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Abstract

Background: Restoration projects have been implemented worldwide to mitigate the adverse effects of the loss and
degradation of wetland habitats. Much research has been carried out on the impacts on birds of wetland restoration
and management projects in China. Studies have mainly investigated central or coastal wetlands, while inland wet-
lands in remote areas have been much less studied. We focused on examining the response of wild birds to wetland
restoration in Dianchi Lake, south-west China.

Methods: The line transect method was performed at 26 sampling plots. Three of these were in the city, and to
acquire all wild bird data 23 plots were located every 2-8 km along the shore of Dianchi Lake, between Decem-

ber 2011 and November 2013. We collected all related bird records by searching the available literature, articles,
newspapers and records of birdwatchers to compare species variation before and after implementation of wetland
restoration. To measure the relationships between waterbird assemblages and habitat structures, we used canonical
correspondence analysis (CCA) to pair the main matrix of bird assemblages with a second matrix of habitat variables.

Results: We recorded 182 bird species belonging to 51 families and 17 orders. Of the species, 42 were new records
for Kunming City and 20 were new records for Yunnan Province. Ten waterbird species were found to have disap-
peared from the shore of Dianchi Lake. CCA results indicated that waterbirds could be divided into four categories
based on their habitat preference: synanthropic (wintering gulls), special habitat (shorebirds), semi-natural (wintering
coots and ducks) and disturbance-tolerant (resident) species.

Conclusions: Our study is the first to consider the entire wild bird community throughout the year and discuss the
species variation before and after wetland restoration projects launched for Dianchi Lake. Distinct habitat require-
ments of different waterbird groups were detected in our study, suggesting different types of restoration and man-
agement should be implemented.
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Background (Mitsch and Gosselink 2007). Consequently, declines in

Wetlands harbor highly diverse biological communities
and provide extensive ecosystem services such as water
purification, flood abatement and climate regulation
(Zedler and Kercher 2005). However, they are frequently
degraded and destroyed. It was estimated that over 50%
of total wetland surface was lost during the last century
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wetland-dependent species have been some of the great-
est recorded (Sievers et al. 2018), and wetland birds in
particular are sensitive indicators of wetland conditions.
Wetlands in urban settings fulfill additional environmen-
tal and social needs, which include storm-water retention
of runoff from impervious surfaces, as well as remov-
ing pollutants and waste from water. Urban wetlands
also provide extended recreational opportunities and
visual aesthetics. The economic benefits include poten-
tially reducing infrastructure costs, due to their ability

© The Author(s) 2019. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/

publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0002-8182-2086
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40657-019-0162-9&domain=pdf

Luo et al. Avian Res (2019) 10:21

to act as storm-water retention areas (Asomani-Boateng
2019). Unlike rural wetlands, urban wetlands are subject
to urban development pressures, resulting in profound
and extensive damage, loss, and degradation (Zedler and
Leach 1998; Ehrenfeld 2000). The effects of urbanisa-
tion on bird diversity may be mitigated by the presence
of wetlands, which may provide enhanced habitat and
increase resource availability. Nevertheless, urbanization
is one of the main driving factors in the degradation of
natural wetlands (Russi et al. 2013). Wetland restoration
projects are believed to be beneficial to storm water treat-
ment or public amenities, but are also expected to com-
pensate for bird habitat loss as natural wetlands decline
(Zedler 2000; Mao et al. 2019). Restoration projects have
been implemented worldwide to mitigate adverse effects
resulting from the loss and degradation of wetland habi-
tats (Pethick 2002; Nakamura et al. 2006). It is impor-
tant, therefore, to understand the habitat requirements
of birds, and to assess the suitability of habitats for birds,
when restoring wetlands (Ma et al. 2010; Ter6rde and
Turpie 2013).

In China, there has been serious wetland degradation
due to urbanization and other anthropogenic threats
during the last six decades. Fortunately, large numbers
of wetland reserves have been established, and a wide
range of management and restoration projects have been
implemented in both inland and coastal areas since 1980
(Xu et al. 1999; An et al. 2007). Nevertheless, most useful
research on the impacts of wetland restoration or man-
agement projects on birds in wetland reserves has con-
sidered affluent and developed areas, namely eastern or
coastal China (such as Chongming Island, Ma et al. 2002;
Yellow River Delta, Li et al. 2011 and Hua et al. 2012;
Dongting River, Yuan et al. 2014; Mai Po, Wei et al. 2018).
While coastal wetlands have been identified as important
habitat for more than 230 species of waterbirds (Cao and
Fox 2009), inland wetlands located in remote areas are
much less studied (Wang et al. 2018). Many of these do
not even appear in the Ramsar List of Wetlands of Inter-
national Importance.

Wetlands and lakes in Yunnan Plateau, south-west
China, are important habitats for waterbirds (Chen
1998; Cui et al. 2014). Most studies have a seasonal focus
on wintering waterbirds in Lashihai (Quan et al. 2002),
Napahai and Bitahai wetlands (Han et al. 2009; Li and
Sun 2014), Luguhu Lake (Li and Yang 2015), Qionghai
Lake (Hu et al. 2015) and Dianchi Lake (Wang et al. 2006;
Wu et al. 2008, 2009; Han et al. 2012). Few studies have
documented diversity of all wild birds throughout the
year (Han et al. 2014).

Dianchi Lake, a vital shallow lake next to Kunming
City, the political and cultural center of Yunnan Province,
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has been greatly affected by human disturbance and
has undergone severe degradation since the 1980 s. The
implementation of an ambitious large-scale ecological
restoration project, the “Kunming Urban Master Plan
(2008-2020)", began along the shore of Dianchi Lake
in 2008. Most researches about Dian Lake focus on the
water quality recovery, while there is little information
about how birds are responding to the restoration of
Dianchi Lake wetlands (but see Wang et al. 2016). The
aims of the present study were to: (1) record the entire
wild bird composition; (2) identify differences in species
occurrences between historical and current data; and (3)
analyze waterbird habitat preference with respect to wet-
land restoration. Finally, we discuss waterbird response,
in a general sense, to wetland restoration under condi-
tions of urbanization.

Methods

Study area

Dianchi Lake (24°40-25°20’N, 102°36'-102°47’E) is an
ancient tectonic lake located in the Yunnan-Guizhou Pla-
teau in the Yangtze River Basin (Fig. 1a, b; Xiang 2014;
Ma and Wang 2015). With an area of 308.6 km?, it is the
sixth largest freshwater lake in China and the largest
on the plateau. It is separated into two parts by a semi-
artificial dam: the northern part, Caohai, has a water
area of 10.7 km? and a mean water depth of 2.5 m; the
southern part, Waihai, has a water area of 297.9 km? and
a mean water depth of 4.3 m. The regional climate is a
subtropical humid monsoon type, with a mean tempera-
ture of 14.4 °C, mean annual precipitation of 1036.1 mm
and 227 frost-free days per year (Wang and Dou 1998).
More than 20 main streams comprise the Dianchi Lake
watershed, and the lake’s stable water level of 1886.9 m
above sea level is maintained by an artificial floodgate in
the only natural outlet south-west of Waihai. The lake
is nearly semicircular: its length is 40.4 km and it has a
mean width of 7.0 km. The shoreline is 150 km (Yang
et al. 2010) in extent. Located in the southern suburbs
of Kunming City, Dianchi Lake plays important roles in
industrial and agricultural water supply, water storage
regulation, flood control and tourism.

It was known for its crystal-clear water and was once
dubbed “the pearl of the Yunnan-Guizhou Plateau” How-
ever, the lakeside was over-reclaimed in the 1970s and
the water has become heavily eutrophic. The ability of
the lake to self-purify has not been able to keep up with
the massive discharge of municipal and industrial sew-
age into the water. Along with Taihu and Chaohu lakes,
Dianchi is listed as one of the three most polluted lakes in
China (Liu and Qiu 2007).
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In 1988, Kunming Municipality enacted the Dianchi
Protection Regulations to carry out a comprehensive eco-
logical restoration plan. An ambitious large-scale ecolog-
ical restoration project, the “Kunming urban master plan
(2008-2020)’, has been implemented along the lakeside
of Dianchi Lake since 2008. This is an attempt to build
a green wetland belt around the lakeside, reconstructed
from farmland, fishponds and residential areas, and aims
to recover the wetland ecosystem function. Reed, cattail,
water hyacinth, duckweed and trees were planted in the
restored artificial wetlands, as these are the most con-
spicuous landscapes in the lakeside ecological belt.

Sampling plots

We surveyed birds at 26 sampling plots: 3 plots in Kun-
ming City and 23 plots every 2-8 km along Dianchi
lakeside (Fig. 1c). The plots covered multiple types of
environmental gradients (urban and suburban areas, low
and high human density, semi-natural wild areas and
areas under construction), as well as habitats (forested,
grassy, cultivated and built areas, open water, and mosa-
ics of land and water). Land covers of sampling plots were
classified into 12 types based on Google Earth images
and field observation (Table 1). We obtained the satellite
images from Google Earth for each plot and measured
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the amount of obvious land cover. This included areas of
water, mud flood (MF), building area (BA), small pond
(SP), cultivated land (CL) and wasteland (WL), as iden-
tified by Arcgis. We estimated the percentage of open
water area (OA) and macrophyte cover (MC) of the water
area during field surveys in April 2013. We also estimated
plant cover variables: forest cover [Dry forest cover (DF)
and wetland forest cover (WF)] was estimated in five ran-
domly selected quadrats (20 m x 20 m) along each tran-
sect. Within each forest cover estimation quadrat, we
randomly selected four quadrats (5 m x 5 m) to estimate
shrub (SB), high grassland (HG) and low grassland (LG)
coverage. A matrix of habitat variables consisting of the
coverage percentages of 12 types of land cover was pro-
duced for further analysis (see details in Additional file 1:
Table S1).

Bird data

Bird surveys

Field bird surveys were carried out continuously for
24 months from December 2011 to November 2013
to obtain basic bird composition data. Surveys were
conducted in the mid-part or late in each month for
3-4 days from 08:00-12:00 to 13:30-18:30 each day. The
transect method was used to survey wild birds. As the
lakeshore micro-habitats usually included open areas
and areas densely filled with plants, three types of tran-
sect were used: type 1 for open habitat (300 m x 200 m),
type 2 for dense habitat (300 m x 50 m) and type 3 for
habitat containing a dense area next to an open area
(300 m x 125 m). Between one and three transects were
carried out in each plot according to plot size (details
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in Additional file 1: Table S1). It usually took 15 min to
count the birds in each transect (Ntongani and Andrew
2013). All birds heard, seen in or hovering over the plots
were counted. Birds that flew over the plots quickly (usu-
ally taking less than 10 s) were not recorded. All individu-
als were counted, and group-counting was used in the
case of large flocks (more than 500 individuals) (Bibby
et al. 2000; Yuan et al. 2014). Birds were observed using
telescopes (Celestron 20-60 x 80 monocular and Sharks
8 x 42 binocular) and photographed with digital cameras
(Canon 650D; EF 400 mm f/4-5.6L IS USM). Bird spe-
cies were identified according to MacKinnon et al. 2000
and the IOC Checklist (v 4.4) (Gill and Donsker 2014).
We used the maximum number of individuals counted in
a single month as the species abundance for each species.

Information on bird breeding divisions and migration
status was obtained from Yang and Yang (2004) and Zhao
(2001). Birds were classified into waterbird (two ecologi-
cal types: Grallatore and Natatores) and non-waterbird
(four ecological types: Passeres, Terrestores, Raptors and
Scansores) (Zhao 2001; Zheng 2012). Waterbirds were
further divided into 7 sub-groups: gulls (SG1), wintering
coots and ducks (SG2), shorebirds (SG3), egrets (SG4),
breeding rails (SG5, dominated by the resident species
Gallinula chloropus), grebes (SG6, dominated by the resi-
dent species Tachybapus ruficollis) and others (SG7, only
containing a total of 6 individuals belonging to 5 species,
excluded from further analysis) for further habitat pref-
erence analysis (Cardoni et al. 2008; Zhang et al. 2011;
Yuan et al. 2014; Wei et al. 2018).

Table 1 Classification and description of microhabitat Land-cover along Dianchi Lake

First class Second class (abbreviation) Description (all calculated as %)

Water area Open water area (OA) Covered without macrophytes
Macrophyte cover (MC)
Land area  Building area (BA)

Small pond cover (SP)
Mud flood area (MF)

Covered with the macrophytes, dominant by Eichhornia crassipes and Pistia stratiotes

Covered by obviously anthropogenic buildings, dams, roads, trails, etc.

Ponds located outside the bank, usually formed by the derelict fish-ponds, water depth>10 cm

Bare land in wet condition, water depth < 10 cm, the largest one was occasionally formed by an restoration

engineer for water purification with the mud relocating to bank side

Low grassland cover (LG)

Short grass species coverage such as Alternanthera philoxeroides, Phragmites australis, Acorus calamus and

Zizania latifolia. Generrally, in wet condition and height <2 m

High grassland cover (HG)
and height >2m

Dry forest cover (DF)
remnants.

Wetland forest cover (WF)
Cultivated land cover (CL)

Waste lands cover (WL)
pilosa

Shrub cover (SB)

High grass species coverage such as Saccharum spontaneum and Pennisetum purpureum, in dry condition
Forest in dry condition, generally in the well-manage parks refer to the nursery gardens/orchards/forest

Forest in wet condition, generally dominant by the introduced species Taxodium hybrid zhongshanshan’
Active farmlands generally included rice paddies/vegetable lands/cornfields
Inactive farmlands, generally dry with much weed species coverage such as Artemisia argyi and Bidens

Shrub coverage, dominant by Pyracantha crenatoserrata and Dichotomanthus tristaniaecarpa
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New bird records and absent species

In this paper, we define new records of birds in Kun-
ming and Yunnan as species recorded along Dianchi
Lake between 2008 and 2016, as the restoration projects
mainly began in 2008.

In addition to our own field observations, new bird
records were obtained by searching published papers
using “new bird record’, “bird”, “Yunnan’, “Dianchi” and
“Kunming” as keywords at CNKI and CQVIP, two data-
bases of Chinese journals, and the Google Scholar for
Chinese website. We also checked the references listed
in the publications we collected for any potential litera-
ture we had overlooked. We also searched all articles and
newspapers relating to birds in Dianchi Lake, using Baidu
Search. Finally, we communicated with birdwatchers
(Yunnan Bird Association) who had investigated Dianchi
Lake to record birds. After acquiring the records, we
first confirmed that the data from scientific publications
were accurate and reliable, and reviewed the few debated
records with other researchers. The related records from
Baidu Search and birdwatchers were adopted only when
robust evidence (e.g. photos) was available. The earliest
literature related to Dianchi Lake we could reach was
published in 1960 (Kuang 1960), which conducted field
surveys during 1958 and 1959. Therefore, we categorized
the records obtained from searching data collected dur-
ing 1958 to 2008 as historical, and those from between
2008 and 2016 as new.

Because there was no reliable and special representa-
tive bird checklist for Dianchi Lake before 2008, we
compared our current bird records (including our own
field observation data and those of others) with the
bird checklists of Kunming City and Yunnan Province
to produce the new bird record for Kunming (hereafter
NKB) and for Yunnan (NYB). We used the appendix of
Wang et al. (2015) as the bird checklist of Kunming. As
the appendix provided dynamic historical information
for some waterbird species that were explicitly recorded
along Dianchi Lake, we also detected that some spe-
cies had vanished from the shore of Dianchi Lake. The
bird checklist of Yunnan mainly refers to Yang and Yang
(2004).

Data analysis

To test whether our sampling effort was sufficient to rep-
resent the bird species richness of Dianchi Lake, we first
performed rarefaction analyses based on a Monte Carlo
simulation procedure implemented with EcoSim7.0
(Gotelli and Entsminger 2006).

Canonical correspondence analysis (CCA) was per-
formed to reveal the relationships between waterbird
assemblages and habitat variables (Yuan et al. 2014; Wei
et al. 2018). In CCA, habitat data were considered as
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explanatory variables and abundances of waterbirds were
taken as response variables. For both the habitat and spe-
cies data, no data transformation was applied. We used
all 12 variables to perform the CCA analysis and produce
the CCA bi-plot. We also performed a Pearson two-tailed
test to determine the correlation coefficients between
different habitat variables. Forward selection procedures
were then applied to test the habitat variables with sig-
nificant influences. Partial CCA was executed to deter-
mine the independent influence of each variable; when a
significant variable was used as a definitive one, the oth-
ers were used as covariables. The proportion of explained
variation (net effect) was measured by using the ratio of
particular canonical eigenvalues to the sum of all eigen-
values in partial CCA procedures (Lososova et al. 2004).
We performed a partial CCA and a Monte Carlo permu-
tation test with 999 permutations to evaluate the signifi-
cance of variables separately. The statistical significance
of each species responding to the five major environ-
mental variables was tested by producing ¢-value bi-plots
based on the CCA procedure. All the analyses were car-
ried out in CANOCO 4.5 (Lep$ and Smilauer 2003).

Results

Sampling adequacy and species composition

The results of sample-based rarefaction curves illus-
trated the completeness of survey inventories and the
sufficiency of sampling efforts, because of their rapid
approach to an asymptote (Fig. 2). In total, 25,102 records
for birds belonging to 182 species, 51 families and 17
orders were recorded during the 24 continuous months
from December 2011 to November 2013. Of these, 67
species were waterbirds and 115 were non-waterbirds.
Many of the birds recorded are protected nationally or
internationally. Of the 182 species, nine were found to be
“second-class protected species” in China and 144 spe-
cies appeared in the Lists of state-protected terrestrial
wildlife with beneficial or important economic or scien-
tific value in China. We found that 74 species were bi-
protected between China and Japan and 38 species were
bi-protected between China and Australia (see details in
Additional file 2: Table S2).

The greatest number of registered species were from
the order Passeriformes (95 species, accounting for
52.20% of total registered species), while the Charadrii-
formes was the order with highest number of records
(14,703 records, 58.57% of total records) owing to the
dominance of wintering Black-headed Gulls (Chroi-
cocephalus ridibundus) (14,285 records; see details
in Additional file 2: Table S2). Of the five different cat-
egories related to migration status, residents accounted
for the highest number of species, while winter visitors
accounted for the largest number of individual records.
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Fig. 2 Sample-based rarefaction curves. The X-axis has been scaled
to show numbers of individuals

With respect to the six ecological types, the suborder
Passeres contained the highest number of registered spe-
cies, and the Natatores accounted for the largest number
of counted individuals. Birds breeding in the study site
were mainly comprised by species of the Oriental realm
and by widespread species (Table 2; see details in Addi-
tional file 2: Table S2).

Species changes before and after 2008

Through comparisons with historical data (1958-2008),
42 bird species recorded along the shore of Dianchi Lake
were new records for Kunming City. Of these, 34 spe-
cies were waterbirds, including 24 shorebird species. We
found that 20 species were new records for Yunnan Prov-
ince; of these, 18 were waterbirds (including 15 shorebird
species) (see details in Additional file 3: Table S3). This
suggests that waterbirds, and particularly shorebirds,
accounted for most new records for Dianchi Lake since

Table 2 Species richness and abundance
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2008. The appendix of Wang et al. (2015) suggests that
10 waterbird species have disappeared from the shore
of Dianchi Lake. These are Ciconia nigra, Platalea leuc-
orodia, Anas formosa, Mergus albellus, Charadrius hiat-
icula, Larus crassirostris, L. canus, Sterna aurantia, S.
caspia and Grus grus. Particularly, G. grus was once the
dominant species along Dianchi Lake.

Waterbird habitat preference

Sixty-three waterbird species (94.30% of total registered
waterbird species) representing 18,913 records (99.85%
of total waterbird records) were recorded in 26 plots
throughout the 24-month field investigation. All habitat
variables were used to examine the relationship with the
abundance of waterbirds by CCA analysis. High collin-
earity between habitat variables is shown in Fig. 3, except
for OA, MF and WL (see Pearson correlation of habitat
variables in Additional file 1: Table S1).

The results of the CCA are shown in Table 3. The
eigenvalues of the first two canonical axes were much
higher than those for the other two axes. All canonical
axes explain 80.3% of the variance in species data and
99.8% of the variance in species—environment relation-
ships. The cumulative explanation of the first two axes
reached 73.2% of species data and 90.9% of species—
environment relationship. Monte Carlo permutation
tests for the first and all canonical axes were highly sig-
nificant (p=0.002, p,=0.001, respectively). For spe-
cies—environment relationships, approximately 41.5%
and 29.3% of the variations were explained by axis 1
and axis 2, respectively. Overall, the first two canoni-
cal axes were able to explain quite well the relationship
between species and the environmental variables. We
found that seven habitat variables (OA, CL, WF, LG, SB,
WL and MF) were positively correlated with axis 1 and
the remaining five were negatively correlated with axis

Resident species Winter visitors

Passage migrants

Summer visitors Vagrant visitors

Migration status/records; species (percentages of total records; percentage of total species, %)

5573;78 18,737; 41 447,39 272,16 69; 8

(22.20; 42.86) (74.66; 22.53) (1.78,21.43) (1.08;8.79) (0.27,4.39)
Passeres Grallatores Natatores Scansores Raptors Terrestores
Ecological types/records; species

5879; 95 1154, 45 17,788; 22 97,9 23;8 548; 3

(23.42;52.20) (4.60; 24.73) (70.87;12.09) (0.39; 4.95) (0.09; 4.40) (0.25; 1.63)

Oriental realm species

Widespread species

Palaearctic realm species

Breeding bird fauna (total 58,412 records and 94 species)/records; species

2601; 55
(44.50; 58.51)

2425; 31
(41.49; 32.98)

819;8
(14.01;8.51)
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Fig. 3 CCA ordination diagram of species distribution and
environmental factors in Dianchi Lake. Black arrows represented the
significant affected land-cover variables (py,- = 0.025; ppr =0.006;

P ="0.031; pyy =0.007; psz =0.058), while dotted arrows were the
insignificant ones. Sample sits were represented by open circles,
whereas species were meant by black diamonds. See abbreviation of
land-cover variables in Table 1 and species code in Additional file 2:

Table S2

Table 3 CCA ordination summary and correlation coefficients
between habitat variables and ordination axes

Summary of CCA ordination Axis1 Axis2 Axis3 Axis4

Eigenvalue 0461 0.268 0.054 0.018
Species—environment correlations  0.930 0.969 0.691 0.591

Cumulative % variance of species 46300 73.200 78500  80.300

data

Of species—environment relation ~ 57.500  90.900  97.600  99.800
OA (Open water area) 0.102 —0.147 0025 —0.138
MC (Macrophyte cover) —0.142 0.071 0.447 0.238
BA (Building area) —0386 —0.149 —0174  0.149
SP (Small pond) —0.206 0118 —0.137 0.126
MF (Mud flood area) 0042 0947 —0081 —0.055
LG (Low grassland) 0.501 —0.043 0.031 0.134
Dry forest cover (DF) —0647 —0202 —0.115 0.099
CL (Cultivated land) 0.183 —0.051 —0.013 0.143
SB (Shrub) 0424 —0.018 0170 —0.189
WF (Wetland forest) 0271 —0081 0346 —0392
HG (High grassland) —0.237 0.145 0279 —0.337
WL (Waste lands) 0.496 0345 —0226 0.097

Test of significance of first canoni-
cal axis

F-ration=11.195, p=0.002

Test of significance of all canoni-
cal axes

F-ration=4.462, p=0.001
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1. Five habitat variables (PC, SP, HG, MF and WL) and
the remaining seven variables were negatively correlated
with axis 2. The bi-plot of the overall species distribu-
tion and habitat explanatory variables is shown in Fig. 3.

Forward selection of environmental variables
suggested that the effects of five habitat variables
(including a marginal one)—MF, DF, LG, WL and SB—
(p=0.058) significantly (p<0.05) affected waterbird
distribution (Fig. 3). Partial CCA suggested that, of the
five main habitat variables, MF alone accounted for
40% (py=0.001) of the variation in the bird data, and
DF solely explained 40.1% (py=0.01) of the variation.
LG, WL and SB did not reach a significant level.

The statistical significance of each species’ response
to the five major environmental variables was tested
by producing ¢-value bi-plots based on the CCA pro-
cedure. The relationship between single species and a
particular environmental variable is shown in Fig. 4. DF
had a significant positive correlation with gulls (SG1)
and a significant negative correlation with wintering
coots and ducks (SG2) (Fig. 4a). SG2 were significantly
positively related with WL, while SG1 were signifi-
cantly negatively correlated with WL (Fig. 4b). Shore-
birds (SG3) were significantly positively correlated with
MEF (Fig. 4c) while other habitat variables showed little
relevance to this sub-group. Overall, SG4, SG5 and SG6
showed similar responses, and presented similar corre-
lation trends to the habitat variables, but none was sta-
tistically significantly affected. SG1 responses to habitat
variables were opposite those of SG4/SG5/SG6 except
for response to MF (Fig. 4a—e).

Discussion

In our two-year survey, 182 species belonging to 49
families and 15 orders of birds were detected, suggest-
ing that Dianchi Lake could provide a suitable habitat
for wild birds and not just for waterbirds. Species of
different migration status, ecological types and breed-
ing fauna of bird species and individuals recorded here
suggest that Dianchi Lake is an important wild bird
breeding, stopover and wintering site (Table 2). This
implies that lake restoration management should take
into account the requirements of different wild birds,
and especially waterbirds (breeders, migrants and win-
ter visitors).

Species responses to wetland restoration in urbanized area
We found many new bird records for Kunming City
and Yunnan Province during our fieldwork and in the
observations of others (see details in Additional file 3:
Table S3). This suggests that more frequent bird surveys
(that is, greater sampling effort) could lead to additional
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new bird records (Liu et al. 2013). Most of the new
records are of waterbirds (34 of all 42 NKB and 18 of all
20 NYB), and this may indicate that wetland restoration
projects in urban settings benefit birds, and especially
waterbirds (Mander et al. 2007; McKinney et al. 2011).
We also found that numerous new bird records were of
shorebirds (24 NKB and 15 NYB). Most of these species
were recorded in mud-flooded wetlands, showing the
high dependence on this habitat by shorebirds (Murray
and Fuller 2015). In addition, more than eight studies
reported shorebirds among the new bird records for
Yunnan Province (Luo 2014). The use of inland mud-
flooded wetlands by shorebirds may also be a result of
coastal wetland degradation, driving some of them to
seek new habitats in inland areas (Ma et al. 2002). If
mud-flooded habitats were to form during migration
seasons in western or central China, we believe that
more (new) shorebird species would be found in these
regions by more researchers and birdwatchers.

Although there is no reliable and representative bird
checklist of Dianchi Lake before 2008, we still found the
ten of the most historically recorded waterbird species
are now absent from Dianchi Lake. Little information
was available on the absent species, but the Common
Crane (G. grus)—a dominant wintering visitor around
Dianchi Lake in the 1960s (Kuang 1960)—is today
absent from the lake (Wang et al. 2015). Conspicuous
and rapid increases in numbers of wintering Black-
headed Gulls were apparent, from about 3000-30,000
individuals during 1985-2000 (Wang et al. 2006). One
reason for this may be related to the growing tourism
activity of feeding them in Kunming City parks (Guan
et al. 2008). We suggest that the intensified urbaniza-
tion and reclamation of the last few decades (Tan et al.
2010) has driven away sensitive species, while synan-
thropic species have increased rapidly (Blair 1996;
Maciusik et al. 2010; Donaldson et al. 2016). An alter-
native reason for species disappearance may be that the
historical records were of vagrant visitors or rare spe-
cies in Dianchi Lake. During re-checking of specimens
in 2005, a specimen collected in 1981 was confirmed
to be a Caspian Tern (Sterna caspia). As this was the
first record of this species in Yunnan (Yang 2005), it
suggests that it was a rare species or vagrant visitor to
Dianchi Lake in 1981.

Waterbird habitat preference

The relationships between the distribution of most water-
birds and habitat characteristics, as revealed by CCA,
were in agreement with the birds’ ecological require-
ments. For instance, the shorebirds (SG3) concentrated
significantly in the mudflat (MF) wetlands (Bellio and
Kingsford 2013; Aarif et al. 2014; Clemens et al. 2014;
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Murray and Fuller 2015). The wintering ducks and coots
(SG2) clearly preferred the water area next to the waste
lands cover (WL) and avoided dry forest cover (DF) (Par-
acuellos 2006; Cardoni et al. 2008; Ma et al. 2010). Along
Dianchi Lake, trees have always been planted in the rela-
tively well-managed parks for their scenic value, attract-
ing many visitors who toss large quantities of food to
gulls during the winter season (unpublished observation).
The higher DF along Dianchi Lake usually suggested
more human recreation activities. The habitat preference
of gulls (SG1) was the complete opposite of SG2, which
significantly avoided the WL and concentrated in DF
(Andersson et al. 1981; Guan et al. 2008; Liordos 2010;
Maciusik et al. 2010). The distributions of egrets (SG4),
breeding rails (SG5) and grebes (SG6) were negatively
correlated with DF and shrub cover (SB), while posi-
tively correlating with other variables, but none of these
relationships was statistically significant. This situation
seemed to reflect wider habitat use by resident species,
which can move among patches during different seasons,
searching for suitable resources, and which are more tol-
erant of variation in the local habitats (Chen et al. 2000;
Rendon et al. 2008; Donaldson et al. 2016).

The partial CCA also indicated that DF and MF were
the only two independent explanatory variables that can
significantly explain the variation in the bird data alone,
40.1% and 40%, respectively, in our study. This may
suggest the vulnerability of the bird community along
Dianchi Lake, because these two variables are highly
dependent on human activities. The wintering gulls con-
centrated significantly on DF, which means they foraged
in the well-managed parks, depending on the food sup-
ply from tourists (Wu et al. 2008). The concentration of
gulls increases their vulnerability to disease, reduces their
wariness of people and favors their domestication (Ma
et al. 2009). After avian influenza broke out in China in
the early 2000s, tourists did not dare to feed the gulls,
and numbers of gulls foraging in urban parks reduced by
9000 (Kunming Bird Association 2006). Most shorebirds
were counted in the mudflat wetlands formed temporar-
ily by construction-work yards. Once the construction is
finished the mudflat wetlands also disappear. In the big-
gest mudflat wetlands with the highest shorebird num-
bers of our sampling sites, many fewer shorebirds were
encountered after construction stopped in 2014, as the
area became bare ground without any water (H. Bai, per-
sonal communication 2015). No significant correlations
between most variables and species were found in our
study. This does not imply, however, that those variables
were of no importance in determining species commu-
nity composition. We can only conclude that the correla-
tion did not reach a significant level in this study. Hence,
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further work is needed to determine the effects of the
variables.

Management implications

Wetland restoration projects can benefit wetland birds
(Mander et al. 2007; Murray et al. 2013). Studies on man-
aged realignment sites in the UK have shown that birds
colonize and adapt quickly to new habitats (Mander et al.
2007). We suggest that, as the food resource of winter-
ing gulls in our study is largely dependent on humans,
food is provided appropriately to keep them wild and
that attention is paid to avian influenza (Poland et al.
2007; Wu et al. 2008) and potential water contamination
(Jones and Reynolds 2008). Several more well-managed
parks should be included along the suburban lakeshore to
dilute the high density of foraging gulls in the urban area
(Maciusik et al. 2010). The use of food-supply platforms
for gulls should be considered when designing the parks,
rather than depending on volunteers to throw food for
them during sensitive periods, such as during outbreaks
of avian influenza. Our results testified that a certain
number of shorebirds also use available habitats in inland
China, although most of them were encountered in the
mudflat wetlands formed temporarily by construction-
work yards. These habitats disappear when the construc-
tion projects finish, resulting in a decrease in shorebird
diversity (Ma et al. 2014). We strongly recommend that
mudflat habitats be designed and managed for migrating
shorebirds on the lakeshore to allow a more comprehen-
sive restoration of Dianchi wetland ecosystem functions
(Francesco et al. 2013; Clemens et al. 2014; Murray and
Fuller 2015; Wang et al. 2016). In our study, wintering
coots and ducks usually appeared in large numbers in the
water area next to WL, suggesting a lower human pres-
ence there (Paracuellos 2006; Cardoni et al. 2008; Ma
et al. 2010). This indicated to us that, when the wetlands
for the entire lakeshore are designed, a certain degree of
semi-natural habitat with low or no human recreation
access must be reserved for these species (Cardoni et al.
2008; Ma et al. 2010). The recording of mostly resident
species of waterbird in all 26 sites may be explained by
the long history of adaptation to local fragmentation
and disturbance (Rendén et al. 2008; Donaldson et al.
2016). Nevertheless, dense aquatic plants, excess MC and
human disturbance have had a negative effect on their
habitat use (Cardoni et al. 2008; Ma et al. 2010 and our
observation). Incorporating appropriate plant density
and a buffer zone (lowering human disturbance) should
be taken into consideration when implementing restora-
tion, to meet the habitat utilization requirements of resi-
dent waterbirds.
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Conclusions

In summary, the presence of numerous migratory and
resident birds recorded in our study shows that Dianchi
Lake is an important habitat for wild birds, which could
use it as a breeding, stopover and wintering site. We
suggest that intensified urbanization and reclamation
during the last few decades has driven away sensitive spe-
cies, while synanthropic species have increased rapidly.
Wetland restoration projects have benefited many bird
species, especially waterbirds. Distribution of different
waterbird species is highly dependent on human activi-
ties. Different types of restoration management should
be implemented, to take into account the varied habitat
requirements of different waterbird groups, and allow a
more comprehensive restoration of Dianchi Lake wetland
ecosystem functions.

Additional files

Additional file 1: Table S1. Percentages of different land-covers of the
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Additional file 2: Table S2. Bird checklist of Dianchi Lake.

Additional file 3: Table S3. New bird records found along Dianchi Lake
during 2008-2016.
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