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Abstract: In order to obtain a better understanding of the ecological status and changing characteristics of the marine
ecosystem around the Shengsi Islands under human activities and global warming, we collected net and water samples of
phytoplankton and analyzed environmental factors in autumn 2020 and spring 2021. A total of 6 phyla, 54 genera, and 105
species were identified, including 68 species and 33 genera of Bacillariophyta, 30 species and 14 genera of Pyrrophyta, 2
species and 2 genera of all Cyanophyta, Chrysophyta and Cryptophyta, and 1 species and 1 genus of Chlorophyta.
Skeletonema spp. was dominant in spring and autumn, especially in autumn with dominance at 0.975. The average cell
abundance in spring ( (7.17£7.78) cells/mL) was significantly lower than that in autumn ( (77.23+73.44) cells/mL).
The Shannon-Wiener diversity index and the Pielou’s evenness index were higher in spring than in autumn. Spearman
correlation analysis showed that phytoplankton abundance was significantly positively correlated with water temperature and
transparency, but negatively correlated with salinity. Redundancy analysis revealed that phytoplankton community was
highly associated with temperature and nutrients. In addition, a total of 4 phyla, 46 genera, and 94 species were identified
using the net collection method, with diatoms accounting for the greatest proportion. The average cell abundances in spring
and autumn were 838.17x10° and 19406.43x10° cells/m’, respectively. Skeletonema spp. remained the dominant species,
with dominance higher than that in water-collected samples. However, the diversity and evenness indices in autumn obtained
from net-collected samples (0.23 and 0.05, respectively) were lower than those from water samples (0.38 and 0.10,
respectively ). Compared with the survey data in 1990 and 2007 using net collection method, we found that phytoplankton
community around the Shengsi Islands in spring and autumn has undergone significant changes in the past 30 years. The
abundance increased significantly, although the proportion of diatom and dinoflagellate species varied nonsignificantly; the
warm-water species number increased markedly; the dominance of Skeletonema spp. increased; and the diversity and
evenness indices decreased. These long-term changes in phytoplankton may be largely related to the intensification of
warming and eutrophication. The concentration of dissolved inorganic nitrogen showed no significant change in spring, but
increased significantly in autumn. Dissolved reactive phosphorus concentration decreased significantly in both spring and
autumn. Consequently, N/P increased significantly in both spring and autumn. The changing trend of phytoplankton

indicated the ecological and environmental changes around the Shengsi Islands under eutrophication and warming.

Key Words: Shengsi Islands; phytoplankton; environmental variables; eutrophication; long-term change
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Fig.1 Sampling stations and horizontal distribution of phytoplankton abundance around Shengsi Islands in spring and autumn using water

and net collection methods
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Fig.2 Sampling stations around Shengsi Islands in spring and autumn in 1999 and 2007
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Pielou B2 EFREL(T')
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x1 B HSKRZHEYHRBEF (Y ERKH 10 DF) BEHERE(A/mL) FIRBE(Y)
Table 1 Abundances ( cells’ymL) and dominances (Y) of dominant phytoplankton species ( the top 10 species with the highest Y) in spring and

autumn using water collection method

TR {3 Fh %72 Spring #Z Autumn
Number Dominant species 1y £ Abundance Y EFiquftX‘F Abundance Y
1 HoH IR AT 3 Bacteriastrum mediterraneum — — 0.04+0.06 0.0003
2 JEBEFA LY Chaetoceros curvisetus — — 0.09+0.20 0.0004
3 J& BRI 3 Cocconeis scutellum 0.04:£0.04 0.0026 — —
4 BRI Coscinodiscus jonesianus — — 0.05+0.05 0.0005
5 il B8 Coscinodiscus marginatus 0.06+0.08 0.0045 — —
6 RS R 9 Coscinodiscus radiatus 0.13+0.15 0.0139 0.03+0.04 0.0002
7 GG Lauderia annulata — — 0.14+0.22 0.0008
8 INAIAEE Leptocylindrus minimus 0.33+1.11 0.0039 — —
9 § 223 Lyngbya spp. 0.84+2.78 0.0098 — —
10 EL4E#EE Melosira spp. — — 0.05+0.08 0.0003
11 FIEBE Navicula spp. 0.04+0.06 0.0017 — —
12 LIRS Paralia sulcata 1.46+1.68 0.1522 0.13+0.18 0.0007
13 HEE SR Z I # Protoperidinium conicum — — 0.05+0.08 0.0003
14 ‘B 5% 8E Skeletonema spp. 2.88+6.84 0.3009 75.30+£73.48 0.9750
15 JER I GE#: Surirella kurzi — — 0.05+0.07 0.0004
16 LT RE W Trichodesmium erythraeum 0.83+2.76 0.0097 — —
17 YRIEFEBL 3 Tryblioptychus cocconeiformis 0.05+0.06 0.0049 — —

®2 HUFFERFHEWRBR (Y ERKMN 10 D5 BFEHEE(x 10°4/m®) MERE(Y)
Table 2 Abundances (X 103 cells/m®) and dominances (Y) of dominant phytoplankton species ( the top 10 species with the highest ¥) in spring

and autumn using net—collection method

= 3 Fh 28 Spring #Z Autumn

Number Dominant species SE44FFEE Abundance Y SEH4FEE Abundance Y
18 IR BWE Chaetoceros lorenzianus — — 17.7427.20 0.0007

19 i H [R5 3% Coscinodiscus argus 8.75+10.67 0.0087 — —
20 S REITE#E Coscinodiscus asteromphalus 48.46+114.27 0.0530 4.43+7.32 0.0002
21 HFBATHEWE Coscinodiscus bipartitus — — 6.04+10.04 0.0002
BEICIR T C. jonesianus 78.39+184.08 0.0857 16.68+12.72 0.0008

TR C. radiatus 79.70+187.67 0.0951 — —

22 I Coscinodiscus thorii 13.06+30.15 0.0078 — —

23 PGB Noctiluca scintillans 16.29+19.76 0.0113 — —

12 FLAEHIEE P. sulcata 35.35+51.51 0.0281 — —

SR EALAR

2 iﬁaﬁjﬂfi;r\z;[;j Vj:ﬁ. duodenarium 17.59+39.40 0-0035 o o
25 FHNZEIEE Pseudo-nitzschia delicatissima — — 11.86+14.32 0.0004
26 ERIUARAE W Rhizosolenia styliformis — — 5.72+7.88 0.0002
27 RIFENBICFEE Schroederella delicatula f. delicatula — — 11.81+35.89 0.0002
14 B 4B Skeletonema spp. 470.87+674.72 0.5150 19203.20+25463.98 0.9895
16 LT B T. erythraeum 29.86+81.04 0.0059 68.32+78.23 0.0026
28 HRECHEHE Trichodesmium thiebautii — — 12.04+18.35 0.0002

23 FfE

UG 37) B VAR T K R PR AR P IR BN (7.17+7.78) A/ L, fi i {ELHH BAE Z8S15 36 437.(26.70 1>/ mlL)
S ARAE HH BRAE ZSS04 25437 (0.18 ~/mL) 3 FRZEAK R I WEAE Y T2 42 K (77.23+73.44) A~/ mL, e S (E H ILAE
78821 37 (269.50 ~/mL) , FeflAG H BLAE ZSS08 #17 (20.04 ~/mL) o KR A s, F 2R S XA T
FE IR R TV, AR WUREE VG b 7 T v el s B R (B X KR AE R OR AR 1 AN I R X R 2
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R s (K1),

W% 5 25 B, BRI T YU BN (6.21—4051.85) x 10° >/m? | -3 2 3 Fy (838.17+£1168.50) x
10°4>/m? , (B X S BEAE B 00 B3 R /) 88 D A P vl s Bk 2 =F BE Y B (415.65—96264.00) x10°1>/m? | -1
FJE K (19406.43+25561.74) x 10°4~/m’ , B {E X H B 88 £ Rk (1 1)

2.4 ZFEMERISIE

U 371) [ VA 3 K R PR AR ) Shannon-Wiener Z2REEFEEC(H') Fl Pielou 5] EFREL(J) YWAFE B E Y
ES . BEH M JHEME S 1.95£0.90 F10.55+0.24) ¥ TR (40514 0.38+0.34 F10.10+0.08) .
H'H S B X R ZE A T AR 5 AR 0035 LA B e 5 0 ZR AL 3, BRI 07 AR A 5 AR ALk

WKl 2 o, B2 A J R 43590 1.98+0.55 F110.55+0.11, & i X 7R RN 1 5 Dl 1 22 ]
BRI Bk 2 1A ]SS40 40 51 A 0.23+0.18 F110.05+0.04 , 15 1 XA /1N I8 F0 T e 55 T 30 e,

25 MEFTER

ANOSIM Z5 53R B BARIKCR I IEAE W E 7% 2 % 22 5 0 2% (R =0.500, P=0.001) , SIMPER 43 #745
W PRI AR R 0 7 A 22 S ) E TR Rl i A5 i R IR e 20 R B e B 22 e PR SE [RE
HTTERAE 5 3 R 53.0% .9.2% 3.1% 3.1% M 2.1% . & Tk RIE WD RE IS A B A B % 2% 5% (R=
0.650, P=0.001) , SIMPER 43Hr3H] B 458 2000 A B A IAR S  BOGEE RN [CMA B B2 2RI
VIS AR 25 5 00 = mTmk A, TR N 10.7% .6.4% 4.7% 3.9% F1 3.9%

2.6 WHIEHT

K-W #5045 58 R0, B DRP #1 N/P &b KR EhEE AW B PRI DIN =75 22 5 .35 (P<0.01) . &
AR BIEYIRE (P<0.01) & TRk, B2 KR & W BE A DIN &3 (P<0.01) R T8k 2= (3% 3) . Spearman
AT R KR IF WA 2 Sk IR RS W B 5 8 3 (P<0.01) IEAHOG, S R B 3 (P<0.01) fAl 5%,
DR SR VT A ) B 57K IR AN DIN 2 5225 (P<0.01) IEAHDC, S EE R IF Y 2 i 3% (P<0.01) TAfHC (3R 4)

®3 B NFRNY SEHREETF CFEARER)

Table 3 Environmental factors around Shengsi Islands in spring and autumn ( Mean+SD)

B JK Ik . %v
e I A Y B DIN/ DRP/
S Water Salinit T y Suspended ( VL) ( L) N/P
fe n alini rans ren m m " m 4
caso temperature/ C Aty ansparency solids/ (mg/L) pme Hmo
# 2 Spring 16.9+0.6 27.99£1.27 0.36+0.49 241.67+£90.09 35.77£5.61 0.25+0.11 161.6£51.2
FXZE Autumn 19.6+0.4 23.15+1.70 0.56+0.23 114.67+95.30 45.17+3.82 0.27+0.11 194.3+68.8

DIN. %A ICHLA Dissolved inorganic nitrogen; DRP TG PEE R EL Dissolved reactive phosphorus

R4 B USKRZHEYEESHERTFH Spearman 83X 5347

Table 4 Spearman correlation analysis between phytoplankton abundance and environmental factors

KR N -
st Hhpr W by
= Water i BIE I DIN DRP N/P
Variables Salinity Transparency  Suspended solids

temperature

AR o
Water-collected abundance 0.619 -0.610 0.554 0.338 0.382 0.161 0.336
o) K =
PR+ 0.701 ** -0.741 " 0.304 -0.438" 0.533"" 0.111 0.154

Net-collected abundance

DIN. %f#ICHLA Dissolved inorganic nitrogen; DRP . T B IR LR Dissolved reactive phosphorus; * T’fﬁrﬁ‘}”i( XY A 0.01 ﬂﬂ',*ﬂjﬁ[‘i%ﬂ
I

2.7 7RISR (GAM) 43 Hr

5 BN TR KRN MR TEIAE Y F B 53 AIC i/ H R BUR B A R e KW S A i 8
FEEEE g AR 5K DRP & B E M5 (P<0.05) , i 5 HABIM S R FAI S MEA 3, B ) BT
TN 67.8% , Horh K Ja T = AR AL A i B B i, M 58.6% o R B 5K IR B 2 (P<0.001) A& | K IR 2
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Table 5 Results of generalized additive models

A% 7

Ty 2R
] 7 Selected
Nz | electe edf P F AlC R Deviance
Dependent variable independent .
X explained/ %
variables
KK F BE Water-collected abundance IK R 1.857 <0.001 35.252 29.48 0.632 58.6
DRP 1.000 <0.05 6.212 9.2
IK K FEE Water-collected abundance K 1.582 <0.001 23.082 95.35 0.528 55.9

edf; {51 A H B Estimated degrees of freedom; AIC;. TR fE BN Akaike information criterion

2.8 JUARSHT(RDA)

SRR R R B —HE P AITE HEFP R P /N T 0.05, B8] RDA HEFP 25 A5 . XFACR IR iE
TP RDA St 25 SRR W1 55 —HE 7 Bl i B T W Fh SO 48 25 S 1 71.8% , A 3 I W) ol 5 R 358 4 OC R BCH
0.9540, 2 —HE Pl BE T PR AR B 25 5 10 3.3% , B 2 B Rl S5 RS A OC R BN 0.7233, FiE AN HE P 5l 82
THRRE 77.9% b 53 2 [ 19 6 £ . 7KIR DRP I N/P K i35 (P<0.05) 52 MR 51) 5 s 5 Fk 227K R
TR RE TS PR IR T R 20 1 M 65.5% 4.3% 1 3.1% , 257K R IF- Ui W) 22 B0 3 55 7K I, . DRP
FIN/P B AAHIC, PIZEAT B S Rh - £ v | LA 17 she AR S5 158 0 38 5 /K R N8 2 3 JC I B AH DG, T I iX
SERP IS B AE R SRR T8 AN 5 52 BIK IR VS FR 3R SR BRI BKZR /KR PRI AR W) 22 B 5 55 K
I \DRP 1 N/P S IEAHIC b i 4 AR B G B i e 55 /KR E AR OG T 5 DRP ST B W AH G | e B X Se h
I8 HA TS AR R A EE (B 3)

XS IR ) RDA A 25 R W, 56 —HE P e T A B 22 519 59.6% , B0 % I ) 5 R 5%
R FRECHR 0.9414 55 —HEP Rl e T PR BTG .22 52 10 4.2% , 605 W Fh 5 BRBEAH 2C R B0k 0.7559 , /i
ANHEF il 2T 68.9% A SRS Z [ A R, /KRN B 35 (P<0.01) 52 IR0 51 15 W 3 Rk 23 IR R
TR RS IR I T Rl 55.1%, £ HE i M R B3 5K E R EMHSC, R ENHE G ISR’
TLAEHNERR K B A3 T RO BB /K TR SR OG , B K IR ) BRAIG, RO B 34 i, 28 BH RO BRE RAIK
F7K B AL (B 3)

2.9 SIS BORY AL

T 1990 4F [ A A R 4E NH,-N %5485, [k DIN {U2 7% NO,-N Fl NO,-N, LA Z ANOVA 7 #rgh i3k
BT, M\ 1990 4F 2007 41| 2020—2021 4F-, DIN ¥k B /£ AR {0 1 25 P38 43 51 R (30.27£7.56) |\ (24.33+
9.79) F1(25.38+5.78) wmol/L, ZE#K Z it # (P<0.05) LT+, FH4{E 551 4 (31.99+5.60) | (34.15+9.64) Fil
(41.17£3.09) wmol/L, DRP ¥ ¥ 7E 4 Fk 2= .35 ( P<0.05) T %, 1990 4E 2007 4Ffil 2020—2021 47
DRP ¥ i 1P 248 3 51 4 (0.49+0.11) . (0.61+0.16) F1(0.25+0.11) wmol/L, Bk Z= -2 23514 (1.02+0.13) |
(0.94£0.23) F1(0.27+0.11) pmol/L, N/P 7645 Bk 1 2 (P<0.05) L7, 1990 4 2007 4F-F12020—2021 4%
FZEN/P TV-HIE 58 66.9+24.6 40.1+14.8 Fl 111.0+29.6, Bk 7= -2 40 5 K 32.1+£9.0.36.4+6.5 Fil
179.4+67.9 (K 4) .,

HHZ ANOVA 255K W] M 1990 4F 2007 4EF 2020—2021 4, I Y) - BEAE R KB R B3 (P<
0.05) FTF, BHEZEPRUHA Y V-2 3 B2 43 5120 (0.07+0.04) L (77.03+113.52) F1(838.17+1168.50) x 10> >/m’, k
Ze ST E A3 0R (159.37+£200.21) | (34.80+19.65) F1( 19406.43£25561.74) x 10°~/m?® . H' 1852 W% (P<
0.05) %, 1990 4 2007 4FH1 2020—2021 4F B FA4ME 40507 2.91+0.41 1.69+0.72 1 1.98+0.55 , H' 7EFkZ: A5
b4 2 (P<0.05) ,fH B I FH ek R S IE 518 0.47£0.56 ,2.51+0.75 F10.23£0.18, J' HEHRZER
2 (P<0.05) FF#,1990 4F- 2007 4F-F1 2020—2021 4 H9-F-34ME 531 8 0.77+0.10,0.49+0.21 1 0.55+0.11, J'#F
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Fig.3 RDA ordination of dominant phytoplankton species with environmental factors in spring and autumn
1—28. fi#Fh dominant phytoplankton species; S: fo Spring; A Fk 2= Autumn ; TEM ; IK IR Temperature; DRP W 1 5 52 £ Dissolved

reactive phosphorus

KA 2 (P<0.05) , HICH] W 1 FHal T k35 -3 H 43314 0.14+0.18 ,0.81+0.11 F1 0.05+0.04
(Kl5),

1990 4 FZETRIFA Y AP ECK 30 B, HhRERN 24 B, Fr b7 LL 13551 80.0% , ik 6 B, FF i L
12 20.0% ; Bk 3=k 32 Ffr Ho i i 26 Fl(81.3%) , 3 5 #1(15.6%) , 2007 4EBZ=IRIAAHYI RN ECH 26
Filt, Hod ke 18 Fl(69.2%) , ¥ 4 T (15.4%) Bk 2y 40 i, Horp ik 26 F(65.0%) , 134 12 #(30.0%)
2020—2021 4EFZTRUHEYI RN ZRECR 47 F, Hod ke 42 Fh(89.4%) , B A FN (6.4% ) ; k20 70 Fift, H
Wik 53 M(75.7%) W3 15 B (21.4%) . 1990 4EFZ=kdE T i R 5 oo 68.7% H1 31.3% ; Bk Z= 1k
OB EE S A2 99.997%F1 0.003% , 2007 AFEFF At e | R 2 B8 o5 be A3l o 99.1% F1 0.7% , Bk 2= 1k
W N 79.4% F1 14.2% , 2020—2021 4EFHZrk e 3 E R 5 H 20 ok 92.49% K1 2.0% , Fk
etk R B 7 LB A3 99.54% F11 0.05% (&15)

1990 SEHBE B IR UL Y EFA 8 Fl, 75| RO Bt G B 07 3% . 45 A FA 3 ( Ceratium breve ) & 4 5 7
MR R ( Coscinodiscus oculus-iridis) 1283 ( Ceratium fusus) B2 H B i B FFCE 5%
B 1R ;2007 SEHEZEILAFD 3 B, 43 B8 E Ak EE B 5 0 s RTOR [ 0 8 , BB A SRR 5 R, 25kl Ak
ﬁﬁf\[ﬂffﬁ??ﬁ( Coscinodiscus spinosus) VEESE IR 7 9 ( Coscinodiscus concinnus) L 75 L [BR O ghe RNAR A . 2020—2021
AEFZRLIATN 5 B, 43 A0 B A0 HR ST IR Bt D60 7 i | L % IR s AR EL R o 8, B AR AR 1 2%
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Fig.4 Comparison of nutrients in spring and autumn in 1990, 2007 and 2020—2021
[H]— =97 AR /NG FRER R 25 5 1 2 (P<0.05)
1A (ES),

ANOSIM £5 53600, 1990 4F 2007 4E 1 2020—2021 4 (74 Bk =77 Ui At 4 Bk v 20 B4 2 '8 3% (P =0.001)
#5% ., SIMPER 43#r25 L0, F 2=, 1990 41 2007 4 17 Ui A Y0 BE V% 7= A 22 S5 1) 365 2 5Tk 40 b J2 B LG IR
BE MR (B 07 i 2%l | (B O ol R b [ 65T B ( Biddulphia sinensis ) , e 5Tk 5 310 28.2% 14.5% |
11.4% [7.1%F1 6.9% ,2007 4F-H1 2020—2021 4F- 77 We Al Py #F V% 77 Az 25 5 0 J2 22 o Bk ) b 2 B 2% L S 132 o
e LA R g8 | 7O T N B LG IR O e, L STRRR A R 14.8% .8.3% . 7.7% .6.7% F1 6.3% ; Fk 2%, 1990 4F FlI
2007 AF P WA PIRE VR 7 A 25 S 1) 32 TR PR B A5 T A IR O R S [ O R e L [ O R e [
W ( Coscinodiscus centralis) , LTI 91M 21.3% 15.9% 11.8% .8.3% F1 5.3% ,2007 4EF1 2020—2021 4E 77
TR I8 7 1 22 S () E L TTRR) M 1 2R 20T o T Bt I [0 7 ol A e TBR0 7 v 0 7% TG A B e, HE ook
RAYHIA 17.5.6.7% .5.4% 3.8% K1 3.8% , ] UL, B 4% i A0[RI i e 2 BE VR AR AR RO BB R R R, S5 00, R %
LRI KA N 1990 4EF1 2007 4E 1 6 FhIGHN 2 2020—2021 4E 12 Fl, BKZEI M 1990 (1) 10 2007 4E£ 16
RGN ZE 2020—2021 4E1Y 22 Fifr,

3 it

3.1 IR YRETE AL 2 4 T

UBEIVY B1) £ V3 2R KR IR A - B R 7.17 A/, IR AR Tk Z (77.23 4~/ml) . BKFAT S
¥IFEREER 75.30 /mL, 5 EFERER 97.5% , AR 2B AR E AR 2.88 A~/mL, d B F R 40.2% , =
W5 BT R AO F B 25 1 B i A ok, X 5 DMERF e 85 SR — 80 (BRI 4R 3 o R 15 AR
LRI A FEZ] (1.94£0.70) mg/m® B B35 FAAZE (1.44£0.62) mg/m* | X 5 EF TN —, X
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Fig.5 Proportion of specie number, relative abundance, diversity index and relative abundances of main dominant species in spring and
autumn in 1990, 2007 and 2020—2021
[l —=4_ EARAY/NG FRHMUK 22 R .35 (P<0.05)

PR S K 2 2 R A W S8 N T PR T B A (R AR I B, S B 2R a WOE IR R B E T
15 o Spearman FHICIT TR FREALY) F R H/KIR G B IEAHOC M S EE B B UAHOC (3R 4) . B AL
KEGEIREEZN 25°C  RESERRIE/NT 23 M4 F R ORI B0, R 3 iR, 3K IR (16.9C) BEIK T
FKZE(19.6°C) , FFFEh B (27.98) W3 & TAKZR (23.15) o AHEL T 472 BRI FNER BE A R T8 2R 9 i A
KOS, RS TR R R, WS An B 208 R {ELIX 2 207 T Il 51 8% 10 3 ) R Pl
7 1), AT BESE AR R 1) PY AL 7 ) 7 JE 1) 3 P M K, A0SR 31 2 303 0 A L T 37 1 41 B o 1 2 T R
WER AN . FTE I (0.36m) AR T AR (0.56m) VR & IR AR B . AR DGR A3 Hrid 32
FRUFRLY) 4 S W R B B IEAR O SRR S i B UG, U BRIV AR AR R 5 A i R B R T A
W, B i S EOK R I GBI RE TR D AR, R TR AR . GAM 4R R, KR
1 DRP 2SN 7 i AE ) ~F AR A0 2 SRR N, Bk A e 1K i o2 W2 38 9 R T JBE R Ul L AT M) T
SRBEIRREEIE Y RSB R IR Y B m T AR R (R 3 MR S) .

Lo ST/ R LN T S = o SN (LT EE AL AR R SN CRE2 I R E AN S T
eI IR IRV S5 A ™ e 25 S 1) ST B, Horh B 2R BRI TR A 53.0% R T HAR SR, /T
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TR IR Y B AR LR AR AR RDA HEP B 5K IR E FRE E I B A (R 3) . MR Bk
SETR e A | (EUBK 25 A vl B4 7K T AT I A B 1 St T LS AR A O B R e =R BE o ERIR 488 T ik
TR, LA AR W T 05 B T BB AR SS KRR 8 R R BT A BRI A B
JE 7 ORI B BE (500 h 20.3% F1 0.1522) , 2136 6 2 BRI B K B, PR ZE 40 R B, B R Fh (Y=
0.0097) , FFE 4 0.83 4/mL, SCHAFIA Y FHEF KT R H T Dk i 52 i B BE /N T8k % | i T4k
AR 55 52 B TLAR i i A VL RK ™ R 52 ) | 26 2= BN R IZ KR AR TR, IS
TR R R 2K S AN KA AR B[R 2 R 2105 SR B e A WK Fh . 52, 33 Wi o 1 4 VT iR ok
T DY 1) 53 Y e A T A 22 B AR K B R RSN T PRI R, 7] RDA HEIPAS R — 8, KR FNE R
AR S R B1) S Vi B R R PR IR ) RV AR SR IR DR, H AR AR e T
3.2 PRI REE SRR R

M 1990 42007 4§ 2| 2020—2021 4, F 2RI 51 & ¥ 5007 A = 2K 0.07x10°4~/m* [ 77.03x10° 4~/
m’ EFHZE 838.17x10°4/m* , Bk ZE I 159.37x10° 4/ m’ FREZE 34.80x10°1/m’ J5 , 5 I F+ £ 19406.43% 10
A/m* (B S) o RIS & Sk 77 W) F BE e A 5 KT 0 AR i — 8 7 X T e 5 AR B

BEFAINEA OC, AL B, A 1990 4F 2007 4EF] 2020—2021 4, # 2= DIN ¥k B JC i & 2 1k, Bk

DIN ¥ & M 31.99umol/L 34.15umol/L 3 FTF & 41.17umol/L; 7 Fk 7 DRP ¥ J¥ ¥ i & F R, (B4 & T 7%
TR A K A AR B ( <O.1pmol/L) ) AU I 8 2% BT, H M 66.9 .40.1 EFFZ 111.0, FkFM 32.1,
36.4 FFFE 179.4 (K 4), Jiang %5 O HFFE T 1959 4EF] 2009 4F 5 Z5 VT 11 K AT W 3ak 77 Ui 4 0 A v A 430
AR, K BUAE B E SRR A5 00 N IR ) R SR T . Zhang 5 JEAE T 2004 4EF] 2010 4FEH B
VS IF A RETE L, OF 5 D7 B R R e, Rt 25 30 ARIZIE R A M BE VR AR B SR AL IR B TRk
AR S 25 N BT T, WRDEAE Y X L T UM T 28 LLAZ B 3T 30 AT TR UFAE P e v AL A, TA A 8 A5 96
FREEIA b T SR AT RE S S SRR KR T A B SR EE A, BRSO er e R, KT a &
LRIT I 1982 4F-F 2017 419 36 4:[H] SST % 10 - FFR5 0.5°C, WU ZE 15 ¥ R FHE 5, Horfr 528 SST 4
T NI R A, BB SRS SST LI iis e il 2 Jeniif s # W, KT R
AF 23 AR A2 MR T T e VR TSR A TR VMR BE ) N 20 42 80 AR TG , K VT Vb i M R i D AR KT O L
AR RE T R A BH EERG N, GR T IZ 0 S I WA A K R B A G BRI, KRB IR R TR AR A Ak
TR R S e kAR

Bl 5 SR T A 1990 4 2007 421 2020—2021 4IRS 52 v 507 Te AT W) A 0 4 A8 4k, ¥ R Wit 5 LA
RESEN SR A28 5 8, X S DA ST A R — 8 (HER BRI B 5 T R | PR R AR 2
B AR 5 PR B L TR R R X SRV I S AR I v e G LR R W L LT R
FAFRTE 72 K 1990 42007 4E5] 2020—2021 4, F 2 AR R /D , BOGEE A A R RS H
PR FARF ML, 5] G5 B Fh S U D | BEAR Ak B UL T, B AR B R H B N 0.03.,0.22 FHi 2 0.51; Bk Bk
2007 44N, 1990 4EF1 2020—2021 4FFk 2 2k i Y ME— P 34t | A8 38843901k 0.9994 F110.99,, VE MK YT M
AR I I ) S B SARR B Ak SRR Y 81) 5 T Sal [ R B D A O T sk T BB R R AT S0 4R
UK , VT P ey A T i B A YT e 20 LI A ) R X i R i 7 R 1 ) TR 7 9 2 KA IR e i )
REBEM AR /NIRRT AR 55 A ek S P 2R A L 3B T A A R A A5 7 U0 ek e O B R s BN ARk
OO A R T AR AR TR B, B AR LA I S R ek X PR 13 1 B ) T, T LR
Pt BT M R AT B DRP M (0.1—1. 1 pmol/L) , WA F T 5% 5 4 5 HoFh B 52 S BE 7, (R F5 4L
PP AEET 1990 4F 1 2020—2021 4F,2007 4FEFk 45 A AL R RLAIK, W RESE R Ry 2007 4ERK 246 5
(24.364.66) (= T'H AR BN EGG VO (—23) AR TEFENAR . 7300, AR UIE A AR AL 153 )
FWFE N L(FEEEN 56.2% ,8F 5 1A 99.0% ) W] K T AR KRR 00 F B2 o L, AT BB R 7 12
HHEE TR R I %, FE X BT L /IN A AR S R AEAS JE A TR, oA 17 B bR Ak i i A Ame e i I 8 23X
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FEA IR Z2 BEPE Hp XA BT AR B, AT KRE 00 R T A Bk Il 1) 5% v 3sk %) 1R 7 (S48 501 A
0.23+0.18 F10.05+0.04 ) FAIK, AT BES2/NMRY 0 F 26 LU B S5 e D0 3 BE Bl v A S 800, T 2% i | (B0 O s 5
B D) W AN, A R AL SR 5 A etk AR AN B M A RE B (2 2)

FHELT 1990 4FF12007 4F,2020—2021 4 A B /K Fh AR E b 2530 A=A 28 I A A5 ey 51) &2 Vg K I
THE AR TR A K, FSE R B, N 1990 4E 3] 2020—2021 4F, KT 11 K ABIT Sk L 2 K T
29 1.5°C , P K AR IR ZI RS0 T 17 W A 0 (0 B 7% 2H 8RN AE B B0 A | A SEBF S S T 31X 5, Jiang
SECYFSET 2011—2012 AFZR 1 FI R v T3 LR I /K R o B 8 19 A A A R, R B 20 4D 70 AEARAH G, B T
SARASIE 5 S 0 SR B 5 T W R A AR I i AP 2 Vg SR B 0 S R, A B bR Bl VIR AR 3R
AT 2017 A FRIT O IR, it 5 30 4k R BN HEA AT H, KBRS AR AR AL = R R KR
L B G F ALY B BLS . Zhang 251 F 2004 4E75 B AK A DU ZE 0T L PRI Sh A BEVR 04T T R AE
GBI, K IE S AT T I — BT AR R 2 HE TR 587K 3% ( Temora turbinata) B U SR IR 1 30 B A e A £
BT S AT RE S M JE AR A 5 TS R T A X Rl (0 RE S 3SR 0T T i A AR R HE T S K SR AL T A A
FIZctt, KITOHEIE SEK & O LS4 A e S BRAR R 5 3B K D Fp il AL R () — N 1, Bl SR
W% , SR | 65 VS R L A AN K i A | 450 T 5 22 AR K R it AR YT 10 R 408 30 VAR 3, 7K IR T o ) Sy g A e 4
PE T8 B A AR R IR B T IR R 2 BRI A A A SR

TEZ AT, B S R SRR AR EHFEE O RS TR S, eI PR A R I AT
EATEMT I IR H <1 T J'<0.3 BORETE ZREERE 220 | BR 2007 AR50, BKE1 H'B/NT 1,1 /0 F 0.3, /%
B HYRT 1,7 KT 0.3, B 4HAE 1990 4EH1 2020—2021 4EFKZE 5 A 4 A3 ELIZME— L3 F St
PERRAR, RS Z AR MRS 22, 1T 2007 AR A0 35 A BAE A 5 FME N, S0 AR LA 3 34 5], ZREMEE:
U BB L YR ZREME T BEE S5 AR L TR R . K2 Mk &, 5 1990 4F-F1 2007
HHEE,2020—2021 4F3F Bk ZE AU FPSES A W W8 0, 33 0T B85 AR Uk R A sl 0 4 22 | K R A3 T LA B T i
MBI IE 7 vk T 28 00 28 5 R EAE RE SO A e R g 57 1990 4F- 2007 4F 5] 2020—2021 4F,
B FG5 R 8 B 3 FhRT 5 i, H'FN I FEAK, 405N 2.91 F10.77 .1.69 F 0.49 BER % 1.98 F1 0.55;
£ 1990 4FFH1 2020—2021 4ERKZE B SRR 2 I I ME— DL 5Bl B R )7 FEAIG, 1T 2007 45 B AR L S b T
B HURD J SR T X R IH AT AT K B 1 4% s O A 7 48 5 | W 27) B Vi Sel TR TR AL AR O 2 RETE AT, VR &G
PR E PR T RS

USRI 1) 5 YA 3 5 A, HL s () S AR ) T VR VAR A A B AR (T 1) ER S R e VR i R
YIRETE SR RRAE . 13X TT RS2 PR Sk DB 8] U5 98 38 A A R VT T — B 43, B2 K VT ol IR K D 5 VS W A 1Y) 5
Wi O ERAEIRBE N T (IR E ER R M CAHLA BERR L RER SR SE SRR S ) AL S R B —
OO AR PR A R T R R R DO TR T A U BRI R TS S AAMEAT 5 A i
VR3S T TR ) 43 A R AE BRI S ARG T 2RO A, , RV BR VT AR (4 et 23 AR A2 5 RS 2 JR) s Ve 3ol P Vi A 0
VAU 22 S BT B 05 1 BN 5 T =E K 9 V7 WA 4 T B XS0 A R AE T A BH 5
WA Z5 A0, ST T BRYT T B T] 100 S5 2 T A SR L U0 471 5 VA 37 Ui e A R () e S B AR 4
BEAEAE WK R RIS E I 8 38 I A AR AR AR, PREE T ST Bl RN A A A Ak I [R) 5% 0 T 0T Vi V7 A B A5
RV S T

4 #ip

(1) 2020—2021 445 Bk RGN 1) 5 M Sl PP e pl 0 e v AR S0 8 IR, A3 2 22 ke 11 1Y
HARHE, SRS, RS BB E SRR R EAR A R B A R T B 4k K i B T e Xo)
P SRR - A = B Ay |, T AR M BN 34 5] BEFR BURAIR

(2) 454 1990 4FF1 2007 479 Ar (1) Jy sl SRS A G STk, & BRAE & 5 IR AL IR BT vk FE TR R 638
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TR EERIRE LT AEREEARE T, I 30 AR5 8 TS e AR M A v 1 B 2 T e K AR R
i) IS P VIR LR VAL e 2 B R RO R D S N S e R

(3) B AR AL O 2 X LA | (IR 65 5 7 0 AL ARV 2 AR R ARG, AR M T e, 1 2 B ot T XU o

il o PEUFAE AL MRS R MR R 1 WY 57 B VR B SR AN AR AL AR i AR SRR A, (BARWFTEAL
XFEE T 1990 4FF1 2007 AFHYI A GORE, D 1 BE— 25 R TT RN 5] % 16 5 A 25 PR A8 AR, 3 7 X IR 1) &5
VE ST AL O TR RS0 M0, Sl 5 WA P Sl ) £t AR D00 R S50 B AR
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