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Abstract

Aim: We tested the effects of season and migratory status (residents-versus-seasonal

migrants) on island biogeography of bird assemblages through partitioning beta diver-

sity into richness and turnover components and community nestedness metrics. We

predicted that total beta diversity, the richness component of beta diversity and com-

munity nestedness will be lower for bird assemblages in winter than in summer, and

lowest of all for winter visitors. These predictions were derived from published ideas

about resource availability, movement and habitat choice in birds in different seasons.

Location: Thousand Island Lake, China.

Methods: Bird species were sampled using line transects on 36 islands during five

breeding and winter seasons (2009�2014). Birds were grouped into assemblages of

winter residents, winter visitors and summer residents. Associations between beta

diversity partitioning, island area, isolation and habitat richness were tested using

partial Mantel correlations. We complemented these tests with measures of nested-

ness and null model approaches.

Results: Contrary to expectation, beta diversity, nestedness and difference of beta

diversity or its components from null models were higher for winter residents than

either summer resident or winter visitor assemblages. As predicted, winter visitors

showed little association with habitat richness, and beta diversity was rarely different

from null communities. Summer residents had the highest correlations of beta diver-

sity components with habitat richness, but showed the lowest level of total beta

diversity, a low richness component and were anti-nested (less nested than random).

Main conclusions: Substantial differences were found in the biogeography of win-

ter-versus-summer residents, and seasonal visitor (migratory)-versus-resident bird

assemblages, which match expectations derived from bird biology and population

ecology. Summer residents highlighted the role of habitat-related niche differences,

whereas winter residents showed area-related selective extinction. By contrast, win-

ter visitors appeared to be more randomly distributed.
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1 | INTRODUCTION

Seasonal differences in biotic and abiotic conditions are expected to

affect community composition (HilleRisLambers, Adler, Harpole,

Levine, & Mayfield, 2012; Walter & Breckle, 2002). However, it is

more challenging to understand seasonal variation in community

assembly. Community assembly rules often depend on environmental

conditions, such as through ‘environmental filtering’, or on competi-

tion, which is related to ‘limiting similarity’ of species and resource

availability (Weiher & Keddy, 1999). In general, winter often exhibits

reduced ecosystem productivity and sparse spatial distributions of

resources (Jarvis & Leverenz, 1983). These may create seasonal vari-

ation in species distributions and diversity patterns (Carrascal, Potti,

& Sanchez-Aguado, 1987), and could also influence species interac-

tions and the extent of environmental filtering. Communities also

often consist of a mix of resident species that occur irrespective of

conditions or seasons, and others that are present only seasonally. In

such communities, priority effects may allow residents to exclude

newly arriving species through competition (Alatalo, 1980; Sale,

1977; Sutherland & Karlson, 1977). Furthermore, the habitat and

resource requirements of species also vary at different points in their

annual life cycles, which may drive seasonal variation in community

structure and assembly patterns.

Two common sets of metrics that are frequently used to explore

spatial variation in community composition are beta diversity (Whit-

taker, 1960) and community nestedness (Patterson & Atmar, 1986).

Beta diversity can be partitioned into species replacement and rich-

ness differences to provide insights into community assembly (Base-

lga, 2010; Carvalho, Cardoso, & Gomes, 2012; Legendre, 2014).

Species replacement or ‘turnover’ implies that species replace each

other along spatial or environmental gradients due to environmental

filtering, competition and historical environmental factors (Boieiro

et al., 2013; Carvalho et al., 2012; Marini et al., 2013). Conversely,

species loss or gain results in richness differences between sites,

which have been associated with selective extinction, selective colo-

nization or dispersal limitation (Baiser, Olden, Record, Lockwood, &

McKinney, 2012; Cardoso et al., 2014; Carvalho et al., 2012; Marini

et al., 2013). Additional insights may be gained by estimating com-

munity nestedness (Almeida-Neto, Guimaraes, Guimar~aes, Loyola, &

Ulrich, 2008). General mechanisms contributing to nestedness are

the same as those contributing to the richness component of beta

diversity (Legendre, 2014). This arises because a nested community

structure implies that species poor assemblages are subsets of richer

ones (Patterson & Atmar, 1986). Consequently, species with high

nestedness should have a large richness component. Here, we com-

bined these approaches with a null model approach to make a more

general assessment of seasonal variation in the stochastic and deter-

ministic mechanisms driving bird community composition.

The existing literature documents several ways in which birds

respond to seasonality, which are relevant for making predictions

about community assembly in different seasons. Individual bird spe-

cies are known to alter their habitat use and foraging behaviour in

response to seasonal changes in habitat structure and resource

availability (Cody, 1985; Rabenold, 1978; Willson, 1970). Such spe-

cies-specific requirements can also structure whole bird assemblages

(Carrascal et al., 1987; Murgui, 2010; Seoane, Villen-Perez, & Carras-

cal, 2013; Zuckerberg, Fink, La Sorte, Hochachka, & Kelling, 2016),

often because of variation in requirements at different life stages.

For instance, nesting birds are central-place foragers and often have

specific habitat needs (Hypothesis 3 below). Related to this, nesting

species require large areas that encompass multiple habitats (Scho-

ener, 1968), and highly habitat-specific species have high extinction

risks (Feeley, Gillespie, Lebbin, & Walter, 2007; Wang, Bao, Yu, Xu,

& Ding, 2010). After breeding, post-natal dispersal (e.g. Belliure,

Sorci, Moller, & Clobert, 2000) and reduced habitat requirements of

over-wintering birds may increase their breadth of habitat use (Alat-

alo, 1980; Alatalo, Gustafsson, & Lundberg, 1986; Murgui, 2010).

Winter site selection is also expected to reflect local food availability

(Alatalo, Eriksson, Gustafsson, & Larsson, 1987; Hutto, 1985; Teller�ıa

& Santos, 1997). Overall, therefore, we expect that beta diversity

should be lower in winter than in summer (Hypothesis 1 below). Fur-

thermore, community nestedness and the richness component of

beta diversity (Hypothesis 2) may also erode in winter because of

high mobility and weak habitat preferences (Murgui, 2010; Seoane

et al., 2013).

Seasonal migration provides another mechanism for birds to

reduce seasonal fluctuations in food supply (Knudsen et al., 2011),

which may affect community assembly. Additionally, migrants and

residents often differ in their habitat and resource requirements

(Zuckerberg et al., 2016) and may alter beta diversity and community

nestedness. Seasonal migrants also need to compete with resident

species when arriving at new habitats (e.g. Klingbeil & Willig, 2016).

Previous studies suggest that to avoid competition with winter resi-

dents, winter visitors fill vacant niches unoccupied by resident spe-

cies (Herrera, 1978), settle randomly and lack ties to specific habitats

(Leisler, 1992) (Hypotheses 1 and 4 below). Overall, factors shaping

distributions of resident bird species in summer versus winter, and

winter visitors may differ. However, most studies either mixed bird

assemblages across seasons, or only considered breeding birds, and

thus overlooked seasonal differences (but see Murgui, 2010; Wang,

Ding, Chen, & Zheng, 2013).

Here, we investigated the seasonal changes in the spatial struc-

ture of diversity patterns in bird communities on land-bridge islands

in an inundated lake in China. Land-bridge islands, like our study

system, have several advantages for studying community assembly.

They are, in general, biologically simpler than mainland ecosystems,

well-defined geographically and have a clear history (MacArthur &

Wilson, 1967; Williamson, 1981). Prior investigations in our study

system have investigated beta diversity, community nestedness or

extinction and colonization in breeding birds (Si, Baselga, & Ding,

2015; Si, Baselga, Leprieur, Song, & Ding, 2016; Si, Pimm, Russell,

& Ding, 2014), or year-round nestedness (Wang, Chen, & Ding,

2011; Wang et al., 2010). However, previous studies have not com-

pared bird assemblages across seasons or visitors versus residents,

and their association with habitat and in relation to island biogeog-

raphy.
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We tested four hypotheses to provide insights into how season-

ality drives community assembly: (1) Beta diversity and community

nestedness of bird assemblages will be lower in winter than in sum-

mer, and lowest of all for winter visitors. This is expected because of

strong associations with habitats for breeding birds and high mobility

of winter visitors. (2) Wintering birds will show a high species turn-

over component of beta diversity, whereas the richness component

will be large for summer residents. This is because of high dispersal

of winter birds, and high habitat specificity and a nested habitat

structure for summer residents. (3) In winter, bird beta diversity will

be associated with island area because larger islands provide more

food and shelter for survival. Conversely, strong habitat specificity of

breeding birds will cause them to be strongly tied to habitat types

(and habitat diversity) rather than island area. (4) Compared to sum-

mer residents, winter bird communities, and especially the winter

visitor assemblages, will have beta diversity patterns that are more

like random assemblages.

2 | MATERIALS AND METHODS

2.1 | Study system

Our study was conducted on land-bridge islands in a large reservoir,

the Thousand Island Lake (hereafter TIL), Zhejiang Province, south-

east China (29°220�29°500N, 118°340�119°150E). The 573-km2 arti-

ficial hydroelectric reservoir was formed in 1959 by damming the

Xin’anjiang River (Appendix S1). At the highest water level (108 m),

TIL has 1078 islands >0.25 ha (Wang et al., 2010). Island vegetation

is dominated by Pinus massoniana, along with broadleaved trees and

shrubs such as Cyclobalanopsis glauca, Castanopsis sclerophylla, Vac-

cinium carlesii, Vaccinium mandarinorum and Loropetalum chinense (Si

et al., 2015). The region has a strongly seasonal subtropical monsoon

climate, with hot, wet summers and cold, dry winters. The average

daily temperature in winter is 6.4°C, and 30.9°C in summer. While

our study system is less seasonal than those at more extreme lati-

tudes or altitudes, many of the tree species are winter deciduous

and (sub)tropical plant growth largely ceases at temperatures in a

10�20°C range (Lambers, Chapin, & Pons, 2008, p. 242).

Consequently, productivity is expected to be greatly reduced during

winter.

2.2 | Data collection

We recorded the occurrence and abundance of bird species on 36

islands (Figure 1). Islands were 0.57–1300 ha (50.11 � 217.89 ha,

M � SD), 20 m�3.71 km from the mainland (1470.08 � 868.13 m)

and 9�380 m (211.91 � 212.06 m) from the nearest island

(Appendix S1). The area sampled on each island was proportional to

the logarithm of island area to include a standardized amount of

habitat variation (Schoereder et al., 2004). To facilitate surveys, we

cut narrow trails extending to mountain ridges on each study island

to be used as survey transects (Appendix S1; Si et al., 2014). We

measured island area and geographic distance (shortest shore-to-

shore distance) between each pair of islands (Appendix S1; Si et al.,

2016). Full methods for evaluation of habitat types are given in

Wang et al. (2010) and are briefly summarized here. During

April�November 2007, we identified seven habitat types by inten-

sive survey of the 36 study islands: coniferous forest, broadleaved

F IGURE 1 Map of the 36 study islands
in the Thousand Island Lake, China. Islands
are numbered in order of decreasing area
with number 1 representing the largest
island
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forest, mixed coniferous broadleaved forests, bamboo groves, shrubs,

grasses and farmland (Wang et al., 2010). We calculated ‘habitat

richness’ as the sum of habitat types per island (Appendix S1).

Line transects (Bibby, Burgess, Hill, & Mustoe, 2000), walked at a

speed of 2.0 km/hr, were used to survey bird communities on each

island during five breeding seasons (April–June, 2009–2013) and five

winter seasons (November–January, 2009–2014). Sampling occurred

during bird peak vocal activity periods, from 0.5 hr post-sunrise to

11:00 hr, and from 15:00 hr to 0.5 hr pre-sunset. We recorded spe-

cies presence by sight or song within 50 m of each transect. Species

flying over were excluded, as were raptors (large territories), and

water birds (not clearly island-associated). We also excluded bird

species that were only recorded once across the whole study period

(15 species out of 81 total landbirds) because they are not clearly

regular members of the island assemblages and disproportionately

affected beta diversity. Altogether, each site was surveyed 57 times

across all breeding and wintering seasons, and in random sequence

each season to minimize bias (MacNally, Horrocks, & Bennett, 2002).

Sampling was restricted to days without rainfall, strong wind or high

temperature. Our analyses used records of presence or absence of

each species accumulated through the 5-year period, such that a

species had to be entirely absent throughout the 5-year period to be

recorded as absent from an island. This cumulative procedure helps

reduce inter-annual variation, which was studied in detail by Si et al.

(2014).

Bird species were grouped into three assemblage types according

to their migratory status and seasonal differences: winter residents

(WR) were species that were present year-round but counted during

the non-breeding season between November and January; winter

visitors (WV), which were present on islands only during Novem-

ber�January surveys; and summer residents (SR), which were present

year-round but counted during the primary breeding season between

April and June. Logically, we would have also included summer visi-

tors as an assemblage type, but there were too few species (only

nine) to make analyses sensible. Definitions of migratory status were

based on Zhuge (1990) and our field observations. In total, there

were 45 winter residents, 20 winter visitors and 43 summer resi-

dents (Appendix S1). Per species abundance was quantified by accu-

mulating the number of each species through all relevant dates and

survey islands during the 5-year period.

2.3 | Quantification of beta diversity and
nestedness

2.3.1 | Beta diversity partitioning

We tested for differences in beta diversity and its components

between winter residents, winter visitors and summer residents

using the combined data from all 5 years. We primarily used the

indices of Podani and Schmera (2011) and Carvalho et al. (2012),

which partition Jaccard’s (1912) total dissimilarity (bcc) as a measure

of pairwise beta diversity, into spatial turnover (b–3) and differences

due to species richness (brich). The measures do not overestimate the

replacement component (Carvalho et al., 2012) and quantify the

entire richness component (Legendre, 2014). These three metrics

(bcc, b�3 and brich) are calculated as follows:

bcc ¼
bþ c

aþ bþ c

b�3 ¼ 2� min b; cð Þ
aþ bþ c

brich ¼ bcc � b�3 ¼ bþ c
aþ bþ c

� 2� min b; cð Þ
aþ bþ c

¼ jb� cj
aþ bþ c

:

where a is the number of species shared by two islands, b is the

number of species exclusive to the first island but not the second,

and c is the number of species exclusive to the second island but

not the first. We also performed our analyses using Baselga’s (2010)

indices, and obtained similar results, which are presented in

Appendix S3.

2.3.2 | Nestedness analyses

We used the metric NODF (nestedness based on overlap and decreas-

ing fill) to estimate nestedness for each assemblage type (Almeida-

Neto et al., 2008). NODF decomposes nestedness into its among-row

(species) and among-column (site) components (Almeida-Neto et al.,

2008). Significance of NODF values compared to random communi-

ties was calculated using 1000 randomizations with the proportional-

row and proportional-column (PP) algorithm (Almeida-Neto et al.,

2008; Ulrich & Gotelli, 2012). The PP algorithm is the preferred model

for systems like ours, which contains small communities at small spa-

tial scales (Matthews, Cottee-Jones, & Whittaker, 2015; Ulrich &

Gotelli, 2012). Standardized effect sizes from Z-scores (Z = (ob-

served � expected)/SD) were used to compare the bird assemblages

(Matthews et al., 2015; Ulrich & Gotelli, 2013). All the above analyses

were conducted with the program NODF 2.0 (Almeida-Neto & Ulrich,

2011).

2.4 | Statistical tests of the hypotheses

2.4.1 | Hypothesis 1: Beta diversity and nestedness
of bird assemblages will be lower in winter than in
summer

Generalized linear models (GLMs) tested whether average pairwise

values of bcc (�bcc) differed between the three bird assemblage types.

Because of non-independent and overlapping pairs of islands, we

used the package ‘boot’ (Canty & Ripley, 2016) in R 3.3.1 (R Core

Team, 2016) to calculate the significance of the observed values. To

test whether the three bird assemblages showed nested, anti-nested

(less nested than random) or random patterns, we looked at the Z-

scores and p values from NODF (Matthews et al., 2015; Poulin &

Gu�egan, 2000). When nested patterns were found, we performed

the Spearman’s rank correlation between abundance and species’

rank contributions to NODF.
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2.4.2 | Hypothesis 2: Species turnover dominates
beta diversity in winter, and the richness component
dominates beta diversity in summer

We used similar GLMs to those for Hypothesis 1 to test whether

average pairwise values of b�3 and brich (�b�3;
�brich) differed between

the three bird assemblages.

2.4.3 | Hypothesis 3: In winter, dissimilarity of bird
assemblages will be associated with island area
whereas in summer dissimilarity will be more strongly
tied to habitat richness

As beta diversity is usually structured over distance, we also looked

for effects of island isolation (distance between islands) on dissimilar-

ity. We firstly used Mantel tests to calculate the correlations

between each of pairwise bcc, b�3 and brich and average island area

or habitat richness for each bird assemblage. We then used partial

Mantel correlations to calculate the effect of habitat richness on

beta diversity or its components while factoring out the effect of

habitat area. Likewise, we calculated partial Mantel correlations for

the effect of average island area while factoring out the effect of

habitat richness. These were calculated using average area and habi-

tat richness across island pairs and 9,999 permutations in R package

‘ecodist’ (Goslee & Urban, 2013).

2.4.4 | Hypothesis 4: Winter birds, and especially
the winter visitors, are more random in beta diversity
patterns than breeding birds

To test whether stochasticity could explain beta diversity patterns,

we used a null model approach which maintains species occurrence

frequency while shuffling species co-occurrence across sites (pack-

age ‘picante’; Kembel et al., 2010; Appendix S2). Values were con-

verted to standard effect sizes, SES = (observed � mean(null))/SD

(null). Where mean(null) and SD(null) are the mean and SD of values

of beta diversity in the null model (Gotelli & McCabe, 2002). Positive

SES values greater than 1.96 and negative values less than �1.96

represent values that are significantly (p < .05) more or less dissimi-

lar, respectively, than null communities. We then calculated, s, the

proportion of significant SES values using 1,000 null communities.

Higher s-values suggest that bird assemblages are more structured in

spatial community composition.

3 | RESULTS

3.1 | Total beta diversity and nestedness

Average total beta diversity (�bcc) differed significantly among the

three bird assemblage types (Figure 2; for full statistics see

Appendix S2). Rejecting Hypothesis 1, total beta diversity was high-

est for winter residents (�bcc = 0.530, �SE from bootstrap 0.005),

medium for winter visitors (�bcc = 0.471 � 0.008) and lowest for

summer residents (�bcc = 0.378 � 0.008; Figure 2).

The three bird assemblage types showed different nestedness

patterns, but in ways that differed from those in Hypothesis 1

(Table 1). Species composition of winter residents was significantly

nested (NODF, Z = 1.68, p < .05; Table 1), and species contributed

more to nestedness than sites (Table 1). By comparison, winter visi-

tors showed no difference from random (p = .44; Table 1). Summer

residents were significantly anti-nested (Z = �2.07, p < .05; Table 1),

indicating less nestedness than random communities. For winter resi-

dents (the only nested assemblages), species rank effects on nested-

ness (NODF) were strongly correlated with species’ abundances

(Spearman’s correlation rs = �.87, p < .001).

3.2 | Components of beta diversity

Contrary to Hypothesis 2, we found that the richness component

contributed less to total beta diversity for summer residents than for

winter residents and visitors (Figure 2, Appendix S2). Winter resi-

dent assemblages had the highest values of both the richness (�brich)

and turnover (�b�3) components of beta diversity, leading to high

total beta diversity (�bcc; Figure 2). Winter visitors also had a high

richness (�brich) component but a low turnover (�b�3) component.

However, summer residents had low richness (�brich) and turnover

(�b�3) components (Figure 2). A net effect of differences in richness

(�brich) and turnover (�b�3) was that �brich accounted for only 44% of

total beta diversity for summer residents, compared to 55% for both

winter residents and winter visitors (Figure 2).

F IGURE 2 Average pairwise total beta diversity (�bcc) and its
turnover (�b�3) and richness (�brich) components for winter resident
(WR), winter visitor (WV) and summer resident (SR) birds in the
Thousand Island Lake, China. The values inside of bars show the
percentage of �b�3 or �brich to �bcc for each bird assemblage type. Bars
beneath the same letter did not differ at p < .05 by parametric
bootstrapping tests (Appendix S2)
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3.3 | Effects of island area and habitat richness on
beta diversity and its components

There were only weak linear correlations between pairwise beta

diversity indices (bcc, b�3, brich) and geographic distance between

islands for all assemblage types (R2 < 0.05); we therefore did not

consider distance in analyses of the effects of island area or habitat

richness. Partly confirming Hypothesis 3, total pairwise beta diversity

(bcc) for winter assemblages was positively related to island area in

Mantel tests, whereas it was not significant for the summer resident

assemblages (Figure 3a). However, the results for the turnover (b–3)

and richness (brich) components of beta diversity were more complex

(Figure 3a). We refrained from interpreting these patterns because

average island area was quite strongly correlated with average habi-

tat richness (Mantel r = .62, p < .001) and instead used partial Man-

tel tests to separate island area and habitat richness effects.

Total beta diversity for all bird assemblage types showed a positive

partial Mantel correlation with island area (partial Mantel correlation,

Mantel r0 = .22 to .25 or .22 to 0.25, p < .05; Figure 3c). Consistent

with Hypothesis 3, only summer residents showed a significant (and

negative) partial correlation with habitat richness (p < .05; Figure 3d).

Compared to total beta diversity, the partial Mantel correlations with

habitat richness were frequently stronger for the turnover and rich-

ness components of beta diversity (Figure 3d). For the turnover com-

ponent, partial correlations with average habitat area were not

significant (Figure 3c). However, partial correlations for the turnover

component with average habitat richness were significantly negative

(Mantel r0 = �.55) for summer residents, weaker (Mantel r0 = �.45)

for winter residents and not significant for winter visitors (Mantel

r0 = �.07, p = .27; Figure 3d). Hence, higher average habitat richness

was correlated with reduced turnover-linked beta diversity. The rich-

ness component of beta diversity was also strongly and positively

related to habitat richness for summer (Mantel r0 = .45) and winter

residents (Mantel r0 = .37), but not significant for winter visitors (Man-

tel r0 = .07, p = .28; Figure 3d). All bird assemblage types showed a

positive partial correlation between the bird richness component of

beta diversity and average habitat area, and this was slightly stronger

for winter visitors than summer or winter residents (Figure 3c).

3.4 | Standardized comparisons with randomly
drawn null communities

Consistent with Hypothesis 4, winter visitors showed less non-random

values of each beta diversity component (s = 0.005 for b�3 and 0.162

for brich; Figure 4, Appendix S2) than either winter or summer resident

assemblages, suggesting they were the least structured. Contrary to

Hypothesis 4, winter residents (s = 0.411) showed higher non-random

proportions of standardized beta diversity for richness (brich) than sum-

mer residents (s = 0.256; Figure 4, Appendix S2). Consistent with this,

standardized turnover (b�3) showed the opposite pattern: turnover of

resident bird species was more frequently lower than for random com-

munities in winter than in summer (s = 0.378 and 0.227, respectively;

Figure 4, Appendix S2).

4 | DISCUSSION

The distributional patterns of bird assemblages we studied do not

follow simple expectations based on seasonal variation in resource

quantities and distributions in highly seasonal environments. How-

ever, bird assemblages in different seasons showed substantial varia-

tion in their relationships to island characteristics (summarized in

Table 2). Overall, winter resident assemblages were most structured

by island area, whereas summer resident assemblages showed stron-

ger habitat (and niche) associations. Winter visitors lacked strong

associations with either habitat or island area.

We set out expecting our study system to be strongly seasonal.

While we found substantial differences among the bird assemblages,

the rejection or only partial confirmation of our hypotheses led us to

question what mechanisms drive their assembly patterns. For

instance, resource availability and sparse distributions led us to pre-

dict lower total beta diversity and less nestedness of winter assem-

blages (Hypothesis 1). Instead, we found that winter residents had

the highest total beta diversity (Figure 2) and strong nestedness

(Table 1). Our results for nestedness also contrast with studies by

Murgui (2010) and Seoane et al. (2013), which found more nested

communities in summer than winter. In our study although habitats

are nested (Wang et al., 2010), and breeding birds are expected to

show high habitat specificity (Feeley et al., 2007; Wang et al., 2010),

summer bird assemblages were anti-nested (less nested than random

communities; Table 1). Winter visitor assemblages showed less total

beta diversity than winter residents (Figure 2), and no nestedness

(Table 1).

TABLE 1 Results of nestedness analyses using the program
NODF for winter resident (WR), winter visitor (WV) and summer
resident (SR) birds in the Thousand Island Lake, China. We report
observed (Nobs) and expected (Nexp) NODF values, the SD of the
expected NODF scores (SD), the Z-transformed score for the
difference between Nobs and Nexp (Z = (Nobs and Nexp)/SD) and the
associated probability level from the standard normal distribution.
Null models were based on proportional-row and proportional-
column constraints (1,000 randomizations)

NODF

Nobs Nexp SD Z p

WR

All 77.71 74.64 1.83 1.68 <.05

Sites 77.08 76.88 1.71 0.12 .45

Species 78.10 73.22 2.37 2.06 <.05

WV

All 69.52 69.04 2.55 0.19 .44

Sites 72.53 72.50 2.70 0.01 .49

Species 59.51 57.55 3.45 0.57 .27

SR

All 76.67 79.91 1.56 �2.07 <.05

Sites 79.38 83.46 1.71 �2.39 <.05

Species 74.78 77.44 1.89 �1.41 .08
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Beta diversity partitioning gave further insights into the mecha-

nisms behind seasonal patterns. Hypothesis 2 predicted that spe-

cies turnover would dominate beta diversity for wintering species,

and richness differences would be larger for summer residents.

Instead, we found that turnover, �b�3, accounted for 56% of total

beta diversity for summer residents and the absolute values of

both the richness and turnover components were low (Figure 2).

Whereas turnover represented 45% of total beta diversity for both

winter residents and winter visitors. A high richness components

for both winter residents and visitors prevented turnover from rep-

resenting a large proportion of total beta diversity (Figure 2). We

also expected a dominant richness component for summer resi-

dents because breeding birds are highly habitat specific (Feeley

et al., 2007; Wang et al., 2010), and habitats are nested in our sys-

tem (Wang et al., 2010). However, this explanation does not con-

sider that habitats may also show turnover across space and that

habitat turnover could be independent of nestedness. The domi-

nant richness component of winter birds differed from Hypothesis

2, perhaps because of frequent local extinction or evacuation of

species resulting from low food availability and severe winter

weather (Seoane et al., 2013). In our study system, most islands

are small (less than 2 ha; Si et al., 2014). It is expected that on

small islands food resources may be scarce or depletable; therefore,

over-wintering bird species may have high vulnerability to local

extinction (Teller�ıa, Virg�os, Carbonell, P�erez-Tris, & Santos, 2001).

However, testing such an idea requires data about changes in

resource availability through time.

Consistent with Hypothesis 3, the total beta diversity of summer

resident bird assemblages was more strongly correlated with island

F IGURE 3 Mantel and partial Mantel
correlations for the average island area and
habitat richness (Hr) between each pair of
islands against total beta diversity (bcc) or
its turnover (b�3) and richness (brich)
components for winter resident (WR),
winter visitor (WV) and summer resident
(SR) birds in the Thousand Island Lake,
China. NS not significant, ***p < .001,
**p < .01, *p < .05

F IGURE 4 The non-random proportion of observed values (s)
with standard effect sizes < �1.96 or >1.96 for total beta diversity
(bcc), or its turnover (b�3) and richness (brich) components for winter
resident (WR), winter visitor (WV) and summer resident (SR) birds in
the Thousand Island Lake, China
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area and habitat richness than it was for winter assemblages. This

matches expectations from the literature in several ways. In breeding

seasons, birds often have strong habitat requirements (Feeley et al.,

2007; Wang et al., 2010; Wiens, 1989). After wide dispersal of

breeding birds (e.g. Belliure et al., 2000), winter birds use a wide

range of habitats (Murgui, 2010), and winter site selection is more

dependent on local food availability than habitat itself (Alatalo et al.,

1987; Hutto, 1985; Teller�ıa, Carrascal, & Santos, 2014; Teller�ıa &

Santos, 1997). In our study, we found that winter visitors showed

few significant (partial Mantel) correlations between beta diversity or

its components and area, and no significant correlations with habitat

richness (Figure 3). This agrees with Herrera (1978) that winter visi-

tors are randomly distributed across habitats, because of avoidance

of competition for food resources with resident species. It is also

consistent with broad habitat use and high mobility of winter visitors

(Belliure et al., 2000; Carrascal et al., 1987; Murgui, 2010). The

examination of beta diversity differences between random null com-

munities and our communities (Hypothesis 4) confirmed that winter

visitors were more like randomly-drawn communities than summer

or winter residents (Figure 4, Appendix S2).

4.1 | Synthesis of the seasonal effects

As summarized in Table 2, where we saw seasonal changes in beta

diversity or its components we often saw corresponding changes in

nestedness.

Contrary to Hypothesis 1, community patterns for winter residents

showed high total beta diversity, a high richness component and

strong nestedness (Table 2). Studies frequently linked patterns of

nestedness to area-related selective extinction, isolation-related selec-

tive colonization and habitat nestedness (Feeley, 2003; Terborgh,

1974; Wang et al., 2010). In theory, a high richness component of beta

diversity could arise from the same mechanisms as those for nested-

ness. In our study, we did not find any effects of geographic distance

between islands on beta diversity or its components, which makes dis-

persal-limited selective colonization unlikely. Conversely, we found a

strong correlation between total beta diversity of winter residents and

island area (Figure 3a), which is consistent with selective extinction.

As discussed above, the ability of wintering birds to survive on small

islands may be impeded because food resources are scarce and/or are

depletable (Teller�ıa et al., 2001). As a consequence, the assemblages

on small islands tend to be a subset of assemblages on larger islands,

resulting in high total beta diversity and a high richness component of

beta diversity in winter birds (Figure 2). We also found that the nest-

edness of winter residents was largely explained by species’ abun-

dance. This result is consistent with the general findings that small

population sizes on small islands may increase the frequency of extinc-

tion due to demographic stochasticity (Doherty & Grubb, 2000), and

smaller islands may have fewer refuges from severe environmental

conditions (Dolby & Grubb, 1999; Teller�ıa & Santos, 1997). Moreover,

the strong relationship between nestedness and abundance in our

study reflects the sensitivity of the index (NODF) and richness differ-

ences component to abundance, and fits with a selective extinction or

evacuation explanation for nestedness.

In contrast to winter bird assemblages, summer residents exhib-

ited anti-nestedness, indicating less nestedness than randomly-drawn

communities. Although several studies reported a nested pattern for

breeding birds (Calm�e & Desrochers, 1999; Feeley, 2003; Murgui,

2010), Matthews et al. (2015) found in a meta-analysis that 75% of

16 habitat island datasets for generalist birds had negative Z-scores

that were consistent with anti-nestedness. Typical mechanisms for

anti-nestedness (Matthews et al., 2015) include high turnover related

to competitive exclusion (Leibold & Mikkelson, 2002) or species

being found exclusively on some islands (Poulin & Gu�egan, 2000).

This could represent competitive exclusion, or priority effects (Kling-

beil & Willig, 2016) where birds fail to colonize certain habitats (or

islands) because of the presence of other species (Diamond, 1975).

In our study, absolute values of the turnover component of beta

diversity were higher than richness component for summer residents

(Figure 2), and summer residents showed strong structuring by habi-

tat richness. Consistent with this, breeding territory needs may

restrict the environmental preferences of breeding birds (Su�arez-

Seoane, de la Morena, Prieto, Osborne, & de Juana, 2008). In addi-

tion, breeding birds also strongly defend territories against other

individuals (e.g. Schoener, 1968). Such factors could have con-

tributed to turnover and segregation of species by habitat types

across different sized islands. Consequently, the occupation of spe-

cies-specific habitats by summer residents may have generated dif-

ferences in community composition, and thus created an anti-nested

structure in our study system (Si et al., 2015). It is also quite possible

that birds select habitat based on food availability (e.g. Alatalo,

1980; Levey & Stiles, 1992). Consequently, in summer habitat

TABLE 2 Summary of results for beta diversity partitioning, non-random proportions of observed values of standard effect sizes, s (< �1.96
or >1.96), nestedness (NODF) and comparison with difference (D) in island area or habitat richness, or pure (partial) effects of area or habitat
richness for birds in the Thousand Island Lake, China. WR indicates winter residents, WV winter visitors and SR summer residents. �bcc refers to
total pairwise beta diversity, �b�3to the turnover component of beta diversity and �brich to the richness component of beta diversity. �ve
indicates negative and +ve indicates positive relationships

Total beta
diversity
(�bcc) �brich and �b�3

Difference
from random
communities (s)

Nestedness
(NODF)

D Island
area
effect

D Habitat
richness
effect

Pure area
effect
on brich

Pure habitat
richness effect

WR High High �brich relative to �b�3 High Nested Strong Strong Moderate �ve for b�3, +ve for brich

WV Medium High �brich relative to �b�3 Low Random Weak Weak Moderate None

SR Low Low �brich Medium Anti-nested Moderate Strong Moderate Strong �ve for b�3, strong +ve

for brich
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richness may not reflect food availability. So that although habitats

were nested, the summer resident birds were anti-nested. However,

as we currently have no data on direct species’ niche space and spe-

cies competitive interactions, their roles in generating seasonal com-

munity structure warrant further study.

In summary, the seasonal and visitor-versus-resident bird assem-

blages on islands differed substantially in their beta diversity

patterns, nestedness and differences from randomly-drawn commu-

nities. Expectations from bird biology and ecology for birds (e.g.

Murgui, 2010; Wiens, 1989) in different seasons largely mirror our

results. This demonstrates that such patterns also apply to spatial

(beta diversity, area) and biogeographical structure (island attributes,

area). There is a need to test the underlying community assembly

mechanisms, by evaluating the seasonality of resource availability,

resource distribution across islands, and competition. Assessing

resource availability is complex because it is difficult to know which

resources limit bird numbers in different seasons (Wiens, 1989).

Surveys of food availability for specific guilds would be a sensible

place to focus such an investigation. Given that anthropogenic

climate change may impact seasonality (Hughes, 2000) and bird

migration (Knudsen et al., 2011), it would be appropriate for future

studies to consider direct relationships between seasonality and

biodiversity patterns such as those we examined here.
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