Biological Conservation 236 (2019) 37-43

journal homepage: www.elsevier.com/locate/biocon

Contents lists available at ScienceDirect

Biological Conservation

]

BIOLOGICAL
CONSERVATION

Taxonomic, phylogenetic and functional homogenization of bird R

communities due to land use change

Check for
updates

Chenxia Liang®, Guisheng Yang”, Na Wang®, Gang Feng™", Fan Yang", Jens-Christian Svenning®‘,

Jie Yang®

@ Ministry of Education Key Laboratory of Ecology and Resource Use of the Mongolian Plateau & Inner Mongolia Key Laboratory of Grassland Ecology, School of Ecology

and Environment, Inner Mongolia University, Hohhot 010021, China
Y School of Life Sciences, Inner Mongolia University, Hohhot 010070, China

¢ Section for Ecoinformatics and Biodiversity, Department of Bioscience, Aarhus University, Ny Munkegade 114, 8000 Aarhus C, Denmark
4 Center for Biodiversity Dynamics in a Changing World (BIOCHANGE), Department of Bioscience, Aarhus University, Ny Munkegade 114, DK-8000 Aarhus C, Denmark

ARTICLE INFO ABSTRACT

Keywords:

Biodiversity conservation
Biotic homogenization
Bird communities
Functional similarity
Land use change
Phylogenetic similarity

Biotic homogenization, the increasing similarity of biotas over time, is an important topic in biodiversity con-
servation and has been widely linked to anthropogenic factors, e.g., land use change and climate change.
However, so far few studies have simultaneously tested the taxonomic, phylogenetic and functional homo-
genization caused by human activities. Here, we analyzed the effects of land use change on biotic homo-
genization of bird communities in these three biodiversity dimensions in the steppe region in Inner Mongolia,
China. The results showed that taxonomic, phylogenetic and functional similarities were significantly lower in
relatively natural grassland than in the other disturbed habitats, i.e., planted woodland, farmland and village. In
addition, there were also higher associations between bird community similarities and climate distances in
natural grassland than in the other disturbed habitats. These results suggest that more intense land use types
result in consistent taxonomic, phylogenetic and functional homogenization of bird communities, while at the
same time diminish community turnover across climate gradients. These findings indicate that anthropogenic
activities in this steppe region may not only cause biodiversity loss in taxonomic level, but also in other bio-

diversity dimensions, highlighting the important role of natural steppe in biodiversity conservation.

1. Introduction

Biotic homogenization, the process of an increasing similarity of
biotas over time, is an important challenge for biodiversity manage-
ment and conservation, and is primarily driven by two processes, i.e.,
environmental modification and species introduction (McKinney and
Lockwood, 1999; Olden, 2006). Massive anthropogenic activities, e.g.,
urbanization, land use change, damming and eutrophication, have
greatly altered the nature habitats at the regional and global scales,
creating similar environment with homogenized biological commu-
nities (Karp et al.,, 2012; Petsch, 2016; Ibafiez-Alamo et al., 2017).
These homogenized communities would further generate serious eco-
logical and evolutionary consequences (Olden et al., 2004; van der Plas
et al., 2016; Nowakowski et al., 2018).

Although biotic homogenization may operate on multiple dimen-
sions of biodiversity, e.g., taxonomic, phylogenetic and functional di-
versity, few attempts have simultaneously assessed the extent to which
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they are affected by homogenization. Phylogenetic diversity could re-
flect the evolutionary history of biotic communities and act as proxy of
functional diversity, and may be linked with historical environment
change and ecosystem functioning (Webb et al., 2002; Srivastava et al.,
2012). Biotic communities with greater functional diversity may access
more resources, leading to higher community productivity, ecosystem
stability and ecosystem service (Moretti et al., 2006; Cadotte et al.,
2009). Phylogenetic and functional homogenization of biotic commu-
nities may partially be driven by different ecological mechanisms from
taxonomic homogenization (Olden, 2006; Devictor et al., 2008), al-
though they are inherently connected to some extent. Overall, a com-
bined taxonomic, phylogenetic and functional perspective will likely
provide a more comprehensive understanding of the patterns and pro-
cesses of biotic homogenization (Barnagaud et al., 2017; Jarzyna and
Jetz, 2017).

Furthermore, climate is a key natural as well as human-influenced
factor shaping biodiversity patterns at multiple scales, and it may
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interact with anthropogenic activities in doing so (Frishkoff et al., 2016;
Karp et al.,, 2018). Notably, anthropogenic activities may erase the
widely tested climate-biodiversity relationships (Karp et al., 2012,
2018). For example, a study on Neotropical birds shows that dry cli-
mate-affiliated species are more likely to occupy agricultural sites than
wet climate-affiliated species, which are more likely to occur in forest
(Frishkoff et al., 2016). Also, another study on Neotropical birds finds
taxonomic beta diversity to be better explained by climate in natural
forest than in farmland (Karp et al., 2018).

In terms of the intensity of anthropogenic activities, the temperate
steppe is one of the most threatened biomes at the global scale
(Hoekstra et al., 2005). Notably, a study about bird conservation in
North America suggests that grassland birds experienced the greatest
proportion of decreases (56% species declined significantly) from 1966
to 1998 (Brawn et al., 2001). Located in Central Asia, Inner Mongolia is
an important component of the Eurasian Steppe, the world's largest
grassland (Wu et al., 2015). However, in the past decades massive an-
thropogenic activities, e.g., irrigation, coal mining and urbanization,
have significantly changed the landscapes (John et al., 2009; Tao et al.,
2015). And so far, no studies have assessed the effect of these anthro-
pogenic activities on bird diversity in this region.

In this study, we assessed the effects of land use change (from
natural grassland to planted woodland, farmland and village) on bird
communities in Inner Mongolia. Specifically, we first tested whether
taxonomic, phylogenetic and functional similarities of bird commu-
nities were consistently higher (equaling increasing homogenization) in
the three anthropogenic habitats, i.e., planted woodland, farmland and
village, as compared to the natural grassland. Secondly, we tested
whether the associations between climate distance, a natural driver of
community differentiation, and bird community similarity, was reduced
in the anthropogenic habitats relative to the natural grassland.

2. Materials and methods
2.1. Study area

Inner Mongolia is located in North and Northeast China, running
about 3000 km from northeast to southwest and covering 120 million
ha (Wu et al., 2015). Because of the large longitudinal range, this region
has strong east-west temperature and precipitation gradients (mean
annual temperature ranges from —2 to 6°C and mean annual pre-
cipitation ranges from about 40 to 450 mm), resulting in a highly di-
verse vegetation types (forest, grassland and desert) and bird compo-
sition (467 known bird species) (Wu et al., 2015; Xu, 2015). The main
anthropogenic activities include farming, grazing, coal mining and ur-
banization (Wu et al., 2015).

2.2. Bird data

Ten sites were selected across Inner Mongolia, China (Fig. 1). At
each site, bird transects were sampled in four habitats, i.e., natural
grassland, planted woodland, farmland and village (except one site
without grassland transect). Because the 10 sites covered a large
longitudinal range, the specific habitat is not quite homogeneous, e.g.,
the transects in grassland included forest steppe, typical steppe and
desert steppe, and the transects in farmland included maize, potato, oat
and other types. Planted woodlands were composed of some common
tree species in Inner Mongolia, e.g., species in Populus, Pinus, Salix and
Ulmus. Villages were mainly composed of farmer's house and country
lane. In all, about 25 (18-30) transects were sampled at each site. Fi-
nally, a total of 246 transects were investigated, with 67 in grassland,
67 in woodland, 56 in farmland, and 56 in village. We surveyed birds
seen and heard in each transect (1000 x 100 m) once per month during
the breeding season (from May to July, each transect was surveyed
three times). All transects were investigated by experienced observer at
a constant speed (1.5-2km x h™1) and the location of each transect
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was recorded by GPS to ensure that the three surveys were conducted
exactly at the same place. Surveys were performed during 3h after
sunrise and 3 h before sunset, avoiding conditions of heavy rain and
high winds. For subsequent calculating, bird assemblages encompassed
all species observed at a transect during the three visits. We excluded
species never occurring in terrestrial habitats and also excluded trans-
ects with fewer than three species. This selection resulted in a matrix of
246 transects and 100 species. The threatened status of the 100 species
were checked according to a recent publication (Jiang et al., 2016).
Specie numbers occurred in the four habitats were 65 in grassland, 85
in woodland, 61 in farmland, and 49 in village.

2.3. Functional dendrogram and phylogenetic data

We used body mass and trophic level to build the functional den-
drogram for the following functional structure analyses. Body mass is
assumed to be the most informative trait of bird species because it is
directly connected with birds' extinction vulnerability and resource
utilization (Ding et al., 2013). Trophic level is related with sensitivity to
habitat change and resource requirements (Ding et al., 2013). Body
mass data of all 100 species was compiled from the third and fourth
volumes of Fauna of Inner Mongolia (Xu, 2007, 2015). Trophic level
was coded as omnivores (1), granivores (2), frugviore (3), nectarivores
(4), insectivores (5), piscivores (6) and carnivores (7) (Wang et al.,
2018). Distance of the two traits among all species were generated
using Gower's distance. The functional dendrogram was then con-
structed by hierarchical clustering using ‘complete’ method (Fig. S1).

We downloaded a distribution of 5000 phylogenies from the global
phylogeny of birds (Jetz et al., 2014), including all 100 bird species in
our study. We then sampled five thousand pseudo-posterior distribu-
tions and constructed the Maximum Clade Credibility tree using mean
node heights by the software TreeAnnonator v1.8.2 of the BEAST
package (Drummond and Rambaut, 2007). The resulting consensus
phylogeny was used for all subsequent phylogenetic analyses (Fig. S2).

2.4. Taxonomic, phylogenetic, functional similarity

Serensen index was used to calculate taxonomic similarity, which is
the proportion of the shared species to the total number of species oc-
curred in two samples (Soininen et al., 2007). Although there are many
other measures of similarity index, we selected Sgrensen index because
it is relatively independent of species richness and comparable with
Phylosor index (Soininen et al., 2007). To compute phylogenetic simi-
larity we used the Phylosor index derived from Sgrensen index, which is
the proportion of shared branch length to total evolutionary branch
length of two samples (Feng et al., 2012). Functional similarity was also
estimated using Phylosor index based on the functional dendrogram.
The standardized effect size (SES) of phylogenetic and functional si-
milarities for each assemblage was also calculated to eliminate the ef-
fect of taxonomic similarities. SESppy1050r Was computed as

Phylosor,,; — mean Phylosor, 4

SES =
phylosor sd Phylosor, 4

where Phylosor,y, is the observed phylogenetic or functional ‘Phylosor’
similarities of bird communities between two transects in each habitat,
mean Phylosor,q is the mean ‘Phylosor’ similarities of the null models
(shuffle species labels in community data while maintain species rich-
ness and species shared between communities for 999 times), and sd
Phylosor,q is the standard deviation of ‘Phylosor’ similarities of the
null models. Therefore, SES estimates the differences between the ob-
served values and expected values of null models, indicating the extent
of similarities after controlling the effect of taxonomic similarities.
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Fig. 1. Distribution of the 10 sites in Inner Mongolia. All sites are located in regions with steppe being the natural vegetation.

2.5. Climate data

Both contemporary and paleo climate may have influence on cur-
rent biodiversity patterns (Currie et al., 2004; Svenning et al., 2015).
Therefore, we used the following four climate variables, i.e., mean
annual temperature (MAT), mean annual precipitation (MAP), tem-
perature in Last Glacial Maximum (MAT in LGM), and precipitation in
Last Glacial Maximum (MAP in LGM), which were downloaded from
WorldClim (Hijmans et al., 2005). MAT in LGM and MAP in LGM were
obtained from the Community Climate System Model version 3
(CCSM3; Otto-Bliesner et al., 2006) and the Model for Interdisciplinary
Research on Climate version 3.2 (MIROC3.2; Hasumi and Emori, 2004).
We then respectively calculated the mean values of MAT in LGM and
MAP in LGM by averaging the two models. Change in MAT and change
in MAP were then calculated as contemporary values minus mean LGM
values.

2.6. Statistical analyses

Because bird transects in each site were close to each other, linear
mixed effects (Imer) models were used to control the spatial auto-
correlation of these bird transects, with site as a random factor. Tukey's
multiple comparisons based on Imer models were conducted to test the
differences of taxonomic, phylogenetic and functional similarities
among the four habitats, i.e., grassland, woodland, farmland and vil-
lage. Differences of SES phylogenetic and functional similarities among
the four habitats were also assessed using tukey's multiple comparisons.

Single variable ordinary least squares (ols) and lmer models were
conducted to estimate the associations between each climate variable
distance (MAT, MAP, MATchange; MAPGhange) and bird community si-
milarity in different habitats. Multiple regression of ols and Imer models
were also used to find the best combination of variables for explaining
the community similarities. The normal distribution of ols and Imer
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residuals was assessed using the Kolmogorov-Smirnov test. Akaike
weight (w), which indicates the probability of each model being the
best model and the relative advantage of the competing models, was
used to select the optimal combination of variables (Wagenmakers and
Farrell, 2004). Akaike weight of each climate variable distance in all
Imer models was also used to describe its relative importance. Each
climate variable distance (MAT, MAP, MATchanges MAPchange) Was
computed as the Euclidean distance. Correlations among these four
climate variable distances in each habitat were smaller than 0.7 (Table
S1). Because of the discrepancy of magnitude of climate variables, all
climate distances and community similarities values were standardized
(mean = 0 and standard deviation = 1).

Taxonomic, phylogenetic and functional similarities were computed
using the function ‘betadiver’ and ‘phylosor’ in vegan and picante
package. The 999 random phylogenetic and functional similarities were
generated using ‘phylosor.rnd’ function in picante package. Multiple
comparisons were carried out using the function ‘glht’ in multcomp
package. Lmer multiple regressions were performed using ‘lme4’ R
package. All calculations were performed in R statistical software ver-
sion 3.3.0 (R Core Team, 2016).

3. Results

There were two vulnerable species, five near threatened species and
one data deficient species in the 100 species found in our investigation.
Notably, seven of the eight species occurred in natural grassland (65
species in total), while four species occurred in woodland (85 species in
total) and farmland (61 species in total), and only one species occurred
in village (49 species in total) (Table S2).

Taxonomic, phylogenetic and functional similarities were sig-
nificantly different among the four habitats, i.e., grassland, woodland,
farmland and village (Fig. 2). Similarity was lowest in grassland (0.24,
0.42 and 0.70 for species, phylogeny and functional traits,
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Fig. 2. Results of Tukey's multiple comparisons for the taxonomic, phylogenetic and functional similarities (Serensen index) of bird communities in four habitats, i.e.,
grassland (Grass), woodland (Wood), farmland (Farm) and village, based on linear mixed effects models. Grassland, the relative natural habitat, has the lowest values

for taxonomic, phylogenetic and functional similarities.
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respectively), followed by woodland (0.31, 0.49, 0.81), farmland (0.42,
0.57, 0.82) and village (0.43, 0.57, 0.84) (Fig. 2). Furthermore, SES
phylogenetic and functional similarities showed similar patterns, i.e.,
grassland tended to have the lowest similarities (Fig. 3).

Moreover, single variable regression results showed that distances
of mean annual precipitation (MAP) and change in MAP were the two
variables most associated with taxonomic, phylogenetic and functional
similarities in natural grassland, and their associations decreased in the
other disturbed habitats (Table 1). Akaike weight of each climate
variable distance in all Imer models also indicated that climate variable
were more important in natural grassland (Table 1). Generally, dis-
tances of most climate variables were negatively correlated with com-
munity similarities (Table 1). Lmer multiple regression results showed
that the taxonomic, phylogenetic and functional similarities in natural
grassland were better explained by climate variable distances than in
other three disturbed habitats, i.e., woodland, farmland and village

Functional
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Fig. 3. Results of Tukey's multiple comparisons for
the standardized effect size (shuffle species labels in
community data while maintain species richness and
species shared between communities for 999 times)
of phylogenetic and functional similarities of bird
communities in four habitats, i.e., grassland (Grass),
woodland (Wood), farmland (Farm) and village,
based on linear mixed effects models. Again, grass-
land tended to have the lowest values for phyloge-
netic and functional similarities.
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(Table 2). Specifically, for taxonomic similarities, r? of the model with
highest Akaike weight (w = 1) in grassland was 0.53, higher than other
three habitats, i.e., 0.38 in woodland (w = 0.88), 0.30 in farmland
(w = 0.93), and 0.32 in village (w = 0.41) (Table 2). And the patterns
were similar for phylogenetic and functional similarities (Table 2). Ols
multiple regression showed similar patterns (Table S3). r2, AIC and w of
all combinations of variables based on Imer models were listed in Ta-
bles S4-S15.

4. Discussion

Transects in the natural grassland harbored most of the vulnerable,
near-threatened and data deficient species, indicating the important
role of natural steppe in bird diversity conservation in this region. Our
results also showed consistently less taxonomic, phylogenetic and
functional homogenization of bird communities in natural grassland
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Standardized coefficients of ordinary least squares (Coef,;s) and linear mixed effects models (Coefj,e,) for single climate variable distance to explain the taxonomic,
phylogenetic and functional similarities in the four habitats. Akaike weight (w) of each variable based on all Imer models was also listed. MAT and MAP is the
distance of mean annual temperature and precipitation. MATchange and MAPchange is the distance of contemporary-Last Glacial Maximum change in MAT and MAP.

*p < 0.01.

Grassland Woodland Farmland Village

Coefyg Coefimer w Coefyg Coefimer w Coefys Coefimer w Coefyg Coefimer w
Taxonomic
MAT —0.46* -0.18* 1 —0.56* —0.54* 1 —0.50* —0.42* 1 —0.50" —0.51* 1
MAP —0.49* —0.24* 1 -0.27* —0.24* 1 —0.22* -0.16* 1 —-0.05 0.01 0.33
MAT change —0.28* 0.07+ 1 -0.19+ —-0.12* 0.88 -0.29* -0.16* 0.03 —-0.23* -0.15* 0.30
MAP hange -0.53* —-0.30* 1 -0.21* -0.13* 1 -0.24* -0.11* 0.04 -0.11* 0.02 0.15
Phylogenetic
MAT —0.38* —0.08* 1 —0.39* —0.36* 1 —0.40* —0.29* 1 —0.34* —0.36* 1
MAP -0.52* -0.31* 1 —0.25* —0.21* 1 —-0.20* —-0.15* 1 -0.13* -0.07* 0.09
MATchange —0.27* 0.07* 1 —0.18* -0.12* 0.02 —0.29* —0.15* 0.08 —0.25* -0.18 0.07
MAPhange -0.51* —0.26* 1 —0.23* -0.18* 0.03 —-0.22* -0.10* 0.04 —-0.15* —0.06 0.04
Functional
MAT -0.16* —-0.03 0.85 —0.10* —0.09* 0.99 —-0.03 0.09* 0.99 —0.10* -0.10* 0.05
MAP -0.31* —-0.23* 1 —0.02 0.00 0.02 -0.11* —0.10* 0.11 —-0.01 —-0.01 0.17
MAT change -0.14* 0.02 0.05 —0.04 —0.03 0.03 -0.18* -0.11* 0.99 —-0.15* —-0.16* 1
MAP cpange —0.24* -0.13* 0.07 —0.07* —0.05 0.08 -0.16* —0.15* 0.99 -0.11* -0.11* 0.80

than in disturbed habitats, i.e., woodland, farmland and village. While
biotic homogenization of bird communities driven by anthropogenic
activities has been documented in taxonomic, phylogenetic and func-
tional dimensions, respectively (Morelli et al., 2016; Barnagaud et al.,
2017), to our knowledge, simultaneous incorporation of all the three
facets remain scarce. Moreover, we found higher associations between
bird community similarities and climate variable distances in natural
grassland than in disturbed habitats. Taking together, these findings
suggest that anthropogenic activities in this steppe region may cause
biodiversity loss not only in taxonomic level, but also in other biodi-
versity dimensions, emphasizing the crucial role of natural steppe in
biodiversity conservation in this region.

4.1. Taxonomic homogenization of bird communities due to land use change

Land use change driven by anthropogenic activities may often
benefit some species (i.e., widespread species/generalists) and nega-
tively affect others (i.e., rare/endemic species), resulting in increased
taxonomic similarities across sites and leading to biotic homogenization
(McKinney and Lockwood, 1999). In particular, when rare species are
replaced by generalists, communities would become more similar in

Table 2

space and time (McKinney, 2006). Much evidence has been reported
supporting this. For instance, a multi-taxa study including birds, plants
and insect in Brazilian Amazon finds that land use conversion (forest to
agriculture) reduces species beta diversity, leading to homogenization
in a broad spatial scale (Solar et al., 2015). Moreover, a global study of
terrestrial bird turnover pattern suggests that biotic homogenization in
regions with higher taxonomic and trait turnover is strongly affected by
human activities (Barnagaud et al., 2017).

In line with these studies, we also found a consistent increase in
taxonomic similarities from grassland to village along the human dis-
turbance gradient. Among the 56 bird transects in village, Passer mon-
tanus occurred in 52 transects, Hirundo rustica occurred in 46 transects,
and Pica pica occurred in 40 transects. This pattern was similar in
woodland (the three species occurred in 57, 45, 45 transects of 67
transects, respectively) and farmland (the three species occurred in 53,
45, 42 transects of 56 transects, respectively), which may drive the high
taxonomic homogenization in these habitats. All the three species
prefer habitats with intense human activities, e.g., villages and farm-
land (Xu, 2015). In contrast, among the 67 bird transects in grassland,
Calandrella cheleensis only existed in 37 transects, Passer montanus in 31
transects, and Galerida cristata in 26 transects. Calandrella cheleensis and

Linear mixed effects models with maximum Akaike weights (w) values for explaining the taxonomic, phylogenetic and functional similarities in the four habitats.
MAT and MAP is the distance of mean annual temperature and precipitation. MATchange and MAPcpange is the distance of contemporary-Last Glacial Maximum
change in MAT and MAP. Coefficient of each variable in the model, r? (fixed and random factor together) and Akaike weight (w) of each model were listed.

*p < 0.01.
Type Best Model r? w
Taxonomic
Grassland MAT*(—0.35) + MATchange"(0.18) + MAP*(—0.17) + MAPchange"(—0.24) 0.53 1
Woodland MAT*(—0.58) + MATchange*(0.08) + MAP*(—0.25) + MAPchange*(0.11) 0.38 0.88
Farmland MAT*(—-0.42) + MAP*(—-0.16) 0.30 0.93
Village MAT* (—0.51) 0.32 0.41
Phylogenetic
Grassland MAT*(—0.24) + MATchange*(0.13) + MAP*(—0.26) + MAPgpange*(—0.15) 0.40 1
Woodland MAT*(—0.35) + MAP*(—0.20) 0.20 0.95
Farmland MAT*(-0.30) + MAP*(—-0.15) 0.22 0.88
Village MAT*(—0.36) 0.19 0.81
Functional
Grassland MAT*(—0.10) + MAP*(—0.26) 0.10 0.75
Woodland MAT*(—0.09) 0.03 0.88
Farmland MAT#(0.14) + MATchange* (—0.15) + MAP pange*(—0.14) 0.12 0.87
Village MAT change” (—0.14) + MAP hange*(—0.09) 0.04 0.61
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Galerida cristata like to inhabit in grassland and semi-desert (Xu, 2015).

4.2. Phylogenetic homogenization of bird communities due to land use
change

Besides the effects on taxonomic diversity, anthropogenic activities
could also affect the phylogenetic diversity disproportionately (Morelli
et al., 2016; Thuiller et al., 2011). It has been well documented that
habitat conversion by anthropogenic activities could lead to phyloge-
netic diversity loss and evolutionary distinctiveness reduction of bird
assemblages, resulting in phylogenetic homogenization (Frishkoff et al.,
2014; Ibafnez-Alamo et al., 2017). Consistent with these findings, our
results also showed significantly higher phylogenetic similarities in
disturbed habitats than in natural grassland, even after controlling the
effect of taxonomic similarities, indicating strong phylogenetic homo-
genization of bird assemblages in these disturbed habitats across this
region.

Strong anthropogenic activities would generally produce less stable
and relative homogenized habitat, which then may favor subsets of
closely related species (Frishkoff et al., 2014; Morelli et al., 2016). The
mean phylogenetic distance among the three most abundant species in
disturbed habitats (Passer montanus, Hirundo rustica and Pica pica) and
other species occurred in our study is 115 myr, smaller than the mean
phylogenetic distance of all species pairs (131 myr), indicating that
these three species are more closely related with other species. While
bird species from young clades tend to be benefit from anthropogenic
impacts, evolutionarily distinctive birds species in basal lineages are
less able to exploit the changed environment (Frishkoff et al., 2014;
Morelli et al., 2016). Notably, the mean phylogenetic distance among
the seven species unique to natural grassland (including two near
threatened species and one data deficient species) is 138 myr, larger
than the mean phylogenetic distance of all species pairs, suggesting that
these seven species are more distantly related.

4.3. Functional homogenization of bird communities due to land use change

While there are already many studies about bird taxonomic and
phylogenetic homogenization due to land use change (Frishkoff et al.,
2014; Ibafiez-Alamo et al., 2017; Karp et al., 2018), bird functional
homogenization, which is more directly linked with ecosystem func-
tioning and service, has been seldom reported (Devictor et al., 2008),
especially for the integration with taxonomic and phylogenetic di-
mensions. The increase of ecological generalists and decrease of eco-
logical specialist due to land use change may not only cause taxonomic
homogenization, but also result in functional homogenization (Olden
et al., 2004; Devictor et al., 2008).

Supporting these ideas, our results also showed that functional si-
milarities of bird communities were significantly higher in disturbed
habitats than in natural habitat, even after controlling the effects of
taxonomic similarities. The mean functional distance between the three
most abundant species in disturbed habitats (Passer montanus, Hirundo
rustica and Pica pica) and other species occurred in our study is 0.53,
tended to be smaller than the mean functional distance of all species
pairs (0.56).

4.4. Associations between climate and bird community similarities affected
by land use change

Geographical distribution of biodiversity is strongly affected by both
contemporary and paleo climate through their effects on net primary
productivity, species range, extinction, speciation, migration and so on
(Currie et al., 2004; Svenning et al., 2015). Paleo climate change could
also indirectly affect terrestrial animals by causing changes in vegeta-
tion composition and structure (Jackson and Overpeck, 2000). Turn-
over of community composition driven by past climate change occurred
across multiple terrestrial taxonomic groups and across different
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continents (Nogués-Bravo et al., 2016). Supporting these studies, our
results showed increasing beta diversity of bird communities with in-
creasing distance in current climate and paleo climate change.

However, the effects of anthropogenic activities on this diversity-
climate relation have recently been widely reported. For example, bird
species beta diversity in Costa Rica is better explained by climate in
forest communities than in agriculture ones, indicating that agriculture
has erased the climate-beta diversity associations (Karp et al., 2018).
Consistent with and also being an expansion of this study, we found that
not only the association between climate and taxonomic beta diversity,
but also the associations with phylogenetic and functional beta di-
versity were erased by land use change driven by anthropogenic ac-
tivities. Microclimate and resources for birds in the relatively homo-
genized habitats, e.g., village and farmland, may be more similar across
different regions than in natural grassland, resulting in the lower as-
sociations between bird community composition and climate in these
homogenized habitats.

5. Conclusions

We found strong and consistent taxonomic, phylogenetic and
functional homogenization of bird communities due to land use change
at a regional scale. In addition we also found weaker associations be-
tween bird community similarities and climate distances in disturbed
habitats. Therefore, human induced biotic homogenization of bird
communities may not only act at taxonomic level, but could also
strongly affect the phylogenetic and functional diversity. Our study
highlights the important role of natural steppe in bird diversity con-
servation under the context of global land use change and biodiversity
decline, providing important implications for biodiversity conservation.

Data accessibility

The data and code are available upon request form the authors.
Declaration of Competing Interest

The authors have no conflict in interest.
Acknowledgments

GF was supported by the National Natural Science Foundation of
China (41861004), the Starting Funding for Scientific Research from
Inner Mongolia University (21400-5165111) and the Inner Mongolia
Grassland Talent (12000-12102228). JCS considers this work a con-
tribution to his VILLUM Investigator project “Biodiversity Dynamics in
a Changing World” funded by VILLUM FONDEN (grant 16549).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2019.05.036.

References

Barnagaud, J.Y., Kissling, W.D., Tsirogiannis, C., Fisikopoulos, V., Villeger, S.,
Sekercioglu, C.H., Svenning, J.C., 2017. Biogeographical, environmental and an-
thropogenic determinants of global patterns in bird taxonomic and trait turnover.
Glob. Ecol. Biogeogr. 26, 1190-1200.

Brawn, J.D., Robinson, S.K., Thompson III, F.R., 2001. The role of disturbance in the
ecology and conservation of birds. Annu. Rev. Ecol. Syst. 32, 251-276.

Cadotte, M.W., Cavender-Bares, J., Tilman, D., Oakley, T.H., 2009. Using phylogenetic,
functional and trait diversity to understand patterns of plant community pro-
ductivity. PLoS One 4, e5695.

Currie, D.J., Mittelbach, G.G., Cornell, H.V., Field, R., Guegan, J.F., Hawkins, B.A.,
Turner, J.R.G., 2004. Predictions and tests of climate-based hypotheses of broad-scale
variation in taxonomic richness. Ecol. Lett. 7, 1121-1134.

Devictor, V., Julliard, R., Clavel, J., Jiguet, F., Lee, A., Couvet, D., 2008. Functional biotic
homogenization of bird communities in disturbed landscapes. Glob. Ecol. Biogeogr.


https://doi.org/10.1016/j.biocon.2019.05.036
https://doi.org/10.1016/j.biocon.2019.05.036
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0005
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0005
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0005
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0005
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0010
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0010
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0015
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0015
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0015
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0020
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0020
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0020
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0025
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0025

C. Liang, et al.

17, 252-261.

Ding, Z., Feeley, K.J., Wang, Y., Pakeman, R.J., Ding, P., 2013. Patterns of bird functional
diversity on land-bridge island fragments. J. Anim. Ecol. 82, 781-790.

Drummond, A.J., Rambaut, A., 2007. BEAST: Bayesian evolutionary analysis by sampling
trees. BMC Evol. Biol. 7, 214.

Feng, G., Zhang, J., Pei, N.C., Rao, M.D., Mi, X.C., Ren, H.B., Ma, K.P., 2012. Comparison
of phylobetadiversity indices based on community data from Gutianshan forest plot.
Chin. Sci. Bull. 57, 623-630.

Frishkoff, L.O., Karp, D.S., M'Gonigle, L.K., Mendenhall, C.D., Zook, J., Kremen, C., Daily,
G.C., 2014. Loss of avian phylogenetic diversity in neotropical agricultural systems.
Science 345, 1343-1346.

Frishkoff, L.O., Karp, D.S., Flanders, J.R., Zook, J., Hadly, E.A., Daily, G.C., M'Gonigle,
L.K., 2016. Climate change and habitat conversion favour the same species. Ecol.
Lett. 19, 1081-1090.

Hasumi, H., Emori, S., 2004. K-1 Coupled Model (MIROC) Description. K-1 Technical
Report No. 1. Center for Climate System Research, University of Tokyo, Tokyo.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jarvis, A., 2005. Very high re-
solution interpolated climate surfaces for global land areas. Int. J. Climatol. 25,
1965-1978.

Hoekstra, J.M., Boucher, T.M., Ricketts, T.H., Roberts, C., 2005. Confronting a biome
crisis: global disparities of habitat loss and protection. Ecol. Lett. 8, 3-9.

Ibafez-Alamo, J.D., Rubio, E., Benedetti, Y., Morelli, F., 2017. Global loss of avian evo-
lutionary uniqueness in urban areas. Glob. Chang. Biol. 23, 2990-2998.

Jackson, S.T., Overpeck, J.T., 2000. Responses of plant populations and communities to
environmental changes of the late Quaternary. Paleobiology 26, 194-220.

Jarzyna, M.A., Jetz, W., 2017. A near half-century of temporal change in different facets
of avian diversity. Glob. Chang. Biol. 23, 2999-3011.

Jetz, W., Thomas, G.H., Joy, J.B., Redding, D.W., Hartmann, K., Mooers, A.O., 2014.
Global distribution and conservation of evolutionary distinctness in birds. Curr. Biol.
24, 919-930.

Jiang, Z., Jiang, J., Wang, Y., Zhang, Y., Li, L., Xie, F., ... Ping, X., 2016. Red list of China's
vertebrates. Biodivers. Sci. 24, 500-551 (in Chinese with English abstract).

John, R., Chen, J., Lu, N., Wilske, B., 2009. Land cover/land use change in semi-arid Inner
Mongolia: 1992-2004. Environ. Res. Lett. 4, 45010-45019.

Karp, D.S., Rominger, A.J., Zook, J., Ranganathan, J., Ehrlich, P.R., Daily, G.C., 2012.
Intensive agriculture erodes B-diversity at large scales. Ecol. Lett. 15, 963-970.
Karp, D.S., Frishkoff, L.O., Echeverri, A., Zook, J., Juarez, P., Chan, K., 2018. Agriculture
erases climate-driven fB-diversity in Neotropical bird communities. Glob. Chang. Biol.

24, 338-349.

McKinney, M.L., 2006. Urbanization as a major cause of biotic homogenization. Biol.
Conserv. 127, 247-260.

McKinney, M.L., Lockwood, J.L., 1999. Biotic homogenization: a few winners replacing
many losers in the next mass extinction. Trends Ecol. Evol. 14, 450-453.

Morelli, F., Benedetti, Y., Ibafiez-Alamo, J.D., Jokimiki, J., Mind, R., Tryjanowski, P.,
Mgller, A.P., 2016. Evidence of evolutionary homogenization of bird communities in
urban environments across Europe. Glob. Ecol. Biogeogr. 25, 1284-1293.

Moretti, M., Duelli, P., Obrist, M.K., 2006. Biodiversity and resilience of arthropod

43

Biological Conservation 236 (2019) 37-43

communities after fire disturbance in temperate forests. Oecologia 149, 312-327.
Nogués-Bravo, D., Veloz, S., Holt, B.G., Singarayer, J., Valdes, P., Davis, B., Rahbek, C.,
2016. Amplified plant turnover in response to climate change forecast by Late

Quaternary records. Nat. Clim. Chang. 6, 1115-1119.

Nowakowski, A.J., Frishkoff, L.O., Thompson, M.E., Smith, T.M., Todd, B.D., 2018.
Phylogenetic homogenization of amphibian assemblages in human-altered habitats
across the globe. Proc. Natl. Acad. Sci. E3454-E3462.

Olden, J.D., 2006. Biotic homogenization: a new research agenda for conservation bio-
geography. J. Biogeogr. 33, 2027-2039.

Olden, J.D., Poff, N.L., Douglas, M.R., Douglas, M.E., Fausch, K.D., 2004. Ecological and
evolutionary consequences of biotic homogenization. Trends Ecol. Evol. 19, 18-24.

Otto-Bliesner, B., Brady, E., Clauzet, G., Tomas, R., Levis, S., Kothavala, Z., 2006. Last
glacial maximum and Holocene climate in CCSM3. J. Clim. 19, 2526-2544.

Petsch, D.K., 2016. Causes and consequences of biotic homogenization in freshwater
ecosystems. Int. Rev. Hydrobiol. 101, 113-122.

R Core Team, 2016. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria.

Soininen, J., McDonald, R., Hillebrand, H., 2007. The distance decay of similatrity in
ecological communities. Ecography 30, 3-12.

Solar, R. R. d. C., Barlow, J., Ferreira, J., Berenguer, E., Lees, A. C., Thomson, J. R,, ...
Oliveira, V. H. (2015). How pervasive is biotic homogenization in human-modified
tropical forest landscapes? Ecol. Lett., 18, 1108-1118.

Srivastava, D.S., Cadotte, M.W., Macdonald, A.A.M., Marushia, R.G., Mirotchnick, N.,
2012. Phylogenetic diversity and the functioning of ecosystems. Ecol. Lett. 15,
637-648.

Svenning, J.-C., Eiserhardt, W.L., Normand, S., Ordonez, A., Sandel, B., 2015. The in-
fluence of paleoclimate on present-day patterns in biodiversity and ecosystems.
Annu. Rev. Ecol. Evol. Syst. 46, 551-572.

Tao, S., Fang, J., Zhao, X., Zhao, S., Shen, H., Hu, H,, ... Guo, Q., 2015. Rapid loss of lakes
on the Mongolian Plateau. Proc. Natl. Acad. Sci. U. S. A. 112, 2281-2286.

Thuiller, W., Lavergne, S., Roquet, C., Boulangeat, I., Lafourcade, B., Aratijo, M.B., 2011.
Consequences of climate change on the tree of life in Europe. Nature 470, 531-534.

van der Plas, F., Manning, P., Soliveres, S., Allan, E., Scherer-Lorenzen, M., Verheyen, K.,
Baeten, L., 2016. Biotic homogenization can decrease landscape-scale forest multi-
functionality. Proc. Natl. Acad. Sci. 113, 3557-3562.

Wagenmakers, E.J., Farrell, S., 2004. AIC model selection using Akaike weights. Psychon.
Bull. Rev. 11, 192-196.

Wang, Y., Si, X., Bennett, P.M., Chen, C., Zeng, D., Zhao, Y., Ding, P., 2018. Ecological
correlates of extinction risk in Chinese birds. Ecography 41, 782-794.

Webb, C.O., Ackerly, D.D., McPeek, M.A., Donoghue, M.J., 2002. Phylogenies and com-
munity ecology. Annu. Rev. Ecol. Syst. 33, 475-505.

Wu, J., Zhang, Q., Li, A., Liang, C., 2015. Historical landscape dynamics of Inner
Mongolia: patterns, drivers, and impacts. Landsc. Ecol. 30, 1579-1598.

Xu, R., 2007. Fauna of Inner Mongolia. vol. Volume III Inner Mongolia University Press,
Hohhot, China (In Chinese).

Xu, R., 2015. Fauna of Inner Mongolia. vol. Volume IV Inner Mongolia University Press,
Hohhot, China (In Chinese).


http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0025
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0030
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0030
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0035
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0035
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0040
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0040
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0040
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0045
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0045
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0045
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0050
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0050
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0050
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0055
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0055
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0060
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0060
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0060
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0065
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0065
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0070
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0070
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0075
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0075
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0080
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0080
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0085
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0085
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0085
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0090
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0090
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0095
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0095
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0100
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0100
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0105
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0105
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0105
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0110
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0110
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0115
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0115
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0120
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0120
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0120
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0125
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0125
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0130
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0130
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0130
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0135
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0135
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0135
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0140
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0140
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0145
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0145
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0150
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0150
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0155
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0155
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0160
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0160
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0165
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0165
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0170
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0170
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0170
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0175
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0175
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0175
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0180
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0180
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0185
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0185
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0190
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0190
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0190
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0195
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0195
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0200
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0200
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0205
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0205
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0210
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0210
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0215
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0215
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0220
http://refhub.elsevier.com/S0006-3207(19)30418-5/rf0220

	Taxonomic, phylogenetic and functional homogenization of bird communities due to land use change
	Introduction
	Materials and methods
	Study area
	Bird data
	Functional dendrogram and phylogenetic data
	Taxonomic, phylogenetic, functional similarity
	Climate data
	Statistical analyses

	Results
	Discussion
	Taxonomic homogenization of bird communities due to land use change
	Phylogenetic homogenization of bird communities due to land use change
	Functional homogenization of bird communities due to land use change
	Associations between climate and bird community similarities affected by land use change

	Conclusions
	Data accessibility
	mk:H1_17
	Acknowledgments
	Supplementary data
	References




