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Sampling sites of phytoplankton in offshore area of Laoshan in 2016 and 2017
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1.2 HRXE

FWHYRESE (GEFERE)
(GB/T12763.6-2007)) J5 % . BAREAE T fEHA
i 7, 38 e K T AR Ui 2B I e SR R A T 3 3
WRAE, FRARLEDRE AR S 2 5% H VA I
HEAT I SE , R G X IR AR AT o0 R M SR
Gt BRAER, ([ HZSH0K M (YSI 556
A, SEEDFEDNE R KRZRET . RZEES).
fb25 7 AR (COD) . ¥ %(DO) . pH 548hR, [F
SRAEKHEE, IR S50 = P TCHLA(DIN) L 16 M
h(DIP) R4 a(Chl-a)% . TG /KFE S IREE | kA7
HUER 5% 2 B0 2 ™ % 4 BRI v R S )
(GB/T17378-2007) i 7 0847 .

1.3 HIES

1.3.1 ®HAe e SRR EN AL
Y =(N, /N) ¥,

K, N RIS | R A RS N T
SRV SRR o5 | R AR B B A
K, Y>0.02 ML HFP(Shannon et al, 1963).

1.3.2 A% 2 MRS 300 3t 5 Margalef + &
X4/ UNW
D=(S-1)/InN

A, SHEWIFIE N A R—FE 5 a4k
(Margalef et al, 1968),

Shannon-Winner ZAEMEFEE (H) AL

H'=-) Rlog;R(R =N, /N)

2, N ] —RAEFE & i S AR WM N
R | R S A% (Shannon et al, 1963).

Pielou ¥ 2] FE 45 5 (/A=

J =H /log,S (Pielou et al, 1969):

1.4 BEELSMSWH

B A e T4 53 BT PRIMER 7.0,

Xt 2016~2017 4065 11130 5 VRIAE D E VA 45K EA 543000
VLTE AR I RP S | AR 3 188 B Wl ol 457 20 s i s 5 0
FERE R W %) 5 5 R R AR 453l i VR )
PSRN BN HE R A8 1, 4 2016~2017 4F 057 11135 2
77 U A R R TR R BCHE E AT T Or AR Ak, D
Bray-Curtis AHRIYE R EON R, A4 2087 1T 5 45 0 vl
B YA R o [, SR BIOENV J3 4 2016~
2017 A5 LT 5 V7 VA R A AE 5 1) A 3 S IR B TR
F2Z A A S PE (R 204, 2003) U5 L30T 7 VAR 4 37 i
FEL) =F - T 4946 1K1 2R FH Surfer 8.0 #4221 .

2 RS

2.1 FFEYFEAM

2016~2017 4F, W5 11T 7 8] A i A, HE 7
Y2031 )8 69 Fp, Hrp, #E¥E](Bacillariophyta)
A 25 )@ 60 Flt, (HIFHEAYINY 86.95%; LA IR )
(Coscinodiscus) ik 2, & 11 f; HiIKEAE
7 )& (Chaetoceros), ik 9 Fi, H [ ](Pyrrophyta)fy 6 J&
O F, HIFWEHEYINY 13.04%; Horb, ffiEE (Ceratium)
A 2F . LA, 2016~2017 AR5 11T f 1 38 7 i
TP RER G B DARESE T TR S 1] 0 3, RESET THE D RD
B TN = B b 5 4 X 3 IR IR A ) A A 2R A
FERTWR . TR A A, A AR
(Skeletonema costatum) . 7 4f #: 3 (Leptocvlindrus
danicus) . <55 ff & ¥ (Chaetoceros debilis) . 24| th=%
J¥ 3 (Pseudonitzschia pungens) . Ji I /1 =& % (Chaetoceros
compressus) ., £ fif 15 i ¥ (Coscinodisus asteromphal us)
S TR TIRAMER S, WUR A% MR JE B (Bacillaria
paxillifera) . g% f & % (Chaetoceros curvisetus), 77
[ ff1 °E ¥ (Chaetoceros lorenzianus) Fl vk ] $81 2 FF g
(Asterionellopsis glacialis)% ; Wt is EYERIZE, tnze
551h 25 ¥ (Pseudo-nitzschia delicatissima) . J- 2 40 44
¥ (Leptocylindrus danicus) . =%+ JiE i (Helicotheca
tamesis). 55 JLN W 3 (Guinardia delicatula) Fljigss
A 7% (Chaetoceros curvisetus)24 ; JMAEMERIZE, dniT
¥ |5 i 4 (Coscinodiscus oculus-iridis) . O [R5
(Coscinodiscus excentricus)%s; VRUFIEFIZS, anHpag
1 4R 3 (Biddulphia sinensis) I 32 A 4 3 B JiF 75 JE
(Rhizosolenia alata f. indica )% ; BE/KPEFPZS, fnviE
JL .3 (Guinardia flaccida)4s .

72 124 2016~2017 47095 1L 3T 2 1 B PR A 0 9%
PeshhdH CEA W W i i 4 . R R AL
T R T R (8] 575 34 (Y= 0.048~0.174) . #2 ffi £ % (Ceratium
fusus, Y=0.029~0.089) . A/ 5] i # (Y=0.081~0.149)
o R0 JE A A BEUATR A 100%, H
= o fAEMER LAACIRAT T A MRl 3, s M Bk
S, H B FRANIHAFAT IR B 9 (Y=0.024~0.131) |
95 I A B W (Y=0.039~0.117) . 2 55 Th 25 & ¥ (Y=
0.02~0.133) . 52 J5F I8 i % (Y=0.02~0.102) . "5 %%
#(Y=0.02~0.099)5% . B = AL HEF LU i pE 2k
WS R EEREE N T, KRB E IR
i ¥ (Y=0.147~0.241) . R [K f B ¥ (Chaetoceros
castracanei, Y=0.036~0.053), & Jif [ §ifi % (Y=0.137~
0.221), FLHAF B EN AR (Y=0.032~0.203) %5 . 17l
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Tab.1

Dominant species and predominance of phytoplankton in the survey area in 2016 and 2017

2016~2017 W5 11150 7 4 3 Fib

HE Y

2016~2017 dominant species in offshore area of Laoshan 1% Spring A% Summer HF Autumn
2016-05 2017-05 2016-08 2017-09  2016-11  2017-11
5 E5EE Thalassiosira punctigera 0.049 0.061 0.053
F1Z# faTE# Chaetoceros danicus 0.063
RIKMAEH C. castracanei 0.023 0.060 0.036
FIKMAEH C.lorenzianus 0.039 0.083 0.035
X5 fATEH C. debilis 0.021
HIREE Odontella regia 0.020 0.028
#% G IR i 9% Coscinodiscus granii 0.021 0.023 0.023
HOZ R C. oculus-iridis 0.079 0.155 0.110 0.024 0.147 0.158
IRCRTfi# C. jonesianus 0.022
S Tf#: C. asteromphalus 0.081 0.149 0.086 0.221 0.221
U B i C. centralis 0.024 0.041
TEEER S Pleurosigma pelagicum 0.021
IRIEHEIE ¢ Bacillaria paxillifera 0.064 0.050 0.083 0.047
ZHIhZE L P. delicatissima 0.027 0.060
=fAfaE Ceratiumtripos 0.047
W fde C. fusus var. schuttii 0.089 0.053 0.035
Kff#: C. macroceros 0.043
B ERFT#E  Bacteriastrum hyalinum 0.037 0.026
£ F1% Synedra spp. 0.076 0.061 0.024
B EIE R indica 0.028 0.162 0.097
PR 4% S costatum 0.075
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Fig.2 Horizontal distribution of cell abundance of phytoplankton in offshore area of Laoshan (x10° cell/m®)
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Fig.3 Variation of phytoplankton cell abundance (a), and the percentage (b) in offshore area of Laoshan in 2016 and 2017
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52017 4 5 HHIPUE L 70%.55 1 418 2017 45 9,
11 H PR AE R Sk % 5 0 386 R 55 EC M B 3, R4l
PR R AT 2 T MR PRl oA 32, AMPEPERR 2 A9 41 i %X
BIEX—AFFP A —EhH. 2017 FERHE S
ML BAK . WE 4 BT IFH, 2017 4EFEEE
EXco AMEET 5 A, Xl m RREEA K
WHS T AS R FR) 5% 0 R 7 BT B0V 55, 2012) Qi A

ZILEE . FHE SRR R T iRy, R A
P F B0 T COD(EKEE, 2014), T80
R 5~9 F OCHE PR 1A Il AS |, ER 4 I i A
Wy PR AR T U D BT, —S6IE A B PR B Y A
TRUFR AR R, NI 5. 9 s lai & 7%
TEAE YR VAR AR DL A . 565 2 2T, 2016 4F
5 715 2017 4F 5 F VR IR RE R A BUAH (LR B s
LR R Sy v UoIR 3 L TR R IRV AR P
2.5 FHEYBEELEMSRBERTXER

g7 LT 5 R A P05 R T S Y(E LR 20 A& 2
afLUE Y, R AS IS Y 13.35°C~26.76C,
FERYARfLYE B 31.74~32.11, DO ZRfkyElll 5.75~
9.30 mg/L, pH WZEfLIERI 7.97~8.31, COD M4
FBIEH N 0.36~1.27 mg/L, DIP ARG K 5.75~
17.53 pg/L, DIN HZE{LIEFE 2 30.28~182.44 pg/L,
Chl-a 28 fLE R 0.40~1.58 pg/L.

W A5G DR 7 R A ) F AT [ A S 2 4y
Mres Rz 3. R 3 TLAAE H, 510300 2 PRt 4

®2 2016~2017 FUFLILEKBIFESH
Tab.2 Environmental parameters in waters in offshore area of Laoshan in 2016 and 2017

H 1 b eyl LT A E BMATHEE  BMATHA AR mgEa

Date T(C) S DO(mg/L) COD(mg/L) DIP(pg/L) DIN(ng/L) N:P Chl-a(pg/L)
2016-05 15.29 32.05 7.77 8.24 0.63 11.77 97.77 8.31 1.58
2016-08  26.76 31.74 6.04 8.09 0.96 5.75 84.65 14.71 1.50
2016-11  15.79 32.08 9.30 8.30 0.36 17.53 182.44 10.41 0.53
2017-05 13.35 31.94 8.15 8.00 0.65 13.06 30.28 2.32 0.40
2017-09 24.93 32.11 5.75 7.97 0.93 7.81 102.58 13.14 0.46
2017-11  18.25 32.02 7.40 8.31 1.27 12.63 76.82 6.08 0.48

®32016~2017 Fl A FFiFEME % SHER FREXXR
Tab.3 The Pearson correlation between phytoplankton community and environmental factors
in offshore area of Laoshan in 2016 and 2017

LIPS ER SRR

Most relevant factor

K+ Spearman A {BL 1 £ 5k
Factor Spearman similarity coefficient
AR T4 Single factor group 0.536
XL -2 Two-factor group 0.411
0.400
0.321
= HTF4l Three-factor group 0.393
0.382
0.293
0.275
VYA 40 Four-factor group 0.271
0.268

fb2: T % & COD

pH, b2 E & COD

fb2FF A= CoD, KHLA DIN

B4 DO, LT % & COD

pH, 12T/ COD, JTHLA DIN

#f#4A DO, pH, b @ii% i COD

pH, fL2:FHE & COD, JTHLEE DIP

A S pH, fb2=FF%H & COD

#if4l DO, pH, fh2=7 % & COD, JTLHl#k DIP
WA DO, pH, ¥ % & COD, "4t# aChl-a
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I F R AL COD M SeE iR, HICRECh
0.536, 7= EEEMAMHA T4 N pH 5 COD, H
XZHH 0.411; COD 5 DIN, HEZRECH 0.400;
DO 5 COD, #tHXRECH 0.321,

COD VAN /K Buis de i e br, KREUC I T
KR A BT Y & (RS, 2014), A HIE], COD
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2017 SRk ZE, COD o {B R R ] BB 212 28 B XL T 4o
VY WO S T AL R R TS B, ERERN
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Fili PR HE O R, B2 N AE A HUBORL B 3R
i O N e o s P T A 1 A o5 = 1

FEARR A T, KA R E I E Sz —,
pH WAfLIERER, —FhR AR RNAER S, &
S EHILE R, TR A SR . S5 A R T
MR ZR , WK pH B SRR KRR BE F 52 A= My i AR
R 3T I SRR SR R UE T R K B T R K HE
T TR PR U R IO i 30 v R ) b g G A
2015), E R IIEES, W I UTR ) 07 B i A X
B, HPEWmY #OE RS9, (04GR ; L 5 e 38
FEE AN AR/ NEMES, 2016), KHitk, HZE N, P E5E
R E BT HAL ST, R 2 KR DO AR
o, WA R AR, K DO i,
{HIFEF DO 5 2 fAHE, KR E sy
KR, HFER R DOXIK A, 2016), Hit,
B 7 BA PN 5 DO A it (H SRS FE RO,
S5 K DO K.

S REHIT LA H, PRBE R 0 e i 77 Ui
L (R V% 2540 52 BN P Bl , 320 1717 X B AE 9 AARL T 7y ek
A% REWCAEREE N AL pH. COD M, 5 DO £
WAL, 2016), WA &E. RIRAE
B OWEEJLN SR CRILFAE, 2017), B, X
S5 EBE . TEREM E#S pH M DO 2 3 IFARC,
5 COD & W #E A (P Se 4, 2018), HIBLAT UL,
BT R T 5 PR U Y RS G540 C R B ), A6 LB
Hh AT S A A T BT R 1 A Ak T 3 A R Y
SYARAEGL, oA DU S BT S £ B ) 5 s

3 i

2016~2017 . H . #k 3 AFA5 34 IR Y
20731 )8 69 Fh, REMEEIT 258 60 A, W16 )8 9
Bl TRIFEP LA BE 2T AR B, B 2L
PARATE RIS BERTRIG RS, 5

FEMAMA AR R TG 57 KA BE . ZHhEE
BAE; PR ETRSFA AR RS . RICH B
BB S, 3 A AR .

IFUFAE YA M =F EEAE N AR fE B ., 2016 4F iR
W AR RR S, IR 2R, 2017 A d5 i 04 H B
EEZE, WV, fEA D, 71000 B sy
TRIEAR ) 22 R VRS BOR = & BE T8 B LT, BETE 4549
R E .

TR YRI5 25 R Hr a5 R o, AR RUBEAE
40% /K-S 2 KR, Horp, MR R 70%7KF
B 2016 4 5 AR 2017 455 A, XATHES 2016 4
5 AHF 2017 45 5 A B KRR TR F COD AEfb A K
.

XoF P58 DR - R AR ) 3 BE R A T R DG 437, 45
RWIR, FIEAEY F R E LA H 1A
COD, tHR R EH 0.536, FHICHIAUA F4 pH 5 COD
¢, COD 5 DIN 411 DO 5 COD 4.
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Seasonal Variations in the Phytoplankton Community Structure and Their
Environmental Impact Factors in the Offshore Area of Laoshan, Qingdao

CHAI Ran'?, FENG Juan', CHEN Bijuan**, XIA Bin**, SUN Xuemei**",

WANG Xiaoxiao®!, CHEN Jufa®, CUI Zhengguo®, QU Keming®

(1. School of Environmental Science and Engineering, Qingdao University, Qingdao  266071; 2. Yellow Sea Fisheries
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Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071; 3. Marine Ecology and Environmental Science
Laboratory, Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071,
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Abstract To explore the seasonal variations in the phytoplankton community structure and their
relationship with environmental factors in the offshore area of Laoshan, we designed 15 monitoring
stations and made six investigative voyages in the spring, summer, and autumn during 2016~2017 while
monitoring other environmental factors simultaneously. We detected 69 species belonging to 31 genera
and two phyla of phytoplankton, most of which belong to temperate coastal species. Diatoma was the
dominant phylum comprising 25 genera and 60 species, and dinoflagellates comprised 6 genera and 9
species. The seasonal variations in the dominant species were obvious. The most dominant species were
Coscinodiscus oculus-iridis, Coscinodiscus asteromphalus, and Ceratium fusus. The total number of
phytoplankton ranged from 732.10x10* to 1142.19x10* cell/m’, with an average of 937.15x10* cell/m”.
The number of phytoplankton cells changed significantly during the year. The highest peak in 2016
appeared in autumn and the second highest peak in summer; the highest peak in 2017 appeared in summer
and the second highest peak in autumn. The spatial distribution showed a decreasing trend from north to
south, and the high-value areas appeared in Wanggezhuang Bay, Nanyao River, and Shilaoren Beach. The
diversity and abundance of phytoplankton in the surveyed area are at a high level, and the phytoplankton
community structure in this area is relatively stable, indicated by the analysis of the phytoplankton
community structure index. The result of cluster analysis showed that the interannual variations in
phytoplankton cell abundance are unobvious in spring, and the similarity is approximately 70% both in
2016 and 2017. However, the interannual variations in phytoplankton cell abundance are relatively
obvious in summer and autumn, and the similarity is only approximately 40%, which is mainly related to
environmental factors. The correlation analysis between phytoplankton community structure and
environmental factors showed that the correlation coefficient between cell abundance average and COD is
the highest (0.536) and the two factors that were most related to environmental factors were pH and COD,
COD and DIN, and DO and COD. Therefore, the key limiting factors for phytoplankton cell abundance in
the offshore area of Laoshan are COD, pH, DIN, and DO.
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