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Abstract: In aquatic systems, bacteria are often closely linked to environmental conditions, which influence the intrasystem
bacterial distribution and abundance. To investigate the response of bacterial abundance to environmental factors in lakes
located in arid regions, we investigated Lake Bosten in Xinjiang Uygur Autonomous Region, China, which is the largest and
most typical inland lake in this region. The inflow of the lake is supplied by melting ice, precipitation and groundwater from
the mountainous regions of Tianshan, which formed a salinity gradient from freshwater to oligosaline, making it an ideal
model to study the response of bacterial abundance to environmental factors in lakes. Surface water samples from 17 sites of
the large-lake area (surface area =950 km”, mean depth =7 m) and six sites of the small-lake area (surface area =300
km®, depth =1—4 m) in Lake Bosten were collected from June 2010 to June 2011. Environmental variables of each
sampling site were measured using standard methods. Additionally, the DAPI-combined epifluorescence direct counting

method (DAPI-FDC) was used to investigate the bacterial abundance and their spatial and temporal distribution in the lake.

ESTH . ARA AT R LI (201309041) 5 FZK HAARRE 34 (41171388 ,31270505,21247008 ) Bk A Bl
¥ B H#A:2013-06-25; f&ITHHA:2013-11-14
# WIRAER Corresponding author. E-mail ; xmtang@ niglas.ac.cn

http ://www.ecologica.cn



74 EMSE AT A0 B s A B S R TR S AR 1813

The relationship between bacterial abundance and environmental parameters was then explored by the Generalized Additive
Model ( GAM), which is a flexible and effective technique for modelling nonlinear time-series in studies of effects of
environmental factors on organisms. The average abundance of bacteria in Lake Bosten was (1.48+0.95) x10° cells/mL.
Generally, bacterial abundance varies from 10°—107 cells/L from oligotrophic to hyper eutrophic lakes. Bacterial abundance
in mesotrophic Bosten Lake was two times higher than the abundance in oligotrophic lakes during the same season such as
Seven Rila Lake in Bulgaria, and in Shield Lake in Canada, while it was slightly lower than that in mesotrophic Lake
Schohsee. In addition, the bacterial abundance in Bosten Lake was an order of magnitude lower than that of Taihu Lake and
Wuliangsuhai Lake, which are eutrophic. The bacterial abundance also varied significantly with season, with the highest
value being recorded in summer (2.05%10° cells/mL) and the lowest in winter (3.81x10° cells/mL). In the large-lake
area, the maximum bacterial abundance appeared in the center during spring and winter and decreased from the center to
southeast and southwest during winter; however, the opposite spatial tendency was observed during summer and autumn.
The result of GAMs showed that temperature, dissolved organic carbon (DOC), chlorophyll @ ( Chl-a), conductivity and
turbidity, explained about 81.2% of the total variation in bacterial abundance in Lake Bosten. Temperature provided the
largest contribution to this variation (63.3% ) , followed by DOC (12.5% ), Chl-a (2.7% ) and conductivity (1.7%). Our

data also showed that, when water temperature was = 22°C, DOC was the most important variable affecting the spatial

dynamics of bacterial abundance.

Key Words: Lake Bosten; Generalized Additive Models; bacterial abundance; DOC
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FRE AR KT 5.2 m, SE B WA 2.3
m, SR 1645, KR 14.1 m, %5 6 Ay ryE
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Table 1 Annual average of environmental variables in Lake Bosten (n=140)

AL T YA + iz
Environmental variables Mean * Standard deviation
SD/m 23+ 1.1
WD/m 52 +38
Temp/C 18.25 + 8.25
Cond/ ( uS/em) 1839 + 717
TDS /(mg/L) 1200 + 467
Sal/ %o 0.94 + 0.37
pH 8.79 + 0.39
Turb 23+ 64
Chl-a/ (pg/L) 2.6 2.2
DO/ (mg/L) 8.11 + 2.88
NH;/(mg/L) 0.21 £ 0.18
TN/ (mg/L) 0.98 + 0.31
NO3/(mg/L) 0.33 + 0.15
TP/ (/L) 28 + 24
COD,,;,,/ (mg/L) 5.6+ 1.4
Cl”/(mg/L) 271 + 150
802 /(mg/L) 433.2 + 231.8
DOC/ (mg/L) 9.27 £ 5.15

/SN W/IME
Maximum value Minimum value
5.5 0.3
14.1 0.3
27.36 0.03
3180 312
2068 219
1.63 0.16
9.40 7.42
61.9 —
10.6 —
16.56 —
1.27 0.03
2.59 0.31
1.00 0.07
140 —
9.2 1.3
554 8
919.0 27.4
24.00 0.90

— AR TG TR ;SD: B ; WD, /K ; Temp: 7K ; Cond; HL 53, TDS; B fLJE ;Sal; $h ; Tudb: M ;Chla; M4#%K a;D0; W% ;TN

SEGTP . BWE;CODy,  EARMEIIREL; Cl™ . E BT ;DOC: EifIEA MLk
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Fig.2 Comparison of environmental parameters among different seasons in Lake Bosten
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Fig. 3 Monthly variation of bacterial abundance in
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Fig.4 The spatial and seasonal distribution of bacterial abundance in Lake Bosten

2.3 A0 RS B R T B AE oA
Pearson AHC /3 B4 R UL3R 2. A F 5 5k
J& .Chl-a ,DOC ,COD,,, &2 M & 3 1EAHC (P<0.01)
5 DO, TN AL (P<0.01) o SR p

PHES FHaH511% C1 SO . TDS , Cond =2 [8] it A S 4%
B#F (P<0.01), COD,, M DOC & #F X (P<
0.01),

FR2 EHBYHHEREFE(B) REERERETFH Pearson 18X RE (n=140)

Table 2 Pearson correlation coefficient of bacterial abundance and key environmental parameters in Lake Bosten(n=140)

KE L ME mEE. BEE BE BB o R it
Temp Turb Chl-a DO TN TP TDS Cond con,, DOC

pH 0.29**

Turb -0.08 -0.10

Chl-a 0.11 -0.37"*  0.30**

DO -0.47** 0.44** -0.02 -0.42**

TN -0.23** 0.004 -0.07 -0.13 0.02

TP 0.04 -0.31% 0.01 0.03 -0.35**  0.09

TDS -0.05 0.37"* -0.29**  -0.30"* 0.15 0.48**  -0.21

Cond -0.024 0.38"* -0.29**  -0.30"* 0.15 0.48**  -020  0.99"*

CODy, 0.25** -0.01 -0.13 0.03 -0.39** 0.23%* 0.001  0.35** 0.35"*

DOC 0.18* -0.10  0.19* -0.05 -0.18* 0.12 032"  0.19* 0.20* 0.31**

logB' 0.80** 0.07  -0.06 0.22**  -047** -0.11 0.11 0.03 0.05 0.28** 0.40**

* FOR L E A (P<0.05 WUBHI) 5 ** R B FE A OC (P<0.01, XUBKE I ) 5 TlogB: 20 £ (B) 1 1g #5480 ; SD. BHIE; WD KIE;
Temp; 7J(zEl;C0Hd: FEE'F%E;TDS: @Lﬂﬂg;Sﬂl: %E‘{;Turb; MUE;CM-H: ufﬁ? EL;DO: 7@%;’1‘1\1: )aﬁ;TP: z%@%;CODMn: %%MW*&@Z ;le:

BT DOC: WEARIEA YLK
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e
lg( Bacteria) = s( Temp ) +s( Chl-a) +s( DOC) +s( Cond )
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Table 3 Test of GAM for modeling bacterial abundance and environmental parameters
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Environmental parameters Tai Cumulative explained deviation AlC F
T 0.63 63.3 175.0239 0.000
DOC 0.736 75.8 131.4540 0.000
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Cond 0.773 80.2 116.2516 0.027
Turh 0.784 81.2 111.4044 0.075
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Fig.5 The fitted smooth functions for environmental parameters from the final additive model for the bacterial abundance
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Table 4 Comparison of bacterial abundance among different lakes
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