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Abstract

To investigate the community colonization patterns of attached algae in northern reservoirs under wa-
ter diversion conditions and their relationships with aquatic environmental factors, an indoor sim-
ulated water-mixing experiment was conducted using Erwangzhuang Reservoir, an important regula-
tion reservoir in the Tianjin section of the Middle Route of the South-to-North Water Diversion Project.
The experiment included five mixing ratios of water from the Yangtze River and Luan River, and two
water depth gradients (10 cm and 60 cm below the surface). The results showed that attached algae in
the simulated mixtures belonged to 66 species, 42 genera, 29 families, and 4 phyla. Chlorophyta ac-
counted for the highest proportion (45.45%), followed by Cyanophyta (27.27%) and Bacillariophyta
(25.76%), while only one species was found in Chrysophyta. Cyanophyta had the most dominant spe-
cies (7), and Pseudanabaena mucicola, Dolichospermum sp., and Planctonema sp. remained dominant
throughout the test period. The effects of water-mixing ratios on different phyla varied significantly.
Biomass of Bacillariophyta was extremely significantly affected by mixing ratios (P < 0.001), with
Group A2 significantly higher than A1, A3, and A5, indicating that A2 was more favorable for diatom
accumulation. Mixing ratios mainly affected species richness, and the surface layer was more sensitive
to ratio changes, with weak effects on community evenness. At 10 cm, both Shannon-Wiener and Mar-
galef indices differed significantly (P < 0.01); at 60 cm, only Margalef richness index differed signif-
icantly (P < 0.01). Redundancy analysis further indicated that pH was the most critical explanatory fac-
tor, with a single-factor contribution rate of 77.1% (P < 0.01). This study clarifies the community struc-
ture of attached algae under different mixing ratios, water depths and temporal dynamics, providing
scientific basis and theoretical support for attached algae management and water quality ecological
regulation in multi-water source reservoirs.
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1. 51§

PRI CREEAT )5, REESEALTS 2K BT 2 KU & K R . DURE K], 51T
K5 51 EKAEA [FIVE BERY B LA EE I HE N SRR AR, SEOKAE FRERAE R B 7454 SRR e 45 B Ak
FHIER AR, FFATRedE — DMK AES KRG ENE. CAHDITIRM, SMEKS AR R Z AR R
AR 2 e K SR ZE P (1] IR Z/KIRR B K EEDT S P R, 2/KIRIR & R B R 5K A E R
HAAAER AR, 7 BT H AR B RS R R Sz [2]. Rk, fEZ KRR E T 5 TS
JS23e A R HL B RN PR B R B BRI SR

DOI: 10.12677/0jfr.2026.132024 211 K= I


https://doi.org/10.12677/ojfr.2026.132024
http://creativecommons.org/licenses/by/4.0/

FTE %

GRS R B EZAMAKIE, —HEE RN, BTHRYE pH S LR, RE
JE S MUK IR 26 A, b RO RS T SRR T . B 5 2K (attached algae) TR E A AER. AN T3
JREKAEAE R B R, ARV F A= ALRER 7, S 5RBIEIR, HH5t R PR 5 AR A e
B ERKILRF LT RAS S REES M A BENEZR, HEERE. KEICIE oKsh &4
IL[EAER[3]. Sanchez er al. [4]1ER K LLRIE /K 5K 50 N IERIFEA S B BEAIRAE, DB
BE 72 5 2 O P BRI S AN A PRI DTG S o BB IR A S R A R i o 3 B R R AR A A
SO G A R[S ). TR /KRB RGH, pH. . TN, TP &2 IKSI G MR s R Ih ok
BT, HFESREFHXIESFENRAELRH6] [7].

WAKE N THKRGZ N R EE, KSRGS OB M5 A SRR R . Rk
VS LARE KA T SR (T Bo) AR 52, MU 2R BE 55 N 166 i B 36 86 - 2EAT RDA 208, IRIE . IR
fE. EFREh. mSRENFELNE T ZKEEE KED R NR S S 5N KRR 5 R R
7, FEI R A XA 258 K 70 M5 3 /KR 56 00 -5 BB A H0 A B 1 18 51 i /K % /K 36 1 5
IKIREE A (M N 5C R [9]. ARTT, BFAMEAE FIRK LG SR YIRS KoKah 2R R FB AR, X
S AT TR 2 3 DL VR K B B e, DRI AT R = A ) S Btk — P BRI

ET I, ABEF AR K IL T 2 R B R B K —— R E KRR R, B S Al Eek
ABTLAKRE LGS 2 ANKEBE, TFREENERNRAGRES, oS SRR s, EE R 2R
1, GG IR EEIR T R VR T B BRI, A 22 KR 5 7K FE B o PR 45 5 /K T AR S T B SR L B i 4 -

2. REMBSE
2.1. KIBERFHES

IR E K & m KA TR 2 R B B &K E (R4 117°25'55.2", 4644 39°32127.6"), THI A 11.03
km?, FEZ 4530 75 m, ARUES 3868 71 mP [10]. %K E X B ARGES AT A ALK . AR IEE M E1EK
RERTTEEThEE . B 2016 4 7 A RKACIE TRER LR 51 E N, AKEFFUR T RUK IR E NS 4Tk, o,
FIERAKHLE K EE K B ER, SIVEKEE K B K .

2.2. EPHRBUR KRR

ARG E I T [ LRI, fE/R ERKEEEA 25 L MZRTRKRfE/KRE AR 0.5 m &b
I BIFEMUR £ 7K PEE /K B SR 51 K, FNSRIE T /R £ K PE kK ET 51K a1, e il — 20 AA% AH
[F(4FEAT 200 mm, BEE Smm, KA 1.5 m)E5E Sy, 54, HsrtdilE—AN e g8 07 & 481,
FA T2 B E BT SEBR /KA . IS AR B G SRR B R E K PEZKAR,  Ji I K 5 5T 2 1T A 3R
13 ERIBA FERD . SRS IR F 8 J5 1 SR AT K AR AT = N 15 7%, FrliEvk s ita e IR IR SIME N G —
WIMREEIR . T MY 2 RS AR S5V E, B T H b RS EEE,  DURIE & AL B 0T 4G
PR B TR A RS T R AR — 3 S LR K R G4 51 8K & BIVIAKPRFA L4 A3 B A (1:0)s A2 (0:1)-
A3(1:2)s A4 (2:DHATAS(1:1)5 MEFEZH . RER 2GS M EAT (BRI MX650, 400~700 nm)i&E4Ll H
SROGIREE, RAEK NI R — M BOLE, JHRE 12h12h WA . RARAE IR TES-
1330a M5 JEIEBRE, KRR MK R 10 ecm AR 551214 30,000 Lux A1 13,000 Lux.

8 45 cm 8, 0.8 cm W H 1JE HMEE, $T4550 2, B2 A BIIKL) 2 om ISZI7 AR BA B 2 31,
W 2 NRFEZIROKITF 10 emy 60 cm)o Bl & G FHES R 26 B BT = ALK A . BEAMEEUIK
FERPPATICE 10 ks, /KR b O R e, DA IR A B s e By 5 . 16 7.10. 7.17.
724, 7.31. 8.7, 8.14. 8.21 LA IS & BEEREAT KA, RFUCKAE BRI OREA B ERIEE D,
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Figure 1. Indoor water column simulation device

B 1. ERKAEEERE

2.3. IKIEEFME

(1 2 BHUK R AT LYSDISE pH S EL SR, (5 5 L ALEURKBAE KT T 0.5 m ALRAEK
B, FESEG 5 LRI E S SU(TN, mg/L)s B (TP, mg/L). &% (NH] -N, mg/L). 4R L% (NO; -N,
mg/L). IEBRREE(PO; -P, mg/L)F4Rhs. FFHRIRIE =R, BOFBMAIEARAER, Bk s
BEORFE K BRI 447735

2.4. HELE
AT T A P e A T AR A TS, R

Cs ><K><P
N FoxF, v "

S

A, NN AL AR A B (cells-em ™), C NIHEETFY(mm?), Fy ARANLE ) TH A (mm?), F,
RO AEF R, Vo 1 LOKBES PTIE R YE J5 AR (mL), v RTHEHERIAFA(0.1 mL), P, ATHEUH
PN, S NS FE PR AR (em?).

TH5 Shannon-Wiener Z FEIHFEEI(H') Pielou $5) FE45%(J) Margalef =% FEIEE(D) TS HE 1 2
FEMEARAL, DURAEFRE(Y) > 0.02 et 3Fh. (] Microsoft Office Excel F1 Origin 2024 X 358 [K 1 A it
e BRBIRGH 0. 1% SPSS HIELKT t #:36:. Mann-Whitney U #5641 Kruskal-Wallis H #5670 47 X6 Bt
EAE K ISR T T 2 ST (P < 0.05). ] SPSS26.0 Xif 5 5 535 A 13547 spearman #5156 &
BEAT 73T (P < 0.05) . 5K H Canoco 5.0 BA0] i 7 B SRR 1 1EAT TUAR 43 r(redundancy analysis, RDA).

3. GRS HHh
3.1. KRR TFREWL S
SRFH Friedman AF S0k 40 HT /S R /K Ho 9] 510 /K f R DR O - AN IR/ L 9 K 3
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B FAAE— @ Z R (K 1). NH; -N 7E Al 18 5(0.251 £ 0.043 mg/L), A2 ZHIRAK(0.145 + 0.021 mg/L).
TN 7 A2 HiEF 5 KAE(1.015 £ 0.208 mg/L), AS ZHHK(0.671 £ 0.096 mg/L). pH B4kt T 5955 M Fl
(7.995~8.273). NO,-N 5 PO} -P BARAEFFEALAKT . Gitiitst BEW, AEIEKELHIXS pH 1 PO -
P fE{E 3 22 7(P < 0.05),

Table 1. Analysis table of mean and standard error of environmental factors with different mixing ratios

@ 1. FRIRKEELGIIME R FIERITERS R

VRIK EeA

NH; -N (mg/L) PO} -P (mg/L) NO; -N (mg/L) TN (mg/L) pH
Al 0.251 +0.043 0.021 +0.012 0.014 + 0.003 0.812+0.179 8.273+£0.210
A2 0.145 +0.021 0.039 +0.013 0.012 + 0.002 1.015 = 0.208 8.168 +0.189
A3 0.229 +0.036 0.029 +0.012 0.010 + 0.001 0.961 +0.117 8.110 £ 0.171
A4 0.208 +0.018 0.026 +0.010 0.011 + 0.002 0.746 +0.100 8.010+0.215
AS 0.198 + 0.031 0.028 = 0.010 0.011 +0.002 0.671 +0.096 7.995 +£0.179

e BHEUIME + AREIR(Mean £ SE)FRIR, n=38.

BB A1k, SRS T 200 B3 AR FE (R 2). NH; -NIKEH 7 A 3 HI1 0.356 +0.042 mg/L
TFE 8 H 21 HM0.138+£0.014 mg/L. TN 7E 7 H 17 HIERHE{E(1.502 £0.194 mg/L), BHJE FFEZE 8
H 21 Hi 0276 +0.070 mg/L. pH H17 A 3 HIf 7.256 £0.068 - F+4% 8 A 7 HI) 8.804+0.071, PO, -P
1E 7 B BRIART R, BE G R T B R 4R AR K . NOy -N BEARGEREAE 0.010~0.016 mg/L 2 7], Ziit
ZELEIR, NHj-N. TN. PO, -P K pH fER [ R F3A74E 83 % (P < 0.05).

Table 2. Analysis table of mean and standard error of environmental factors over time

= 2. BERTEIHERBIME E FHERIRER IR

I 1)

NH; -N (mg/L) PO} -P (mg/L) NO; -N (mg/L) TN (mg/L) pH
7H3H 0.356 4 0.042 0.070 £ 0.015 0.010 = 0.000 0.966 +0.213 7.256 4 0.068
7H 10 H 0.258 + 0.034 0.078 + 0.002 0.012 = 0.002 0.890 + 0.088 7.544 % 0.085
7H17H 0.218 + 0.032 0.008 + 0.004 0.016 + 0.003 1.502 4 0.194 7.816 £ 0.070
7H 24 H 0.178 + 0.034 0.002 = 0.001 0.012 +0.002 0.898 + 0.057 8.068 + 0.063
7H31H 0.168 + 0.022 0.018 + 0.004 0.014 % 0.002 0.848 + 0.038 8.564 % 0.048
8H7H 0.13240.013 0.014 % 0.003 0.010 % 0.000 0.552 £ 0.096 8.804 £ 0.071
8 H 14 H 0.200 + 0.028 0.014 % 0.005 0.012 + 0.002 0.798 + 0.106 8.352 4 0.062
8 H21H 0.138+0.014 0.022 + 0.004 0.010 % 0.002 0.276 + 0.070 8.484 + 0.080

B DI E bR MR (Mean + SE)RIR, n=35.

Wil 2, BACRE, &R FIERK R R I — @ M B R R AE . Ho, NH; -N 5 PO;
PSR Y, TN B T B BEVE T e JE @ A RIS, pH BRI R, 1 NO, -N 4R 4
FERURACT o ASFENRK LEG] RIS A AR e 3 a Ak — B0, B fa e e shig i L Ar e 22 57

3.2. MYEERREMER ST

XHRIGIA ] A SR S e, LS e E#ES 66 F, HEBT 411298 428, Hi A1 A%
SEH 42 Bl A2 % 57 Fhs A3. Ad. AS AN 55 Fh. SREEITRT MRS 2, 18 45.45%, HIK
DA A ] (1 3).

DOI: 10.12677/0jfr.2026.132024 214 IKPEHIE 5


https://doi.org/10.12677/ojfr.2026.132024

FFE %

—=—Al A2 A3+ A4——AS5

9.0
8.5
T80t
7.5¢
7.0
09— 00—
7/3 7710 7/17 7/24 731 8/7 8/14 8/21 7/3 7710 7/17 7/24 731 8/7 8/14 8/21 7/3 7110 7/17 7/24 731 8/7 8/14 8/21
B H#
0.03 0.12
2 0.10}
a 3
ooz 2008
E 220,06
@001 0.04
AT
5 Ho.02} /-
000 . 0.00— ]
7/3 7710 7/17 7/24 7/31 8/7 8/14 8/21 7/3 7710 7/17 7/24 7/31 8/7 8/14 8/21
B3 B3

Figure 2. Agram of the variation trend of environmental factors in indoor simulated turbid water bodies
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Figure 3. Species composition of attached algae to the water mixing ratio in indoor
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BIG A SL S e AR SR 15 b, SRJE T WREN )RR VISR ], AR 3. WREEI TR AR R SR £,
7 s REEEITRIZREET 1000 4 Fhe BEEE TR AEREIREE . KAUHE . WP MIZRR ] B/ N BRI 7E 1K 56
SRS L. XS A A, T O0 3 S T e, TR OB A A b T T

Table 3. Dominance index of attached algae in Erwangzhuang

3. EREINRKME RN B EREY

H 3
7.10 7.17 7.24 7.31 87 814 821

Il PEFA Tl

A A D
Pseudanabaena mucicola
A R
Chroococcus limneticus
PESCE S
Chroococcus varius
FZ K 3k e
Chroococcus turgidus
KA

Dolichospermum sp.

W bl T
U 0.06 0.04 0.12 0.19 0.27 0.25 0.19
Planctonema sp.

JE T Bk
Aphanocapsa pulchra
PLCH
Pinnularia sp.

JEP AR AT
Synedra ulna
ST
Synedra acus
(SPSERIZ
Navicula cryptocephala
5 il 5
Scenedesmus arcuatus
INER
Chlorella sp.
TS
Gloeocystis planctonica
AR

Chlorococcum humicola

VE: S AR E R AE ¥>0.02.
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T ]
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3.3. JRKEL I B &R B K B R A R AR

TR RIS, 5 M A e o) 2 sh . Ja Tt ss, e 8 A s FIg(HE,
W 9%, W 4. YRR e E HIE 8 H 14 H A4(0.6456 mg/L), SARMEHIIE 8 H 21 H A1(0.0301
mg/L). ANFENRKELHITT, MEE S SEWEFE—EER, H A2 45 5(0.2580 + 0.0444 mg/L).
BARKRE, SRR EY)EZ R R BRI TR T DTk 2L
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Figure 4. Average biomass variation pattern of indoor simulated mixed water attached algae
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Figure 5. Variation patterns of algae biomass under different mixing ratios

E 5. ARIBKEFIT &I TREEENERHAEE
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(P <0.001)0 AFVRA ELEI KR REEET TV EIME S M8: Al (0.0418 £0.0115) mg/L; A2 (0.1935 +
0.0316)mg/L: A3 (0.0875+0.0224) mg/L; A4 (0.1179+0.0182) mg/L: A5 (0.0862+0.0196) mg/L. FHr,
A2 MEFRR T A3. AS AL (P < 0.01). WE#E 15288 T THEAN VR 7K b A3 1R) 22 e 3 R B 7K o
R, AT, JRAKHE) 3 Bk 1A, e ]2 IK sl B 5 A v 4 0 22 5 1 OB S A

3.4. JRKECGIRIHE RS E MR R

ARV K LA AN [R] K 2 R B ST v 2 R TR B i 45 (€ 6). 7E 10 cm 7KJ2,  Shannon-Wiener
Z FEEAEEON Margalef =F & [EFREUEA [FR /K EL B R BRI B35 Z 7P < 0.01), Hrh A3 5 A5 %
FEMEFR A S, T AL BIAEXTEAR, FREIVRK H ] 2 2 5o 38 2 B G VR I8 R = 8 R R B 2 eI
IR0 SRTT, Pielou 335 BEFREUAEAN R VR /K LU 8] 6] 22 S AN 2. 25, 1 VR ZK LU AT B R A0 o 23 A 320 50 1k 5 i)
BN,

£ 60 cm /K2, Margalef £ & 8 Hh R I 535 % 55 (P < 0.01), {H Shannon-Wiener 5% Pielou
TRBCC RN . SRIZMIG, RZFEFTIRK H 1] i 558 FE A Frisss, JR/K Ee ] 3 22 my fhiE
I, T BEVR G A B AT R B ST VR AR AN B 52 o VRK B AR X} B 5 R V& 22 R PR 1) R 4 32 BRI TR
VIR EEET, HAaZSRBAERZEARE, MIRZERESHAHENTRE .

Shannon.WienerZ FE 1 F8 % (H) Pielou¥y S EE3EE (D)

Margalef=£ & JE 5% (D)
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Figure 6. Variation of diversity index of attached algae in indoor simulated water
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3.5. MEERESEMSHERERET Spearman MRS

RN I SRR S S B IR G 5 R, AT 10 em F1 60 em 7K)Z #8511 40 M = & Z ek
GRS FEAL R T3E(T Spearman AT 7).

7E 10 cm KJE, W15 Shannon-Wiener ZFEPEFEHEL. WSJRAEESL TN B R EZE FUHKR(P <
0.01), [Ai5 pH 2R EIEFAHI(P < 0.01), Ui EET ARV E I I BV 2 R 5 BE AR, T
EH) pH ZE ] fe A B T A K. #3115 Shannon-Wiener £ FEVEFRE Y Pielou ¥)5) B fR A B35 1E
FHIR(P < 0.05), FKHILE 10 cm /KJZH, ki [ T=F BETHanl i FERa BV 2 eV S S ey, BEVR 454
BT AR HAMESE . PH S S-W 2RI SRR R W& OGP < 0.05). 5 EFa 4L
5 NH, -N Al TN #2823 EAHK(P < 0.05), RUEE IR /KT 0] fe G ) TR M o A T3
7o

60 cm 7K )z, WEEET M5 535 BEAREC R AT 2 AR OC(P < 0.001), 27 A0 SR 98 58 0] B V& 35 iy 1 Fp 410
HIVE RAEA FIKZIAAAE . T ] 5 33 FEARE B R 3 IEAH (P <0.001), R 1RSI P HE
W R BE RO EZEM TR, Shannon-Wiener ZFEMEIEES pH EMHEE AP < 0.01), 5 TN
2 RFIEMKP<0.001); [FIN A EEEYS pH B 2% FUHK(P<0.001), 15 NH; -N & TN ¥R 2%
IEASR(P < 0.01). IXEELEHLRM], £ 60 cm /K/EH, pH S HEVE 2 FEIE K35 5] FEARUARAE FURH G K
R, MEE TR S BEE 45 M TR A AE — 58 KB
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Figure 7. Spearman correlation coefficients between attached algae cell abundance, diversity index, and environmental factors in sim-
ulated indoor water layers of 10 cm (a) and 60 cm (b) depth
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