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Abstract Lake Taihu, as the important drinking water source
of the Yangtze River Delta urban agglomeration and the third
largest freshwater lake in China, has experienced serious lake
eutrophication and water quality deterioration in the past three
decades. Growing scientific, political, and public attention has
been given to the water quality of Lake Taihu. This study
aimed to conduct a comparative quantitative and qualitative
analysis of the development, current hotspots, and future di-
rections of Lake Taihu research using a bibliometric analysis
of eight well-studied lakes (Lake Taihu, Lake Baikal, Lake
Biwa, Lake Erie, Lake Michigan, Lake Ontario, Lake
Superior and Lake Victoria) around the world based on the
Science Citation Index (SCI) database. A total of 1582 papers
discussing Lake Taihu research were published in 322
journals in the past three decades. However, the first paper
about Lake Taihu research was not found in the SCI database
until 1989, and there were only zero, one, or two papers each
year from 1989 to 1995. There had been rapid development in
Lake Taihu research since 1996 and a sharp increase in papers
since 2005. A keyword analysis showed that “sediment,” “eu-
trophication”, “Microcystis aeruginosa”, “cyanobacterial
blooms”, and “remote sensing” were the most frequently used
keywords of the study subject. Owing to its significant impact

on aquatic ecosystems, a crucial emphasis has been placed on
climate change recently. In addition, the future focuses of
research directions, including (1) environmental effects of
physical processes; (2) nutrient cycles and control and ecosys-
tem responses; (3) cyanobacteria bloom monitoring, causes,
forecast and management; (4) eutrophication and climate
change interactions; and (5) ecosystem degradation mecha-
nism and ecological practice of lake restoration, are presented
based on the keyword analysis. Through multidisciplinary
fields (physics, chemistry, and biology) cross and synthesis
study of Lake Taihu, the development of shallow lake limnol-
ogy will be largely promoted.
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Introduction

Lake Taihu Basin has an area of 36,895 km2 and accounts for
0.4 % of China’s territory (Qin et al. 2007). However, in 2014,
Lake Taihu Basin accounted for 4.4 and 9.9 % of the total
population and gross domestic product (GDP), respectively,
of this country (TBA-MWR 2015). Therefore, Lake Taihu
Basin is the one of the most developed regions of industrial-
ization, urbanization, and agricultural intensification and plays
a vital role in China’s social and economic development. As
the core of Lake Taihu Basin, Lake Taihu serves several im-
portant ecological service functions, including the drinking
water supply, flood control, tourism and recreation, shipping
and aquaculture (Qin et al. 2007). Specifically, Lake Taihu is
the drinking water source for several large cities and
megalopolises, such as Shanghai, Suzhou, Wuxi, and
Huzhou. Since the 1980s, however, rapid economic develop-
ment of Lake Taihu Basin has resulted in a large amount of
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industrial, agricultural, and residential pollutants discharged
into the rivers and lake (Qin et al. 2007). With the deteriora-
tion of water quality, eutrophication and cyanobacterial
blooms (Microcystis aeruginosa) have frequently occurred,
resulting in a significant decrease in ecological service func-
tions. In particular, in late May 2007, massive cyanobacterial
blooms accumulated around the drinking water source of
Wuxi City, China, and cut off drinking water supplies to ap-
proximately 2 million local residents for 1 week (Qin et al.
2010, Yang et al. 2008, Zhang et al. 2010b). The 2007 Wuxi
Water Crisis was a particularly serious environment pollution
event that was even discussed in a World Bank report (The
World Bank 2010).

Currently, eco-environmental issues of Lake Taihu have
attracted the world’s attention and have been research hotspots
for scientists around the world (Guo 2007, Yang et al. 2008).
In addition, Lake Taihu research has been a multidisciplinary
field covering limnology (Xu et al. 2010), environmental sci-
ences (Xu et al. 2014), marine freshwater biology (Qin et al.
2007), water resources (Zhang et al. 2009), ecology (Qin
2009a), remote sensing (Shi et al. 2015), and others.
Previously, several reviews discussed the main eco-
environmental problems of the lake, such as nutrient enrich-
ment and cycle mechanisms; the dynamics of harmful
cyanobacterial bloom formation, forecasts, and early warn-
ings; and the formationmechanism of black water aggregation
from different research perspectives (Fan 2015, Kong et al.
2009, Qin 2009b). However, due to the differences in the
different study directions and the limited literature included,
it is still difficult to provide a comprehensive understanding of
the focus of past research and the present research situation of
Lake Taihu. It is impossible to summarize the future research
directions from a single subject or research topic perspective.

Bibliometrics, which was first introduced by Pritchard
(1969), has been widely used to quantitatively and qualitative-
ly analyze scientific production and research trends at the
decade to century scale with a large amount of data (Zhi
et al. 2015). Using the Science Citation Index-Expanded
(SCI-Expanded) database of Web of Science and
“bibliometric analysis” as the topic, 1213 papers covering
109 subject categories could be searched by the end of 2015.
For example, in environmental science, this method has been
used to study wetland (Zhang et al. 2010a, Zhi and Ji 2012),
global climate change (Li et al. 2011, Pasgaard and Strange
2013), carbon cycling (Zhi et al. 2015), phosphorus research
in eutrophic lakes (Gao et al. 2015), and other subjects. In
summary, bibliometric analysis is focused on certain study
subjects in most cases but is seldom focused on a certain study
region (Wang et al. 2015).

The SCI-Expanded database is the most comprehensive
and frequently used data source in bibliometrics for reviewing
high-quality publications and for assessing scientific develop-
ment, current hotspots, and future directions (Barbosa and

Schneck 2015, Khan and Ho 2012, Zhi and Ji 2012). For
example, more than 80 % of papers used the SCI-Expanded
database as the data source when we searched bibliometric
analysis as the topic in the SCI-Expanded database by the
end of 2015. In addition, author keywords generally represent
the essence of a published paper and therefore have been
widely used to assess research hotspots within a specific field
and to suggest future science directions (Tan et al. 2014).

Therefore, in this study, we conducted a comparative quan-
titative and qualitative analysis of the development, current
hotspots, and future directions of Lake Taihu research using
a bibliometric analysis of eight well-studied lakes (Lake
Taihu, Lake Baikal, Lake Biwa, Lake Erie, Lake Michigan,
Lake Ontario, Lake Superior, and Lake Victoria). More spe-
cifically, the aims of this study are as follows: (1) to summa-
rize the variation characteristics of total publication output,
document type, and language of publications; the distribution
of output in subject categories and journals; and the publica-
tion outputs of country, institution, and author; (2) to reveal
the current hotspots of Lake Taihu research and compare them
with those of other hot lakes around the world based on the
keyword analysis; and (3) to discuss the future directions,
which may serve as a potential guide for future research.

Data and methods

Data

The data were based on the online version of the SCI-
Expanded database, Web of Science. The SCI is a multidisci-
plinary database of the Institute for Scientific Information
(ISI), Philadelphia, PA, USA. According to Journal Citation
Reports (JCR), the SCI-Expanded database includes 11,149
major journals that have citation references across 237 scien-
tific disciplines and that were distributed in 82 countries as of
2015. Since 1991, abstracts have been added to each SCI
publication. For bibliometric analysis, the online version of
SCI-Expanded was searched using the keywords
(TS= “Lake Taihu” or “Taihu Lake”) as the topic to compile
a bibliography of all papers related to Lake Taihu research
from 1900 to 2015. In addition, we searched the hot lakes of
limnology study from SCI-Expanded database in order to
compare the increase trend of total publication number of
Lake Taihu with other hot lakes around the world. Overall,
Lake Baikal, Lake Biwa, Lake Erie, Lake Michigan, Lake
Ontario, Lake Superior, and Lake Victoria were widely report-
ed in the SCI-Expanded database. Therefore, the keywords
(TS= “Lake Baikal” or “Baikal Lake”; TS= “Lake Biwa” or
“Biwa Lake”; TS= “Lake Erie” or “Erie Lake”; TS= “Lake
Michigan” or “Michigan Lake”; TS = “Lake Ontario” or
“Ontario Lake”; TS= “Lake Superior” or “Superior Lake”;
TS= “Lake Victoria” or “Victoria Lake”) were searched as
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the topic to compile a bibliography of all papers related to the
research on Lake Baikal, Lake Biwa, Lake Erie, Lake
Michigan, Lake Ontario, Lake Superior, and Lake Victoria
from 1900 to 2015.

Document information included author(s), title, source
(journal title), language, country, document type, author key-
words, addresses, and subject category. Full records were
downloaded into Microsoft Excel 2013 for further analysis.
The journal impact factor (IF) was obtained from JCR Science
Edition 2015. Country and institution contributions were esti-
mated by the affiliation location of at least one author of the
published paper. Articles from Hong Kong (HK) and Taiwan
(TW) were excluded with articles from China.

Analysis method

Keywords contain the most critical information in most pa-
pers. Thus, the frequency analysis of keywords was used to
discover the most interesting Lake Taihu research topics and
methodologies. Notably, only author keywords, not
KeyWords Plus, were used for this analysis.

Statistical analysis

Statistical analyses, including calculations of the average,
maximum, and minimum values and linear and non-linear
regressions, were performed using Statistical Program for
Social Sciences (SPSS) 17.0 software. We performed correla-
tion analyses using SPSS software to investigate the relation-
ships between the variables. The differences in the parameters
were assessed by one-way ANOVA (p<0.05). The signifi-
cance levels were reported as significant (p<0.05) or non-
significant (p>0.05).

Results and discussion

Variation characteristics of total publication number

The total publication number (TPN) was 1582 when the afore-
mentioned search strategy was used. However, the first paper
about Lake Taihu research was not found in the SCI-
Expanded database until 1989. In contrast, the first paper
about Lake Baikal, Lake Biwa, Lake Erie, Lake Michigan,
Lake Ontario, Lake Superior, and Lake Victoria research
was found in 1901, 1971, 1906, 1900, 1913, 1900, and
1905, respectively. Therefore, it is not difficult to conclude
that Lake Taihu research is largely far behind that of many
hot lakes around the world. Because there were only zero, one,
or two papers about Lake Taihu research each year from 1989
to 1995, we focused our bibliometric analysis on the past
20 years, from 1996 to 2015. A total of 1575 publications
were identified from 1996 to 2015; there has been a sharp

increase in publications since 2005 (Fig. 1). The correspond-
ing total publication number was 1930, 750, 1788, 2263,
1727, 1369, and 1466 from 1996 to 2015, for Lake Baikal,
Lake Biwa, Lake Erie, Lake Michigan, Lake Ontario, Lake
Superior, and Lake Victoria, respectively. In most cases, the
total publication number of Lake Taihu is less than that of the
other hot lakes. However, it must be noted that the increase
speed of the total publication number for Lake Taihu is much
faster than that of any other hot lakes (Fig. 1). The exponential
increase in the rate of total publication number vs year for
Lake Taihu is 0.268, which is 3–14 times that of other hot
lakes (Table 1). The cumulative publication number of Lake
Taihu from 2006 to 2015 is higher than that of other hot lakes,
and the publication number of 301 for Lake Taihu in 2015 is
much higher than 135, 43, 120, 152, 94, 86, and 132 for Lake
Baikal, Lake Biwa, Lake Erie, Lake Michigan, Lake Ontario,
Lake Superior, and Lake Victoria, respectively. Therefore,
Lake Taihu is currently the hottest lake of limnology studies
around the world.

Document type and language of publication

Of 1575 publications that were identified from 1996 to
2015, 8 document types were identified, and peer-
reviewed journal article was the most common article
type (1542 or 97.90 % of all publications). Likewise,
proceeding paper (52; 3.30 %) and reviews (15;
0.95 %) composed a small portion of the obtained pub-
lications. Other document types included meeting ab-
stracts (8), editorial materials (5), letters (2), corrections
(2), and news items (1). The numbers that are enclosed
in parentheses indicate the number of papers that were
found for each document type. Because journal articles
constitute the majority of document types and contain
original work by scientists around the world, only 1542
original and peer-reviewed articles were used below for
further analysis.

A total of 1509 or 97.86 % of these journal articles were
written in English. This result shows that English is the abso-
lute dominant academic language and that most SCI-indexed
journals are published in English. In addition, 32 other publi-
cations were written in Chinese, and 1 publication was written
in Portuguese.

Publication patterns: subject categories and journals

The ISI grouped the subjects of these publications into 55
categories over the past 20 years. Table 2 shows the publica-
tion distribution of the 20 most common subject categories
about Lake Taihu research. “Environmental Sciences
Ecology,” “Marine Freshwater Biology,” and “Engineering”
are the top three most popular subject categories.
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A total of 1542 publications about Lake Taihu research
were published in 317 different journals. Table 3 shows the
publication distribution of the 20 most common journals,
which accounted for 42.3 % of the total publications.
Journal of Environmental Sciences China, Hydrobiologia,
and Environmental Science and Pollution Research are the
top 3 journals, with the publication of more than 50 papers
for each journal. In addition, Table 3 shows the SCI category
of the journal, the position of the journal in its category, IF, and
the h-index of the top 20 productive journals. The IF is widely
used to evaluate a journal’s relative importance, especially
when compared to others in the same field. Since the h-
index was first proposed by Hirsch (2005), it has been widely
used to characterize both the quantity and significance of a
scientist’s research publication.

Publication performances: country, institutes, and author

We generated the data on the country and institutional distri-
bution of publications based on the author affiliation informa-
tion. Undoubtedly, the most productive country in terms of the
number of total publications for single country articles and
international collaborations is China, accounting for 96.7 %.
However, we also noted that many famous scientists from
USA, Australia, and Canada performed related research at
Lake Taihu. Paerl HW, Wilhelm SW, and Otten TG had the
first author article about Lake Taihu, which partially reflected
that Lake Taihu research has gained worldwide attention and
has been research hotspots of limnology around the world.

Among the 1482 institutions that participated in the Lake
Taihu research, the Chinese Academy of Sciences led institu-
tional productivity with 812 papers, followed by Nanjing
University with 183, Hohai University with 118, and
Chinese Research Academy of Environmental Sciences with
92. Within the Chinese Academy of Sciences, Nanjing
Institute of Geography and Limnology, Institute of
Hydrobiology, and Institute of Soil Science were the top 3
productive sub-institutions, with 366, 74, and 74 papers,
respectively.

Author productivity analysis revealed that a small group of
productive authors contributed a large number of publications
about Lake Taihu research. Among the 3080 authors who
(co)authored at least one Lake Taihu paper, 2956 (96.0 %)
contributed less than 10 papers. The most productive authors
of Lake Taihu research were Qin BQ and Zhang YL, with 106
and 64 articles, respectively. Other prolific authors included
Zhu GW, with 56 papers; Kong FX, with 51; and Zhang Y,
with 51.

Research hotspots: author keywords

Because our bibliometric analysis focused on certain lakes and
because the lake names were used as our search terms, the lake
name (Lake Taihu, Lake Baikal, Lake Biwa, Lake Erie, Lake
Michigan, Lake Ontario, Lake Superior, and Lake Victoria)
was undoubtedly the most frequently used keyword.
However, the lake name cannot represent the research hotspot;
thus, we excluded the lake name as the most frequently used

Fig. 1 Increase in total
publication number (a) and
cumulative total publication
number (b) of eight hot lakes
(Lake Baikal, Lake Biwa, Lake
Erie, Lake Michigan, Lake
Ontario, Lake Superior, Lake
Victoria, and Lake Taihu) from
1996 to 2015

Table 1 Exponential model of total publication number and increase rate of total publication number vs year of eight hot lakes (Lake Baikal, Lake
Biwa, Lake Erie, Lake Michigan, Lake Ontario, Lake Superior, Lake Victoria, and Lake Taihu) from 1996 to 2015

Lake name Increase rate r2 p
value

Lake name Increase rate r2 p
value

Lake Baikal 0.030 0.635 0.000 Lake Ontario 0.019 0.320 0.009

Lake Biwa 0.031 0.495 0.001 Lake Superior 0.027 0.443 0.001

Lake Erie 0.031 0.604 0.000 Lake Victoria 0.089 0.889 0.000

Lake Michigan 0.025 0.646 0.000 Lake Taihu 0.268 0.929 0.000
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keyword in the keyword analysis. We present the 20 most
frequently used keywords of Lake Taihu research within each
of the 5-year intervals to guarantee a reasonable time-span and
to minimize year-to-year fluctuations during 1996–2015 in
Table 4 after excluding the lake name.

During the period from 1996 to 2015, “sediment” was
the most frequently used word, ranking first in the author
keyword analysis (Table 4). Lake sediments act as a bal-
ance of source and sink for nutrients and for a variety of
environmental contaminants. Sediment supports critical
ecological services by providing abundant benthic com-
munity habitats. In addition, fertile sediment plays a pos-
itive role in the growth, development, reproduction, and
germination of aquatic vegetation. Lake sediments regis-
ter a large amount of environmental and ecological in-
formation far beyond the lake itself. Therefore, sediment
was the most important issue in Lake Taihu pollution
and environmental research from 1996 to 2015. The key-
words “eutrophication”, “Microcystis aeruginosa”,
“cyanobacterial blooms”, and “remote sensing” ranked
second to fifth in the author keyword analysis, respec-
tively, from 1996 to 2015 (Table 4). Therefore, the re-
search focused on eutrophication causes and control, the
physiology and ecology of Microcystis aeruginosa,
cyanobacterial blooms, and remote sensing technique ap-
plication has been the hotspots of Lake Taihu research
during 1996–2015. It is easily understandable that these
keywords have been the top five frequently used key-
words because Lake Taihu faces serious eutrophication
and cyanobacterial bloom outbreaks and because Lake
Taihu is a large lake, thus providing convenient applica-
tion of remote sensing technology in Lake Taihu re-
search. In addition, the environmental effects of heavy
metal, microcystin, and organochlorine pesticides have
become a primary focus of Lake Taihu research
(Table 4).

Within each of the 5-year intervals, the rank of key-
words changed greatly, which partially reflected the
change in research hotspots. During the period from
1996 to 2000, 19 articles were published with too few
keywords; thus, identifying the research hotspots is dif-
ficult and uncertain. We only compared the change in the
keywords of three periods (2001–2005, 2006–2010, and
2011–2015). We found that sediment, eutrophication,
“phosphorus,” and M. aeruginosa were the most fre-
quently used keywords and appeared in the top 10 key-
words during all three periods (Table 4). However, the
ranks of sediment, eutrophication, and phosphorus
slightly decreased, while the rank of M. aeruginosa
gradually increased from 2001–2005 to 2006–2010 and
further increased to 2011–2015 (Table 4). During the
period from 2011 to 2015, cyanobacterial blooms ranked
first of all keywords, and the rank of remote sensing
rapidly increased, reflecting the wide use of new tech-
nologies, such as remote sensing, to monitor and study
cyanobacterial blooms. Although the ranks of sediment,
eutrophication, and phosphorus slightly decreased,
nutrient-related and eutrophication research remained
vigorous during the period from 2011 to 2015 and is
predicted to remain a primary research emphasis in the
near future. In addition, we note that “climate change”
has ranked 20th during the period from 2011 to 2015,
reflecting the greater attention given to the effect of cli-
mate change on cyanobacterial blooms in the past
5 years.

A comparison of keywords used during the period
from 1996 to 2015 for eight hot research lakes around
the world showed some common research hotspots and
some significant differences (Tables 4 and 5). Of all the
eight hot lakes, sediment was one of the top five fre-
quently used keywords in seven lakes, excluding Lake
Victoria. The most frequently used keywords of eight

Table 2 Distributions of the subject categories

SCI subject category in 2015 TPN (%) SCI subject category in 2015 TPN (%)

Environmental Sciences Ecology 863 (56.0 %) Biotechnology Applied Microbiology 55 (3.6 %)

Marine Freshwater Biology 278 (18.0 %) Chemistry 53 (3.4 %)

Engineering 228 (14.8 %) Science Technology Other Topics 47 (3.0 %)

Water Resources 176 (11.4 %) Oceanography 43 (2.8 %)

Geology 121 (7.8 %) Physical Geography 37 (2.4 %)

Agriculture 88 (5.7 %) Biochemistry Molecular Biology 34 (2.2 %)

Toxicology 76 (4.9 %) Meteorology Atmospheric Sciences 31 (2.0 %)

Remote Sensing 73 (4.7 %) Spectroscopy 26 (1.7 %)

Microbiology 69 (4.5 %) Public, Environmental and Occupational Health 18 (1.2 %)

Imaging Science Photographic Technology 57 (3.7 %) Fisheries 17 (1.1 %)

TPN total publication number, percentage (%) percentage of total publications for a certain subject category.
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lakes were “phytoplankton” and climate change. These
keyword results indicated that sediment, phytoplankton,
and climate change were the common, most active re-
search issues of the eight lakes. In addition, eutrophica-
tion and cyanobacterial blooms were the most frequently
used keywords in the Lake Taihu, Lake Biwa, and Lake
Erie research. For example, similar drinking crises and
water supply shutdowns were caused by harmful
cyanobacterial blooms that broke out in 2007 and 2014
(Paerl et al. 2014, Qin et al. 2010). For Lake Baikal,
palaeolimnology and sedimentary records (diatoms,
paleoclimate, Holocene) were the most active fields. In
the Great Lakes (Lake Erie, Lake Michigan, Lake
Ontario, Lake Superior), refractory organic compounds
(e.g., PCBs, PAHs) and biological invasion (invasive
species, zebra mussel) became more active research is-
sues. In Lake Victoria, fishery (cichlids, fish, Nile perch)
was the most active field.

Future research directions

Environmental effects of physical processes

Although the keywords seldommentioned physical processes,
such as wind waves or light attenuation, it is well known that
physical processes, especially wind waves, play a vital role in
lake ecosystem evolution for large shallow lakes. Actually, the
widely used author keywords sediment and “shallow lake” is
highly linked to environmental effects of physical processes.
In previous decades, the effects of wind waves on sediment
resuspension, underwater light availability, and nutrient release
have been elucidated based on long-term site-specific observa-
tions, multidisciplinary combined high-frequency monitoring,
large-scale in situ control experiments, and long-term
remote sensing estimation (Liu et al. 2014, Liu et al. 2013,
Qin et al. 2004, Shi et al. 2015, Zhang et al. 2006). However, it
is still difficult to find the intrinsic linkage between wind

Table 3 Top 20 most productive journals (1996–2015) with total publication number (TPN), impact fact (IF), h-index, ISI journal category, and the
journal position in its category.

Journal title TPN (%) Subject category (position) IF (R) in 2015 h-index

Journal of Environmental Sciences China 70 (4.54 %) Environmental Sciences (98/223) 2.002 (11) 16

Hydrobiologia 60 (3.89 %) Marine Freshwater Biology (25/103) 2.275 (10) 20

Environmental Science and Pollution Research 50 (3.24 %) Environmental Sciences (54/223) 2.828 (7) 9

Chemosphere 48 (3.11 %) Environmental Sciences (223/39) 3.340 (5) 21

Ecological Engineering 48 (3.11 %) Ecology (55/145)
Engineering, Environmental (17/47)
Environmental Sciences (67/223)

2.580 (9) 15

Environmental Monitoring and Assessment 44 (2.85 %) Environmental Sciences (110/223) 1.679 (13) 13

Fresenius Environmental Bulletin 35 (2.27 %) Environmental Sciences (219/223) 0.378 (19) 4

Science of the Total Environment 34 (2.20 %) Environmental Sciences (18/223) 4.099 (4) 13

Environmental Earth Sciences 31 (2.01 %) Environmental Sciences (105/223)
Water Resources (26/83)

1.765 (12) 8

Journal of Freshwater Ecology 31 (2.01 %) Ecology (125/145)
Limnology (20/20)

0.650 (18) 6

Environmental Science and Technology 28 (1.82 %) Environmental Sciences (10/223)
Engineering, Environmental (3/47)

5.330 (2) 15

PLOS One 27 (1.75 %) Multidisciplinary Sciences (9/57) 3.234 (6) 7

Spectroscopy and Spectral Analysis 23 (1.49 %) Spectroscopy (44/44) 0.292 (20) 2

Environmental Pollution 22 (1.43 %) Environmental Sciences (17/223) 4.143 (3) 13

Pedosphere 21 (1.36 %) Soil Science (16/34) 1.500 (15) 13

Water Research 19 (1.23 %) Environmental Sciences (9/223)
Engineering, Environmental (2/47)
Water Resources (1/83)

5.528 (1) 12

Science China-Earth Sciences 19 (1.23 %) Geosciences, Multidisciplinary (97/175) 1.491 (16) 9

International Journal of Remote Sensing 17 (1.10 %) Remote Sensing (13/28)
Imaging Science and Photographic Technology (9/24)

1.652 (14) 6

Ecotoxicology 16 (1.04 %) Ecology (48/145)
Environmental Sciences (60/223)
Toxicology (37/88)

2.706 (8) 7

Chinese Journal of Oceanology and Limnology 16 (1.04 %) Limnology (19/20)
Oceanography (51/61)

0.657 (17) 5

TPN total publication number, percentage (%) percentage of publications for a certain journal, IF impact factor, and R rank
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waves and cyanobacterial bloom outbreaks, lake ecosystem
responses, and feedback. Future studies need to answer at least
the following three questions: (1) What are the influential
mechanisms and critical field thresholds of wind waves on a
specific cyanobacterial bloom, although the experimental effect
processes of hydrodynamic force on the formation of
cyanobacterial blooms are clear? (2) How do wind waves
affect macrophyte degradation through direct damage or
uprooting and through indirect effects on light availability
and macrophyte photosynthesis? (3) How do wind waves affect
the redox potential of the water-sediment interface
through oxygen enrichment and further affect the microbial
composition, organic matter degradation and mineralization,
and nutrient cycles to support phytoplankton and
cyanobacterial blooms?

Nutrient cycles and control and ecosystem responses

Excessive pollutants (heavy metals, organochlorine pesti-
cides) and nutrient (nitrogen and phosphorus) inputs from

industrialization, urbanization, and intensive agriculture are
highly linked to harmful cyanobacteria proliferation and to
water quality deterioration (Davis et al. 2009, Qin et al.
2010). Therefore, many studies have focused on the sources,
cycle, transformation, and fate of pollutants and nutrients in
water and sediment in Lake Taihu in previous decades
(Table 4). The widely used author keywords sediment,
cyanobacterial blooms, eutrophication, phosphorus, and “ni-
trogen” are highly linked to this study direction. Although a
rough proportion of external and internal nutrients, the basic
approaches of nutrient cycles, and nutrient reduction targets
have been clarified (Qin et al. 2013, Xu et al. 2014), lake
ecosystem responses, feedback mechanisms of nutrient en-
richment and reduction, and seasonal differences are still un-
solved. Therefore, future studies will focus on the following
four aspects: (1) the mechanism of nutrient cycling in the
presence of microorganisms under hydrodynamic interac-
tions; (2) phytoplankton biomass and community composition
response mechanism to nutrient enrichment and reduction; (3)
succession mechanism of the lake ecosystem to nutrient

Table 5 Frequency of the top 20 author keywords used from 1996 to 2015 in other seven hot lakes (Lake Baikal, Lake Biwa, Lake Erie, Lake
Michigan, Lake Ontario, Lake Superior, and Lake Victoria)

Rank Lake Baikal Lake Biwa Lake Erie Lake
Michigan

Lake Ontario Lake Superior Lake Victoria

1 Sediment Sediment Great Lakes Great Lakes Great Lakes Great Lakes Cichlid

2 Diatoms Japan Zebra mussel PCBs PCBs Lake trout Fish

3 Climate change Bluegill Invasive species PAHs Bioaccumulation PCBs Uganda

4 Siberia Ayu Dreissena Invasive
species

Sediment Sediment East Africa

5 Paleoclimate Stable isotopes Sediment Sediment Zebra mussel Lake level Nile perch

6 Taxonomy Dissolved organic
matter

Dreissena
polymorpha

Zooplankton Fish Water quality Speciation

7 Baikal rift Phytoplankton PCBs Zebra mussel Invasive species Fish Kenya

8 Holocene Taxonomy Phytoplankton Water quality Mercury Mercury Africa

9 Phytoplankton Cyanobacteria Microcystis
aeruginosa

Food web Lake trout Sea lamprey Schistosoma mansoni

10 Russia Dissolved organic
carbon

Cyanobacteria Fish Dreissena Lake herring Tanzania

11 Neutrino
telescopes

Plecoglossus altivelis Water quality Green bay Hamilton
Harbour

Remote
sensing

Climate change

12 Morphology 2-methylisoborneol Phosphorus Round goby Water quality Stable
isotopes

Eutrophication

13 16 s rRNA Climate change Round goby Lake level Reproduction Food web Wetlands

14 Amphipods Dioxins Eutrophication Yellow perch Food web Climate
change

Sexual selection

15 Endemism Eutrophication Modeling Dry deposition Model Phosphorus Lake Victoria basin

16 New species Fluorescence Walleye Lake trout Phytoplankton Nutrients Haplochromine
cichlids

17 Gas hydrates Geosmin Remote sensing Climate
change

St. Lawrence
river

Toxaphene Heavy metals

18 Pleistocene Mitochondrial DNA Cyanobacterial
blooms

Predation Zooplankton Zooplankton Mate choice

19 Thermal bar Morphology Wetlands Mercury Nearshore Phytoplankton Water quality

20 Biogenic silica Pesticide Chlorophyll-a Phosphorus Phosphorus Diporeia Adaptive radiation
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enrichment and reduction; and (4) nutrient criteria, control
targets and feasible control measurements to alleviate and
eliminate harmful cyanobacteria blooms in Lake Taihu.

Cyanobacteria bloom monitoring, causes, forecast,
and management

Frequent harmful cyanobacteria blooms and attendant disaster
events have seriously endangered drinking water safety; pub-
lic health; tourism and fisheries development; and ecosystem
structure, function and services in Lake Taihu in previous
decades. Therefore, cyanobacteria bloom has become the
most frequently used keyword in Lake Taihu research which
ranked first in the past 5 years (2011–2015) (Table 4). This
research has led to the development of many new technologies
and approaches for monitoring, determining causes, forecast-
ing, early warning, and managing harmful cyanobacteria
blooms. For example, remote sensing and high frequency
monitoring have been widely used to monitor the formation
and development and map the spatiotemporal pattern, migra-
tion, and accumulation of harmful cyanobacteria blooms
(Duan et al. 2009, Hu et al. 2010, Zhu et al. 2014).
Therefore, remote sensing ranked fifth of all author keyword
in the past 5 years (2011–2015) (Table 3). A large-scale inte-
grated monitoring, forecasting, and warning system was de-
veloped, and a series of emergency response measures were
instigated based on early warning to mitigate cyanobacterial
bloom pollution risk (Li et al. 2014, Qin et al. 2015).
However, there are still many scientific and technical ques-
tions that need to be resolved in future studies. The
undersampling of cyanobacterial blooms needs to be im-
proved because of the large spatial and temporal scales over
which they occur and because of the cloudy and rainy weather,
which limits the availability of remote sensing images. High-
frequency observation of meteorological factors, physical in-
dicators, and partial water quality parameters should be used
to resolve the minute-hour temporal scale dynamic process
(Liu et al. 2014, Zhu et al. 2014). Alternative approaches for
monitoring and calculating the HAB biomass of the whole
water column should be developed by combining remote
sensing, a vertical distribution model, and other technological
advances. Phytoplankton biomass predictive models and
three-dimensional hydrodynamic models need to be better
coupled to nutrient cycles, phytoplankton growth and succes-
sion, and ecosystem-level models to form complex ecosystem
models for cyanobacterial bloom forecasting. In addition, in-
corporation of toxicology (microcystin) and social science
into cyanobacterial bloom risk and management research
should be a firm goal of Lake Taihu research, enabling a more
comprehensive assessment and management of the impact of
cyanobacterial blooms on human wellbeing (e.g., cultural,
economic, human health).

Eutrophication and climate change interactions

Many hypotheses and case studies have shown that harmful
cyanobacteria blooms are predicted to increase due to eutrophi-
cation and climate change (O’neil et al. 2012, Paerl and Paul
2012, Rigosi et al. 2014). In the past 10 years, some studies have
shown that climate warming greatly affects harmful
cyanobacteria blooms, including an earlier initial bloomingdate,
lengthened annual duration, and substantial increases in the oc-
currence of cyanobacteria blooms in Lake Taihu (Deng et al.
2014a,Duan et al. 2009, Zhang et al. 2012). In addition, nutrient
availability is considered to exert a stronger control than water
temperature on phytoplankton communities during spring, and
phytoplankton community composition was mediated by nutri-
ent concentrations, but this effect was strongly enhanced by ele-
vated water temperatures (Deng et al. 2014b). However, the de-
tailed relative contribution and interaction of climate warming
and increased eutrophication in determining harmful
cyanobacterialbloomsarelargelyunclear.Therefore, futurestud-
ies need to answer at least four questions: (1) Which factor, nu-
trients (nitrogen and phosphorus) or water temperature, is most
important for controlling phytoplankton biomass and communi-
ty composition? What is the seasonal difference for these two
factors? (2) Do nutrients and water temperature interact to pro-
mote cyanobacterial blooms and is there a synergistic interac-
tion? (3) Does the interaction between nutrient enrichment and
climatewarming varywith cyanobacterial taxa composition and
season? (4) What are the management strategies and technique
approaches to mitigate the effects of human nutrient enrichment
and climate warming on harmful cyanobacteria?

Ecosystem degradation mechanism and ecological practice
of lake restoration

Since the mid-1990s, macrophyte restoration has been proposed
and widely promoted as an affordable ecological solution to con-
trol lake eutrophication and to improve water quality based on an
alternate stable state theory developed in small shallow lakes
(Schefer 1998, Scheffer et al. 1993). However, a large-scale eco-
logical engineering experiment conducted in the large, shallow,
eutrophic Lake Taihu, China, from 2003 to 2006 was proven un-
successful (Qin 2013). The concepts of how organism groups
respond to nutrient reduction and ecological restorationmeasures
are clear in small shallow lakes. However, it is more difficult to
understandtheseconceptsforlargeshallowlakes,whicharehighly
affected by sediment resuspension induced by frequent wind
waves. Sediment resuspension can deteriorate light availability
for macrophyte restoration and result in a new equilibrium for
nutrients although external nutrient loading is reduced (Jeppesen
etal.2005,Liuetal.2013).Ofcourse, thefailureisgenerallylinked
to insufficient or no decrease in the autochthonous or in-lake nu-
trient loadings, the unadjusted fish community, and accumulated
algalscum.Therefore, since thelate2000s, therecoverystrategyin
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LakeTaihu has changed frommacrophyte restoration to pollution
source control (Qin 2013).No specific author keyword about lake
ecological restoration ranked the top 20 author keywords from
1996 to 2015. However, in the future, additional studies should
befocusedonecosystemdegradationmechanisms,and the thresh-
olds of environment factors for ecological restoration, including
nutrients, light availability, and fish predation, should be clarified
(Zhang et al. 2016). Once the nutrients are reduced to a very low
level and environmental conditions inhibiting macrophyte resto-
ration are highly improved, ecological practice of lake restoration
should be carried out in some local waters with favorable habitat
conditions inLakeTaihu. Inaddition, itwill bepossible todevelop
more enduring strategies for greater sustainable ecosystem resto-
ration for Lake Taihu. Of course, we cannot expect Lake Taihu to
fully recover within 15 or 30 years even longer time.

Conclusion

In this study,weprovideanalternativeperspectiveonLakeTaihu
research trends by performing a comparative quantitative and
qualitative analysis of development, current hotspots, and future
directionsofLakeTaihu researchusingabibliometric analysisof
eight hot research lakes. Our study suggests that there has been
rapidgrowthinthescientificoutputs inLakeTaihuresearchinthe
past 20 years compared with other hot research lakes around the
world. The results indicated that the Journal of Environmental
Sciences China was the most active journal. The results also
revealed that Environmental Sciences Ecology, Marine
Freshwater Biology, andEngineeringwere the three top popular
subject categories. Nanjing Institute of Geography and
Limnologywas themost productive institution for the total num-
ber of articles, and Qin BQ was the most productive author.
Keyword analysis obviously indicated that sediment and
cyanobacterial blooms were the most active research issues and
that remote sensing was the most widely used new technique in
thestudiedperiod. Inaddition, theenvironmentaleffectsofheavy
metal,microcystin,andorganochlorinepesticideshavebecomea
primary focus of Lake Taihu research.

Based on the keyword analysis and considering the present
environmental problems of Lake Taihu, additional studies should
be focusedon the followingfiveaspects: (1) environmental effects
of physical processes; (2) nutrient cycles and control and ecosys-
tem responses; (3) cyanobacteria bloommonitoring, causes, fore-
cast, and management; (4) eutrophication and climate change in-
teractions; and (5) ecosystem degradation mechanisms and eco-
logical practice of lake restoration.
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