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Abstract Smooth cordgrass (Spartina alterniflora)
is one of the most invasive exotic plants of saltmars-
hes worldwide. To understand the effects of smooth
cordgrass invasion on the habitat use and selection by
breeding saltmarsh birds, we compared species
number and abundance of breeding birds in native
reed (Phragmites australis) and smooth cordgrass-
invaded habitats (reed-cordgrass mixed habitats and
cordgrass monocultures) at Chongming Dongtan in
the Yangtze River estuary, China. We further exam-
ined the similarity of bird communities in different
habitats and habitat selection by dominant bird
species. For saltmarsh generalists, species number
and abundance did not differ among the habitats. For
saltmarsh specialists, species number and abundance
did not differ in reed monocultures and reed-
cordgrass mixed habitats but were significantly lower
in cordgrass monocultures than in reed monocultures
and reed-cordgrass mixed habitats. ANOSIM indi-
cated that the difference in bird communities was
larger between cordgrass monocultures and the
habitats with reed than between the habitats with
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reed. The saltmarsh specialists preferred reed mono-
cultures, while saltmarsh generalists avoided reed
monocultures. Most species indicated no selection
(neither preferred nor avoided) on reed-cordgrass
mixed habitats, and no species preferred the cord-
grass monocultures. The use of cordgrass monocul-
tures by the common saltmarsh birds was negatively
related to their body size. This study suggests that the
spread of exotic smooth cordgrass has greatly
affected the species composition and structure of
local bird communities and has been especially
disadvantageous to the saltmarsh specialists.

Keywords Breeding birds - Habitat generalists -
Habitat specialists - Exotic plants - Saltmarsh -
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Introduction

Biological invasion is a severe threat to native
biodiversity. Exotic species can affect the local biota
both directly and indirectly, and direct effects include
predation on, competition with, parasitism to, and
hybridization with native species (e.g., Hilton and
Cuthbert 2010; Kenis et al. 2009; Kerpez and Smith
1990; Rhymer and Simberloff 1996). Indirect effects
include changes in the biotic and abiotic environ-
ment, trophic pathways, and ecological functions and
services of ecosystems (Crooks 2002; Levis et al.
2006; Straube et al. 2009). Although the direct effects
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of invasive species on the native biota have been well
studied, the indirect effects of invasive species are
very complex and thus remain elusive (Sax et al.
2005).

Exotic plants in particular represent an important
group of invasive organisms that can strongly affect
the biotic and abiotic characteristics of ecosystems
(Crooks 2002; Li et al. 2009). The many organisms
that can be affected by exotic plants include birds.
Invasion by exotic plants not only changes the local
plant communities, which constitute the major com-
ponents of bird habitats, but also impact birds by
changing food chains (Flanders et al. 2006; Ortega
et al. 2006; Remes 2003).

The success of breeding birds depends on suitable
habitats (Gjerdrum et al. 2005). Although the inva-
sion of exotic plants dramatically changes the hab-
itats of local breeding birds, research on the impacts
of exotic plants on breeding birds have produced
equivocal results. Most studies have indicated that the
invasions by exotic plants negatively affect local
breeding birds by decreasing species richness and/or
abundance of birds (Benoit and Askins 1999; Fandino
et al. 2010; Flanders et al. 2006; Skorka et al. 2010),
by causing the disappearance of some guilds (Ellis
1995; Hunter et al. 1988; Mitra and Sheldon 1993),
by reducing breeding success (Borgmann and
Rodewald 2004; Mermoz and Reboreda 1998; Nordby
et al. 2009; Remes 2003; Schmidt and Whelan 1999),
by decreasing the growth rate of nestlings (Lloyd and
Martin 2005), and by reducing nest-site fidelity
(Ortega et al. 2006). Other studies, however, have
indicated that exotic plants could provide alternative
or new breeding habitats for the local birds (Schmidt
et al. 2005; Sogge et al. 2008; Whitt et al. 1999) and
that the breeding success in exotic habitats is equal to
or even higher than that in native habitats (Kennedy
et al. 2009; Schlossberg and Kings 2010). Moreover,
some birds in previously degraded ecosystems might
depend on the exotic plants completing life histories
(Fleishman et al. 2003; Heckscher 2004; Safford
1997). Overall, the impacts of exotic plants on
breeding birds seem to be region- and species-
dependent. Birds are more likely to prefer the exotic
habitats in those regions where suitable native
habitats are limited, whereas the exotic plants are
more likely to be detrimental to those birds that
depend on native plants for their habitats and food
(e.g., Flanders et al. 2006; Hunter et al. 1988; Safford
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1997, Skorka et al. 2010; Sogge et al. 2008).
Although invasion by exotic plants might not have
obvious effects on the species richness and/or abun-
dance of local bird communities, species composition
and structure are generally altered (e.g., Flanders
et al. 2006; Fleishman et al. 2003).

Cordgrasses (Spartina spp.) are among the most
invasive exotic plants in saltmarshes worldwide.
Studies in North America (Buchanan 2003), Europe
(Goss-Custard and Moser 1988), Australia (Simpson
1995), and East Asia (Gan et al. 2009) have indicated
that cordgrass invasion degrades or eliminates hab-
itats for nonbreeding migratory shorebirds. This
might be related to the dense populations of cordgrass
that could obstruct shorebird movement and foraging.
However, the effects of exotic cordgrass on breeding
saltmarsh birds were largely unexplored. Recent
studies in San Francisco Bay indicate that although
some birds can nest in the cordgrass-invaded salt-
marshes, the breeding success is lower in exotic
cordgrass habitats than in native vegetation (Nordby
et al. 2009).

In China, smooth cordgrass (Spartina alterniflora)
was intentionally introduced in 1979. After natural
spread and intentional introductions over the past
three decades, smooth cordgrass is distributed widely
along the east coastal and estuarine wetlands (An
et al. 2007; Wang et al. 2006). In the Yangtze River
estuary in east China, smooth cordgrass has become
the dominant plant species in saltmarshes (Wang
2007). Smooth cordgrass can out-compete native sea
bulrush (Spartina mariqueter) and form dense mono-
cultures, and can also form mixed mosaics with
native reed (Phragmites australis) (Li et al. 2009;
Wang et al. 2006). Thus, the invasion of smooth
cordgrass has substantially changed the plant com-
position and structure of saltmarshes in the Yangtze
River estuary, and such changes might affect habitat
use and habitat selection by breeding birds.

Saltmarshes are important habitats for breeding
birds in the Yangtze River estuary. Some species,
such as reed parrotbills (Paradoxornis heudei) and
oriental great reed warblers (Acrocephalus oriental-
is), exclusively depend on the reed communities for
their breeding habitats (Xu and Zhao 2005). In this
study, we attempted to determine how invasive
smooth cordgrass affects habitat use and habitat
selection by breeding birds at Chongming Dongtan
saltmarshes in the Yangtze River estuary. We
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hypothesized that the species composition and struc-
ture of bird communities are different between native
habitats and in smooth cordgrass-invaded habitats,
and that these differences result from different
preferences for the native and smooth cordgrass-
invaded habitats by the saltmarsh breeding birds.

Methods
Study sites

Chongming Dongtan (31°25'-31°38'N, 121°50'-
122°05'E, Fig. 1) is located at the eastern end
of Chongming Island in the Yangtze River estuary
of eastern China, and encompasses a large area of
estuarine wetlands (Fig. 1). The estuarine wetlands
are composed of bare mudflats in the low tidal zone
and vegetated saltmarshes in the middle and high tidal
zones. The dominant native plants in the saltmarshes
include sea-bulrush and common reed (hereafter reed)
(Fig. 1a). Ongoing deposition of sediments in the
estuary has gradually increased the elevation of the
tidal flats so that they have become less affected by
tides, resulting in a vegetation succession from pure
sea-bulrush stands in the middle tidal zone to pure
reed stands in the high tidal zone (Xu and Zhao 2005).
The total area of saltmarshes at Chongming Dongtan
was 4,000 ha in 2005 (Wang 2007). The sea-bulrush

Fig. 1 The distribution of
saltmarsh plants on the tidal
flats at Chongming Dongtan
(a) and the location of
Chongming Dongtan in the
Yangtze River estuary

(b) and in China (c¢)
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habitats support few breeding birds although many
shorebirds forage in the sparse sea-bulrush habitats
during migration (Gan et al. 2009). In contrast, the tall
reed habitats support large numbers of saltmarsh birds
in both breeding and nonbreeding seasons (Xu and
Zhao 2005).

The bare intertidal zone and saltmarshes have been
heavily colonized by introduced smooth cordgrass
(hereafter cordgrass) at Chongming Dongtan. As of
2005, cordgrass occupied about 2,000 ha, i.e., about
half of the vegetated portion of the intertidal area (Li
et al. 2009; Wang 2007). In the middle tidal zone,
cordgrass has out-competed sea-bulrush and formed
pure stands, which has gradually led to a reduced
range of sea-bulrush communities. In the high tidal
zone, cordgrass invasion has fragmented the reed
communities, resulting in the formation of either a
mosaic of reed mixed with cordgrass or pure
cordgrass stands (Wang 2007).

At Chongming Dongtan, the plant height of reed
(2-3 m) is greater than that of cordgrass (1.5-2 m).
With a large number of upstanding stems, cordgrass
stands (284 + 81 ind. m~2) are much denser than
reed stands (129 + 9 ind. m~?) (Gan 2009). Accord-
ing to the proportion of reed and cordgrass in the
saltmarshes, we classified bird habitats into reed
monocultures, reed-dominated community (reed
area > 2/3 of total area), reed-cordgrass mixture
(reed area about 1/3-2/3 of total area), cordgrass-
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dominated community (reed area < 1/3 of total area),
and cordgrass monocultures. Compared to cordgrass
and reed, sea bulrush is relatively short (plant
height < 0.5 m). It is distributed in the middle and
low tidal zones and is frequently submerged by
tidewater (Xu and Zhao 2005). Thus, sea bulrush
habitats are not suitable for the saltmarsh birds during
the breeding period, and we did not include the sea-
bulrush habitats in this study.

Breeding bird surveys

Bird surveys were conducted in the north and east
parts of Chongming Dongtan saltmarshes, where the
cordgrass has invaded (Fig. 1). According to the
separation of tidal channels and the origin of
cordgrass, the surveyed area was divided into four
regions from north to east: Beibaxiao, Dongwangsha,
Niuchanggang, and Buyugang (Fig. 1a). The cord-
grass at Beibaxiao naturally spread from north of the
Yangtze River estuary in the middle 1990s; the
cordgrass at Buyugang was intentionally planted in
2001 and then spread naturally; and the cordgrass at
Dongwangsha and Niuchanggang was the conse-
quence of natural spread from the Beibaxiao and
Buyugang regions. During our surveys, reed and
cordgrass were the dominant plant species in the
intertidal zone in these four regions (Fig. 1a).
Fixed-radius point counts were used for bird
surveys in May and June in 2008. Because it was
difficult to walk on the muddy intertidal flats and
dense vegetation zone, we set bird counting stations
along the trails extending from the high to low tidal
zones at each region; local fishermen used the trails to
collect shellfish in the intertidal area. During our
surveys, the trails were rarely used, and human
disturbance was limited. To minimize overlapping
observations from adjacent counting stations, we set
adjacent counting stations with >250 m interval and
4-6 counting stations were set in each trail according
to trail length. All the counting stations were >100 m
from the dikes, which could avoid the disturbance of
human activities on the dikes and edge effects. We
located the counting stations with Global Positioning
System (GPS, Garmin eTrex, accuracy <15 m), and
recorded the habitat patch (reed monoculture, reed-
dominant, reed-cordgrass mixture, cordgrass-domi-
nant, or cordgrass monoculture) at each counting
station according to the proportion of reed and
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cordgrass within a 30-m radius. Pre-surveys had
indicated that birds within 30 m of a station could be
detected based on visual and aural data (Cai et al.
2010).

Breeding bird surveys were conducted in the
morning from sunrise and lasted for 3 h to minimize
hourly variation in detection. Two investigators (XJG
and YTC) conducted bird surveys using 8 x binoc-
ulars. We used range finders (Bushnell 20-2018) to
calibrate the distance estimation of the investigators
before the surveys. The numbers of bird species seen
and heard within a 30-m radius of each counting
station were recorded for 10 min. Upon arrival at a
station, the investigators also recorded birds within
30 m of the station so as to include individuals that
were flushed upon approach. Although bird densities
might have been under- or overestimated, methods
were consistent among study periods. To decrease the
effects of changes in bird species and numbers during
surveys, we conducted bird surveys in turn in the four
regions, and selected three trails randomly in each
region during each survey. A total of three surveys
were conducted during the study periods, each survey
lasted for 1 week and a minimum of 10 days
separated the three surveys.

We included the aerial foragers (e.g., barn swal-
lows Hirundo rustica) and nest parasites (e.g.,
common cuckoos Cuculus canorus) in the records
because the food of aerial foragers is related to the
vegetation, and the habitat condition affects the nest
parasites indirectly by influencing the nest sites of the
hosts. Birds that simply flew over the regions were
excluded.

Data analysis

According to the habitat use of the saltmarsh birds,
we classified the birds into saltmarsh specialists
(those that depend on saltmarshes exclusively or
primarily) and saltmarsh generalists (those that
depend on both saltmarshes and other habitats)
(Gan 2009; Xu and Zhao 2005). The number of
species and abundance of species of saltmarsh
specialists, saltmarsh generalists, and of all saltmarsh
species (= specialists + generalists) were determined
for each habitat. To reduce the bias of different
sampling effort and sampling size among the habitats,
we used Chaol (abundance-based estimator of spe-
cies richness) and Chao2 (incidence-based estimator
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of species richness) statistics to estimate the species
richness of each bird group in each habitat (Colwell
and Coddington 1994). Software package EstimateS
8.2 (Colwell 2009) was used to compute the Chaol,
Chao2, and randomized sample-based species accu-
mulation curves for the observed species richness
(using the Mao Tau procedure) with 50 randomiza-
tions in all calculations. In this study, sample size was
the number of counting stations, with 40 in reed
monocultures, 28 in reed-dominated community, 40
in reed-cordgrass mixture, 40 in cordgrass-dominated
community, and 32 in cordgrass monocultures.
Analyses of Variance (ANOVAs, Tukey-HSD tests
followed if significant difference occurred) were
further used to compare the differences in species
richness among different habitat patches according to
the Chaol and Chao2 estimators.

To examine the similarity of bird communities in
different habitats, we performed one-way analysis of
similarities (ANOSIM) using PRIMER-E software
(PRIMER-E, Plymouth, United Kingdom). The
ANOSIM generates an R statistic that is scaled
between —1 and 1, with R > 0.75 indicating quite
different communities, R > 0.5 indicating overlap-
ping but clearly different communities, and R < 0.25
indicating communities with substantial similarity
(Clarke and Warwick 2001). Bird species and their
numbers in the four survey regions were gathered,
respectively, before analysis. Ordinations by nonmet-
ric multidimensional scaling (MDS) were performed
with the MDS module of PRIMER-E based on the
Bray-Curtis similarity matrix.

Repeated-measures ANOVAs (Zar 1999) were
used to compare the number of bird species and
number of individuals recorded per counting station
in different habitats with survey time as within group
factor, survey region as covariate, and habitat patch
as between group factor. Tukey-HSD tests were used
for post-hoc comparison if the differences were
significant. There was no significant interaction
between time and patch type (P > 0.1 for both),
and thus the comparisons were feasible.

We selected those bird species with >100 detec-
tions during the surveys as common species for
analysis of their habitat selection among the five
habitat patches. Chi-squared goodness of fit was used
to compare habitat use (percentage of birds observed
in each habitat) and habitat availability (percentage of
area of each habitat) of each bird species among the

five habitat patches. If habitat use was significantly
different from habitat availability, Bonferroni analy-
ses were used to test the positive, null, and negative
selection for the habitats by the birds (Byers et al.
1984; Neu et al. 1974).

Dense vegetation can obstruct the movements of
birds, make prey inaccessible to them, and reduce their
foraging efficiency (Benoit and Askins 1999; Vitz and
Rodewald 2007). The obstacle of dense vegetation
increases with the increase of birds’ body size. In order
to detect the use of dense cordgrass monocultures by
the breeding birds, we used generalized linear regres-
sion to analyze the relationship between the body size
of birds and their use of the cordgrass monocultures.
Only common birds were involved in this analysis so
as to decrease the observation bias. We used body mass
of birds as an index of their body size. The body mass
of birds was obtained from local bird-banding data (XJ
Gan unpublished data).

Data for bird species and numbers were logarith-
mically transformed before analysis to reduce hetero-
scedasticity and improve normality. We performed all
statistical analyses using version 6.0 of STATISTICA
(StatSoft, Tulsa, Oklahoma) unless otherwise indi-
cated, and used o < 0.05 for statistical significance.

Results
Bird species

A total of 22 bird species were recorded during the
study (Table 1). The largest number of species was
recorded in reed monocultures (19 species), followed
by the reed-dominated community and reed-cord-
grass mixture (17 species for both), and cordgrass-
dominated community (15 species). The smallest
number of species was recorded in the cordgrass
monocultures (11 species) (Table 2).

The species in the four habitats with reed (reed
monocultures, reed-dominated community, reed-
cordgrass mixture, and cordgrass-dominated commu-
nity) consisted of a mix of saltmarsh generalists and
specialists, while the species in cordgrass monocul-
tures mainly consisted of saltmarsh generalists
(Table 2). Of the 16 species of saltmarsh generalists
recorded in this study, 13 species were recorded in
reed monocultures, and 11, 11, 9, and 8 species were
recorded in the reed-dominated community, reed-
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Table 2 Observed (Syps) and estimated (Chaol and Chao2) bird species richness in the five saltmarsh habitats

Habitat
RM RD RC CD CM
All birds Sobs 19 17 17 15 11
Chaol 20.0 (1.8) 18.0 (1.8) 20.0 (4.2) 19.5 (7.2) 11.8 (1.4)
Chao2 20.0 (1.8) 17.7 (1.4) 20.8 (6.8) 19.5 (6.2) 11.7 (1.4)
Saltmarsh generalists Sobs 13 11 11 9 8
Chaol 13.5 (1.9) 11.5 (1.3) 13.0 3.7) 10.0 (2.5) 8.3 (0.7)
Chao2 13.5 (1.7) 11.5 (1.3) 13.9 4.5) 10.0 (2.2) 8.2 (0.7)
Saltmarsh specialists Sobs 6 6 6 6 3
Chaol 6.0 (0.3) 6.0 (0.3) 7.0 (2.2) 6.0 (0.3) 3.0 (0.4)
Chao2 6.0 (0.2) 6 (0.2) 7.0 2.2) 6.0 (0.2) 3.0 (0.4)

The values in the parentheses indicate the SD. Sample size was 40, 28, 40, 36, and 32 for RM, RD, RC, CD, and CM

RM reed monocultures, RD reed-dominated community, RC reed-cordgrass mixture, CD cordgrass-dominated community, CM

cordgrass monocultures
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Fig. 2 Mean number of bird species (a) and mean number of
birds (b) recorded per counting station in the five habitats. All
birds = saltmarsh specialists + saltmarsh generalists. RM reed
monocultures, RD reed-dominated community, RC reed-
cordgrass mixture, CD cordgrass-dominated community, CM

cordgrass monocultures. The vertical bars indicate the SE

cordgrass mixture, cordgrass-dominated community,
and cordgrass monocultures, respectively. All six
species of the saltmarsh specialists were recorded in

the four habitats with reed, while only three were
recorded in the cordgrass monocultures (Table 2).

Based on the data for all saltmarsh birds (special-
ists + generalists), repeated-measures ANOVAs indi-
cated a significant difference in the number of species
recorded in the five habitats (F = 6.40, df =4,
P = 0.001); the number of species was significantly
lower in the cordgrass monocultures than in other four
habitats, while species number did not significantly
differ among the four habitats with reed (Fig. 2a). The
distribution of saltmarsh specialists indicated a similar
pattern, with fewer species in cordgrass monocultures
than in the other habitats (F = 11.63, df =4,
P <0.001) (Fig. 2a). The number of species of
saltmarsh generalists, however, did not significantly
differ (F = 1.52, df = 4, P = 0.23) among the five
habitats (Fig. 2a).

The cumulative curves of observed species rich-
ness approached an asymptote after 20 samples in all
bird groups in the five habitats. The cumulative
curves of observed species richness of all birds and
saltmarsh specialists were similar among the habitats
with reed but were consistently lower in the cordgrass
monocultures than in the other four habitats. For the
saltmarsh generalists, the cumulative curves of
observed species richness were similar among the
five habitats, although the species number was higher
in the reed monocultures than in the other habitats.

Comparison between observed species richness
and the Chao estimators indicated that detection
probabilities were >75% (76.9-100%) for all bird
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groups in different habitats (Table 2). The Chaol and
Chao2 estimators for species richness indicated the
same trends as the cumulative curves of observed
species richness, with more species of all birds
(18-21) and saltmarsh specialists (6—7) in the four
habitats with reed than in the cordgrass monocultures
(12 for all birds and 3 for saltmarsh specialists), and a
similar number of species of saltmarsh generalists
(9-14) in the five habitats (Table 2). Tukey-HSD
tests followed ANOVAs based Chaol and Chao2
estimators also indicated that the species numbers of
all saltmarsh birds and saltmarsh specialists were
significantly lower in the cordgrass monocultures
than in other four habitats (P < 0.01 for all), and
there was no significant difference in the species
numbers of saltmarsh generalists among the five
habitats (P > 0.05 for both).

Bird detections

A total of 1,384 birds were recorded in the saltmars-
hes during the study. The most abundant species was
the oriental great reed warbler (Acrocephalus orien-
talis, 299 birds, 21.6% of the total), followed by the
reed parrotbill (284 birds, 20.5% of the total). They
were the dominant species in the reed monocultures
(35.6 and 28.9%) and reed-dominated community
(26.7 and 21.1%). However, they were rarely
recorded in the cordgrass monocultures (no oriental
great reed warblers and only seven reed parrotbills).
The most abundant species recorded in the cordgrass
monocultures was the zitting cisticola (Cisticola
Jjuncidis, 30.0%), followed by the marsh grassbird
(Megalurus pryeri, 24.2%) and the vinous-throated
parrotbill (Paradoxornis webbianus, 20.8%) (Table
1). The highest density of all saltmarsh birds was
recorded in the reed monocultures (10.1 birds per
counting station). The reed-dominated community,
reed-cordgrass mixture, and cordgrass-dominated
community had similar bird densities (8.3, 7.9, and
8.8 birds per counting station, respectively). The
lowest bird density was recorded in the cordgrass
monocultures (3.8 birds per counting station).

Of the 553 individuals of saltmarsh generalists
recorded during this study, the highest density
occurred in reed-cordgrass mixture and cordgrass-
dominated community (3.9 birds per counting station
for both) (Fig. 2b). Of the 755 individuals of
saltmarsh specialists recorded during this study, the
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highest density occurred in reed monocultures (6.9
birds per counting station) (Fig. 2b). The cordgrass
monocultures had the lowest densities of both
saltmarsh generalists (2.3 birds per counting station)
and saltmarsh specialists (1.2 birds per counting
station) (Fig. 2b).

Repeated-measures ANOVAs indicated that the
mean number of individuals of all saltmarsh birds
differed among the five habitats (F = 7.52, df = 4,
P < 0.001); the number of individuals was signifi-
cantly lower in the cordgrass monocultures than in
the other four habitats, while there was no significant
difference in the mean number of individuals among
the four habitats with reed (Fig. 2b). The distribution
of saltmarsh specialists had a similar pattern, with
fewer individuals (F' = 9.11, df = 4, P < 0.001) in
cordgrass monocultures than in the other habitats.
The mean number of saltmarsh generalist individuals,
however, did not significantly differ (F = 2.17,
df =4, P = 0.11) among the five habitats (Fig. 2b).

Similarity of bird communities in different
patch types

One-way ANOSIM indicated a significant difference
in the bird communities among the five habitats
(Global test R = 0.64, P = 0.001). The difference in
bird communities was larger between the cordgrass
monocultures and the four habitats with reed
(R =0.94-1.0, P < 0.05 for all) than between the
four habitats with reed (R =0.17-0.85, P =
0.03-0.8), although significant differences were
detected between the reed monocultures and reed-
cordgrass mixture (P = 0.03) and between reed
monoculture and cordgrass-dominated community
(P = 0.03). The MDS ordination plot indicated the
same pattern (Fig. 3).

Habitat selection of common birds

Habitat use and habitat availability significantly
differed for the five common bird species (;(2 tests,
P < 0.05 for all). The oriental great reed warbler and
reed parrotbill preferred reed monocultures and
avoided cordgrass monocultures. The zitting cistico-
la, vinous-throated parrotbill, and marsh grassbird
avoided reed monocultures and had no selection
(neither preferred nor avoided) on the cordgrass
monocultures. Most birds had no selection on the
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Fig. 3 Non-metric multidimensional scaling (NMDS) ordina-
tion of bird communities in the five habitats in the four
sampling regions. RM reed monocultures, RD reed-dominated
community, RC reed-cordgrass mixture, CD cordgrass-domi-
nated community, CM cordgrass monocultures

reed-dominant, reed-cordgrass mixed, and cordgrass-
dominant habitats, except that the oriental great reed
warbler had negative selection and the vinous-
throated parrotbill and marsh grassbird had positive
selection on the cordgrass-dominant habitats
(Table 3). Linear regression indicated that body size
was related to the association of cordgrass monocul-
ture patches among the five common bird species,
with the proportions of birds in the cordgrass
monocultures decreasing with the increase of body
mass (Fig. 4).

Discussion
We detected no statistical differences in number of

species or abundance of saltmarsh birds (specialists
and generalists) among the four habitats with reed,

Log (body mass)

Fig. 4 The relationship between the body mass (g) of five
common saltmarsh birds (/ Zitting cisticola, 2 Vinous-throated
parrotbill, 3 Marsh grassbird, 4 Reed parrotbill, 5 Oriental great
reed warbler) and their use of cordgrass monocultures (Habitat
use = —59.5 x log (body mass) + 83.6, R?>=0095P = 0.01)

while species number and abundance were lower in
the cordgrass monocultures than in the habitats with
reed. Although the distribution of saltmarsh general-
ists did not significantly differ among the habitats,
species number and abundance of saltmarsh special-
ists were lower in the cordgrass monocultures than in
the other habitats. Moreover, the preferred habitats
differed among the common bird species, and no birds
preferred the cordgrass monocultures. These results
suggest that the cordgrass monocultures are not
suitable habitats for the breeding birds, especially
for the saltmarsh specialists. Although different
species could have various detection probabilities in
different habitat patches, the detection probability of
species richness was >75% for all bird groups in
different habitat. This suggests our results are reliable.

The study was conducted in a single season
without replication through different years. However,

Table 3 Habitat use (%) and selection by common bird species in the five habitats

Bird species Habitat patch

RM RD RC CD CM
Oriental great reed warbler 47.8 (+) 20.7 (0) 16.7 (0) 14.7 (—) 0.0 (—)
Reed parrotbill 40.8 (+) 18.3 (0) 17.5 (0) 20.9 (0) 2.5 (-)
Zitting cisticola 7.2 (-) 13.1 (0) 29.4 (0) 26.8 (0) 23.5 (0)
Vinous-throated parrotbill 49 (-) 11.5 (0) 28.7 (0) 34.4 (+) 20.5 (0)
Marsh grassbird 14 (-) 14.4 (0) 30.2 (0) 33.1 (+) 20.9 (0)
The ‘4, ‘0’, and ‘—’ in the parentheses indicate positive, null, and negative selection, respectively

Habitat patches and availabilities (%): RM reed monocultures (22.7), RD reed-dominated community (15.9), RC reed-cordgrass
mixture (22.7), CD cordgrass-dominated community (20.5), CM cordgrass monocultures (18.2)
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the use of different habitat patches by birds might
vary among different years. Moreover, some birds
can adapt themselves to the cordgrass-invaded hab-
itats after some time (Kennedy et al. 2005). Further
research is needed to understand the yearly variation
and track the long-term trajectory of bird responses to
invasive cordgrass.

Many studies have indicated that plant species
composition (floristics) affects bird species composi-
tion, and that some plant species determine whether
birds can use the habitats (Flanders et al. 2006;
Fleishman et al. 2003). At Chongming Dongtan, the
number of bird species and abundance were lower in
the cordgrass monocultures than in the habitats with
reed, while there was no significant difference in
species number and abundance among the habitats
with reed. This suggests that the reed is a key species
determining habitat use by breeding saltmarsh birds.
This finding is similar to that in previous studies of
pine-invaded forests, where the presence of native
vegetation is related to the composition of bird
communities and habitat use by native birds (Estades
and Temple 1999; Lantschner et al. 2008). This result
also supports previous studies indicating that the
breeding performance of birds is not reduced by the
low and moderate invasion of exotic plants (Grant et al.
2004; 2006; Kennedy et al. 2009; Wilson and Belcher
1989) but is reduced in the highly invaded habitats
(Davis and Duncan 1999; Flanders et al. 2006; Lloyd
and Martin 2005).

The spread of exotic cordgrass changed not only
the local plant species composition but also the
vegetation structure of the invaded communities. At
Chongming Dongtan, stem density (number of stems
per unit area) is greater for cordgrass than reed (Gan
2009). In breeding periods, birds frequently move
through stems to care for the nests, eggs, and
nestlings. Thus, a dense stand of stems might be
unsuitable for the breeding birds (Stanevieius 2002).
Gan et al. (2010) also indicated that the high density
of cordgrass stems is one of reasons for the lower bird
density in cordgrass habitats than in reed habitats in
winter. Walker (2008) has indicated that both species
composition and community structure are associated
with bird community organization, with species
composition being related to the potential food and
nesting sites for birds and community structure being
related to the habitat availability and usability.
Because the cordgrass community is denser and
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shorter than the reed community, the spread of
cordgrass changed both the species composition and
structure of the local vegetation and thus could
greatly affect the local bird communities.

The replacement of native plants by exotic plants
also changes the functional relationship between birds
and their food resources (Benoit and Askins 1999;
Flanders et al. 2006). During breeding periods,
saltmarsh birds consume a large amount of animal
food, especially arthropods, to meet their nutritional
and energy requirements. Given the lack of coevolu-
tion between the native fauna and exotic plants,
arthropod diversity is generally lower on the exotic
plants than on the native ones (Flanders et al. 2006).
This reduces the quantity of animal food for birds in the
exotic habitats. Recent study on the arthropod com-
munities in the saltmarshes at Chongming Dongtan has
indicated that the arthropod densities were substan-
tially higher in the reed monocultures and in the reed-
cordgrass mixture than in the cordgrass monocultures
(Wu et al. 2009). This is consistent with the distribu-
tion of breeding birds in these habitats. Consequently,
the lack of food resources might be one of the reasons
for the low number of species and individuals of
saltmarsh birds in the cordgrass monocultures.

Nest predation is also a major selection pressure
affecting breeding success of birds in saltmarshes
(Greenberg et al. 2006). Many studies have compared
nest predation in native and exotic habitats, and the
results are inconsistent (e.g., Borgmann and Rode-
wald 2004; Ortega et al. 2006; Remes 2003; Schmidt
and Whelan 1999; Schmidt et al. 2005). Schlossberg
and King (2010) concluded that nests in monocul-
tures of exotic plants experienced relatively high
predation rates, while nests in mixed plant commu-
nities with native and exotic plants tended to survive
at least as well as those in native plant communities.
This suggests that the dense cordgrass monocultures
might increase nest predation at Chongming
Dongtan. In addition, the nests established in cord-
grass monocultures might be more susceptible to
attack by carnivores on the ground because the plant
height is lower for cordgrass than reed (Borgmann
and Rodewald 2004; Graveland 1999).

Tidal flooding is another key factor restricting the
diversity of breeding birds (Reinert 2006) and greatly
affects the breeding success of birds that nest in
saltmarshes (Greenberg et al. 2006). At Chongming
Dongtan, reed can only grow in the high tide zone in
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the tidal flats, while cordgrass, which can endure long
periods of inundation, can grow over the entire tidal
flat, including the middle and low tide zones (Wang
et al. 2006). Moreover, cordgrass plants are shorter
than reed plants (Gan et al. 2009), and therefore the
nests built in the cordgrass are more likely to be
submerged by tidewater than those in the reed.
Nordby et al. (2009) have indicated that the nests of
the Alameda song sparrow (Melospiza melodia
pusillula) built in exotic cordgrass were more likely
to fail from tidal flooding than those built in native
vegetation in San Francisco Bay because the exotic
cordgrass occurred at lower elevations relative to the
tides. Thus these cordgrass habitats are ecological
traps for the birds (Guntenspergen and Nordby 2006;
Nordby et al. 2009). Gan (2009) also recorded
breeding failure caused by the inundation of nests
in the cordgrass vegetation at Chongming Dongtan.
Because exotic plants can have conflicting effects on
different parts of the life history of birds (Heckscher
2004), the influence of cordgrass invasion on the
breeding performance of birds in native and cord-
grass-invaded habitats requires additional study.

Compared to habitat specialists, habitat generalists
have broad niches, high adaptability to various
environments, and wide distributions across habitats.
The spread of exotic plants changes local habitats,
and these changes affect the habitat specialists more
than the habitat generalists (Ceia et al. 2009). At
Chongming Dongtan, the species number and abun-
dance of saltmarsh generalists did not differ among
different habitats, but species number and abundance
of saltmarsh specialists were lower in cordgrass
monocultures than in the other habitats. Habitat
selection of common birds also indicated that the
saltmarsh specialists (oriental great reed warblers and
reed parrotbills) preferred reed monocultures and
avoided cordgrass monocultures. In contrast, two
saltmarsh generalists that can use diverse habitats
including shrubs and nearby grasslands (the zitting
cisticolas and vinous-throated parrotbills) had no
selection (neither preferred nor avoided) to cordgrass
monocultures. This suggests that the saltmarsh spe-
cialists but not generalists are strongly affected by the
invasion of exotic cordgrass.

Although the marsh grassbird is a saltmarsh
specialist at Chongming Dongtan, it avoided reed
monocultures and was found mainly in the cordgrass-
invaded habitats. Gan (2009) indicated that the marsh

grassbird established nests exclusively in the cordgrass
communities. Unlike the relatively thick and hard
stems of reeds, the thin and flexible stems of cordgrass
provide suitable nest sites and materials for this
species. The marsh grassbird is a new species that
was first recorded at Chongming Dongtan in the early
2000s (Gan et al. 2006). Its population has increased
rapidly since then. Because the marsh grassbird
depends on the cordgrass communities for breeding
habitat, its occurrence at Chongming Dongtan is
apparently related to the cordgrass invasion and spread
(Gan et al. 2006).

Our results indicate that the use of cordgrass
monocultures by the common breeding birds was
negatively related to their body size. We suggest three
hypotheses to explain this result. First, the stems of
cordgrass, which are dense and soft, may provide better
nest sites for small birds than for large birds. The small
saltmarsh birds generally build nests among plant
stems, and supports on the nest base are needed; in
contrast, large birds can hang their nests directly on the
more rigid stems of reed plants (Graveland 1999).
Second, highly dense vegetation can reduce move-
ments and food availability of birds, and this reduction
is likely to be greater for large than for small birds.
Third, large birds may out-compete small birds in the
optimal saltmarsh habitats. Many studies have indi-
cated that strong interspecific competition occurs
among saltmarsh birds because their niches are similar
(Edington and Edington 1972; Catchpole 1973). Gen-
erally, large birds are dominant in bird communities
and occupy the optimal habitats (Luck and Daily
2003). The interspecific competition might force the
small birds to use the sub-optimal cordgrass-invaded
habitats.

The area invaded by exotic cordgrass has
expanded exponentially in the saltmarshes at Chong-
ming Dongtan over the past decades (Wang et al.
2006). Cordgrass cannot completely out-compete
reed in the high tidal zone but it can take over the
middle and low tidal zones and form a cordgrass
monoculture at the expense of native sea-bulrush.
Moreover, the cordgrass monocultures cannot be
invaded by native plants (Wang 2007). Thus, the
invasion of cordgrass will change plant succession
and eventually change the saltmarsh plant communi-
ties at Chongming Dongtan. Although saltmarsh birds
can use the cordgrass-invaded habitats and although
cordgrass monocultures support similar species and
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individual numbers of saltmarsh generalists as other
habitats, cordgrass monocultures are not suitable for
the saltmarsh specialists. This might cause a homog-
enization of bird communities in saltmarshes and
other habitats, and eventually decrease the local bird
diversity. Controlling the spread of exotic cordgrass
and maintaining the native habitats for the saltmarsh
birds, especially for the saltmarsh specialists, is
urgently needed.

Acknowledgments This study was financially supported by
the Natural Science Foundation of China (grant nos. 30670330
and 30930019) and the Shanghai Scientific and Technology
Foundation (grant nos. 07DZ12038 and 10JC1400700). We
thank C.Y. Choi and X.S. Feng for field assistance and the
Chongming Dongtan National Nature Reserve for facilitating
our fieldwork.

References

An SQ, Gu BH, Zhou CF, Wang ZS, Deng ZF, Zhi YB, Li HL,
Chen L, Yu DH, Liu YH (2007) Spartina invasion in
China: implications for invasive species management and
future research. Weed Res 47:183-191

Benoit LK, Askins RA (1999) Impact of the spread of
Phragmites on the distribution of birds in Connecticut
tidal marshes. Wetlands 19:194-208

Borgmann KL, Rodewald AD (2004) Nest predation in an
urbanizing landscape: the role of exotic shrubs. Ecol Appl
14:1757-1765

Buchanan JB (2003) Spartina invasion of Pacific coast estu-
aries in the United States: Implications for shorebird
conservation. Wader Study Group Bull 100:44-47

Byers CR, Steinhorst RK, Krausman PR (1984) Clarification of
a technique for analysis of utilization-availability data.
J Wildl Manag 48:1050-1053

Cai YT, Gan XJ, Ma ZJ (2010) A comparison of line transect
and point count surveys: a case study of spring saltmarsh
birds at Chongming Dongtan. Biodivers Sci 18:44-49

Catchpole CK (1973) Conditions of co-existence in sympatric
breeding populations of Acrocephalus warblers. J Anim
Ecol 42:623-635

Ceia R, Heleno R, Ramos JA (2009) Summer abundance and
ecological distribution of passerines in native and exotic
forests in Sao Miguel, Azores. Ardeola 56:25-39

Clarke KR, Warwick RM (2001) Change in marine commu-
nities: an approach to statistical analysis and interpreta-
tion, 2nd edn. PRIMER-E, Plymouth, UK

Colwell RK (2009) EstimateS: statistical estimation of species
richness and shared species from samples. Version 8.2.
User’s guide and application. http://purl.oclc.org/estimates

Colwell RK, Coddington JA (1994) Estimating terrestrial
biodiversity through extrapolation. Philos Trans R Soc B
345:101-118

Crooks JA (2002) Characterizing ecosystem-level conse-
quences of biological invasions: the role of ecosystem
engineers. Oikos 97:153-166

@ Springer

Davis SK, Duncan DC (1999) Grassland songbird occurrence
in native and crested wheatgrass pastures of southern
Saskatchewan. Stud Avian Biol 19:211-218

Edington JM, Edington MA (1972) Spatial patterns and habitat
partition in the breeding birds of an upland wood. J Anim
Ecol 41:331-357

Ellis LM (1995) Bird use of saltcedar and cottonwood vege-
tation in the middle rio-grande Valley of New-Mexico,
USA. J Arid Environ 30:339-349

Estades CF, Temple SA (1999) Deciduous-forest bird com-
munities in a fragmented landscape dominated by exotic
pine plantations. Ecol Appl 9:573-585

Fandino B, Berduc AJ, Beltzer AH (2010) Avian assemblages
in native and exotic forests in the reproductive season in a
protected area of El Espinal de Entre Rios, Argentina.
Ornithol Neotrop 21:1-16

Flanders AA, Kuvlesky WP, Ruthven DC, Zaiglin RE, Bing-
ham RL, Fulbright TE, Hernandez F, Brennan LA (2006)
Effects of invasive exotic grasses on South Texas range-
land breeding birds. Auk 123:171-182

Fleishman E, Mcdonal N, Nally RM, Murphy DD, Walters J,
Floyd T (2003) Effects of floristics, physiognomy and
non-native vegetation on riparian bird communities in a
Mojave Desert watershed. J Anim Ecol 72:484-490

Gan XJ (2009) Habitat selection of Saltmarsh Birds at
Chongming Dongtan in the Yangtze Estuary as influenced
by Spartina alterniflora Invasions. Ph.D. dissertation.
Fudan University, Shanghai

Gan XJ, Zhang KJ, Tang SM, Li B, Ma ZJ (2006) Three new
records of birds in Shanghai: Locustella pleskei (Pleske’s
warbler), Megalurus pryeri (Japanese swamp warbler) and
Acrocephalus concinens (blunt-winged paddyfield war-
bler). J Fudan Univ 45:417-420

Gan XJ, Cai YT, Choi CY, Ma ZJ, Chen JK, Li B (2009)
Potential impacts of invasive Spartina alterniflora on
spring bird communities at Chongming Dongtan, a Chi-
nese wetland of International Importance. Estuar Coast
Shelf Sci 83:211-218

Gan XJ, Choi CY, Wang Y, Ma ZJ, Chen JK, Li B (2010)
Alteration of habitat structure and food resources by
invasive smooth cordgrass affects habitat use by wintering
saltmarsh birds at Chongming Dongtan of east China. Auk
127:317-327

Gjerdrum C, Elphick CS, Rubega M (2005) Nest site selection
and nesting success in saltmarsh breeding sparrows: the
importance of nest habitat, timing, and study site differ-
ences. Condor 107:849-862

Goss-custard JD, Moser ME (1988) Rates of change in num-
bers of Dunlin, Calidris alpina, wintering in British
estuaries in relation to the spread of Spartina anglica.
J Appl Ecol 25:95-109

Grant TA, Madden EM, Berkey GB (2004) Tree and shrub
invasion in northern mixed-grass prairie: implications for
breeding grassland birds. Wildl Soc Bull 32:807-818

Grant TA, Madden EM, Shaffer TL, Pietz PJ, Berkey GB,
Kadrmas NJ (2006) Nest survival of clay-colored and
vesper sparrows in relation to woodland edge in mixed-
grass prairies. J Wildl Manag 70:691-701

Graveland J (1999) Effects of reed cutting on density and breeding
success of reed warbler Acrocephalus scirpacaeus and sedge
warbler A. schoenobaenus. J Avian Biol 30:469-482


http://purl.oclc.org/estimates

Effects of exotic Spartina alterniflora

1685

Greenberg R, Elphick C, Nordby JC, Gjerdrum C, Spautz H,
Shriver G, Schmeling B, Olsen B, Marra P, Nur N, Winter
M (2006) Flooding and predation: trade-offs in the nesting
ecology of tidal-marsh nesting sparrows. Stud Avian Biol
32:96-109

Guntenspergen GR, Nordby JC (2006) The impact of invasive
plants on tidal-marsh vertebrate species: Common reed
(Phragmites australis) and smooth cordgrass (Spartina
alterniflora) as case studies. Stud Avian Biol 32:229-237

Heckscher CM (2004) Veery nest sites in a Mid-Atlantic
Piedmont forest: vegetative physiognomy and use of alien
shrubs. Am Midl Nat 151:326-337

Hilton GM, Cuthbert RJ (2010) The catastrophic impact of
invasive mammalian predators on birds of the UK over-
seas territories: a review and synthesis. Ibis 152:443-458

Hunter WC, Ohmart RD, Anderson BW (1988) Use of exotic
saltcedar (Tamarix chinensis) by birds in arid riparian
systems. Condor 90:113-123

Kenis M, Auger-Rozenberg MA, Roques A, Timms L, Pere C,
Cock M, Settele J, Augustin S, Lopez-Vaamonde C
(2009) Ecological effects of invasive alien insects. Biol
Invasions 11:21-45

Kennedy TA, Finlay JC, Hobbiea SE (2005) Eradication of
invasive Tamarix ramosissima along a desert stream
increases native fish density. Ecol Appl 15:2072-2083

Kennedy PL, DeBano SJ, Bartuszevige AM, Lueders AS
(2009) Effects of native and non-native grassland plant
communities on breeding passerine birds: implications for
restoration of northwest bunchgrass prairie. Restor Ecol
17:515-525

Kerpez TA, Smith NS (1990) Competition between European
starlings and native woodpeckers for nest cavities in
Saguaros. Auk 107:367-375

Lantschner MV, Rusch V, Peyrou C (2008) Bird assemblages
in pine plantations replacing native ecosystems in NW
Patagonia. Biodivers Conserv 17:969-989

Levis LA, Neira C, Grosholz ED (2006) Invasive cordgrass
modifies wetland trophic function. Ecology 87:419-432

Li B, Liao CZ, Zhang XD, Chen HL, Wang Q, Chen ZY, Gan
XJ, Wu JH, Zhao B, Ma ZJ, Cheng XL, Jiang LF, Chen
JK (2009) Spartina alterniflora invasions in the Yangtze
River estuary, China: an overview of current status and
ecosystem effects. Ecol Eng 35:511-520

Lloyd JD, Martin TE (2005) Reproductive success of Chestnut-
collared longspurs in native and exotic grassland. Condor
107:363-374

Luck GW, Daily GC (2003) Tropical countryside bird assem-
blages: richness, composition, foraging differ by land-
scape context. Ecol Appl 13:235-247

Mermoz ME, Reboreda JC (1998) Nesting success in brown-
and-yellow marshbirds: effects of timing, nest site, and
brood parasitism. Auk 115:871-878

Mitra SS, Sheldon FH (1993) Use of an exotic tree plantation
by Bornean lowland forest birds. Auk 110:529-540

Neu CW, Byers CR, Peek JM (1974) Technique for analysis
of utilization - availability data. J Wildl Manag
38:541-545

Nordby JC, Cohen AN, Beissinger SR (2009) Effects of a
habitat-altering invader on nesting sparrows: an ecological
trap? Biol Invasions 11:565-575

Ortega YK, McKelvey KS, Six DL (2006) Invasion of an
exotic forb impacts reproductive success and site fidelity
of a migratory songbird. Oecologia 149:340-351

Reinert SE (2006) Avian nesting response to tidal-marsh
flooding: literature review and a case for adaptation in the
red-winged blackbird. Stud Avian Biol 32:77-95

Remes V (2003) Effects of exotic habitat on nesting success,
territory density, and settlement patterns in the blackcap
(Sylvia atricapilla). Conserv Biol 17:1127-1133

Rhymer JM, Simberloff D (1996) Extinction by hybridization
and introgression. Annu Rev Ecol Syst 27:83-109

Safford RJ (1997) Nesting success of the Mauritius Fody
Foudia rubra in relation to its use of exotic trees as nest
sites. Ibis 139:555-559

Sax DF, Kinlan BP, Smith KF (2005) A conceptual framework
for comparing species assemblages in native and exotic
habitats. Oikos 108:457-464

Schlossberg S, King DI (2010) Effects of invasive woody
plants on avian nest site selection and nesting success in
shrublands. Animal Conserv 13:286-293

Schmidt KA, Whelan CJ (1999) Effects of exotic Lonicera and
Rhamnus on songbird nest predation. Conserv Biol
13:1502-1506

Schmidt KA, Nelis LC, Briggs N, Ostfeld RS (2005) Invasive
shrubs and songbird nesting success: effects of climate
variability and predator abundance. Ecol Appl
15:258-265

Simpson J (1995) Wading birds of Anderson Inlet and the work
of the Victorian Wader study group. In: Rash JE, Wil-
liamson RC, Taylor SJ (eds) Proceedings of the Austral-
asian conference on Spartina control. Victorian
Government Publication, Melbourne, Australia, p 67

Skorka P, Lenda M, Tryjanowski P (2010) Invasive alien
goldenrods negatively affect grassland bird communities
in Eastern Europe. Biol Conserv 143:856-861

Sogge MK, Sferra SJ, Paxton EH (2008) Tamarix as habitat for
birds: implications for riparian restoration in the south-
western United States. Restor Ecol 16:146-154

Stanevieius V (2002) Nest-site selection by coot and great-
crested grebe in relation to structure of halophytes. Acta
Zool Litu 12:265-275

Straube D, Johnson EA, Parkinson D, Scheu S, Eisenhauer N
(2009) Nonlinearity of effects of invasive ecosystem
engineers on abiotic soil properties and soil biota. Oikos
118:885-896

Vitz AC, Rodewald AD (2007) Vegetative and fruit resources
as determinants of habitat use by mature-forest birds
during the postbreeding period. Auk 124:494-507

Walker HA (2008) Floristics and physiognomy determine
migrant landbird response to tamarisk (Tamarix ramo-
sissima) invasion in riparian areas. Auk 125:520-531

Wang Q (2007) The dynamics of plant community distribution
of the salt marshes in the Yangtze River estuary as
influenced by Spartina alterniflora invasions. Ph.D. dis-
sertation. Fudan University, Shanghai

Wang Q, An SQ, Ma ZJ, Zhao B, Chen JK, Li B (2006)
Invasive Spartina alterniflora: biology, ecology and
management. Acta Phytotaxon Sin 44:559-588

Whitt MB, Prince HH, Cox RR Jr (1999) Avian use of purple
loosestrife dominated habitat relative to other vegetation

@ Springer



1686

Z. Ma et al.

types in a Lake Huron wetland complex. Wilson Bull
111:105-114

Wilson SD, Belcher JW (1989) Plant and bird communities of
native prairie and introduced Eurasian vegetation in
Manitoba, Canada. Conserv Biol 3:39-44

Wu YT, Wang CH, Zhang XD, Zhao B, Jiang LF, Chen JK, Li
B (2009) Effects of saltmarsh invasion by Spartina

@ Springer

alterniflora on arthropod community structure and diets.
Biol Invasions 11:635-649
Xu HF, Zhao YL (2005) Comprehensive surveys in Chong-
ming Dongtan nature reserve for Migratory Birds,
Shanghai. Chinese Forestry Publishing House, Beijing
Zar JH (1999) Biostatistical analysis. Prentice Hall, New Jersey



	Effects of exotic Spartina alterniflora on the habitat patch associations of breeding saltmarsh birds at Chongming Dongtan in the Yangtze River estuary, China
	Abstract
	Introduction
	Methods
	Study sites
	Breeding bird surveys
	Data analysis

	Results
	Bird species
	Bird detections
	Similarity of bird communities in different patch types
	Habitat selection of common birds

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


