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Characteristics of aquatic bacterial community and the influencing factors in an urban riv-
er—A case study of Nanchang section of the Ganjiang River, Lake Poyang Basin
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Abstract: In this study, we analyzed the characteristics of the bacterial community in Nanchang section of the Ganjiang River,
Lake Poyang Basin, based on monthly sampling on five sites (G1-G5) from April 2015 to March 2016. G1 lays on the Ganjiang
River before entering the urban region, G2 in the center of the city, and G3—G5 in the three branches leaving the urban region, re-
spectively. The hydrometeorological factors ( air temperature and flow rate) were recorded; the hydrochemical factors of sampling
water, including nutrients ( dissolved organic carbon, total phosphorus and ammonium nitrogen ), ions ( HCO3, Cl™, NOj,
8037, Na*, K* and Mg**) , and heavy metals (Mn, Cd, Cr, Pb, Cu, As, Ba and Fe) were measured. The bacterial community
was characterized using Illumina high-throughput sequencing. Nonmetric Multidimensional Scaling ( NMDS) was carried out on
OTUs data using Bray-Curtis distance matrices to examine the difference in bacterial community between water samples. The * Bio-
env’ in the R package ‘ Vegan’ and redundancy analysis was used to explore the influence of environmental factors on the bacterial
community in the river. The SourceTracker Model, which was based on Bayesian Statistical Method, was used to estimate the

change of bacterial community in Nanchang section of the Ganjiang River. Results showed that; The dominant phyla were Acti-
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nobacteria (34.05% ) and Proteobacteria (31.59% ), followed by Firmicutes (15.49% ) and Bacteroidetes (9.12% ). Air temper-
ature and flow rate were the main environmental factors influencing bacterial communities in the river. The optimal single-parameter
for explaining the variance of OTU abundance was air temperature, and the optimal single-parameter for explaining the variance of
phylum abundance was flow rate. The influence of hydrometeorological factors ( air temperature and flow rate) on bacterial commu-
nities was higher than that of the water chemistry. Except for Proteobacteria, there was no significant difference of the bacterial
community between the five sampling sites. The results of SourceTracker Model showed that the influence of Nanchang city on the
bacterial community in the Ganjiang River ranged from 6.33% to 34.67% , and the influence on bacterial community in the south
branch of the Ganjiang River was significantly higher than that in other river sections. The influence of Nanchang city on bacterial
community was small, and the main influenced phylum was Proteobacteria.

Keywords ; Bacterial community; the high throughput sequencing; hydrometeorological ; water chemistry; Nanchang City; Gan-

jiang River; Lake Poyang Basin
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Fig.1 Location of sampling sites in the
Nanchang section of the Ganjiang River



744 J. Lake Sci.(#:a#2) ,2018,30(3)

cobacterium F1 Vibrio YE Y T 15 /K W T Z A2 78, LA B 5 B 48 & 7 A4S R BF 55 0 & I 1 Acinetobacter
(Proteobacteria) Arcobacter ( Proteobacteria) #1 Mycobacterium( Actinobacteria) , W& £ELL_F 3 Fh 40 B VE Jy A< R WF
FERTG K TG 7R A TR 5 15 7K 87 20 TR ) = B AT AR 3 DX X 4 PR v 5 i S5 A [RD SR R A T K A R TR Y
ARLIRAIE SourceTracker 151U )18 45 1.

2 ERG5M

2.1 JKAL ST 5 7K STHFAE

ARIA]H By SR F BRI i 25 AR, A 4 B9 1060 m’ /s 51 S H 19 8260 m*/s. 15 5 4y %kE H 22 /i, %
ANEETT IR IR — AR, A RO ME. SRkE H AR N 21.50°C (4 H) % 33°C (6 H). EC NH;-N,
HCO; \NO; \SO; \Na" K" \Mg™ S48 bR7E 4 H 1 G3 RAE & th Bl K fE. K \EC.SO7 \NH;-N Ba il Fe %545
PRAE G1 SRAE A H B /ME. DOC.CL™ K", Cr,As Ba 1 Fe %548 by 75 /S [ SR Kf 5 [0 B A 35 2% 5. TP
NH;-N SO3 \Pb EC %545 7E G3 KA 0 35 85 T HARAE 5. G3 KAL) HCOS (NOS Na™ Mg™ Fil Cu ¥
JE T G4 RBEE. Gl RAES I Cd ¥R B T G4 Al G3 KM AL GS SRR Ay Mn ¥R JE B8 T
G3.G1.G4 1 G2 RHE&S(F1).

1 BRI R

Tab.1 Water chemistry index in the Ganjiang River

R
KA SR bR
Gl G2 G3 G4 G5
B 5%/ (uS/cm) EC 59.72+13.16"  60.08+12.75"  76.42+21.17*  62.86£14.33"  63.38+13.21"
EFEh/ (mg/L) DOC 5.97+3.07° 5.69+2.66° 5.80+2.63" 7.06+3.01° 7.09+4.67°
TP 0.06+0.02" 0.06+0.03" 0.10£0.04* 0.05+0.03" 0.06+0.03"
NHj-N 0.3320.12" 0.35+0.15" 0.6120.29" 0.31=0.10" 0.38+0.13"
K= F/ (mg/L)  HCO; 36.49+5.00"  35.28+4.99"  40.16+7.37°  35.15%£5.12>  37.85x4.71%
cl- 7.86%3.09° 7.57+2.79° 8.62+3.13" 7.46%2.54° 7.35+2.50°
NO; 4.42+1.11% 4.46+1.19% 5.43+2.23° 4.14x1.11° 4.34+1.00"
803" 10.58+2.03" 10.55+1.91° 14.30£4.38° 10.27£1.70" 10.63+1.41"
Na* 5.58+2.02% 5.42+1.76™ 6.85+2.75° 5.14+1.67" 5.09+1.38"
K* 2.72+0.59° 2.7420.47° 3.09+0.71° 2.71%0.46° 2.77+0.41°
Mg?* 2.19+0.34" 2.22+0.41% 2.65+0.80° 2.15+0.43" 2.26+0.43
HEBTE/ (pg/L) Mn 8.16+4.04" 5.70+3.34" 14.14£8.12" 6.68+4.36"  42.56+71.27*
cd 0.09+0.05° 0.08+0.02% 0.05£0.03¢ 0.06+0.02" 0.07£0.02*
Cr 2.93+1.39* 2.98+1.49° 3.04%1.58" 2.73+1.29° 2.81+1.29°
Pb 0.87+0.91" 1.67+1.55" 12.14£24.83" 1.44+1.23" 1.83+3.20"
Cu 3.80+3.66" 7.46+9.43"  109.86+£228.26°  4.41x4.05"  23.60+63.04"
As 1.72+0.61* 1.73+0.62° 1.6420.55° 1.46+0.42° 1.55+0.42°
Ba 173.89+39.28%  170.90+31.81° 189.52+36.28" 183.52+28.69" 186.03+31.93"
Fe 111.21242.56*  115.08+35.49" 119.63+49.60° 114.56+52.64" 134.81£73.78"

# Fe A —AT AR ) P RR 3R SR A ) 22 5 {5 (LSD 46, P<0.05).
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Fig.2 The number of sample sequences (a), OTUs (b) and bacterial community abundance
and diversity index( Chaol abundance index (c¢) ; Shannon diversity index (d))
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Fig.3 Nonmetric Multidimensional Scaling (NMDS) plots derived from Bray-Curtis dissimilarity between water
samples ; bacterial community between sample ID (a) ; bacterial community between months (b) ; the influence

of flow rate on bacterial community (c¢) ; the influence of temperature on bacterial community (d)
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Tab.2 Correlations between different combinations of environmental variables and bacterial community

OTU E B FIFRBE A T 15 4w 5 AR +
WEHRTFAA LY WEHETHA K FR B
el 0.5738 i 0.5111
SR 0.6025 Fi+5R 0.5628
SRR CL 0.6245 R+ JH+DOC 0.5932
SR+ +EC+DOC 0.6249 Fide+ IR +DOC+CL™ 0.5751
IR+ B +EC+DOC+C]™ 0.6230 FE+SE+DOC+CI™ +EC 0.5378

SR+ E+EC+DOC+CI™ +NH; -N 0.5979 i+ IR+DOC+CI +EC+NH; -N 0.4735
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Fig.4 The bacterial phyla during the water of the sample ID in the Ganjiang River
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