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Abstract
important water source, diatoms were collected from ten sites in spring and autumn of 2015. Based on the

To further investigate the water quality in the Maqu-Linhe section of the Yellow River, which is an

morphological identification method, 24 species belonging to 2 classes, 9 orders, 12 families, and 13 genera were
characterized. The cell density and biomass of diatom were lower in spring than those in autumn, which was further
proved by NMDS and ANOSIM analysis. Water quality assessment based on indicator diatoms revealed that
Nitzschia palea indicating polysaprobic zone was detected in some sites such as Linhe, Qingtongxia, Lanzhou, and
Maqu, which was consistent with the assessment from the Shannon diversity index (H). Water quality was
characterized as slight-moderate pollution with low diatom diversity in the Maqu-Linhe section of the Yellow
River. The water quality of this river section in spring (H4=1.914+0.67) was slightly better than that in autumn
(H=1.58+0.49), which might be related to the higher DNR in spring.
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Fig. 1 Distribution of sampling sites
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Fig. 2 Cell density in spring (a) andautumn (b), as well as the biomass in spring (c¢) and autumn (d) of the diatoms
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Fig. 3 Composition of the diatom community at the genus level
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diatom species exhibiting significant seasonal differences (c)

172



A EERESE T B gl 2 0 B A v R AL B SR BPEAR

B e AE, WAE KB R AR, Fe R KA E 3R K
- R 5 YR LI ARHIE ST 4 5 Y 24 R RE
A 3P C B I EOK BLAE R Rl . o, Diatoma
vulgare & JF K 15 Y I " RS, Cymbella affinis J&:
TRARFE FARZS Y ?5‘/%**[38], Nitzschia palea 7] LA+8
ARG, 3K 3 A8 s R R 3 g I T B Y
UL 5. Diatoma vulgare ¥ 35>, AUFF BN
TN(LH) . BKEETE BB (GD)l s5 K H . Cymbella
affinis & . TR HIE LM (LZ) . H il (MQ) il S AL
o 2N 2 AT, A S sh AR T
My KRN AR 15 15 K S5 o R K B, TS il R A2 T
Y g 3R Y BHE OS2, KA v SRR AR DY
Nitzschia palea AR RG] . FHIWE . =2
FIES 55 22 A il A Y, R WA T BEET o3 il s Ak T
25 RIS, Bl 2= IE T B T E SRR,
KA B P B T e 1 B AR U AR R A Tk
Xif v ] e kX ZR e ] B AT K BLPEAY, K 4R
TR IK A R FR (R /NER B 8 (Cyllotella) FN T8 7 KK &
B IEWENFTF 38 (Synedra) %, N Rz BE iR TS
Qoo ARICEERE AL

(a)

Diatoma vulgare

2.3.2 ETEHER S HEMEIEBAKRIEN

ik A AR Z FE TR B TS R 4 A A A 6 T,
i b 25 0 T B ) HAELE 1.32~2.34 22 a] o %9 Bt
REFEPERAR FRAR, T Hisiy, JBig—rh s
gy, FHRW TR RE RS A W S R (p=0.028),
BB R (H=1.9120.67), B#K FE T
o-Hig A, HIBER . 22N L T L R e A e
i U -5 (Q<H<3), KA, 5YLRR . K
1 W) 2 REVE AR (H=1.58+0.49), BRIt sl &5 )8 B-
gy, HAL R a-ig Ay, KB R EETS Y 25
BRTA, Bl E i BoK B R E - R Y, SRk
BAERAEYNIER SR —8 AR SR 5HTA
XoF VAT F) - Q0 40 TRT B K B I 25 SR AR AR, 0 TR
e S VORI Y T U 3 0 22 R S RN TR 2 M T X
BOKRHEATPEMY, A ZI B T 5 UL, 45
B AU BIF T 45 53 B 2 090 R0k ] BE VR i
VIR ZREVERE BN 1.41~2.83, Wb TS YL,

T ZREVEFR BT WL RE B 1 TR R e, REde
X IR AR AU, BEVE S5 5 2 AR T RE . R
F 5T R B R T KR B BRALFE A, 25 R LI 7. 1%

Cymbella affinis

Nitzschia palea

LH
QTX -
XHY -
AND -
LZ
XCQA
XCH
XH
GD -
MQ -

1 2 3 4 5 6

(b) Lhd
QTX -
XHY -
AND -

LZ
XCQ
XC
XH
GD
MQ

0 1

2 345 6 7 0 5 1015 20 25 30

Y RE/(104 L)
5 3MBARKRIEREMHEESTQNUMEZDOIBSH

Fig. 5 Distribution of three typical species used for evalua-ting the water quality in spring (a) and autumn (b)

173



R MARBIER) 58 E 1

20224 1 A

25

2.0

1.51

=
1.0 1

@

(b)

]

MQ GD XH XC XCQ LZ AND XHY QTX

LH

MQ GD XH XC XCQ LZ AND XHY QTX LH

B 6 HEEEZ@MMEOHAREIH
Fig. 6 Distribution of H in spring (a) and autumn (b)

24 9.0
~ —— 20- g5
o 224 =——HKFE /—' :
- fo i ~ 8.0
£20 o b j oo 7~
Z 15! 2 104 g
s L s E 7.0
(@) |4_ 0_ 60'
T T T T T T T T T T T T T T T T T T T T 5.5 T T T T T T T T T T
] 1600
- 701 1200
£ fo
WIT&ISO' Z 800 fa
z <
¥ 30 Qi 400 - /
101 0
8.6 18
161 0.6
8.5-
8.4 o / = 0.4
= '\/ = 12 / P
o 1\5 é
8.3 \—/ 104 2 021
8.2 81 _ S
6] 04
8.1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
EEPEREETE SEEQgNBEES EEFFREETE
= > < X O = > < X O = > < < O
SS [l e B v UL I B

B7 HEERTFHEESS

Fig. 7 Distributions of environmental factors

T BOK A pH B 7E 8.2~8.5 e 5h, SS90k, A
AR (7.7+1.8 mg/L) . fb2ATE E i (2.20+1.9 mg/L)
FE AR FE (0.25+0.15 mg/L) X JE - ( 38 7K 3R 85 5
HARME) (GB 3838—2002)H I 257k brife . B
705 220080, ZBOEIR . W . WS K R
FTERF R 25, Hi, FR0EEOCRE
(20531.70+2078.70 kJ/(m*-d)) & T Fk 2 (15631.70+
1540.30 kJ/(m*-d)), #FZHH(920.20£770.20 m*/s) i

174

TRk Z(583.50+419.50 m’/s), H 2=V 4R(7.93+£2.03
mg/L)i TRk ZE(7.46+1.04 mg/L), F =K (53.40+
60.60 mm)fik T #k 2%(39.50+39.50 mm).

HE— 20 AR IT 52 ) i A i 2 A G B 5 e ]
. WE /R, TUARTHT(RDA)FT Al i) fff B
FEZ FR 63.20%, 3% FH 3 46 PRI PR I8 2 b 52 e £
BEREVE AL s F, Lot IR AR B (DNR) Y 52 M) e

K(R*=0.3909, p=0.011), JEME &k A/ E



B3R

T T 3 g 2 e T B A e A 7 AL R BOK P A

500
s
=)
<
S 07
o
:
=500+
; °
-1000 T T T T
=500 0 500 1000

RDA 1 (52.74%)

8 RDA 5 ifi REAIRE B F 3 55 8 7% H A B0 #20m
Fig. 8 RDA analysis showing the influence of environmental
parameters on diatom community

FEOAT, G IRAR ST 58k B 2 5 ek e 9 A AN 23 A 1
5 AR AR T AR 00 R W A DR R K S
FIRT ST S RS, B IR ik e A i 25 4y 110 T K
AT R, T FE R O IR G T RE AT A T R
AR, FEEFRESHEES TS,

3 #&ig

AR SO TR 3 ) 22 0 T BB A O A U A R R AR
HATIRIE, JFEAT KB, 3 45,

1) BERG I e e 220 9 H 12 R} 13 )8 24 i,
Cyclotella 1 Synedra 52 ¥ [th 2 Ifa ] B 9 Ak 3 00 3
J&, AR EE T 10%.

2) FEBERE VR A E R KA N R 25, &
T i 95 200 Y60 %8 R A ) A R e A T e v, T
EEE M R, EMREEMEYER TE
25, Asterionella formosa, Diatoma sp., Navicula
radiosa Fll Navicula cryptocephala B A i 3% 1Y & %=
PWFPE, Cyclotella sp. EL A B I 0 Bk 250l 414 -

3) w i) 3 iy 2 T B Y K BT R R 2R (H=1.91) %
TR (H=1.58) JGHRZAAF R mk B PR 4 A 1) &2
TIKSK R, W RBAE TR i RE B2 HEE

4) ¥ty 22 i e Befk B2 FETE AR, BEAARIK BTN
B RGeS A e B A AR ME S, 8 1)
o Z R AR SR

£ % STk

[1] Lembi C A . Limnology, lake and river ecosystems.
Journal of Phycology, 2001, 37(6): 1146-1147
[2] Thangaraj S, Sun J. The biotechnological potential

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

of the marine diatom Skeletonema dohrnii to the ele-
vated temperature and pCO, concentration. Marine
Drugs, 2020, 18(5): 259

Thomas M K, Kremer C T, Klausmeier C A, et al.
A global pattern of thermal adaptation in marine phy-
toplankton. Science, 2012. 338: 1085-1088

Sellers T, Bukaveckas P A. Phytoplankton production
in a large, regulated river: a modeling and mass
balance assessment. Limnology and Oceanography,
2003, 48(4): 1476-1487

Garcia-Seoane R, Fernandez J A, Villares R, et al.
Use of macroalgae to biomonitor pollutants in coastal
waters: optimization of the methodology. Ecological
Indicators, 2017, 84: 710-726

Chen X, Zhou W, Pickett S T A, et al. Diatoms are
better indicators of urban stream conditions: a case
study in Beijing, China. Ecological Indicators, 2016,
60: 265-274

Moniz M B J, Kaczmarska 1. Barcoding diatoms: is
there a good marker?. Molecular Ecology Resources,
2009, 9(Suppl 1): 65-74

Bellinger B J, Cocquyt C, O’Reilly C M. Benthic
diatoms as indicators of eutrophication in tropical
streams. Hydrobiologia, 2006, 573(1): 75-87
Apothéloz-Perret-Gentil L, Cordonier A, Straub F, et
al. Taxonomy-free molecular diatom index for high-
throughput eDNA biomonitoring. Molecular Ecology
Resources, 2017, 17(6): 1231-1242

Bogatov V V, Fedorovskiy A S, Nikulina T V. Role of
hydrological factors in species diversity of algal
communities: a case study of the Komarovka River,
Primorye, Russia. Russian Journal of Ecology, 2013,
44(6): 468-474

Xu Hangzhou, Zhang Shasha, Ma Guangxiang, et al.
18S rRNA gene sequencing reveals significant influ-
ence of anthropogenic effects on microeukaryote di-
versity and composition along a river-to-estuary gra-
dient ecosystem. Science of the Total Environment,
2020, 705: 135910

JEIZAS . BT 22 N B AR A ) B 5 1 LR 5
[D]. FBIM: TR Al K2, 2012

KR, WEIEL, EHRM, F. —RIE U aE
MTE A5 27 R o> FAE W S8 . W V2 4R (P SRR,
2010, 32(2): 168-173

I, AT, eh, S B R A -] G ]
B A W) R A KoK BT A PR . RO R,
2008, 36(33): 14716-14717

175



LR (A SR B2 R

HssE W

20224 1 A

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]
[26]

[27]

(28]

[29]

176

Sun J, Liu D. Geometric models for calculating cell
biovolume and surface area for phytoplankton. Jour-
nal of Plankton Research, 2003, 25(11): 1331-1346
Zhang J L, Zheng B H, Liu L S, et al. Seasonal
variation of phytoplankton in the DaNing River and
its relationships with environmental factors after
impounding of the Three Gorges Reservoir: a four-
year study. Procedia Environmental Sciences, 2010, 2:
1479-1490

Li H M, Tang H J, Shi X Y, et al. Increased nutrient
loads from the Changjiang (Yangtze) River have led
to increased Harmful Algal Blooms. Harmful Algae,
2014, 39: 92-101

Mhat, ZeHost, BRoK B, 5. N b EURIT R Y
TR S M RRAE B8 R AR BLIT M. v R A KRR AL,
2019(2): 1-6

Amano Y, Takahashi K, Machida M. Competition
between the cyanobacterium Microcystis aeruginosa
and the diatom Cyclotella sp. under nitrogen-limited
condition caused by dilution in eutrophic lake. Jour-
nal of Applied Phycology, 2012, 24(4): 965-971
FEER . ARG U MAEAN i ik AR HUs 1. B
Pk F, 2020(11): 112-113

BRI, o FLAS, FBTOME, A5 Tk 8 O MO SO
HI R & PR AN . R A ESE, 2020, 33(3):
617-625

. T R KPR I DR A O A A R 5 5 K B
HRTENHILIE. EAREAGR, 2003, 22(5): 125—
126

DT, RHLL. T 50 A A LR AR ) K S
Wi K AR AL BT . 5 JRAA, 2019, 38(1): 124-135
IR, ERL B B UK BT 5 T G iR B SR AT
¢, dbat: o EFRBERLE R, 2008

BEDL. hEMKEE L. dbat: B2, 2014
Yuxin L, Xuming X U, Ting W, et al. Microscopic
view of phytoplankton along the Yangtze River. Sci-
ence China (Technological Sciences), 2019, 62(11):
1873-1884

Wang J, Liu Q, Zhao X, et al. Molecular biogeogra-
phy of planktonic and benthic diatoms in the Yangtze
River. Microbiome, 2019, 7(1): 153

RUB, AEdn, FhAK, S 0L BH B AR )
Z AR JOK B, Tk itol, 2013(8): 35-36
VR, TEN, BHI, S WK AR X
R R . AN R, 2014, 36(10): 9-11

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Bonecker C C, Simdes N R, Minte-Vera C V, et al.
Temporal changes in zooplankton species diversity in
response to environmental changes in an alluvial
valley. Limnologica — Ecology and Management of
Inland Waters, 2013. 43(2): 114-121

Fushun W, Maberly S C, Baoli W, et al. Effects of
dams on riverine biogeochemical cycling and ecology.
Inland Waters, 2018, 8(2): 130-140

KT, AT, Heh, &L BB R
Ul A VR SRR AE . AR SR AR, 2009, 28
(5): 983-987

BRaeSE, HRAH, XL, B bR ek E AL
e B Bk 2= U e AL W T U 45 1 S Z AR PEITE Y. K2R
ArE2RRR, 2014, 35(5): 52-59

MBI . i 3o 320y B o 7™ o Jo 3 98 4 X 1% 78] A T
FE[D]. deat: HrERMFEBE, 2009

Xiang K F, Guang G. Hypothesis on cyanobacteria
bloom-forming mechanism in large shallow eutrophic
lakes. Acta Ecologica Sinica, 2005, 25(3): 589-595
Diehl S, Berger S, Ptacnik R, et al. Phytoplankton,
light, and nutrients in a gradient of mixing depths:
field experiments. Ecology, 2002, 83(2): 399411
Potapova M G, Charles D F, Ponader K C, et al.
Quantifying species indicator values for trophic dia-
tom indices: a comparison of approaches. Hydrobio-
logia, 2004, 517(1/2/3): 25-41

FIONE, FmAR, ER. KRILH T X H &
FALW RS R M m A, P EFREE R, 2006, 26
(5): 570-574

Ector L, Dohet A, Hoffmann L, et al. Identification of
benthic invertebrate and diatom indicator taxa that
distinguish different stream types as well as degraded
from reference conditions in Luxembourg. Animal
Biology, 2008, 58(4): 419-472

R, 8, KA, & RN KBRS
TR S BE IS S5 A RRAE . K AR B 2R AR, 2015, 36
(5): 51-57

Domingues R B, Anselmo T P, Barbosa A B, et al.
Light as a driver of phytoplankton growth and pro-
duction in the freshwater tidal zone of a turbid estua-
ry. Estuarine Coastal & Shelf Science, 2011, 91(4):
526-535

FEEE, FBK, EILE, . OGRIRER &
R IXFEEGER AR, P E TR E R
B, 2006, 36(H4 T 1): 173-178



