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Abstract: The Chang-shan Archipelago is the largest island group in the northern waters of the Yellow Sea. It significantly
contributes to local economic development due to its abundant aquatic products. In recent years, economically important
shellfish (scallops, oysters, and clams) have exhibited growth retardation, thinning, and increased mortality, which has
affected the sustainable and healthy development of fisheries. Marine microalgae are the dominant food source for filter-
feeding shellfish; they differ in size, physiological functions, and sedimentation rates, which greatly influence the regional
ecosystem food web.The microalgae size-fractions are closely related to the nutrient reserves and healthy growth of filter-
feeding shellfish. High-throughput sequencing technology can reveal highly diverse eukaryotic lineages, while significantly
reducing the errors associated with species identification, particularly microalgae. Importantly, the microalgae composition
can be ascertained at multiple taxonomic levels, including at the species level. However, some questions still remain
regarding their quantitative estimates. As the number of TDNA copies varies widely among different eukaryotes, it is difficult

to determine the abundance of eukaryotic microalgae from rDNA CN-based inferences in environmental samples. However,
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related studies have demonstrated a significant positive correlation between rDNA sequence polymorphisms and rDNA copy
numbersrate. When the size of the cell varies in a population, the TRNA/rDNA quantity reflects the biomass of that
population. In this study, the proportion of rDNA copy numbers of eukaryotic microalgae was used to characterize their size
distribution ( the proportion of pico-, nano-, and microphytoplankton ). In aquatic ecosystems, the factors controlling
phytoplankton production and their seasonal successions are the main items of phytoplankton ecology. Several factors are
linked to the growth and size-fraction structure of phytoplankton, such as the availability of light, temperature, nutrients,
competition, and parasitism.Therefore, phytoplankton structure can be considered an integrator of environmental factors.In
this study, we used the high-throughput sequencing method to assess the size-fraction structure of phytoplankton as well as
the controlling environmental factors around the Changshan Islands. It showed that the proportion of pico-, nano-, and
microphytoplankton was 42:47:39 in spring, 39:23:38 in summer, and 22:18:60 in autumn.Micromonas pusilla, Micromonas
commoda, and Ostreococcus tauri were the dominant picophytoplankton; Karlodinium veneficum was the dominant
nanophytoplankton; and Guinardia delicatula, Alexandrium hiranoi, and Gonyaulax polygramma were the dominant
microphytoplankton around the Changshan Archipelago. Moreover, Karlodinium veneficum, Alexandrium hiranoi, and
Gonyaulax polygramma were the dominant species in spring, summer, and autumn, respectively. The Mizuhopecten
yessoensis selectivity to small and large microalgae was low, while the selectivity to medium microalgae was high, especially
to Karlodinium veneficum, the dominant species in water. Environmental factors such as COD ( chemical oxygen demand) ,
DIN ( dissolved inorganic nitrogen) , DO ( dissolved oxygen) , Oil, Cd, As, and Hg were significantly related to the growth
and size-fraction structure of phytoplankton. In the three seasons, Cd and COD were significantly related to the growth of
picophytoplankton biomass; DO, DIN, and Oil were significantly related to the growth of picophytoplankton biomass; and

COD, As, and Hg were significantly related to the growth of picophytoplankton biomass.

Key Words: eukaryotic microalgae; size fraction; environmental factors; feeding selectivity ; Changshan Islands
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Table 1 The statistics of effective tags and OTUs numbers
BB

. y A ARUTHIE ST LGl AR BT
ES) G 75 paazd _ o A8 !
sﬂj (};ﬁ_ ﬁfﬁ]?& ﬁfﬁ’i 5 RS Effective Tﬁﬂ’?%f& FHKE  Q20/% Q30/% H GC IR it
2aS0Ns T1Z1N. ags il n
casons ginal fags v laes Clean Tags e Avglen/nt T GC/% Effective/%
Tags(#)
% Spring 89616 84256 82867 78709 29517683 375 98 94 44.12 87.80
X Summer 91419 85537 84179 81392 30408251 374 98 93 43.21 89.00
# Autumn 83722 79636 78711 76988 28823487 374 98 93 42.79 92.00

OTUs : 7} Z44E B TT Operational taxonomic units ; Q20 : &7 T4 LT i i K F 20 (WF AR %/NT 1% ) BB 3E 5 L Indicates the proportion of bases with a
base quality value greater than 20 ( sequencing error rate less than 1% ) in the sequence; Q30 F/R 81 HPIAE B i (H T 30 (MFHS RN T 0.1%) FFEE & [ Indicates
the proportion of bases with a base quality value greater than 30 (sequencing error rate less than 0.1%) in the sequence ; GC ; & TERS FIFEMENE (5 L The ratio of Guanine and
CytosineOTUs ; [ #AE /32K HA5T Operational Taxonomic Units ; Q20 M7 i {E Quality, /% 750 AR B i (K T 20 (M 45IR 3T 1% ) MR 7 He 5 Q30 U it
H{H Quality, F/R P HI PIRFE R H KT 30 FESRZ/NT 0.1% ) (EE 5 1L ; GC . S IEA B MELE & 1L Guanine and cytosine
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Table 2 Three dominant microalgae species in different size-fraction structure

KL LRy ATl & )= k
Size-fraction Dominant species Spring Summer Autumn
/N Z55 LN 3 Guinardia delicatula 0.245 — —
Micro- JbtR £ ¥ Islandinium minutum 0.193 — —
PRI B Gymnodinium microreticulatum 0.151 — —
2T B R Akashiwo sanguinea — 0.092 —
SERP 1L K Alexandrium hiranoi — 0.591 —
LB Gonyaulax polygramma — 0.057 0.905
Wi ZVHE Polykrikos schwartzii — — 0.035
OB Jil KW Karlodinium veneficum 0.457 0.362 0.678
Nano- =M JE ¥ Prorocentrum triestinum 0.151 0.121 0.084
W Ansanella granifera 0.048 0.128 —
TEBEEFREWE Thalassiosira curviseriata — — 0.048
TR s Bl A O Micromonas commoda 0.166 — —
Pico- /MM Micromonas pusilla 0.114 0.342 0.163
2 Je 9% W 3 Blastodinium mangini 0.119 0.057 0.231
&4 1REREE Ostreococcus tauri — 0.257 0.263
AN
MR EE RS SIS
) 0.166 0.342
oo MR R/ B R
0.457 0.362 0.678
ANRY 59 LI IR SFEFE A Lok E224 300

0.245 { 0.591 )/ 0.905 ({

2 BHNEMREE—RBMRRBE
Fig.2 The first dominant species and dominant degree of microalgae in each grain size
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Fig.3 Size fractions of eukaryotic microalgae in spring, summer
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Fig.5 Size fractions of eukaryotic microalgae in summer Fig.6 Size fractions of eukaryotic microalgae in autumn
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Fig.7 The proportion of stomach contents and microalgae Fig.8 Biomass ratio of stomach contents and small and medium

particle biomass in water of Mizuhopecten yessoensis sized microalgae in water of Mizuhopecten yessoensis
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Mizuhopecten yessoensis
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KT B 25 ) IR, UM T TR S5 A0 B PR B PR 2545 COD il Sal (P<0.01) |, S 2545 il ok s BREVR 25 460 1Y)
WHEHER A 0il(P<0.05) , B & F M IOR G B Vs 451 B A BE I R A #4428 Hg (P<0.01) FIDO(P<0.05)
AR, COD DIN DO 0il & E 4R Cd As Hg SIS AL MR A5 I 23 3178

£3 EREANREAEEEY

Table 3 Selectivity index of microalgae in Mizuhopecten yessoensis

Yy i K 5 A May 6 A June 7 A July
Species Size-fraction ~ Group  G/%  W/% E G/%  W/% E G/% W/% E
GHAEREE Ostreococcus tauri N ) 0 0.6 -1.00 0 0.3 -1.00 0 4.2 -1.00
Y/ MR EE Micromonas pusilla N 53 0 13.2 -1.00 1.4 6.5 -0.64 0 23.6 -1.00
BEKHE Pycnococeus provasolii N 53 3.1 0.2 0.87 3.2 1.7 0.30 0 1.2 -1.00
HIMIEFEHE Prerosperma cristatum N 53 2.3 0.1 0.93 1.1 0.7 0.21 0 0 -1.00
T A Y 7 Fukaryote marine clone ME1-21 /N Cib 0 3.7 -1.00 1.1 0 0.92 0 0 —
T A ) 7 Fukaryote marine clone ME1-22 7N Cib3 0.1 0.5 -0.67 12.6 2.4 0.68 1.0 1.0 -0.03
HFPE ALY TERE Eukaryote marine clone MIE1-24 7N Cib 0.1 04  -0.58 04 84  -0.92 0 4.6 -1.00
HFPE ALY TERE Fukaryote marine clone ME1-20 N 5 0 1.9 =100 0 26  -1.00 0 2.4 -1.00
ME G EREE Aureococcus anophagefferens N e 0 0.3 -1.00 0 2.1 -1.00 0 0.1 -1.00
T # R # Karlodinium veneficum il @ 909 563 023 264 115 039 951 6.0 0.88
BTk 352 & Amoebophrya spl. il Hg 0 30 -1.00 0 1.7 -1.00 0 0.5 -1.00
HEFE Ansanella granifera i ik 08 0 089 253 0.1 099 0 0 -1.00
=5 Heterocapsa triguetra il Cib 2 0 01 -075 108 0.1 0.98 0 0 ~1.00
BT B35 Amoebophrya sp2. i I 0 0 — 0 88 -1.00 0 0.1 -1.00
BRIEA4E 8 Phaeocystis globosa il ERRE 0 L1 -1.00 0 13 -1.00 0 7.1 -1.00
TR Phaeocystis rex il EMRE 0 9.6  -1.00 0 02  -1.00 0 0.1 -1.00
eI SR Thalassiosira curviseriata PN fik 0 04  -0.96 04 38 -0.82 0 0.7 -1.00
B DUSERE Tetradesmus obliquus PN fik 0 0 1.00 14 0 1.00 390 1.00
FHE VUBES: Detonula confervacea K fit 0 28 -1.00 0 56  -1.00 0 1.7%  -1.00
THAREVE Rhizosolenia fallax PN ik 0 0 1.00 36 0 1.00 0 0 —
LK R Gyrodinium dominans x 3 0 03  -1.00 0 6.3  -1.00 0 0.2 -1.00
SRR 1K Alexandrium hiranoi K g 0 02  -1.00 0 0.1  -1.00 0 36.7 -1.00
BIR L% Polykrikos kofoidii PN I 02 0 1.00 4.3 0 1.00 0 0 —
21 (4 75 3 Akashiwo sanguinea N H 0 0 1.00 2.2 0 1.00 0 0 —
G B A b o L s W K R o L B PR A < — % W DU S AR R R 8 T %
4 NEEFHRBEEREEZMERR
Table 4 The interpretation quantity and significance test of environmental factors
= ik W T 78NSl e
Seasons Size-fraction Environmental factors Interpretation quantity pseudo-F P
# /N KR 26.7 3.6 0.014
] 18.7 3.1 0.010
b2 11.2 2.1 0.046
H Vs fie 4 34.3 5.2 0.046
N b 15.6 3.5 0.030
"2 N i 28 3.9 0.014
i TEHLA 35.9 5.6 0.022
AimiE 10 6.9 0.032
K i 18.9 4.6 0.042
778 /h HhE 73.4 27.5 0.010
b 13 8.6 0.010
Ly FaRlip 38.8 6.3 0.024
PN K 50 10 0.006
Vs fiee 4 1.4 11.6 0.028
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Fig.11 Community structure of microalgae and RDA ranking of environmental factors in spring
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Fig.12 Community structure of medium size microalgae and RDA ranking of environmental factors in spring
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Fig.13 Community structure of macroalgae and RDA ranking of environmental factors in spring
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Fig.14 Community structure of microalgae in summer and RDA ranking of environmental factors
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Fig.15 Community structure of medium size microalgae and RDA ranking of environmental factors in summer
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Fig.16 Community structure of macroalgae and RDA ranking of environmental factors in summer
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Fig.17 Community structure of microalgae and RDA ranking of environmental factors in autumn
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Fig.18 Community structure of medium grain microalgae and RDA ranking of environmental factors in autumn
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Fig.19 Community structure of macroalgae and RDA ranking of environmental factors in autumn
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