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Abstract Both ammonia-oxidizing archaea (AOA) and bac-
teria (AOB) can contribute to ammonia biotransformation in
freshwater lake ecosystems. However, the factors shaping the
distribution of sediment AOA and AOB in plateau freshwater
lake remains unclear. The present study investigated sediment
AOA and AOB communities in two freshwater lakes (hyper-
trophic Dianchi Lake and mesotrophic Erhai Lake) on the
Yunnan Plateau (China). A remarkable difference in the abun-
dance, diversity, and composition of sediment AOA and AOB
communities was observed between Dianchi Lake and Erhai
Lake. AOB usually outnumbered AOA in Dianchi Lake, but
AOA showed the dominance in Erhai Lake. Organic matter
(OM), total nitrogen (TN), and total phosphorus (TP) might be
the key determinants of AOB abundance, while AOA abun-
dance was likely influenced by the ration of OM to TN (C/N).
AOA or AOB community structure was found to be relatively
similar in the same lake. TN and TP might play important

roles in shaping sediment AOA and AOB compositions in
Dianchi Lake and Erhai Lake. Moreover, Nitrososphaera-like
AOA were detected in Dianchi Lake. Nitrosospira- and
Nitrosomonas-like AOB were dominant in Dianchi Lake
and Erhai Lake, respectively. Sediment AOA and AOB com-
munities in Dianchi Lake and Erhai Lake were generally reg-
ulated by trophic state.
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Introduction

Freshwater sediment ecosystems harbor a complex microbial
community that participates in a variety of biogeochemical
processes [2, 10, 29]. Transformation of ammonia to nitrite
plays a central role in nitrogen cycle in sediment ecosystems
as it is the first and rate-limiting step in nitrification process.
This step is mainly catalyzed by ammonia monooxygenase
(amoA) gene-carrying ammonia-oxidizing archaea (AOA)
and bacteria (AOB) [14, 27]. The amoA gene has been widely
used as a functional biomarker to investigate the distribution
of sediment AOA and AOB in a variety of freshwater ecosys-
tems, such as wetland [11, 27], reservoir [24], lake [5, 24, 14],
and river [12, 20]. However, the links between ammonia-
oxidizing microorganisms in freshwater lake sediment and
environmental factors still remain unclear, although several
previous studies suggested that trophic status might regulate
the abundance and structure of AOA and AOB communities
in freshwater lake sediment [1, 5, 6, 25, 31]. Compared to
plain lakes, plateau lakes are usually more sensitive to anthro-
pogenic disturbance due to their poor water exchange [29].
Information on sediment AOA andAOB in plateau freshwater
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lake is still very limited [14, 26], yet Yang et al. suggested that
plateau lakes may harbor a unique ammonia-oxidizing micro-
bial community of different evolutionary origin from those in
other lakes worldwide [26]. In addition, the effect of trophic
status on the distribution of sediment AOA and AOB in pla-
teau freshwater lake is still not understood.

The Yunnan Plateau (southwestern China), located in
the subtropical or temperate climate zone, has about 40
freshwater lakes. Dianchi Lake is the largest lake
(309 km2), and its average water depth and altitude
are 4.4 and 1886 m, respectively [33]. Erhai Lake is
the second largest lake (251 km2), with an average wa-
ter depth and elevation of 10.5 and 1974 m, respective-
ly [9]. Dianchi Lake and Erhai Lake are characterized
as highly eutrotrophic and mesotrophic, respectively.
Therefore, the objective of the present study was to
investigate the effect of trophic level on the distribution
of sediment AOA and AOB in freshwater lakes.

Materials and Methods

Site Description and Sample Collection

A total of 11 surface sediment samples (0–5 cm) in triplicate
were collected using a core sampler from Dianchi Lake
(102.6128–102.6825° E, 24.6960–24.9541° N) and Erhai
Lake (100.1497–100.2213° E, 25.6858–25.9083° N) in April
2014 (Fig. 1). These sediment samples were placed in sterile
plastic bottles and were kept on ice and immediately
transported to the laboratory. These samples were homoge-
nized and dried with a freeze dryer (Alpha 1–2 LD plus, Mar-
tin Christ, German).

Physicochemical Analysis

Sediment organic matter (OM) was determined according to
the literature [28]. Total nitrogen (TN), nitrate nitrogen (NO3

−-
N), ammonium nitrogen (NH4

+-N), and total phosphorus (TP)
were determined according to the literature [19]. Sediment pH
was determined using an IQ150 pH meter.

Molecular Analyses

Lake sediment DNAwas extracted using the Powersoil DNA
extraction kit (Mobio Laboratories, USA) according to the
manufacturer’s instructions. The primer sets Arch-amoAF/
Arch-amoAR and AmoA-1F/AmoA-2R were used for quan-
titative PCR (qPCR) assay of archaeal and bacterial amoA
genes and for construction of AOA and AOB clone libraries,
following the previously reported conditions [11, 27]. One-
way analysis of variance (ANOVA) followed by Student-
Newman-Keuls test was used to determine the quantitative
differences (P<0.05) in the density of amoA gene in different
sediment samples. Chimera-free amoA gene sequences with
similarity equal to or greater than 97 % were grouped into the
same operational taxonomic units (OTUs), and OTU-based
Shannon diversity index was further calculated using the
MOTHUR program [18]. In order to compare the AOA or
AOB community dissimilarity in lake sediments, phylogeny-
based weighted UniFrac environmental clustering was also
performed using the online UniFrac program [15]. Moreover,
phylogenetic analysis of the retrieved archaeal and bacterial
amoA genes from lake sediments were performed using
MEGA 6.0 software [22].

The correlation between microbial communities and sedi-
ment physicochemical properties was discriminated using
Pearson’s correlation analysis with the SPSS 20.0 software.

Fig. 1 Schematic representation
of the different sampling sites in
Dianchi Lake and Erhai Lake

258 Y. Yang et al.



In addition, detrended correspondence analysis (DCA) was
also applied to choose the appropriate ordination analysis
method. Since the longest DCA eigenvalue of AOA (3.497)
or AOB (3.085) was between 3 and 4, either linear model or
unimodal model would be suitable. In this study, the relation-
ships between microbial OTU composition and environmen-
tal factors were identified with redundancy analysis (RDA)
using CANOCO 4.5 software [8]. The number of amoA gene
sequence in each OTU was used as species input but the de-
termined environmental factors as environment input. The
significance test of Monte Carlo permutations was conducted
to construct the appropriate models of the microbe-
environment relationships.

Nucleotide Sequence Accession Number

The obtained amoA gene sequences in this study were depos-
ited in the GenBank database under accession numbers
KP197191–KP197396 and KP197397–KP197611 for AOA
and AOB in Dianchi Lake, respectively, while KM116520–
KM116727 and KM250454–KM250522 for AOA and AOB
in Erhai Lake, respectively.

Results

Sediment Physicochemical Properties

Sediment physicochemical properties (OM, TN, ration of OM
to TN (C/N), NO3

−-N, NH4
+-N, TP, and pH) are listed in

Table S1. They were 24.3–158.7 g/kg, 1.0–8.1 g/kg, 7.3–39,
0–118mg/kg, 3.13–36mg/kg, 0.41–4.28 g/kg, and 7.01–7.34,
respectively.

Abundance of AOA and AOB Communities

The density of archaeal amoA gene ranged from 4.23×
104 to 7.07×105 copies per gram dry sediment in the
sediment samples (D1–D6) from Dianchi Lake (Fig. 2).
Sediment D2 had significantly higher AOA abundance
than other five sediments in Dianchi Lake (P<0.05).
Sediment AOA was found to be much more abundant
in Erhai Lake than in Dianchi Lake. Significant differ-
ence in AOA abundance was also observed in the sed-
iment samples (E1–E5) from Erhai Lake (P<0.05),
ranging from 9.88×105 to 7.64×106 amoA gene copies
per gram dry sediment, and sediment E5 had the highest
AOA community size followed by sediment E4.

AOB community size ranged from 1.31×105 to 5.98×105

amoA gene copies per gram dry sediment in the sediment
samples (D1–D6) from Dianchi Lake, and sediment D1 had
the highest AOB community size followed by sediment D2.
Compared with sediments D1–D6, sediments E1 and E5 had

relatively high AOB abundance (1.69×106 or 1.36×106

amoA gene copies per gram dry sediment). However, the den-
sity of AOB amoA gene in sediments E2–E4 was found to be
below PCR detection limit. In addition, AOB community size
was usually much larger than AOA in the sediment samples
from Dianchi Lake, but lower in those from Erhai Lake.

Diversity of AOA and AOB Communities

In this study, sediments E2–E4 were not successfully ampli-
fied for the construction of AOB clone libraries, due to the
very low abundance of bacterial amoA gene (below PCR de-
tection). A total of 414 archaeal and 284 bacterial sequences
were obtained from lake sediments. The AOA libraries with
the sediment samples from Dianchi Lake consisted of 8–11
OTUs, while only 1–7 OTUs were found in AOA communi-
ties in sediments E1–E5 (Table 1). A remarkable variation in
AOA community diversity was found in sediments D1–D6,
with Shannon index of 1.4–1.95. Sediments E1–E5 had much
lower AOA community diversity (Shannon index=0–0.88)
than sediments D1–D6 (Table 1).

The AOB libraries with sediments D1–D6 were composed
of 5–26 OTUs, while 10 and 11 OTUs were observed in AOB
communities in sediments E1 and E5, respectively. Sediments
E1 and E5 (Shannon index=1.38 or 1.79) had higher AOB
community diversity than sediment D2 (0.87), but lower than
sediments D1 and D3–D6 (2.57–3.14). In addition, for the
sediment samples from Dianchi Lake, AOB usually showed
higher community diversity than AOA. For sediments E1 and
E5, AOB Shannon diversity was also higher than AOA.

Comparison of AOA and AOB Communities

Phylogeny-based weighted UniFrac clustering analysis
showed the existence of two distinctive AOA clades in plateau
lake sediments (Fig. 3a). The sediment samples from Dianchi
Lake were grouped together. Except for sediment E4, the sed-
iment samples from Erhai Lake were also clustered. These
results suggested that sediments in the same lake tended to
have relatively similar AOA community structure.

Two distinctive AOB clades were found in plateau lake
sediments (Fig. 3b). Except for sediment D2, the sediment
samples fromDianchi Lake were grouped together. Moreover,
the two sediments from Erhai Lake fell into another clade.
These results suggested that sediments in the same lake also
tended to have relatively similar AOB community structure.

Phylogeny of AOA and AOB Communities

In this study, the representative sediment amoA gene se-
quences used for phylogenetic analysis were selected only
from the OTUs that had at least two sequence members. The
sediment AOA sequences retrieved from Dianchi Lake and
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Erhai Lake could be grouped into three clusters (Fig. 4). The
archaeal amoA gene sequences fromDianchi Lake were main-
ly distributed in clusters I and II, but those from Erhai Lake
mainly in cluster III. This further confirmed the distinctive
difference of AOA community structure between sediments
in Dianchi Lake and Erhai Lake. Cluster I was the second
largest AOA group containing 146 archaeal sequences. The
AOA sequences in this cluster could be affiliated with the
uncultured ones from paddy and purple soils, tidal, lake, river,
and marine sediments, stream biofilm, and wastewater treat-
ment plant [3, 4, 32]. Cluster II was the smallest AOA group
containing 39 sequences that could be related to two cultivated
soil Nitrososphaera strains (JG1 and EN76) [7, 23]. More-
over, cluster III was a 203-member AOA group. The archaeal
amoA gene sequences in this cluster could be grouped with
those from various soil and sediment ecosystems [6, 32].

The bacterial amoA gene sequences retrieved from sedi-
ments in Dianchi Lake and Erhai Lake could be grouped
into two clusters (Fig. 5). The AOB sequences from Dianchi
Lake mainly existed in cluster a, but those from Erhai Lake
mainly in cluster b, suggesting the distinctive difference of
AOB community structure between sediments in Dianchi
Lake and Erhai Lake. However, all the bacterial sequences
from sediment D2 were only detected in cluster b, while 12
sequences from sediment E5 were found in cluster a. This
indicated that sediment AOB community structure could be
much different even in the same lake. Cluster a included a
total of 120 bacterial amoA gene sequences that were related
to numerous cultivated Nitrosospira species (Nsp65, CT2F,
Nsp62, LT1FMf, Enl299, NRS527, GS832, TYM9, 9SS1,
PJA1, KAN8, TCH711, and TCH716 [16, 17]. In addition,
cluster b was a 77-member AOB group. The bacterial amoA

Table 1 Diversity indices of bacterial and archaeal amoA gene in sediment samples

Sample AOA sequence number AOA OTU number AOA Shannon index AOB sequence number AOB OTU number AOB Shannon index

D1 37 9 1.4 36 21 2.71

D2 36 11 1.9 35 5 0.87

D3 35 11 1.95 36 17 2.58

D4 30 8 1.42 35 17 2.57

D5 35 10 1.75 36 21 2.82

D6 33 8 1.73 37 26 3.14

E1 38 2 0.12 35 10 1.38

E2 40 1 0 –a – –

E3 41 1 0 – – –

E4 49 7 0.88 – – –

E5 40 1 0 34 11 1.79

a Not successfully amplified

Fig. 2 Abundances of archaeal
and bacterial amoA genes in
sediment samples. Different
letters above the columns indicate
significant differences (P<0.05)
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gene sequences in this cluster could be affiliated with a
cultivated Nitrosomonas species (AL212) [21].

Influential Factors Regulating AOA and AOB
Communities

Pearson’s correlation analysis indicated that AOA abundance
was positively correlated with sediment C/N (P<0.05), while
AOB abundance showed negative correlations with OM
(P<0.05), TN and TP (P<0.01) (Table 2). The AOB/AOA
ratio showed a positive correlation with NO3-N (P<0.05). In
addition, AOA Shannon diversity showed highly significant
positive correlations with TN and TP (P<0.01), while AOB
Shannon diversity was negatively correlated with pH
(P<0.01).

The environmental factors in the first two RDA axes re-
spectively accounted for 80.9 and 6.6 % of the total variance
for lake sediment AOA OTU composition (Fig. 6a).TN
(P=0.0010, F=22.134, 999 Monte Carlo permutations) and
TP (P=0.0270, F=4.265, 999 Monte Carlo permutations)
significantly contributed to the AOA community–environ-
ment relationship. For AOB OTU composition, the environ-
mental factors in the first two RDA axes respectively ex-
plained 46.8 and 34.1 % of the total variance (Fig. 6b). Envi-
ronmental factors including TP (P=0.0320, F=2.917, 999

Monte Carlo permutations), TN (P=0.0250, F=4.412, 999
Monte Carlo permutations), and C/N (P=0.0380, F=4.502,
999 Monte Carlo permutations) significantly contributed to
the AOB assemblage–environment relationship.
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Fig. 3 Clustering of AOA (a) and AOB (b) communities based on
weighted UniFrac algorithm
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Fig. 4 Phylogenetic tree of representative archaeal amoA sequences and
reference sequences from GenBank. The obtained archaeal sequences
beginning with “D1”–“D6” and “E1”–“E5” were referred to the
sequences retrieved from sediments D1–D6 and E1–E5, respectively.
The bold number in parentheses represents the numbers of the
sequences in the same OTU in a given clone library. The amoA
sequences from Dianchi Lake are highlighted in green, while the ones
from Erhai Lake are in blue. Numbers at the nodes indicate the levels of
bootstrap support based on neighbor-joining analysis of 1000 resampled
datasets. The bar represents 5 % sequence divergence (color figure
online)
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Discussion

AOA and AOB Abundance in Freshwater Lake Sediment

So far, information on sediment AOA and AOB abundance in
freshwater lake is still very limited. AOAwere usually found
to be more abundant than AOB in Danish softwater lakes [5],
Chaohu Lake [6], and Taihu Lake [6, 24, 31]. However, our
previous study indicated that AOB outnumbered AOA in sed-
iments of a number of freshwater lakes on the Yunnan Plateau
[14]. Hence, the advantage of sediment AOA or AOB could
vary in different freshwater lakes, which made it difficult to
determine the relative contribution of AOA and AOB to nitri-
fication in freshwater lake sediment. In addition, for the Lau-
rentian Great Lakes system, Bollmann et al. indicated that
AOB dominated in sediments of mesotrophic Lake Erie, while
AOA outnumbered AOB in sediments of oligotrophic Lake
Superior [1]. In this study, AOB was also usually much more
abundant than AOA in the sediment samples from highly
eutrophic Dianchi Lake, but lower in those from mesotrophic
Erhai Lake. The results of these two studies suggested that
AOA and AOB abundance could be affected by lake trophic
status.

AOA and AOB abundance in freshwater lake sediment can
be regulated by multiple environmental factors. AOA abun-
dance in freshwater lake sediment was found to be affected by
pH [24], NH4

+-N [13, 25, 31], NO3
−-N [1, 13], TN [25, 31],

TP [13], and total organic carbon (TOC) [25], while AOB
abundance by NH4

+-N [1], pH [31], and NO3
−-N [31]. In

contrast, in this study, AOB abundance was found to be likely
shaped by OM, TN, and TP, which was not in agreement with
the results reported in the previous studies [1, 31]. In addition,
to the authors’ knowledge, this was the first report to show
that, in freshwater lake sediment, AOA abundance could be
likely shaped by C/N, and the AOB/AOA ratio by NO3

−-N.
However, in our previous research on the distribution of sed-
iment AOA and AOB across many freshwater lakes on the
Yunnan Plateau, no obvious link was found between sediment
properties and AOA and AOB abundance or the AOB/AOA
ratio [14]. Therefore, further work is still required in order to
elucidate the distribution of AOA and AOB abundance in
freshwater lake sediment and the influential factors.
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�Fig. 5 Phylogenetic tree of representative bacterial amoA sequences and
reference sequences from GenBank. The obtained bacterial sequences
beginning with “D1”–“D6,” “E1,” and “E5” were referred to the
sequences retrieved from sediments D1–D6, E1, and E5, respectively.
The bold number in parentheses represents the numbers of the sequences
in the same OTU in a given clone library. The amoA sequences from
Dianchi Lake are highlighted in green, while the ones from Erhai Lake
are in blue. Numbers at the nodes indicate the levels of bootstrap support
based on neighbor-joining analysis of 1000 resampled datasets. The bar
represents 2 % sequence divergence (color figure online)
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AOA and AOB Community Diversity in Freshwater Lake
Sediment

There have been few reports on comparing AOA and AOB
community diversity in freshwater lake sediment. Zhao et al.
indicated higher AOA diversity than AOB in unvegetated
sediment and rhizosphere sediment of Potamogeton crispus
in Taihu Lake [31]. Our previous study also found that AOA
diversity was usually higher than AOB in sediments of fresh-
water lakes on the Yunnan Plateau [14]. However, in this
study, AOB generally showed higher community diversity
than AOA in sediments of both Dianchi Lake and Erhai Lake.
Higher sediment AOB community diversity than AOA was
also found in Jinshan Lake [13] and Taihu Lake [30]. Hence, it
remains unclear whether AOA or AOB have relatively high
community diversity in freshwater lake sediment.

Herrmann et al. found an increase in the diversity of
ammonia-oxidizing prokaryotes from oligotrophic lakes to
mesotrophic ones [5]. Bollmann et al. showed higher AOA
diversity in mesotrophic Lake Erie than in oligotrophic Lake
Superior [1]. In this study, Dianchi Lake generally showed
higher AOA or AOB diversity than Lake Erhai. Therefore,
the diversity of sediment ammonia-oxidizing microbial popu-
lations might increase with increasing lake eutrophic level.
The result of Pearson’s correlation analysis also suggested that
sediment AOA community diversity was positively influ-
enced by TN and TP. Liu et al. suggested that AOB commu-
nity diversity in freshwater lake sediment could be affected by
nitrogen content [13]. However, in this study, no significant
correlation was found between nutrient level and AOB com-
munity diversity. In addition, Herrmann et al. suggested that
pH could regulate sediment AOA and AOB richness in fresh-
water lake [5], while the present study showed that pH might
be a key determinant of AOB community diversity in fresh-
water lake sediment.

AOA and AOBCommunity Structure in Freshwater Lake
Sediment

Based on comparison of AOA community composition using
weighted UniFrac clustering, Bollmann et al. pointed out that
sediment samples from oligotrophic Lake Superior and

sediment samples from mesotrophic Lake Erie, respectively,
could be grouped together [1]. In addition, Herrmann et al.
also indicated that freshwater lake sediment AOA

Fig. 6 RDA ordination plot for the first two principal dimensions of the
relationship between AOA OTU composition (a) or AOB OTU
composition (b) and the environmental factors

Table 2 Pearson’s correlation
analysis of AOA and AOB
communities with environmental
factors

Parameter OM TN C/N NO3
−-N NH4

+-N TP pH

AOA abundance 0.284 −0.315 0.659* −0.314 0.286 −0.416 0.065

AOB abundance −0.658* −0.932** 0.273 −0.288 0.521 −0.757** −0.27
AOB/AOA ratio 0.341 0.547 −0.250 0.638* −0.369 0.299 −0.198
AOA Shannon index 0.518 0.751** −0.135 0.275 −0.575 0.784** 0.334

AOB Shannon index 0.261 0.516 −0.002 0.279 −0.396 −0.106 −0.888**

*Correlation is significant at the 0.05 level; **correlation is significant at the 0.01 level
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communities clustered together according to lake trophic sta-
tus and pH [5]. In this study, the results of both weighted
UniFrac clustering and phylogenetic analysis indicated that
sediment samples in the same lake tended to have relatively
similar community structure of either AOA or AOB. These
studies suggested that lake trophic status played a crucial role
in shaping the community structure of sediment ammonia-
oxidizing populations. The result of RDA also confirmed that
TN and TP might be the key determinants of sediment AOA
and AOB assemblages in Dianchi Lake and Erhai Lake.

Yang et al. suggested that the lakes on the northeast-
ern Qinghai-Tibetan Plateau may harbor a unique AOA
population of different evolutionary origin from those in
other lakes worldwide [26]. However, in the present
study, the retrieved sediment archaeal amoA gene se-
quences from Dianchi Lake and Erhai Lake could be
affiliated with the uncultured ones from sediments in
several plain freshwater lakes in China (e.g., Chaohu
Lake, Donghu Lake, and Taihu Lake). Our previous
study also indicated that the sediment AOA sequences
from freshwater lakes on the Yunnan Plateau could be
related to those from plain freshwater lakes [14]. More-
over, Nitrososphaera-like AOA were usually present in
freshwater lake sediments [5, 13, 31]. So far, the links
between Nitrososphaera-like AOA and environmental
factors remains unknown. However, Nitrososphaera-like
AOA were found to be dominant in mesotrophic Lake
Erie but were almost not detected in oligotrophic Lake
Superior [1]. In the current study, the Nitrososphaera-
like microorganisms were detected in all the sediment
samples from Dianchi Lake, but not detected in those
from Erhai Lake. Therefore, it could be assumed that
that lake trophic status might lead to a niche separation
for Nitrososphaera-like AOA species.

Nitrosospira and Nitrosomonas are two AOB groups that
are commonly present in freshwater ecosystems [13, 31].
However, their relative advantage in sediment AOB commu-
nity in freshwater lake remains unclear. The proportion of
Nitrosomonas and Nitrosospira can vary in lakes and sam-
pling sites [14]. Several previous researches showed the ad-
vantage of sediment Nitrosospira-like AOB in Taihu Lake
[25, 30], and in Danish freshwater lakes [5]. Our previous
studies also showed the dominance of Nitrosospira-like
AOB in sediment from most of the freshwater lakes (8 out
of 13) [14]. However, Liu et al. reported the dominance of
Nitrosomonas-like AOB in sediments from Jinshan Lake
[13]. Moreover, both Nitrosomonas- and Nitrosospira-like
AOB were found to dominate in sediments of Taihu Lake
and Chaohu Lake [6, 31]. In the present study, Nitrosospira-
like organisms were the predominant AOB in most of sedi-
ments from Dianchi Lake, while Nitrosomonas-like AOB
dominated in two sediments from Erhai Lake and one from
Dianchi Lake (sediment D2). This suggested that lake trophic

status might lead to a niche separation for AOB species. A
previous study also revealed the existence of spatial heteroge-
neity of AOB populations across the lake trophic state [6].

Conclusions

The abundance, diversity, and composition of AOA and AOB
communities in sediments of Dianchi Lake and Erhai Lake
showed a remarkable difference. AOB and AOA dominated
in Dianchi Lake and Erhai Lake, respectively. AOB usually
showed higher community diversity than AOA in these two
lakes. AOA or AOB community structure tended to be rela-
tively similar in the same lake.Nitrososphaera-like AOAwere
present in Dianchi Lake, but absent in Erhai Lake.
Nitrosospira and Nitrosomonas were the dominant AOB spe-
cies in Dianchi Lake and Erhai Lake, respectively. In addition,
lake trophic status might play an important role in shaping
sediment AOA and AOB communities in Dianchi Lake and
Erhai Lake.
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