek 0.0846 sk 0.2767
area Coscinodiscus sp. curvisetus Chaetoceros sp. Chaetoceros sp.
=k [ s = S S JEL A2 S
AR P PYP TR 00125 PIREUBE 05 HRR 0.6719
C. radiatus Chaetoceros sp. D. brightwellii Skeletonema sp.
K% Y B AR
Nitzschia 0.0808 I/_If)%{;,% 0.0344 Rhizosolenia 0.0438 / /
lonai Coscinodiscus sp. .
ongissma setigera
P R o
ITRER NS A
Pleurosigma 0.1818 . 0.0146 0.5973 / /
Detonula pumila Skeletonema sp.
angulatum
SIS 4 Sl B Sl
B 00200 ABILPEE ) 308 / / / /
Pinnularia sp. G. delicatula
pas 3 AL A
SLARSR 0.1212 R 0.7401 / / / /
C. furca Skeletonema sp.
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40000 - ¥ %ﬁ?@lz Nearshore area
' D #FEME X Culture area
S| L
5, 35000 g HMNEIX Offshore area
30000 |-

25000
20000
15000
10000

5000+

TR B

Phytoplankton density/(cells-L™)

e

11 WA ] 2 :
H 43 Month

Bl 6 N[ 45 il X (R PR A ) =
Fig.6 The phytoplankton density at different
sea areas in different months

5510 3 S 2 Y AR RH DR 56 R (P<0.01)

2.3.4 FiMME S AR T EERE R, A
[ H O PR ) 5 L Y5 B . A ARAE BRI A 35 2R
FEHOY B B E XS R (P<0.05); AS[RITEEIX B VR A )
FRIC R EEZE F(P>0.05); XT 11 HME4E2 H,
AN [ DX PRV AR D 38 ST B L A AR A8 BRI 5 AR R %
P62 5(P>0.05); T 1. 3 A, RFEWGXHITE
TR AT B | B AT BN 3 AR S & B S k2
5(P<0.05) (K17). WU S | B ARAGECR 3%
FRAGHUIE 2016 4F 11 A MIBAE 2 A%, 51, 3 A
AH ¥ 5 I 2 M 22 R (P<0.05),
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FE AR AT, 32 DIN. PO3 -P Hl Si0%-Si 14 FR il
JLRI R 0, %I 11 AEAE 3 —g g2 R PR
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237 EARHBRELFHMADEELEMZN 048X
Mo R 7 ATLIE 1, NOs-N R EE 531 2 16 X
TEIEAR ) F B 2 1 2 A OGO &R (P<0.05), 115 3 4>
R AT TR DX 1) T i R ) 22 B T R RO T S S B A S
(P>0.05). SiO3 -Si ¥ J¥ 5T 7 Vi X K AMIAE X 77 i Al
YE R 5 B T O R (P<0.05), 115 3 4~
A5 I XV A Y 2 R M S B8 0 W3 B R O
(P>0.05), PO -P ¢ & 53T j W [X 7 Ui A 400 = Pl 2
WFEM AR R (P<0.05), HY5 3 AR X 1T
T SRR B (B . WS . B ARG B
HEEOH R IR, K, 5FLBEIEM
AR BE 35 3 K OE (P<0.05) ., VA AR TCHLE 3k
(NO3-N., NH;-N. SiO3-Si. PO; -P)5 375l X % il
W 3 BE 0 A DG R B A0 A A B B 3 UK - (P>0.05) .
DON k5 3 A~ 2 X A 17 A 4 = B 34 5 o
[ 4 AH 56 58 & (P<0.05)

NH;-N ¥R DIN/P (S 3 A2 X Y77
TR I 5T | B AT ORI 23 FR 48 B B A O
Z, Hp, WFREEDERERS NHy-N KEW)
TSR, 3L 5 I X 5 I X 35 36 3]tk 2 7K
(P<0.05), TMiF#5H X A 3 2K (P>0.05) ;5 XF
TR AR P 15 5] BE R BR AR B0 S NH-N MR
M AHCRR B, FR0H X B/ N Tl B 1 X 5 AN IX
X T IR P 5 B L B A SO -3 AR A8 50 5
DIN/P {E M A SCRE R, 3T 5 1 X 5 AN ifg X 2435 5]
i 27K P (P<0.05), T 57 58 X ) B AT 3k B i 2 K
(P>0.05).
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Fig.7 The diversity index of phytoplankton at different sea areas in different months
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Tab.5 The score of nutrition level at different sea areas in different months
A WX TR ) T 355 i FRH é{ﬁﬁ@%”ﬁ é%%ﬁ%ﬁ 5k
Month Sea area Phytoplgnkton Evenness Shannon index Total. dissolved Synthesis Nutrient level
density nitrogen score
11 Area-N 1 1 2 3 1.75 Type-M
11 Area-C 1 1 2 3 1.75 Type-M
11 Area-O 1 1 2 2 1.5 Type-M
1 Area-N 1 1 2 2 1.5 Type-M
1 Area-C 1 2 3 2 2 Type-M
1 Area-O 1 2 3 1 1.75 Type-M
2 Area-N 1 1 2 1 1.25 Type-O
2 Area-C 1 1 2 1 1.25 Type-O
2 Area-O 1 1 2 1 1.25 Type-O
3 Area-N 1 2 3 1 1.75 Type-M
3 Area-C 1 2 3 1 1.75 Type-M
3 Area-O 1 2 3 1 1.75 Type-M

HH: Area-N, Area-C Fll Area-O 5 NILREX . FREEX FIINEX . Type-O Fl Type-M S5l AT E FRRIFI P& =R, [FFR 7
Note: Area-N, Area-C and Area-O represent nearshore area, culture area and offshore area respectively. Type-O and Type-M
represent oligotrophic type and mesotrophic type respectively, the same as Tab.7

*6 FEBEHREKEER. . ELNERBEAL-REIEFHAHLE
Tab.6 The probability of occurrence as a single limiting factor for inorganic nutrient of nitrogen, phosphorus
and silicon in the surface water at the surveyed sea area

E S WU T AL BRI T BRI X A 0
Items Nutrient limitine factors Probability of occurrence Sea area and month that
4 ne of limiting factor (%) limiting factor appear
N ORI F DIN:P<10, Si:DIN>1 0 _
Nitrogen as . .
limiting factor Cpin<lumol/L, DIN:P<10, Si:DIN>1 0 -
P Sy BR 4| 5 7 Si:P>22, DIN:P>22 16.7 1 H, FHXAINEX
Phosphorus as January, culture area and offshore area
limiting factor C,<0.1pmol/L, Si:P>22, DIN:P>22 0 -
AN ;
Si MBRHIHF  Si:P<10 and Si:DIN<I 25.0 27, 3l
Silicon as limitin February, All three areas
& Cg<2pmol/L, Si:P<10 and

factor 0 -

Si:DIN<1

T BRI 1 B JL2R (Yo)=1 BBIR il PR Ay ol (57 450 i/l 97 4808 < 100

Note: Probability of occurrence of limiting factor (%)=Number of positions that limiting factor appear/Total number of

positions x 100

3 iTie

] A T %) R B DA T T X 3] S i TR X a1
RS, AR TRE DX Y R BE I 3 T R i ORI SR A
X, ¢ B2 3l 57 380 o8 e ] R L W YT A TR A8 A 1) 52 i)
BRI DIN, PO -P % SiOF -Si ¥R EE (145 i)
T4 A REAE AL R I R A 5 I DX 3 ST T DX 8
B a3, 455 3h B nY 23 () 22 AL G H4mT HEWT, Fifi b
PN AN AR A3 e NS SR N I R IR
FTEA R SR P By EERTE, G TR S
AR 82% (Tréguer et al, 1995)F1 75%~94% (Benitez-

Nelson, 2000). 1 F ) 5 E AT Sios-Si & i
I3, RIIZ A A BB AR LA o R TE
2 A WRBAKRREEF RN, snt, £EmKN%
EBA, ETFKZESREERRSA, FH LR T
WEIRAE R BIRZ . bl M, 2 A RZHK
T POZ-P VR 0 = ] RE S i AR 3 RN 9 T _E TR
U J A S B0

SEORE & A B EE RN B AR ES, HE S
FRACTE A R AR & AR B Sede 250, B B IR AR IR )
N. P. Si FEFE NI LY S0 K Bt T
Yy BBl (B /NP5, 2002) M SR B T TR A 0 R
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Tab. 7 The correlation between the nutrient concentration and the density and diversity index of phytoplankton at different sea areas

A X FHE FEE P51 T a4 AR R AL
Items Sea area Density Richness Evenness Shannon index Simpson index
5 Y I LT 1 AR e Area-N -0.707" 0.391 0.490 0.325 0.467
Correlation with nitrate Area-C 0.025 0.298 —0.181 —0.249 -0.333
concentration Area-O ~0.552 0.015 0.111 -0.125 0.083
5 SR T M S Area-N —0.040 —0.071 —0.420 —0.669" —0.467
Correlation with ammonia Area-C -0.287 0.015 -0.210 -0.421 -0.271
nitrogen concentration Area-O —0.388 ~0.696" —-0.316 -0.590" -0.349
5 i s G T A S Area-N -0.676" 0.358 0.323 0.053 0.269
Correlation with silicate Area-C -0.138 0.509 0.071 -0.012 —0.084
concentration Area-O —0.664" 0.180 0.276 0.044 0.240
S B R T 1 A e Area-N -0.694" 0.404 0.859" 0.707" 0.831"
Correlation with phosphate ~ Area-C 0.020 0.130 0.513 0.589" 0.442
concentration Area-O -0.272 0.701" 0.784™ 0.796"" 0.737"
. Area-N 0.252 —0.240 —0.658" -0.695" -0.675"
for?;ii fofj ?jﬁfm p Area-C 0.057 70.085** 70.279* 70.270** 70.180*
Area-O ~0.064 -0.811 -0.626 -0.812 -0.635
5 DON ¥ A e Area-N -0.8217 0.004 0.514 -0.048 0.251
Correlation with DON Area-C —0.752"" 0.688" 0.706" 0.529 0.636"
concentration Area-O —0.649" 0.452 0.942"" 0.772" 0.812"

T O BEAIE(P<0.05); gl A 5 (P<0.01)

Note: * indicated significant differences (P<0.05), and ** indicated highly significant differences

KARZ , (HH B RRESE A s 2 AR,
M2 42%, EEBET T2 0 37%(XIENEE, 2005), 2017
R 1, 3 A, TRAEE I Y P R 2 RE TR AR,
BURT, AN XL T R AR, MRS
0.5~0.8, FULHEM, 2k A 2kl AR i i L%
BOR, NEFEBEMSRERERAE &H552014)
WFIE I, 5 2% i VR S IR K i 8 /s P R L
AR 5T H AR e Y] R YT A VAR T T R o R A
WFEE LB ER RN Z — . &R 7SER(1973)F
FEFRM, RATRIN, IEE F E— N (3~100)x 10
cells/L, 11T 8 £ Vi 3uf 75 Ui A% ) =F B2 24 (0.049~3.031)x
10* cells/L, FEARBFIIRMGI, WMALER LR, 77
T FE ) 2 B 5 TR R A 3 B A D e R, R
S0 T Ui A A AR R 4 R T R R R

DON 2 1] 8 7 Ui A 40 142 s (R 2 A1) P ) o 22
FEUR, EvY5 DIN Z[E#fr B b, 2 R
B SR E IR, A YR 4y A 1) v ]
FEY, TR AR B RREE K R rh i A S AR T (R R AR,
2016). AR Y £ 5 DON &2 g 3
AR, RHFWALY KB ZA T §EXT DON A
BERITHFE 11 H REEMAES b TR A P 3 BE AR,
T2 SRAEET 7 d R PR (T3l D s RS A AR A,
AIRE B TR R T, TR 5%
Bl 3=k DON, MM 33 11 A% DON & si

1o R IR X VR B S 2R R O AL TR R
B B ARG, AN X IR AR S Sios -Si
B S O DG, F IR AR A A R R SR R G AL
BREWE R RAEAE, EXFTFANEEIX, Y
XF 8103 -Si AYTHAEE I . HILARF ARG, LR
X V7 A =F 5 G o T i AL SR b & 1y
B, HBA RS EKE, XAl feh T
S5 1P AR A 22 1) X A AL 77 R A S 4 R
FTATVR 555 1 3 i M 0 2 B 5 T A TE AL 3%k 1 G A
KMk

TRIFA Y Z REVEFE RO A 03 LU B 25 SR R | KT
1. 3 H AT IER Y R VE A5 A R E Tk R R 2 e
Bl o ERZMRAE(2000)AFF 58 60, b B K B A8 fh %o
TEUFHL Y RIS SRR E MR A K 2 BB AR TR Y
S, 1 AR W EAR T AL A, Asker e, HhEE
(R IE ARG | =58 A3 37k SO R e BT T 53
AR R LM AR, BT 1 A IZEERT
T EBET i, TR 45 A0 R M S ) b 2 R PE R
Ko 2 A IR A SR e B Ah e A i 3T, 4
HRET W 1T WA ) SR % 4 R B NHL-N, 1T B 5
3 H NH-N REFmRRZ —, RN, &
ZRUEAE P A RE LT, AT A B 4 v 0 W A R A
/I B A R AR B S O 85 o A TE AL e A
FEHA LA, i A 7 3 T ) FE A0 AR P R e L M2 4
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TR %) A ARG T 200 i A A A2, DA T 2 R A 1 A 41
TEE(CESHEE, 2008) . H Lol HEM, 3 HBF, NHi-N ¥
JETHE H POy -P WRIEM TREFTRE TR T B 4cm . £
B SR RO A B RSB A e R, DA 3 A
2 TR IR P R T5 25 R R M B 2 R Y BRI

IR, WK IR K B2 N P
Si ZEFEIRE], Redfield £5(1963) 1 Sei b2
T S SRR BRI AR AE, B nppy @ ng; : np=16 : 16 : 1
(Redfield FLAE), X 3 B X ik o il 1978 7R 75 R o
25T (2008)AIFFE B, DIN/P 1/ Fifi ik 95 14 A= K 1 s
= A S A o STV N e 1 i3 O o R R 3 g R
J EEALHFD B R D B TR 25 P RRAE PT e
I8 W 1% = DIN/P {i(DIN/P=19.9~103.3)f% [ R i%
FREh R,

NH;-N ¥ fil DIN/P BI{E 5 3 S84 X A7
TR I 5T B | B AT RN 23 2R 48 B A S MR 5T
T, PRI AN S A7 B SV DINCIL L & ik
NH;-N)A75 4, H PO, -P #ad B MRS AS 24 Rk
7o, ATRES 5 R IR Y Y Fh 2 RETE VR 25 M RS
PERRAR, 10 (0 R e A MR 3 I 48 SR R A X
HITE IR 2 REVEFE 805 NH-N ¥ FF 5 DIN/P {H /Y
TR SRR BE A AN 3 i K, H A AR B R T
TR X 5 AMEIX, X RIS IR NHy-N 7
FEAE I FL A W 8, FLXHiZ6 X 75 DIN/P (B (1 FEAIRH —
ERVERN, AT IEE NHi-N 55 DIN/P (H5]E
V1) V7 Ui FEL ) T T 23 A P RS M S 2 RE PR FRATG,
M BRI R A . EHbEF 01 F 5 &, L
TIEEIN VS B 2 BT 48 S8 5 BV 3 ) TR i e 2 A W 2 b
FBm TSI ; JE 202 (Gracilaria lemaneiformis)
B AT R T4 F R U 0 EVR S AR S (R,
2009), XLEAFTTLE R G ARV TG RAML, ABFRH K
I 358 7 FE TG 2 00 T 8 X T Ui AL ) TR U 5 40 7 e
PR AEH
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The Temporal and Spatial Distribution Characteristics of
the Nutrients and Community Structures of Phytoplankton and
Their Relationshipsin the Pyropia Culture Areas of Rizhao, China

LIANG Zhourui'?, SUN Tenggin®, WANG Wenjun'?", LIU Fuli'?,

CAO Yuan®, LIANG Qidi', SUN Xin', SUN Xiutao'*, WANG Feijiu'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and
Food Production Processes, Polit National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,

3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306)

Abstract

The culture area of Pyropia sp. at Fuxin fishing port, in Rizhao City, China, were

investigated from November 2016 to March 2017. The temporal and spatial distribution characteristics of
the nutrient and community structures of phytoplankton and their relationships were analyzed. The main
conclusions were as follows: Generally, the spatial horizontal distribution of inorganic nitrogen, phosphate
and silicate concentrations showed a decreasing trend between the nearshore area and offshore sea areas.
Nitrate, silicate, phosphate, dissolved inorganic nitrogen (DIN) and dissolved organic nitrogen
concentrations were significantly different in the different months. Over, all the surveyed sea area was at a
mesotrophic level. The range of phytoplankton density was (0.049~3.031) x 10 cells/L and the
phytoplankton growth was likely to be controlled by the silicate and phosphate. 37 species of diatom
belonging to 27 genera, followed by dinoflagellates represented by 8 taxa (7 genera) and chrysophyceae
by 1 taxa (1 genera) were recorded. The most common and dominant species were Skeletonema sp.,
Chaetoceros sp., and Coscinodiscus sp. The diversity index of phytoplankton decreased significantly in
January and March, which may be caused by the sharp decrease in salinity and richness of nutrients in
January, significant rises in ammonia nitrogen concentrations, and significant decrease in phosphate
concentration in March. The ammonia nitrogen concentration and DIN/P ratio were both negatively
correlated with the diversity index of phytoplankton. The negative relationship was significant for the
non-cultured area, while it was not significant for the cultured area. It can be inferred from the above
correlation analysis results that Pyropia sp. cultivation is beneficial for reducing the ammonia nitrogen
levels and DIN/P ratio in the sea area, thus increasing the stability of phytoplankton community structures
and the species diversity of phytoplankton, which will help to prevent the occurrence of red tides. These
results provide information valuable for marine environment protection, red tide prevention and future

developments of aquaculture systems.
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