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Abstract

In order to study the seasonal succession characteristics and influencing factors of phytoplankton
functional groups in Tuanjie Reservoir, phytoplankton samples were analyzed in 5 sampling sites
in September 2020 (autumn), May 2021 (spring) and July 2021 (summer), respectively. Six phyla
of phytoplankton were identified, and they were divided into 16 functional groups: C, D, F, H1, ], LO,
M, MP, N, P, S1, W1, W2, X1, X2, and Y. The seasonal variation of the Phytoplankton functional
group in Tuanjie Reservoir is characterizedby M+ P - M +Y - D + F + P + W1 + Y. Redundancy
analysis (RDA) was used to explore the relationship between phytoplankton functional groups
and environmental factors, and the results showed that the phytoplankton functional groups were
significantly affected by water environmental factors, and the water depth (Depth), transparency
(SD), pH, total phosphorus (TP), chloride ion (Cl-) and chemical oxygen demand (CODw,) were the
main environmental factors that affected the distribution of phytoplankton functional groups. The
values of transparency (SD), total nitrogen (TN), total phosphorus (TP) and chlorophyll (Chla) in
Tuanjie Reservoir were all higher than the minimum standards of eutrophication. These indicate
that the reservoir is in an eutrophication state.
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1. 5]

PR AN RIR A KA A A P2, RS s 7K IR R () AR At e 7, DAL b3l 5 4 HA 4R R
VAR KA S RGERERCRDL[L] . FIEEE 5K 1 Z A E T BV R, HPhK,
YRR S AR BCEERERRE R B E RPN AL WK A 25 R G E EHRRR[2] [3]. F AR A 2
Wyt FERAKIERZYIP FUR RS 2, BRI E A T YR R e 5L i TR R
LR L BTN ZAEVESR S RAE PR 4540 1) SRR, i DA BB K A58 5T SR [4]
X PR ML) 73 T PT AFE — @ R B B R AK AKAR R BRI, EDASRE RS W AR I AL A S R AL BEER e
TEIR KRR A5 T RE . Reynolds [5]F1 Padisak %5 A\ [2]3¢ H 1 iZIFE D RERE M, B EA LI IHEMN
FHEELTR SRANRTE TR JEREBREE . AKARAT ol FE S DR 1 [ R 5K L T 52 MEANBBURR A ) IR e i ) S U
A ThReRE, HArImgith 39 MHEA, sralar4v AL B. Co D. N. NA. P. MP. T. TC. TD.
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TB. S1. S2. SN. Z. X3. X2. X1. XPh. E. Y. F. G. J. K. H1. H2. U. Lo. LM. M. R. V.
W1, W2, Ws. Wo 1 Q ZhEeRF[2] [5]. ZERI LAVEIFHEIRE TS AL,  BETE v b S B 2540 5 7K Ak
ERIFIARR, HETCLBNE N AEE6] [7] [8] [O1FIHF 7t # s ki M F7K ZE[9] [10] [11] [12]
[L3]AIIF[14] [15] [16]2 K AR 1A AR AR [14] [15] [16] [17]8E & & 35K F[15] [18]3F4r . 5K H &5 il
I FUR T K BV IR ) D e BRI 25 A0 AR AE , L5558 %K% 20 A IhREBE[9]. MRff S5 N i 72 K
WI7K 2R &K AT JE PRI DRI S5 MR, B KWK BE B K AT S J5 43 AAZEH 5 F1 8 DN IIReEHE, IHE
ZIK PEFKARAL T /s 7K [10] 6 LA T3 B 1 IR T REAE (00 BR U0 76 %65 78 /K 5 77 TH B S0 (A

BEE SRV IIRIE, ORI Z K EERAE IR T R AR L, AR AR, . K
RE, O ARHE T ORI T A K R BE , BB AR S R GRS M EL[18] « /K K U5 H DR A F) A S i 551
FOA S ORY ZE LG A X AR HH T 22 R A A R AT 5%, 28 S T A% ARV SRR B A 1fE[19]. H ATERE &
BRUKIE 8.5 JTIREE, HABIRITA I 497 M. AL TR B EILA £ 5 0 45 K PRV R SRR
B KKEEZ—, NI S JE D X S ALK AR ALK, 2 M /KR 6g 2 A AL KR T K E, BA B
by EWE. FRf. RHAISEFANE . HIZKPERIFEY) DI RERE B SR ILARIE ,  ASHIF T O H 45 7K PR
) D RERFEAT R 03 S B AT, HEoR 1K R A D R RE A G N 2 1 AL, AR
KPR BRI B A B AR 4

2. M5 %
2.1. WRHbHEER

A48 7K FE(130°8'~130°11'E,  44°01'~44°04'N)hz T~ A VT Bk i B T b, &1 1981 4, H
T fE AR B K. 145K ZER AR 445 km?, FEZ¥ 8.63 x 10" m®, JEln “Y” J[20], 4EII7EKR
B 950 mm, EXJFEKE 534 mm, EELERE 6~9 A. KERZEM KRS XSELR, SEAN
—44.1°C~37.6°C. HZFRMNEIE, XFFHA HKKREKGIKS B

22. REREE

AT 2020 4 9 A (k=) 2021 45 A(FEZR). 7 HEZ)T, 56 /KIERFE DB MFITY
A L E 5 AN RAE A (ST. S2. S3. S4. S5), Hith S1 sKEE B, S2 A5, S3 gk,
S4 NPy, S5 ARILER(E 1, % 1).

@ Sampling Point

1m TuanJie Reservoir

Figure 1. Location of sampling sites in Tuanjie Reservoir
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Table 1. Five sampling sites coordinate in Tuanjie Reservoir
= 1. AGKERNRE S BIRRALIR

PREF= 25 (N) 4% (E)
S1 K PE L 44°01'48" 130°11'24"
S2 ARl 44°03'36" 130°10'48"
S3 &3l 44°03'00" 130°09'36"
s4 L 44°04'12" 130°10'36"
S5 KN it 44°04'48" 130°10'48"

2.3. HERE

231 BIFEYHRIORE, LBMEE
BANKREEA M THEZEG AH). 2T H) KEO AT T = 00KEE IR R4 . 45
FHRIK 28 KR TR (FE H 2 7K 0.5 m) HR EBFNECE (BEZK PR 0.5 m)R4E 1 L R -&7KFE, B3N 10 ml Lugol
AT 2, ##E 48 h JFILR A 30 ml. APUEIRSIZR 2 0850, L 0.1 mil AR dllAE i B TV i)
THEGE N AT 2 o ih 8 A KR B = R R A A a5 [21]:
cC, Vv
N=r ey @

S n

R CoNTFEHER R, mm?;, FoAMEFRAL, mm? B, ATHEORER GV ORIRGEARL, mL; v oA
THEHERF, mL; P, ATHECN L

FIAED G (R EVRKEEE: RE DR IER) [22iH T %5 - Y Dh e R4 Reynolds
A1 Padisak £ A\ [2] [S1HIFRAESBEAT R 3

2.3.2. IKFIBLIBIRRINE

AR S HKIR(WT). HS % (Cond) pH {H. ¥ #4(DO). ZAR(NH;-N). BEZ(NO;-N).
ST (CI)FIEE(NTUYEH YSI-6600 45302 D fe /K B 70 A A BEAT I I € o /K2 W B2 (SD) MR 2
(Depth)) 245 IRAL AT . FEREREESREE L. By FEZMIL L LRA/KEE, FRESIRAE 8 TUK
G R S = AT T, R KRBT B E AR HE(GB3838-2002) % i ZU(TN) - AL (TP) . 48 %(NH; -N ).
HAZ(NO;-N ). 1% T & (CODwn) T HAM T A E(BODs). M4k a(Chla) &&. #iEE(DO).
Ak FE (NTU) S bR gk A7 5

2.3.3. IKEEEFLIEMMIEFRFIFNIRE

H Al E N TG — KR & S RN AR, S5 NS /K EE . VA BN b o A DLAE: 2238 IO T
Jt[23] [24] [25] [26], #f5E KA & & FRALE M ARECE 2).
2.4, BARLIEFN

FIH CANOCO for Windows 4.5 B AF T iF i P T RE#E SRS AL R T R &R, Bk pH {EAME
T BT 1g (x + DIACRE, 2T IER D A. BT @A R 581 (DCA), DCA 7314 S i

ANBB LR FE RN 2.255 (< 3), BIEA I FH TUA 20 T (RDA) 8 7 Ui L) D RE R AR AL 5 A 85 R 1 1]
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Table 2. Assessment system and assessment standard of water eutrophication
= 2. KIFEEFWIENIBARFIENIRE

BETML
VAT T wH GiEEC
BEEERM R EE IR HEEERNL
FEWE SD (m) 37.000 12.000 2.400 0.550 0.170
M TN (mg/L) 0.020 0.060 0.310 1.200 4.600
M TP (mg/L) 0.001 0.004 0.023 0.110 0.660
4¢3 Chla 1.000 2.000 4.000 10.000 65.000
3. &R

3.1. FALEKEERIREEFFE

Nz 3 PR, BlZKEE KA Z=T AR 71 E S Z= 2 5, Hrb Depth. WT. COND.
pH fH. NTU. Chla. TN. CODwy, $7EE Z=H I KAE, BEZ=T5A040 2 30 HH 5838 KR /N a5 DO,
SD. BODs. CI' NHj BEZE AR SER/ANEE R, SAMEIIER S, TP 1l DO HZ= H i KME H
TP B2 15 5 B 4R/ o

Table 3. Seasonal physicochemical factors of Tuanjie Reservoir
3. AEKERFELELETF

HE HZE hZE
/K& Depth (m) 11.56 + 3.95 16.36 + 4.79 13.19+4.31
EWHE SD (m) 0.79+0.11 0.72£0.06 0.89+0.18
Kl WT (°C) 11.67+0.74 25.62 +0.67 13.70 £ 1.82
1% 2 COND (ps/cm) 0.06 +0.01 0.09 +0.01 0.06 + 0.01
R4 DO (mg/L) 7.92+0.38 244+02 7.18+0.34
H HAY#E4 = BODs (mg/L) 1.97 £0.50 1.26 £0.10 2.32+0.37
pH {& 7.28+0.18 8.19 +0.09 7.94 +0.07
B F CI (mg/L) 1.28 £0.13 1.04£0.21 1.19£0.09
AR NH; (mg/L) 0.22 +0.04 0.14 £0.01 0.28 +0.03
TSEAR NO; (mg/L) 0.76 £0.11 2.26£0.17 2.25+0.23
A NTU 5.54 +0.48 12.18 +0.64 7.10 +0.59
4¢3 Chla 6.84 + 0.96 8.96 + 0.80 7.68 +0.47
S TN (mg/L) 1.40 £ 0.09 5.20 £0.18 3.45+0.31
B TP (mg/L) 0.69+0.16 0.50 £ 0.06 0.18 £0.02
b2 75 % & CODw, (Mg/L) 473+0.32 5.15 + 0.05 476 £0.32
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3.2. FFHEITNGERFLARR

T I F A S5 7K PE AT R i R AN 0 A, SRS se HRIERE ) 6 11(14 2), HrpfE#E ] 58.62%,
Fad] i 3.45%, 2491105 17.24%, W14 10.34%, #R#E1]5 8.26%, H#E1H 1.72%, 3Lkl N 16
ANIIRERE, B8 C. Dy Fy H1L Jo LO. M. MP. N. P. S1. W1, W2. X1. X2. Y (¥ 4).
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Figure 2. Species and composition of phytoplankton in Tuanjie Reservoir

B 2. ALK EET a2 R H R

Table 4. Composition of function groups in Tuanjie Reservoir

= 4. BLEKEEF I EYI T RERFLARL

TIRERE R AL i 32 1 U
YR R Asterionella formosa. BT s o e ~
¢ g Je& /N3 Cyclotella meneghiniana INES K A ML CBRZ SRS, 2R
REFFTE Synedra acus.
XL EH T Synedra amphicephala. N
D JRHARETAT B Synedra ulna. b%méqﬁﬁﬁk V| HERYES

IR ET AT A% 52 A5 F Synedra ulna var. danica.
PR & FEE Synedra tabulata

H- R E RN,

F Bk W8 Westella botryoides e Rk i 77 COo2 =
JR— . BT R, BE. R,
H1 6] % 2 2 3% Anabaena azotica " K. {u}%{ﬁ& 1/ N. i C &4 - P
VU A Scenedesmus quadricaudas EERRA
J VU #7145 52 38 Pesiastrum tetras. 'E; fa:;JUJ;TbZISD IR T
= fA VY75 Tetraedron trigonum
RATELR Gyrosigma acuminatum. PORSTLK ERWR R
Lo 4R Stauroneis acuta. 7 - WER, e RS
/M EREE Chroococcus minor - KA K A Nz
HLK T4 EEFE Microcystis robusta. AN EE SR . .
o' [NPS ik
M TS MEE I Microcystis incerta BRIREE AR R BB
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AT &
Continued
{i fik 4725 7% Cymbella ventricosa.
JEZ MR 25 35 Cymbella tumida.
/MRS 38 Cymbella perpusilla.
2545 5435 Gomphonema constrictum.
L5845 M8 ISR AR B Gomphonema constrictum var. capitata.
BT R # Navicula anglica.
JECET T8 Navicula radiosa.
J I #+- % 3% Navicula placentula.
MP HH 15 -T2 7% Navicula schofeldii 2 H BV
K [5 J5JE 3% Navicula oblonga. KK
%/NM3IE# Navicula exiguas
3k F T Navicula dicephala.
iy 4+ 3 Navicula protracta.
K45 % Diatoma elongatum.
W3F %5 H 7% Diatoma vulgare.
PR B Meridion cirsulare.
J 15 BT Cocconeis piacentula.
% %423 Ulothrix variabilis
e - ~2‘$Hw»é§h‘ e . .
N Bl #% Cosmarium obtusatum ¢i§;}jjéz7§§ fj By Z S, pH TS
FHLIfEAT 5 Fragilaria breuisriata.
A5 S MaAT % Fragilaria virescen.
AT 3% Fragilaria capucina. .
o o ; 0 2 ko
p Fi i AT 35 Th 348 Fih Fragilaria capucina var.mesolepta. Tj;*_j?#jj;ﬁﬁ AR C B Sips
Wik 45 7% Melosira granulata. ?Ez szli RADCHF C o= 42, Sithz
YW T VR AR B 25 Al Melosira granulata var.angustissima. L)
% K F-HR i Tabellaria fenestrata.
$L-F DUk Attheya zachariasi
] FG i % Phormidium allorgei-
R FIVELY
S1 B3 % % Phormidium orenii- 3 EE{EZEE i R CIR = A TR
4 B AP Euglena axyuris RS
XU Eutreptia viridis. - .,
Ve YU
w1 W JE##E Euglena clavata. ﬁﬂfﬁn}izkm 7% BOD £ 3ty
B4 Euglena acus 7K
w2 Wik FE45 7% Trachelomonas granulata HE TR R KK AR
X1 A IR LT 4% Ankistrodesmus angustus-. TRAFEE R m R BB BHRALE,
PRI LT 4L 75 28 Fh Ankistrodesmus falcatus var. mirabilis B & 37 K K44 = ERHEE
S . IRETERE RN
YA % Chamydomonas ovalis-. o
X2 A _ oy N SEA A
R4 Chamydomonas globosa - ETROK ZEs Wt IEEE R
KAk
& [ %Rk Cryptomonas pyrenoidifera.
Y il JE R4 Cryptomonas ovata. K KAR (& 1) Lt I T K

# H ¥ Glenodinium pulvisculus

HH#E 5 AT, R i R LRSS S4 SRAE A, BUMEHRIIERZ S1 RFES. K. B,
KPP R A () EE 2 4 50 3.13 * 107 ind/L. 2.05 * 107 ind/L A1 2.49 * 10" ind/L. & /E¥0&45) 5N 44.06
mg/L. 29.71 mg/L 1 22.59 mg/L, — I NEZRKE.
B S1RAE R IA ) F B E ZR K N1 B, S2. S3 KAt s IR Y ALY BRI RO,
S4. S5 KM RMAEMEMKERK; SR ANAENER FRK.

MZEY B, S2. S3. S5 R MM
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Table 5. Phytoplankton abundance (*10* ind/L) and biomass (mg/L) in different seasons
= 5. FREIETZHHEEE E*10* ind/L)FE H18 (mg/L)
B FHE W
PR
T HE = T HE R
S1 31.2 484.8 82.8 0.1 9.69 0.58
S2 592.8 367.2 424.8 21.61 2.49 3.89
S3 908.4 4476 559.2 17.62 12.42 6.34
S4 775.2 405.6 938.4 2.29 2.64 7.16
S5 825.6 348 484.8 2.44 247 4.62

3.3 FFEMThRERR =S

IR 6 HVRIFE ) D) RERE M AV A AT T AT AL, DIRERE ML PL Y BB B KEAE
ThCH WINREE . BEGKEF M TIRERELL My P N, A AEY R 510N 79.68%F1 10.48%;
ZLLIHAERE ML Y N, XA E 5N 55.15%A1 22.16%; HIRERE D F. P. W1, Y AMKEMFE

PRI SRR (18] 3), FERAM MBI S3, f/ME MBI S1; HEH A P S1, fi/M
HIIAE S5 KT f RAG HIIAE S4, /MBI ILAE S1. PRI RERE AR (4 4), HEHAME L IE
S2, F/MEHBILE S1; HZRE A HITE S3, He/IME HIAE S5; KR AME HINTE S4, He/MAHILTE S1.

Table 6. Composition of function groups in Tuanjie Reservoir
7 6. HLKEEF BT RERFLE AR

. AR HIRHE L
hiht
% LR #E % LR #E
C 10.11% 16.72% 11.36% 3.41% 5.03% 5.68%
D 2.26% 8.01% 8.90% 1.50% 5.51% 13.32%
F 0.54% 2.22% 7.03% 0.58% 2.34% 11.76%
H1 0.65% 1.23% 14.05% 0.07% 0.13% 1.25%
J 0.00% 0.64% 0.53% 0.00% 0.48% 0.33%
LO 0.31% 0.00% 0.29% 0.33% 0.00% 0.54%
M 1.72% 1.23% 0.05% 79.68% 55.15% 3.44%
MP 26.81% 12.22% 10.54% 2.92% 1.31% 2.87%
N 0.00% 0.18% 0.00% 0.00% 0.01% 0.00%
P 53.35% 25.72% 35.51% 10.48% 5.42% 35.48%
S1 0.46% 0.00% 0.29% 0.03% 0.00% 0.40%
w1 0.00% 0.00% 1.11% 0.00% 0.00% 12.16%
W2 0.04% 1.75% 1.92% 0.01% 0.48% 0.85%
X1 0.11% 0.35% 0.34% 0.02% 0.05% 0.07%
X2 3.33% 14.03% 3.08% 0.47% 1.94% 0.68%
Y 0.31% 15.72% 5.00% 0.50% 22.16% 11.18%
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Figure 3. Temporal and spatial distribution of phytoplankton functional group abundance
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Figure 4. Temporal and spatial distribution of phytoplankton functional group biomass

4. FIFEYREREMENN =S

34. EMEFHEYIEHITHREET

TR T RERE SR BT 11 RDA 73 #r 45 SR W], DUAN B RFAEAE 73731 9 0.740. 0.139. 0.078. 0.022
(7)o 4 ANEMRT D RERESE I EA T 20 BT 258 98%, ThAERE-FAEE A 1 BRI 20 Ly 258 98%, %4l
DRERE - ARG 1, RUNF I DR SR 1 2 A MR ARG, iE 5 alan, 5
B 1 B E B IEAOGR T2 CI, HUCh COND, S R E R FAHSGIR 7 pH {H, U NOS ;s Skl 2 i
FEMIEMCHE T4 SD, HUCH CODwny B EERFAHRE T TP, HIK N NTU. T8I 4 H7 K5 )
REREOL T 28 R BR, DA THERR, W TR S1. W1, F. W2, X1 ¥J5 Depth. DO 2 IEAHK;
P. D. C %5 SD. BODs £ IEAHE; X2. N 5 NTU. TP. COND £ 1EM%, 5 SD. Depth &6k,
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UIReHE LO 5 CODwn~ NH; F1 CIT2IEFHDG; ThEeHE MP 5 CI2IEAG; ThEglEM 5 CI2IEME, 5
pH 2 EE, #{AKAE, Depth. SD. pH{E. TP. ClI'. CODy, /&5 My A 20 B e 43 A7 1) 2R
B A7 Rl

Table 7. RDA results for phytoplankton functional groups
7. FFEYIINEERERY RDA D4R

i 1 2 3 4
FHEE 0.740 0.139 0.078 0.022
ThReRt - FRETAH ORI 1.000 1.000 1.000 1.000
THREHEER iy BB 43 Ly 2 74.0 88.0 95.8 98.0
DIfelt - RBOCR M R E L7 %= 74.0 88.0 95.8 98.0
o

©
<

0.6 | 12

Figure 5. RDA analysis of functional groups and environment factors
B 5. haeRE5FEE T RDA 7347

4. Wi
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