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Abstract

Nitrogen deposition is changing biodiversity on Earth. We need to understand the

underlying mechanisms to conserve biodiversity better. Both selection and chance are

potential mechanisms, and they may operate concurrently. Then, what are the respective

effects of selection and chance, what is their relative importance and how do they change

with increasing nitrogen deposition rate? Here, we performed a 6-year nitrogen addition

experiment (0–28 g N ⁄ m2 ⁄ year) in a typical steppe ecosystem of Inner Mongolia to

investigate the community structure of plants, bacteria and ammonia-oxidizing Archaea

(AOA). We developed an experimentally based calculation method to first separate the

structural variations between plots into the effects of selection (S) and chance (C), and

then calculate their relative importance. Our results showed that as nitrogen addition rate

increased, S for both plants and bacteria increased, but C for plants first increased and

then decreased, and C for bacteria also increased; meanwhile, both S and C for AOA

changed nonlinearly. As nitrogen addition rate increased, the importance of chance

decreased on the whole for all these communities, but it decreased nonlinearly for plants

and bacteria, with a local increase at certain intermediate rates. At all treatments, the

importance of chance was <0.5 for plants, but >0.5 for AOA. These results demonstrated

that nitrogen deposition changed biodiversity by mediating the effects and importance of

chance, implicating different strategies should be adopted in conserving biodiversity

according to nitrogen deposition rate and community properties.
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Introduction

The biodiversity on Earth is changing at an unprece-

dented rate, and nitrogen (N) deposition is predicted to

be one of the major drivers of biodiversity change in

terrestrial ecosystems (Sala et al. 2000). Because of agri-

cultural fertilization and combustion of fossil fuels, N

deposition rate has increased from the pre-industrial

levels of about 0.1–0.3 to as high as 10 g N ⁄ m2 ⁄ year in

some developed countries (Vitousek et al. 1997; Bakker

& Berendse 1999; Galloway et al. 2004; Stevens et al.

2004). And it is predicted that N deposition rate will

increase similarly over the next 50 years in many devel-
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oping countries (Galloway et al. 2004). To conserve bio-

diversity successfully under the increasing pressure of

N deposition, it is urgent for us to understand the

mechanisms of biodiversity maintenance.

In fact, ecologists have long been interested in the

mechanisms of species coexistence within a community

(Hutchinson 1959; Chesson 2000). The traditional niche

theories propose that different species coexist in a com-

munity because they have different niches, e.g. they are

restrained by different resources (Pacala & Tilman 1993;

Harpole & Tilman 2006, 2007). Within a community,

different species have different fitness, and their abun-

dances are consistent with their fitness. As environmen-

tal condition changes, their fitness will change

inconsistently, resulting in the alteration of their abun-

dances and the community structure. In other words,
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the niche theories focus on the deterministic effects of

selection. In recent years, ecologists propose ecological

neutral theories, which propose that the changes in the

community structure have nothing to do with the dif-

ferences in fitness of species, but emphasize the chance

effects of ecological drift, migration and speciation

(Hubbell 1979, 2001; Bell 2001).

In fact, selection and chance are not mutually exclu-

sive, and many experiments and theories have demon-

strated that they may operate concurrently (Tilman 2004;

Thompson & Townsend 2006; Cadotte 2007; Ellwood

et al. 2009; Dumbrell et al. 2010). On the basis of an anal-

ysis of more than 900 plant species from 34 N fertiliza-

tion experiments across different terrestrial ecosystems,

Suding et al. (2004) found that perennials, native origin

species and species with N-fixing symbionts were often

lost, with no respect to their initial abundances, and that

rare species were also often lost, regardless of their

traits. These findings also indicated that N deposition

declined plant richness through both selection and

chance. Then, what are the respective effects of selection

and chance? What is their relative importance?

Although selection and chance operate concurrently,

Travisano et al. (1995) successfully disentangled their

respective contributions to the fitness of Escherichia coli

with an innovatively designed experiment. Simply

speaking, they cultured three independent populations

from a same progenitor population by culturing them

for 1000 generations under the ancestral conditions,

except with a different carbon source. After measuring

the fitness of both the progenitor and three descendants

under the current conditions, they attributed the mean

difference in fitness between descendant and progenitor

to the effects of selection, and attributed the mean dif-

ferences in fitness among three descendents to the

effects of chance.

Inspired by their research (Travisano et al. 1995), we

performed a 6-year N addition experiment in a typical

steppe ecosystem of Inner Mongolia; six N addition rates

(nine replicates each) were designed to mimic increasing

N deposition rates. To study whether the property of

community influences the respective effects of selection

and chance and their relative importance, we investi-

gated the community structures of not only plants, but

also soil bacteria and ammonia-oxidizing Archaea

(AOA). We investigated bacterial community structure

with the method of terminal restriction fragment length

polymorphism (T-RFLP), which classified all soil bacte-

ria into only tens of operational taxonomic units (OTUs)

based not on species trait, but on the enzymes-digested

fragment length of 16S rRNA genes (Dunbar et al. 2001;

Kim & Marsh 2004; Fierer & Jackson 2006). AOA

acquires energy through oxidizing ammonia, and N

addition changes soil pH and NHþ4 -N content, both of
which will affect the survival of AOA. We investigated

AOA community structure by sequencing the amoA

gene, which was critical during oxidation of ammonia

(Könneke et al. 2005); we obtained 28 sequences of the

gene from each plot, which was similar to 28 individu-

als. After calculating the community structural varia-

tions between plots, we will first separate these

variations into the respective effects of selection and

chance, and then calculate their relative importance.

Because N addition is the single selective force causing

structural variation in the experiment, we expect that as

N addition rate increases, the effects of selection will

increase; because the stochastic forces of ecological drift

and migration will not be directly influenced by N addi-

tion, we expect that as N addition rate increases, the

effects of chance will keep stable; then, we expect that as

N addition rate increases, the importance of selection will

increase, and the importance of chance will decrease.
Materials and methods

Experimental plots

As details of the experimental design have been

described before (Zhang et al. 2004; Bai et al. 2010), we

provide only a brief description here. The study was car-

ried out in a typical steppe ecosystem near the Inner

Mongolia Grassland Ecosystem Research Station in

China, which lies between 43�26¢–44�08¢N and 116�04¢–
117�05¢E, with an average elevation of 1200 m. A conti-

nental middle temperate semiarid climate dominates the

area, characterized by a cold and dry winter but a warm

and moist summer. The soil is a dark chest soil; the domi-

nant plant species, which accounted for >80% of plant

biomass, include Leymus chinensis, Stipa grandis, Agropy-

ron cristatum and Achnatherum sibiricum. The experimen-

tal site (400 · 600 m) was built in 1980 with an iron fence

to exclude animal grazing. In early July every year from

2000 to 2006, N (NH4NO3) was added to plots (5 · 5 m)

with a 1-m buffer zone at rates of 0, 1.75, 5.25, 10.5, 17.5

and 28 g N ⁄ m2 ⁄ year, respectively. Each treatment was

repeated nine times. We also added phosphorus (10 g

P2O5 ⁄ m2 ⁄ year) and trace elements (Zn: 1.9 mg ⁄ m2 ⁄ year,

Mn: 1.9 mg ⁄ m2 ⁄ year, B: 3.12 mg ⁄ m2 ⁄ year) to ensure that

other nutrients were non-limiting (Tilman 1987). There

were nine control plots which received no nutrients (zero

control). All 63 plots were distributed across an area of

55 · 110 m in a randomized block design (Zhang et al.

2004; Bai et al. 2010).
Sampling

In late August 2006, we harvested all plants in a

0.5 · 1.0 m quadrat from each plot; the plants were
� 2010 Blackwell Publishing Ltd
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sorted into species, and then oven-dried at 65 �C for

48 h and weighted.

In early September 2006, five soil cores (10 cm depth,

3.5 cm diameter) were taken at five locations from each

plot for the measurement of the environmental indexes

of soil pH, total N, NHþ4 -N and NO�3 -N contents. The

pH was measured in 1:2.5 (w ⁄ v) suspensions of soil in

distilled water. Water content was determined as

weight loss after drying for 24 h at 105 �C. NHþ4 -N and

NO�3 -N content were determined on a FIAstar 5000

Analyzer (Foss Tecator, Denmark) after extraction of

fresh soil with 1 M KCl. Total N was measured with an

Alpkem autoanalyzer (Kjektec System 1026 Distilling

Unit, Sweden) according to the Kjeldahl acid-digestion

method.

From each plot, another five soil cores near to the first

five were taken and thoroughly mixed to be stored fro-

zen until DNA extraction. We extracted DNA from

0.5 g of mixed soil following the instructions of the

FastDNA SPIN kit for soil (Qbiogene, Carlsbad, CA,

USA) except that we used 350 lL instead of 50 lL DNA

elution solution to elute the DNA in the tenth proce-

dure. For each plot, we extracted two DNA solutions

and pooled them. The DNA solution was stored at

)20 �C for the measurement of bacterial and AOA com-

munity structure.
Investigation of bacterial community structure

For each of the 63 plots, we measured bacterial commu-

nity structure using the method of T-RFLP, which clas-

sified all bacteria into only tens of OTUs (Dunbar et al.

2001; Kim & Marsh 2004; Fierer & Jackson 2006). The

FAM-labelled primer 27f (5¢-GAGTTTGATCMTGGCTC-

AG-3¢) and unlabelled primer 519r (5¢-GWATTACC-

GCGGCKGCTG-3¢) were used for amplification of

bacterial 16S rRNA gene. Each 50-lL PCR mixture con-

tained 25 lL TransTaq PCR SuperMix I (TransGen Bio-

tech, Beijing, China), 0.2 lM of each primer, 20 lg of

BSA and 10 ng of template DNA. PCR protocol was

94 �C for 5 min (denature); 28 cycles consisting of 94 �C

for 45 s (denature), 52 �C for 45 s (anneal), 72 �C for

90 s (elongate); and 72 �C for 15 min (elongate). Prod-

ucts were combined from three PCRs per DNA sample

and size-verified by agarose-gel electrophoresis. After

purification by ethanol precipitation, PCR products

were digested with restriction endonucleases. Because

different enzymes have different sensitivities, we used

the two enzymes HhaI and MspI in respective reactions.

Digested products were desalted immediately using

ethanol precipitation, and then separated by electropho-

resis on an ABI 3730 capillary sequencer at SinoGeno-

Max Co Ltd (Beijing, China).
� 2010 Blackwell Publishing Ltd
Investigation of AOA community structure

For the first five replicates of all treatments (a total of

35 plots), we investigated the community structure of

AOA by amplifying and sequencing the amoA gene

fragment (595 bp) with primers Arch-amoAF (5¢-STA-

ATGGTCTGGCTTAGACG-3¢) and Arch-amoAR (5¢-
GCGGCCATCCATCTGTATGT-3¢) designed in previous

research (Francis et al. 2005). Each 20-lL PCR mixture

contained 10-lL TransTaq PCR SuperMix I (TransGen

Biotech, Beijing, China), 0.4 lM of each primer, 8 lg of

BSA, and 40 ng of DNA. PCR protocol was 94 �C for

5 min (denature); 15 cycles consisting of 94 �C for 40 s

(denature), from 56 to 49 �C decreasing 0.5 �C every

cycle for 40 s (anneal), 72 �C for 1 min (elongate) and

72 �C for 10 min (elongate). Triplicate products were

pooled and 2 lL of mixture was taken to be the tem-

plate of the second PCR round, in which the PCR pro-

tocol was the same as the first round, except that there

were 30 cycles and the annealing temperate was 53 �C.

Triplicate PCR products were pooled and cloned with

pEASY-T1 Simple cloning vector (TransGen Biotech).

White colonies were randomly selected to be grown in

a 5-mL tube containing LB broth (with 50 lg ⁄ mL kana-

mycin) for 12 h at 37 �C, and PCR-screened directly for

the presence of inserts using primers Arch-amoAF and

Arch-amoAR. Positive colonies were sequenced with

M13 Forward Primer on Applied Biosystems 3730xl

capillary sequencers at Invitrogen Biotechnology Co Ltd

(Beijing, China). From each of the 35 clone libraries,

28 clones were randomly sampled and sequenced.

Sequences obtained in this study were deposited at

GenBank (NCBI) with accession numbers: EU671078–

EU672407.
Calculation of AOA genetic diversity

We calculated the genetic diversity of the amoA gene

for each plot. We first calculated the number of nucleo-

tide differences between every pair of sequences sam-

pled from the plot, and expressed them on a per site

basis (Nei & Li 1979), then calculated the average of all

pair of sequences to represent the genetic diversity of

the amoA gene. Then we calculated the mean difference

in the AOA genetic diversity between each treatment

and the control.
Calculation of structural variations between plots

We calculated the structural variations between every

pair of plots. For plants, we calculated the Euclidean

distance between plots based on the species percent bio-

mass to represent the community structural variation.
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For bacteria, the T-RFLP results were aligned by setting

the fragment size tolerance as 0.5 bases. To reduce the

influence of PCR, only fragments >50 bp in length and

with fluorescence >2% of the total fluorescence in a cer-

tain sample were included in the following analysis

(Dunbar et al. 2001; Kim & Marsh 2004; Fierer & Jack-

son 2006). We first calculated the percent peak height of

each OTU, and extracted the root to represent the

OTU’s relative abundance, and then calculated the

Euclidean distance between plots based on the percent

value of each OTU’s relative abundance to represent

the community structural variation. So, both plant and

bacterial community structural variation accounted not

only for the presence or absence of species (or OTUs)

but also for their relative abundances. For AOA, we

first calculated the number of nucleotide differences

between any two sequences from different plots, and

expressed them on a per site basis (Nei & Li 1979), and

then used the average number of all pairs (28 · 28) of

sequences from two plots to represent the community

structural variation. So, AOA community structural var-

iation accounted for differences in DNA sequence, as

well as frequencies of different sequences.
Statistical test of the effects of selection and chance
between treatments

To test whether the selection effects of N addition dif-

fered between treatments, we calculated the mean struc-

tural variation between each treatment plot and all

control plots. For all treatment plot (excluding control

plots), this kind of mean structural variation was inde-

pendent, then we used one-way ANOVA to analyse the

influence of N addition rate on this kind of mean struc-

tural variation. To test whether the chance effects dif-

fered between treatments, we tested whether the N

addition rate influenced structural variations within a

treatment, using the nonparametric permutation analy-

sis method of permutation dispersion (Table S1, Sup-

porting information), following a procedure by Chase

(Anderson 2004; Chase 2007).
Separating the respective effects of selection and chance

In our experiment, all plots were within an area of only

55 · 110 m and had the same natural environment (e.g.

soil and climate), so N addition was the only different

selective force between plots. Because there was no sig-

nificant influence of spatial factor on structural variation

among plots (Data S1, Supporting information), we

could assume that there was no systematic variation in

the heterogeneity of these communities before the treat-

ments were applied. Therefore, the structural variations

between plots were caused by the selection of N
addition and the chance of ecological drift and species

migration. Following the line of reasoning of Travisano

et al. (1995), we could separate these structural varia-

tions into the respective effects of selection and chance.

The structural variation between the control plots was

not caused by N addition, so we could take the mean

structural variation between control plots as the base

point. Although the structural variations between con-

trol plots and treatment plots should be caused by both

selection and chance, the selection effects were direc-

tional and the chance effects were non-directional. So,

for each treatment, we could calculate S = [(mean struc-

tural variation between control and treatment) ) (base

point)], which represented the selection effects of N

addition. We used Mantel tests to check the influences

of soil total N content, pH, NHþ4 -N and NO�3 -N con-

tents on within-treatment structural variations, the

influences were insignificant for almost all treatments

(Table S2, Supporting information), which indicated

that the selection effects were equal between plots

within a treatment, so the structural variations between

plots within a treatment should be caused only by

chance. So, for each treatment, we could calculate C =

[(mean structural variation within treatment) ) (base

point)], which represented the chance effects after N

addition. Both S and C might be positive or negative,

corresponding to promoting or restraining the structural

changes, respectively; and their absolute values repre-

sented the magnitudes of their effects. Then, for each

treatment, we could calculate the importance of chance

¼ Cj j
Cj jþ Sj j (Table S3, Supporting information). Of course,

the importance of selection = 1 ) the importance of

chance. And, according to our definition, for the con-

trol, the importance of chance should be one and the

importance of selection should be zero.
Results

The influence of N addition on environmental indexes
and biodiversity

For each plot, we sampled five soil cores and measured

their respective total N, NHþ4 -N, NO�3 -N contents and

pH, then used the mean of the five soil cores to repre-

sent the environmental indexes of the plot. N addition

significantly increased the total N content (Fig. 1a;

randomized block ANOVA: F = 10.693, P < 0.0001,

n = 54), NHþ4 -N content (Fig. 1c; randomized block

ANOVA: F = 120.041, P < 0.0001, n = 54), NO�3 -N content

(Fig. 1d; randomized block ANOVA: F = 51.007, P <

0.0001, n = 54), and decreased pH (Fig. 1b; randomized

block ANOVA: F = 139.026, P < 0.0001, n = 54).

N addition significantly decreased plant richness

(Fig. 2a; linear regression, slope = )0.144, F = 24.702,
� 2010 Blackwell Publishing Ltd



Fig. 1 The effects of N addition rate on soil indexes. (a) Total soil N content; (b) Soil pH; (c) NHþ4 -N content; (d) NO�3 -N content.

Error bars represent one standard deviation.

Fig. 2 The effects of N addition rate on biodiversity. (a) Plant richness; (b) Bacterial OTU richness when analysed with Hha1; (c)

Bacterial OTU richness when analysed with Msp1; (d) AOA genetic diversity when analysed with amoA gene. Error bars represent

one standard deviation.
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P < 0.001, n = 54) and significantly decreased bacterial

OTU richness when analysed with the enzyme of Hha1

(Fig. 2b; linear regression, slope = )0.097, F = 6.119,

P = 0.017, n = 54), but the effects on bacterial OTU rich-

ness were not significant when analysed with the

enzyme of Msp1 (Fig. 2c).

For AOA community, although there were no signifi-

cant differences in the genetic diversity among all
� 2010 Blackwell Publishing Ltd
treatments (Fig. 2d; one-way ANOVA: F = 1.152, P =

0.361, n = 30), there was less genetic diversity at 17.5

than at 28 g N ⁄ m2 ⁄ year (LSD: P = 0.044).
The respective effects of selection and chance

For plant communities, the selection effects were signifi-

cantly different among treatments (one-way ANOVA:



Fig. 3 The influences of N addition rate on the effects of selection, the effects of chance and the importance of chance for plants, bac-

terial and AOA communities.
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F = 8.347, P < 0.001, n = 54). The selection effects were

�0 at N addition rates of 0 and 1.75 g N ⁄ m2 ⁄ year, and

increased with increasing rates of 5.25–28 g N ⁄ m2 ⁄ year

(Fig. 3a). The chance effects at 17.5 g N ⁄ m2 ⁄ year were

larger than those at the other five N addition rates

(Table S1), although the differences were not significant

among all treatments (permutation dispersion: F =

1.074, P = 0.388). The chance effects were �0 at all N

addition rates except for the peak at 17.5 g N ⁄ m2 ⁄ year

(Fig. 3b).

For bacterial communities, we calculated the integra-

tive results of the two enzymes Hha1 and Msp1

(Table S3). The selection effects were significantly

different among treatments (one-way ANOVA: Hha1, F =

13.762, P < 0.001, n = 54; Msp1, F = 37.261, P < 0.001,

n = 54). The selection effects were �0 at 0–10.5 g

N ⁄ m2 ⁄ year, and increased with increasing N addition

rates of 17.5–28 g N ⁄ m2 ⁄ year (Fig. 3d). The chance

effects were also significantly different among treat-

ments when analysed with Hha1 (Permutation disper-

sion: F = 9.810, P = 0.0001), and the chance effects at

17.5 and 28 g N ⁄ m2 ⁄ year were greater than those of the

other four treatments when analysed with Msp1
(Table S1), although the differences among all treat-

ments were not significant (Permutation dispersion:

F = 1.755, P = 0.133). The chance effects were �0 at 0–

10.5 g N ⁄ m2 ⁄ year, and increased with increasing N

addition rates over the range of 17.5–28 g N ⁄ m2 ⁄ year

(Fig. 3e).

For AOA communities, the selection effects were

less at 17.5 than at 10.5 (LSD: P = 0.048) and 28 (LSD:

P = 0.050) g N ⁄ m2 ⁄ year, although the differences were

not significant among all treatments (one-way ANOVA:

F = 1.245, P = 0.320, n = 30). The selection effects were

�0 at 0–5.25 g N ⁄ m2 ⁄ year, >0 at 10.5 and 28 g

N ⁄ m2 ⁄ year, but <0 at 17.5 g N ⁄ m2 ⁄ year (Fig. 3g). We

calculated the mean difference in the AOA genetic

diversity between each treatment and the control, and

this mean difference was significantly correlated with

the selection effects (Pearson correlation: r = 0.844,

P = 0.034, two-tailed). Although the chance effects

were not significantly different among treatments (per-

mutation dispersion: F = 0.707, P = 0.626), they fol-

lowed the same trends as the selection effects

(Pearson correlation: r = 0.966, P = 0.002, two-tailed;

Fig. 3g,h).
� 2010 Blackwell Publishing Ltd
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The relative importance of selection and chance

According to our definition, the importance of chance

was exactly one at the control. In plant community, as

N addition rate increased from control to

0 g N ⁄ m2 ⁄ year and then to 1.75–28 g N ⁄ m2 ⁄ year, the

importance of chance decreased from 1 to 0.487 and

then to <0.400 (Fig. 3c). In bacterial community, as N

addition rate increased from control and 0–5.25 to 10.5–

28 g N ⁄ m2 ⁄ year, the importance of chance decreased

from 1 and �0.800 to <0.400 (Fig. 3f). In AOA commu-

nity, as N addition rate increased from control and 0–

5.25 to 10.5–28 g N ⁄ m2 ⁄ year, the importance of chance

decreased from 1 and �0.700 to �0.550 (Fig. 3i). In

summary, as N addition rate increased, the importance

of chance decreased on the whole.

In plant community, at those N addition rates of

1.75–28 g N ⁄ m2 ⁄ year when the importance of chance

was <0.4, as N addition rate increased from 1.75 to 17.5

and then to 28 g N ⁄ m2 ⁄ year, the importance of chance

first increased from 0.069 to 0.389, and then decreased

to 0.107 (Fig. 3c). In bacterial community, at those N

addition rates of 10.5–28 g N ⁄ m2 ⁄ year when the impor-

tance of chance was <0.4, as N addition rate increased

from 10.5 to 17.5 and then to 28 g N ⁄ m2 ⁄ year, the

importance of chance increased from 0.248 to 0.367 and

0.351 (Fig. 3f). In summary, as N addition rate

increased, the importance of chance decreased nonlin-

early, with a local increase at certain rates for both

plants and bacteria.

At all N addition rates from 0 to 28 g N ⁄ m2 ⁄ year, the

importance of chance was <0.500 in plant community,

but >0.500 in AOA community (Fig. 3c,i).
Discussion

N addition increased soil total N, NHþ4 -N, NO�3 -N con-

tents, and decreased pH (Fig. 1); as selective forces,

these environmental changes would alter the structure

of plant community. As N addition rate increased, the

selection effects increased as we expected (Fig. 3a); but,

the chance effects first increased and then decreased

rather than kept stable, which was beyond our expecta-

tion (Fig. 3b). During the long-term evolutionary his-

tory, the plants in the typical steppe ecosystem of Inner

Mongolia were adaptive to N-poor and pH-neutral soil

(Yuan et al. 2006); therefore, as N addition rate in-

creased, more and more species were excluded

(Fig. 2a). N addition promoted the dying of some plant

individuals (e.g. Agropyron cristatum, Cleistogenes squar-

rosa and Cares korshinskyi; Table S4, Supporting infor-

mation; Bai et al. 2010), leaving resources (e.g. space) to

be taken up by other plant individuals. No matter the

resources-acquiring individuals were descendants of
� 2010 Blackwell Publishing Ltd
pre-existing plants in the plot or immigrants from out-

side the plot, the resource acquisition process was sto-

chastic. In other words, N addition indirectly promoted

the stochastic processes of ecological drift and migration,

so the chance effects increased as N addition rate

increased from 0 to 17.5 g N ⁄ m2 ⁄ year (Fig. 3b). As N

addition rate increased to 28 g N ⁄ m2 ⁄ year, the environ-

mental changes were so sharp that only a few species

(e.g. L. chinensis, Chenopodium glaucum and Axyris amar-

anthoides; Table S4) were adaptive (Xia & Wan 2008; Bai

et al. 2010), and the selection effects were so powerful

that the chance effects turned to decrease (Fig. 3b).

We investigated bacterial community structure with

the method of T-RFLP, which classified all soil bacteria

into only about 13 OTUs based not on species trait, but

on the enzymes-digested fragment length of 16S rRNA

genes (Dunbar et al. 2001; Kim & Marsh 2004; Fierer &

Jackson 2006). In spite of this, as N addition rate

increased, the selection effects still showed an increas-

ing trend as we expected (Fig. 3d); the chance effects

also increased rather than kept stable (Fig. 3e), which

was contrary to our expectation, and we thought that it

was because N addition indirectly promoted the sto-

chastic processes of ecological drift and migration, just

as for the plants community. There were still two differ-

ences between the plant community and the bacterial

community: first, the selection effects started to increase

at 5.25 g N ⁄ m2 ⁄ year for plants, but at 17.5 g N ⁄ m2 ⁄ year

for bacteria; second, at 28 g N ⁄ m2 ⁄ year, the chance

effects for plants were decreasing, but for bacteria con-

tinued to increase (Fig. 3). If we could investigate the

structure of bacterial community based on the real spe-

cies, perhaps the selection effects would start to

increase at a lower N addition rate, and the chance

effects also decrease at 28 g N ⁄ m2 ⁄ year.

For AOA community, both the selection effects and

the chance effects changed nonlinearly as N addition

rate increased (Fig. 3g,h), which were beyond our

expectation. Because N addition decreased soil pH and

increased NHþ4 -N content (Fig. 1); while the former

was unfavourable to AOA’s existence, the latter was

favourable as a source of energy, and they concurrently

influenced the survival of AOA communities. At N

addition rates of 0–10.5 g N ⁄ m2 ⁄ year, mainly due to the

increased NHþ4 -N content (Fig. 1c), the genetic diversity

of the amoA gene increased a little (Fig. 2d). At

17.5 g N ⁄ m2 ⁄ year, the soil pH decreased greatly

(Fig. 1b), which decreased the genetic diversity of the

amoA gene (Fig. 2d). When compared with 17.5, at

28 g N ⁄ m2 ⁄ year, the soil pH decreased a little, but the

NHþ4 -N content greatly increased (Fig. 1b,c), which

increased the genetic diversity of the amoA gene again

(Fig. 2d). We calculated the mean difference in the

genetic diversity between each treatment and control,
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and the selection effects changed with the same trend

as this mean difference (Pearson correlation: r = 0.844,

P = 0.034, two-tailed). The chance effects also followed

the same trend as the selection effects (Pearson correla-

tion: r = 0.966, P = 0.002, two-tailed; Fig. 3g,h). These

results indicate that, for both the selection effects and

the chance effects, values >0 means that the increased

NHþ4 -N content promotes the genetic diversity, and val-

ues <0 mean that the decreased pH restrains the genetic

diversity. Of course, the absolute values of both the

selection effects and the chance effects represent their

magnitudes.

Although as N addition rate increased, the respective

effects of selection and chance showed inconsistent

changing trends among plants, bacteria and AOA, the

importance of chance decreased on the whole for them

all (Fig. 3), just as we expected. A recent experiment

showed that drought decreased the importance of sto-

chastic community assembly (Chase 2007), in accor-

dance with our results that N addition decreased the

importance of chance on the whole. The importance of

chance did not decrease linearly, but with a local

increase at certain N addition rates, because N addition

indirectly promoted the stochastic processes of ecologi-

cal drift and migration, as we discussed above.

The importance of chance = 0.5 means that 50% of

structural variations are driven by the chance of eco-

logical drift and migration, and the remaining 50% are

driven by the selection of N addition. Therefore, these

results that the importance of chance was always >0.5

in plants community and <0.5 in AOA community

indicated that selection always played a more impor-

tant role than chance in plant community, and that

chance always played a more important role than

selection in AOA community. Selection drives commu-

nity assembly based on differences in species fitness;

we investigate all plant and the specific functional

group of AOA, then the average difference in plant fit-

ness should be larger than that in AOA fitness; so, the

importance of selection was larger in plants commu-

nity than in AOA community, and the importance of

chance was larger in AOA community than in plants

community. Of course, the relative importance of selec-

tion and chance depends not only on the community

property but also on the selective intensities.

For example, the bacterial community is mainly con-

trolled by chance at 0, 1.75 and 5.25 g N ⁄ m2 ⁄ year, and

mainly controlled by selection at 10.5, 17.5 and

28 g N ⁄ m2 ⁄ year (Fig. 3f).

Although scale and scaling were of importance when

the structural variations of different communities were

to be considered, and N deposition would affect plants

and microbes at different spatial scales, it was appropri-

ate for us to analyse plants and microbes at the same
spatial scale in this experiment, because spatial factor

had no significant influences on structural variations for

all of plant, bacteria and AOA (Data S1, Supporting

information). It was important for us to analyse the rel-

ative importance of selection and chance under the dis-

turbance of N deposition at diverse spatial scales in the

future.

In conclusion, by performing a mimic N deposition

experiment and developing an experimentally based

calculation method, we successfully separated the

respective effects of selection and chance and calcu-

lated their relative importance in biodiversity mainte-

nance. Our results indicated that the effects of selection

and chance and their relative importance are influ-

enced by both N addition rate and the community

property. Accounting for these factors, we should

adopt different strategies in restoring community struc-

ture that has been changed by N deposition. For exam-

ple, at low N addition rates, both effects of selection

and chance are small, the relative abundances of

species rather than the species richness are altered, so

the community structure may bounce back quickly

when N deposition stops. At the intermediate N depo-

sition rates, the chance effects of ecological drift and

migration may increase, and then some species from

outside the ecosystem may colonize the site. As a

means of ecosystem preservation or restoration, strate-

gies of both cutting N deposition rates and eliminating

the immigrating species should be adopted. At high N

deposition rates, the selection effects are so powerful

that many endemic species are excluded, termination

of N deposition and eradication of migrating species

are inadequate to restore the degraded ecosys-

tem—reintroduction of the endemic species should be

considered. In addition to N deposition, there are

many other human-induced environmental distur-

bances (e.g. land-use change, climate change, and

elevated carbon dioxide concentration) that are also

changing the global biodiversity at an accelerating rate

(Sala et al. 2000). Our results shed light on the analysis

of the underlying mechanisms of ecosystem change

induced by anthropogenic disturbances and on the

adoption of proper conservation and restoration strate-

gies under different disturbance intensities.
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