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Abstract: Surface sediment samples were collected from 35 lakes on the Yunnan Plateau as part of an investigation 
into the relationship between surface sediment subfossil chironomid distribution and lake environmental variables. 
This region of China is unique as it contains large temperature gradients, from the subtropics to the foothills of the 
Himalaya, but also contains lakes that have been heavily impacted by anthropogenic activities. The chironomid 
communities were dominated by 8 taxa, which together accounted for 77.7 % of the fauna. The statistical analyses 
indicated that mean July air temperature and water depth were the most significant variables affecting the distri-
bution of chironomids across these sites. After removing 3 major outliers from axis 1 in the ordination data set, 
temperature lost its significance but water depth and reductions in bottom dissolved oxygen (DO) were still found to 
be significant. In addition the diversity of the dataset was found to be low compared with other chironomid training 
sets throughout the world, suggesting that this region in China has different characteristics governing the abundance 
and distribution of chironomids compared with other parts of the world, hence the need for regional training sets 
within China. This is the first subfossil chironomid data set from this region and the understanding of key environ-
mental influences on contemporary faunas will aid interpretations of palaeolimnological data sets to reconstruct 
past trends and magnitude of environmental change over a range of timescales.
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Introduction

The Yunnan Plateau in southwestern China has one of 
the densest distributions of lakes in China (Wang & 
Dou 1998), the majority of which are located in the 
watersheds of four main rivers, the Jinsha, Lancang, 
Yuanjiang, and Nanpan Rivers (Fig. 1). The lakes are 
distributed at elevations from 1200 to 3800 m a.s.l. 

across the plateau and vary in depth from 1–155 m. 
Lake type varies greatly and includes tectonic, vol-
canic, glacial and karst lakes. As 95 % of the Yunnan 
Plateau is mountainous, population and agricultural 
centres tend to be clustered around the valley lakes 
that are closely tied to the regional economy. The Yun-
nan lakes are therefore extremely important for wa-
ter resources and development (Jin et al. 1990), but 
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are also subject to natural change. While inter-annual 
variations in precipitation can often cause water level 
fluctuations of 1– 2 m (Jin et al. 1990) many of these 
lakes have changed significantly as a consequence of 
recent economic development. These changes have 
taken many different forms, and lake catchments in 
Yunnan Province have been subjected to deforestation, 
intensive agricultural cultivation, soil erosion, urbani-
zation, and industrialization, and are among the most 
disturbed ecosystems in the world. It is likely that the 
current trajectory of how these lakes now function is 
in a completely new direction compared with historic 
and prehistoric trends (cf. Dearing et al. 2008). Sev-
eral large lakes, such as Xinyunhu and Qiluhu, have 
experienced serious eutrophication, with algal blooms 
common in the summer. Although previous studies on 
physical and chemical characteristics have been un-
dertaken on many of these lakes (Wang & Dou 1998), 
little is known about the aquatic fauna.

Chironomid larvae constitute one of the most 
abundant benthic invertebrates in freshwater ecosys-

tems (Cranston 1995). Chironomids have proved to be 
useful indicators of a wide variety of environmental 
impacts on freshwaters, including the effects of eu-
trophication, acidification, toxic metals and chemicals, 
and physical disturbances (Lindegaard 1995). The 
importance of the different environmental variables 
are scale dependent in both time and space (Walker 
& Mathewes 1989). Previous research has demon-
strated that temperature is usually the most important 
environmental variable in explaining the broad-scale 
geographic distribution and abundance of midge taxa 
from all major regions on the planet (e.g. Brooks 
2006, Barley et al. 2006, Walker & Cwynar 2006, 
Dieffenbacher-Krall et al. 2007, Langdon et al. 2008, 
Porinchu et al. 2009). At the local scale, where rela-
tive variations in temperature are minimal, chironomid 
distribution appears to be driven principally by in-lake 
variables such as lake depth, pH, dissolved oxygen, 
trophic status and substrate-type (Pinder 1995). Chi-
ronomid larvae possess heavily chitinised head cap-
sules that are usually well preserved and identifiable 

Fig. 1. Distribution of sampled lakes in the Yunnan Plateau. The high altitude lakes occur in the northwest of the region, with lower 
altitude and warmer lakes situated in the south.
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in lake sediments (Brooks 2003). Therefore, in addi-
tion to being important for understanding contempo-
rary lake functioning, chironomid fossil remains also 
allow us to examine past community structures. Chi-
ronomid subfossils thus represent an important lake 
management tool for reconstructing recent changes in 
lake structure and function (Langdon et al. 2006, 2010, 
Whitehouse et al. 2008).

This study examines a number of different lake 
types in Yunnan, across a large spatial area, incorpo-
rating a range of altitudes and associated temperature 
gradients (range = 10 – 22.6 °C mean July air tempera-
ture) from the foothills of the Himalaya to subtropical 
climates in southeast Yunnan. The majority of lakes 
are situated in areas that have been heavily disturbed 
by human activity, hence our study will allow us to 
test whether temperature is still the main environmen-
tal variable that influences chironomid distribution 
even in regions where anthropogenic lake disturbance 
is large. In addition, we will assess the role of other 
key environmental parameters, such as nutrient and 
dissolved oxygen levels on chironomid distribution 
within the Yunnan Plateau. It is hoped the results will 
provide useful information for palaeolimnological 
studies and water management.

Methods

Sampling and sample processing

An initial total of 38 lakes, located on the Yunnan Plateau were 
sampled from June to July in 2005 (Fig. 1 and Appendix 1), 
although 3 had few chironomid head capsule remains and so 
were not used further (see Results section). This investigation 
includes almost all the lakes in the region with a surface area 
> 1 km2, except for Dianchi, which could not be sampled due 
to dangerous waves when sampling (Zhang et al. 2007). These 
lakes had all been previously analyzed for variation of chromo-
phoric dissolved organic matter and attenuation depth of ultra-
violet radiation (Zhang et al. 2007). The physical and chemical 
characteristics of the lakes are described in detail by Zhang et 

al. (2007) and the range of main environmental variables meas-
ured at the sampling sites is listed in Table 1.

Surface sediment samples (0 –1 cm) were taken towards the 
centre of each lake at the maximum water depth (see Appendix 
1) using a Kajak gravity corer with a 60-mm-diameter coring 
tube and were analysed for chironomids following standard 
methods (Brooks et al. 2007). The sediment was deflocculat-
ed in 10 % KOH in a water bath at 75 °C for 15 minutes. The 
samples were then sieved at 212 µm and 90 µm and the residue 
was examined under a stereo-zoom microscope at × 25. A mini-
mum of 50 identifiable whole head capsules in each sample was 
normally required for later analysis (Larocque et al. 2001) al-
though some samples contained slightly fewer (c. 40), any sam-
ples with lower numbers of head capsules than this were dis-
counted (see results section). All the head capsules found were 
mounted on microscope slides in a solution of Hydromatrix®. 
The chironomid head capsules were identified mainly follow-
ing Wiederholm (1983), Oliver & Roussel (1983), Rieradevall 
& Brooks (2001), and Brooks et al. (2007). Taxonomy follows 
Brooks et al. (2007) with the species Propsilocerus akamusi-
type, which occurs in two lakes, being described previously in 
Zhang et al. (2010).

Statistical analysis

The chironomid diversity was measured by Shannon-Wiener 
index H’ (Equation 1) (Shannon & Wiener 1949) and Pielou 
evenness index J’ (Equation 2) (Pielou 1975) as follows:

H’ = –∑(ni/N) ln(ni/N) (1)
J’ = H’/ lnS (2)

where S is the total number of taxa in community, ni is the num-
ber of taxon i, N represents the total number of all taxa.

Another measure of chironomid diversity was calculated 
using the Hill’s N2 statistic (Hill 1973). It is the reciprocal of 
Simpson’s index and an estimate of the effective number of oc-
currences of taxa. Numerical methods were used to determine 
the relative influence of the measured environmental parame-
ters on the distribution of chironomids in the surface sediments. 
Species with a maximum abundance < 1 % or an occurrence in 
only one lake were removed (13 taxa) and environmental proxy 
data were log10 (x +1) or log10 (1000 x +1) transformed (except 
pH) prior to ordination analysis. A detrended correspondence 
analysis (DCA; Hill & Gauch 1980) with detrending by seg-
ments and nonlinear rescaling was used to explore the chirono-
mid distribution patterns, as well as to identify the gradient 
length within the chironomid data (ter Braak 1987). A linear 
(RDA, Redundancy Analysis) or an unimodal (CCA, Canoni-

Table 1. Range of the main environmental variables measured at the sampling sites from the Yunnan Plateau lakes.

Environmental variable Range measured Mean value

Water depth of sampling sites (m) 1–110 9.5
TN (mg L–1) 0.21– 4.59 1.22
Total phosphorus (µg L–1) 1.7–1248 78.5
Altitude (m) 1291– 3809 2020
pH 6.95 – 9.31 7.92
Bottom dissolved oxygen (mg L–1) 0.88 – 8.16 3.73
Secchi depth (cm) 20 – 615 132
July air T (°C) 10 – 22.6 19.2
Sediment Loss-on-ignition (%) 6.81– 63.30 16.49
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cal correspondence analysis) with forward selection and Monte 
Carlo permutation tests (n = 999 unrestricted permutations) was 
then selected to identify the most important variables influenc-
ing chironomid distribution (ter Braak & Šmilauer 2002). Con-
sequently, only significant variables (p < 0.05) were used in the 
final RDA/CCA ordination. All the ordination analyses were 
based on square root transformed percentage data with down-
weighting of rare taxa, and the program CANOCO version 4.5 
was applied (ter Braak & Šmilauer 2002).

Results

Chironomid distribution

Out of the 38 lakes initially sampled in this study, 
three yielded very few (< 10) chironomid head cap-

sules (Chaheihai Lake, Haishaoshuiku Lake and Tin-
ghu Lake) and these were removed from the study. 
From the remaining 35 lakes, 53 chironomid taxa were 
identified with a total of 3301 head capsules picked 
and mounted (Fig. 2). Pielou evenness index varied 
only slightly from 0.39 (Haixihai Lake) to 0.92 (Liji-
awa Lake), indicating an even distribution of chirono-
mids in 35 lakes. Shannon-Wiener index, however, 
displayed a conspicuous lack of chironomid diversity 
among these lakes from 0.33 (Bitahai Lake) to 2.47 
(Yuanhu Lake), with an average diversity across the 35 
lakes of 1.64 (Fig. 3). Many of the lakes had very low 
species richness, with some only containing 3 – 5 taxa. 
Of the 53 taxa only 40 had a minimum abundance 
> 1 % and an occurrence in more than one lake. Eight 

Fig. 2. Distribution of selected chironomid taxa (which oc-
cur in > 1 lake and > 1 % abundance) along the July T gradi-
ent. The numbers (codes) of each lake are shown in Appen-
dix 1. The × axes relate to the % abundance of each taxon.
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taxa together made up 77.7 % of the fauna: Tanytar-
sus mendax-type, Procladius, Chironomus plumosus-
type, Polypedilum nubeculosum-type, Paratanytarsus 
penicillatus-type, Cricotopus sylvestris-type, Psec-
trocladius sordidellus-type, and Microchironomus. 
These taxa tend to dominate in most of the Chinese 
lakes previously analysed for subfossil chironomids 
(e.g. Zhang et al. 2006, 2010, Jones et al., unpub-
lished data). Of these, Chironomus plumosus-type 
was the most common taxon, occurring in 31 out of 
the 35 lakes. It also had the highest Hill’s N2 num-
ber (N2 = 17.2552). Other common taxa, in addition to 
the 8 most common taxa listed above, that were found 
in more than 10 lakes and had a high Hill’s number 
included: Ablabesmyia, Dicrotendipes nervosus-type, 
Cryptochironomus, Paratanytarsus, Tanypus, and Chi-
ronomus anthracinus-type (Fig. 2).

Constrained ordination

The final calibration data set consisted of 22 meas-
ured water quality parameters and 40 chironomid taxa 
from 35 lakes. These data were analysed in conjunc-
tion with the key environmental variables to assess the 
main patterns of chironomid distribution. Detrended 
correspondence analysis produced an axis 1 score with 
gradient length 2.832 (> 2.0) SD units thus indicating 
that unimodal methods (CCA, Canonical correspond-
ence analysis) were appropriate for the constrained 
ordinations (ter Braak & Prentice 1988). The first axis 
in a DCA ordination (35 sites and 40 taxa) account-
ed for 18.4 % of the variance in the chironomid data 
(Fig. 4). After deletion of redundant variables, auto-

matic forward selection in CCA indicated that mean 
July air temperature, water depth, SD, TP and bottom 
dissolved oxygen acted as the significant variables (p 
< 0.05) and captured 59.4 % of variance of taxon data 
in total. The single variance explained by each vari-
able ranged from 8.0 % (bottom dissolved oxygen) to 
19.8 % (July air temperature). There were 3 major out-
liers along axis 1, lakes 1, 2 and 27 from the CCA data 
set. These represented the coldest lakes at relatively 
high altitudes, and had fauna that were not common 
to any of the other lakes in the data set. Psectrocla-
dius sordidellus-type and Tanytarsus gracilentus-type 
acted as the predominant taxa in these 3 cold lakes. 
Tanytarsus gracilentus-type was absent in all other 
lakes from the training set (Fig. 2) indicating it is a 
cold stenotherm in this region. The mean July air tem-
peratures of these sites were just over 10 °C, whereas 
the next highest temperature of another lake in the data 
set was 17.9 °C. It is clear, therefore, that these three 
lakes were driving the temperature response of the 
data set, and hence to understand the impact of tem-
perature on these fauna more sites need to be sampled 
in the temperature range 10 –17 °C. In order to assess 
the significance of other environmental drivers on the 
data set, considering the absence of lakes sampled be-
tween 10 –17 °C, the 3 cold lakes were removed from 
the training set and multivariate analyses repeated. 
The results showed that temperature was no longer a 
significant variable, and the variance captured by sig-
nificant variables was reduced to 43.9 % while the in-
dependent explained variance by each variable ranged 
from 5.2 % (water depth) to 10.6 % (TP) (Fig. 5).

Fig. 3. The diversity of chironomid dataset of the studied lakes in Yunnan Province arranged from the least to most diverse.
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Fig. 4. Results of a DCA ordination using 35 sites (a) and 40 chironomid taxa (b). The taxa codes are: Ab, Ablabesmyia; Ca, 
Chironomus anthracinus-type; Cb, Cricotopus bicinctus-type; Cc, Corynoneura carriana-type; Ce, Corynoneura edwardsi-type; 
Cl, Cladopelma lateralis-type; Cm, Cladotanytarsus mancus-type; Cp, Chironomus plumosus-type; Crc, Cryptochironomus; Crt, 
Cryptotendipes; Cs, Cricotopus sylvestris-type; Ct, Cricotopus trifasciatus-type; Dn, Dicrotendipes nervosus-type; Ec, Eukief-
feriella claripennis-type; Ed, Einfeldia dissidens-type; Gp, Glyptotendipes pallens-type; Ha, Harnischia; Li, Limnophyes; Mi, 
Microchironomus; Na, Natarsia; Or, Orthocladius; Pa, Paratanytarsus; Paa, Paratanytarsus austriacus-type; Pap, Paratanytarsus 
penicillatus-type; Par, Paratrichocladius rufiventris-type; Pc, Polypedilum convictum-type; Pi, Polypedilum nubifer-type; Pn, Poly-
pedilum nubeculosum-type; Pr, Procladius; Pra, Propsilocerus akamusi-type; Ps, Polypedilum sordens-type; Psc, Psectrocladius 
calcaratus-type; Pss, Psectrocladius sordidellus-type; Pv, Parachironomus varus-type; St, Stempellinella; Tg, Tanytarsus gracilen-
tus-type; Tl, Tanytarsus lugens-type; Tm, Tanytarsus mendax-type; Tp, Tanypus; Tp1, Tanytarsus pallidicornis-type.

Fig. 5. A CCA ordination, showing sample (a), chironomid taxa (b) scores and significant environment variables for the 32 lake 
dataset, once the 3 outliers had been removed. The codes are the same as in Fig 4.
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Discussion

At least five environmental variables show a signifi-
cant relationship with chironomid distribution, notably 
temperature, water depth, transparency, TP and bottom 
water dissolved oxygen (BWDO). The chironomid 
community relationship with summer air temperature 
loses its significance once three ‘outlying’ lakes have 
been removed; these lakes were at the lower end of 
the temperature gradient and exerted a considerable 
influence in the dataset. To fully understand the role 
of temperature on chironomid communities in Yunnan 
lakes should be sampled to include sites with mean 
July temperatures between 10–17 °C, and colder lakes 
could also be added to the data set. Nonetheless, from 
the initial statistical analyses undertaken on the 35 lake 
dataset, and the fact that some taxa, such as Tanytarsus 
gracilentus-type and Psectrocladius sordidellus-type 
are cold stenotherms in this region, indicates the clear 
potential of developing a temperature based inference 
model in SW China.

Once the outliers had been removed from the data, 
it was clear that the predominant driver of chironomid 
distribution within the lakes was the influence of water 
depth, transparency, TP and bottom dissolved oxygen. 
Water depth has a strong influence on the distribution 
of chironomid larvae with many taxa showing depth 
preferences (e.g. Brundin 1949, Schmäh 1993, Heiri 
2004). It is common to find water depth as a signifi-
cant environmental variable in other chironomid train-
ing sets (e.g. Larocque et al. 2001, Barley et al. 2006) 
and models have been developed for the reconstruc-
tion of lake water depth using chironomids (Korhola 
et al. 2000, Kurek & Cwynar 2009, Luoto 2009). Typi-
cally, in modern studies and in studies of subfossil as-
semblages multivariate analyses align chironomid taxa 
along gradients where lake depth and temperature are 
negatively correlated to nutrients or lake trophic state 
(Brodersen & Quinlan 2006). Deep lakes will usually 
display an oligotrophic nature compared with shal-
low lakes over the same nutrient level (Jeppesen et al. 
1997) as water depth is closely related to food avail-
ability and oxygen conditions, which in turn determine 
the chironomid communities in the profundal zone 
of regularly stratified lakes (Lindegaard 1995). In the 
Yunnan dataset lake depth and bottom water oxygen 
are positively related when analysed by CCA (Fig. 5), 
indicating that water depth is also a major control on 
anoxia in this region. Other key factors that can control 
anoxia are lake productivity, lake morphometry and 
stratification, temperature and length of ice cover, al-
though the latter is unlikely to be influential in Yunnan. 

In addition to depth, the most likely factor controlling 
anoxia in Yunnan, given the large recent anthropogenic 
impact on many of these sites, is lake productivity. The 
impact of extensive deforestation, intensive agricul-
ture, soil erosion, urbanization, and industrialization in 
the catchments of many Yunnan Plateau lakes has led 
to a marked increase in the input of sediment and nutri-
ents into these lakes. The result in many cases has been 
a higher amount of decaying organic material accumu-
lated at the lake bottom causing oxygen depletion and 
anoxia in the hypolimnion. While the dataset presented 
here suggests that the chironomid fauna within these 
Yunnan lakes are strongly influenced by contemporary 
hypolimnetic anoxia, it is orthogonal to nutrients (TP) 
in the CCA analyses, suggesting that these relation-
ships may be independent in this dataset. Reasons be-
hind this may be that, for example, many of the sites 
may be naturally anoxic, through natural morphomet-
ric and/or temperature controls. It could be that recent 
anthropogenic activities have exacerbated the degree 
of anoxia, but without palaeolimnological data this is 
impossible to discern and there are no data as yet to 
confirm whether this relationship has been stable over 
time. Other models have been developed to reconstruct 
changes in hypolimnetic oxygen conditions (Quin-
lan et al. 1998, Little & Smol 2001, Quinlan & Smol 
2001), although using these models for reconstructing 
past oxygen conditions can be problematic due to the 
integration of littoral and profundal taxa within pro-
fundal core sediments, potentially biasing the recon-
struction (Brodersen et al. 2004).

Some of the Yunnan lakes are among the most dis-
turbed ecosystems in the world. Several large lakes, 
such as Xinyunhu (181 μg L–1 TP) and Dianchi (138 μg 
L–1 TP) have serious eutrophication problems and ma-
jor algal blooms in summer (Guo et al. 2009). A strong 
relationship between chironomid distribution and TP 
was found in this dataset, which is common when such 
large environmental gradients are sampled (Brooks et 
al. 2001, Langdon et al. 2006, Brodersen & Quinlan 
2006). According to the OECD trophic classification 
system (Ryding & Rast 1989), the majority of sites 
(23) were classed as oligotrophic or mesotrophic (TP 
< 35 μg L–1), whereas 8 sites were classed as eutrophic 
(TP: 35 –100 μg L–1), and 4 sites as hypereutrophic 
(> 100 μg L–1). TP in Qiantunshuiku is an outlier from 
the dataset (see Appendix 1) and this high value may-
be due to the temporary sewage input from a chemi-
cal fertiliser factory nearby the lake. The chironomid 
fauna of lakes with high TP concentration were domi-
nated by similar taxa, such as Chironomus plumosus-
type and Tanypus. These species are commonly used 
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as an indicator of eutrophic/anoxic conditions (Zhang 
et al. 2006, Brooks et al. 2007) and can be dominant in 
lakes on the heavily impacted middle-lower reaches 
of the Yangtze River (Zhang et al. 2010). In the CCA 
analysis, TP showed an extremely negative correlation 
with transparency. It is likely that the increased input 
of sediment and nutrient matters resulting from the 
extensive anthropogenic activities reduced the SD in 
lakes while increasing heavily the nutrient levels.

One final point of interest is the range of diver-
sity (Shannon-Wiener index) within this dataset, and 
specifically the high number of lakes that show low 
diversity. No lake has a diversity > 2.5 and the aver-
age diversity for the dataset is 1.64. There are no clear 
relationships between diversity and environmental 
factors, other than relatively normal distributions, in 
other words the lakes with the lowest diversity are not 
the coolest, or have the lowest/highest nutrient load-
ing. When compared with other regions in the world, 
the chironomid diversity of these lakes appears anom-
alously low. For example, two chironomid surface 
sample calibration datasets from UK shallow lakes, 
covering a nutrient range ~5 – > 1000 μg L–1 TP have 
average diversity values (Shannon-Wiener index) 2.6 
and 2.3 for a 57 lake and 39 lake training set respec-
tively (original data in Langdon et al. 2006, 2010). 
Furthermore, lakes from Iceland, which are cooler 
and more oligotrophic, and situated on an island in the 
middle of the North Atlantic ocean, have a mean di-
versity of 2.06 (original data in Langdon et al. 2008), 
still markedly greater than the Yunnan dataset. Indeed 
chironomid colonization of Icelandic lakes, being a 
relatively remote island, is likely to be harder than in 
Yunnan, and hence there must be other reasons as to 
why the Yunnan lakes have such relatively low diver-
sity. This may be linked to the human impacts noted 
above, and it may be that diversity was greater in the 
past, although evidence from one lake, ShuDu, sug-
gests that chironomid diversity at this site has always 
been relatively low (Jones et al., unpublished data). 
Further comparisons with other regions in China are 
needed to evaluate whether this finding is regional to 
Yunnan, or a wider issue within other parts of China 
and indeed SE Asia.

Conclusions

Few chironomid data sets currently exist from China, 
yet this country possesses some of the most heavily 
impacted lakes in the world. No chironomid datasets 
have previously been developed from the Yunnan re-

gion and the taxonomic make up of assemblages in 
this region is quite different to other regions. Further-
more the lakes in this region have less taxa and lower 
diversity than other previously studied locations on a 
global context. The reasons for this are currently un-
clear, but one hypothesis is that they could be linked to 
the high human impact in the region. Detailed palae-
olimnological studies will be needed to test this theo-
ry. Despite the heavy human footprint on these lakes, 
analyses indicate that when the temperature gradient is 
of sufficient length clear potential exists for develop-
ing a temperature inference model for the region. Over 
shorter temperature gradients, the chironomids are 
most influenced by lake depth and bottom water dis-
solved oxygen. Further development of these models, 
by increasing the size of the dataset and length of key 
environmental gradients, as well as testing the mod-
els against recent changes, will illustrate the potential 
of chironomids for reconstructing past environmental 
change in this region.
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