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Fig. 1 Sampling region of phytoplankton in adjoining
waters of the Yellow River estuary

12 BEEDH

TR RE TS o B T ac g = kAT, ARAEAE
i WP WA 0 1 2 /D AT A R ek 4, A e 2
—EMRFL, B 0.5 mL VAL 5 (subsample) & T
BAHEH, SRIGTE Leica JaoF WAlEE T AT Fp 2%
FE ST, WA AR O R E 2 R,
ZH RS GRS Tomas® i 2025
1.3 #HiEaE

TRIFEP R £ B . SR SR
P, 43 9I% ] Margalef #5%1(dyva). Shannon-

Weaver $5%0(H") . Pielou f88U()M Y 8 BGHATI
&, BRAKSHCRR10]:

_(S-1)

Ma ™ I N

s
H'==Y"Pxlog, P
i=1
p— H’
log, S

n.
Y:—l X .
N i

Ao, NOEE ST PR SRS S AR
R B PO RS IR B A R A
TRE) HUAEL g RS i R0 BB £ R %R e 45
FES R BB, ARDFREI Y=0.02 A4 FP
R HAT 53T -

x1 BEWAOMEEEFHENREERER
Tab.1 Baselineinformation on phytoplankton samplingin
adjoining waters of the Yellow River estuary

AR A A i [R] REE A EL

period sampling time number of samples
1960s 1960 4£ 5 A 30
1960 4E 8 A 34
1960 4£ 11 A 27
1980s 1982 4 5 H 16
1982 4 8 H 15
1982 4% 10 JJ 15
1983 4F 2 A 8
1990s 1992 4 8 H
1992 4£ 10 11
1993 42 A 8
1993 4E 5 A 8
1998 4E 5 A 6
1998 4 8 H 6
1998 4 10 H 6
2000s 2004 4E 5 A 9
2004 4% 10 A 9
2009 4 10 A 10
2010 4E 5 A 9
2010 4= 8 A 10
e b i 5 I A BORE B A o D KRR 2 B T B B K R 5
JIT ok K R N ER R

Note: Datasets in the table were obtained from the unpublished
results from previous surveys by Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences.
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TRUEREY) 108 Fh, Hovb: e 35 )8 87 Fh . i 4
J& 17, HAR akse 2 Fh A 1 FhREEEE 1 A,
ff1 B (Chaetoceros spp.). Rl ¥ (Coscinodiscus
spp.) 5% B (Thalassiosira spp.)sr# LT 27
M 10 R 6 B, 5 BIREEEYI ALY 31.0%.11.5%
M 6.9%, ZAEEPHRRMER. HEZ R
(Protoperidinium spp.) . ffi ¥ (Ceratium spp.)FlE
(Dinophysis spp.)/r il BL T 8 Fl .5 Fn 3 Fh, &
2 YRR 47.1% . 29.4%F1 17.6%, &
HUR R IR .

REBRTE 20 thad HPa e, Mgl B, [
TR AR D R L, HEA 21 )
B #a s, FHE B (Navicula spp.). $t H 22 i
(Nitzschia closterium)5 P S0 rE 8 LA S EAE bR i
(Paralia sulcata)JFURTE UG H e B0 T 384
RokaE, fidE . BOGCEE (Noctiluca scintillans) ., J5
ZWEITIRI £ . 50 4K, BBFE T E(C. as-
teromphalus) . {53 B 73 (C. radiatus) . ZE55 A E
P (C. debilis). 1K K23 (Thalassionema frau-
enfeldii) % W) PP AERE I5 v — B o5 P8 8 9 B iy 10
P, AR, LRSI R, dAUE 20 L
%Eiﬁ%ﬂ@ﬁﬁ%ﬁﬁ!ﬁ(Eucampia zoodiacus) . ¥
[RIETH 3 (C. jonesianus) ., RIKMATEWE(C. castra-
canei) . 5 WIRFT % (Bacteriastrum hyalinum)., =
AABE(C. tripos)5s, B 21 LB AL
PR AP BRAPIEE . R REE(C. oculu-
siridis) . W HZEEHE . SCIRFABE(C. furca) o

B PR AR IR 7 rh e 3 0 LR A 2R A
JUIRAD R B IRA AR (R 2), PoEh
() A AR A T W AR AR PR AR S e . 50
R, IR OSBRI, P 70.1%(%
3); A BT A7 R EEA 20 iRl 90 AR AR
T 40.7%; BRIRFD L EI7E 90 AEARIR B0, 5 21
T2 60~80 AFARHE N T 1.2, KR A A AAE
21 TR, HA5 2T 5.6%H L.
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(6~1679)x10" ind/m* Z 0], 45 2.74x10° ind/m’,
7E 20 22 80 L. 90 4EAR A 21 BT 3
AP R AEE 2), 405155 16.8x10° ind/m’
6.9x10° ind/m® 1 8.9x10° ind/m’, k¥ £ EFTE
(5.4~1640)x10* ind/m’, P 2.62x10° ind/m’, %
B AR AR A R T R AR A R A — 3
I H B E T BTRIAEI N 3 A IEAE, 5050
WAL HE(C. didymus) . VFEN75 AL 7 5518
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HEA 20 tH20 90 AEALF 21 22, W/RERE L IF LG T
L IR 0.96 F1 0.34 AYIE(E . B EEAE
50 4R [A] 343 100 ind/m® BKF, 75 1982 4 5
Z T — eI, 5k 14.2x10° ind/m’ [ 57 95
FREALE SO F B T e BT R R FEETRY
st V- 18.5x10% ind/m®, PIANIEAE SN 51K 20
gt 80 AR 77.1x10* ind/m® F1 21 4y
48.7x10* A~ /m’, R {H H BLAE 1998 4EH &, N
0.36x10* ind/m>,
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ZREMETE B AR A A — R b R T VR I
TR VE W e e PERR B o BTT IR A A 1) 2
HEFE 20 tH22 60~80 AR PRAFEAH XS R E B K-
(I 3), Margalef 54l Shannon-Weaver $5 5734
G390 1.07 Fi 2,64, #EA 90 EAUGE dva I H'FF
URBRAG, FX R T 28.8% M1 18.2%, JFF
1998 4775 2543 5 FBAI 2 D7 s e IR F, AR 0.42
F1.64, HEA 21 425 ZREPETFGZW R, dua
FH SN T 1.6 1571 40.2%, 155 1.08 #12.30
(25 7K
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Tab. 2 Interdecadal changes on dominant phytoplankton composition in adjoining waters of the Yellow River estuary
0 age
1960s 1980s 1990s 2000s

AL ecotype H1 34 Chinese name $IT L4 Latin name

fE ¥ Bacillariophyta

VISTIEVY=Y o Asterionopsis glacialis .
175 WA W AT Bacteriastrum hyalinum ° .
EBR A B Chaetoceros affinis °
IS B Chaetoceros castracanei ) . °
i T8 £ B Chaetoceros compressus °
WG S B Chaetoceros didymus .
R (bR Chaetoceros subsecundus .
2SI B G 5 Coscinodiscus asteromphalus ° . ) .
rpCs (5 B Coscinodiscus centralis .
U R[5 i Coscinodiscus oculusiridis °
IR [ Coscinodiscus radiatus . . . .
P eurythermal species i [ 3 Ditylum brightwellii . . .
TREE AR Eucampia zoodiacus ° °
7 G LA W 3 Guinardia striata ° .
A6 75 57 Lauderia borealis .
FHE B Navicula spp. . .
B H 2 Nitzschia closterium .
FLRE Paralia sulcata .
KRR 8 Pseudo-nitzschia pungens . . . .
RFNZEIE 3 KTGHEAM  Pseudo-nitzschia pungens var. atlantica .
NI B AR A Rhizosolenia setigera ) °
P A Skeletonema costatum ) . ° .
NG Thalassionema frauenfeldii ° °
ESIAEF Thalassionema nitzschioides .
EREYIEET Chaetoceros debilis . . ° .
[=E{Lh; EET Chaetoceros mitra )
AR temperate species EvEi3 SEEEE Chaetoceros pseudocrinitus .
B AT 11 B Chaetoceros teres .
LN 5 Guinardia flaccida ° .
W EC T Thalassiosira nordenskioldii °
FR{IN EET Chaetoceros brevis .
PR s Chaetoceros paradoxus . )
LR HER AW Chaetoceros siamense °
warm-temperate species T L[ i 5 Coscinodiscus jonesianus .
B I [BA Coscinodiscus wailesii °
AR IR Odontella sinensis .
3 ER e O AR A Proboscia alata f. indica °
KA oceanic species A O 5 B Coscinodiscus excentricus °

FI%1] Pyrrophyta

; SR AA Cerati ,

J7IR AP eurythermal species ﬁ;ﬁ eratium furca °
BB Noctiluca scintillans ) . ° .

kA warm-temperate species =SS Ceratium tripos * °

TE: RPEERE Iy EDK BRI Be B0 K DE T IR R R AR BTRL, 073 R 1% TR AR RL I Uty BT A B V& AL H b
Note: Datasets in the table were obtained from the unpublished results from previous surveys by Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences. “e®”indicates the dominant species during corresponding survey periods.
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Tab. 3 Interdecadal changes on ecotypes of dominant
phytoplankton species

%

FAR age
1960s 1980s 1990s 2000s

B RA ecotype

J AP eurythermal species 70.6  68.8 632 77.8
WA A temperate species 17.6 188 105 11.1
WE iR Fh warm-temperate species  11.8 12,5  26.3 5.6

KEERD oceanic species 0 0 0 5.6
e TSR b BT R B 5T BE B K 5T TR R 3R

PR BRL.

Note: Datasets in the table were obtained from the unpublished
results from previous surveys by Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences.
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] LI A ) LR 2 B o =Y, B
W UL 3B IR 9 P AR RY (Proboscia alata f. in-
dica) . B T ¥ (C. densus) . R 25T B
(Pseudo-nitzschia pungens). WeHEff B (C. cur-
visetus) . % [RHA B (Actinocyclus ehrenbergii)§
mERYIA, B, R MER(C abnormis), THIf
‘B 25 ¥ (Skeletonema costatum) 5K ER Y LA St
LU (Pleurosigma spp.). i £ (Gyrosigma spp.)
SENCA Y R I IRIE B BRA 2, IR
(T, nitzschioides) . 7E WA EHE(C. affinis) 5 FEh
SRRt T

1984 4F () PR ) 2 1 e R R Y T
HELE R B, Ik 540x10% ind/m’, BRI
Kz, 53] 420x10* ind/m®, Z=EH YR 327x
10* ind/m*, ARBFFLIIHT T 1982— 1983 4R [l 45
KWLM T HAEFFL LR, MERZ, HAMET
BARM AR, DU P 52910 ind/m’,
S RIGORHC — 30 Ak, AUNEFRE, PR
H YT 2 R IR AE AR AT 22 57 21.2%10 ind/m ™!
(2009 4F) . 564x10* ind/m’*/(2005 4F) .971x 10" ind/m’!"*
(2013 4F) . 2296x10* ind/m’' (2006 4F)%:, A5 E
FRARHIAE 1998 4F, Uk 6x10% ind/m’, i
HELLE 1982 4F, ik 1679x10% ind/m’ . f L AT UL,
B —Z= T B I WAL IR B R AR AR PR B

32 EMOFKFEYKHBTHUNER

50 Aok, XS AR 5 AN KTE S
PF, FERR TR . SRIER e . KIS
F, X T A A AV K AR B R SR
Sy AR T RN B B S (R 4).

ENRFARKEEILREZ T, w5 A
1972 & 1999 3+ 28 4 ja], HPWE 22 %k, B
Wi 1089 do FrBlEEA 20 28 90 4E4R, AW
TR BER SN, & 1997 4k B2 4EWR 226 d
e > Y Wi o R BT R B T R, A
WK AR O X HEE, KRB B XS in, & R+ 77 i
PR B2, Wi ks R (N P, Si)
N 2 R0 B H AR R i ek, ORI R
Y= A BRI PR R R, ABESE R B, 5 20 i
20 8O AEAUAH L, 7E 1991 — 1996 4E 1], ] 4F 2 7
WRBIGIN T 5.4 %5, 0K PRHEHIY) F M2 4L
PEFARIFRAR T 46.7%F1 8.4%; 1 1997— 1998 4E[H],
AWM RGN T 12.3 4%, FRERZREEFE R
FRA T 83.4%F1 21.5%, BLAk, m T dxt 5248
AR Ak B AR AT T e e S, R/ e et
A 20 42 90 4EAR S BL T B AT, TR R
YIRETE S5 A R U o i mT DL, BRI AT SR i
DX E 5 ERIKOF T B RN 45 1) 038 X I i A 0 7 A Y
AFIsE, B TG R AR G .

ARG A K R, TR AR T
LI it A A AR 7 235 ) P 46 14 52 Ml (L U Neeusse ¥
(K 5 ] J3 5 e O, A B R A Bl
5 8 TR R M A RS2 R, R R 7R g s A 1Y
RAEBE . FFEEIE] | 2 () R B A I .
BT BT 1 & A RS 5 TR R T8 v A4 i A R AF
TERER R 21T [l 1997—1998 4E 1B T
$ R AR R TR IS, BE TR Y D)2 T AE
368 KIMWBI . 72 i i 1) SR, BR T 51
TR E B R LAAE, AN K A A S 3L
TV LB AL N R A S, —SE R KPR b 23 )
R REEARD AR R BT MBS, R
AN A AT & LU AE 20 tH22 90 ARARHE IR T
KU TRE, M, BIRF BN T R4S 4
Fb, It HBESE T IT4f BB K Ah AR R, 403
KA EBE(C. lorenzianus) . KBHEL 3 (Planktoniella
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Fig. 2 Interdecadal changes on phytoplankton cell abundances in adjoining waters of the Yellow River estuary
Datasets in the figure were obtained from the unpublished results from previous surveys by Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences.
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Fig. 3 Interdecadal changes on phytoplankton diversity in adjoining waters of the Yellow River estuary

Datasets in the figure were obtained from the unpublished results from previous surveys by Yellow Sea Fisheries Research Institute,

Chinese Academy of Fishery Sciences.
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Tab. 4 Effects of climate and anthropogenic activities on phytoplankton in adjoining waters of the Yellow River estuary
IR o FREE ) Wi K E/d %%J%TE/S z#@%‘ééﬂl
. b7 year cumulative (year average) (x10" ind/m”) diversity index, H{} event

period days of absence of river flow average abundances H

1960s - - 83.2 2.8 -

1970s 1972, 1974—1976, 1978—1979 86(14.3) - Wi flow interruption

1980s 1980—1983, 1987—1989 105(15) 529 2.51 Wi flow interruption

1990s  1991—1996 488(81.3) 282 23 iR flow interruption
1997 226 - - iR flow interruption
1998 142 87.7 1.97 JE/RJEi# El Nifio
1999 42 - - iR flow interruption

2000s B 201 23 JHIK I D

water-sediment regulation

T RS W R BCFORR IR T 3CHk[1-2, 15].

Note: Events and flow interruption days in the table were obtained from literatures[1-2, 15].

sol) . AR5 55 P (Stephanopyxis palmeriana), FiA
IR B (Odontella sinensis) F1 3 &R 35 BB AR B 2002 45 T R B TR KR Vb TR, itk
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YA T 2.3 45 16.8%A3E N, WK F] T 1991 —
1996 4[] 397K -0 F L] UL, BRIk v
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R ]

1 17 AR 40 114 53 A FAR 81 32 Z2 Fh R [ R
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L ong-term changes of phytoplankton community and diversity in ad-
joining waters of the Yellow River estuary (1960-2010)

LUAN Qingshanl, KANG Yuandel, WANG Jun"?

1. Laboratory for Fishery Resources and Ecosystem, Yellow Sea Fisheries Research Institute, Chinese Academy of
Fishery Sciences, Qingdao 266071, China;

2. Function Laboratory for Marine Ecology and Environmental Sciences; Qingdao National Laboratory for Marine Sci-
ence and Technology, Qingdao 266071, China

Abstract: Based on 245 samples collected in 19 cruises from 1960 to 2010 in adjoining waters of the Yellow River
estuary, the long-term changes of the phytoplankton community and diversity were analyzed. These samples were
towed from the seafloor to the surface at each site by using a standard phytoplankton net and subsequently
checked for the species composition and cell abundance under an optical microscope in the laboratory. A total of
108 species were recorded, of which 87 were diatoms and 17 were dinoflagellates. Chaetoceros spp. and Coscino-
discus spp. were the larger groups, with 27 and 10 species documented, respectively. The average total phyto-
plankton abundance during the last fifty years was 2.74x10° ind/m’, with a peak of 16.8x10° ind/m’ in the 1980s.
Diatoms dominated the community in the last century, such as the large centric diatoms Chaetoceros spp. and
Coscinodiscus spp. However, the species in this century shifted to pennate diatoms like Navicula spp. and
Nitzschia closterium, as well as benthic species like Paralia sulcata. There was an increasing trend in abundance
of the dinoflagellates Ceratium spp., Noctiluca scintillans, and Protoperidinium spp. During the past fifty years,
Coscinodiscus asteromphalus, Coscinodiscus radiatus, Coscinodiscus debilis, and Thalassionema frauenfeldii
were dominant in the community. However, the composition of dominant phytoplanktons had indeed changed and
shifted. Under the co-influence of the absence of river flow and a strong El Nifio event, the species abundances and
diversity had decreased to the lowest levels during the last century, with average values only being 87.7x10* ind/m’
(Shannon-Weaver index=1.97). During this century, however, the phytoplankton community and diversity in the
Yellow River estuary have been altering under human activity, such as water-sediment regulation, with a steady
recovery of 2.3 times and 16.8% increase over the levels at the end of the last century. This study on the long-term
shift in phytoplankton community and diversity will provide a basic background for future protection of the estua-
rine ecosystem and enhancement of fishery resources in the adjoining waters of the Yellow River estuary.
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