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Characteristics and driving factors of periphytic algae communities in typical hilly

and gully areas of the middle reaches of the Yellow River
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Abstract: Yan'an City, as an important area in the middle reaches of the Yellow River Basin, and it belongs to the Loess
Plateau region in northern Shaanxi, China. This study took eight watersheds of Yan’an (i.e. the first tributaries are Qingjian
River, Yanhe River, Yunyan River, Shiwang River and Jushui River, and the second tributaries are Beiluo River, Hulu
River and Juhe River) as the objects to explore the community structure of periphytic algae and its influencing factors.
Sampling analysis was conducted at 69 monitoring sections in 8 key rivers of the first and second tributaries of the Yellow
River in Yan'an City in November 2023 ( autumn) and March 2024 ( spring). This was the first time to explore the
community structure composition of periphytic algae in this area and analyze the relationship between water environmental
factors and community. The results showed that a total of 137 species of periphytic algae belonging to 6 phyla were

identified, among which the phyla Bacariophyta, Chlorophyta, and Cyanophyta accounted for 56.2% , 20.4% , and 19.0% ,
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respectively, the number of periphytic algae species was higher in spring than in autumn. A total of 36 species belonging to
3 phyla were identified as dominant species, mainly diatoms. The average density of periphytic algae in autumn and spring
was 3.88%10%ind/cm” and 2.57%x10°ind/cm’, respectively, and the density in autumn was significantly higher than that in
spring. The key species maintaining the stability of the community in autumn were Nitzschia acicularis, Dactylococcopsis
acicularis , and nothrix planctonica, while in spring, it was Pseudanabaena limnetica. The interaction between the periphytic
algae communities in spring was stronger than that in autumn, and the stability and resilience of the communities were also
stronger in spring. The flow rate was not only the main environmental factor influencing the structure of the periphytic algae
community in autumn and spring, but also a common environmental factor that affects the structure of periphytic the algae
community in autumn and spring. In addition, ammonia nitrogen, dissolved oxygen, and total phosphorus were the main
environmental factors affecting the structure of the living algae community in autumn, and water temperature and pH value
were the main environmental factors affecting the structure of the algae community in spring. The research results provided
scientific data support for the formulation of water ecological management systems in the basin, the stability of water
ecosystems and the maintenance of aquatic biodiversity. It was of great scientific significance for understanding water
ecological functions and promote the construction of ecological civilization and high—quality development of the Yellow River

Basin.
Key Words: periphytic algae; middle reaches of the Yellow River; Yan'an; diversity; ecological network analysis
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Fig.1 Distribution of sampling sites in key river basins of Yan 'an City
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Table 1 Analysis method of physical and chemical index of water

KIEZHL W58 5 vk B AR B Kz H R Hf
Water quality parameters Determination methods and standards Detection limit Unit

KB KR I S TRLRE T a0 1

Al Water temperature GB/T 13195—1991 (i IH%) / E
Fi# Flow velocity WAL (FP111) / m/s
KM pH Water pH KT pH AERYIE kTR HI 1147—2020 / T
Y4 Dissolved oxygen TR WA E FLAE 2Rk T HI 506—2009 / mg/L
R R R HE B Permanganate index KT AR R ERFR BN GB/T 11892—1989 0.5 mg/L
Z % Ammonia nitrogen KB EARME A IREG 306 HY 535—2009 0.025 mg/L
$4.50 Total nitrogen ;J;i fofﬁz RODUSE B S 5 19 B 00 A 48 41 43 DG E 1 HI 0.05 e/
AW Total phosphorus KB BRI E RS 46 GB/T 11893—1989 0.01 mg/LL

L4 Bt

B9 X RAE 1504 B 5 T ArcGIS 10.5 , 25 A SRS HE 4 2549 P 22 1R Origin 2017, Menaughton £
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N T VAR AR 25 R 4% (i S s =F B IS Y A A S8R B (wMISi ) P 5 b FoR MR j AR R
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Table 2 Characteristics of water environmental indicators of key River Basins in Yan’an City in autumn

. W A EW W Uk e #EW
Indicator Qingjian Yanhe Yunyan Shiwang Jushui Beiluo Hulu Juhe P

River River River River River River River River
KL Water temperature 14.4+2.3 15.7+1.5 14.1+2.3 13.9+1.8 11.3£0.7 13.5£2.7 12.8+2.0 15.4£2.3 0.05
T Flow velocity 0.5+0.4 0.5+0.2 0.6+0.4 0.8+0.5 0.3+0.3 0.5+0.3 0.6+0.2 0.7+0.4 0.26
pH Water pH 8.5+0.3 8.3x0.2 8.420.2 8.4+0.3 8.20.1 8.40.4 7.9+0.6 8.60+0.2 0.07
DO Dissolved oxygen 9.9+1.0 8.60+2.2 10.7£1.8 10.0£0.7 9.5+2.1 9.2%1.1 8.620.5 9.7£1.2 0.10
COD\,, Permanganate index 3.4+1.3 2.8+0.4 3.0£0.6 2.2+0.8 3.0x1.4 2.6+0.8 2.6+0.5 2.3+0.5 0.11
%%, Ammonia nitrogen 0.50£0.74  0.36£0.25  0.14+0.12  0.22£0.17  0.15:0.01  0.27+£0.21 ~ 0.1120.05  0.16+0.08 0.27
JH Total nitrogen 7.44£6.51  3.68£1.50  3.79+1.40  1.86+1.75  3.47x0.57  5.34%£3.29  2.62+1.55  1.73x1.26 <0.05
S Total phosphorus 0.07£0.06  0.06+0.04  0.02+0.01  0.08£0.04  0.03x0.02  0.07+£0.06  0.03+0.01  0.03+0.03 0.11

FPUEFE AR BRI 1; D0 54K Dissolved oxygen; CODy,, : FERREEAEEL Permanganate index
®3 ERHMEAREEEKFEERSE
Table 3 Characteristics of water environmental indicators of key River Basins in Yan’an City in spring

s TR SE L}‘%‘iﬁf JAR=2M) iy et} Jek B HiER)
Indicator Qingjian Yanhe Yunyan Shiwang Jushui Beiluo Hulu Juhe P

River River River River River River River River
KL Water temperature 5.8+4.1 4.6+2.1 -3.2+4.0 1.6+£6.6 4.7+2.2 6.2+2.9 6.4+3.4 9.0+2.0 <0.01
T Flow velocity 0.5+0.5 0.4+0.3 0.5+0.3 0.7+0.5 0.3+0.2 0.3+0.1 0.3+0.1 0.4+0.2 <0.05
pH Water pH 8.4+0.4 8.0£0.6 8.7+0.1 8.5+0.3 8.2+0.1 7.9+0.5 7.8+0.4 7.4+0.5 <0.01
DO Dissolved oxygen 9.1+3.4 9.5+£2.9 3.8+3.3 6.6+5.0 6.0+4.2 8.5+2.8 9.2+2.5 6.3+2.3 <0.05
CODy, Permanganate index 4.1x1.1 2.60.8 2.3+0.5 2.6x1.1 1.5£0.7 2.3+0.8 1.8+0.4 2.8+1.1 <0.01
%% Ammonia nitrogen 0.62£0.51  0.46+0.25  0.19+0.04  0.18£0.01  0.17£0.07  0.43+0.26  0.16£0.03  0.43+0.21 <0.05
JH Total nitrogen 5.60£2.35  3.87x1.45  3.09+1.03  3.24x1.70  1.0x0.14 6.02£3.23  2.39+0.54  2.52+1.65 <0.01
S Total phosphorus 0.09+£0.07  0.05£0.07  0.01+0.0 0.05£0.08  0.01x0.0 0.02£0.02  0.0120.0 0.03+0.02 <0.05

R4 ERTELARBI ESKMEIEREERE
Table 4 Overall characteristics of water environment indicators in key basins of Yan 'an City in autumn and spring

$8 45 Indicator BZF Autumn F 7 Spring P
JK ik Water temperature 14.2+2.3 4.8+4.4 <0.01
WL Flow velocity 0.5+0.3 0.4+0.3 <0.01
pH Water pH 8.4+0.3 8.1+0.5 <0.01
DO Dissolved oxygen 9.3x1.5 8.1£3.4 <0.01
COD,;,, Permanganate index 2.7+0.8 2.6x1.1 0.37
%% Ammonia nitrogen 0.28+0.33 0.40+0.30 <0.05
A Total nitrogen 4.30+3.50 4.33+2.62 0.95
S Total phosphorus 0.06+0.05 0.04+0.05 0.05
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Fig.2 Number of algae species in key watersheds of Yan'an City
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FpRkZE3 1719 F(3R5) , EZONREBE( 1T A HUON BN %0, 45 4 M B3 3 1] 21 Rl (Fk 6) , 2 Nk
BE(LT Ay U BE (3 ) 2034 1 Fh, Bk B IA DL ET R Gl A0 e A ( Mougeotia parvula) A% 22 HE
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Table 5 Dominant algae species in key basins of Yan'an City during autumn

BRI S P 5 N & == R N /S 1 I | S N VR ] T
Qingjian Yanhe Yunyan Shiwang Jushui Beiluo Hulu Juhe

L

Dominant species
River River River River River River River River

URIE XL B Surirella ovata

B W ZZ I Nitzschia palea

BEIRZS 5B Achnanthidium catenatum
RS Navicula cincta
INELSEAR S Gomphonema parvulum
WA= ZETE 3 Nitzschia stagnorum + +

IRGSIIEBE Navicula viridula +

MEJE/NR#E Cyclotella meneghiniana +

TERIFITE 8 Navicula minima

T RIREFT S Fragilaria intermedia

% BUHESE sp.Epithemia sp. +

B fa I )& sp. Pseudanabaena sp. + +

TEIF 22 35 Limnothrix planctonica +

E1 R UFE ERE Dactylococcopsis rhaphidioides +

WIVATE RS 2238 Lyngbya limnetica +
L7 43 Ankistrodesmus convolutus

TN BE Mougeotia parvula

W IIFEREE Oocystis borgei +

HliEEHE Cosmarium obtusatum +

FMe P+ ORI BRI P A

+

+ o+ o+ o+ o+
+ 4+ o+ o+
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Table 6 Dominant algae species in key basins of Yan’an City during spring

T i S FEe =l I« =23 1 R/ S 1 I 7 2T I PR ] A

gﬂjiiim species Qin'gjian Ya%nhe Yu?ﬂyan Shi.wang Jui%hui Be'iluo H'ulu J],Jhe
River River River River River River River River

SERBEE sp.Gomphonema sp. + + + + + + + +

WK 553 Stauroneis anceps + + + + + + + +

IRGFHE B Navicula viridula + + + + + + + +

5 Fr ¥ sp.Diatoma sp. + + + + + + + +

KM% B ¥ Diatoma hiemale + + + + + + + +

ZEWZEPE Surirella angustata + + + + + + +

s frbt N 2235 Encyonema ventricosum + + + + + + +

53 /NHE  Navicula exigua + + + + + + +

21405 3 Diatoma tenue + + + + + + +

INABEE sp.Cyclotella sp. + + + + + + +

T/NEE#E Surirella minuta + + + + " + +

INFL SR #E Gomphonema parvulum + + + +

7 B Gomphonema angustatum + + +

THERBEAT 3 Fragilaria brevistriata + +

FETN ELFF#E Asterionella formosa + +

B R ZEHE Nitzschia palea +

A B XU 8 Amphipleura pellucida +

FL WP Oscillatoria brevis + + + + + + +

{ARKHLEE Dolichospermum bergii + + + + + + +

FUBIE B Oscillatoria subbrevis + + +

TRAMFE I EE Mougeotia parvula +

FRZEAL BT YRR SR T 3R s 22, 43 500 42% 37% \32% , BRIE BUEE 3 ( Surirella ovata ) B = #7
FEOCEFN D A 7 4% G AR 8 O P R s IR G ST BE (Navicula viridula ) ALK 175 0 L 3R g JE /1N 3R 5
( Cyclotella meneghiniana) 1% 223 ( Limnothrix planctonica ) 4 W £ 4t 3 ( Ankistrodesmus convolutus ) i 2l
M ( Mougeotia parvula ) AR 2= 75 0 4 Fh, 54 78 KB 38 ( Navicula minima ) . WP 5 6 ¥ 3 ( Fragilaria
intermedia) Kt i iUFEBRTEE ( Dactylococcopsis rhaphidioides) {175 B33 ( Qocystis borget ) N AL BRI L #Fh |
LW JE sp. ( Epithemia sp.) | Bl 5% ¥ ( Cosmarium obtusatum ) 1N A P 7K 1 00 B A W9 1A 77 85 22 3 ( Lyngbya
limnetica ) {NCATHIAG

FZ S W R sp. (Gomphonema sp.) KK HETT ¥ ( Stauroneis anceps) IREEFHE #E ( Navicula viridula) 55 F
)& sp. (Diatoma sp.) Z:55 R ¥ ( Diatoma hiemale) 7 8 S5 RIS FFh ; 28 AZE 8 ( Surirella angustata)
N 223 ( Encyonema ventricosum) /N FHE 3 ( Navicula exigua) \£F 55 Fr 3 ( Diatoma tenue) /NIRFEJE sp.
( Cyclotella sp.) Bk B #E ( Oscillatoria brevis) AR [ 713 ( Dolichospermum. bergii ) i /N SUZZ 3 ( Surirella
minuta ) FRALEEIT AN 78 HAth 7 S50 3803 0 AR FFh s 48 B2 22 T8 3 ( Nitzschia palea ) . B Wi SR & ( Amphipleura
pellucida ) Rz A LT AN % MU ( Mougeotia parvula ) XU H BRI 58, = A WA Y ko £ 5
95% ,H: B e/ ki 29%

U2 T R R UG A BT S R R AN 3, Rk TRV Y T 3,88 % 10° AN/ em?® , 2% i duk 1 44 % B L
2.34x10°—5.93x10° 4~/ em® , FE B A28 > 2 75 1) > SiE 0] > b 3% T > YH 100 > 35 3 3 > U 7K 0] > 3 25l 52 R
2.57x10° 1/ em? , & U Y 35 BE B 1.76x10°—4.47x10° 4/ em? , FE 301 2 4 1] > 175 1) ] > A 22 30] > VH 7] >
BHPTS YA SAC I > S, Bk AR F A LR E B A 5 7 BB, K45 T B Y T (45%—92% ) (it
(0—1%) JEBE(3%—19% ) MRBE(0—1%) LR#E(3%—32%) FRBE (1%—2% ) , Tk e 3 o LU am K1) oA ¥ i)
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Fig.5 Ecological network of algae in autumn in key watershed of Yan 'an City
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subbrevis : G TE BRI ; Surirella linearis . 28 TE SZE W ; Chroococcus sp. : AERIEIE sp. ; Navicula placentula ; i [F FITE 3 ; Oscillatoria sp. : BRVEE sp. ;
Diatoma tenue : 27 4145 Fr ¥ ; Cymbella subtruncata;]‘Eilz%ﬁﬁﬂ%:ﬁ;Cocwneis pediculus ; AJE O ﬂ:ﬁﬁ;Nitzschia fossilis:’ftE%%‘fé‘é;Diamma sp. LA
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