EDKFERRE 2020 £ 5 B, 27(5): 547-558

Journal of Fishery Sciences of China & 17‘1:1 ‘ié i

DOI: 10.3724/SP.J.1118.2020.19285

2011 £&F. BE. M=FFMEFHREDHTEELESEEFRLE

1,2 1,2
?T:%’ , REE

- PR RSB SR OEFE T, AR A SRRl AT RS A R E SRR, IR H D 266071;
2. T IR SEAKAER LR E, Bl A2 S5 ey i R esmE, IR 7 266071

FEE: T 2011 4F 5—10 J XM i il 32 IR S 8 R HAT T 6 MHLRMEH RERsE, IR T HEREKP R
YIS 45 00, JFRI T SCRT S L o34 17 H 5 E 2N BRI MR . Il s e el
P33 78 Fh, BEEEAER . KA L 1 ANIE(E, 4300 265%10° ind/m® Al 111x10% ind/m’, FRAE I HF 3
Fhy H K 0 P78 (Paralia sulcata) F1 % 6 % (Noctiluca scintillans), X " Z #k B i 3% (Coscinodiscus) . A & 3
(Chaetoceros) . Fi# (Tripos) N5 2 W ¥ (Protoperidinium)){ B L. BARE# S, YFETE . ZRMEMY
SRR BTG KRG A Y IR IR AR E N R B B AR T T IR, X 4 Rk
CPUE JEMi 22 (19 R RE AR TN 1 76.5%, Ay, MR . ROCHFIE . BIGS R . /R 5 AP As i
BIR B W F K LA b, F /AR E L 0 T ke it B R 85 B A A R IE 0 PR o SRR, SO TR WA A VR
IR S5 B RELEA FE BE KO, XA ISRV A5 ) B LB R A IR 1 TR 2 A B BRI B L. AR A
R R SC AT 2 b A AN SE AN B A B A R e DR 22, DAV AT A PR SE T AR B 1 o B B T A R AN
LAk

KW FUEEY, BB, b L2 a
FESES: S931 YEAFRERD: A

5 RIS
NEHS: 1005-8737-(2020)05-0547-12

JE MV i i it Y AR ) S P O R R
AL BEA BT . I B R TS Y A NS Bl DL &

DA AE AR SE R, B E B R, I EY R E R

TRUFAH Y IE T R BRI Ao, HoA
ESZ NI SR 1B Sy b S DR s K S
ARG FRMIEAE it

FEERIAELLTIUA D E: R RS Rk
fF UE%?E&E%%B’JTV?EQ M) 381 ¢ 5K 5T

2t RIS A A B B W R LA
ﬁﬁ\/l\/l\ﬁliﬁl‘%thﬁiﬂﬂ[”, /NPT th(Sar-
dinella zunasi). B8 (Konosirus punctatus), 755
¥ i (Thryssa kammalensis) . ¢ (Engraulis japo-
nicus) % /N 1 20 i AR 2 B AT A (Trde-
hiurus haumela) . /N85 (Pseudosciaena polyactis)
ISRy VR B O SRR o S A 2 A R
NG ER:I

ks HEA: 2019-09-29; £3T H#A: 2019-11-15.
HEEWMB: ERELV LRI H2018YFD0900901).
EZEE N 28H 21981, RIBFR G, WFIEFEFIAE A&

T AR Y G BTG 2 kb, L Ui R B T 1 R
TR S0 e A0 4 5 e 1) 3 M A A 1) RS Aty B
Hgh by . B ORI R Y i i i B VR AR i
£ 50 ZAEARARAL W B (Chaetoceros spp.) .

51 7 4 (Coscinodiscus spp.) B AT B b v % 7 o 2
FE WAL e (Paralia sulcata). ¥ (Tripos, 5 Cera-
tium [R5 24) G (Noctiluca scintillans) U
B I  FE BEKOE8R 20 22 KR IRAR; #EE
SER PR R R R A . L, B
RESE LT 347K 8 20 22 T/ T S 2 28R,

S2A 9T . E-mail: luangs@ysfri.ac.cn



548 K 7 R

%27

XA B AL UL S AP AL | P/ L A5 R ) A2 B,
Xt S PH 5 T Sl 88 b A 0 R B HL B R T 0 A
Al SRR i JCE I . APTSEE I 2011 4F 5—
10 F e 5 g 3802 A #EAT Bl B -5 1 2 3R
SRR A, b TRMIEIRI Y AR . 2 B
SRR AR REAE, AT SCnT s Y
fifp i 15 B R B IREE Z ARR,
57 E N — 25 R B K S O B e 14 1
HEK TR 7 45 F U X A2 28 R GE B W M 45 F il
eIy A= Py R b T R A5 e A (LA ORI S
A o

1 MRBAESERSH

T 2011 4EHEFG H). EFRO6 H.7H .8 7).
B9 H . 10 H)7Eihi Sk (& Dkt T
6 ALK il B 5 5 A 8 A B LR A APl A
A, L E A 18 A, BRI AL K SO
TEIWEAEY . Wk sh o, IRAE . AR IV A
BB 2 S 80K B LY ST 6600)# 17 B
YRR o IFUEAEY PR TIT AU P2 A 0 I ()
N 0.1 m?, FHFLAT ALK 77 um) [ R E £
FRaEELHE I, JF A B 7K 7 T R R TR A
5% ERAF, LHIENI 0.5 mL WAL E T
R R TTEOHE (S L Sedgwick-Rafter T14UHE), 1M

119°E 120°E 121°E

T

39°N -
b3
Bohai Bay Bohai Sea
i 2 4 6 7
oo T T wmk
38N i3 %2 Bohai Strait
12
+
13
_l’_
18
+
37°N - ILZR
Shandong Province
+ 24\ sampling site @/f(?

P12 9EE Sl e M % D5 0 S R 5 9 A o
Fig. 1 Sampling sites of fishery resources and
habitat environments in the Laizhou Bay
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Tab.1 Dominant phytoplankton taxa during May to October in the Laizhou Bay

R S 20114F 5 A 20114F6 A 20114E7H 20114E8 A 20114E9 H 20114 10 A
dominant taxa May 2011 Jun. 2011 Jul. 2011 Aug. 2011 Sep. 2011 Oct. 2011
i ¥ diatom
BIIEFTEE Bacteriastrum hyalinum 0.020
EBRMTLE Chaetoceros affinis 0.032
JRTE AW Chaetoceros compressus 0.020 0.011
FHIfEH Chaetoceros debilis 0.023
[BI#: B Chaetoceros teres 0.023
EIFBE G Coscinodiscus asteromphalus 0.011 0.033 0.030 0.128 0.067
RSP Coscinodiscus radiatus 0.023 0.046 0.415 0.748 0.204 0.130
M 48 8 Dactyliosolen mediterraneus 0.402
HIC WM Ditylum brightwellii 0.012
FEHILNW. 3 Guinardia flaccida 0.021 0.410
WiIRJLN W ¥ Guinardia striata 0.045 0.699
ZR0E L e % Helicotheca tamesis 0.052
PHEMEEE Leptocylindrus danicus 0.012
HAEWAPLEE Paralia sulcata 0.017 0.017 0.019
RIRIGLEE Thalassionema frauenfeldii 0.019
R E =3 EEBE  Trieres chinensis 0.094
H 3% dinoflagellate
W IG#E Noctiluca scintillans 0.017 0.088 0.190 0.018
JZ W ¥ Protoperidinium spp. 0.025 0.020 0.018 0.029
SCIRFAEE Tripos furca 0.026
WRIE MW Tripos fusus 0.012 0.012
RIRMABE Tripos muelleri 0.012 0.029 0.088

TE: RPBFIR YR AL .

Note: Figures in the table are the dominances of the species.
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Fig. 2 Horizontal distribution of total phytoplankton abundance during May to October in the Laizhou Bay
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Fig. 3 Monthly variations of the phytoplankton abundance and diversity during May to October in the Laizhou Bay
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Fig. 4 Horizontal distribution of total CPUE of major pelagic fishes during May to October in the Laizhou Bay
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&2 GAM N3 RESHRARESY
Tab.2 Parameters in the GAM setup and in the final model

BRI T PR TREMBR/ % BRREMRR% X AR
} .. individual deviance ~ cumulative deviance EIE EN:EDES F P
stepwise additive factor . .
explanation explanation GCV value edf
A month 52.3 52.3 7.6675 3.099 12919 5.24x10°%""
W FIRE sea surface temperature 32.1 60.9 6.4824 4953  4.547 5.46x10°47
BOEHE: Noctiluca scintillans 3.3 70.2 6.0789 6.382 4.096 7.60x107*""
FFIAEY B E ¥ total phytoplankton 4.2 72.1 5.946 1.000  0.883 0.350244
[ % Coscinodiscus spp. 21.3 72.6 5.977 2.683 2.715  0.049939"
EAEMAHLEE Paralia sulcata 17.7 73 6.0302 1.920 1.433  0.201506
¥ Tripos spp. 13.1 74.7 6.1075 3.426  1.623 0.185684
ek 9 1 0.638 76.5 5.9606 1.000  4.586 0.035321"
ratio of dinoflagellate to diatom abundance
T *xx P<0.001; **: P<0.01; *: P<0.05.
10t 10+
g 5t ~ 5t
é 0 r é 0 L
- el ' 2 =5y
10t -10t
_15 i e 1 A1 . Al 715 L 1 I T T I 1 111 RN TNV 1 § AT NI TTTTTTH T - Ll
5 6 7 8 9 10 10 15 20 25
H 43 month HFFRIREE/C sst
7 10 T 101
S 5t E 5t N
£ o g of —
5 sl 5 Sl -
Z -10f S -10f
? _15 BRI Ll oulmiyo1onl 11 11 1 @ _15 L I T TEITNTE 1 1 ' 1 1
0 1x105  2x105 3x10° 4x10° 5x10° 0 5x105  10x10° 15x105 20x10° 25%10°
BE¥E/(ind/m?) Noctiluca scintillans [ 5%/ (ind/m?) Coscinodiscus spp.
10 I
o 5., .0 __/j«f_,-f"”/"’/—;’j’-’_’,"
E ok '
- 5P
-10
-15

p—u ) w1

0 5

10 15

FARESE L ratio of dinoflagellate to diatom abundance

K5 GAM LRl F A8 b i ~F- e ok R4

Fig. 5 Smooth functions of predictor variables in the final GAM model
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Tab.3 Variation on the phytoplankton abundance in comparison with previous literatures in the Laizhou Bay

A VERLy PR X ¥y F /(< 10* ind/m’) RAETT
year month survey region average abundance sampling method
1960 5 H May 3N 5 R T A 42.46 MK net tow!"!
8 A Aug Laizhou Bay survey 48.04
10 A Oct. 148.21
1982 5 H May 1102.35
8 H Aug. 2319.6
10 A Oct. 388.65
1992 5 1 May 33
8 H Aug. 350.37
10 A Oct. 118.67
2002 5 7 May 23.05 % net tow!'?!
8 H Aug. 1527.59
2011 5 H May 264.7 AHFFT this study
8 H Aug. 27.68
10 4 Oct. 92.93
1997 9 H Sep. RIS TR IX 139.374 (&) % net tow!'!
eastern mariculture area 687.35 (% 5))
2009 57 May T K IR 8.05 MK net tow!"®
8 J1 Aug. nearshore waters 2268.47
10 A Oct. 562.01
2016 5 H May SV PE R 79.96 MK net tow!”!
9 A Sep. western Laizhou Bay 574.54
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Phytoplankton community succession and its relationship with the
density distribution of major pelagic fishes in Laizhou Bay
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Abstract: Six surveys were carried out to investigate the fishery resources and their habitat environments from
May to October 2011 in the Laizhou Bay. Phytoplankton samples were collected using a standard vertical towing
net (mesh size 77 pm), followed by the addition of formalin (approximately 5% final concentration in each sample)
for preservation. Habitat environment was measured in situ with a Multiparameter Sondes (YSI 6600). Phyto-
plankton species identification and cell enumeration were performed with an optical microscope. Phytoplankton
community succession from spring to fall was clarified and its relationship with the density of major pelagic fishes
was revealed by generalized additive models (GAM). A total of 33 genera and 78 taxa were recorded, with diatoms
and dinoflagellates accounting for 85.9% and 14.1% in the total taxa numbers, respectively. Most of the species
were eurythermal, and some were warm-temperate ecotypes, such as Chaetoceros brevis, Guinardia flaccida,
Proboscia indica, and Rhizosolenia styliformis. Others were warm-water and oceanic species, such as C. /loren-
zianus and Coscinodiscus excentricus. Two abundance peaks formed in the spring and fall seasons, with the values
of 265x10* and 111x10* ind/m’, respectively. Monthly abundance from May to October was 265x10*, 53.1x10*,
27.1x10%, 27.7x10", 111x10*, and 92.9x10" ind/m’, respectively, with the diatoms accounting for 80.8%, 76%,
54.5%, 87.8%, 86.6%, and 68.7%. The monthly averaged ratios of dinoflagellate to diatoms abundance was 1.15,
1.13, 2.54,0.23, 0.17, and 1.42, peaking in July. The dominant taxa were Paralia sulcata and Noctiluca scintillans
from late spring to early summer, Coscinodiscus, Chaetoceros, Tripos, and Protoperidinium from middle summer
to middle fall. Monthly Coscinodiscus abundance during May to October was 80.7x10°, 31.8x10°, 124x10°,
219x10°, 398x10°, and 188x10° ind/m’, respectively, with the diatoms accounting for 32.7%, 18.7%, 34.8%,
51.7%, 49.3%, and 32.3%. Chaetoceros abundance during May to October was 4.54x10°, 8.57x10°, 19.9x10°,
22.4x10°, 250%x10°, and 63.7x10° ind/m’, respectively, accounting for 0.24%, 4.29%, 5.74%, 12.1%, 15.7%, and
13.3%. P. sulcata abundance during May to October was 78.3x10°, 23.8x10°, 1.31x10°, 10.5x10°, 0.23x10°, and
1.24x10° ind/m3, respectively, accounting for 4.14%, 9.64%, 5.49%, 15.9%, 0.045%, and 0.42%. Tripos abundance
during May to October was 2.85x10°, 0.23x10°, 0.57x10%, 3.76x10°, 68x10°, and 124x10° ind/m’, respectively,
accounting for 0.24%, 4.29%, 5.74%, 12.1%, 15.7%, and 13.3%. Protoperidinium abundance during May to Oc-
tober was 0.2x10°, 0.93x10°, 7.13x10°, 7.46x10°, 20.4x10°, and 33.7x10° ind/m?, respectively, accounting for
0.032%, 0.39%, 3.36%, 5.42%, 2.8%, and 7.77%. The species richness, diversity and evenness increased markedly
from late summer to middle fall. They had 72%, 70%, and 29.6% increases after August, respectively. The GAM
analysis was fulfilled in the mgcv-1.8 package by R software. The stepwise optimized final model, as explained by
environment and phytoplankton factors, clarified a sum of 76.5% deviance to the total CPUE (Catch Per Unit Ef-
fort) of four pelagic fishes (Sardinella zunasi, Konosirus punctatus, Thryssa kammalensis, and Engraulis japoni-
cus). There were significant differences in the five predictor variables of month, sea surface temperature, N. scin-
tillans abundance, Coscinodiscus abundance, and the ratio of dinoflagellate to diatom abundance, with stepwise
deviation explanation of 52.3%, 8.6%, 9.3%, 0.5%, and 1.8%. It is clear that the long-term variations of the
phytoplankton community structure and abundance level have made positive effects on the sustainability of the
current status of fish communities and fishery resources in the Laizhou Bay. This study provides the baseline data
and evidence from the view of phytoplankton diets, for further discussion of the factors that influence on the re-
cruitment and food web processes of the fishery populations in the key habitats.
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