%5445 H4H AHIFERFFROE AT R Vol.54 No.4
2026 %7 A Journal of Henan Normal University (Natural Science Edition) Jul. 2026

1K T Il GO D R 3 G5 AR AL I A A B S VOO

BRI L, WET, AT T
LA M KV T 24 FEKHE AR B 95 o0 P 8100015 2,95 148 /K SCK BE AR .0 95 810001)

T 2024 4F 3 H Gk 5 H CEKED .8 A (K1) R 42 (18 7K 1 3 77 U At 40 2 1 o T BE L 43 7
T VR AR PR VE Y S5 A RRAE AT D RERE R 43, S5 R R DR K TR IL S IR WEAE Y 8 '] 128 B, fEde ) A Lk
TR H OGRS TS 3 1] R 3 5 B AR 38 B B R K R K IR 2L SE R I RN ka3 2)
KT PR UEAE Y AL 4y 19 DT ReHE LSBT REHEIL 7 A4S, 200 8 C.D.LM.MP. TD. W1 . f1 Y.77 MY H f8%k.J
HED FEM Q. FEEIE 4 BN 3.58.0.71,3.60 F 4,03, 3 B [k 2% M AK P Hy 11 LA AN 38 /K 3 7K 5 3% K b F 5%
V5 3215 K R T AR B BEIR .3 DO WT NH, -NL TN by 5% 0 35 7K T 5 77 W A8 1 45 44 A 00 3 0 Bk B 41 %,
B R T,

SRR VK T VR AR s T REAE 5 A A A

FESES: Q178 XHERFRERD A X EHES 11000-2367(2026)04-0053-07

TR ) R K AR R G E BRI R A= A LT 1 R R R A 3h 4, i A ) B A A 8 0 e A
PR/ U 5 5 TR AR S 3, DRI V3 0 AL 5 9P T /K B A 25 R 0 11 AR 2 (RS VP A A L A%
(TR AL ) 23 2805 L TR AR DI RE AR BE 5y B WLt S5z IR 6 T A L A R A 2 IR 2, 4 2R B O 5 B AT AL
2002 4E Reynolds ZE 41k 2 1 T FG (functional groups) HHE#E 4> 2815, 2009 4F Padisak %5255 ) g #f #b
FE 39 Fh BRI HE L W43 %A FG,MFG (morphology-functional groups) .MBFG (morphology-
based functional groups) 1 PFT (plant functional types)™ . FG ZNRERE 429 B v F T 10 I Ak A4 i B O
Y ELTERE A F A /N T 308 At B bR A4 36 7K A DA 8 T 0 B B 1) — SR SR A O R T N BRI B SR AT AN AR
S T R A 2R T A T A F ORI B A 2R s DR G G AR A A B S R L B O P T A ik
TR 7K A 25 2R 0 1 I o 7™ 02 11 R . A 2 L DR K T R A O R OG T OK PR I s ok B
VR AT R I T A Sl G0 07 Vi R ) T BE TRE O BIE 9 B L AR BT 5 R RO [) 4T PR K TR 7 AN S A
T WE AT ) HE AT S T S e W R G0 40 A TR K T UL I A ) B VR A A R R ] FG D RERE A BT AE TS R
GEAREFREVEH o o AR e T I A S BV 1 2

1 #H5FE

1.1 HREXHER
PR AKAE Ry AT A R S FEUR S AN T AN i 22 B85S NS R S Ll A E 0T F RS TR 4 353 m,

Yo#s B #A:2025-05-29; £ B H 8§ : 2025-09-23.

EEWE K E L L5 H (2022YFC3201703-02).

PEE B A7 5 (1982—), B, Z W8 A 75 1 48 7K B2 U8 B 29 TR B AR IR 55 v o G AR U, F 5% 7 1) A9 7K % DR AR
1, E-mail :645639313@qq.com.

WIS 1EE KT, E-mail: 249141572@ qq.com.

S AR ST BRI 5, B3k L I I, S IEL K T U0 U A A0 B VR 4 R R AR R A A AT A [T ) T e TS R 2 2 e (AR R
i) ,2026,54(4) :53-59.(Geng Zhaoke, Jia Jie,Shi Lu,et al.Characterization of phytoplankton community struc-
ture and ecological health assessment of the main stream of the Huangshui River[]].Journal of Henan Normal

University(Natural Science Edition) ,2026,54(4) :53-59.D01:10.16366/j.cnki.1000-2367.2025.05.29.0002.)



54 T IR IL K FIRCA RAF RO 2026 4

T W 371 km, e ZAE HR A8 2% N 17 VG [ DX 3K 1] S ff W RE Y A B30T, VT 3 R VK 253K 2 788 m, V- L %
4.53 %0 15 7K T It W FE AL SR B L R A3 A 100 AR AR R/N ST K R A5 H ELAT Ay BB A P T T DL 2 R
DL D) Sy SR FROBR A AR PR K AR 3 A B K RN 25 5 32, TR AR 4~9 A AR T it o5 2 4R 1) 800 DL b I8 /K T
AR HAERT RN 2 050 7 L PRI 6~7 H .
1.2 HIERE

T 2024 4F 3 A (KK D 5 H CEARBD A8 H CEARWD 43 3 AKX K TN B2 T 2 4Rk
WEZK P 8 1 OR PR E R 200 mo b)) I8 UE P T /NI R AEB AN AR BERT A 7 ANl AT K SRR A A
S AR R IR B A I A2 TELUR LV TR AR A AR A K Sl Yl AT K [ 2B W 3 R A 1 DL R SRR ST
TE R RE L A ML ES R K 28 R A2 KRE 2.0 L, 32 BIIA 10 mL & 8FHAF (10 %) T840 F8 5 [ 5 L 2B %8 11 48 h
Jo Wi % 50 mL AT EEA. B MERE L ] 25 £ IR IFAE Y M AE R Z A8 K] oo Hi BLR AR 3~5 min, 2L I H
TR [ 2 R A 2 IR SR (9 — 10X V7 e AR 0 0 A7 o 28 6 58 K BT RE o e RO/ B 358 W T 91 ) (S1L219-
2013) R it R AR FIORAF 5 AT HQ2200 AU 22 280K it W A3 37 I 5 /K Uik pHL R0 I35 il 40, G 1)
T A R R AR AR A AL T AU B R SR o S B R R T VA KT I s S A
1.3 EMAE

TR AR IAEE (Y) = (n, /ND £ BUY 2 0.02 AR FN  n, S HERASARCE N BT A Rl i AR B 4L
£ P AR RS SR AR LU

Z FEME 4R $0. Shannon-Wiener 580 (H) 5] AR £ () MFEE EFE (D) , A E W Ck[11], Hp H
HAECO, 1A 25, C 1,218 e-frimali, € 2,310 B-h{5al . KT 3 NEE{5 ] (HAEC0,0.3  hH {54,
(0.3,0.5] 54, (0.5,0.8 PAFRVE YL, KT 0.8 HTIF YLD HAEC 0,1 A ETG Y, (1,2 hhi5 gL, (2,4]
RIS Y, (4,60 TCT5 Y.

Q. fHEL QI=ZPi XF o X, PR ) DI RERERL. P, O 50 DI RERE L Wi o5 S A i e

F N5 ATHRERE M DI RERFLAE " F B 00 (B AS AN 5 ) R o 25 T Ak 1 75 R B0 s i R B R 45 18 i )
A KR 5 IZ I TAN Y B AR IREE I W BRI F R A AU R DY ARE Q. (B A B AT LI K AR A fe
RERIN 5 Y, (0,1 AW 2E”, (1,21 5227, (2,3 I “ a7, (3,4 A RAF”, (4,5 1t 7.
1.4 HELIE

12 ArcGIS 10.8 2 il ¥ K T 5 R BE s AT B (8 Excel 2021 X7 37 48 9 72 v A 2 808 o 17 50 i
i1t Canco 5.0 AT ICA ST » 23 BT 17 We A 400 1) o 2 AL A 45 B 58 TR 1 22 ) P A 6 06 R L AR I P S L8 8
AWt AR B F R Origin 2024 #E474 .

2 HRoWH

2.1 RERFTK

KT U 2 SRV TR AR 4 A dly SO e R P K Sl S A L AR R K S T /N RN AR
B3 A~k B I S S 3 Ao K SC LG AR (4% 3l 57 T ) — 2RI b R L 2 4 kA o Y 4R K T ARAE 25 8 ot
390 ~15% » FLIX [A] K T #2508 S5 AR, L AT 44 10 ARG St 4 72 22 40 - 35 0 ) AR AR L I 1o A 4 7K 3¢
Sl SN S - U T O AR R R LA IR ph B S R ST AT LA HY L S KU R RO T4 R P K R KL A
DL 1823 (8] 73 A5 R o AR ROMEZK 2t E AR VAT IR Ll R /D o 78 2% A~ 7K 391 FE 0 SR 44 I T 4y 6 A 3l s DK J5 4k
KTk .3 MK KRS IS mma /A MER 3 MNMER S FRBESH SR o XK.
Hili 7K 0 27K ) B AR 15 7, LA 45 48 B 45 B T) B 22 5 AN AR AR (b 3 K W R T T A R ) (SL 395 —
2007) » BVEAR IR A S VF, R HIK BT 50 A PP 42 08 45 3l f 7K BT 64T DA o 7K JBE 29 008 T 38038 210 36 7K BF 455 i
HAARE) (GB 3838—2002) H1 I 2K B bR, /K B A KL
22 FEEYMBEEAK

T AEL ) 0 R A PR A 8 1] 128 B, Horp JREBET TR R £ 3K T4 Bl BREETTIRZ L R 30 Fif,



% 4 WA LF 2R TR R B M AR SRR 55

WEBETT ORI T T 40 00 2 11 B4 AT 3 B, e ] R T S e T 9 RS R A R] L 0 2 B 45
RUTE U 0 2 R i DB SR T S2.

KT 7 AN a3 YOI PR AR ) B AE 1.20 X 10° ~1.10X 107 L', KE7K 52 SRS 7K 351 > ok >
KU P s A, % Sl s T IR L A 1 25 T A8 A L L 1 Ca) A 7K 0T 5% 3l st 9E e /0N o D A L KR T R, T IR O i
T %% FE R, T AR 2R MK B 4 1 I AL ) 23 B e KL 3K 1.10 X107 Lo AR 8 /K 1) 9 4 1 20 i /K Jsi K
AR ZS W T3 28 GRAT) ) b K A A3 A PEAN Bm o, Al 7K 91 2R R A 8 38 A K AR 2 KO K AR i A K HL
IR Ve 358 v 3 ST DAL ) R AU

&l 5 A ) A W B A K S L 3.33~10.19 mg/L, #I{E K 6.59 mg/L.F KWL E N 3.37~
8.72 mg/L.¥I{H N 5.38 mg/L., F/KMMIEE K 1.26~3.78 mg/L, ¥{H K 2.28 mg/L. &4 44 M 45 5,
TR A YRS 1.26~10.17 mg/L. F-YI{H 4.75 mg/L. H G W& 5 ik, h 86.16 % . #iE
MLk 2z, 5 9 4.36 % .3.08 % R ULIE 1(b).

I 200 12
i . o

-~ B AR |
7, 1000 & ~ 10 = ]
: - O ]
= 800 | w8 =Eor A
E 2 0 =
5 s . = ]
= 600} g 6l ook
< Y %
M £ %
& = g
= aof 2 4 e m
15 I !
= 900 b | |
w200 : B o g % T

WO EH-X W IR-2EZ [ gng IR FERE

#®HME S AR E B3 BEMHISWRE

= i R i i &
= - 3H | 5 —— 8/ ~ 31 : 51 ———~8H
PRI PRI
(@) FEFRE ) FEIN A8, (b) FEFHE ) Ay I e A,

B VRS E () o RS IBERFEME ()

['ig. 1 Spatio-temporal variations of phytoplankton density(a), Spatio-temporal variations of phytoplankton biomass(h)

2.3 FiHFEHMRBER

BEK T APEHAN AL 13 M REd ] i e A 9 Bl BB TTIRZ 3 2 Fls W e 1T 5 g e 1] Bl i A
A, #5A 1 Ff 5 7K 10 A K3 B P 3R AN SR [R] Aty 7K S5 RSP 2K B 34 b B A Sy £h #1138 (Pseud oanabaena
sp.) 5E A B (Diatoma sp.) VEFF#E (Asterionella sp.) JHE#E (Navicula sp.) .52 B (Gomphonema sp.)
FIEBE (Nitzschia sp.) s FAKMLE JLFERE F 3G T A EE (Chlamydomonas sp.) B2 3 (Cry ptomonas sp.) Fl
B3 (Chroomonas sp.) L 3#FP, DL 5% % S2.
2.4 IhEEEERIS

I FG TIREREZ STk 8K T W TR IR W 364 19 D IhRERE . 735028 B.C.D.E.F.G.H, L, Ly
MP.P.S, . T¢ . Tp Wo W, Xo Xy ALY, HAThEERE D.MP A1 Ty 45 3 ASTHRERE 1 MUK y 100 %6, Ty A
C.G. H, Ly Ly P.S; Ty W, X5 55 10 A DU RERF Hh AR /N T 20 06 SRy 37K 1 3t 48 DL B8 % WL D RE
FEAR R H DL R 152 7K 1 VAL I i A 0 D A ) RE a4 DL R S 3R S3.

A S =D LA SRR SRR AR W R T 10 00 B TR AR A0 B 2 R KU O3 i A AR e R
W RAT B BB B R i RRBEAE FR I SR R B A B R AT B R R A T
B2 A5 s A 45 i S e RO T T L ST B YR B O R AR T L 2 T B
SRR R T 0.02 BWIAN AN 2 A HE 1A SRAE S X AR R T 10 YRR e SO TR T g & (Fh
AT 5 DL 3 S RERE i b 38 P K T AL A D g Jd CRD ARERAE Wi o & il sl A B0 95 0 A2, o,
MK ik 97.22 %6 P K & He ol 93.81 04, KM HE oy 94.16 V0. 2 p M i K TR AT 208 7 L S fE



56 T IR IL K FIRCA RAF RO 2026 4

#5028 C.D Ly MP. Ty W, R Y (FHE 8 SR FHE 3 55 38 A 245 3 3 0 R & K2 /9 MP T g
HE £ AL S5l RE A FEAS AR L, A K 8 5 AR E T RERE (C.D.MP. W, Fl Y) .~ FsKI 6 AR H g #f (C.
D. Ly MP. Ty 1 W), F7K I 6 MEHRERE (C.D. Ly .MP. T, 1 Y).

T WE A ) D RE BE AR W A o bE UL R 20 A K 0 i A 120 —

SAURMOIERE C A AKHEAIE I LRI R S LR, D of D
35 61,0620, Ho AT 19 S 1723 L S0 L DU L FHIE B ="
W P T RE R MP A A LB s Ak H
SHRERE MP {75 o7 A 99 91 BERE (R EL T K s
YIHERE DO SRS & H A B8 I, 2% ki Ak e &
T RUINBERR 2 3 T B R A A0 T R o
I 4L B O T RETE LML, [, /N3 H B T S RERE T, -
PRI AL A B BT oy 4 4L 1 ) i P
BE W, 5 K0 MK Bt 1 DT RERE MIP A 4 B A % &
o 7.03%  HIRERE Ly A= Wi MR 5 ek 35.34 %, 1 i
vl MP AR SR 61.11% ~72.23% , JEA 544 =
SRS I
25 EGEYHKESERTES -
Wk TR H 3880 T 1.42~4.13, P K 3.58, =
B K 9175 K PE T H 4550k 1,42 Ca— 53 £
K 2 H 550K 2,85 (B— 5 ) b 34 4% £
BH 850K T 3, WA T WK A Ak 1 9y Fl Fl 2k =
T RETE S M e K TR B B IR IR 0 T 6 B
H0.31~0.83,24F J FRECIIME R 0.71, BR Ak K HH 4 K PR
WK T J 580 0,31 Ak 0 K 0 2 T 45 R
B AR 0.58.0.42 L‘/{&I\’/ﬁ\:%ﬁﬁl@ T {ﬁﬁ]j(ﬂ: 0.70,%% 1L #2220 ROCHMEAR S HY L 3. 548 4. TG 7% ;5. /NiE
VK T KA TS 55 RS A B R A i e 1 O R ARS
AL BHEA BN RE.D B MO0 2,52 406, P M B RERAEREREAG
Yig. iomass distribution of dominant functional groups

3.60,B% 3 DA AR OMEK PE th 1R 3875 e b, FEAR 4
SRS e T S YR A Q. FE N 2.31~4.68, IE N 4.04, IR AR K MEAK I T Q. F5E Bk 2.74.2.81,
2. 3140 T R AE AR KA1 s AR R 4.0, K0 T4 75 /K o 32 2R DRL R AR R /K JE 101 7K A 3 38 4 T 38
16, B E IR KA BT B o B L R Q. FR UL T AR 45 48 B A AR Ak UL R S S3.
26 EHEDHE RBUYEBESRERFHEXESHT

PR ] (Bach) . 817 (Dino) .4 % ] (Chry) . # % ] (Cyan) R % T (EugD) .28 % ] (Chlo) (B2
(Cryp) Q. B 5 W& (Q) W HE (V) . KIR (WT), pH,IE it & (DO) . & A (NH,-N) | = 4 iR 55 95 %
(CODy,) BB (TP) . BA (TN) Ml 4 % o (Chl a) % 10 A 8EH T, F] ] Canoco 5.0 #E4T TCA 40 Br
(B 3) B et AT KX R AT (DCA) 85 8 R 55 — %l Axis1 20{EH ky 0.70, P 0L £ 3 T 4 4 RDA 4%
Hr.RDA 7B 25 53R W . RDAT BRI RDA2 il i) 25 5 i B R 3 51l 94.62 %6 .3.45 % , HLIR MY 5 A BE K+
R DG R B0 R 0.822 8.0.770 2, R BHHEF 45 3 nl 58 HAC R MR 45 & Z 0 Rk &A%, I DO,
WT . NH;-N %3 M 83552 B 7 (P<<0.01) f1 pH TN TP % & 3 355 K1 (P <<0.05) #4740 Hr . 45 17138
FEHAMS pH.Q.V.WT 20 G T 28T MR E TS DOVTN . NH,-N. TP 2IEAHE E#Y
TN.NH;-N. TP 21EM ;KR DO 2 IEAHX.

DCA 3 Hr 75 55—l Axis1 30{8 4 1.70, I 26 #% RDA 2087 . RDAT Hli fil RDA2 Bl (1) 22 5 it B R 73 1)
9 81.59% .13.65% , VR WA AL A D e B A W i 5 PR 55 IR 7 09 AH OC R0 51 0.882 4.,0.802 4, K B
RDA 43 #7 BB 4 b X WL A DI RERE R BT I T Z B ) C R .45 A F A RIS E AR, 25U DO.WT, TN



% 4 WA LF 2R TR R B M AR SRR 57

3 A E IR EE N T (P<T0.01) 1l NH,-N. TP,V % 3 4~ (P<C0.05) i} 3 % W Y 3R 55 X 7. DO REAE MP
W15 TN.NH,-N.TP 2 & 28 E A DRt MP Al C 5 DO 281 IEAHCC R s e ff MP.C.Y
5 TN.NH;-N,TP . WT 25 ¥R 85 [ 1 # 5 A1 G

25 L iR , DO WT NH,-N TN 2y 52 0 35 7K U0 17 AT 4 45 4 R0 D0 35 ) B B 20 9 fe 2 SR B I+

0.6 F 0.8
= =
= =
-0.8 k 0.6
-1.0 0.8 -0.6 1.0
RDAL (94. 62%) RDAT (81. 59%)
(a) VRUHE Y FE () YL S D R R L ) B
E3 FRIRAEE () . RPN (b) SHEEHE T (MRDAS 1T
Fig.3 RDA analysis between phytoplankton density and environmental factors(a),RDA analysis of biomass of dominant
functional groups and environmental factors(b)
A \A
3 it

3.1 EFHEYEELEN

AR E A A R 8 1] 128 B, BEEE 1.20 X 10° ~1.10X 107 L1, ik 3 & 3 /K 1 i 2 Wi A ) 1) e
FEARHETIE, FE EMA Y a5 R R S e 1] BT, AR T2 & BN A5 6 K R R A
AT R AR A0 A SRR AE . 7 R 4 = A i Y R R K > K > EOK e e, R R
3AS IR E IR ER R B A 5 ), = K YT AL K R S R R T K B A R W o ORI AR R R B
KT FARKBH D) A 1 PR A A A TRk 7K 30K B 0D ) i U U 2 K AR SR8 B SR S TR ik
FET i JE A B2 A AR A AR A s RO BRI S, = K A I PR L KR L 3 IR 2% T AR K K
TV 28, K AR 3% WY BE 35 e DG RREE 5 28385 TR T B 2O B AR T s = /K S 2 9 52 i, =F K 09 K U T 2, SR 8
PP Bl 23 M IR I A R BRI Al K K A 22, B 25 T 5 B AR KL T8 i de e R B
3.2 KESERITN

ERALFE BR AT LA 5K T 045 B 48 A s B 500 T 11 28K B bn o, /K BT A R B AR ) 9 Shannon-
Wiener 880 (H) A BEFELCT ) FEEIEARE (DM Q, FEE Ml B R WL bR A KWK 1R o— g
AF I A A A R A AN A A U A A SRS R B I A A A BR A L 32 EE  J RE: AR R K
JE R T 7RO A TR G 0 L R AR KR A R R R A B L 3 A 4R O A TR K T PR A ) R L R
VR IR T U0 45 il SOK T B A8 R AR B, {57 i AR 0 9 AH O 4 A 1T LA M AR R EZK P8 HE 11 AT T I 2 A K
45 1) JE
33 FHFEVEAR ABDRESHERFHXER

K TUIFFHEY 11285 pH.Q. V. WT 20 A KK Q W34, V B Z 38 K, AR B T 07 i A
YARLHE R T K T A & 2B SR I, TR O B B T D s R R B, — SR RE S AZ pH M sE R BT,
H IR K T U 0 T R AR W i A XS O p OB R BB D RH R Y 2R R R D AR
FEFE ] T 0 B 58 b A5 B TR S PR IE AR ) W B BR &2 DO S Ah, 38 2% TNLONH,-N, TP.Chl a .
CODw, 55 P55 K B 52, DO ¥ B2 19 28 £k 5 75 e 1 ) 1) 26 A 0 20 %5 U0 AE O | I A 40 %) W WA FH 25 TH FE K
g DO, S A R 23R #E K A d 59 DO, TNLONH,-NL TP g 3 64 KR4 T ir s By & o it H



58 T IR IL K FIRCA RAF RO 2026 4

NS T R B R s K TR AR R 4 19 AT fgsE, b C.D.LM.MP.TD.W1.f1Y AL
PINRERE. TRERE MP A1 W1 5 TN NH,-N., TP 52 1 3 09 15 A1 ¢, 38 %2 J5 R DLER 43 R 3 Sk 08 345R 41 5 i
MP F AR S R AR R B WL A KRR A B B SR i MP 5 WT 2 83 Uk OC, D fg
FE MP 2R R Ak B T 1RN S, CHR 2 ek 8 A0 AR T 3 02 B8 ) 98 o PRI O g DT O A o L BR84S
K, DI MP A6 o5 4% (AR 3 Al K MP A= 96 5 e 21,83 % ~91.32% . - 3B{H Ry 71.39 %5 F-K
W MP M AR 26.71% ~71.74% , SF39(H N 61.69% 5 /K MP AW B M X W& N 7.03% ~
72.23% FHME R 59.00% . MP (5 L 5T B R #1520 R = DARHE B R 22 1 i Sk AR 3 W Rl i ) e
D i LI 52 b FA = K BT JE 7K S 80 A R RN 5 3 b R R R R L B S VA D K
A 11 I T s AN 22 01 A R R K 30 2K, DURAT SO AR R I DI RERE C o be o i sk 2, O 1
T O T RV o O T AR E— B I T B BT AR R

4 Zig

DR/RFJ AL M PRI A 8 7] 128 Fft, ek 17 ol o doe R LUK O R e 1) RV 6 1) 9 W AL ) =F |
1A 0 g 2 B AR K S R O AP R L R K B R

VK TR A AL 19 DB e ARHIDRERE 7 DL LR G TR Y H 88T BB Q. F5 5 B AR
RMEZK JE H 1T LAAE S 5K T I H A il K B Ak T 5675 VR TGOKF O I TS 7 B i RS

DILRHRW L DO WT NH;-N TN 52 035 7K 1 U 77 7 A8 1 45 A8 AT 55 2 BE T 4 ) £ 3= 2235
TSI

4 P 7R UL 2% i K S B OIS T 1T 26K A M, FL 7R DR 7K 28 1T S A * rp 2 7 f BRECER 28, S 33U i
T R TR A I SR QLK T IR K A A AR A B B R A R A S

Bt DL B FhR (DOI:10.16366/].cnki.1000-2367.2025.05.29.0002).

Z % x W

[T WA, SC B, AR L A6 T VA 22 b /K T 7 W0 A 00 0 285 A R A B A A A B PP L) /K AR A W % 4. 2025, 49(5) 1 146-157.
Chen H,Guan X,Cao Y Y,et al.Characterization of phytoplankton community structure and ecological health assessment of andi reservoir
in Zhejiang Province[ J]. Acta Hydrobiologica Sinica,2025.49(5) :146-157.

[2] Reynolds C S,Huszar V,Kruk C,et al. Towards a functional classification of the freshwater phytoplankton[ ]J].Journal of Plankton Re-
search,2002,24(5) :417-428.

[3] Padisdk J.Crossetti L O, Naselli-Flores L.Use and misuse in the application of the phytoplankton functional classification:a critical review
with updates[ J]. Hydrobiologia,2009,621(1) :9645.

(4] 10, 8 T, H R 55 ROKIF IR 4 S Be A A R 43 07 i ROR. R L 0. #ia AL, 2015, 27(1) 1 11-23.
Hu R,Lan Y Q,Xiao L J.et al. The concepts, classification and application of freshwater phytoplankton functional groups[J].Journal of
Lake Sciences,2015,27(1) :11-23.

(5] BliPh Bk 5, BB, 55 B T DX J) 20 DL S0 A8€ 2 38 5L 7K T it /K BB ¢ [T ] 7K K a8 TR 2731, 2020(2) :15-21.
Lu D.Geng Z K,Min M,et al. Water quality evaluation in Huangshui mainstream based on interval type Bayesian model[ J ]. Hydro-Sci-
ence and Engineering,2020(2) :15-21.

[6]  sif4, i 30, & 8, 5 5 K R R AV 3l ) D) RE 4% £ 2K 0 I 25 40 A R AR B A S R B PRI [ ] AR B #3244, 2025, 20( D) -
123-139.
Zhuo F J,Yang Z W,Gao X, et al. Temporal-spatial distribution characteristics of benthic macroinverte-brates functional feeding groups
and ecosystem attributes evaluation in Huangshui River Basin[ J].Asian Journal of Ecotoxicology.2025,20(1):123-139.

(7] BESLHR BRIGR , #52¢ 2E T ELECTRE I A3 /K it del K B¢ I8 AT 57 25 A AT RE D W [ N RKTT, 2025, 56 (1) < 110-116.
Fan L J.Li R L,Gao J.Evaluation of sustainable utilization capacity of water resources in Huangshui Basin based on ELECTRE Il method
[JJ.Yangtze River,2025,56(1) :110-116.

(81 ¥ e4r /K FT .55 W ] I AE B [ ML B VT i R At L 2018 : 87-88.

[o]  Srride. i ERRAKSE-E T B-rEE )R (EFe 88 B oede B) RESET) P (Esese B Wloc 4 B LMLt . BF 4= AL, 2004,

[10] #use, BREN.C . EIRK#EZE RGP K BAER ML AL S B3 AL, 2006.



% 4 WA LF 2R TR R B M AR SRR 59

(110 D5 e TAL bR WIS R Y 1T L W B I 3 35 A2 0 e 9 A 0 B K AR S R Bl A T[] A 2527 2 . 2025, 44.(12) 1 4052-4061.
Fang ] L,Wang S L.,Wang Y C,et al.Characteristics of phytoplankton communities and their hydroecological drivers in the Nujiang River
basin and the upper section of Lancang River basin[]J].Chinese Journal of Ecology,2025,44(12):4052-4061.

[12] 0 i, AkSE 22 ARobRAR 55 R AL 3K STl 34T T8 BERHT Be Az i 43 A L) 1. b LR K R /K B L 2015(1) :53-57.

Liu H M.Lin M L,Xu L C,et al. Runoff analysis of river reach without data by using watershed hydrological station[ J ].China Rural Wa-
ter and Hydropower,2015(1) :53-57.

[13] By INAE I L AR Uk N s 55 R 380 AL 07 W A 00 ) BB 2 8 0 A e i T S R B IR F 9SG R LU ). WA RE 44,2022, 34(5) : 1471-1483.

Luo M N, Sun B L, Zhu B C, et al.Distribution characteristics of phytoplankton functional groups and their relationship with environmen-
tal factors in Taihu Basin[J].Journal of Lake Sciences,2022,34(5):1471-1483.

(147 223 XUWF G 3C, 45 = 01 J0 M [R] 70 Ml DX K Jsk 52 2 o7 e A 00 A0 9 5 A R A [0 AL 22 41 . 2014, 49(4) 1 440-449,

Li H,Liu Y,Fan Y W,et al. Community structure characteristics of phytoplankton in Tongjiang of the Sanjiang Plain wetland[ ] ].Bulletin
of Botany,2014,49(4) :440-449.

(150 T Al 38 Y~ o ¥ 7 A 420 A= 0 3t B Sy B HE K B I58 4 7 A AT S PR 5 [ DL VG 42 < 79 222 39 1K %+, 2023,

Ding Y T.Biogeographic pattern of phytoplankton and its effectiveness as an indicator of water quality in the yellow river mainstream[ D].

Xian: Xian University of Technology.2023.

Characterization of phytoplankton community structure and ecological
health assessment of the main stream of the Huangshui River

Geng Zhaoke', Jia Jie’, Shi Lu*, Lu Dan’

(1. Water Resources and Water Conservation Technical Service Center of Qinghai Province, Xining, 810001, China;

2. Hydrology and Water Resources Forecast Center of Qinghai Province, Xining 810001, China)

Abstract: Based on the qualitative and quantitative samples of phytoplankton collected from the main stream of the
Huangshui River in March 2024 (low water period) , May(normal water period) , and AugustChigh water period) ., the structur-
al characteristics of the phytoplankton community were analysed and functional groups were classified. The following results
were noted: 1) Totally 128 species of phytoplankton belonging to 8 phyla were identified in the main stream of the Huangshui
River. Diatoms accounted for the largest proportion, followed by green algae and cyanobacteria. The abundance and biomass of
phytoplankton showed a trend of maximum during low water period, followed by medium level during the normal water peri-
od, and minimum during high water period. 2) There were 19 functional groups of phytoplankton in the main stream of the
Huangshui , with 7 dominant functional groups, respectively C, D, LM, MP, Ty, W1. The mean values of the H index, [
index. D index., and Q, index for phytoplankton were 3.58, 0.71, 3.60, and 4.03, respectively, indicating that with the excep-
tion of the outlet of the Dongdatan Reservoir, the water quality of the main stream of the Huangshui River was generally low to
moderately polluted, representing an "excellent" state of ecological health. 3) DO, WT, NH;-N and TN were the primary envi-
ronmental factors influencing the phytoplankton structure and dominant functional group composition in the main stem of the
Huangshui River.

Keywords: the main stream of the Huangshui River; phytoplankton; functional groups; ecolgical health assessment
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Fig.S1 Sampling sites of the main stream of the Huangshui River
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Tab. S1  Statistics of environmental factors

AL T 3 A Gtk D 5 A CGFAMED 8 A (FAKHD

WMEQ)/(m® « S™H 19.0(2.15~43.3) 23.5(3.45~43.9)

W V) /(m S 0.84(0.62~1.22) 1.03(0.75~1.03)

KB (WT)/C 3.04+2.1 12.9+4.1
pHE &) 8.31+0.2 8.340.0
Ousiano, /(mg e+ L7 8.9+0.4 7.240.2

PN/ (mg = L7 0.37640.034 0.2254:0.181

O s g5 B CODyg / (MG + LD 2.840.6 2.540.6
O 2 4k Cone, / (Mg« L7H 12.140.5 10.340.6
Oupecrpy/ (mg e L7 0.040.03 0.030.02
oux (TN)/(mg + L™ 1.6%1.9 3.1%1.2
Oupsiga (Chl @)/ Cug » L™ 8.842.6 9.844.5

57.4(5.00~109)
1.36(1.05~1.61)
15.8+2.7
8.6+0.2
7.0+0.3
0.12540.088
2.6+0.3
11.64+2.5
0.034+0.02
2.3+0.8

8.946.1
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Tab. S3  Division of dominant functional groups of phytoplankton

W B B
Vil A B i A R /T F i
3 H HiAKD 5 A CPARID 8 A (FKHED
B U IR KK iR AR AR INERE Cyclotella spp. N/ N/ N 3
cr N R B SR KR AT Asterionella sp. J J J 2
D* B IR M KK A W Nitzschia spp. N, N N 4
RIFIE B Ulnaria acus J 4
E INRUIK AR BB IR IR R K HESE W R Dinobryon sp. N/ N, N 4
F R T e B SR T MoK BIE# R Kirchneriella sp. N N N 4
SH AL B Oocystis sp. N/ J 4
G BB RO UK i SCERPE Pandorina morum sp. N 2
H., B E) B 3 DI KALEEIR Dolichospermum sp. N; 0
Lo PR E B IR Tk - 24P R Merismopedia sp. N/ 1
Lu BB R TR /N RK FIR W& Ceratium sp. NG N, 0
% W JE Peridinium sp. J J 0
MP * 2w PR B Dl ROk i 523 Achnanthes sp. N J 5
S E Navicula sp. N/ N/ N/ 5
WIS Navicula radiosa N/ N, N 5
S Gom phonema spp. N/ NG NG 5
XWEE B Surirella sp. N/ N/ 5
% F ¥ Diatoma spp. N NG Ni 5
p TSR RGN B H R Closterium sp. N 5
S1” TR AV 3 W AR tha ¥ Pseudoanabaena sp. N/ N N/ 0
Te BRI oK SR S g R K i Hi22 38 Lyngbya sp. N/ 1
Tp” B IRAY K G Y TR K4 Spirogyra sp. N/ 3
W, AL e T R KB Chlamydomonas sp. J 1
W, - B AR LUK #¥E Euglena sp. NG N/ N 1
X" BB IR K W B Chroomonas sp. N 4
X3 FOEFRRA K /NEREJE Chlorella sp. N N 4
Y* K Fa 8 Cryptomonas sp. J 2

WO RR MR INRERE P T SCAR sp. R R LE AR E Bl spp. B R IK B 0 AN Fh L 7 R R I WD I BEA BLJE /R FOROME S
2 IE CCHk[4—5,14].
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Fig.S3 Spatio-temporal variations of various indices of phytoplankton



