
E
b

Y
C
a

b

a

A
R
R
A

K
E
B
E
C
P
B

1

e
b
w
a
t
W
i
(
r
m

b

H
f

h
0

Ecological Engineering 67 (2014) 67–75

Contents lists available at ScienceDirect

Ecological  Engineering

jou rn al hom ep age: www.elsev ier .com/ locate /eco leng

ffects  of  landscape  structure,  habitat  and  human  disturbance  on
irds:  A  case  study  in  East  Dongting  Lake  wetland

ujie  Yuana,b, Guangming  Zenga,b,∗,  Jie  Lianga,b,∗,  Xiaodong  Lia,b, Zhongwu  Lia,b,
hang  Zhanga,b,∗, Lu  Huanga,b, Xu  Laia,b,  Lunhui  Lua,b,  Haipeng  Wua,b, Xun  Yua,b

College of Environmental Science and Engineering, Hunan University, Changsha 410082, PR China
Key Laboratory of Environmental Biology and Pollution Control (Hunan University), Ministry of Education, Changsha 410082, PR China

 r  t  i  c  l  e  i  n  f  o

rticle history:
eceived 27 July 2013
eceived in revised form 12 January 2014
ccepted 25 March 2014

eywords:
ast Dongting Lake wetland
irds
nvironmental variables
anonical correspondence analysis
artial analysis

a  b  s  t  r  a  c  t

The  study  of  birds  responded  to  the  environmental  factors  will  contribute  to  the  understanding  of  habi-
tat  selection  and biodiversity  conservation.  East  Dongting  Lake,  which  is  an  important  wintering  habitat
and  pathway  for migratory  birds  in  the  East  Asian-Australasian  Flyway,  was  taken  as a case  study.  The
aims  of this  study  were  to  identify:  (1)  whether  there  were  any  relationships  between  environmen-
tal  variables  and  bird  species  in  East Dongting  Lake  wetland;  (2)  which  variable(s)  could  be  the critical
one(s)  markedly  correlating  with  the  birds. We  applied  direct  multivariate  analysis  combined  with  par-
tial  analysis  to  quantify  the effects  of  environmental  variables  on  bird  species  in  this  study.  The  results
indicated  that  landscape  structure  (explaining  40.95%  of  the  variation),  habitat  index  and  human  dis-
turbance  (75.58%,  51.97%,  respectively)  were  significantly  associated  with  the bird  abundance  while the
individual  effect  of habitat-level  variables  was  more  evident  than  the  others.  Among  the  seven  chosen
iodiversity conservation environmental  variables,  five  critical  variables  markedly  related  to  the  richness  of birds  (P <  0.05)  with  the
impact  intensity  in the order  of  sedge  area  >  water  area  >  reed  area  > patch  density  >  distance  to  residents.
No  obvious  indication  was  found  in our study  to  prove  that  landscape  diversity  and  distance  to  road  had
significant  correlations  with  the  bird  species  abundance.  The  results  would  provide  potential  insights  into
protecting  the  bird  diversity  and  the  restoration  of the  bird  habitat  in  East  Dongting  Lake  wetland.

e
s
w
a
2
D
2
2
(
h
e
o

. Introduction

Wetland bird, an important component part in the wetland
cosystem, plays a vital role in maintaining ecological system sta-
ility and is a good indicator of environmental change in the
etland ecosystem (Mistry et al., 2008; Reid et al., 2013). Birds

re among the most iconic of ecological assets and very sensitive
o changes of the surrounding habitat (Devictor and Jiguet, 2007;

u et al., 2011). Information on birds is very commonly available
n that birds are taxonomically well known and easily censused
Larsen et al., 2012). What is more, understanding how bird species
espond to the environment factors is one of the key issues for the

anagement and conservation of the wetland bird habitat.
It is traditionally a central issue to study the relationship

etween birds and the environmental factors of their habitats in
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cology (Hinojosa-Huerta et al., 2013; Dong et al., 2013). Previous
tudies showed that the surrounding environment of bird species
as very complex and many factors should be taken into consider-

tion, such as land use (Chapman and Reich, 2007; Dallimer et al.,
010; Brambilla et al., 2012), landscape structure (Pino et al., 2000;
auber et al., 2003; Banks-Leite et al., 2011; Ortega-Álvarez et al.,
013), habitat gradients (Kujawa, 2002; Pearch-Higgins and Grant,
006; MacGregor-Fors et al., 2010; Chandler and King, 2011), road
Peris and Pescador, 2007; Summers et al., 2011; Butler et al., 2013),
uman disturbance (Blumstein et al., 2005; Smith et al., 2008; Cui
t al., 2009). In general, at a local scale, the focus was on the impact
f the within-habitat factors on bird populations (Söderström et al.,
001; Newton, 2004; Hendrickx et al., 2009), while at a broader
cale land-use variables and the structure and composition of land-
cape were investigated theoretically (Wretenberg et al., 2010;
erezo et al., 2011; Hanspach et al., 2011).

East Dongting Lake wetland is an important wintering habitat

or East Asian migratory birds. In recent years, more and more
omestic and foreign scholars have paid attention to the study
f East Dongting Lake wetland extensively (Xu et al., 2005; Ying
t al., 2007; Balen et al., 2011). In the current studies of avian

dx.doi.org/10.1016/j.ecoleng.2014.03.012
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n East Dongting Lake, experts mainly focus on resource, com-
unity structure and diversity. However, up till now, little work

ad been undertaken to study the relationship between birds and
nvironmental variables. Over the past few years, the community
tructure and diversity of bird species in East Dongting Lake has
hanged, especially after the operation of the Three Gorges Dam
Wang et al., 2012; Cong et al., 2012; Zhao et al., 2012). These might
ave resulted from many factors, such as local climate change,
am construction (Wu et al., 2013), road construction, and closed
anagement of the nature reserve. What is more, landscape frag-
entation and habitat loss in East Dongting Lake in recent years
ould also be two reasons (Anteau et al., 2012; Quesnelle et al.,

013). Therefore, it is urgent to achieve the deeper understand-
ng of the bird–environment relationship and identify the critical
ariables.

Modeling approaches are of vital importance in
pecies–environment studies. In particular, direct multivari-
te analysis, such as canonical correspondence analysis (CCA) and
edundancy analysis (RDA), were widely used (Vandvik and Birks,
002; Heikkinen et al., 2004; Dallimer et al., 2010). These methods
an appropriately identify factors that influence the diversity of
pecies community composition. However, it is still difficult to
istinguish the sole effect of each independent variable because
f multicollinearity and complicated relationship between the
nvironment factors. Partial analysis with a stepwise selection
rocedure is an extension of direct multivariate analysis and can
olve the problems better than other methods (Heikkinen et al.,
004; Zhang et al., 2011). This method has been used to estimate
he independent contribution of each variable or different groups
f variables to species components in many kinds of research fields.
onsequently, we mainly focus on direct multivariate analysis
ombined with partial analysis to quantificationally identify the
ossible environmental factors and their effects on bird species in
ur study.

By employing direct multivariate analysis combined with par-
ial analysis, we determined the independent and joint effects
f landscape structure, habitat index and human disturbance on
ird species. Specifically, the following questions were addressed:
1) whether changes in bird community could be associated with
elected environmental variables; (2) how much did the effects
f three groups of environmental variables differ; and (3) which
ariable(s) could be the critical one(s) markedly correlating with
he bird abundance? Understanding the relationship between birds
nd variables would provide potential insights into protecting the
ird diversity and the restoration of the bird habitat in East Dongt-

ng Lake.

. Materials and methods

.1. Study site

This study was conducted in East Dongting Lake Nature
eserve, which is situated in the southern bank of the middle
angtze River, Yueyang City, Hunan Province, China (approxi-
ately 28◦59′–29◦38′ N, 112◦43′–113◦15′ E) (Li et al., 2013). The

otal area is about 1900 km2, including water area of 654 km2, core
rea of 290 km2 and buffer area of 364 km2. East Dongting Lake lies
n the subtropical monsoon climate zone, with high accumulative
emperature, abundant heat and precipitation, and longtime sun-
hine. It is recorded that the annual average temperature of the

egion ranges from 16.4 to 17.0 ◦C, and the frost-free period from
59 to 277 d. What is more, East Dongting Lake Nature Reserve was

isted as one of China’s 30 most important wetlands in the Ramsar
onvention in 1992. Because of its special geographical position,

2
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eering 67 (2014) 67–75

nique climate conditions and topography, East Dongting Lake pro-
ides appropriate eco-environment for a wide variety of flora and
auna. Especially along with the water level reduces in winter, the
rass lands expose and provide abundant food for birds. East Dongt-
ng Lake gradually has become an important wintering habitat and
athway for East Asian migratory birds.

.2. Bird survey

Winter is a critical period for most birds because exposed grass
ands provide lots of food for birds in winter season and habi-
at availability may  affect the occurrence and abundance of many
pecies (Caprio et al., 2009). Hence, in this study, bird surveys
ere carried out in the study area in winter (dry season) during

he period after the operation of the Three Gorges Dam Project
lasting from 2006 to 2011) based on point counting (Buckland
t al., 2001; Wu  et al., 2011). Samplings were conducted from
ovember to February to record wintering species and each site
as sampled once or twice a year. Based on our long term expe-

ience, 15 representative sampling sites were investigated (Fig. 1).
o exclude year-to-year variation in bird patterns, we recorded the
ame sampling sites by same method every year. It is well known
hat the distribution of birds may  differ between years (Johnson,
008). However, the difference seemed negligible in our study. The
ird surveys were carried out within a radius of 1 km of the samp-

ing site each year on fine weather without rain or significant wind
Chapman and Reich, 2007).

Birds were observed by monocular (Nikula 10 × 42) and binoc-
lar (Swarovski). During surveys, the geographical position of each
ite was also recorded by using a handheld global positioning sys-
em (GPS; Vista). To estimate the densities of individual species, a
ist of all species was  collected.

.3. Environmental variables

Our assumption was that the relationship between bird species
nd environment should be investigated at the landscape, habitat
nd human levels. On the basis of previous studies (Yuan et al.,
013), three groups of explanatory variables were recorded to be
ossible influential factors for each sampling site: (1) landscape
tructure, (2) habitat index and (3) human disturbance. Two  land-
cape structure variables included in the study were patch density
PD), landscape diversity (using Shannon’s diversity index, LD).
ased on the information of the birds’ life habits and the com-
onents of wetland habitat, three habitat cover variables were
alculated: water area (WA), reed area (RA), sedge area (SA). As for
uman disturbance variables, distance to road (D1) and distance to
esidents (D2) could be representative. All variables were calculated
or each grid circle within 1 km radius.

The matrix variables in each study site were derived from TM
mages obtained by satellite Landsat in 2006 and 2007, and CCD
Charge-coupled Device) images taken by Environmental Satellite-
A/1B with visible spectrum cameras from 2008 to 2011. The time
f images was  synchronized with that of bird surveys. Both TM and
CD have spatial resolution of 30 m.  The images were converted

nto grid format after interpretation with Likelihood Classification
y means of ArcGIS 9.0, and the calculations of landscape and habi-
at variables were executed using Fragstats 3.3 (Heikkinen et al.,
004; Dallimer et al., 2010).
.4. Date analysis

Firstly, the changes of the bird community structure, quantity,
nd biodiversity were analyzed after the operation of the Three
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ig. 1. Sample sites of bird survey in East Dongting Lake. S1 – Caisang Lake; S2 – Sm
 Tuanzhou Beach; S8 – Zhuzi Estuary; S9 – Baihu Lake; S10 – Laoshuwei; S11 – Xin

orges Dam (from 2006 to 2011). Species diversity index was  cal-
ulated by using the following formula Eq. (1) (Wu  et al., 2011):

 = −
∑

Pi ln Pi (1)

here H is Shannon–Wiener index; Pi is equal to ni/N; ni is the
umber of ith species; and N is the total population.

To define dominant species, the dominance index was calcu-
ated by using the following formula Eq. (2) (Lin et al., 2011):

 = nifi
N

(2)

here Y is the dominance index of each species; and fi is occurrence
requency of species i. When Y ≥ 0.0 2, the species would denote
ominant ones.

To understand the multivariate bird–environment relationship,
he species square matrix of the sum standardization-transformed
bundance was used as a response variable in a preliminary
etrended correspondence analysis (DCA). The largest gradient

ength of the first DCA axes indicated that canonical cor-
espondence analysis (CCA) was appropriate for these data.

oreover, for those environmental variables, we applied log10-

ransformation (log10(x + 1)). CCA was performed to reveal the
elationships between bird species and environmental factors
nd identify relevant parameters that influence the diversity of

a
L

st Lake; S3 – Siba Beach; S4 – Dingzi Dyke; S5 – Junshan Lake; S6 – The outside; S7
ach; S12 – Meitan Bay; S13 – Hongqi Lake; S14 – Chunfeng Lake; S15 – Baota Lake.

ird species community composition (Ter Braak and Šmilauer,
002; Gunnarsson et al., 2006). Forward selection procedures were
hen applied to select the variables with significant influences
P < 0.05) and to exclude the variables that did not effect signif-
cantly (P > 0.05). After forward selection procedures, partial CCA

as executed to determine the independent influence of each vari-
ble when a significant variable was used as definitive one while
he others were used as covariables. The proportion of explained
ariation (net effect) was measured by using the ratio of particu-
ar canonical eigenvalues to the sum of all eigenvalues in partial
CA procedures (Lososová et al., 2004). (Partial) CCA and Monte
arlo permutation test with 999 permutations were performed to
valuate the significance of variables separately.

All the analyses were carried out in CANOCO 4.5 (Ter Braak and
ˇmilauer, 2002; Lepš and Šmilauer, 2003). Statistical significance

as kept at P < 0.05 for all analyses.

. Results

.1. Species diversity and composition
In this study, we  mainly focused on Anatidae birds which
ccount for about 70% of the total population in East Dongting
ake. In total, 20 species of Anatidae birds were encountered
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Table 1
Number of species and Shannon–Wiener Diversity of birds in East Dongting Lake.

Year Number of species Shannon–wiener diversity

2006 17 1.9578
2007 14 2.0054
2008 18 1.7587
2009 17 1.9077

d
G
b
2
i
C
c
i
f
r
b
c
h
e
i

3

n
A
s
(
t
G
G
n
o
t
a
s

Table 2
List of bird species and dominance in East Dongting Lake (mean value).

Species Amount Dominance

Cygnus columbianus 1424 0.0058
Anser cygnoides 53 0.0001
Anser fabalis 19,516 0.1466
Anser albifrons 11,660 0.0404
Anser erythropus 33,241 0.1920
Anser anser 176 0.0003
Tadorna ferruginea 1508 0.0070
Tadorna tadorna 713 0.0021
Anas penelope 1804 0.0042
Anas falcata 11,916 0.0413
Anas strepera 2292 0.0066
Anas crecca 5137 0.0208
Anas platyrhynchos 1509 0.0061
Anas zonorhyncha 2429 0.0098
Anas acuta 5676 0.0131
Anas clypeata 184 0.0004
Aythya ferina 318 0.0006
Bucephala clangula 36 0.0000
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t
a
data and 100% variance of species–environment relation, among
2010 18 2.0156
2011 20 1.9010

uring the six years (Table 1). After the operation of the Three
orges Dam, the bird species community structure, quantity, and
iodiversity indeed had changed. 20 species were identified in
011, while only 14 species were identified in 2007. More specif-

cally, Greylag Goose (Anser anser) did not occur in 2009, while
ommon Shelduck (Tadorna tadorna), Northern Shoveler (Anas
lypeata) and Common Merganser (Mergus merganser)  did not occur
n 2007. Among with the 20 species, Common Pochard (Aythya
erina) and Common Goldeneye (Bucephala clangula) were only
ecorded in 2011. The total population varied every year (Fig. 2). The
ird population increased year by year but decreased in 2011. Espe-
ially, the total population of Anatidae birds in 2010 was  obviously
igher than the other years. By calculating the diversity index of
ach year, the highest and lowest diversity index values were found
n 2010 and 2008, respectively.

.2. Species dominance

The bird distribution varied in different sites and the domi-
ance index of each species ranged from 0 to 0.1920 (Table 2).
mong the 20 species, there were five dominant species in our
urvey: Bean Goose (Anser fabalis,  Y= 0.1466), White-fronted Goose
Anser albifrons, Y= 0.0404), Lesser White-fronted Goose (Anser ery-
hropus, Y= 0.1920), Falcated Duck (Anas falcate,  Y= 0.0413) and
reen-winged Teal (Anas crecca,  Y= 0.0208). Lesser White-fronted
oose with the highest dominance index value was the most domi-
ant species in East Dongting Lake. Five dominant species occurred

n at least 40% of sites and accounted for approximately 81.28% of
he total richness. Hence, the five dominant species were included
s representatives in the species–environment relationship analy-
is.

Fig. 2. Changes of the population of birds in East Dongting Lake.
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Mergellus albellus 341 0.0006
Mergus merganser 271 0.0003

.3. Environmental variables and correlation analysis

The environmental variables were shown in Table 3. According
o the correlation analysis of all the environmental variables, PD
as positively correlated with RA, D1 and D2 at 5% significant level.

D was  positively correlated with WA,  D1 and D2 at 5% significant
evel and negatively correlated with SA. SA had a significant nega-
ive correlation with WA and RA. There was a positive correlation
etween RA, D1 and D2 at 1% significant level (Table 4).

.4. Canonical correspondence analysis (CCA)

The results of the CCA were shown in Table 5. The eigenvalues of
he first two  canonical axes were much higher than the other two
xes. The all canonical axes explained 88.6% variance of species
hich the cumulative explanation of the first two  axes reached
2.8% of species data and 70.8% of species–environment relation.
oreover, Monte Carlo permutation tests for the first and all

ig. 3. CCA ordination diagram of species distribution and environmental factors
n  East Dongting Lake. Environmental variables were represented by solid lines

ith filled arrows. Samples were represented by open circles, whereas species were
eant by triangles.
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Table  3
Analysis of the environmental variables.

Environmental variables Patch density Landscape diversity Water area Reed area Sedge area Distance to road Distance to residents

Unit n/100 ha – ha ha ha km km
Minimum 1.274 0.042 0.01 0.011 0.085 0.201 0.381
Maximum 29.927 5.409 2.66 2.237 3.119 12.732 14.286
Mean  16.021 1.184 0.661 0.861 1.426 3.066 4.014
Standard deviation 8.087 1.228 0.781 0.712 1.024 3.442 3.709

Table 4
Correlation analysis of all the environmental variables.

Environmental variables Patch density Landscape diversity Water area Reed area Sedge area Distance to road Distance to residents

Patch density 1
Landscape diversity 0.31 1
Water area 0.052 0.498* 1
Reed area 0.313* 0.215 0.178 1
Sedge area −0.231 −0.435* −0.793** −0.686** 1
Distance to road 0.359* 0.426* −0.155 0.688** −0.305 1
Distance to residents 0.449* 0.414* −0.142 0.668** −0.317 0.948** 1

* Correlation at the 5% significant level.
** Correlation at the 1% significant level.

Table 5
CCA ordination summary and correlation coefficients between environmental factors and ordination axes.

Summary of CCA ordination Axis 1 Axis 2 Axis 3 Axis 4

Eigenvalue 0.442 0.312 0.257 0.053
Species–environment correlations 0.967 0.965 0.964 0.674
Cumulative % variance of species data 36.8 62.8 84.2 88.6
Of  species–environment relation 41.5 70.8 95.0 100.0
Patch  density 0.428 −0.529 −0.088 0.208
Landscape diversity 0.622 0.237 0.021 0.332
Water  area 0.301 0.706 −0.271 0.298
Reed  area 0.768 0.015 −0.115 −0.296
Sedge  area −0.645 −0.410 0.443 −0.076
Distance to road 0.851 −0.331 0.109 −0.114

c
t
2
a
t
w
l
2
d
i

3
a

e
o
t
(
7
a
t
w
e
t
a

e

p
e
o
(
c
r
l

m
b
g
i
D
T
n
W
c
f
W
c
(

4

Distance to residents 0.810 

Test  of significance of first canonical axis 

Test  of significance of all canonical axes 

anonical axes were highly significant (P = 0.002, PY= 0.001, respec-
ively). For species–environment relation, approximate 41.5% and
9.3% of the variation were respectively explained by axis 1 and
xis 2. On the whole, the first two canonical axes could explain
he relationship between species and the environmental variables
ell. All environmental variables except SA were positively corre-

ated with axis 1. There was a negative correlation between axis
 and PD, SA, D1 and D2 (Fig. 3). The biplot of the overall species
istribution and environmental explanatory variables was shown

n Fig. 3.

.5. Forward selection and partial canonical correspondence
nalysis (partial CCA)

Forward selection of environmental variables suggested that the
ffects of three groups of explanatory variables differed with each
ther. (1) Landscape structure variables including PD and LD statis-
ically explained approximately 40.95% of the variation (PY= 0.027).
2) Habitat index variables including WA,  RA and SA accounted for
5.58% of the variation (PY= 0.001). (3) Human disturbance vari-
bles including D1 and D2 statistically explained about 51.97% of
he variation (PY= 0.007) (Table 6). What is more, forward selection
as employed in this study to identify variables of significant influ-

nce. In this procedure, PD, WA,  RA, SA and D2 were checked out

o be the major variables markedly correlating with the abundance
nd distribution of bird species (PY< 0.05).

Partial CCA was carried out to calculate net effect of each
xplanatory variable. Percentages of variation explained by each

4

o

−0.419 0.158 0.002
P = 0.002
P = 0.001

articular variable were shown in Table 5 without the other shared
xplanatory variables. PD alone accounted for 35.38% (PY= 0.013)
f the variation in the bird date, while WA solely explained 56.92%
PY= 0.001) of the variation, RA capturing 48.69% (PY= 0.003), SA
apturing 61.94% (PY= 0.001), D2 capturing 30.65% (PY= 0.001),
espectively. The effects of LD and D1 did not reach a significant
evel.

The statistical significance of each species responding to the five
ajor environmental variables was  tested by producing t-value

iplots based on the CCA procedure. The relationship between sin-
le species and a particular environmental variable was shown
n Fig. 4. PD had a significant positive correlation with Falcated
uck and a significant negative correlation with Green-winged
eal (Fig. 4a). Bean Goose and White-fronted Goose were sig-
ificantly positive correlated with WA,  RA and SA while Lesser
hite-fronted Goose and Falcated Duck were significantly negative

orrelated with the three environmental variables (Fig. 4b–d). As
or D1, there was a significant negative correlation between Lesser

hite-fronted Goose and Green-winged Teal with it (Fig. 4e). The
umulative explanation of the five major variables was up to 80.43%
PY= 0.001) of the variation.

. Discussion
.1. The variety of bird species and the possible influence factors

The bird surveys were carried out during the period after the
peration of the Three Gorges Dam Project (from 2006 to 2011).
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Fig. 4. t-Value biplots of the five main environmental variables. (a) Patch density, (b) water area, (c) reed area, (d) sedge area and (e) distance to residents. The dashed lines
with  unfilled arrows indicated each species, and the solid lines with filled arrows represented environmental variables. The circles filled with gray color represented negative
correlation while the transparent ones represented positive correlation.
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Table  6
Effects of environmental variables on species abundance. Eigenvalues, P-value and F-ratio were obtained from the partial CCA.

Environmental variables Eigenvalue Sum of all eigenvalues Net effect % P-value F-ratio

Patch density 0.075 0.212 35.38 0.013 3.85
Landscape diversity 0.016 0.153 10.46 0.509 0.80
Water  area 0.181 0.318 56.92 0.001 9.24
Reed  area 0.130 0.267 48.69 0.003 6.66
Sedge  area 0.223 0.360 61.94 0.001 11.40
Distance to road 0.031 0.168 18.45 0.147 1.61
Distance to residents 0.061 0.198 30.65 0.036 3.13
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Landscape structure 0.095 0.232 

Habitat  index 0.424 0.561 

Human  disturbance 0.148 0.285 

ast Dongting Lake wetland is an important wintering habitat and
athway for East Asian migratory birds. The total bird population

ncreased year by year in our study. Firstly, it might be indirectly
ue to the hydrological changes of the Three Gorges Dam espe-
ially water replenishing in dry season which would affect the
hanges of water area and some landscape variables (Zhao et al.,
012). Secondly, changes in bird numbers might correlate with
he closed-off management in East Dongting Lake (since 2006)
hich contributed to reduction in human disturbance. However,

he population decreased in 2011, when the water level happened
o be low in East Dongting Lake. The total population of birds var-
ed every year. Then, we should validate our hypothesis that the
ird species were related to the environmental factors including

andscape structure, habitat and human disturbance in this study.

.2. The rationality of the research method

Many models were developed to reveal the response of bird
pecies to environmental variables (Swagemakers et al., 2009). In
his paper, direct multivariate analysis and partial analysis were
mployed to study the relationship between environmental vari-
bles and bird species in East Dongting Lake. Firstly, DCA was
arried out to decide which direct multivariate analysis to choose
or the bird species diversity data, whether linear or unimodal
esponse model. The largest gradient length of the first DCA ordina-
ion axis was 4.014, which indicated that unimodal response model
as appropriate (Ter Braak and Šmilauer, 2002). Thus, CCA com-

ined with separate partial CCA were adopted in this study. The
ethods could well analyze and quantify the joint and the sole

ffects of these selected variables. Moreover, the results demon-
trated that the abundance of bird species indeed was  associated
ith environmental variables.

.3. The role of study scale

Numerous researches on bird revealed that study scale would be
n important element and many studies focused on an intermedi-
te scale with sample plots of about 500 m × 500 m to 2 km × 2 km
Heikkinen et al., 2004). While in this paper, we  focused on the
cale of the radius of 1 km.  To determine whether the scale could
ffect the results of our study, further studies with different scale
cenarios should be carried out. To some extent, it is important to
tudy the effects of these variables within multiple spatial scales
imultaneously. Many similar studies showed that bird data from
t least two years would make the results reliably (Fuller et al.,
997; Söderström et al., 2001). In our study, we mainly focused
n the bird–environment relationship based on bird surveys in

inter from 2006 to 2011. In order to reduce the error caused by

naccuracy, we used the mean value in our study. Thus, the dynam-
cs of the bird species would probably be a minor factor in our
tudy.

m
D

h

40.95 0.027 2.44
75.58 0.001 7.22
51.93 0.007 3.79

.4. The effects of environmental variables on bird species

Studies of relationship between bird species and environmental
ariables were mainly concentrated on landscape-level, habitat-
evel and human-level (Seoane et al., 2004; Chapman and Reich,
007; Smith et al., 2008; Gomez-Sapiens et al., 2013). Though
he explanatory variables were attached more weight, other vari-
bles should not be neglected. In this study, the three groups of
xplanatory variables were confirmed to markedly correlate with
he abundance of birds with different explanation abilities. The
esults showed that the solely effect of habitat-level variables was
ore evident than the effects of the other two group variables

Luna-Jorquera et al., 2012; Yuan et al., 2013). Similar results were
btained by Heikkinen et al. (2004) in a two-year study conducted
n a south-western Finland.

At the landscape-level, PD significantly correlated with the bird
pecies abundance. Along with the increase of PD, the degree of
andscape fragmentation increases, thereby affecting bird abun-
ance. As for the habitat-level, WA,  RA and SA were confirmed to be

mportant variables (Fig. 4). These results may  partly associate with
he living habits of each bird species. The environmental variables
elected in our study were of high representativeness which could
ell interpretate the species–environment relationship. However,
ore comprehensive aspects should be considered in the next
ork. The bird species abundance was found to decline in proximity

o the road in previous studies (Summers et al., 2011). Nevertheless,
n our study, there was  no significant correlation between road and
ird species. The discrepancy between our results and those previ-
us studies may  partly due to the particular feature of the natural
etland and covariables used in this study. No significant correla-

ions between some variables like LD, D1 and species were found in
ur study. Nonetheless, it did not imply that those variables were
f no importance in determining species community compositions.
t can be only concluded that the correlation did not reach a signifi-
ant level in this study. Hence, further work is needed to determine
he effects of the variables.

.5. Conservation implications

The findings of this study are consistent with the previous study
Yuan et al., 2013). As for sampling sites, we  only selected 15
ites in our study. However, these sites are of good representa-
iveness and have little influence on the result of this study. This
aper is expected to provide some references for bird conservation
nd habitat restoration. It is suggested that the regulatory authori-
ies and environmental protection agencies should take landscape,
abitat and human level factors into consideration when imple-

enting biodiversity conservation and habitat restoration in East
ongting Lake.

We  believe that conservation will succeed if more compre-
ensive and scientific conservation strategies are developed by
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sing multi-scale assessments (Vera et al., 2011). On one hand,
abitat-level factors are confirmed to be the most key variables.
natidae birds prefer to inhabit shallow as well as the open water
rea. According to our study, the wetland administrator should pay
ttention to habitat ecological restoration, such as planting vegeta-
ion in shallow water areas to provide food and living conditions for
irds. On the other hand, rainfall between November and December
ay  contribute to habitat replenishment, although smaller in mag-

itude than the volumes of water received from the upstream. We
till suggest the manager to supply abundant water and guarantee
ppropriate water area to meet habitat requirements, especially
n drought years. Furthermore, we must avoid too much human
isturbs or carry out close management in some important habi-
ats. Our study suggested that even within the same foraging guild,
ubtle differences still exist in the habitat selection. We  should take
ther variables that we have not addressed directly in our study,
uch as hydrological regime, sediment regime, and contamination.

Along with the better understanding of bird–environment rela-
ion, success of biodiversity conservation is likely to improve.
herefore, to some extent, a further study should be carried out
o quantify the effects of more comprehensive variables and influ-
nce ranges of each environmental factor on wetland birds in East
ongting Lake.

. Conclusions

In summary, the species variation was significantly associated
ith landscape structure, habitat index and human disturbance
hile the individual effect of habitat-level variables was  most

vident. Among the seven chosen environmental variables, five
ritical ones markedly related to bird species with patch density
lone accounting for 35.38% of the variation in the bird data, while
ater area individually explaining 56.92%, reed area capturing

8.69%, sedge area capturing 61.94%, distance to residents captur-
ng 30.65%, respectively. No obvious indication was  found in our
tudy to prove that landscape diversity and distance to road had
ignificant correlations with bird species.
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