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TATFRFI SR B8 7 £ 43 3] o7 T T A v 7K 7 B T R R 5
FE PR Y 49.6% 1 41.8%

TRE K 37 58 6 JE R e AR SRR S R R W R
Z=ir), HAR KRR FEPe TR . e, 5%
FESETE | AERE 2 K F3 0 X K SO o (RIS ()
TR 7K FRFE T 323 18 UK & E SR K 4(DO)
i RS LA B TR AR W TR 4500 e A2 AR Ak, TR
K IEFH G R IR, S o 32 % FRAE T ol 7= A 9 M
PEBBE IR o T 58960 85 g 3 1) 17 DiF A 0 A % 5 # AR
HIBFIE O AL 2003; 25848, 2010; 45
4, 2017), SR BT (I FTEE, 2003) F 58 BUE B N T
Al DX (XU AR5, 2016) B 3T Vg 388 140 77 i AL 400 7 435 4
WA HRIE , (0 DAL ER 2R BV 57 78 DX I 3al 07 i A P A
TELER ARSI 5T, /0 DA S o BT 77 B i
SRR P R A AR A R A | RT3 AV SR AL
TEVE S50 585 7 2 R I BT 9E - SR TS 5 530
B SR AE HA 5 FRFEA AL, (H T R S Rk 2
PN 5 SRV 25 SRR GRS, 2013), 2 ARSI
[FI/E T 7] R & 5 SO A 7R B0 R 37 59 1 35 7 Ui Al
VIRV 54 B IR AR SR o ARBIFSRIE T 2016 42 2.5,
8. 11 H 4 A% A 58 g U K A AR 8 25 A
B, AT LA 5 IV S T AT ) AR I 4 R 1Y 2
AACFRAE , FFi8 I XT3 AT (CCA)E— i 58 1%
TR IR T A R TE 254 S IR IR IR, 43T AN ]
Z AT PR IEAE ) 5 IR B IR RN K FRA I C 2, i
TR IK SR XS A RV VS I W AR 25 R G, HE ST Bl
B PR A SR IAR PR AR

1 #wREFE
11 HuUFmESHERRE

T 2016 4E 2, 5. 8 Fll 11 JH X6F 111 2% 74 il Bt a0 15 4,
AT 4 AT R T A A A A% 10 MR s A7 1),
TFUiE R P MRORE Fe MR MR LY ) (GBY
T17378.7-2007)i#E47, RHEAK M BZHFEAYIN, T
Fu HAKBIKEERZE HHEH . FERRA 5%4E /K
L PRV R 1 2 DRAE, A 0] S 0 3 S 7 {80 e T 4R
FE L

W 5E 1) IS S E A5 K R 2R (SST) . B
FE(TRA). RZEE(S). RE(pH). B RA(DO). 1k
2T E(COD) , B R £h(PO; -P) . I AK R ER (NO,L-N)
MR Eh (NO3-N) . #%Eh(NH3) . FERER(SIO03-Si). M
BE(TP) . BB (ALK)FLEZ(TN) . KRR i R 4R
S 5 gy ik 2 BE AR Ol IR S )
(GB/T17378.4-2007)#47 .
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37°20"

37°00" |

0 13 26 Tk
122°20' 122°40' E
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Fig.1 Investigation area and sampling stations of
Rongcheng adjacent waters for culture
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FBIIFN B s R § AR A i 7 ) B AR
B LB R T 0.02 94 Fh Sk O A (95 0 28 4
1995),
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W — AR S5 2T IR, RISESEI
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AL LR KT 15%; Q) FMERE KT 0.001, 3L
PERCT 18 BRIt T CCA T, W iERE 4
log(x+1)5% 4k .

2 #BR

2.1 IREBHUES T

VR A S VA AKOK B BR R, JCHLAE A e AN TR
ZAT AR —2E (KK T RRE ) (GB 3097-1997)
PG, ELEHET NO-N Faiim s, HAA
BBEITE —2 CEKOKTRRIE ). #3884

HIWER 1,
22 FHEEWEEEN

221 A Empm At HAr AR 4 HFAIE
KT 66 Ff, RJ® THEBE T (Diatom), HT ¥
["J(Pyrrophyta) J2 43 ¥ '] (Chrysophyta)3 MEHI 1] | 29 >
J& , AR F BN RAT R, b ke 58 B,
IR Y B AP 87.9%, LLA & (Chaetoceros)
YikhFh iR Z, b 14 B, HEFEUY 10.6%; HTE
TR BN LR, N 1.5%. TRIFEYIRNA S
*£2,

*1 RAFEXEBEZRESHFITER

Tab.l The results of environmental parameters in Rongcheng adjacent waters for culture

2 Factors & 2= Winter % 2% Spring H Z= Summer #kZ= Autumn
HHE TRA(m) 1.90+1.10 1.10+0.40 1.80+0.50 0.80+0.30
FKIZHE S 31.89+0.10 31.78+0.22 31.57+0.14 31.7440.20
FZEEE SST 4.04+1.46 15.73+2.72 25.08+2.44 19.37+1.15
pH 8.18+0.06 8.21+0.05 8.02+0.09 8.06+0.05
74 DO(mg/L) 11.67+0.54 9.77+0.56 7.41+0.71 7.36+0.39
fh2FEH H COD(mg/L) 1.04+0.24 0.81+0.22 0.84+0.33 0.67+0.17
WilRLh POI -P(ug/L) 8.80+5.19 3.96+4.00 12.30£5.50 11.60+5.70
WGER £k NO>-N(ug/L) 21.70£30.70 5.60+4.80 27.50+20.40 34.50+17.10
Mt NO3-N(ug/L) 173.00+54.00 45.00+40.00 137.00+58.00 120.00+69.00
B NHi(ng/L) 110.00+32.00 72.00+35.00 57.00+54.00 70.00£67.00
kgL SiO3-Si (ng/L) 85.00+15.90 84.80+38.60 369.50+154.60 421.00+229.00
MW TP(ug/L) 22.50+9.50 0.40+0.10 37.30+£10.70 55.50+15.10
BIHE ALK(pg/L) 2.46+0.09 2.47+0.02 2.39+0.16 2.34+0.11
MA TN(mg/L) 0.76+0.46 0.39+0.05 0.61+0.05 0.69+0.10

VA MRS A LA 4 22 B RESE , 7F
B2, 55T (Chaetoceros tortissimus)FIESE fA
B (Chaetoceros curvisetus)) Kt B, 159 1535
TR A A T A8k, HoAth 3 4> Bl B
H(Melosira sulcata)¥]NIRHEMZ —, LFMEFH
BB 2% 5 (Skeletonema costatum) W2 TE AU AR,
H 2 H AR FT 8 (Asterionellopsis glacalis)TES AT Kiw
I, RO IZZE IR AR R 3), X5
2 HAF(2010) . BRIEAFEQ017) AL RA A,
222 FE  NFE 4 WUEH, REGHEIEE 4
A2 R A ) - 38 o R A AR R (16.9~251.7)%
10% cells/m®, FHFFEH 119.3x10 cells/m’, FHH
IR T2k, Hd, B8 ke, £%FGH)
Wz, FREAL )RR, X 55RERE2009)1HF5E
SR —3

223 MMM 4 NFATRY I 2 R

TRBCEE I 5. WNFESTTLEN, ZIFNEFEF
TEAE Y Z A8 B A o 1.60~2.13, 4l A= 2
FEVE B PO A v (T 1 45, 1994), A2 44
TR ) 4 ) 2 R PR I A AR 3 K- o

ZREMER B M BTE R 2, A, B A5
JEFR B U, FRERR SR BURAL, R E 07
Fa) 2 REPERE R MR , A ZR TR IR A AR
224  F AL 6 ST XT B 94T (CCA) 220k,
T CCA HEF BT i i 26045 18 Fh(EE 6), ¥F
BT 14 01, HAREHREK SST, TRA, F£JZELE |
pH. DO, COD, PO; -P, NO;-N. SiO3 -Si, NHj.
NOs-N. TP, TLK DI f& TN,

CCA 4y Kb (181 2), 11T 2 > HEFF Bl 4 AE
fEH>N 0.907 A1 0.795, WyFhHER:fh AR5 P 4ih 2 1)
FIAHSE R B 0.991 AT 0.975, #RhAs 55 B
R25.6%F148.0%, PR AEEAS 7 B 510 29.8%
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Tab.2 List of phytoplankton species in the surveyed area

J¥%5 Code 44 Species name 75 Code 44 Species name
fil: ¥ Bacillariophyta 35 HEEFA TR C. tortissimus
1 SR EHBERE  Melosira moniliformis 36 WHMEW Chaetoceros paradoxus
2 HFlHBEW M. sulcata 37 fiTEW,  Chaetoceros spp.
3 BEIFRTGE#  Coscinodiscus asteromphalus 38 Bl g Eucampia zoodiacus
4 & IRE i Coscinodiscus granii 39 ZHEMGERE  Corethron hystrix
5 WCE BTG #EE  Coscinodiscus oculus-iridis 40 R EE  Ditylum brightwellii
6 RS R #E  Coscinodiscus radiatus 41 B ERMELTE Thalassionema frauenfeldii
7 AR THS  Coscinodiscus spinosus 42 HAILEE Amphiprora alata
8 R ICREITH B Coscinodiscus wailesii 43 i ¥ Tropidoneis sp.
9 B Coscinodiscus sp. 44 WHERISEE  Pleurosigma pelagicum
10 =M Actinoptychus trilingulatus 45 MRS EE  Pleurosigma affine
11 WA EEW Thalassiosira angulata 46 BIadE  Pleurosigma sp.
12 WRIB4E S Thalassiosira nordenskioldii 47 MBLEE Gyrosigma sp.
13 [FIVEEEE 3 Thalassiosira rotula 48 M L#E  Trachyneis sp.
14 NG5 557 Thalassiosira subtilis 49 FHEBE  Navicula sp.
15 RENB KW Schroederella delicatula 50 JGHLIE B Licmophora abbreviata
16 R E W S. costatum 51 #5522 W Nitzschia paradoxa
17 FHEAMIEHE  Leptocylindrus danicus 52 K2 W Nitzschia longissima
18 ENEERMAET B Rhizosolenia alata f.indica 53 WICEEE W Nitzschia lorenziana
19 LHIMWE W Rhizosolenia delicatula 54 RZEIEEE  Nitzschia pungens
20 WIEHM A4S #  Rhizosolenia setigera 55 FE9ZE B Nitzschia delicatissma
21 ik &IE % Biddulphia obtusa 56 W Nitzschia sp.
22 EmEILHE Biddulphia pulchella 57 HARBFTHE A glacalis
23 b fAEW Chaetoceros borealis 58 K23 Asterionella kariana
24 FIRAEM Chaetoceros castracanei FH ¥ Dinophyta
25 Ji AT Chaetoceros compressus 59 RG#E  Noctiluca scintillans
26 EEEF B C. curvisetus 60 KW E % Pyrophacus steinii
27 A B Chaetoceros densus 61 WA Ceratium fusus
28 AW Chaetoceros subsecundus 62 T AEE Ceratium tenue
29 WL FE W Chaetoceros didymus 63 RIS Ceratium intermodium
30 A TEW Chaetoceros laciniosus 64 =fAfaE Ceratium tripos
31 FHIRATEM Chaetoceros lorenzianus 65 HE LW B Peridinium leonis
32 JWICA BB Chaetoceros vanheurcki 4 Chrysophyta
33 WEMEE Chaetoceros pseuvianus 66 INERITELEE  Dictyocha fibula
34 LB Chaetoceros teres

F155.8%, UEHAHET 2 DHEF R BEZEAR KRR L b S Wi
TR ST T X R . 7 CCA HEFH,

551 R 2 R K IEM LR T4 DO, MERH
Jy0.890, Hvk iy NH #l pH, HiAH € 225050510 0.863
il 0.853; SiO3 -Si 545 1 HEFfIR RN, H
KARZBCH-0.940, HK AHEAK SST 1 TP, HAHKFR
Ay B1-0.739 F1-0.737; NO»-N. SiOF -Si. ALK
FWBERTFHEE | P2 RN AMECER,

SST 545 2 HE il i e KIEA &, MR RECHN 0.583;

ALK, SiO3-Si Fl SST #1555 2 HEF il 2 — = A IEAH
KKFR; HEMRR TS5 2 Hri 2 AL R,
Horp, TP BEKMASE, HAKRECH-5.454; Hik
A TN, HAHXREH-4.602,

2 ATLAE A BAR RS 2 /Y
F BT NS 1 HER R EE, R 5K DO, NH;
M pH EEKRMIEMSE; W 2 HEpfh &, 5 SST
EERIIEM S,

TERT 2 Db, NO,-N., PO; -P. TP, COD il
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NO3-N ¥15 H A B FF 3 2 A SR, hixX Le IR
FHEMTE 2 £ T M7 RAEBEEEHXER.

R SR . ELA R | RO R | B T
RICMA T M, LS. MRS . o K
PRI EARE SO T 2 A T, e, it
M5 DO, NH;. pH. TRA fil TN & IEAE,
A0 ) A A X B R A i Y IX I, (HS TR . ALK
F1 Si037-Si B AAH K C R HERE M BB AR LB B
B . AR B S ZETE WOR P 22 Al
LA T2 922 L X e b i 43 A 5 i KR R
SiO3 -Si &t ALK S IEAHE KRR,

*3 REFEXEBEARETRIZIFENRE
Tab.3 Dominant species of phytoplankton in
different seasons of the surveyed area

J PEHFh (PLHE)

Month Dominant species (Dominance)

PR & S costatum(0.64) ., HLE 5Bk
M. sulcata(0.20)

HA BRI A. glacalis(0.67). & &%

2 H February

5 H May S. costatum(0.14) ., B HEE ¥ M. sulcata
(0.04)
HEEMTEE C. tortissimus(0.09) . iehk /i B
8 A August  C. curvisetus(0.09) . JRFZETLHE N. pungens
(0.05)
B EEYE M. sulcata(0.21), JEsEfA BB
1 C ' 0.09). 5 [CMEH
November . curvisetus(0.09) . 77 g

C.lorenzianus(0.08)

R4 REFEXSHEHREVEELER
Tab.4 The abundance of phytoplankton in Rongcheng
adjacent waters for culture (x10* cells/m’)

A A B 8] SYN:] He/MA F-HME
Surveying date Maximum  Minimum Average
2 A February 3870.4 0.7 159.7
5 H May 1190.4 0.2 48.8
8 H August 3946.1 0.2 251.7

11 4 November 122.0 0.3 16.9
*5 BEEGEHARFZEVIZHFEYEEEMRHFERE

Tab.5 Phytoplankton diversity imdices of different
seasons in the surveyed area

ZTy ZHESR BSER FEE RBEE

Season H g 6% d D,
& Z% Winter 1.60 0.40 0.79 0.84
%% Spring  1.93 0.51 0.70 0.74
HZ Summer 2.13 0.60 0.58 0.70
FkZE Autumn 1.82 0.53 0.62 0.77

*6 CCAHRFHZFENMERS
Tab.6 The code of phytoplankton in CCA

4i'5 Code 2% Species

1 4B S costatum

2 EEEFA BB C. curvisetus

3 HFEEHAEH M. sulcata

4 WICKWEE:  Ditylum brightwellii

5 fIEW:  Chaetoceros spp.

6 HART#E A glacalis

7 e E®R C. tortissimus

8 B fi#E  Coscinodiscus sp.

9 RANZEILE N pungens

10 FIEZ90ME . Leptocylindrus danicus

11 WG EESE  Thalassiosira angulata

12 HERMEE Clorenzianus

13 FHE®  Navicula sp.

14 KEMER Chaetoceros castracanei

15 KEIMAE B Rhizosolenia delicatula

16 JNECEATHEE  Asterionella kariana

17 WG ECIEEES:  Thalassiosira nordenskioldii

18 MIEME#E  Rhizosolenia setigera
1.0 6A

REZIRSE

SST

RER L Si03-Si pH
IRl % Heth
NO:;-N NH;

BiRRL: POT-P

L ﬂﬁﬁ%ﬁ‘% AR EL W WA DO
NO;-N B& TN
J TP COD
-1.0
-1.0 1.0

K2 EERIHEY ML SRS E T H CCA HiF

Fig.2 CCA biplot of main phytoplankton species
and environmental variables

3.1 FEEMEESEN

HAS T8 8 5 DX ST T SR A ) R 2 A S
S VE SR X — B, DA RE) RO T, R
YA XA, RAMAAAETTHBENSL, X5FBRF
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(2010)AYRFF T L5 AHIR . B8R AE(2015 4F)F5T T 594
LR IR ZE VR U A ) R BT 254, PRI LR
LA A | B0 B VA i AT ECOUR B L AR AR5
BT RBIE N H AR BFF SRR I, A
A VR V3 1) 246 X6 L 34, (F LA 4 SR AT SR R R T
R, BOMERARZ —; RRIEE TR Y
WEECPHEALT 2015 AEFEFRAZ R, H5REMR
45(2010)F1 5 45 25 (2009) Y AFF 97 25 S e 330, Wl fig
ST 2015 AR A U7 WA B R A T AR TR BT R

AR VA TR A ) 22 AR S RV TS B DT
W FE A0 F BB AE IE 5 I sy Bl 2 N CR L4246, 2007,
FAARE, 2009), DL BRI R, SRR FRAHE X B} i
SR Y TR S5 H 5 ST BRI R — 3L, Y
=Yy Y N TR DT B R et S AP liR L = o i 3 e
DX BT R R I R S A ARG A
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52 MV AE ) AR K R () IR [ 7 Lt £, HILTH]
B B 2R (PNESE, 2005; 1 BHEE, 2016), ASHFIT4E
R, ST R SR I R U AL T VR A 7
DO. SiO3 -Si. NHj., iJEHf pH SR £ 5mi, Hrf,
DO. NH;. pH Z{E b fu 3R i il i 2kl . LA Lkt
WL K HA BT AR K, ITHEEE A Si03 -Si & Rl 5
SRR 3 B L A G s IR KA E
WO S ARIE . SiO-Si R IEMHER R,

33 FRFEYBEELEHSHEKAFENXER

A T ) SR FRAS A AR AN 8T 7 , BRI T B
BN (Laminaria japonica) M D 2 F258 X 4, H
o, DURFRAE A oK BOR BT N AT, A SR
B WUV TR AR SMIN A B I 2 it s, FRAE 7 R K
Il , VIRFAERRT 8 H, — MR BAEM 5 H 28
SR (AR A, 2013), IR 5 6 A (0] — f% Ry B AF
11 &84 5 1, 5 Qg IHRoR, B3k In 2 i
WAk AR T M (R T A, 2010), 7EAZE, R 4 i Al
XU, K H DO FUVE FREh & AR s, IR
PR BE, i, &Y FREAR R 4~5 2
IR WOR RS, WA AR Y AR Y% B IR B K,
KT ) DO F i AHX A, 1 SRR A R IR,
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R R T, M A, HARRM N
RO Fh ;. B IHEAT RS, IR IHAR TR, £b
FEWIR, S8k, BRERME A WA T, R
KRS IR R4k %, 2010), HL, FiIFEYE
FRER IR R o e, TF IR KA K BT (TR AR 5%,
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Influence of Environmental Factors on Phytoplankton Community
Structure and Its Relationship with Coastal Aquaculturein the
Waters Adjacent to Rongcheng

PAN Yulong, LIU Xiao, SHA Jingjing” , XU Donghui, WANG Taisen, LIU Xudong

(1. North China Sea Environmental Monitoring Center, State Oceanic Administration;
Laboratory of Marine Spill Oil Identification and Damage Assessment Technology, State Oceanic Administration,

Shandong Provincial Key Laboratory of Marine Ecological Environment and Disaster Prevention and Mitigation, Qingdao 266033)

Abstract The phytoplankton community structure in the coastal aquaculture area of Rongcheng was
analyzed based on the results of four surveys during 2016. The influence of environmental factors on the
phytoplankton community in the Rongcheng coastal aquaculture arca was discussed using canonical
correlation analysis. The results identified a total of 66 species that belong to 29 genera of 3 phyla. The
dominant species of phytoplankton include Skeletonema costatum, Melosira sulcate, Asterionellopsis
glacalis, Chaetoceros tortissimus, Nitzschia pungens, and Chaetoceros lorenzianus with seasonal
succession. In the spring A. glacalis increased quickly in Rongcheng Bay to make it the most important
dominant species of this season, but not in Sanggou Bay, when compared with the results of previous
studies. The abundance of phytoplankton varied from 16.9x10* to 251.7x10" cells/m® over the 4 seasons,
the average density of whole year was 119.3x10* cells/m’, which was the highest in summer and the
lowest in autumn. The Shannon-Wiener diversity index and Pielou’s index range from 1.60 to 2.13 and
0.40 to 0.60, respectively, and the diversity of phytoplankton was the highest in the summer, and the mode
of the phytoplankton structure changed with the seasons, but the levels of phytoplankton remained normal
all year round. Canonical correlation analysis showed that the most important factors affecting
phytoplankton community structure are dissolved oxygen, silicate, NH, sea surface temperature and pH.
These may promote or inhibit the growth of specific species and cause the rise of dominant species.
Large-scale kelp farming in the area changed the amount of nutritional salt, high density shellfish farming
consumed the natural enemies of phytoplankton, and shellfish excretion also changed the composition of
nutritional salts in the coastal waters; therefore, local aquaculture in the Rongcheng coastal waters may be
an important factor in the pattern of phytoplankton community structure in addition to the influences of
seasonal changes.

Key words Aquaculture waters; Phytoplankton, Community structure; Environmental factors;
Vanonical correlation analysis
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