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Trophic state of seawater and ecological characteristics of phytoplankton in
Sishili Bay
LI Bin, BAI Yanyan, XING Hongyan, MA Yuanqing,SONG Xiukai, ZHANG Xiuzhen " , SUN Yuzeng, LIU Yihao,

QIN Huawei
Shandong Key Laboratory of Marine Ecological Restoration, Shandong Marine Fisheries Research Institute, Yantai 264006, China

Abstract . Sishili Bay is located in the northern Yellow Sea, China, and has importance for Yantai City as an aquaculture
and tourism area. However, the rapid progress of the coastal economy has led to significantly deleterious effects on the
inshore environment. The nutrient load and chemical oxygen demand has clearly increased within the bay, resulting in
eutrophication and ecological imbalance. Harmful algal blooms have occurred frequently in recent years, resulting in heavy
economic losses. Nutrient structure and trophic level may play an important role in phytoplankton ecology. To understand
the effect of trophic state on phytoplankton diversity within the bay, a survey was carried out from 2006—2010. Six
sampling sites were chosen, and nutrient composition, trophic state, organic pollution and phytoplankton quantity and
diversity were studied in the months of May, August and October over the study period. Sampling and testing methods
followed that of the Specifications for Oceanographic Surveys and Specifications for Marine Monitoring. Significance testing
and the correlativity between the investigated parameters were analyzed using SPSS 17.0. The results showed that nitrogen/
phosphorus ( N/P) ratios increased during the initial part of the study period, and then decreased in recent years. Between

2008 and 2009, N/P ratios wee generally higher than during the other periods, with the maximum ratio value of 162. 05
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occurring in May, 2009. Oligotrophic-medium trophic levels with an inorganic phosphorus (/P) limit usually occurred
during May and August, while conditions of potential eutrophication with an IP limit usually occurred in October. With the
exception of slight organic pollution (level three, 2<A<3) and a moderate pollution (level four, 3<A<4) determined in
October 2006 and 2007 respectively, organic pollution was seldom detected during the other survey periods. Consequently,
it was suggested that organic pollution within Sishili Bay may be gradually ameliorated. Phytoplankton quantity and harmful
algal bloom occurrence were higher in 2008—2009. The diversity index (Shannon-Wiener index H') of phytoplankton fell
during the study period up to 2009, but subsequently got higher. However, the change in phytoplankton quantity showed an
inverse relationship to diversity. Correlation analysis revealed a positive and significant correlativity between the organic
pollution index (A) and the IP concentration in seawater (P < 0.01) (the regression equation was; A=0. 1105 IP-
0.3365, R=0.753, n=90). A positive correlation coefficient was determined between the organic pollution index (A)
and the dissolved inorganic nitrogen ( DIN) concentration (P > 0.05). This indicated that IP was a major influencing
factor of organic pollution within Sishili Bay. Phytoplankton diversity had a negative correlativity with phytoplankton
quantity, but a positive correlation coefficient with the Si/P ratio ( Pearson correlation coefficient of 0. 446) and IP
concentration ( Pearson correlation coefficient of 0.413) (P > 0.05). IP may be the primary impact factor determining the
trophic state, organic pollution status and phytoplankton diversity within Sishili Bay. Eutrophication and the unbalanced
nutrient composition within Sishili Bay may have a negative impact on primary production and ecosystem health within
Sishili Bay. The effect of anthropic activity on the bio-diversity and ecological health of the bay should be better

understood, so as to achieve sustainable development of marine resources.
Key Words: Sishili Bay; Trophic state; Organic polltion; Phytoplankton diversity; Quantity
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o s N CcOD, DIN, IP, DO, . . . e
APLGRAREOTE A A = + + DO 2 A ATHILTE Y4545 COD, \DIN, (1P, 1 DO,

COD, DIN, IP. DO,

53 SEME ; COD, | DIN, ([P, F1 DO, 43 51| 4 AH W 2 R — 2 K K BTbn 43514 2.0.,0.2.,0. 015 F16. 0 (I
Bi¥h me/L) o IFIWHEY Z R R (H ) TR ALY B =- Zpilnpi SIS AN IE, pi AR | PP
P YA S e

i

xR1 ERBHRIE
Table 1 Trophic level grading standard

Dissolved inorganic Inoraganic
é}”fji f"jﬁ level nitrogen (DIgN) phosphoris (1P) N:P
/( pmol/L) /(wmol/L)
| SR < 14.28 <0.97 8—30
I HhEEE R 14.28—21. 41 0.97—1.45 8—30
I BRI B R >21.41 > 1.45 8—30
v, wHESR 14.28—21.41 — > 30
Ve B BRI E M R > 21.41 — 30—60
VI, BRI TE v B R > 21.41 — > 60
Vy BRI T i — 0.97—1.45 <8
Vi AP A B VR T — >1.45 4—8
Wiy RBRHIAE R — >1.45 <4
R2 BNEEHSRIRE
Table 2 Organic pollution level grading standard
TSYFREL A
<0 0—1 1—2 2—3 3—4 >4
Vo YL R 4N
:)i;:ﬁ%ﬁﬁon level 0 ! 2 3 4 3
AKIRR Ll Bl FEZEERE R bR emER

Water quality evaluation

2 #R
2.1 EFRIBEAE

2006 4F5 H N/P Ak 128. 18, i 2 i THAWP N H 3 (P < 0.05) 1M Si/P F Si/N Wz (£3);8 A,
55 AR, TTHLARCH RSN 2 . 2007 4F,N/P AR IS HER AR (P > 0.05) ;1 Si/P Fl Si/
Nz ,5 HFEIMAAME . 2008 45, N/P H% 5 & T LR, L8 A 10 A E (P < 0.05) ;1
Si/P 1 Si/N Wz 2z, HAE SRR & m B A i K ;8 H B R BN BE R, 2009 4F 5 A ,N/P ik 162. 05,
KI5 AR A Oy e E .8 H BRI 75% (P < 0.05) ;1M Si/P F1 Si/N B0 i FFF#a#, 2010 4F  N/P L%
FHim % 1 Si/P A Si/N 7 8 A BUIRAA, ik 5 4 RN EARME s 76 5 7 i Sl , 53 5 AR R IAE LU s
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#3 ikt N/P.Si/P # Si/N LLEHNET SERTWX

Table 3 Seasonal and annual variations of N/P Si/P and Si/N values in seawater

] Date 2006 2007 2008 2009 2010
N/P 5 H May 128.18 8.95 72.52 162.05 48.60
8 J August 8.63 35.68 143.24 40.05 66.27
10 A October 31.86 55.92 136.35 39.18 99.43
Si/P 5 H May 12.80 46.59 9.46 6.48 49.03
8 J August 24.89 69.72 100. 58 39.59 5.89
10 H October 15.48 13.52 29.74 121.55 33.58
Si/N 5 H May 0.24 5.51 0.13 0.04 1.01
8 J August 3.83 2.01 0.70 0.99 0.09
10 H October 0.49 0.25 0.22 2.19 0.37

2.2 EIRRB

MGE 5 413K E IR ARG A T LI Y, DO+ HLPS a2 wi R ) , B & KA, 5 RIS
H AR S T 508 IR sl W R A o B8 IR el PRV A RS IR (3R 4) 510 A K ESRGA Pt i, EER
TERERIBR A KA :2006 712007 472 g Wl v A5 RGNV FE 1R ' 75 97 , 2008 A1 2010 4F 87 4y e BIR i 5 A4
e

x4 BKERENSTEERETR

Table 4 Seasonal and annual variations of the trophic grade in seawater

B8] Date 2006 2007 2008 2009 2010
5 H May VI, I | v, I

8 H August I I v, I VI,
10 A October Ve Vo, VI, | VI,

2.3 fHLIE g

2006 4E 8 H B HLIG Y4850 A L THABT A H 4,10 H (A=2.80) Feim (£ 5) , /KB R #1545 2007
4F 2008 4RI R ZEH AN, JEH 2007 4F 10 H (A=3.43) KBk 2 EET5 5% 2009 41 2010 4, W5 5
TG AR A S 97E 8 H Oy I (E, A (AR 2.0, Tt H: 2009 48, 4% H 3 /K BRH 8ty B =
DU BV A HLTS YR OUAT T G

x5 BRANSEEHANETEEREL

Table 5 Seasonal and annual variations of the organic pollution index A in seawater

H Y Date 2006 2007 2008 2009 2010
5 H May 1.24 0.01 -0.46 0.17 -0.20
8 H August 0.02 0.11 1.09 0.36 1.69
10 A October 2.80 3.43 1.55 0.03 0.47

2.4 VRUAHYIRN A F AR RRIE

2006—2010 4F, iF A P Ak S S S AR R &3, BR 2008 4EA1, HABAE oy i PR AR ) H X8 24
8 Himi (K 2), 2008 Ffiw M E HIAE 10 7, IEH N Sa s A dem i, 188 51. 61x10*4>/L, HAS 57
) 22 50 125 (P < 0.01) 3 WM Ssl A S oy v B 25358510 Y 6 53l i dme ik, 4 487. 2 /L, =i 1 4
S U2 2 140 15,2000 4 8 H | IFIFAEYI B A 38. 61x10°4~/L, KA B AR, H. 3 AN b4z ag fe #
FRERLT R, 2007 4E 10 A, H BMEEAR, 7 0. 02x10*A/L, PRI ) 85 5 A Y08 A8 (0 FRAF 5 35 B B
FHARL,2008 4F- % 55,2009 4R Z,2007 AF A A BBV A0 = T ek kas, 8 R Z kM, Hik
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Fig.3 Seasonal and annual variations of phytoplankton diversity
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Fig. 2 Seasonal and annual variations of phytoplankton cell
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2.6 HHSEMESHE
& B F AR AT A5 R s A LTS 4880 A 5 1P W 5 1 25 TEAH G (P<0.01) , T 55 DIN AHOCHEAS
W (P>0.05) (£ 6) , XUt IP 2 m 0 IS AN YUK E LR R, A5 IP RSB E.
A=0.11051P-0.3365,R = 0.753.
T 22 REVE S 50 S HABCR M S R BN -0. 475,105 Si/P ATIP AR ESr 314 0. 446 F10. 413, 4156
PEYIAR W25 (P>0.05)  TRUF I 2 BEPESZ TP RN Si/P AUSEIAR K, TP JE DU+ HLIES A HLTS YL 8 F7 K K7 Ui
FEY) AR 2R R

F6 M+EBT&ENIEFRER Pearson 13X RE
Table 6 Pearson correlation among factors of seawater investigation

ESUIZITE7/k ST 2 LB 2 20 =g id

DIN P N/P Si/P Si/N 1544484 A cell mumber Diversity index

DIN 1 0.275 0.299 -0.085  -0.495 0.462 -0. 066 0.253
P 1 -0.395 -0.317  -0.084  0.753** -0.181 0.413
N/P 1 -0.119  -0.648** 0.109 0.174 -0.321
Si/p 1 0.331  -0.315 0. 000 0. 446
Si/N 1 -0.410 -0. 140 0.063
YR E A 1 0.024 0.219
1
TR 2 BT R B

Diversity index

w x FHICHE R E KT 0. 01 s BEAREE n=90

3 itig
N/P FUIH (JRF L) Al 8 R Eh S M 00 T B8 b, TR U A 10 A R 00 X TO ML R AN B IR 18 1Y B U e A
LA N/P M 16 B L] ( BD Redfield FGfE) BEATH ) DR X — HOAELAE RS A S 300 rh Rl i Bk = AR . £
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BTN GR T RIS Y368, K500 Tl SRR R R

VU - BB TR KGE I ARS B B B IR KT ABEE E R S i i T R R R AR A B N 0 E
W R AR IR B SRR T B AR T N R R S IR A ARIE] 2 AT, 2008 2009 4E AR ] K
AT HAWAE Gy, PRUFAE PR A 2008 AF H 3 e 1, FLURJ2: 2009 4F ; 1 PRI 9 22 M B A S i 28 4k
#4H 2008 2009 AR T H A ARy . 116 B A% 8 & A iE, A0 A o B R T B R T At VR A A Y
AR I

2003 4F- 5—9 A, MU+ L HEANBEIAL TH0E FRRAE T L MG 5 ARIK S R R AL LB S
ARS8 A, W+ HELRPUEFRMAPEE SR M 10 HZ WU RHEEEEEIR(E£S), XTREREH T 5—S8
F TR IR D B T FE K R Bl =K 2 R i CHL AR i HE A T3 10 7 0 30 7e
BB SR MW Z BT YL g BN IR IZ VORI T i) 1P (4 ) ik, oK e 1P #h sy — A~ 2
SRUE DUt BB O B RS R AT B ORI OG , DL JC ML B R 3 i R AR AR A AT
RERRER T2 L ORI R, 20K L MRS 7T 7—8 A MM A MK £, o i JCHLAL B Bl Tl 37
HEA DAL STAER A 1T IR TS G ot 7K AR S R 8 55 M AR s B 4, 8 RSR K AR 7 TR A A e 32
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DIERFFE R, DU HLVE | 3 RN A< ZR e 2 A T PR ) PR 5 ok 2 260000 i Oy Ak 98 140 0T B ol L7, 1997 —
1998 4FAY N/P {HAHE 1617 WiAHFFTR I, ITAFRH, TP o8 1 DU+ B B 3 22 R 7, NP Si/P [
TR A A A A A AR A XV TS A S R G M RN T BE T BE R A EE LR, X Hao %5 AT
SR AE ) gt R R R SR O R IR A K O BR I D T, S A, B TR A 1) R 5 R A 5 i
SR THARPRBER R " Kk, DU+ BB AR L A i S R I s G 7 R R R R AT T

U - B VS (18 7 IR 0 P X E AR, 2R LA IR S Rl Oy i DR AR 2 B ek A A, OO
B B EARNEEIE B T AR DY B B R DLRN L DU B A HLYS YR DA [ R A PRI
ZREVER TR (KL 3) o FRIAEDY) R A SR A B VT IE 2R, A Wi 19 R/ N S W T A 7 T 1Y
HEHEAR R TIBPE AP IR A &R G EE R E . WK E E IR NP R I R i SR W B H T
HABRB AW RAT= T WA TFIERIT, B, AR 5 3R 75 A K R AT sh ) 22 B bE S A AR £
BHMEIERD BB REXT A S RS A — B M RS0, A 50U BV PR PR A 4
L REE K HEE LB ST RRR A, TN A Z8305 sh %t 30 I 5 TR0 A8 ML G B A 25 il B 7K S 25 0 T A 17
i TAE, S B PE 200 5 AR IR nT ek kR SR b AR S s
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