Received: 18 September 2019

Revised: 25 March 2020

Accepted: 3 April 2020

DOI: 10.1002/ece3.6319

ORIGINAL RESEARCH

Ecol d Evoluti
cology an vou|on W“_.EY

Noncrop features and heterogeneity mediate overwintering
bird diversity in agricultural landscapes of southwest China

Depin Lit2

Key Laboratory for Biodiversity Science
and Ecological Engineering, College of Life
Sciences, Beijing Normal University, Beijing,
China

?Institute of Eastern-Himalaya Biodiversity
Research, Dali University, Dali, China

3Guangdong Key Laboratory of Animal
Conservation and Resource Utilization,
Guangdong Public Laboratory of Wild
Animal Conservation and Utilization,
Guangdong Institute of Applied Biological
Resources, Guangzhou, China

Correspondence

Zhengwang Zhang, Key Laboratory

for Biodiversity Science and Ecological
Engineering, College of Life Sciences, Beijing
Normal University, Beijing 100875, China.
Email address: zzw@bnu.edu.cn

Funding information

the provincial innovation team of
biodiversity conservation and utility of

the three parallel rivers region from Dali
University; Yunnan Ministry of Education,
Grant/Award Number: 2018JS417; Yunnan
Ministry of Science &Technology, Grant/
Award Number: 2016FD069; Collaborative
Innovation Center for Biodiversity and
Conservation in the Three Parallel Rivers
Region of China

| Myung-Bok Lee®

| Wen Xiao? | JiaTang? | Zhengwang Zhang’

Abstract

Farmland birds are of conservation concerns around the world. In China, conserva-
tion management has focused primarily on natural habitats, whereas little attention
has been given to agricultural landscapes. Although agricultural land use is intensive
in China, environmental heterogeneity can be highly variable in some regions due to
variations in crop and noncrop elements within a landscape. We examined how non-
crop heterogeneity, crop heterogeneity, and noncrop features (noncrop vegetation
and water body such as open water) influenced species richness and abundance of all
birds as well as three functional groups (woodland species, agricultural land species,
and agricultural wetland species) in the paddy-dominated landscapes of Erhai water
basin situated in northwest Yunnan, China. Birds, crop, and noncrop vegetation sur-
veys in twenty 1 km x 1 km landscape plots were conducted during the winter season
(from 2014 to 2015). The results revealed that bird community compositions were
best explained by amounts of noncrop vegetation and compositional heterogeneity
of noncrop habitat (Shannon-Wiener index). Both variables also had a positive effect
on richness and abundance of woodland species. Richness of agricultural wetland
species increased with increasing areas of water bodies within the landscape plot.
Richness of total species was also greater in the landscapes characterized by larger
areas of water bodies, high proportion of noncrop vegetation, high compositional
heterogeneity of noncrop habitat, or small field patches (high crop configurational
heterogeneity). Crop compositional heterogeneity did not show significant effects
neither on the whole community (all birds) nor on any of the three functional groups
considered. These findings suggest that total bird diversity and some functional
groups, especially woodland species, would benefit from increases in the proportion
of noncrop features such as woody vegetation and water bodies as well as composi-

tional heterogeneity of noncrop features within landscape.
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1 | INTRODUCTION

Over the past 50 years, agricultural intensification has been one of
the main drivers of biodiversity decline in both temperate and trop-
ical regions (Amano et al., 2008; Donald, Green, & Heath, 2001;
Haslem & Bennett, 2008; Ikin et al., 2014). Given the fact that the
subtropical and tropical regions of developing countries have experi-
enced the most intense transformations (Rudel et al., 2009), there is
an urgent need to identify key factors that can minimize biodiversity
loss in these areas.

Several studies have emphasized the importance of habitat or
landscape heterogeneity (environmental heterogeneity, hereaf-
ter) for conserving or restoring biodiversity in agricultural land-
scapes (Batary, Fischer, Baldi, Crist, & Tscharntke, 2011; Benton,
Vickery, & Wilson, 2003; Fahrig et al., 2011). Environmental het-
erogeneity is measured primarily based on seminatural and nat-
ural elements such as compositional heterogeneity (diversity of
these elements) and configurational heterogeneity (their spatial
arrangement) at multiple spatial scales (Barbaro, Rossi, Vetillard,
Nezan, & Jactel, 2007; Fahrig et al., 2011; Neumann, Griffiths,
Foster, & Holloway, 2016). Increasing compositional heterogene-
ity, for example, increasing the richness and proportion of natu-
ral or seminatural habitats preserved in agricultural landscapes
such as hedgerows, scrublands, riparian vegetation, woodlands,
and ponds, can have a positive impact on biodiversity by pro-
viding different types of habitats or complementary resources
for diverse plants and animals (Ricketts, 2001; Wethered &
Lawes, 2003). A complex pattern of spatial arrangement (i.e., high
configurational heterogeneity) of these seminatural and natural
elements can increase the variability of microclimate conditions
(Stein, Gerstner, & Kreft, 2014), facilitate animal movements be-
tween habitat patches (Fischer & Lindenmayer, 2002; Lawton
et al,, 2010), and improve resource accessibility of species
(Fahrig et al., 2011). The amount of noncrop vegetation (trees,
shrubs, and grassy/herbaceous vegetation) and other noncrop
features (open water) as well as the characteristics of field mar-
gins also benefit biodiversity in agricultural landscapes (Amano
et al., 2008; Gil-Tena et al., 2015; Wilson et al., 2017). However,
because increasing noncrop elements within farmlands would
reduce the area of productive land, this may not be a desirable
option in many cases (Fischer et al., 2008; Khoury et al., 2014).
Crop or cropland heterogeneity has been proposed as an alter-
native strategy that may achieve both biodiversity conservation
and agricultural productivity goals (Fahrig et al., 2011). Similar
to the heterogeneity of noncrop elements (mostly seminatural/
natural vegetation types), cropland heterogeneity can promote
biodiversity when diverse crop types provide resources for dif-
ferent species (niche differentiation effects) or complementary
resources (complementation effects) to meet the varying re-
source requirement of single species in space and time (Donald
et al., 2001; Fahrig et al., 2011). Positive effects of crop com-

positional heterogeneity on the diversity of birds and insects

are reported in several studies (Donald et al., 2001; Gottschalk
et al., 2010; Palmu, Ekroos, Hanson, Smith, & Hedlund, 2014).
Crop configurational heterogeneity may also positively affect
biodiversity when there is a greater retention of seminatu-
ral habitats such as hedgerows, riparian corridors, and grassy
strips at field edges or between fields (Evans, Burger, Riffell, &
Smith, 2014; Weibull, Bengtsson, & Nohlgren, 2008). The pos-
itive relationship between crop configurational heterogeneity
and biodiversity is often found (Collins & Fahrig, 2017; Fahrig
et al., 2015). However, the effect of crop compositional hetero-
geneity shows inconsistent patterns, which may be associated
with differences in farmland practices, variations in crop types,
and the degree of agricultural intensity among study sites (Fahrig
et al., 2015; Piha, Tiainen, Holopainen, & Vepsalanen, 2007;
Tscharntke et al., 2016).

Agricultural land use in China has been continuously intensified
since the 1970s due to high pressure on food security, leading to
rapid loss of biodiversity (Baudry, Yu, & Cai, 1999; UNDP/GEF &
MFPRC, 2005). However, biodiversity conservation being mainly fo-
cused on natural habitats. As little attention has given to agricultural
landscape, there is a considerable lack of knowledge about the bio-
diversity-environment relationship in agricultural landscapes (Liu,
Duan, & Yu, 2013).

Northwest Yunnan is located in the southern section of the
Hengduan Mountains which are part of the south-central China
biodiversity hotspot (Myers, Mittermeier, Mittermeier, Fonseca, &
Ket, 2000). This region is also situated on the western side of the
flyway of migrant birds in China (Zhang & Yang, 1997). Similar to
other agricultural areas of China, habitat degradation within tradi-
tional farmlands in northwest Yunnan has increased due to conver-
sion to modern farming systems (e.g., construction of tractor roads)
and industrial monocultures (e.g., massive garlic plantations in win-
ter season), especially in plain areas, creating more homogeneous
landscapes (Sun et al., 2017). Although this change could negatively
affect biodiversity in the region, it is unknown how agricultural land
uses and practices influence bird diversity.

We studied relationships between overwintering bird diversity
and environmental characteristics in the agricultural landscapes
of the Erhai basin situated in northwest Yunnan. In particular, our
study aimed to examine how environmental heterogeneity (crop
heterogeneity and noncrop heterogeneity) affects bird diversity
in the plain areas of agricultural landscapes during the winter sea-
son. We considered birds as a target taxon because they play an
important role in ecosystem functioning (Sekercioglu, 2006; Sodhi
et al., 2005), are easy to sample, and can be a good environmental
indicator (Sodhi et al., 2005). Given the positive biodiversity-envi-
ronmental heterogeneity relationship, we expected that both the
total richness and abundance (including all birds; whole commu-
nity) as well as the richness and abundance of three functional
groups classified based on species' habitat preference would in-
crease with increasing crop compositional heterogeneity, crop

configurational heterogeneity (mean field patch size), and noncrop
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FIGURE 1 Location of the study region, Erhai water basin, northwest Yunnan, China. Each square represents a landscape plot, 1 km? in
size

compositional heterogeneity. Furthermore, because noncrop veg- also expected that the proportion of noncrop vegetation would
etation can offer shelter, foraging, or nesting places for farmland have a positive effect on birds, particularly woodland and agricul-
birds (Benton et al., 2003; Fuller, Hinsley, & Swetnam, 2004), we tural land species.
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2 | MATERIALS AND METHODS
2.1 | Study area

This study was conducted in the plain areas of Erhai water basin
(25°38"-26°19'N, 99°55'-100°13'E) situated in northwest Yunnan,
China, spanning between Dali city in the south, a corridor lying be-
tween the Cangshan Mountain in the west and the Erhai Lake in the
east, and part of Eryuan County in the north (Figure 1). The climate
is subtropical plateau monsoon with annual precipitation of 1,000-
1,200 mm (mainly in summer) and average annual temperature of
15.1°C (Ren, Yang, Wang, & Tang, 2011). The elevation of the study
area varies between 1,970 and 2,200 m a. s. I. Although arable fields
are predominant in the area, other land cover types such as grass veg-
etation, riparian forest, nursery garden (the area within farms that
used by farmers to cultivate trees for commercial purpose), farm vil-
lage, and urban area are common. Garlic (Allium sativum) is a main crop
cultivated in the area, especially in the winter planting season (from
October to April), representing over 40% of all crops. Other common
crops are horse bean (Vicia faba), barley (Hordeum sp.), and romaine
(Lactuca sp.). The native woody vegetation is largely composed of
broadleaved deciduous forest and nursery garden vegetation, domi-
nated by Chinese aspen (Populus adenopoda), Nepalese alder (Alnus
nepalensis), willow (Salix sp.), and red rhododendron (Rhododendron de-
lavayi). Vegetation cover at the grass layer is mainly occupied by annual
meadow grass (Poa annua), love grass (Eragrostis ferruginea), stinging
nettles (Urtica laetevirens), goosegrass (Galium aparine), and Bahama
grass (Cynodon dactylon). Eighty-seven bird species are known to be
found in the agricultural landscapes near Dali City, fifty-six of them
belonging to the order Passeriformes (Han, Yan, & Deng, 2013). White
Wagtail (Motacilla alba), Russet Sparrow (Passer cinnamomeus), Long-
tailed Shrike (Lanius schach), and Siberian Stonechat (Saxicola maurus)

are the most dominant species (Han et al., 2013).

2.2 | Data collection
2.2.1 | Survey design

We selected twenty 1 x 1 km landscape plots for bird surveys. The land-
scape plot size is large enough to include multiple landscape elements
and small enough to allow replication and thorough sampling of all el-
ements in each plot (Haslem & Bennett, 2008). The average distance
between plot centers was 27.8 km (range 2.3-69.4 km). Landscape plots
were selected by considering richness of land cover types and crop di-
versity (Table S1). In order to reduce the impacts of traffic and human

activities, we avoided urban areas and main transportation lines.

2.2.2 | Bird surveys

To perform bird survey, we divided each plot into 16 blocks,

250 x 250 m in size each (Figure 1). Sample points were established

at the center of each block, resulting in a total of 16 sample points
per plot. Bird surveys were conducted four times (twice in the
morning and twice in the evening for each landscape plot) between
25 October 2014 and 06 March 2015 by two observers, using a
fixed 100-m radius point count method (Bibby, Burgess, Hill, &
Mustoe, 2000; Douglas et al., 2014). At each survey, the observer
recorded all species seen or heard within a 100 m radius area sur-
rounding a sample point, for 10 min. This duration is long enough
to detect higher species numbers by avoiding double counts (Ralph,
Droege, & Sauer, 1995). Birds flying over the sampling points were
also recorded but excluded for analyses. Morning and evening sur-
veys were conducted during the first 3 hr after sunrise and the last
two and a half hours before sunset, respectively. We did not per-
form bird surveys under unsuitable weather conditions, such as rain,
strong wind, or too high temperature. We alternated survey orders
between two observers, between plots, and between points within a
plot to ensure that landscape plots were sampled equally in morning
and afternoon survey periods and to reduce a bias associated with
observer (Haslem & Bennett, 2008). The two observers were well
trained and had more than 4 years of experience in bird surveys, and
thus, we assumed observer effect could be negligible in our study.
Although a total of six points were located in forest habitat across
three plots (1-3 points at three out of twenty plots) in this study,
these forests had relatively low density of vegetation cover, espe-
cially understory vegetation. Thus, we also assumed that the habitat
types at which sample points were located, for example, open habi-
tat (farm field) versus forest habitat, would have a minimal effect on
overall detectability of birds and our results. We followed recom-
mendation from “A Checklist on the Classification and Distribution
of the Birds of China (Third Edition)” for bird taxonomy and nomen-
clature (Zheng, 2017).

2.2.3 | Environmental variables

Within each landscape plot, we identified all crop and noncrop el-
ements (eucalyptus, other woody vegetation, nonwoody vegeta-
tion, and water bodies) directly in the field and recorded them on
a printed Google Earth image acquired between May 2014 and
March 2015, but mostly between October and November 2014
(www.earth.google.com). The boundary between different crops
within the same field was also determined using a Global Position
System Receiver (Garmin 500) and marked on the printed image. All
spatial information was digitized in Google Earth. Crop fields were
delineated if there were visible field boundaries often covered with
noncrop vegetation or if adjacent crop types were different regard-
less of the presence of noncrop vegetation on the boundary (Fahrig
etal., 2015). Areas of each crop and noncrop feature were calculated
using ArcGIS 10.1 (ESRI, 2011).

We found 23 different crops cultivated across twenty landscape
plots. As a measure of crop diversity (crop compositional heteroge-
neity), we used Shannon-Wiener diversity index and calculated the

index based on the genus of a crop (a total of 16 genera) because
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some crops were rare or their proportion was too small (Table S1;
Lee & Goodale, 2018). The configurational heterogeneity of crop-
lands was quantified by the mean patch size of all arable fields in a
landscape plot (Fahrig et al., 2015; Josefsson, Berg, Hiron, Part, &
Eggers, 2017). Considering the findings of previous studies (Heath,
Candan, Karen, Rodd, & Sara, 2017; Lee & Goodale, 2018) and the
characteristics of noncrop elements in our study area, we classified
noncrop elements into five types associated with birds: eucalyptus
vegetation (Eucalyptus spp.), other woody vegetation, nonwoody
vegetation, water bodies (streams, lakes, and ponds), and old fal-
low (uncultivated land covered with weeds and crop stubble during
study period). Composition heterogeneity of noncrop elements
(noncrop habitat diversity; Shannon-Wiener diversity index) was
calculated using the percent cover of each of the five types. We also
summed the percent cover of eucalyptus, other woody vegetation,
and nonwoody vegetation to indicate the amount of noncrop veg-
etation within a landscape plot. An overview of summary statistics

for all variables used for analysis in final models is given in Table 1.
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2.3 | Data analysis

We categorized 86 species into five groups based on habitat prefer-
ences by referring to Zhao (2001), Amano et al. (2008), Katayama,
Osawa, Amano, and Kusumotoa (2015), and “Handbook to the Birds
of the World Alive” (http://www.hbw.com): agricultural land species
(birds using dry farmland), agricultural wetland species (birds forag-
ing in agricultural wetlands such as ponds and wet fields), woodland
species (forest edge, open forest, and forest interior species), raptors
(Falconiformes, Accipitriformes, and Strigiformes), and urban species
(see Table S1 for habitat preferences of these 86 species). Raptor and
urban species were included in whole community (total species rich-
ness and abundance) but not analyzed separately because of their
low occurrence.

Each landscape plot (1 x 1 km in size) was considered as a sample
unit for analysis, following the approach of previous studies (Amano
et al., 2008; Douglas et al., 2014; Haslem & Bennett, 2008). For rich-
ness of total species and each ecological group, we included species

TABLE 1 Description of explanatory variables and response variables used for analysis

Variables Description

Explanatory variables

Noncrop vegetation
(Non-cropP)

Water body

Mean patch size (MPS, ha)

Crop Shannon's diversity
(CropH)

Noncrop habitat diversity
(Non-cropH)

Response variables

Total species richness

Abundance of total species

Woodland species richness

Abundance of woodland
species

Agricultural land species
richness

Abundance of agricultural
land species

Agricultural wetland
species richness

Abundance of agricultural
wetland species

Sum of percent cover of eucalyptus, other woody vegetation
(including trees planted in the nursery garden), and
nonwoody vegetation

Total area (ha) of open water including stream, pond, and
water reservoir for farming

Mean field size

Shannon-Wiener diversity index calculated based on the 16
genera of 23 different crops cultivated across our study area
(Table S1 for the list of crops)

Shannon-Wiener diversity index calculated using the
proportional cover of five noncrop habitat types:
eucalyptus, other woody vegetation (such as small forest
patch dominated by Chinese aspen, alder, or willow),
nonwoody vegetation, water body, and old fallow

Total number of species detected at least once during four
visits
Mean number of all birds per visit

Total number of woodland species detected at least once
during four visits

Mean number of birds of woodland species per visit

Total number of agricultural land species detected at least
once during four visits

Mean number of birds of agricultural land species per visit

Total number of agricultural wetland species detected at least
once during four visits

Mean number of birds of agricultural wetland species per visit

Mean SD Min Max
10.40 6.00 3.50 22.30
0.42 0.69 0.00 2.89
0.08 0.02 0.05 0.13
0.79 0.35 0.142 1.43
1.10 0.24 0.50 1.53
33.50 5.33 17.00 43.00
187.60 32.21 126.00 235.00
5.40 3.03 0.00 13.00
17.25 12.04 0.00 43.50
12.05 1.61 9.00 15.00
138.49 25.91 97.75 188.00
5.65 2.58 0.00 10.00
3.98 3.74 0.00 17.00
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detected at least once during surveys. Abundance was calculated
by summing all counts within a plot and then dividing the sum by 4
visits, following the approach of other studies (Amano et al., 2008;
Douglas et al., 2014). The distance (2250 m) of sample points in each
landscape plot was relatively close and survey used a 100 m radius,
which may increase the risk of double counts (dependence between
point counts within a plot) in our study. However, we considered that
the effect of double counts was consistent across plots, because we
used the same number of points in each landscape plot and all points
were equally surveyed by each of two observers.

To examine how landscape characteristics affect species compo-
sition of birds in agricultural landscapes, we used ordination methods
in Canoco (Windows Version 5.0; Smilauer & Leps, 2014). Detrended
correspondence analysis (DCA) was run a priori in order to estimate
the length of the composition gradient. The gradient length, that is,
1.690 for the first axis, indicated that the linear models of redun-
dancy analysis (RDA) were appropriate (Ter Braak & Smilauer, 2002).
We used a total of 86 species detected at least once during four
visits and mean abundance of each species across four visits at each
plot. Abundance data were Hellinger-transformed to reduce double
zero problems, as suggested by Legendre and Gallagher (2001) and
Borcard, Gillet, and Legendre (2011). Forward stepwise model build-
ing approach in RDA in conjunction with Monte Carlo permutation
test (1,000 random permutations) was used to identify environmen-
tal variables that better explain the variation of bird communities
across landscape plots.

To examine the relationship between species diversity and land-
scape variables, generalized linear models (GLMs) were built with
Poisson distribution for richness of woodland species and with
Gaussian distribution for total species richness, agricultural land
species richness, and abundance of each group. We used general-
ized least squares (GLS) model with VarExp for richness of agricul-
tural wetland species, to deal with the violation of homoscedasticity.
Following a multimodel inference approach (Burnham & Anderson,
2002), we constructed 24 models by a combination of all variables
including null model (intercept-only model) and ranked them based
on the Akaike's information criterion corrected for small samples
(AlCc). A set of models, in which AAICc (difference in AICc between
the best model and subsequent model) was <4, were considered to
have equivalently strong empirical support and similar plausibility
(Burnham & Anderson, 2002). We averaged the parameters of these
selected models (AAICc < 4) and determined the relative importance
of environmental variables using the sum of Akaike weights (¥,,,;) of
each model as described by Burnham and Anderson (2002). GLMs
were performed using “glm” function in MASS package (Venables
& Ripley, 2002) and model averaging using “model.avg” function
in MuMlIn package (Barton, 2017). GLS were conducted using “gls”
function in “nlme” package (Pinheiro, 2019). These analyses were
performed using R 3.4.1 (R development Core Team, 2017).

Before final RDA and GLM analyses, we calculated the nearest
distance from an edge of each plot to the edge of large lake, large
native forest patch, and the nearest urban area. We tested whether

these distance variables could affect species richness and abundance

of birds. None of the distance variables did show a significant effect
on any response variable (Table S2). Thus, we concluded their effect
could be negligible and did not include them in final models.

We also tested spatial dependency (whether bird observations
from closer plots were more alike than plots further apart) using
Moran's | test in the R “ape” package (Paradis et al., 2019) and found
that spatial autocorrelation to be insignificant for all cases (p > .05;
Table S4). Both correlation values and variance inflation factors (VIFs)
were examined to check for collinearity. Pearson's correlation among
explanatory variables was <|0.5|. VIFs were less than 4.0 for most of
cases, except the relationship between richness of agricultural wet-
land species and the proportion of noncrop vegetation cover (VIF of
Non-cropP = 17.56). We excluded Non-cropP from the model and re-
calculated the VIFs. VIFs of all variables in the model were below 4.0
except for water body (VIF = 5.23) (Table S4). Thus, we considered the

multicollinearity of covariates in our data to be minimal.

3 | RESULTS
3.1 | Bird community

Of 86 bird species recorded, 36 species were migrants (Table S3).
White Wagtail, Eurasian Tree Sparrow, oriental skylark (Alauda
gulgula), and Siberian Stonechat were the most abundant species,
comprising 60% of total abundance (sum of all birds found in 20
landscape plots).

The effects of all landscape variables explained 34.4% (F = 1.47,
p =.001) of the total variation in bird community composition based
on the results from RDA. Forward stepwise selection identified
two key explanatory variables explaining 25.02% of the total vari-
ation. The first axis (15.71% of total variation) and the second axis
(9.31% of total variation) of RDA were associated with diversity of
noncrop habitat type (Non-cropH) and the proportion of noncrop
vegetation cover (Non-cropP) within a landscape plot, respectively
(Figure 2). Non-cropH was positively related to woodland species
and some open species (species preferring open habitat, which in-
clude agricultural land species and agricultural wetland species),
especially tickell's leaf warbler (Phylloscopus affinis), brown-breasted
bulbul (Pycnonotus xanthorrhous), sooty-headed bulbul (Pycnonotus
aurigaster), plain prinia (Prinia inornata), and oriental magpie robin
(Copsychus saularis), and negatively to Siberian Stonechat and ori-
ental skylark (Figure 2). Most woodland species, that is, Pallas's Leaf
Warbler (Phylloscopus proregulus), Arctic Warbler (Phylloscopus bore-
alis), Manchurian Bush Warbler (Horornis canturians), Fujian Niltava
(Niltava davidi), Daurian Redstart (Phoenicurus auroreus), Cinereous
Tit (Parus cinereus), and Oriental Turtle Dove (Streptopelia orientalis),
and several open species such as Common Pheasant (Phasianus col-
chicus), grey-headed lapwing (Vanellus cinereus), grey heron (Ardea
cinerea), White-throated Kingfisher (Halcyon smyrnensis), and Little
Bunting (Emberiza pusilla) were correlated with high Non-cropP,
whereas White Wagtail and Eurasian Tree Sparrow were correlated

with low Non-cropP (Figure 2).
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FIGURE 2 RDA biplot visualizing

the associations between landscape
variables and bird species composition.
Biplot displays 30 species with the largest
fit in the ordination space. Non-cropH
indicates noncrop habitat diversity.
Non-cropP is noncrop vegetation
percentage per plot, which is sum of
percent cover of eucalyptus, other woody
vegetation (including nursery garden
trees), and nonwoody vegetation. Species
abbreviation consists of the first three
letters in genus name and the first three
letters in species scientific name (See
Table S3 for full name). Only significant
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3.2 | Bird diversity

Amount of noncrop vegetation (Non-cropP) and noncrop habitat di-
versity (Non-cropH) had positive impacts on richness and abundance
of woodland species (Table 2 and Figure 3) as well as total species
richness (Table 2 and Figure 4). Their 95% confidence intervals (Cls)
did not contain 0, indicating a significant effect of Non-CropP and
Non-cropH on those response variables. The total species richness
and agricultural wetland species richness increased with increas-
ing area of water bodies (Table 2, Figures 4 and 5). Agricultural land
species did not show a strong association with landscape variables
(Table 2).

Mean field patch size (MPS) had negatively associated with total
species richness (Table 2 and Figure 4), indicating greater species
richness at small fields and the significant effect of crop configu-
rational heterogeneity on avian diversity. However, crop diversity
(CropH; crop compositional heterogeneity) did not affect species
richness and abundance of whole community or functional groups,
given its wide 95% Cl across O (Table 2).

4 | DISCUSSION
Two environmental heterogeneity variables (crop and noncrop heter-
ogeneity) and different components of heterogeneity (compositional

and configurational heterogeneity) were considered in our study. As

0.0 0.8

RDA1(15.71%)

0.4

we expected, we found strong effects of compositional heterogene-
ity of noncrop vegetation on total species richness and both rich-
ness and abundance of woodland species. The amount of noncrop
vegetation also had an impact on these variables. However, the ef-
fects of crop heterogeneity varied depending on the component of
heterogeneity: While crop configuration heterogeneity significantly
affected the total species richness, crop composition heterogeneity
did not show strong effects on richness and abundance of the whole

community and the functional groups considered.

4.1 | Factors shaping species communities

The compositional heterogeneity of noncrop habitats (Non-cropH)
was the most important landscape factor driving bird composition
in the RDA (Figure 2). This result is consistent with the findings of
previous studies that reported the positive associations of birds with
noncrop habitat heterogeneity in agricultural landscapes (Atauri &
de Lucio, 2001; Leyequién, de Boer, & Toledo, 2010). Amount of
noncrop vegetation (Non-cropP) also significantly influenced the
composition of bird community: Woodland species and open habitat
species (agricultural land species and agricultural wetland species)
were positively related to Non-cropP. These patterns support the
importance of the noncrop vegetation to enhance avian diversity in
agriculture landscapes (Berg, 2002; Gil-Tena et al., 2015; Jakobsson
& Lindborg, 2017).
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TABLE 2 Model-averaged parameter estimates, adjusted standard errors (SE), 95% confidence intervals (Cl), and relative variable weight

(w,)
Response variable

Species richness

Total

Woodland species

Agricultural land species

Agricultural wetland
species

Abundance

Total

Woodland species

Agricultural land species

Parameter

Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS
Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS
Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS

Intercept

Water body
Non-cropH
CropH

MPS

Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS
Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS
Intercept
Non-cropP
Water body
Non-cropH
CropH

MPS

Estimate

28.30
2.29
2.37
2.22
NA
-1.79
1.53
0.35
NA
0.39
0.01
-0.18
2.46
NA
0.04
0.04
0.01
-0.03
5.69

0.71
0.67
-0.56
-0.68

5.22
0.04
0.01
-0.01
0.06
-0.01
1.53
0.35
0.20
0.39
NA
-0.18
4.92
0.05
0.02
-0.08
0.06
0.04

Adjusted SE

0.66
0.90
0.92
0.87
NA

0.82
0.12
0.10
NA

0.14
0.06
0.14
0.07
NA

0.07
0.07
0.07
0.07
0.51

0.19
0.56
0.30
0.39

0.04
0.05
0.05
0.05
0.05
0.05
0.12
0.10
0.11
0.14
NA

0.14
0.04
0.05
0.05
0.05
0.04
0.05

95% CI (Lower, Upper)

27.01, 29.59
0.53,4.05
0.57,4.17
0.50, 3.95
NA
-3.39,-0.20
1.30,1.76
0.13,0.56
NA
0.11,0.66
-0.19,0.37
-0.46,0.11
2.32,2.60
NA
-0.10,0.17
-0.10,0.18
-0.19,0.37
-0.18,0.11
4.69,6.70

0.33,1.10

-0.43,1.76
-1.15,0.08
-1.44,0.09

5.14,5.31
-0.05,0.14
-0.08, 0.10
-0.10, 0.08
-0.03,0.14
-0.10, 0.08
2.31,2.86
0.12,0.80
-0.53,0.19
0.29,0.99
NA
-0.69,0.02
4.84,5.01
-0.05,0.13
-0.08,0.11
-0.17,0.01
-0.03,0.15
-0.07,0.14

0.90
1.00
1.00
NA

0.69

1.00
NA

1.00
0.15
0.28

NA

0.15
0.15
0.13
0.14

0.95
0.23
0.26
0.37

0.19
0.08
0.08
0.32
0.13

1.00
0.55
1.00
NA

0.28

0.17
0.06
0.58
0.25
0.13

(Continues)
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TABLE 2 (Continued)
Response variable Parameter Estimate Adjusted SE 95% CI (Lower, Upper) .
Agricultural wetland Intercept 1.38 0.16 1.07,1.70
species

Non-cropP 0.25 0.19 -0.12,0.62 0.41
Water body 0.23 0.17 -0.11,0.57 0.33
Non-cropH 0.12 0.17 -0.21,0.46 0.10
CropH -0.21 0.19 -0.57,0.16 0.52
MPS -0.08 0.19 -0.45,0.28 0.09

Note: Estimates of variables not included in results of model averaging based on a set of candidate models (AAICc < 4) were indicated as NA.

Abbreviations: CropH, crop diversity (crop compositional heterogeneity); MPS, mean field patch size (crop configurational heterogeneity); Non-
cropH, noncrop diversity; Non-cropP, proportion (percentage) of noncrop elements; Water body, area of open water.
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FIGURE 3 The effect of (a) proportion of noncrop vegetation (Non-cropP) and (b) noncrop habitat diversity (Non-cropH) on richness and
abundance of woodland species. Grayed area represents a 95% confidence interval

Among a group of species, it is noteworthy that several agri-
cultural wetland species, such as grey-headed lapwing, grey heron,
and White-throated Kingfisher, were positively associated with
Non-cropP. While the positive effect of Non-cropP on woodland
species and agricultural land species is well documented (Haslem &
Bennett, 2008; Isacch & Cardoni, 2011; Neumann et al., 2016), rel-
atively few studies have examined the response of agricultural wet-
land species to Non-cropP. In our study area, most patches of water
body (open water) were often surrounded by nursery or orchard
gardens or composed of some small pools within gardens and main-
tained wet ground because of frequent irrigation. The wet ground
and small pools may host more plants and insects, which increase

foraging opportunities for these agricultural wetland species.
4.2 | Factors important for species
richness and abundance

Our study shows that the amount of noncrop vegetation in agricultural

landscapes can enhance bird diversity, especially richness and abundance

of woodland species (Table 2; Figure 3). Noncrop vegetation in our study
includes eucalyptus, non-eucalyptus trees, shrubs, and grass vegetation
at field margins or between fields and at roadsides. Noncrop vegetation,
especially woody habitat, offers a wide range of benefits for birds by pro-
viding nesting and roosting sites and by increasing connectivity between
patches (Benton et al., 2003; Fuller et al., 2004). Thus, the retention of
natural or seminatural habitats is considered important for the conser-
vation of birds (Evans et al., 2014; Lindsay et al., 2013) and arthropods
(Duelli & Obrist, 2003; Billeter et al., 2008) in agricultural landscapes.

The areas of water bodies had a positive effect on richness of
agricultural wetland species. Most farmland fields were drained be-
cause of dry farming (e.g., planting garlic) during the period of our
survey. Orchard-dominant matrix surrounding water bodies, small
ponds, and wet ground can be used for foraging. In these situations,
open water may play as a main habitat for agricultural wetland spe-
cies. The positive effect of open water (e.g., the total area of ponds
within a 1 x 1 km area) on wintering birds is also reported in paddies
in Asia (Amano et al., 2008; Chan, Severinghaus, & Lee, 2007).

In general, the compositional heterogeneity of noncrop cover

is expected to have a positive effect on biodiversity, because
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bodies, and (d) mean field patch size (MPS) on total species richness. Grayed area represents a 95% confidence interval
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FIGURE 5 The effect of area of water bodies on the richness of
wetland species. Grayed area represents a 95% confidence interval

heterogeneous environment (e.g., diverse habitat types) can provide
more niches or complementary resources for different species, fa-
cilitate resource use by maintaining supplemental habitats, and in-
crease resource accessibility (Fahrig et al., 2011; Leibold et al., 2004).
In our study, we found significantly positive effects of noncrop habi-
tat diversity on total species richness and richness and abundance of
woodland species, which are often observed in other avian studies
(Gil-Tena et al., 2015; Lee & Goodale, 2018; Redlich, Martin, Wende,
& Steffan-Dewenter, 2018).

With the same rationale, we also expected a positive relation-
ship between crop heterogeneity and bird diversity. Our results
showed that increasing crop configurational heterogeneity, that is,
decreasing mean crop field size, could have a positive effect on
total species richness (Table 2; Figure 4d), which partly supports
our prediction. A similar pattern was also found in other studies
(Fahrig et al., 2015; Josefsson et al., 2017). In our study, the in-
fluence of crop configurational heterogeneity may be associated

with the characteristics of field boundaries or edges. Most of the
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boundaries between fields were covered with grassy vegetation
and had thin linear woody features (shrub or tree). Such bound-
ary conditions could benefit not only agricultural land species
such as plain prinia, White Wagtail, and Rosy Pipit (Anthus rosea-
tus) but also woodland species such as sooty-headed bulbul, Red-
billed Starling (Spodiopsar sericeus), and brown-breasted bulbul
by providing foods or perching sites for these species (Josefsson
et al., 2017; Vicker, Feber, & Fuller, 2009).

However, we did not find a clear pattern between crop diver-
sity (crop compositional heterogeneity) and bird richness or abun-
dance. Previous studies suggested that crop diversity may be an
important part of environmental heterogeneity in simplified ag-
ricultural landscapes, especially where few noncrop vegetation
patches remain (Josefsson et al., 2017; Tscharntke et al., 2016).
In our landscape plot, the proportion of noncrop vegetation was
relatively high (10.4 £ 6%) and field size was small (0.08 + 0.02 ha).
Birds may benefit more from noncrop vegetation than diverse

crops.

4.3 | Caveats

The findings of our study provide variable insights on environmental
factors associated with diversity and composition of avian commu-
nities in agricultural landscapes. However, there are several caveats
that may limit our understanding. First, we considered the Shannon-
Wiener diversity index as a proxy of the crop compositional het-
erogeneity. This metric does not account for variations in crop
composition and structure (e.g., crop height). Several recent studies
reported a strong effect of crop composition and structural diver-
sity on birds (Josefsson et al., 2017; Santana et al., 2017). Specific
crop type can be more important for avian communities, particularly
farmland birds than crop diversity per se (Redlich et al., 2018). The
main crop in our landscape plots was garlic, which may not be fa-
vored by birds for foraging. Compared to garlic, barley could benefit
birds more because it can provide food such as grains and insects
for birds (Li, unpublished data). However, we do not know how dif-
ferent crops cultivated in our study area are functionally associated
with birds. Second, the spatial scale of a landscape often determines
the outcome of landscape-biodiversity studies (Gabriel et al., 2010;
Jackson & Fahrig, 2015). We considered a plot size of 1 x 1 km to rep-
resent the landscape. Although this size is often used in bird studies
(Amano et al., 2008; Fahrig et al., 2015; Haslem & Bennett, 2008), it
is uncertain whether it is suitable to capture variations in environ-
mental features and related responses of all birds in our study area.
In addition, taxon like birds that are highly mobile may respond to
crop diversity at larger spatial scales than ours, given that significant
responses of birds have been reported at some studies performed
at larger landscape scale than ours (Jackson & Fahrig, 2015). It is
also uncertain whether landscape properties (e.g., crop and non-
crop heterogeneity and features) would remain the same at larger
or smaller scales than the 1 km? scale. Third, the seasonal variations

in characteristics of habitat and bird community composition may
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cause different responses of bird to environmental features in agri-
cultural landscapes (Amano et al., 2008; Guyot, Arlettaz, Korner, &
Jacot, 2017). Another our study indicates variations in community
composition of birds and crop types between summer (breeding sea-
son) and winter (Li, unpublished data). Thus, we need future research
that employs a multiple spatial and temporal scale approach and fo-
cuses on the functional relationships between bird species and crop
composition.

5 | CONCLUSIONS

Our findings highlight the importance of noncrop elements, espe-
cially the woody and grass vegetation features within landscape for
conserving or maintaining total bird richness and both richness and
abundance of woodland bird. The positive effects of the diversity
of noncrop habitats and small field patch size (i.e., crop configura-
tional heterogeneity) on total bird richness support the importance
of environmental heterogeneity in agricultural landscapes for avian
diversity conservation.

Field consolidation caused by the construction of standardized
farmlands increasingly occurring in China as well as the land usage
right circulation (a household having the right to contract for man-
agement of rural land transfers land management right to another
household or economic organization) has reduced seminatural hab-
itat and increased field size. This poses an important question for
conservation management in agricultural landscapes: How does the
field consolidation affect bird assemblages? Previous studies show
that boundaries between fields are a key characteristic influencing
birds (Evans et al., 2014), insects (Weibull et al., 2008), and plants
(Benton et al., 2003). There is a need to quantify how birds and other
taxa such as arthropods and plants respond to changes in remnant
habitats and field size to develop appropriate conservation strate-
gies in agricultural landscape in China. In addition, recent several
studies indicated that practices and policies adopted in increasing
nature habitat (tree or shrub) within or adjacent to croplands could
enhance pest control service by providing habitat for birds (e.g.,
insectivores) but could also increase nesting or roosting habitat
for granivores and frugivores that damage crop seeds and fruits
(Gonthier et al., 2019; Pejchar et al., 2018). Therefore, it is important
to consider both the services and disservices of birds when making

management decisions.

ACKNOWLEDGMENTS
This study was funded by Yunnan Ministry of Science & Technology
(2016FD069), (2018J5417),

Collaborative Innovation Center for Biodiversity and Conservation

Yunnan Ministry of Education
in the Three Parallel Rivers Region of China, and the Provincial
Innovation Team of Biodiversity Conservation and Utility of the
Three Parallel Rivers Region from Dali University. We are grateful to
Fujun Hou, Xiannian Cao, Dong Zhao, and Zhengcong Yang for their
assistance on data collection in the field. We thank Davide Fornacca

for creating the map of our study site.



LI ET AL

5826 WI LEY_ECObe and Evolution

Open Access,

CONFLICT OF INTEREST
None declared.

AUTHOR CONTRIBUTION

Depin Li: (supporting); Formal analysis

(lead); Investigation (lead); Methodology (lead); Writing-original

Conceptualization

draft (equal); Writing-review & editing (lead). Myung-Bok Lee:

Conceptualization (supporting); Formal analysis (supporting);
Writing-original draft (equal); Writing-review & editing (supporting).
Wen Xiao: Conceptualization (supporting); Project administration
(supporting). Jia Tang: Data curation (supporting); Project adminis-
tration (supporting). Zhengwang Zhang: Conceptualization (lead);
Project administration (lead); Writing-original draft (supporting);

Writing-review & editing (supporting).

DATA AVAILABILITY STATEMENT
All data from this study are available at Dryad, https://doi.
org/10.5061/dryad.k3j9kd53g. Data obtained 6 documents.

ORCID

Depin Li https://orcid.org/0000-0003-3702-1908

Myung-Bok Lee https://orcid.org/0000-0003-2680-5707

REFERENCES

Amano, T., Kusumoto, Y., Tokuoka, Y., Yamada, S., Kim, E., & Yamamoto,
S. (2008). Spatial and temporal variations in the use of rice-paddy
dominated landscapes by birds in Japan. Biological Conservation, 141,
1704-1716. https://doi.org/10.1016/j.biocon.2008.04.012

Atauri, J. A., & de Lucio, J. V. (2001). The role of landscape structure
in species richness distribution of birds, amphibians, reptiles and
lepidopterans in Mediterranean landscapes. Landscape Ecology, 16,
147-159.

Barbaro, L., Rossi, J. P, Vetillard, F., Nezan, J., & Jactel, H. (2007).
The spatial distribution of birds and carabid beetles in pine
plantation forests: The role of landscape composition and
structure. Journal of Biogeography, 34, 652-664. https://doi.
org/10.1111/j.1365-2699.2006.01656.x

Barton, K. (2017). MuMIn: Multi-model inference. R package version_1.40.0.
Retrieved from https://CRAN.R-project.org/package=MuMIn

Batary, P., Fischer, J., Baldi, A., Crist, T. O., & Tscharntke, T. (2011). Does
habitat heterogeneity increase farmland biodiversity? Frontiers in
Ecology and the Environment, 9, 152-153. https://doi.org/10.1890/11.
WB.006

Baudry, J., Yu, Z., & Cai, L. (1999). Landscape patterns changes in two
subtropical Chinese villages as related to farming polices. Critical
Review in Plant Science, 81, 373-380.

Benton, T. G, Vickery, J. A., & Wilson, J. D. (2003). Farmland biodiver-
sity: Is habitat heterogeneity the key? Trends in Ecology and Evolution,
18(4), 182-188. https://doi.org/10.1016/50169-5347(03)00011-9

Berg, A. (2002). Composition and diversity of bird communities in
Swedish farmland-forest mosaic landscape. Bird Study, 49, 153-165.

Bibby, C. J., Burgess, N. D., Hill, D. A., & Mustoe, S. (2000). Bird census
techniques (2nd ed.). London, UK: Academic Press.

Billeter, R., Liira, J., Bailey, D., Bugter, R., Arens, P., Augenstein, 1., ...
Edwards, P. J. (2008). Indicators for biodiversity in agricultural land-
scapes: A pan-European study. Journal of Applied Ecology, 45, 141-
150. https://doi.org/10.1111/j.1365-2664.2007.01393.x

Borcard, D., Gillet, F., & Legendre, P. (2011). Numerical ecology with R (p.
156). New York, NY: Springer.

Burnham, K. P., & Anderson, D. R. (2002). Model selection and multimodel
inference: A practical information-theoretic approach (2nd ed.). New
York, NY: Springer-Verlag.

Chan, S. F., Severinghaus, L. L., & Lee, C. K. (2007). The effect of rice
field fragmentation on wintering waterbirds at the landscape level.
Journal of Ornithology, 148(supplement 2), 333-342. https://doi.
org/10.1007/s10336-007-0244-z

Collins, S. J., & Fahrig, L. (2017). Responses of anurans to composition
and configuration of agricultural landscapes. Agriculture, Ecosystems
and  Environment, 239, 399-409. https://doi.org/10.1016/j.
agee.2016.12.038

Donald, P. F.,, Green, R. E., & Heath, M. F. (2001). Agricultural inten-
sification and the collapse of Europe's farmland bird popula-
tions. Proceedings of the Royal Society B, 268, 25-29. https://doi.
org/10.1098/rspb.2000.1325

Douglas, D. J. T., Nalwanga, D., Katebaka, R., Atkinson, P. W., Pomeroy, D.
E., Nkuutu, D., & Vickery, J. A. (2014). The importance of native trees
for forest bird conservation in tropical farmland. Animal Conservation,
17,256-264. https://doi.org/10.1111/acv.12087

Duelli, P., & Obrist, M. K. (2003). Regional biodiversity in an agri-
cultural landscape: the contribution of seminatural habitat is-
lands. Basic and Applied Ecology, 4(2), 129-138. https://doi.
org/10.1078/1439-1791-00140

ESRI (2011). ArcGIS 10.1. Redlands: Environmental Systems Research
Institute.

Evans, K. O., Burger, J. R, Riffell, S., & Smith, M. D. (2014). Assessing
multi-region avian benefits from strategically targeted agricultural
buffers. Conservation Biology, 28, 892-901. https://doi.org/10.1111/
cobi.12311

Fahrig, L., Baudry, J., Brotons, L., Burel, F. G., Crist, T. O, Fuller, R. J,, ...
Martin, J.-L. (2011). Functional landscape heterogeneity and animal
biodiversity in agricultural landscapes. Ecology Letters, 14, 101-112.
https://doi.org/10.1111/j.1461-0248.2010.01559.x

Fahrig, L., Girard, J., Duro, D., Pasher, J., Smith, A., Javorek, S., ...
Tischendorf, L.(2015). Farm-lands with smaller crop fields have higher
within-field biodiversity. Agriculture, Ecosystems and Environment,
200, 219-234. https://doi.org/10.1016/j.agee.2014.11.018

Fischer, J., Brosi, B., Daily, G. C., Ehrlich, P. R., Goldman, R., Goldstein, J.,
... Tallis, H. (2008). Should agricultural policies encourage land sparing
or wildlife-friendly farming? Frontiers in Ecology and the Environment,
6(7), 380-385. https://doi.org/10.1890/070019

Fischer, J., & Lindenmayer, D. B. (2002). The conservation value of
paddock trees for birds in a variegated landscape in southern New
South Wales. 2. Paddock trees as stepping stones. Biodiversity and
Conservation, 11, 833-849.

Fuller, R. J., Hinsley, S. A., & Swetnam, R. D. (2004). The relevance of
non-farmland habitats, uncropped areas and habitat diversity to
the conservation of farmland birds. Ibis, 146(Supplement), 22-31.
https://doi.org/10.1111/j.1474-919X.2004.00357.x

Gabriel, D., Sait, S. M., Hodgson, J. A., Schmutz, U., Kunin, W. E., &
Benton, T. G. (2010). Scale matters: The impact of organic farming on
biodiversity at different spatial scales. Ecology Letters, 13, 858-869.
https://doi.org/10.1111/j.1461-0248.2010.01481.x

Gil-Tena, A., Caceres, M. D., Ernoult, A., Butet, A., Brotons, L., &
Burel, F. (2015). Agricultural landscape composition as a driver
of farmland bird diversity in Brittany (NW France). Agriculture,
Ecosystems and Environment, 205, 79-89. https://doi.org/10.1016/j.
agee.2015.03.013

Gontbhier, D. J., Sciligo, A. R., Karp, D. S., Lu, A., Garcia, K., Juarez, G,, ...
Kremen, C. (2019). Bird services and disservices to strawberry farm-
ing in Californian agricultural landscapes. Journal of Applied Ecology,
56, 1948-1959. https://doi.org/10.1111/1365-2664.13422

Gottschalk, T. K., Dittrich, R., Diekotter, T., Sheridan, P., Wolter, V., &
Ekchmitt, K. (2010). Modeling land-use sustainability using farmland
birds as indicators. Ecological Indicators, 10, 15-23.


https://doi.org/10.5061/dryad.k3j9kd53g
https://doi.org/10.5061/dryad.k3j9kd53g
https://orcid.org/0000-0003-3702-1908
https://orcid.org/0000-0003-3702-1908
https://orcid.org/0000-0003-2680-5707
https://orcid.org/0000-0003-2680-5707
https://doi.org/10.1016/j.biocon.2008.04.012
https://doi.org/10.1111/j.1365-2699.2006.01656.x
https://doi.org/10.1111/j.1365-2699.2006.01656.x
https://CRAN.R-project.org/package=MuMIn
https://doi.org/10.1890/11.WB.006
https://doi.org/10.1890/11.WB.006
https://doi.org/10.1016/S0169-5347(03)00011-9
https://doi.org/10.1111/j.1365-2664.2007.01393.x
https://doi.org/10.1007/s10336-007-0244-z
https://doi.org/10.1007/s10336-007-0244-z
https://doi.org/10.1016/j.agee.2016.12.038
https://doi.org/10.1016/j.agee.2016.12.038
https://doi.org/10.1098/rspb.2000.1325
https://doi.org/10.1098/rspb.2000.1325
https://doi.org/10.1111/acv.12087
https://doi.org/10.1078/1439-1791-00140
https://doi.org/10.1078/1439-1791-00140
https://doi.org/10.1111/cobi.12311
https://doi.org/10.1111/cobi.12311
https://doi.org/10.1111/j.1461-0248.2010.01559.x
https://doi.org/10.1016/j.agee.2014.11.018
https://doi.org/10.1890/070019
https://doi.org/10.1111/j.1474-919X.2004.00357.x
https://doi.org/10.1111/j.1461-0248.2010.01481.x
https://doi.org/10.1016/j.agee.2015.03.013
https://doi.org/10.1016/j.agee.2015.03.013
https://doi.org/10.1111/1365-2664.13422

LI ET AL

Guyot, C., Arlettaz, R., Korner, P., & Jacot, A. (2017). Temporal and spa-
tial scales matter: Circannual habitat selection by bird communities
in vineyards. PLoS ONE, 12(2), e0170176. https://doi.org/10.1371/
journal.pone.0170176

Han, L. X., Yan, D., & Deng, Z. W. (2013). Diversity of farmland bird in
Western Bank Region of Erhai Lake, Yunnan Province. Sichuan
Journal of Zoology, 32(6), 862-866 (in Chinese).

Haslem, A., & Bennett, A. (2008). Birds in agricultural mosaics: The influ-
ence of landscape pattern and countryside heterogeneity. Ecological
Applications, 18(1), 185-196. https://doi.org/10.1890/07-0692.1

Heath, S. K., Candan, U. S., Karen, L. V., Rodd, K., & Sara, M. K. (2017).
A bustle in the hedgerow: Woody field margins boost on farm avian
diversity and abundance in an intensive agricultural landscape.
Biological Conservation, 212, 153-161. https://doi.org/10.1016/j.
biocon.2017.05.031

Ikin, K., Barton, P. S., Stirnemann, I. A., Stein, J. R., Michael, D., Crane,
M., ... Lindenmayer, D. B. (2014). Multi-scale associations between
vegetation cover and woodland bird communities across a large ag-
ricultural region. PLoS ONE, 9(5), €97029. https://doi.org/10.1371/
journal.pone.0097029

Isacch, J. P, & Cardoni, D. A. (2011). Different grazing strategies are
necessary to conserve endangered grassland birds in short and tall
salty grasslands of the Flooding Pampas. The Condor, 113, 724-734.
https://doi.org/10.1525/cond.2011.100123

Jackson, H. B., & Fahrig, L. (2015). Are ecologists conducting research
at the optimal scale? Global Ecology and Biogeography, 24, 52-63.
https://doi.org/10.1111/geb.12233

Jakobsson, S., & Lindborg, R. (2017). The importance of trees for woody
pasture bird diversity and effects of the European Union's tree den-
sity policy. Journal of Applied Ecology, 54(6), 1638-1647. https://doi.
org/10.1111/1365-2664.12871

Josefsson, J., Berg, A., Hiron, M., Part, T., & Eggers, S. (2017). Sensitivity
of the farmland bird community to crop diversification in Sweden:
Does the CAP fit? Journal of Applied Ecology, 54, 518-526. https://doi.
org/10.1111/1365-2664.12779

Katayama, N., Osawa, T., Amano, T., & Kusumotoa, Y. (2015). Are both
agricultural intensification and farmland abandonment threats to
biodiversity? A test with bird communities in paddy-dominated land-
scapes. Agriculture, Ecosystems and Environment, 214, 21-30. https://
doi.org/10.1016/j.agee.2015.08.014

Khoury, C. K., Bjorkman, A. D., Dempewolf, H., Ramirez-Villegas, J.,
Guarino, L., Jarvis, A., ... Struik, P. C. (2014). Increasing homogene-
ity in global food supplies and the implications for food security.
Proceeding of the National Academy of Science of the United States
of America, 111, 4001-4006. https://doi.org/10.1073/pnas.13134
90111

Lawton, J. H., Brotherton, P. N. M., Brown, V. K., Elphick, C., Fitter, A. H.,
Forshaw, J., ... Wynne, G. R. (2010). Making space for nature: A review
of England's wildlife sites and ecological networks. Report to Defra.

Lee, M. B., & Goodale, E. (2018). Crop heterogeneity and non-crop vege-
tation can enhance avian diversity in a tropical agricultural landscape
in southern China. Agricultural, Ecosystems and Environment, 256,
254-263. https://doi.org/10.1016/j.agee.2018.06.016

Legendre, P., & Gallagher, E. (2001). Ecologically meaningful transforma-
tions for ordination of species data. Oecologia, 129, 271-280. https://
doi.org/10.1007/s004420100716

Leibold, M. A., Holyoak, M., Mouquet, N., Amarasekare, P., Chase, J. M,
Hoopes, M. F,, ... Gonzalez, A. (2004). The metacommunity concept:
A framework for multi-scale community ecology. Ecology Letters, 7,
601-613. https://doi.org/10.1111/j.1461-0248.2004.00608.x

Leyequién, E., de Boer, W. F.,, & Toledo, V. M. (2010). Bird com-
munity composition in a shaded coffee agro-ecological matrix
in Puebla, Mexico: The effects of landscape heterogeneity at
multiple spatial scales. Biotropica, 42(2), 236-245. https://doi.
org/10.1111/j.1744-7429.2009.00553.x

Fcology and Evolution o 5827
= WILEY- 2%

Lindsay, K. E., Kirk, D. A., Bergin, T. M., Best, L. B., Sifneos, J. C., & Smith,
J. (2013). Farmland heterogeneity benefits birds in American mid-
west watersheds. The American Midland Naturalist, 170(1), 121-143.
https://doi.org/10.1674/0003-0031-170.1.121

Liu, Y., Duan, M., & Yu, Z. (2013). Agricultural landscapes and biodiver-
sity in China. Agriculture, Ecosystems and Environment, 166, 46-54.
https://doi.org/10.1016/j.agee.2011.05.009

Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A., & Ket,
J. (2000). Biodiversity hot sports for conservation priorities. Nature,
403, 853-858.

Neumann, J. L., Griffiths, G. H., Foster, C. W., & Holloway, G. J. (2016).
The heterogeneity of wooded-agricultural landscape mosaics influ-
ences woodland bird community assemblages. Landscape Ecology,
31(8), 1833-1848. https://doi.org/10.1007/s10980-016-0366-x

Palmu, E., Ekroos, J., Hanson, H. I., Smith, H. G., & Hedlund, K. (2014).
Landscape-scale crop diversity interacts with local management
to determine ground beetle diversity. Basic and Applied Ecology, 15,
241-249. https://doi.org/10.1016/j.baae.2014.03.001

Paradis, E., Blomberg, S., Bolker, B., Brown, J., Claude, J., Cuong, H. S,
... de Vienne, D. (2019). Analyses of phylogenetics and evolution. R
package version 5.3.R. Retrieved from https://CRAN.R-project.proje
ct.org/package=ape

Pejchar, L., Clough, Y., Ekroos, J., Nicholas, K. A., Olsson, O., Ram, D.,
... Smith, H. G. (2018). Net effects of birds in agroecosystems.
BioScience, 68(11), 896-904. https://doi.org/10.1093/biosci/biy104

Piha, M., Tiainen, J., Holopainen, J., & Vepsalanen, V. (2007). Effects
of land-use and landscape characteristics on avian diversity and
abundance in a boreal agricultural landscape with organic and con-
ventional farms. Biological Conservation, 140, 50-61. https://doi.
org/10.1016/j.biocon.2007.07.021

Pinheiro, J. (2019). Linear and nonlinear mixed effects models. R package
version_3.1-139. Retrieved from https://CRAN.R-project.org/packa
ge=nlme

R Core Team (2017). R: A language and environment for statistical com-
puting. Vienna, Austria: R Foundation for Statistical Computing.
Retrieved from https://www.R-project.org/

Ralph, C. J., Droege, S., & Sauer, J. (1995). Managing and monitoring birds
using point counts: Standards and applications. US Department of
Agriculture, Forest Service, General Technical Report. PSW-GTR-149.

Redlich, S., Martin, E. A., Wende, B., & Steffan-Dewenter, |. (2018).
Landscape heterogeneity rather than crop diversity mediates bird
diversity in agricultural landscapes. PLoS ONE, 13(8), e0288438.
https://doi.org/10.1371/journal.pone.0200438

Ren, Z., Yang, S. Y., Wang, X. Z., & Tang, T. (2011). Spatial and temporal
variation of water quality of Erhai Basin. Journal of Ecology and Rural
Environment, 27(4), 14-20 (in Chinese).

Ricketts, T. H. (2001). The matrix matters: Effective isolation in frag-
mented landscapes. The American Naturalist, 15(1), 87-99. https://
doi.org/10.1086/320863

Rudel, T. K., Schneider, L., Uriarte, M., Turner, B. L., DeFries, R., Lawrence,
D., ... Grau, R. (2009). Agricultural intensification and changes in
cultivated areas, 1970-2005. Proceeding of the National Academy of
Science of the United States of America, 106, 20675-20680. https://
doi.org/10.1073/pnas.0812540106

Santana, J., Reino, L., Stoate, C., Moreira, F., Ribeiro, P. F., Santos, J. L.,
... Beja, P. (2017). Combined effects of landscape composition and
heterogeneity on farmland avian diversity. Evolution and Ecology, 7(4),
1212-1223. https://doi.org/10.1002/ece3.2693

Sekercioglu, C. H. (2006). Increasing awareness of avian ecological
function. Trends in Ecology & Evolution, 21, 464-471. https://doi.
org/10.1016/j.tree.2006.05.007

Smilauer, P., & Leps, J. (2014). Multivariate analysis of ecological data using
Canoco 5. Cambridge, UK: Cambridge University Press.

Sodhi, N. S., Koh, L. P., Prawiradilaga, D. M., Darjono, , Tinulele, I., Putra,
D. D., & Tong Tan, T. H. (2005). Land use and conservation value for


https://doi.org/10.1371/journal.pone.0170176
https://doi.org/10.1371/journal.pone.0170176
https://doi.org/10.1890/07-0692.1
https://doi.org/10.1016/j.biocon.2017.05.031
https://doi.org/10.1016/j.biocon.2017.05.031
https://doi.org/10.1371/journal.pone.0097029
https://doi.org/10.1371/journal.pone.0097029
https://doi.org/10.1525/cond.2011.100123
https://doi.org/10.1111/geb.12233
https://doi.org/10.1111/1365-2664.12871
https://doi.org/10.1111/1365-2664.12871
https://doi.org/10.1111/1365-2664.12779
https://doi.org/10.1111/1365-2664.12779
https://doi.org/10.1016/j.agee.2015.08.014
https://doi.org/10.1016/j.agee.2015.08.014
https://doi.org/10.1073/pnas.1313490111
https://doi.org/10.1073/pnas.1313490111
https://doi.org/10.1016/j.agee.2018.06.016
https://doi.org/10.1007/s004420100716
https://doi.org/10.1007/s004420100716
https://doi.org/10.1111/j.1461-0248.2004.00608.x
https://doi.org/10.1111/j.1744-7429.2009.00553.x
https://doi.org/10.1111/j.1744-7429.2009.00553.x
https://doi.org/10.1674/0003-0031-170.1.121
https://doi.org/10.1016/j.agee.2011.05.009
https://doi.org/10.1007/s10980-016-0366-x
https://doi.org/10.1016/j.baae.2014.03.001
https://CRAN.R-project.project.org/package=ape
https://CRAN.R-project.project.org/package=ape
https://doi.org/10.1093/biosci/biy104
https://doi.org/10.1016/j.biocon.2007.07.021
https://doi.org/10.1016/j.biocon.2007.07.021
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0200438
https://doi.org/10.1086/320863
https://doi.org/10.1086/320863
https://doi.org/10.1073/pnas.0812540106
https://doi.org/10.1073/pnas.0812540106
https://doi.org/10.1002/ece3.2693
https://doi.org/10.1016/j.tree.2006.05.007
https://doi.org/10.1016/j.tree.2006.05.007

LI ET AL

5828 WI LEY_ECObe and Evolution

Open Access,

forest birds in Central Sulawesi (Indonesia). Biological Conservation,
122, 547-558. https://doi.org/10.1016/j.biocon.2004.07.023

Stein, A., Gerstner, K., & Kreft, H. (2014). Environmental heterogene-
ity as a universal driver of species richness across taxa, biomes and
spatial scales. Ecology Letters, 17, 866-880. https://doi.org/10.1111/
ele.12277

Sun, Y. F, Li, X., Zhang, H. B, Chen, B. X,, Li, Y. K,, Liu, Y. H., & Yu, Z.
R. (2017). Functions and countermeasures of biodiversity conser-
vation in agricultural landscapes: A review. Chinese Journal of Eco-
Agriculture, 25(7), 993-1001 (in Chinese).

Ter Braak, C. J. F., & Smilauer, P. (2002). CANOCO reference manual and
CanoDraw of windows user's guide: Software for canonical community
ordination (version 4.5). (Microcomputer Power). Ithaca, NY. Retrieved
from www.canoco.com

Tscharntke, T., Karp, D. S., Chaplin-Kramer, R., Batary, P., DeClerck, F.,
Gratton, C., ... Zhang, W. (2016). When natural habitat fails to enhance
biological pest control-Five hypotheses. Biological Conservation,
2014, 449-458. https://doi.org/10.1016/j.biocon.2016.10.001

UNDP/GEF & MFPRC (Ministry of Finance and the People's Republic of
China) (2005). China biodiversity conservation national capacity self-as-
sessment report (third draft). Retrieved from https://www.thegef.org/
sites/default/files/ncsa-documents/377_0.pdf

Venables, W. N., & Ripley, B. D. (2002). Modern applied statistics with S
(4th ed.). New York, NY: Springer. ISBN 0-387-95457-0.

Vicker, J. A., Feber, R. E., & Fuller, R. J. (2009). Arable field margins man-
aged for biodiversity conservation: A review of food resource provi-
sion for farmland birds. Agriculture Ecosystems and Environment, 133,
1-13. https://doi.org/10.1016/j.agee.2009.05.012

Weibull, A. C., Bengtsson, J., & Nohlgren, E. (2008). Diversity of but-
terflies in the agricultural landscape: The role of farming system
and landscape heterogeneity. Ecography, 23, 743-750. https://doi.
org/10.1111/j.1600-0587.2000.tb00317.x

Wethered, R., & Lawes, M. J. (2003). Matrix effects of on bird assem-
blages in fragmented Afromontane forests in South Africa. Biological
Conservation, 114, 327-340.

Wilson, S., Mitchell, G. W., Pasher, J., McGovern, M., Hudson, M. A.
R., & Fahrig, L. (2017). Influence of crop type, heterogeneity and
woody structure on avian biodiversity in agricultural landscapes.
Ecological Indicators, 83, 218-226. https://doi.org/10.1016/j.ecoli
nd.2017.07.059

Zhang, F. Y., & Yang, R. L. (1997). Research of migration of birds in China.
Beijing, China: China Forestry Science Press (in Chinese).

Zhao, Z. J. (2001). A handbook of the birds of China. Jilin, China: Jilin
Science and Technology Press (in Chinese).

Zheng, G. M. (2017). A checklist on the classification and distribution of
the birds of China (3rd ed.). Beijing, China: China Science Presss (in
Chinese).

SUPPORTING INFORMATION
Additional supporting information may be found online in the

Supporting Information section.

How to cite this article: Li D, Lee M-B, Xiao W, Tang J, Zhang
Z. Noncrop features and heterogeneity mediate
overwintering bird diversity in agricultural landscapes of
southwest China. Ecol Evol. 2020;10:5815-5828. https://doi.
org/10.1002/ece3.6319



https://doi.org/10.1016/j.biocon.2004.07.023
https://doi.org/10.1111/ele.12277
https://doi.org/10.1111/ele.12277
http://www.canoco.com
https://doi.org/10.1016/j.biocon.2016.10.001
https://www.thegef.org/sites/default/files/ncsa-documents/377_0.pdf
https://www.thegef.org/sites/default/files/ncsa-documents/377_0.pdf
https://doi.org/10.1016/j.agee.2009.05.012
https://doi.org/10.1111/j.1600-0587.2000.tb00317.x
https://doi.org/10.1111/j.1600-0587.2000.tb00317.x
https://doi.org/10.1016/j.ecolind.2017.07.059
https://doi.org/10.1016/j.ecolind.2017.07.059
https://doi.org/10.1002/ece3.6319
https://doi.org/10.1002/ece3.6319

