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Abstract: To understand the structural characteristics of the phytoplankton functional groups (FGs) and the ecological status of
Xinfengjiang reservoir, the structure of phytoplankton and physicochemical indexes of water were investigated and analyzed monthly
from 2020 to 2021. The results showed that the major water quality indexes of Xinfengjiang reservoir met [ class standard of
“Surface Water Environmental Quality Standard”( GB3838-2002). There were 25 identified phytoplankton functional groups.
Among them, FGs A, D, E, F, J, K, L,, M, MP, NA, P, S1, SN, TB, X1, X2, X3 and Y occurred frequently, and the dominant
functional groups were A, E, F, J, L,, MP, NA, X3 and Y. The main temporal changes characteristics of phytoplankton FGs occurred
for L/A/E/Y in spring, for L,/A/F/J/X3/NA in summer, for L,/NA/F/A in autumn, and for L,/E/MP/F/A in winter. The main
dominant FGs were A, E, L,, NA and X3, resulting from the oligotrophic factors of the reservoir. Correlation and Multivariate
analysis (RDA) between phytoplankton abundance and environmental factors showed that pH, transparency and water temperature
were the key factors affecting phytoplankton functional groups in Xinfengjiang Reservoir. The ecological state of Xingfengjiang
reservoir is considered as in excellent level, as shown by its O value with a range of 3.63~4.87.
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factor

FEIR S R G a7 i R o 5 PR VR AL 7K
AR FER B FR R A R I AR SR 4y
I (1 KA T 35 R AR GEAE 5 7 7, 3 DA IR K A
PRI 1) A A5 T BRI A5 S WK AR IR SR
AT HAFAEB M JR R E ) Reynolds 5 T H T
F HAT FARLIE MR AIE B 5 72 AR 5 T L AR
BRI AL B BESR T RERE (0 B 18, O $2 i A
IThBERFRE S AR MK JG 4 Padisak “5 AR £
FRNTERE, AR T 39 PRI RERE IR
R HE AR AU 25 T B A AT LS IR 2 1 A 35 2
RRAARA AR ERRHEACL AR s

[y 2B S sl A AT DRt B TR A M T R
BEMES Padisak MR H TSI H(O) LLFAL K 44
AERIRS R Tz Y L E A R A
REREBEIG O 2 W T AL 2 E UK AR 1 34
S5 I PP AT P R AR 3 B LR KK
N RN 6 NI 110/ L NY 139
PEZ mg g, i e Bk EERO S

Wi HHEA: 2021-06-07

HEWA: HETEAREE(20132X07105-005-02); ¥ 111 #12 K &
BB £1(201103101472576)

* TUTAEH, BB, qym77@163.com



134 KOS

BRI R D RE 2 AR A MO S AR PR 1 (G 2R 381

K ZERT b P e R K 2R R
AN TR) S R TR (R 7 7 420 B i TR RN K 5D 11
5.

BrETL K PEGR T 1958 4 R Em X S — K
IR PZEC I A g 30K 8 Y5 AR = A 0O K U5
o AR AL KIS X (A S A 5F R B Bk
B (R A S B PN 21 140 )5 32 A A
FUN A 1R 2 D 225 i, K P O T RS R b
bR R SIS S 1 S I 5, 6 K ) R A A B
FNEF 28 AR T R DR SR A 98387 A2 V0K 3
T ERE ) 45 R R AGE, AN T BB TR 1 A R L AR A R A
UK 5 B85 DR (10 9 2R, 6 7K 28 1R 2K 5 A 477 A i
BRI X it K 2 A HAT T2 2 AT oh b,
T A= VT 7K PR 737 A A0 T R TRE 45 W RN % AN B, 5 0
BE R 1~ 2 TR) 56 R WG ANV 28 A DGR IS AL T Ak S
ST K A 25 43 DX OIS0 B, AN AL DA S 43 K %2
FFA T ) AT L AW 7L F 2020 4F 3 H~2021
S 2 T RDHT AR TR PR T i AL AN 7 i 0
I, 55 A VR R D B (PG VA 28 75 6, R 43 B 0T
KRR D BT TR V7 0 A ) ) R AL A
IS TSR AR 15 R FH AR 25 36 500(0) VAl FL /K TR B i
ok M AR SRR 3 A 5 VR T AR I RE R S R B A
T 100 (0 58 R BEAT 3 A R s L 18] (g B4 AT
TE [ SRR, LA A 7K e A2 25 2 T4 A1 B i
I, M K R PR oo BRI ) R R AR B 2%

1 MR5EFAE

1.1 XA

BAEVLAKPEAL T 4248 Il 5T AR I B it 8
B 5813km?, L& T3 2 35 K AR 370km?, )2
2% 1.39%10"'m’ FIIEN KR 0.6x10"m’, 2 4E-
Y7k 28.7m, It KKIE 93m, /K J) 7 B B 18] 2a, J2E X
e B 2 A, B Y I R B R 4~9 A,
AR AT B 1974, 7mm, fFEF- 2400 20.8°C P,
1.2 FESCRAE Kb BT

2 IR (A e K A e i R AR AR s ) P
BERAEB VLA PEFE DX Aty s 247 BRI X N
LB 6 AREE S (R 1 AT 1).T 2020 43 H
~2021 4F 2 J1,BL 1 3/ H IBRICHEAT R R AR, TR A2
SRAEBE TN K R A FE 28 I B BL3% I 52 37 BH 52
(SD);EL YSI 2 Z K 4 Hr AW 3% I e W 5 7K A

KR4 (DO) ZKIR(WT). HL S (EC)M pH 14,
ME(TN). B E(TP). A ANH;-N). =5 shis
H(CODwy)~ M283 a(Chl-a) 3T )5S IR E ([
R M 2R /KRS 0 N D) A A 45k Fi 3 Gt
1)y B,

TR 7 T B R TV R
THEREY R ITES R CRKIFIEE YR 7
7200 AP0 SRR S e B IR (P E K R —
RGP PRI B BT R 4
E5 L

F1 RERA

Table 1 Latitude-longitude and depth of sampling sites
JY0A =3 S BB (m)
701 114°38'10.21" 23°43'59.04" 479
702 114°37'10.47" 23°44'34.11" 69.9
703 114°33'55.33" 23°46'22.01" 26.4
704 114°34'23.98" 23°47'22.06" 54.9
705 114°28'35.08" 23°45'36.50" 44.5
706 114°31'44.24" 23°52'12.50" 43.7
N
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Fig.1 Distribution of sampling sites
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Table 2 Environmental factors of water in Xinfengjiang

reservoir

EELAD NEE] BN
WT(C) 17.9-32.8 25.4
DO(mg/L) 7.0~9.0 8.0
SD(m) 3.0~6.8 4.2
EC(uS/cm) 62.9~90.0 77.1
pH 1 6.8~8.5 7.6
TN(mg/L) 0.40~0.62 0.49
TP(mg/L) 0.001~0.009 0.003
NH;-N(mg/L) 0.005~0.068 0.025
CODyip(mg/L) 0.6~2.5 1.5
Chl-a(mg/L) 0.0004~0.0033 0.0014

W 2 o, WF 9T 0 ) K B KR T L 17.9~
32.8°C, VHME N 25.4°C L L 2020 4E 7 A8 A
AU, 32°C,12 JTRIG,A 18.8°C /KA v
ARV A 7.0~9.0mg/L,){H 8.0mg/L;i% W {5

6 [l 3.0~ 6.8m, (A 4.2m; HL T R AH U H N
62.9~90.0uS/cm, ¥ { 77.1uS/em; pH i vu K
6.8~8.5, 4ME 7.6, K A4 S A4 5 95 B Pl 5 Uk B2 Y [
5 0.40~0.62mg/L,¥J{H  0.49mg/L; Sk B2 s [ b
0.001~0.009mg/L,¥J{H 0.003mg/L; % 2K & [l 4
0.005~0.068mg/L,¥J{H 0.025mg/L; =4 1R +h 15 Bk
PR R 0.6~2.5mg/LYIME 1.5mg/L;M 4¢3 a IKJE
JEHIN 0.0004~ 0.0033mg/L, 41 0.0014mg/L. 5%
WA B R BN, 3T VLK K A i AL R R
R PR BRI AR A SR bR IR BE I (383 R 1 K (MR
IKFREE T RARAE) (GB3838—2002)M1 K 5t sk
2.2 VRURPIRE T SRR

AU AL e IR 8 1110 M 22 H 40
91 J& 201 MK 3),H P 4x% 1 1(Chlorophyta). ¥
#:171(Cyanophyta). &% J(Bacillariophyta). ##1]
(Euglenophyta) 1 1% | J(Dinophyta) 73 %o 103, 36,
32,13, 9 Fi g0 i S AP 51.2% 17.9% 15.9%-
6.5% A1 4.5%; FaE [ TRIG 81185 3 FFl 4 B, 5353
dT R 1.5% A 2% BOEE T TSR 1 Rl A
SFZEHLT] 0.5%.
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Table 3 Phytoplankton Composition

I Eil H Ft J& i
B 1 3 8 21 36
SR 2 6 14 41 103
T 2 7 9 14 32
BREET] 1 1 1 4 13
S| 1 1 1 2 3
R 1 1 3 5 9
BB 1 2 3 3
BT 1 1 1 1

&t 10 22 40 91 201

IKEF W R A FE AT 0.12x10°%~2.24%
10%cells/L, 44 F 1 1.01x10%ells/L. 7= Ji& 21 i DA
W, SRRSO E(E 2), L P A T E T
75 7 FE DTk AL B Wy B B A 52.3%(2021
1), E BRI S 8% = vk d K, b
X 65.3%(2020 4F 11 H). A1) FF (& 3),K)E &
VA A VR IR ST 0.79x10°~1.12x
10%cells/L, 3= J& 75 #& 4 1 5L J2 vhots X ek vy, 122
T DXAR AR et G g v R LA K a0 K
X Z03 fA7, S AR AR ) Y BLAE EVS 205 ffr N
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Fig.2 The temporal distribution of phytoplankton abundance
and the percentage of different phylum
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Fig.3 Spatial distribution of phytoplankton abundance and the
percentage of different phylum
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Table 4 Phytoplankton functional groups in Xinfengjiang reservior

Lb It NI .
Iﬁfﬁj’f R itz st B ORHEHI) L';(’”j;ﬁ o
A /NI (Cyclotella Kiitzing ex Brébisson) LI pH {H 7% TR Wi WK 10005
D %1 AT 5 J8 (Synedra Ehrenberg) Pkl ERZ EAHEIRER. Tk 92 2
E HEFE 75 J8 (Dinobryon Ehrenberg) (iS=£is ZEA R Z ﬁﬁﬁ%ﬁ:ﬁﬁ L MK 5
. TRk
JEIk 8 (Quadrigula Printz) YIHEHE (Oocystis Nageli). FEH)R
(Nephrocytium Nageli). ¥7BK# 8 (Planktosphaeria G. M. Smith). 7 PRI . Be
F 7% %% (B. braunii Kiitz). JKERSE(Coccomyxa Schmidle). PUAIHE KEI7. mvdEsh LB - 67 3
(Tetraspora Link). ERZEE R (Sphaerocystis Chodat). H 7 # )& =
(Selenastrum Reinsch). ¥ &5 )& (Kirchneriella Schmidle)
G SEEREE B (Pandorina Bory) Bl HIREEZ BE IR fFKAR 17 0
- - ) TREE LT ARG IO EE R 5 SEUG.
HI £ I 5 % (Anabaena Bory) W #23 J& (Aphanizomenon Morr.) B Jroe Wk 8 0
%1 J8 (Golenkinia Chodat) TWl% J& (Chodatella Lemmermann),
T VU #E )8 (Tetraedron Kiitzing)« Mt & (Scenedesmus Meyen)s +7- L RS WA K 100 1
¥ J8(Crucigenia Morren). %% 5L 3 & (Coelastrum Nigeli)
K Fi i 8 (Rhabdogloea Schroder). B BRiE & (Aphanocapsa Nig) KA i R A B EFRIERAK 100 2
LEMUBEJE (Synechocystis Sauvageau). {(AEkEE 8 (Chroococcus Nig.)«
L % Wi B (Peridinium Ehr.). $81% W% )& (Peridiniopsis A KIS SRR R AR &SR PRBRH 005
Lemmermann). ff) 1 % )& (Ceratium Schrank). 5K & ey JRARL AR AT v
(Coelosphaerium Nig). Coelomoron J&(Coelomoron microcystoides)
A ) o 7 . . ANBIY e SRR
M Tl e )@ (Microcystis Kiitz.) e MHRER . ARG B BoE. BT 58 0
MP 21 ¥K )& (Chlorococcum Mene.ghlm)\ i WL & (Klebsormidium e GO . Bk 92 3
Silva)
N B B 8 (Actinotaenium (Nigeli) Teiling) (S=Sis At N P SFRacp sk 42 2
i KIZE
%358 (Cosmarium Corda ex Ralfs). i A2 5435 )8 (Staurastrum . RHFEFR. FK KL
NA ) . : ARG 100 5
Meyen). 1045 J& (Spondylosium Brébisson ex Kiitzing) JE X
. o T PRRRE GG KA A0 S RET R E R IR A K
P JfE AT 8 (Fragilaria Lyngbye). T #E# 8 (Melosira Agardh) WA 5 s = 100 5
V4 2235 8 (Planktolyngbya Anagn. Et Kom.). #1375 &
S1  (Komvophoron K. Anagnostidis et J. Komarek). %2 # )& (Jaaginema ARG Ml e VREVER . E W AR 83 0

Anag. et Kom.)

S2 IEiE R (Spirulina Turp.) it PR W FBR . K 8 2
933 ¥ & (Raphidiopsis Fritsch et Rich.). UEHEEE .
SN PRI Raphidiopsis Fritsch et Rich.) - MECIEARET PRI B RA 8 0
(Cylindrospermopsis Komarek)
T AR 5 (Mougeotia) i miict ERGZ FraaR A KZE 3 4
B h5¢35 )8 (Achnanthes Bory) J3TE# @ (Navicula Bory) My i )a il o 00 2
(Cymbella Agardh)

Wl 1% )& (Euglena Ehrenberg) A A A e FHHEGE. K 492 2

W2 WK BB (Trachelomonas Ehrenberg) U IR, K 25 1
TAEL 8 B (Monoraphidium Komarkova-Legnerova). £ 45 )% . . - .

xi i Mororaphidin gnerova) SRR NE - OWRBZGEGIEN  ERER K 100 3

(Ankistrodesmus Corda)

X2 5 B2 )8 (Chroomonas Hangsg.) ) KA EEIEH  BRIEETR. K 75 3

X3 /NER i (Chlorella Beijerinck) BB KRG VEIEH UEFRORE. K 100 5
[ J& (Cryptomonas Ehrenberg). 4 /1 7% J& (Glenodinium (Ehr. . N

v (Cop e TR E ot e kR 53

Stein), £ F38(Gymnodinium Stein)
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Fig.6 The temporal distribution of relative biomass for phytoplankton functional groups
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Table 5 The ecological state with monthly index value (Q)

T H 2020 2021

3 H 4 A 5H 6 H 7H 9/ 10 JJ 11 ] 12 1] 1 24 Yl

OfH 4.87 3.80 3.68 3.63 4.32 4.22 4.17 4.57 421 43 481 431
EARE (455 Lf 4 4 W [ (455 W s W Whr Wb

R6 ETEVRORERESKS
Table 6 The ecological state and index value (Q)

i H 701 702 703 704 705 706
o1 436 423 441 4.29 4.22 431
EARRE W Wlr Wl Wl Wl Wl

KM LG8 FORSIREOL(TLI(E) ) PPN BT =
TLARPEK B FRARBL I 45 R WI (K 8 &L 9). 1
WA H FER) TLL(Z) 33970 T 30, T 18~25 Z [ M 4fs
TLI(2)<30 N3TE FRIIVEU bR e, K BN 28 7R
AN A B AARRBU K, & TR B3 2 L,
B TLI(Z) AT 21~24, %5 s 2 1) 2 A i 3,
SRR I N K A DA R AR (202 T Z03).
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A
K8 LR EIRIRSIR BN ) A2 1k
Fig.8 The temporal variation of TLI
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Fig.9 The spatial variation of TLI
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Table 7 Summary statistics of the axes of RDA performed on

phytoplankton dominant functional groups

BRI i1 4l 2 4l 3 4l 4
FRAEAH 0.1744  0.0766  0.0111  0.0048
PRSI PR B 0.5129  0.7526 04078 0.4309
Yidh BEUE 2 E0(%) 17.44 2510 2620  26.68
) 55 RIS R T A O 1) R AR
N 64.21 9242 9649 9825
5 5(%)

&8 RDA SHTPINEEFHEZEMEREZMHEE
Table 8 Statistics of RDA for dominant functional groups of
phytoplankton

IR T FA8 P1H
pH 18 8.2 0.002
WT 6.1 0.012
SD 35 0.028
DO 1.2 0.312
TP 0.8 0.414
N 0.7 0.522
NH;-N 1.0 0.34
EC 0.6 0.596
CODw, 0.4 0.714
1.0
v&[;T
-0.6

-0.6

Bl 10 IO GERE S EAETIN T RDA HEY
Fig.10 The sequence plots of RDA for phytoplankton

functional groups and environmental factors
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Table 9 The correlation analysis between the dominant functional groups of phytoplankton and environmental factors

DIReRE TN DO SD WT CODwp, TP NH;-N EC pH &
A -0.061 -0.245* -0.041 0.631%* 0.007 -0.243* 0.061 0.634%* 0.141
E 0.0002 0.471%* 0.306%* -0.689%* 0.040 0.269* 0.009 -0.506%* 0.117
F -0.021 -0.390%* 0.053 0.568%* 0.006 -0.521%* 0.101 0.561%* 0.243*
G -0.058 -0.090 0.016 0.105 0.011 -0.074 0.092 0.100 -0.201
J -0.004 ~0.567** -0.297* 0.764** 0.109 -0.306%* 0.276* 0.683%* 0.132
Lo -0.078 0.057 0.083 0.141 -0.035 -0.181 0.060 0.183 0.342%*
MP -0.079 0.080 -0.079 -0.369%* 0.195 0.140 0.238* -0.227 0.182
NA 0.097 ~0.447%* -0.132 0.583%* 0.044 -0.505%* 0.147 0.565%* 0.179
P -0.102 -0.313** -0.278* 0.192 0.096 -0.233* 0.268* 0.227 0.264*

0.147 -0.273* -0.024 0.089 -0.051 0.195 -0.183 0.062 -0.202

Wi 0.024 -0.320%* 0.097 0.036 -0.120 -0.012 -0.124 0.139 0.107
X3 -0.107 -0.221 -0.078 0.620%* 0.148 -0.400%* 0.286* 0.519%* 0.214
Y -0.075 -0.249* -0.082 -0.080 0.004 -0.200 -0.225 -0.095 -0.290*

i #P<0.5,%* P<0.01.
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