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Spatio-temporal niche of dominant species of phytoplankton community in the

middle reaches of Yarlung Zangbo River
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Abstract: In order to explore the distribution pattern of phytoplankton community and the temporal and spatial niche
characteristics of dominant species in the middle reaches of Yarlung Zangbo River, phytoplankton samples were collected
and physical and chemical factors were measured in July and October 2021 to identify phytoplankton species. The niche
width, niche overlap value, ecological response rate, and relative resource share of dominant species were calculated. The
cooccurrence network model was used to analyze the interspecific associations of the community. Pearson correlation analysis
was conducted between the dominant phytoplankton species and environmental factors. The results showed that a total of 644
species of phytoplankton were identified, belonging to 8 phyla, 12 classes, 25 orders, 49 families and 152 genera. Among
them, there were 22 dominant species, and 90.9% of the dominant species were diatoms, which were absolutely dominant
in the community. The most abundant (74.193x10* Cell/L) and the highest occurrence frequency (0.867) were found in

Synedra ulna during the wet season, which was the absolutely dominant species. The temporal niche width of dominant
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species (0.833) was higher than that spatial niche width (0.254). The spatial and temporal niche width of the dominant
species was mainly affected by the spatial niche width, and spatial heterogeneity was the main factor affecting the
distribution of dominant species. The number of niche overlaps of dominant species was 40.69% , and the niche overlaps of
dominant species were mainly in middle and low grade. The heterogeneity of demand for spatial and temporal resources
among dominant species was high, and the potential competition between species was weak. The network structure of
phytoplankton community in dry season was close, and the community connectivity, community complexity and niche
overlap between species were higher than those in wet season. The community co-occurrence network of the two hydrological
periods was mainly positive, and the synergistic effect between species was stronger than the competition effect. The water
environment factors could drive niche differentiation of dominant species in the community, and NO,-N and water
temperature were the main driving factors affecting niche differentiation of dominant species in the middle reaches of the

Yarlung Zangbo River.
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Fig.1 Distribution of sampling points in the middle reaches of Yarlung Zangbo River
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Fig.2 Phytoplankton community structure in the middle reaches of Yarlung Zangbo River
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Table 1 Occurrence frequency (f;) , abundance (A, x10*Cell/L) and dominance (Y) of phytoplankton dominant species in the middle reaches

of Yarlung Zangbo River

I gs IR SRR K] Wet season At 7K H] Dry season

Phylum No. Species Y A fi Y A f

fE#EI] S1 WL MFEH: Achnanthes affinis 0.021 8997 0.600 0.037  9.183 0.733

Bacillariophyta s2 S/ NIFEREE Achnanthes exigua — 4.965  0.500 0.021  7.668 0.500
S3 Bk JE 3 Ceratoneis arcus 0.077 22.800  0.767  0.051 10.551 0.667
S4 B MK FE SRR IE A Ceratoneis arcus var. linearis — 3.365  0.233  0.055 17.134 0.700
S5 FRIIAE - # Diatoma mesodon 0.029 10.297 0.433  0.034 12.204 0.533
S6 SRR EE F B Diatoma moniliformis 0.051 62.787  0.600  0.085 70.701 0.667
ST YN F ¥ Diatoma tenue 0.035 61.370  0.400 — 1.696 0.200
S8 W38 5 F i Diatoma vulgare 0.079 56.092  0.767  0.022 13.900 0.733
S9  BfEFTE Fragilaria capucina 0.029 19.516  0.600 — 6.128 0.300
S10 P TRNEFT# Fragilaria crotonensis — 15891  0.400  0.050 21.406 0.733
S11 AT Fragilaria intermedia 0.085 26.839  0.833  0.058 13.448 0.900
S12 PGk T 8 Fragilaria pinnata — 9.331  0.400 0.034  8.886 0.667
S13 IRV B T8 Fragilaria vaucheriae 0.035 13.914  0.633 0.025 11.267 0.733
S14  REHFFIE Synedra acus 0.038 47.872  0.433 — 12918 0.433
SIS REMFTFHEM AT Synedra acus var. angustissima — 4171 0333 0.023  40.765 0.467
S16  WiskEFFF B BIAERD S. amphicephala var. intermedia — 7.687  0.400  0.029 50.706 0.500
S17  FEWETFEE Synedra tenera 0.029 7.767 0.800  0.036 14.888 0.900
S18  JHAREIAT#E Synedra ulna 0.168 74.193  0.867  0.039 21.759 0.867
S19  JEPAREFFT 3 2 B RN Synedra ulna var. danica 0.023 25.143  0.433 — 3.465 0.467
S20  JHPAREFFTEEIM AL Synedra ulna var. impressa 0.043 24.483  0.567  0.029 10.450 0.600

BRWET] o .

Chlorophyta S21  HRIBLFYEBE Ankistrodesmus falcatus — 23175 0200 0.032  6.013 0.600

W] - . -

Cyanophyta S22 FRUNTIZ23E Jaaginema angustissimum — 3776 0.567  0.058  5.155 0.700

S:YIFh Species; 1—22 FoRIEHAFNGIS ; — FoRAFNFELLKSCTIA R HEFN; £, . A Frequency of occurrence ;A : 3% Abundance; V. i

#F Dominance index
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FIC0.034) K BRPRIER D LA I 2 A5 e 523 A 25 o B 26 S T— B, B MK SR 0
L7/ Iv s D R SN WA -] 1 el 2] B2 SN VA - Rt L AT TS

®— [ifji]
s22 SI 2
S21 Ll S3
S20

s19 / S5
S18 S6
S17 S7
S16 /S8

sia D510
SI13 g1p SII S13 12 S

B3 HeRmAmlhinzirEnismeE. saURNE " gESMEE

Fig.3 Temporal, spatial and spatio-temporal niche widths of phytoplankton dominant species in the middle reaches of the Yarlung
Zangbo River

S WPl Species; 1—22 FRLHM S S1. L Z#HFE#E Achnanthes affinis; S2: JE /N 5T HE Achnanthes exigua; S3; JNIE MK JE # Ceratoneis
arcus ;S4  JIG IR E B IE AL R Ceratoneis arcus var. linearis ;S5 ; P RIZE K Diatoma mesodon ;S6 : B AREE F- 8 Diatoma moniliformis ;ST . 212
% ¥ Diatoma tenue; S8 : 3855 % Diatoma vulgare;S9 - SiMaFT ¥ Fragilaria capucina;S10: 5 B HNEATEE Fragilaria crotonensis;S11 . F L Jifg
FF#E Fragilaria intermedia ;S12 ; PIEUMaFTF#E Fragilaria pinnata;S13 . IRY)EMEFF 8 Fragilaria vaucheriae;S14 : REFFFEE Synedra acus;S15: JR%
FFEEAR AR AEF Synedra acus var. angustissima; S16 : BB FF 8 BIAEF S, amphicephala var. intermedia ;S17 : ZZ N FF 8 Synedra tenera;S18:
FPAREFFT S Synedra ulna ;S19 : IPAREFTFEE ST £ 2SR Synedra ulna var. danica ;S20 : JPAREFFF NI AZER Synedra ulna var. impressa; S21 ; $itJE
LY Ankistrodesmus falcatus ;S22 . BRANTI 243 Jaaginema angustissimum

223 MMBFAESNES
TERS ) 4E R I, 5a 2 W Ma AT 3 ( Fragilaria crotonensis ) FIVHE AN B 22 i sl () A= 2547 T B H /e K (0,>0.999) ,
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PO LT e s AR SN ESEER/N0,=0.111) s ERFh 25 AR BN TS & P AL 1 14.29% ,45.02% |
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s A A H B A 2R I 2 A 2 S g 4 () A A e 4 SRR — 30 U B 2K S P i A ) G B e i s
LSRN VA 5.8 1| e s et |61 F2 RN VAL = e i 0p - L

$22 10.99 0.998 0.875 0.905 0.998 0.996 0.613 0.768 0.806 0.999 0.89 0.984 0.967 0.781 0.863 0.886 0.989 0.794 0.696 0.86 0.775

S21 |0.857 0.737 0.984 0.433 0.816 0.831 0.975 0.999 0.999 0.779 0.978 0.874 0.91 0.999 0.348 0.393 0.67 0.999 0.993 0.989 0.183
$20 [0.924 0.829 0.999 0.562 0.893 0.904 0.93 0.987 0.995 0.863 0.998 0.937 0.962 0.99 0.484 0.526 0.773 0.993 0.965 0.029 0.495
S19 [0.791 0.653 0.956 0.325 0.743 0.76 0.994 0.994 0.986 0.7 0.947 0.812 0.856 0.992 0.237 0.283 0.579 0.989 0.659 0.027 0.102
S18 [0.873 0.758 0.989 0.461 0.834 0.848 0.967 0.999 0.999 0.798 0.984 0.889 0.923 0.999 0.378 0.422 0.693 0.249 0.347 0.111 0.428
S17 [0.957 0.996 0.792 0.959 0.976 0.97 0.487 0.662 0.707 0.988 0.811 0.946 0.917 0.678 0.929 0.946 0.444 0.158 0.348 0.489 0.549
S16 [0.811 0.911 0.551 0.999 0.852 0.839 0.177 0.383 0.439 0.883 0.577 0.79 0.739 0.402 0.999 0.194 0.303 0.023 0.141 0.008 0.387
S15 [0.782 0.89 0.51 0.996 0.826 0.811 0.129 0.338 0.395 0.859 0.537 0.76 0.705 0.357 0959 0.181 0.219 0.009 0.081 0.012 0.339| | 100
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Fig.4 Temporal and spatial niche overlap of dominant phytoplankton species in the middle reaches of the Yarlung Zangbo River
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Fig.5 Spatial and temporal niche overlap of dominant phytoplankton species in the middle reaches of Yarlung Zangbo River
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Fig.6 Relative resource availability and ecological response rate of dominant phytoplankton species in the middle reaches of the Yarlung

Zangbo River
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DR 28 T A AR K3 (1429) > 44 (898) >ZF K1 (796 ) , Ui B /K 38U 7K 301 77 Ui A 40 A % 40 o ) ) DG Bk e e 3=
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Fig.7 Co-occurrence network model of phytoplankton community in the middle reaches of Yarlung Zangbo River
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(0.725) >24(0.501) A7k (0.486) 5 FIIRBE REON 2H-(0.659) >Hi /K (0.644) >F/KHA (0.640) 5 7
PRARAC KT (5.773) >HiK I (4.676) >24E(3.65) , Tt 4 K MWIE Z AL K, FE 74 4 R a] (9 1F 4H
o B H SRR DGR, UERA B DA E D RV E R e A

R2 BEBMIDHFZFEDELIANERIERSHY

Table 2 Topological parameters of phytoplankton co-occurrence network in the middle reaches of Yarlung Zangbo River

e FIKH M7k LA
Parameter Wet season Dry season All

4 80 Number of nodes 315 304 320
#1%% Number of edges 796 1429 898
SF-HIBE The average degree of 5.054 9.401 5.612
SEXIIALUEE Average weight degree 6.117 12.189 6.766
IEAAE 5 (%) Positive correlation ratio/ % 99.87 100 99.89
A H (%) Negative correlation ratio/ % 0.13 0 0.11
% B The density of figure 0.016 0.031 0.018
BEHAk Z X Coefficient of modularity 0.725 0.486 0.501
SR ZBL Average clustering coefficient 0.640 0.644 0.659
TR Average clustering coefficient 5.773 4.676 3.65

2.4 TFUTERE YIRS RRAE S PREE A G

STIFIE YRR R £ B 53855 A T 4T Pearson A0, S5 R UK 8 s, BRIE 47 4E 3 (S21) 5
EC.TDS Salt ,COD NO,-N £ H i 2 IFAHE (P<0.001) , 2B #1398 (S17) 5 WT 4% B 3 IEAH 56 (P<0.01) 5
WT 5 6 MMEHF(S6.S8.S11,S14.S17.521) B IEAHF(P<0.05) ,NO,-N 5 9 MEHFP (86,58 .59 .S10,S11

pH/H|m s HEE s EEENEs s EEssnxHEN
ECIlHm BENE = === BEn=nm- :-H--n2H [
WSl mHJEHN = =« s@BEx=n - - -H-=" =28 ]
sat |/l AE =~ = = s @ E e =N - -H-nH |
wvijnma/s - AN EReEe e EEN «@l-| "
o|Hln=HlsEEEEEEEs = - EHN 050
TR mHmm H BN - s lE=sHEER 0.25“2
ym A AR E=sEEss - s EEEEN-"- 0o =
NN |(H|H 2 HHEE s B e = =« = =« Hsss s @mE=nl o5
coo/ll/H EH = u HEEEENESENESN:- NN HN [ |

N BN BN BN B BN BE BR BN AN BN OO BE BN RE BN B DR BN BE BECEN

Sl B BEBE B BR RERE R IR BN MBI M M B B EE BRI n
NOwl-l--mlnnnnnnllnllnlll
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fE3Fh Dominant species

8 MEEALPFFHFENAEMEREEFHXR
Fig.8 Relationship between dominant phytoplankton species and environmental factors in the middle reaches of Yarlung Zangbo River
pH: BRI potential of Hydrogen; EC: Bl F R Electric Conductivity ; TDS; T ¥ f# [f 44 & i Total Dissolved Solids; Salt: £f B Salinity ; WT: 7K i
Water Temperature ; DO ; %5 f# & Dissolved Oxygen; TUR ;iU Turbidity; V. 334 Velocity of flow; NH;-N;2{%l Ammonia Nitrogen; COD ; {b2% 75 %

8 Chemical Oxygen Demand; TP ; B\ Total Phosphorous; TN; & % Total Nitrogen; NO,-N: fif 2% & Nitrate Nitrogen; * 37~ H A &k (P<
0.05) 5 #* FIR WEFIE(P<0.01) 5 # =+ x TRl B FH K (P<0.001)
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S PR 3R S AT My A ] 9 3L A A R T 22 Wb R N RN P T PR A A R TR AT
4.5 EHFPLESAE

NO,-N J2: SR B A A A BB B SRR A AT iR e A 2R K B R i EE R A S
JKIREE T Pearson AT s (1 8) ,NO,-N 15 9 MEHFH (X HEEE ) BIEASE, B S5 IR Z
FR 7K PREE PR, D R T B DL ATl 19 5 0T A 45 1) 3 B B R R A S A A S v, ELRE B 2 LA SR A L 1Y
AL S ARBUIN W IK R NO,-N iR BE I (B R, KRR o TR I 1 S 0RT R ) 220K
1y, AT 4 R A G A VR P R AR S 1] 83 A P S8R O AR DG AR BT S SR R, WT 5 6
AEFHFREEIEASE , 0] BE T UL ISR O PRI P REAESF 1 B B0RRE 198 R SR S A 2 i 3224
Y, BELE AR F DR — RE BRI, R T o o B R A A7 2 18] 5 TR/ L Py BRI D) BR ) 1 X R i 52 A 5
ZERAERIGIH 705 B IR BTG R 26 T O0S AE R v o 3 1) 2 TR il N | I A 0 S e ot
ARIUE SRR LR K IR A i AL A7 AR 5 KRS TN 7 RESK S o R DL b 9 A= 25201k, NO,-N
WT S5 1K R 5 AL A v DI 3 b A A 620 AL Y T SR B A 7

5 #ig

(1) FEE AT P PRI R LA A3 Ah 22 il B 5 90.9% , 7ERETE b i 4 XA 3, 32K 1)
B4 PR AP B e K (74,193 x 10 40 i/ 1) HLH IR 5 95 (0.867) , I FEAKMAL XSS F (¥V>0.1) .

(2) KR WAT Y SR A 50 T BERHE] (0.833) K F43 18] (0.254) , A S Fhinh 25 Af 25407 9 i 3857
25 () A= A5 B FE s ), 233 () S5 o M 5 M 2 K S A P A b A 1) BB 2R PR s g A= 28540
TCE LEE RS 40.69% , LAFRS 25 2t A0 5 S LArh ARG R 3, DL 3P )0 B 23 98 I 75 oK 5
PR, PR RV A T G OC R

(3) 2K K I T AR AR 10 I £ 25 4 B 8, TV e Sl Ik RV 2 2 B A a) 2B 287 J & B A F
IR PRV A P A S BRI 45 LA DE SCIR A 3 W R E] A B R VE RS 52 /B

(4) ZKIBIK AL FREUR SN HE V% LA B A A 5310, NOS-N O WT 2 52 W12 7K 35077 e A 0 V%
PSP A A A T BEIR B T
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