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Abstract: Nitrogen fixation is a vital process in biogeochemical cycles within ecosystems. While current research on nitrogen fixation
in aquatic ecosystems has mainly focused on marine environments, studies on inland waters, such as lakes, have only recently begun.
To understand current research hotspots and development trends regarding nitrogen-fixing microorganisms in freshwater lakes, this
study examined literature on the topic from the Web of Science database. CiteSpace and VOS viewer were used to construct and
analyze knowledge maps, revealing current research hotspots and future research trends in this field. Based on these findings, we

conducted a literature integration analysis to outline the effects of nitrogen and phosphorus nutrients on nitrogen fixation rates in water
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and their underlying mechanisms. The results show that: (1) From 1992 to 2024, the number of publications and citations in the field
of nitrogen-fixing microorganisms in global freshwater lakes has steadily increased; (2) National, author and institutional collaboration
network analyses indicate that research on nitrogen-fixing microorganisms in freshwater lakes is an interdisciplinary field involving
cooperation among multiple countries and institutions; Cluster analysis reveals that research hotspots mainly focus on nutrient control
strategies under phosphorus limitation and their impact on cyanobacterial community succession; the analysis of nitrogen -fixing
microbial diversity based on the nifH gene; and the functional characterization of this gene in the nitrogen cycle. The analysis also
reveals long-term dynamic changes in phytoplankton community composition driven by environmental factors. (4) The results of the
integration analysis indicate that: The geographical distribution of nitrogen fixation quantification studies is imbalanced. North
America has established a comprehensive indicator system covering various water types. In contrast, Asia and South America focus
on describing cyanobacterial biomass, while Europe primarily focuses on the dynamic changes of nitrogen and phosphorus, as well as
the coupling relationship of the nitrogen fixation process. Research on nitrogen-fixing species mainly centres on the phylum
Cyanobacteria (e.g. Nostoc and Dolichospermum), while studies on other phyla such as Proteobacteria and Archaea are relatively
scarce. Total phosphorus shows a significant positive correlation with nitrogen fixation rates, whereas total dissolved nitro gen, nitrate
nitrogen and ammonium nitrogen show significant negative correlations. Non-linear segmented model fitting revealed a critical value
of 25 pg LA(—1) for total phosphorus in regulating nitrogen fixation rates in freshwater lakes. Future research on nitrogen fixation
processes urgently requires standardised measurement methods (e.g. acetylene reduction and isotope tracing) and metric units (e.g.
area/volume) to improve the comparability of research results. This study summarises changes in the research hotspots and frontiers
of nitrogen-fixing microorganisms in freshwater lakes over the past 30 years, suggesting that our understanding of nitrogen fixation
processes and their ecological contributions should continue to expand by incorporating diverse analytical indicators (e.g. enzyme
activity and transcriptomics), standardized analytical procedures and multi-indicator fusion evaluation methods.
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Figure 1 Technical route of literature collection and bibliometric analysis
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Figure 2 Bibliometric analysis of nitrogen-fixing microbial research in global freshwater lakes since 1992 (a) Total number of
published papers and annual changes in publication numbers by country, (b) Network visualization of keyword co-occurrence, (c)
Clustering of the five most frequent keywords in published papers, (d) Statistical analysis of keyword sudden changes in the
literature on nitrogen-fixing microorganisms in freshwater lakes (blue represents the time of keyword occurrence, red represents the

time of explosive growth of the keyword)
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Figure 3 Spatial distribution of nitrogen fixation researches in global freshwater ecosystems and the indicators being used (a)
Geographic distribution of nitrogen fixation researches in global freshwater ecosystems and their indicators, with red representing
lakes, blue representing reservoirs, and brown representing rivers; (b) Number of water bodies (bars) being studied for nitrogen
fixation rate indicators, and number of the involved publications (lines)
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Figure 5 Effects of nutrient levels on nitrogen fixation rates. Purple circles represent nitrogen fixation rates measured in ng
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nitrogen fixation under weak Ammonium-N 4-260 (g™ TDP | 172-236 (ugL™)
irradiance, 2012 N:P | 3.7-16.3
Banner Lake 0.7-3.1 (10° Nitrate-N 0 (ugL ) SRP | 9-11 (ugL ™)
(40.173,-104.984) heterocysts
Ammonium-N 14 (ugl ™) TDP | 46-49 (ugL™)
N:P | 10.9-11.8
Jackson Lake 2.7 (106 Nitrate-N 0 (ugl™) SRP | 5 (uglL™)
(39.652,-105.144) heterocysts
Ammonium-N 31 (ugl™) TDP | 64 (ugl™?)
N:P | 285
Bear Creek 6.5 (10° Nitrate-N 25 (ugl™) SRP | 47 (uglL™)
Reservoir heterocysts
(40.066,-104.553) Ammonium-N 51 (ugl™ TDP | 61 (uglL™
N:P | 6.9
Seeley 5.8 (10° Nitrate-N 0 (ugL™) SRP | 2 (uglL™)
Reservoir heterocysts
(40.392,-104.074) Ammonium-N 19 (ugl™) TDP | 35 (ugl™)
N:P | 8.3
Effects of upstream lakes and nutrient | Bull Trout ERE 0-62 (pg Nitrate-N 1.5-12.7(ugL™) TP 10-12(ugL™)
limitation on periphytic biomass and (44.10,-114.56) m2 htl
nitrogen fixation in oligotrophic, TN 33-154(ugl ™) N:P | 3.4-143
subalpine streams, 2007 Stanley B 1-30 (ug Nitrate-N 2.4-27.6(ugL™?) TP | 6-8(ugL™?)
(44.10,-114.56) m2 hi)
N 40-280(pgLY) N:P | 6.4-36.1
Yellow Belly BE&mE 4-48 (ug Nitrate-N 13.4-167.1(ugL™Y) | TP | 6-20(ugL™)
(44.10,-114.56) m2 h?)
N 64-206(ugL ™) N:P | 7.7-181




Contribution of nitrogen fixation to Nitrogen fixation ratel 0.072-40.050 NH4-N 7.4-143.5(ugl™) TDP
the external nitrogen load of a water (mg N m2day?) 50.5-120.7(ugL™)
quality control reservoir (Kis-Balaton
Water Protection System, Hungary), Nitrogen fixation rate 0.545-7.327 (pg | NO3-N 6.1-156.4(ugl™) TP )
-1 ht 206.0-346.4(pgL"
2013 Western part of Lth™) (el
upper reservoir
(46.75,17.5) SRP o
28.6-86.7(ugL )
N:P
2.57-7.48
Nitrogen fixation ratel 0.387-364.700 NH4-N 4.5-362.8(ugl™) TDP | 29.3-128.6(ugL™)
(mg N m2 day™)
Eastern part of - ["\jjtrogen fixation rate 0.064-50.990 NO3-N 4.1-24.2(pgL Y TP | 181.4-310.0(ngL ™)
upper reservoir (ue L1 h1)
(46.75,17.5) He _
SRP | 5.2-12.4(ugL?)
N:P | 8.24-12.99
Nitrogen fixation ratel 0.040-74.500 NH4-N 14.9-4455(ugL™Y) | TDP | 89.7-316.9(ugL™)
(mg N m2day?)
Nitrogen fixation rate 0.010-14.862 NO3-N 3.9-112.6(ugL™) TP 308.3-456.6(ugL ™)
Cassette (e LT h1)
(46.75,17.5) HEg
SRP | 41.0-289.5(ugL ™Y
N:P | 4.07-7.52
Nitrogen fixation ratel 0.334-213.770 NH4-N 6.6-392.6(ugl™) TDP | 34.7-52.2(ugL™)
(mg N m2 day™)
. Nitrogen fixation rate 0.257-28.330 NO3-N 5.7-102.5(ugL ™) TP 169.6-336.9(ugL ™)
Lower reservoir (ug L1 h1)
(46.75,17.5) Heg
SRP [ 34.7-52.2(ugL™})
N:P | 4.73-11.64
) Lake Tahoe Nitrogen fixation rate 0.1 +0.07 (nmol TP | 9.2-48(ugL™)
:D_Ot_etnil_al tracet mletal CKI- (39.03, -122.48) NLTh)
imitation controls on N2 : — . 1
fixation and NOs uptake in Walker lake Nitrogen fixation rate 1.7+11 (nmol TP | 250-5600(ugL %)
(39.05, -120.03) NL?h™)




lakes with varying trophic Clear lake Nitrogen fixation rate 44.7 £1.8 (nmol TP 300-910(ugL ™)
status, 2013 (38.41, -118.44) NL1h?)
N2-flux (as a proxy of N2 | 10.0(10.5) (mg N | TN 0.05(0.09) (ugL™) | TP 153 (39.5)
fixation) fixed/L hr) (uglL™)
Como
(44.979, -93.146) DIN 1.30(0.30) (ugL ™) | SRP | 67.5 (18.5)
-1
Co-limitation by N and P - (ugl™)
Characterizes Phytoplankton N:P_| 199 (835)
Communities Across Nutrient N2-flux (as a proxy of N2 | 10.1(10.55) (mg | TN 0.01(0.02) (ugL™) | TP | 19.7 (0.5) (ugL™?)
Availability and Land Use, fixation) N fixed/L hr)
2020 McCarrons DIN 0.52(0.21) (ngL™) | SRP | 5.96 (1.12)
(44.998, -93.113) o
(ngl™)
N:P | 59.2 (25.6)
N2-flux (as a proxy of N2 | 12.6(5.67) (ngN | TN 0.01(0.01) (ugL ) | TP [ 355 (17.0)
fixation) fixed/L hr) (ugl™)
Ryan -1
ot 03322 DIN 0.70(0.25) (ngLY) | SRP | 10.4 758.13)
(ngl™)
N:P | 46.2 (15.3)
N2-flux (as a proxy of N2 | 2.50(2.43) (mg N | TN 0.02(0.03) (ugL™Y) | TP 103 (43.8)
fixation) fixed/L hr) (ngl™
Croshy
(44.905, -93.150) DIN 0.53(0.48) (ugL™) | SRP | 37.2 (11.8)
(ugl™)
N:P | 9.26 (8.35)
N2-flux (as a proxy of N2 | 1.66(2.00) (mgN | TN 0.01(0.01) (ugL™®) | TP | 13.3 (2.43)
fixation) fixed/L hr) (ngl™
Square
(45:155, -92.801) DIN 0.36(0.08) (gL | SRP | 2.85 (1) (ugl Y
N:P | 59.5 (3.41)
N2-flux (as a proxy of N2 | 2.60(3.60) (mgN | TN 134(47.6) (ugL™) | TP 159 (14.9)
fixation) fixed/L hr) (ngl™
Peltier
(45.176, -93.059) DIN 1.63(0.43) (ugL™) | SRP | 57.9 (37.9)
(ugl™)
N:P | 22.6 (5.54)




N2-flux (as a proxy of N2 | 4.77(8.27) (mgN | TN 77.0(106) (ugL™Y) | TP 155 (43.7)
fixation) fixed/L hr) (ugL™)
Colby
(44.906, -92.910) DIN 1.46(0.70) (ugL™) | SRP | 18.2 (8.25)
(ngl™)
N:P | 24 (17.9)
N2-flux (as a proxy of N2 | 7.89(7.72) (mgN | TN 132(152) (ugL™) TP 58.1 (18.0)
fixation) fixed/L hr) (ugL™)
West Jefferson
(44.275, -93.786) DIN 2.62(1.33) (ugl™ | SRP | 7.92 (0.11)
(ngl™)
N:P | 120 (104)
N2-flux (as a proxy of N2 | 3.20(3.55) (mg N | TN 52.3(65.2) (ugL™) | TP 73.1 (8.03)
fixation) fixed/L hr) (ugL ™)
German
(44.274, -93.725) DIN 2.49(1.79) (ugL™) | SRP | 7.32 (0.04)
(ngl™)
N:P | 72.6 (45.8)
Nitrogen fixation rate 37.63-78.68 NH4+-N 0.70~1.25(mgL%) [ TP | 0.04~0.12(mgL?)
85121) (ngNL1h™?)
' NO3—N 0.32~1.60(mgL ™) [ DP | 0.01~0.07(mgL %)
Nitrogen fixation rate 53.95-87.11 NH4+-N 1.52~2.54(mgL™Y) | TP 0.10~0.41(mgL ™)
N2 fixation in urbanization area (83‘]1 121) (ngNLth™?)
rivgrs; spatial-t_emporal_ ' NO3—N 0.48~1.91(mgL™) | DP | 0.05~0.29(mgL™%)
variations and influencing Nitrogen fixation rate 73.95-82.89 NH4+-N 1.09~5.56(mgL™%) | TP | 0.04~0.28(mgL™?)
factors, 2020 ~(]?|)31 2 (ngN L 1h1)
' NO3—N 0.26~1.61(mgL ™) | DP | 0.03~0.17(mgL %)
Nitrogen fixation rate 76.58-109.47 NH4+-N 0.51~3.79(mgL™%) | TP 0.12~0.40(mgL ™)
PT ( -1 —1)
(31,121) ngN+i—h
' NO3—-N 0.15~3.41(mgL™Y) | DP | 0.05~0.34(mgL™h
Nitrogen fixation rate 64.21-100.79 NH4+-N 0.63~1.45(mgL™%) | TP 0.07~0.15(mgL ™)
JS -1 1
(31.121) (ngNLth?)
' NO3—N 0.37-2.47(mgL™>) | DP_ | 0.03~0.11(mgL™)
Nitrogen fixation rate 55.53-104.21 NH4+-N 0.47~1.80(mgL™) | TP 0.05~0.18(mgL ™)
PD “1hl
(31.121) (ngNLth?)
' NO3—N 0.20~3.26(mgL™>) | DP | 0.04~0.05(mgL™")




Nitrogen fixation rate 66.58-94.74 NH4+-N 0.82~1.68(mgL™%) | TP 0.06~0.43(mgL ™)
FX (ngN4L1h™)
(31,121) 9
' NO3—N 0.36~2.73(mgL™) | DP | 0.03~0.31(mgL™)
Nitrogen fixation rate 33.95-65.53 NH4+-N 0.38~1.53(mgL™%) | TP 0.04~0.10(mgL ™)
CM (ngN L 1h™)
(31,121) 9
' NO3—N 0.21~1.63(mgL™Y) | DP | 0.01~0.04(mgL?)
7 Environmental factors and thresholds Nitrogen fixation rate <1.3 x 10-3- TN 04 +02~51+ TP 12.0 £4.7~302.4 +
for nitrogen fixation by 515 x 10-3(pg- 2.4(g-N LY 147.6(g-P L)
phytoplankton in tropical reservoirs, | gjy study NL?*h™?
2021 reservoirs in NH4+ <LoD-2,1269+ | SRP | <LoD~735+
S& Paulo State 3,210.4(1g-N L) 25.8(1g-P L)
(—22.361,-47.912) NO3— 283.9 +
66.7~3,449.4 +
390.5(pg-N LY
8 Changes of phytoplankton and water 104cells/L(proportion of 0.32 (0.3 %)- TN 0.85-2.97(mgL™) | TP 0.03-0.13(mgL™)
environment in a highly urbanized cyanobacteria) 104.31 (23.3 %)
subtropical lake during the past ten
years, 2023 Hongze Lake
(33.35,118.6) NO3—-N 0-2.5(mgL™1) N:P | 6.23-73.78
9 Spatial and temporal variation in , Ratio of mean summer 0.002-3.2 TDN 431.4 +£152.1- SRP | 14.9 +£23.7-284.8 +
nitrogen fixation and its importance | QU/APPelle N2-fixation to (mg N m=3hr?) 1561.2 + 172.8(ugL™)
to phytoplankton in phosphorus-rich Rlv_er drainage phytoplankton nitrogen 495.8(ugL™)
lakes, 2019 e doaey | demand
DIN 122.7 £168.5- TDP | 15.6 +30.3-366.9 +
780.7 + 278.1(ugL™)
434.9(ugL™)
N:P | 5.2-31.4(ugL™)
10 TN TP

Pelagic cyanobacterial nitrogen
fixation in lakes and ponds of

High latitude
temperate

Nitrogen fixation
rate

0.00-2.51(ug
N/L/h)

0.025-2.0(mgL %)

0.003-0.37(mgLY)




different latitudinal zones, Low latitude Nitrogen fixation rate 0.00-184.80(pg TN 0.001- TP 0.0003-
2022 temperate N/L/h) 1.74(mgL™?) 0.45(mgL 1)
Tropical Nitrogen fixation rate (lzl.f)l?/—hé)t.%(ug TN 0.066-2.5(mgL ) TP 0.0014-0.2(mgLY)
11 Analysis of environmental 6.9-25.6(%) TN 2.37+0.27- TP 0.11+0.00-
drivers influencing interspecific 4.65 £ 0.40(mgL™) 0.29 £0.09(mgL 1)
variations and associations N2-fixing Cyano%
among bloom-forming Taihu
cyanobacteria in large, shallow (31.225, 120.233)
eutrophic lakes, 2019 DIN 0.86+0.08- DIP | 0.03+0.00-
1.66+=0.17(mgL 1) 0.05+0.00(mgL 1)
20.4-75.8(%) TN 2.22+0.21- TP 0.10+£0.01-
2.78 +0.16(mgL™?) 0.22+0.02(mgL™?)
N2-fixing Cyano%
Chaohu
(31567, 117.558)
DIN 0.86+0.08- DIP | 0.02+0.00-
1.66+0.17(mgL™?) 0.04+0.01(mgL 1)
11.6-32.1(%) TN 2.25+0.10- TP 0.18 £0.00-
3.43+0.79(mgL ™) 0.31+0.07(mgL ™)
N2-fixing Cyano%
Dainchi
(24.975, 102.750)
DIN 0.86+0.08- DIP | 0.02+0.01-
1.66+0.17(mgL 1) 0.05+0.03(mgL 1)
12 Heterotrophic Nitrogen Qishon River . L 0.2640.07- TN 7.8-21.0(mgL™1) TP
Fixation at the Hyper-Eutrophic estuary Nitrogen fixation 0.8420.01 _ "
i i rate 14 0.3-0.4(mgL™)
Qishon River and Estuary (328123, (nmol N L1 d1)
System, 2020 35.0335)
Stream . . 3.243.4- TN 3.7-5.8(mgL™) TP
(32.7263, Nitrogen fixation 4.425 4(nmol N 0.2-0.7(mgLY)
35.0081) rate Ltd?)
13 Superior Mean whole lake 0.015 =
Assessment of nitrogen fixation ( 47‘:’25 88.25) Nfix rates 0.020nmol
rates in the Laurentian Great o (N2/L/hrh)
Lakes, 2021 Huron Mean whole lake 0.043 +

(45.50, -83.00)

Nfix rates

0.079(N2/L/hr )




Michigan Mean whole lake 001+
(44.12, -86.00) Nfix rates 0.009(N2/L/hrt)
Erie Mean whole lake 0.099 +
(42.17, -80.75) Nfix rates 0.126(N2/L/hr?)
Ontario Mean whole lake 0.039 +
(44.00, -78.50) Nfix rates 0.053(N2/L/hr?)
14 | Cyanobacterial blooms in Lake nitrogenase activity 0.17-2.2( nmol TN 145.0-468.9 TP 10.0-95.7(g-P L)
Atitlan, Guatemala, 2011 C2H4 ugCha't (Lg-N L)
h™)
Lake Atitlan T T
(14.713, -91.204) NH4-N 5.9-52.8(g-N L1 | SRP | 3.0-21.2(pg-P L)
NO3-N 1.4-46.3()g-N L)
15 | N:P ratios, light limitation, and Percent of yearly averaged | 16.16-75.00(%) TN 1436.93-2500(1g- | TP 46.51-145.12(}.g-P
cyanobacterial dominance in a cyanobacteria biovolumes N LY LY
subtropical lake impacted by non- Lake due to N2-fixing taxa
point source nutrient pollution, 2003 Okeechobee SRP 15).48-42.81(|,g-P L
(27.000, -80.833)
N:P | 12.14-34.52(}.g-P
LY
16 | Critical N:P ratio for Peipsi s.s Nfix% in biomass 10.6+19(%) N 0.7340.64(g m?) TP | 4321(mg m®)
cyanobacteria and N2-fixing (58.5,27.5) N:P | 20+#13
species in the large shallow Nfix% in biomass 3.246.8(%) TN 1.6241.4(g m™3) TP 53446(mg m3)
temperate lakes Peipsi and
Vatsjav, North-East Europe, Vatsjav
2008 (58.3,26) N:P | 45453
17 Low dissolved i . number of 0-92946 Nitrate-N 0.02-0.23(mg/L) N:P | 9.83-29.50
OW d1sS0lved Inorganic Lower Karori heterocytes per A. (cells/ml)

nitrogen and increased
heterocyte frequency:
precursors to Anabaena
planktonica blooms in a

Reservoir Om
(-41.2924,
174.7517)

planktonica cell

Ammonium-N

0.025-0.29(mg/L)




temperate, eutrophic ] number of 0-19036 Nitrate-N 0-0.22(mg/L) N:P | 3.39-17.18
reservoir, 2010 Lower Karori heterocytes per A. (cells/ml)
Sreizrr‘r’]o" 10m planktonica cell
(-41.2924, Ammonium-N 0.02-0.65(mg/L)
174.7517)
18 Implications of water column Water column net N —0.758- NO 2 nitrate 1.01-334(umol 1) | SRP | 0.19-0.98(umol I%)
ammonium uptake and fixation rates 0.958u(mol N 12
: . PRM o
regeneration for the nitrogen (45.0,-732) h™)
budget in temperate, eutrophic o NO 2 nitrite 0.13-4.76(umol 1Y)
Missisquoi Bay, Lake NH **ammonium | 1.18-11.3(umol 1))
Champlain (Canada/USA), Water column net N 0.023-0.810(mol | NO 3 nitrate <0.05-37.0(umol I | SRP | 0.14-0.70(umol 1'%
2013 fixation rates NI h™? h
MB NO 2 nitrite <0.05-1.62(pmol I
(45.0,-73.2) 1)
NH *#ammonium | 0.18-15.9(umol 1Y)
19 Land use patterns, ecoregion Eastern Corn the biomass _of all Nfix 6.0E:5 #.0E+5 | TN 813-5253(jg/L) TP 31 - 632(pg/L)
and phytoplankton relationships Bi?tePlaing cyanobacteria (bm"3/mL)
in productive Ohio reservoirs, (405, -83.0) Heterocysts/mL 1 40.9(ml) N:P | 12-85
2012 ’
) ) ] the biomass of all Nfix 3.1E+6 #6.7E+5 | TN 840-1850(o/L) TP 29 - 77(ol/L)
Erie Drift Plain | cyanobacteria (pm"3/mL)
(415, -82.5) Heterocysts/mL 1733 +438(ml) N:P | 11-64
Western the biomass of all Nfix 1.6E+6 #88.3E+5 | TN 150-1810(j0/L) TP 5-150(g/L)
Allegheny cyanobacteria (pm"3/mL)
Plateau Heterocysts/mL 68 +36(ml) N:P | 24 -229
(39.0, -82.0)
20 | River—reservoir transition zones Canyon ExE 0-0.060(ug TN 357 £270(g/L) TP | 168 +11.1(y/L)
are nitrogen fixation hot spots (Sstll(l)r51 -97.75) TR N/L/h) = =
regardless of ecosystem trophic 1iinouse RE 0-0.023(ug
Hollow 346 +107(lg/L) 19.7 +£17.6(pg/L)
state, 2009 (29.85, -98.20) N/L/h)
Waco BERm= 0.028-0.36(ug N TP
(3155, 97.15) N/L/h) 1080 +77.8(py/L) 257 +88.4(Lg/L)
21 White Aphanizomenon spp. 0.16 £ 0.14(ug Ammonium 17.7 +12.2(g/L) TP 193 +14 (Lg/L)

Partridge

biomass

L 1x10°9)




Cyanobacteria and microcystin-
LR in a complex lake system
representing a range in trophic
status: Lake of the Woods,
Ontario, Canada, 2009

(49.15-49.7,94.83- | Anabaena spp.biomass 1.93 + 1.06(ng Nitrate 25+13 TDP | 6.9 0.7
94.9) L1x1079) (Lg/L) (Lo/L)
Aphani . .05+0. A i TP
Clearwater | | -PIEMZOMENon s 3324093?3(” £ mmonium 11.3 +6.0(Lg/L) 15.6 +1.3 (Lg/L)
East
(49.15-49.7,94.83- | Anabaena spp.biomass 2.7510 + %504(ug Nitrate 43+15 TDP | 6.2 +0.7
949) L7107 (/L) (/L)
: Aphani . 0.02 +0.01 A i TP
Deception bign?;;szomenon PP (ng L1x10°%) mmonium 10.9 +3.5(g/L) 13.4 0.4 (Lo/L)
Bay
(49.15-49.7,94.83- | Anabaena spp.biomass 1.22 +£1.01 Nitrate 3.2+14 TDP | 59+0.3
94.9) (ng L™>107%) (/L) (Lo/L)
Aphanizomenon spp. <0.01 Ammonium TP
Clearwater - ~ ~
West biomass (ng L1>1079) 8.3 +2.3(y/L) 14.8 0.8 (o/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.29 £0.13 Nitrate 3.1+18 TDP | 6.2 +0.4
94.9) (ug L1x1073) (Lo/L) (hg/L)
Aphanizomenon spp. 0.04 £0.02 Ammonium TP
49El%h409§a92{ " biomass (ug L71><|.073) 6.2 iOS(l,g/L) 14.6 £0.5 (l.g/l_)
Say 179488 1" Anabaena spp biomass | 0.24 £0.10 Nitrate 1807 TDP | 6.7 £06
_ (ug L<10°9) _ (/L) (LO/L)
Cul de Sac ﬁ}gt;?;lggomenon spp. ?ﬁszi(i%ﬂ) Ammonium 8.0 +£2.4(Lg/L) TP 140 £1.4 (Lg/L)
Sugy 197948 " Anabaena spp.biomass | 0.41%0.26 Nitrate 21404 TDP | 6.1 %04
_ (ug L1x107%) _ (Ly/L) (/L)
Highrock Aphanizomenon spp. 0.07 +0.04 Ammonium 8.9 +3.8( TP
) ROPE .9 +3.8(ly/L) 125 +2.0 (Lg/L)
Island biomass (g L1>107%)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.04 +0.03 Nitrate 2.6 £0.2 TDP | 5.0+0.7
94.9) (ug L™1x1079) (Lo/L) (Lg/L)
Aphanizomenon spp. 0.05 £0.05 Ammonium TP
Index Island | piomass (ne L 150 7.3 +2.1 (Lo/L) 13.0 1.0 (po/L)
ng )
Say 79488 1" Anabaena spp biomass | 0.06 +0.02 Nitrate 2.6 +0.7 TDP | 5005
(ug L™x107) (Lo/L) (Lo/L)
Yellow Girl Aphanizomenon spp. 2.30 +1.76 Ammonium TP
Bay biomass | (o L 110°%) _ 12.3 +3.0(ly/L) 19.3 +2.7 (Lo/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.30 +0.13 Nitrate 6.2 +45 TDP | 6.9 +0.6
94.9) (ug L™x1079) (o/L) (o/L)
Aphanizomenon spp. 0.08 +0.05 Ammonium TP
Turtle Ba: - — _ 11.2 £2.2(g/L 166 +1.4 /L
(49.15—49.7,94)./83— biomass _ (ug L 1x107%) _ o (o)
94.9) Anabaena spp.biomass 0.54 £0.24 Nitrate TDP

1.9+05

6.1 +0.6




(ng L>1079) (LolL) (Ho/L)

Hay Island Qg’;f;;gomenon SPP- (1;};:3%(1)5*3) Ammonium 478 +2454gll) | T | 67.4 £20.4(1g/L)

Swey 19719485 "Anabaena spp.biomass | 0.58 +0.18 Nitrate 329 +30.7 TDP | 155 6.6
_ (ug Lx10°9) _ (Lg/L) (Lg/L)

BUff Island Qgrr::iggszomenon Spp. ?ﬁisLiﬁgﬂ) Ammonium 505 +22.5(Lg/L) TP 68.4 +175

Say 179483 1" Anabaena spp biomass | 041 £0.20 Nitrate 168 *155 TDP | 13.7 38
(ng L>10°) (Lo/b) (Lo/b)

White Aphanizomenon spp. 0.17 +0.09 Ammonium 13.3 +1.5(Lo/L. TP 259 +5.4 (Lo/L
Partridge biomass (ng Lx107%) 3 £L5GHg/L) 254 (/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.29 +0.11 Nitrate 0.9 +0.2 TDP | 12.7 £3.5
94.9) (ng L™1x1073) (/L) (/L)

Aphanizomenon spp. 0.31+0.23 Ammonium TP
EaSCtlearwater biomass (g L1>1079) 8.6 +1.7(y/L) 15.0 +1.0 (bg/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.39 £0.22 Nitrate 1.4 +0.7 TDP | 6.9 +0.6
94.9) (ng L1x1073) (/L) (/L)
: Aphanizomenon spp. 0.06 £0.02 Ammonium TP
Ba';eceptlon biomass (g L1>10°%) 11.5 +4.5(g/L) 14.7 £1.6 (Lg/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.17 £0.08 Nitrate 24+1.1 TDP | 72403
94.9) (ug L1x1073) (Lo/L) (Lo/L)
Aphanizomenon spp. 0.07 =0.05 Ammonium TP
WeCsItearwater biomass (g L1x107) 11.7 £4.9(lo/L) 13.9 £0.8(/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.16 +0.07 Nitrate 22415 TDP | 6.8 404
94.9) (g L71x1073) (/L) (/L)
Aphanizomenon spp. 0.04 =0.01 Ammonium TP
452%5?2 . | biomass (g L 1x109) 10.0 #+2.2(jy/L) 17.3 +1.9 (Lo/L)
g4_é) TRl Anabaena spp.biomass 0.32 +0.17 Nitrate 0.4+0.1 TDP | 6.9 +0.9
(ug L1079 (/L) (Lo/L)
Aphanizomenon spp. 0.11 +0.09 Ammonium TP
4g(ilél|4dge7sgic83 biomass (ug L71><L073) 9.8 i23(|,g/|_) 13.1 +0.6 (Lg/l_)
,54.,“9) TDYEEST L Anabaena spp.biomass 0.14 +0.04 Nitrate 24+1.1 TDP | 8.7 %21
(ug L™>4107%) (Lo/L) (Lo/L)

Horseshoe Aphanizomenon spp. 6.32 +£4.12 Ammonium TP

Island biomass (g L1>1079) 37.5 +6.9(Lg/L) 52.1 +17.0(pg/L)




(49.15-49.7,94.83- | Anabaena spp.biomass 0.11 +0.06 Nitrate 36.5 +26.1 TDP | 139 +15
94.9) (ug L1x1073) (Lo/L) (Lo/L)
Aphanizomenon spp. 5.12 +4.37 Ammonium TP
Mica Point | hiomase i toe L10°) 185 +8.2 (/L) 38.2 +5.0 (/L)
gi?§§5-49'7’94'83' Anabaena spp.biomass 0.27 +0.20 Nitrate 23.1+21.1 TDP | 12.6 £2.7
(ug L™1>107) (g/L) (g/L)
Monkey Aphanizomenon spp. 3.61+1.46 Ammonium TP
Rocks biomass (g L1107 18.0 +4.7 (pg/L) 43.4 +7.0 (Lg/L)
(49.15-49.7,94.83- | Anabaena spp.biomass 0.24 +0.24 Nitrate 13.6 +£9.8 TDP | 12.6 +£1.8
94.9) (ug L™x1079) (o/L) (o/L)
Aphanizomenon spp. 1.56 +0.75 Ammonium TP
Basil PoiNt | piomase PP (hn L 1409) 204 +8.0 (Ly/L) 39.6 +2.0 (hylL)
Say 179488 1" Anabaena spp biomass | 0.30 £0.20 Nitrate 36.5 £30.3 TOP | 149 *19
(ug L™>107) (o/L) (Lg/L)
22 Spatial and seasonal variation Nfix% in biomass 11.63-23.49(%) TN 1.01-391(mg/L) | TP 0.02-1.29
in No-fixing cyanobacteria in North (mg/L)
Poyang Lake from 2012 to (24.483 - 30.067, the biomass of all Nfix 0.15-0.29(mg / NO3-N 0.21-1.46(mg/L) | N:P
2016: roles of nutrient ratios 113.567 - 118.467) | cyanobacteria L)
and hydrology, 2019 NH4-N 0.02-0.54(mg / L)
Nfix% in biomass 6.05-20.47(%) TN 0.69-3.59(mg /L) | TP | 0.03-1.69(mg/L)
South the biomass of all Nfix 0-15(mg /L) NO3-N 0.03-1.63(mg/L) | N:P
(24.483 - 30.067, | o\ anobacteria
113.567 - 118.467) -
NH4-N 0.01-0.85(mg / L)
23 | KimiE BRI K B A B R F EHISTK REFEENE 0. 00#0. 01- TN 0. 7040. 03- TP | 0. 01840. 005-
BN ETUHEREEEEN — EEI 7 8. 3742. 07(mg 1. 5740. 19(mg/ 0. 0514). 016(mg
» SRS 3
LUK BRIk BE A fl, 2023 (31.3, 119.417) /L) L) /L)
24 | XipKraEE (Dolichospermum) |RE KigEY= N TP
S YE KIS RIRENE T, (30.928 - 31.549, 0-0.47(mg /L) 2.59-6.73(mg / L) 0.05-0.14(mg / L)
2021 119.876 - 120.603)
HRILX KIEEYE
(30.928 - 31.549, 0-0.37(mg /L) 2.53-5.21(mg /L) 0.07-0.15(mg / L)
119.876 - 120.603)
4 KIEEYE
(30.928 - 31.549, 0-1.06(mg / L) 3.91-8.81(mg/ L) 0.14-0.32(mg / L)
119.876 - 120.603)
FRRHAX KiEEY= 0-0.33(mg / L) 2.15-4.42(mg / L) 0.04-0.11(mg / L)




(30.928 - 31.549,
119.876 - 120.603)

25

KRBT AR TR
RAIRYL, 2011

X
(30.928 - 31549,
119.876 - 120.603)

@R AN EE 073-13.79(%) | TN 1.20-4.28(mg/L) | TP | 0.063-0.114(mg/
L)
NO 3 -N 0.351-3.053(mg/ | N:P | 16.5-53.82
L)
NH 4 -N 0.043-0.095(mg /

L)




Mz S6 ST EREVARAEBELER (n=281)

S8 i1 WRAERE T{E P{E
A 10.614 4.727 2.246 0.028+
B -22.662 9.629 -2.354 0.021x
C 10.250 4.766 2151 0.035+
B. 6.018 1.184 5.084 <0.001xx
X 1.397 50.224 0.028 0.978
A -9.449 1.854 -5.097 <0.007 x5
R2 0.870

FEER? 0.864

FZE=F 5 H (RSS) 99.753
BHEHE 76

A\ By CAEMIALZARE (y=Ax*+Bx+C) BRI, —RIREHNARY, B.AGMEMER (y=Bx+A) BRI,

XiASTEREE (TPREIRFE), ARAEMEE (FESEARTE.
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System

Ran Institute Country Total h- Cita Average Centrali Half Initial
k public Ind tion citations ty - year
ations ex S per life
paper
No. %
Chinese
) 14.4 200
1 Academy of China 43 3 15 1045 24.3 015 195 1
Sciences
University of
the Chinese ) 201
2 China 19 6.38 7 331 17.42 006 25
Academy of 9
Sciences
Russian 200
3 Academy of Russia 14 4.70 6 149 10.64 001 95 3
Sciences
Nanjing
Institute of 200
4 Geography China 12 4.03 7 182 15.17 002 135 6
and
Limnology
University of 200
5 California USA 10 3.36 9 499 499 001 35 0




Btz S8 5 R MBI +HIE

. I o Documents
Rank Title Authors  Source Affiliations  Year Citations
Types
Eco-physiological
adaptations that
Cornell )
1 favour freshwater Carey, CC WATER RESEARCH ) ) 2012 553 Article
. University
cyanobacteria in a
changing climate
) ] Austrian
Cyanobacterial Dokulil, )
2 . i HYDROBIOLOGIA Academy of 2000 507 Article
dominance in lakes MT )
Sciences
Is the future blue-
green? A review of
the current model
. UK Centre for
predictions of how . ) .
3 , Elliott, JA WATER RESEARCH Ecology & 2012 205 Review Article
climate change could
} Hydrology
affect pelagic
freshwater
cyanobacteria
The rapid
eutrophication of ) JOURNAL OF ) )
o Schindler, University of ) .
4 Lake Winnipeg: GREAT LAKES 2012 177 Review Article
i DW; Alberta
Greening under RESEARCH
global change
Nutrient dynamics
and the
eutrophication of South Florida
shallow lakes ENVIRONMENTAL Water .
5 ] Havens, KE 2001 172 Article
Kasumigaura (Japan), POLLUTION Management
Donghu (PR China), District
and Okeechobee
(USA)
BIOLOGICAL N2
FIXATION IN )
Institut de
WETLAND RICE
Recherche pour )
6 FIELDS - ESTIMATION  ROGER, PA PLANT AND SOIL | 1992 150 Article
e
AND CONTRIBUTION
Developpement
TO NITROGEN-
BALANCE
The proliferation of
the toxic Universite
7 cyanobacterium Jacquet, S HARMFUL ALGAE Savoie Mont 2005 144 Article
Blanc

Planktothrix
rubescens following



restoration of the
largest natural French
lake (Lac du Bourget)

Linking soil process
and microbial ecology
in freshwater wetland

ecosystems

Changes to the
phytoplankton
assemblage of Lake
Kinneret after decades
of a predictable,
repetitive pattern

Mitigation of lake
eutrophication:
10 Loosen nitrogen
control and focus on
phosphorus

abatement

University of

Gutknecht, . .
M PLANT AND SOIL Wisconsin
System
Israel
Oceanographic
FRESHWATER , i
Zohary, T & Limnological
BIOLOGY
Research
Institute
Chinese
PROGRESS IN
Wang, HJ Academy of
NATURAL SCIENCE )
Sciences

2006

2004

2009

140

133

119

Review Article

Article

Article
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(1) RRPARLEAN S

“Environmental Sciences”2& 7l #9535 18 3 0] 88 & i [a) TR 15 Bl &R A4 AE 4 a0 o] i 7 1 52 1)
RET, XBFEARERHEYNKR. EVSHEENESREBRENZW.,
“Marine Freshwater Biology”Z£ 51 1) 60 B SCEAHELESE — 1, WA TE /K& S ¥ E9HH
B, HEERMEVEERYWEKEESRENINRMEY SN, ZHRENETE
FREEVRAEKEZ BNAR. BREKERF LN T E LB RITUEREEHX
KEGE, B WOS BIEENE MR A KRG XKt 3T Marine Freshwater
Biology”2£7, Ltoh, MANMUTEBTERAXESBESREM R, ENBRNITR
EFESRKEDSRSG, XI—NKITRRREARZEEFAKEFERENERIERAN
HEFEENMRNR, ERITEFERIERNMES|AXAKRGENHEXBR.
“Microbiology”JUi K HIX 59 B X EMEE, XURRRTHARENETREDY
FheARR . VLS, . ERMEMRENERERFEANRARE,

(2) HUEEIERLE I

BRI B ERZ B8] 5 MR S7), FERZREREZTHMRIE, HEF%
T BREXE, XEMMKRZERSE (49.9) ASREXHHESPREPELTREN



. ¥ RPZERE—FNOUENR, SRR MAXEIT, —FH5IHkBRIE
ZOFRERNR, ERARGEEFZ AR EMRE N FEZMNNERIER, I
MR BRE— USSR MER AR, FENZRFRPRK, RBRTIZVH R
MXHNFAEWOER. EMRVMBZENEERR (WESI) Bx: fFERF
Bt PERFRAFFRSHEMERRABSMARTEDNEE IR T R
KIMERT RTIZIUBAVERRIAR. 2000 FUR, UHERFR. FERNZERKFZF
AMRONZ IR NAEHEI. EFEkR, ERFRARSENT EIRERE
TR, FERFER (243) MRERFRRF (1742) EAROHEHRIT =Y,

AV EERRBPEE T KEIEM.

(3) WSRBAETHRISCE AR

BEEMNHRYBESSERAEMIGR, XoTRIBIHE Rk ER, #AZS]
AN ERBRE—LEXTZHRTENFAEEY. si+XKS#se3 (fisk S8)
27 HP2E5HRKEHMEDNEYERIERRX, Fx8BESRIHAFINE
BAFHIHEYNSTUE R, Carey FRLE 7T ERNEERHE, WERER. FN
FWNUERBUNMEY (RFTT (Water Research), #5553 %) ¥, Dokulil FF| AR
FOE P X Y &A% 08 & R B a0 R SR EEE, 2 it 7 AR SR
PIMRE R BEENF AR (KFRT (Hydrobiologia), #]5[507:k) ™ Elliott &%
AT RETUN UEREAFZHEYEYENREARMNETREZMm (KFT (Water
Research), #5[205k) B, Schindler & AR T T B RHHTRATTARE
Bhnm R RERKEMET X, REBNRE R R FEEHH 8K
B (kFTF (Journal of Great Lakes Research), ##5| 177 >Kk) ©; Havens ZMRLLE T
FE R RR SRR EMA AN TEL N =N ERIT, RRTE
HERERAENNZMEZIENAEFRNSHNFTME (XK T (Environmental
Pollution), #5| 172%) U1,
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