J. Lake Sci.(# i #+4%), 2027, 39(1):000-000
DOI 10.18307/2027.0113
©2027 by Journal of Lake Sciences

TR M E R R AT 2 2 E

XEAE xR, NS, MRE 3 "
(1 WLPE R AR5, KJE 030006)
(2: INPEE A SR A AT, KR 030006)

% . WERBRRES RGN EEYIPEFH, (EKAREFRESRES MRV b B EERRE L. AR
T IC D T A T 8 M0 (O B 2 o AR ALE B B LA A I KB R, AR E 4 0 T 2021 47 4 A 22 2022 4F 1 H YA T 1E Y
WTIBE 25 ANRAEAL VDS 7 I ERE BEREVE 45 M I AL S L R RE s K R AR DN . G5 BRR T, DU k% tH
FEREWE 3TARN . WL REVE A E TR TR ) U L R R R . SRS (Diatoma moniliformis) TEFKTE
T %78 PR A AL, THEJE/NRTE (Cyclotella meneghiniana) TER ZEFEEWHE AR, Hid, SHREFEIELSAT L
R, T B /N R R AR S 2 B VA bR LU ) U IR N . o BRI BUE AR T 2 IR 2 RN R, (B
RUEE, RIOy BB EE&T . FHFENR. B Ta RER, FI (R2=0.143, P=0.001) AN (R=0.136,
P=0.001) HXFEREBBEVR S WA BFE WM. TTRSPT (RDA) #—BRW, /KiR. pH. B S Ia % E AR
TG A 5 S5 Bk SRRV 2 A1 1) 2 2 IR R

KRR MOEREEE: BEVRSSM: ZREME REET. YR

Spatiotemporal Distribution Characteristics of Benthic Diatom Communities in the
Mainstream of the Fenhe River*
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Abstract: Benthic diatoms are key primary producers in river ecosystems and reliable indicators for evaluating water nutrient
dynamics and ecological health status. This study explored the spatiotemporal patterns of benthic diatom community structure in the
mainstream of the Fenhe River and identified the core driving factors of community distribution. A total of 25 sampling sites were
set along the river main channel, and field investigations were carried out in four seasons from April 2021 to January 2022. We
simultaneously surveyed benthic diatom community composition and in-situ water physicochemical properties. A total of 374
benthic diatom species were detected throughout the four seasons. The benthic diatom community structure exhibited distinct
seasonal and spatial variations. Diatoma moniliformis dominated the community in spring, autumn, and winter, while Cyclotella
meneghiniana showed a significant increase in abundance in summer. In terms of spatial distribution, D. moniliformis is mainly
distributed in upstream reaches, and the relative abundance of C. meneghiniana increased gradually from upstream to downstream.
Alpha diversity indices showed no significant seasonal differences, but were remarkably higher in upstream reaches than in
midstream and downstream reaches. Beta diversity analysis demonstrated that both seasonal variation (R?> = 0.143, P =0.001) and
river reach differences (R? =0.136, P=0.001) significantly structured the benthic diatom community. Redundancy analysis (RDA)
further confirmed that water temperature, pH, dissolved oxygen, total dissolved solids, and total phosphorus were the major
environmental factors driving the spatial and temporal distribution of benthic diatom communities.

Keywords: Benthic diatoms; community structure; diversity; driving factor; Fenhe River

*2025-12-29 UieHi; 2026-03-23 Y& SR 2026-05-08 T .
WP AR B AR RSB H  (Y1-2024-03ST) #l.
*E(E{EH: E-mail: liuqi317@126.com



MBS AR IR IN T IR h & 2R 5T (B, ARAEREY) . DIRRVIAE) R KRBT R, T2
BIERERRI T BEHRIT. SREITA IR0, SR ir L, BB SRR LU T [ i A58, 8 G 1
P2 6] o)A L8 — 1, BETE A (0 S ) R B0 2 A1 K 22 51210 B 26 f 2 B 9 XS 1) 2 B2 A
7y, EATER BN LY 2 R T T AR B 8, VR A B AR ) AR AL e 6 [ WK AE S R 4t
M RO o VDRI AL 25 R G AN P B ) B B 0 A 7 4, P R A RE BT M) S A 34 i e
KA RBAEBL

TR R B AE KB 1 25 B IR EKT NN T- IR0 S 7 A7 AF S 25 22 57, IR MR PRI HH L B %
SOMA A REBR AR T . A R AR IR B I R, T R BT S e e A A e 4 T S o A -
1o i, 2023 4F Zelnik S NRIBT R Y], 5 BERMBAHLL, FHERKMMEEESHEEEZE T &, K
W TN TR 55 R A SR A AR WA R RV S5 R ZIE (), Behh, KRBT —ZRW, W&
TN KR pH S8 /KR BAL 26 AR AP0 BA e B BBURR Y, DRI T2 I P T3 K S P A A 2 2 R VT
fiti 161,

AR, B DA G B G B TR RO RREEE , UK SR A R A T B AR
(0120, Yl A D9l 74 48 e KT, T AR RE B R, R Dl R R AN S Bl i 2 T3 52
TN NI EE, R AA B LR E R H, KRR & S8, KIRRIEARZEY K3 %
PER R YR 22 R 0281, UreK s A BN 2E0EET N B, RBES ARG RIKRZ L .
BRAVART S DAV HBO A0S AN S BOKAE R R BESEE IR BN, = B B AR & 8 TR
(41, AT X B 55 Tkt A 4 A S L i i e 2E B LR

CAT B FURT G TR IS R AT T IR R, B, E R RSB, Uy o T i B
WY SR, EAIE TSR] SKIBTT USSR TR, Ui L B R R DA ]
PRnECL e, (AR FEAR T WA shdh, B MBI A2 b TR BOR A, JUH R RIE B
AEO7-181, MR I [ 22 B v 8 SR KA A0S0, R 2 0 iy ) il B AR s 2L M. R
U, EREBASEERRT, ALEITRKY. 8, ZREMENETIT, LI I e 1
I 2 3 AT RFAE X 2 B R B R 1

ek, AT AV T T, X DX [ B A A T R A i BB R S
B, ECRAS AT B B AN [RI 24T I R R B RV S5 A O AR RRAIE, R GOKIR LR, TRl BIRERAE
BT, RAITUARIHT (RDAD 5 FCRE W U3 i) 1 B Ak JE A V8 A2 A0 00 2 ZOABE IR 7, DA T Ik
RAEZS TR 5 K U B (A sk 2 R 0 A S i s S

| BRI E7HE

1.1 fAR XS R E

SRR T T REE S L, AR LVEEH, FEm R B R AT, A2
WIBEE RS AR 713 km, VIRINAR R, BAEmAbmAmEm. ZoKERE . KO
Bl SCICN PR XIS 22 S S5 2 B R R 520, VAT AN [E3AT BRAE 7K Bl 0 264 7K & 43 L B K B R AIE 5
7 THI 2 I HE 2 2 (e o e

TR B AS J ARSI B oK A E S, A AETREENAR T 25 MERAERER
PERRFE S (B 1) H, FH-1~FH-9 {7 T EJ#TE, FH-10~FH-18 AL T+ B, FH-19~FH-25
LT TR B o B ek S ot B R0 K IR BE R 7 SRR 40 T 2021 4F 4 § (R, 2021 £ 7 A (B
7). 2021 10 A (Bk=) 20224 1 H (43 FFE.
1.2 #FRRESLE
12,1 BmEHERHRAE, £ 50% EIWRFEH - XETRISIBERET G0E. A¥O SR% 100
oem? REERE G, BT S Joa Sk, MTRREI GBI, BBRUUKER T KRS, HZE
TRAKIRYE, SRIGIIE ISR ORAE T 100 mL SRAEEEh Jfalr Bl Se g0 5 . iy Bl 905 == A e A i, SE 9 AE



RS R EL 10 mL JIN 15 mL B0 0, 2B RIS, BT 2 AE T, I
THERTE AR 40 min, KBRANNY, ZEHAT—RIIMBEORMPEE, BEFE S SRR, A
Naphrax 8 Fr, Bk A S 00, RS RS F 4 E (OlympusBXS53,X 10000, MEEAN K AL
Frep, ZRBIFETE 400 AN SRR, ARPEILSEREBE M (https://diatoms.org/what-are-diatoms ) KX #HFE
B TE R, FEYFKT B 5E O KBTI E

00075 117007 112°00" 75 11390077 114°0°0°7% 115°00"7R TR 290'0" 7 114°0°0" 7%
x 1 L L ! 1 1 L
T T

415003
A

40°0'0" 3l
L

T
380004l

39°0'0"4~.
f

3ge00l
A

T
37°0'0"4r

37°0'0"z,
f

36004
A

r
365004

35°00" 21,
A

01530 60 96 120
_. — ki

B 1 TR ECR A S 43 AT

Fig.1 Spatial distribution of sampling sites in the Fenhe River Basin
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Fig. 2. Seasonal and longitudinal variations in the composition of benthic diatom communities along the
mainstem of the Fenhe River. (a) Community composition across seasons; (b—d) Community composition

across river sections (upper, middle, and lower reaches)
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Tab.1 Diatom dominant species and their dominance in different seasons in the Fenhe River Basin

HHE Y
Wkh

FF k- = X7
Cyclotella meneghiniana 0.046 0.182 0.086 <0.02
Diatoma moniliformis 0.096 <0.02 0.071 0.190
Encyonema ventricosum 0.027 <0.02 <0.02 <0.02
Gomphonema olivaceum 0.054 <0.02 0.022 0.066
Lindavia praetermissa 0.031 <0.02 <0.02 <0.02
Navicula lanceolata 0.023 <0.02 <0.02 <0.02
Stephanodiscus hantzschii 0.050 <0.02 <0.02 <0.02
Achnanthidium minutissimum <0.02 0.020 <0.02 <0.02
Nitzschia palea <0.02 0.056 0.041 <0.02
Nitzschia dissipata <0.02 <0.02 0.023 <0.02
Ulnaria ulna <0.02 <0.02 0.026 0.022
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Fig.3 Diversity indices of attached diatoms in the Fenhe River Basin (a: different seasons; b: different river sections) (Different
lowercase letters indicate significant differences between groups, P < 0.05)
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Tab.2 Seasonal variation of water environmental factors in the Fenhe River Basin (Mean+SD)*

BT HE RS €S A7

pH 871+026° 841+029° 8.08+ 041 ® 707£3.17°
Cond (us/cm ) 962.52 + 449.94 2 968.12+267.10* 971.74 + 300.03 * 900.49 + 536.51
DO (mg/L) 12.06 +2.37 ® 9.81+2.86" 12.51 229 ® 14.28 + 6.68 *
WT/ © 13.22 +4.00° 27.50 + 4.39 12.31 +1.99° 2.19+£1.98°¢
Sal (% ) 0.56+0.17° 047+0.13a 048+0.15° 0.45+0.27°
TDS (mg/L) 780.14 + 321.60 2 622.38 +181.70 631.15 + 199.00 2 590.83 + 349.60 *
TN (mg/L) 1.10+0.72 2 122+0.74° 1.21+0.782 0.84+0.70
TP (mg/L) 023+0.18° 0.23+0.182 0.25+0.19° 0.16+£0.172
CODy (mg/L) 25.84 +11.16° 26.72 £11.75% 27.60+ 12.21 19.00 + 12.69 *
NH+N (mg/L) 120 £0.77 @ 1.29 +£1.00% 147 +0.88° 0.69+0.63
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Fig 4 Temporal and spatial patterns of benthic diatom communities in the Fenhe River and their relationships with environmental
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