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Abstract In this study, we compared ecological charac-

teristics of wetland vegetation in a series of restoration

projects that were carried out in the wetlands of Yellow

River Delta. The investigated characteristics include plant

composition structure, species diversity and community

similarity in three kinds of Phragmites australis wetlands,

i.e. restored P. australis wetlands (R1, R2, R3 and R4:

restored in 2002, 2005, 2007 and 2009, respectively),

natural P. australis wetland (N) and degraded P. australis

wetland (D) to assess the process of wetlands restoration.

The coverage of the R1 was 99%, which was similar to

natural wetland. Among all studied wetlands, the highest

and lowest stem density was observed in R1 and R2,

respectively, Plant height and stem diameter show the same

trend as N [ R2 [ R1 [ R3 [ D [ R4. Species diversity

of restored P. australis wetlands became closed to natural

wetland. Both species richness and Shannon–Wiener index

had similar tendency: increased first and then decreased

with restored time. The highest species richness and spe-

cies diversity were observed in R2, while the lowest values

of those parameters were found in natural P. australis

wetland. Similarity indexes between restored wetlands and

natural wetland increased with the restoration time, but

they were still less than 50%. The results indicate that the

vegetation of P. australis wetlands has experienced a great

improvement after several years’ restoration, and it is

feasible to restored degraded P. australis wetlands by

pouring fresh water into those wetlands in the Yellow

River Delta. However, it is notable that costal degraded

P. australis wetland in this region may take years to dec-

ades to reach the status of natural wetland.

Keywords Coastal wetland � Wetland restoration �
Yellow River Delta � Vegetation characteristics � Species

diversity

Introduction

There are about 5.94 9 104 km2 of coastal wetlands in

China (Zhang and others 2005). Most of coastal wetlands

have been severely disturbed due to their geographical and

natural advantages for intensive economic activities. Wet-

land degradation, coastline erosion, soil salinization, bio-

diversity decreasing and barren lands increasing are a few

consequences of disturbances (Conservation and others

1998; Steyer and Llewellyn 2000). It is estimated that more

than half of the original wetlands in the word have been

lost due to human activities (Mitsch 2005; Mitsch and Day

2006), therefore, effective protection and restoration for

damaged and degraded wetlands are becoming more and

more urgent (Bruland and Richardson 2005; Hopfensperger

and others 2006; Orr and others 2007).

Wetlands restorations have attracted great attentions

worldwide in last decades (Gilbert and others 2004; Gray

and others 2002; Konisky and others 2006). To well
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understand the structure and function of the restored wet-

lands, researches on wetland degradation, restoration and

reconstruction have become more important. Typically,

wetland restoration focuses on repairing three key com-

ponents: hydrology, soil and biology. The detailed com-

ponents include water regime and chemistry (Bossio and

others 2006; Niedermeier and Robinson 2007; Wilcox and

others 2006), wildlife habitats (Zedler and Kercher 2005),

vegetation composition and structure, coverage, biomass,

plant diversity associated with restored species (Jin 2008;

Phinn and others 1999; Walker and others 2004; Zedler

2005), soil microbial communities, and soil propagule bank

(Ghorbani and others 2003; Grandin 2001; Robertson and

James 2007; Smith and others 2002). Generally, the pur-

poses of wetland restoration are to re-establish the eco-

logical structure and functions of wetlands, links between

biotic and abiotic components and to improve local bio-

diversity at all levels by considering the entire ecosystem

(Gallego Fernández and Garcı́a Novo 2007; Loomis and

others 2000; Ruiz-Jaen and Aide 2005a; Zedler 2000).

Wetland restoration is a systematic (Kirk and others

2004) and long periodic (Matthews and others 2009) pro-

cesses. Measurements of characteristics of vegetation,

species diversity and wetland processes are used for wet-

land assessment (Breaux and others 2005; McCoy and

Mushinsky 2002; Neckles and others 2002; Ruiz-Jaen and

Aide 2005b; White and Walker 1997; Wilkins and others

2003). Vegetation is the basic component and the major

producers of wetland ecosystem, and is the vital part of

wetland structure and function. Wetland vegetation is

influenced by many environmental factors such as water

gradient, flow conditions, water transparence, biological

competition and nutrients (Bart and Hartman 2000;

Bodensteiner and Gabriel 2003). Ecological characteristics

of vegetation are closely related to other factors and are the

direct and first responding to restoration (Bart and Hartman

2000; Bodensteiner and Gabriel 2003; Keddy and Constabel

1986; Philipp and Field 2005). Therefore, studies of wet-

land vegetation changes during the restored process will

help reveal the wetland ecological restoration processes.

The Yellow River Delta (YRD) is one of the most active

land-ocean interaction regions among the large river deltas

in the world. The YRD is called as the ‘‘Golden Triangle’’

due to its great exploitation potential and development of the

YRD gets more and more attention. In recent years, suffer-

ing the impacts of interference of human activities and

natural environmental changes, wetlands in the YRD have

been deteriorated and lost considerably. Environmental

deterioration and bio-diversity reduction are threatening

birds habitats in the YRD (Ding and Li 2002; Shan 2007).

Therefore, wetland restoration and reconstruction in the

YRD play an important role in promoting sustainable

development of economy and improving ecological

environments. Phragmites australis is one of the most

important, widespread and constructive wetland plant spe-

cies over the YRD. There are about 2,600 ha P. australis

wetland in the YRD. It provides staging, wintering and

breeding sites for birds and may directly benefit from eco-

logical restoration engineering for wetlands (Wu and others

2009; Zhao and others 2005).

In this study, four P. australis wetlands which were

restored at different times were selected and discussed their

plant ecological characteristics, composition structure,

species diversity and community similarity to determine

how plant ecological characteristics and species composi-

tion changes over time. The objectives of the study are: (1)

to reveal the vegetation succession pattern, (2) to provide

scientific knowledge and information for restoration of P.

australis wetlands, (3) and to support wetland restoration

engineering and increase productive benefits.

Material and Methods

Study Area

The study area, the Yellow River Delta Natural Reserve

(YRDNR) in Dongying city, Shandong province, China, is

within the range of 37�350 N–38�120 N and 118�330 E–

119�200 E. The YRDNR is located in the estuary of the

Yellow River to the Bohai Sea, with an area of 153,000 ha.

The YRDNR has been established to protect the newly

formed wetland ecosystem and rare and endangered

waterfowls. The climate in study area is warm temperate

continental monsoon climate with distinctive seasons and

rainy summer. The annual average temperature is 12.1�C,

the frost-free period lasts 196 days, annual average rainfall

is 551.6 mm and annual average evaporation is 1,962 mm.

The reserve holds the most extensive, integrated and

youngest wetland ecosystem (it formed since 1976) in the

warm temperate zone of China (Ye and others 2004).

Because of deposition of huge amount of sand and mud

from Yellow River, it is estimated that about 1,300 ha ter-

ritory land is formed here annually. A total of 296 bird

species including over 200 migratory species have been

recorded here. Among them, 10 species are listed as Class I

of national protection wildlife such as red-crowned crane

(Grus japonensis) and oriental white stork (Ciconia boyci-

ana), and 49 species as Class II. A total of 400 plant species

including 116 seed plants are recorded in the reserve.

Common Seepweed, Strange Willow and Dogbane are

widely distributed in the region. Wild Soybean, a Class II

national protection plant, covers 3,800 ha. The YRDNR is

the largest newly formed wetland along the coast of China

covered by natural saline vegetation with 55.1% vegetation

coverage. It has become an important over-wintering and
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breeding site for migrating birds in Northeast Asian Inland

and Western Pacific Rim (Cui and others 2009).

In latest decades, because the dams and reservoirs

facilitated water consumption and shifted the seasonal and

annual variations in water consumption (Ren and others

2002) (Xu 2004), the water supply from Yellow River to

the wetlands decrease greatly. As a result, substantial

salinization in this region was becoming seriously, which

results in the degradation of both wetlands and wildlife

habitats. In order to improve wetland functions and habi-

tats, a series of restoration projects were carried out in the

region by local government in the YRDNR in 2002(R1),

2005(R2), 2007(R3), and 2009(R4), respectively. The

restoration projects provide an excellent opportunity to

study vegetation succession along restoration time. These

four tested sites before degraded were covered by P. aus-

tralia after decade’s succession on new-born alluvial wet-

lands since 1976. The representative wetlands including

natural wetland (N), degraded wetland and restored wet-

land of R1, R2, R3 and R4 (Fig. 1) were selected for the

study after field survey in 2009. The position of all resto-

ration projects is 4 km south of the current watercourse of

the Yellow River. Main process of the restoration project

was designed to bring freshwater of Yellow River to

degraded wetlands and resist saltwater intrusion to increase

the self-regulatory capacity of wetland ecosystem and

plants in four degraded wetlands were restored naturally.

Data Collection and Calculation

According to the pre-observation of vegetation, a fixed

transect was set up in each wetland (total 6 transects). 40

quads (1 9 1 m2) were selected randomly along the dis-

tribution of plants in each transect. The monthly data of

plant coverage, plant density, plant height, stem diameter

and plant species in each quad were recorded constantly

during period of June to October in 2010.

The ecosystem’s health situation can be well described

by ecological characteristics of plants, species diversity of

ecosystem and composition structure of plant community

(Landau and others 1999; Neckles and others 2002). To

estimate the restoration effects, it is important to reveal the

species diversity, similarity level between different

restored and reference communities and similarity of dif-

ferent restored communities (Lou and others 2007; Questad

and Foster 2007; Ma and others 1995). In this study,

Important value (IV) was used to indicate the importance of

species in a community (IV [ 0.5 as the dominant species,

0.3–0.5 as the sub-dominant species); Richness Index and

Shannon–Wiener index were used to describe species

Fig. 1 Location map of Yellow River Delta and sample transects (40 quads for each transect)
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diversity; Sorenson’s index were used to describe the

similarity of different communities (Lou and others 2007;

Ma and others 1995).

(1) Important Value (IV)

IV ¼ RH þ RC þ RF ð1Þ

where: IV is the important value; RH is the relative density;

RC is the relative coverage; RF is the relative frequency. In

this paper, take IV [ 0.5 as the dominant species, 0.3–0.5

as the sub-dominant species as a criteria (Landau and

others 1999; Questad and Foster 2007).

(2) Richness Index (R)

R ¼ S ð2Þ

(3) Diversity Index (H), using Shannon–Wiener index

H ¼ �
Xn

i¼1

ðPi � log PiÞ ð3Þ

where: S is total number of species, Pi is relative abun-

dance of species ‘‘i’’, n is total number of individuals of all

species, n is number of individuals of species ‘‘i’’.

(4) Similarity index (I), using Sorenson’s index

I ¼ 2c=ðaþ NÞ � 100 ð4Þ

where a is the number of species in wetland with a-year

restoration; N is the number of species in natural wetland; c

is the number of common species between restored wetland

and natural wetland.

Results

Ecological Characteristics of P. australis Community

Ecological characteristics of P. australis community pri-

marily included plant coverage, stem density, height and

stem diameter (Fig. 2). Coverage of the restored P. aus-

tralis wetland increased gradually to similar with that of

natural wetland with increasing restoration time using

method of principal component analysis. Stem density

showed as wavy line from D to N: first increased (D to R4),

then decreased (R4 to R2), density decreased from R1 to N

after it increased from R2 to R1. Density of R2 was the

lowest, while R1 had the highest density. Plant heights and

stem diameter had similar variation tendency in the order

of N [ R2 [ R1 [ R3 [ D [ R4.

Composition Structure of P. australis Community

Four species belonging to 4 genera and 3 families were

found in the R4. The community structure was composed

by Gramineae, Polygonaceae and Convolvulaceae.

Fourteen species belonging to 14 genera and 10 families

were found in R3. The community was composed mainly

by Gramineae, Compositae, Polygonaceae and so on. There

were 3 common species between R4 and R3, while

Alopecurus aequalis were not observed in the rest 3

restored wetlands, and never appeared in natural reed

wetland. Twenty-one species belonging to 21 genera and

17 families were found in R2. It was composed by

Gramineae, Compositae, Leguminosae, Plantaginaceae and

so on. There were 11 common species between R3 and R2.

Ten species belonging to 10 genera and 9 families appear

in R1. It was composed by Gramineae, Tamaricaceae,

Legumnosae and so on. There were 7 common species

between R2 and R1. It is clearly showed that the number of

plant species first increased with increasing restoration

time in the early stage (from the R4 to R2), and then

decreased (from R2 to R1).

Our results of important Value of species (Table 1)

showed that P. australis was the dominant species

throughout the restored process. With the increase of res-

toration time (form R4 to R1), the important value of

P. australis increased gradually from 0.5615 to 1.5508,

meanwhile the important value of other species decreased

and the sub-dominant species changed greatly. At last, the

P. australis became to be an absolute dominant species

(without sub-dominant species) which was similar to the

natural P. australis wetland. Further analysis, great chan-

ges of dominant species was found during the restoration

process of R4 to R1. Species changed from plants adopting

Fig. 2 Ecological characteristics of P. Australis community in

natural wetland (N), restored wetlands (restored in 2002: R1, 2005:

R2, 2007: R3 and 2009: R4) and degraded wetland (D), the column

value is average of 40 squads in each site and the vertical bar stands

for standard deviation
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soils with lower water level (Alopecurus aequalis) and/or

high salinity (Suaeda salsa) in R4 to aquatic plants and

hydrophytes (P. australis and Typha orientalis) favoring

suitable water level and/or low salinity in R1 (Table 1).

Species Diversity

Species richness and Shannon–Wiener index of the restored

wetlands increased in the early restoration stage (from R4 to

R2) and then decreased with increasing restoration time

(from R2 to R1) (Fig. 3). The species richness and Shannon–

Wiener index in restored wetlands were even higher than

that in natural wetland. Both indices in R2 were the highest,

followed by R3, D, R4, R1 and N, and their species richness

were 6.2 ± 1.09, 5.8 ± 0.24, 4.8 ± 0.62, 2.8 ± 0.32,

2.7 ± 0.65 and 2.3 ± 0.26 species m-2, respectively.

Species distribution of natural P. australis wetland was more

uniform than other tested sites in which species number

changed obviously among quads.

In order to verify differences of species richness among

different wetlands,, the Multiple Mean Difference of species

richness was adopted in the study. One-way analysis of var-

iance (ANOVA) was used to test over all differences, while

Least-significant difference (LSD) was selected to determine

the difference between groups. Results showed that species

richness between natural reed wetland and restored wetland

was becoming close with increasing restoration time

(Table 2). Differences of community species richness were

significant (P \ 0.05) by comparing the R2, R3 and D with N,

while there was no significant difference between N and R1

and R4. The R1 had significant differences comparing with

the R2, R3, and D (P \ 0.05). The R2 and R3 had significant

differences by comparing with the R4 (P \ 0.05), but did not

show any significant changes by compared to the D. The R4

had significant changes versus D (Table 2).
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Fig. 3 The mean species richness and Shannon–Wiener index in

different P. australis wetland, the column value is average of 40

squads in each site and the vertical bar stands for standard deviation

(N natural wetland; R1, R2, R3 and R4 restored wetlands in 2002,

2005, 2007 and 2009, respectively; D degraded wetland, vertical bar
stands for standard deviation)
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Similarity Index

Community Similarity Index could indicate the similarity

level between different restored and reference communities

(Natural wetland in the study). Results showed that the

similarity increased with the restoration time, except for R4

(Fig. 4). Similarity between R4 and N was high, mainly

results from fewer plant species found in R4 than the other

wetlands. It indicated that plant communities were

becoming more and more similar to the natural community

with the restoration time. However, we should note that the

similarity was still very low (less than 50%) even after

several years’ restoration in Yellow River Delta.

Discussions

The ultimate goal of wetland restoration is to create a self-

supporting ecosystem that can resist to perturbation with-

out further assistance. Therefore the criterion to evaluate

success is critical for restoration (Ruiz-Jaen and Aide

2005a, b). Previous studies suggested that restoration suc-

cess could be evaluated primarily by three parts: vegetation

characteristics (Walters 2000; Wilkins and others 2003),

species diversities (McCoy and Mushinsky 2002; Passell

2000) and ecosystem processes (Cui and others 2009;

Rhoades and others 1998). Generally ecologically func-

tional processes are slow to recover in comparison with

vegetation structure and diversity, so we focus on vegeta-

tion characteristics, structure and species diversities in the

presentation.

In this study, ecological characteristics of P. australis

population gradually changed to close to those in natural

wetland during the restoration process in the YRD (Fig. 2).

Table 1 suggested that Gramineae, Compositae and

Polygonacea were the most important families in all studied

wetlands and, species of Compositae ever exceeded the

Gramineae with restoration time increasing, while P. aus-

tralis, the main Gramineae, was always the dominant spe-

cies and colonized constantly. Results about species

diversity (including species richness and Shannon–Wiener

index) showed similar tendency: the species diversity in

restored wetland decreased gradually to close to the natural

wetland after increases from R4 to R2 (Fig. 3). This phe-

nomenon can be explained by plant competition. Plants

species, rapidly expanding and colonizing new zones of the

Table 2 Species richness

multiple comparisons among

wetlands

* The mean difference is

significant at 0.05 level

N natural wetland; R1, R2, R3
and R4 restored wetlands in

2002, 2005, 2007 and 2009,

respectively; D degraded

wetland

(I) (J) Mean difference

(I - J)

St. error 95% confidence interval

Lower bound Upper bound

N R1 -0.55556 0.94608 -2.4578 1.3467

R2 -3.77778* 0.94608 -5.68 -1.8756

R3 -3.44444* 0.94608 -5.3467 -1.5422

R4 -0.33333 0.94608 -2.2355 1.5689

D -2.66667* 0.94608 -4.5689 -0.7645

R1 R2 -3.22222* 0.94608 -5.1244 -1.32

R3 -2.88889* 0.94608 -4.7911 -0.9867

R4 0.22222 0.94608 -1.68 2.1244

D -2.11111* 0.94608 -4.0133 -0.2089

R2 R3 0.33333 0.94608 -1.5689 2.2355

R4 3.44444* 0.94608 1.5422 5.3467

D 1.11111 0.94608 -0.7911 3.0133

R3 R4 3.11111* 0.94608 1.2089 5.0133

D 0.77778 0.94608 -1.1244 2.68

R4 D -2.33333* 0.94608 -4.2355 -0.4311

Fig. 4 Similarity of restored and degraded P. australis wetlands to

natural wetland (R1, R2, R3 and R4 restored wetlands in 2002, 2005,

2007 and 2009, respectively; D degraded wetland)
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salt marsh, can consume soil water and nutrients. Moreover,

a dense stand of one species can reduce the access to light

for seedlings of other species, thus limiting their develop-

ment (Ungar 1998). With development of P. australis, other

species would have suffered from intensive competition

exerted by this species (Budelsky and Galatowitsch 2000).

Our results are general agreement that a consequence of the

disappearance of the plant zonation pattern in wetlands is a

deterioration of the spatial structure of the ecosystem and a

decrease in habitat diversity (Mitsch and Gosselink 2000).

Some studies suggested that an aggressive plant could

impair the spatial heterogeneity and biodiversity of vege-

tation (Green and Galatowitsch 2002). In our study, natural

P. australis wetland as a reference selected in YRD had its

regional characteristics, such as low species diversity. Even

though P. australis usually formed a mono-species com-

munity in some locations, it can still sustain itself without

assistance. So in the YRD, during the process of P. australis

community restoration, increasing P. australis could be

considered as a good phenomenon.

Wetland restoration is an important and complex eco-

logical process, and is related to many factors, including

ecology, soil science, geography, hydrology, etc. (Gattie

and others 2003; Hastings and others 2007). In this study, a

total of 28 species belonging to 28 genera and 21 families

existed in the four restored wetlands and showed a series of

changes in vegetation with the restored time increasing

(Fig. 3). Table 1 showed that at the beginning of restoration

in 2009 (R4), pioneer species were plants that adapted to

soil of high soil salinity (such as S. salsa) and lower water

level (Dong and others 2010; Guan and others 2011), while

some hygrophyte species (such as P. australis) exhibited

poor growth status (Fig. 2). Subsequently, vegetation

changed to dominant specie favoring low salinity and

suitable water level, such as P. australis and T. orientalis.

Finally, vegetation composition structure and characteris-

tics are more similar to the natural wetland. However,

compared with previous research (Cui and others 2009),

numbers of species were considerably low in this study,

even much lower than that in the pre-damaged wetland.

Wetland vegetation could rapidly respond to alterations

in environmental conditions (Tiner 1999), the fluctuating

hydrological regime (Mitsch 2005) and salinity (Perry and

Hershner 1999) have been considered as two major factors

that control its distribution pattern. Water depth is consid-

ered to be the most significant factor controlling the

establishment of wetland species. In the YRD, hydrological

regime is a critical factor controlling success of restoration.

It is important to effectively use water during regulation and

control of flow and sediment in the Yellow River Estuary.

Once introducing water into test areas, surface water depth

varied from 0 cm to more than 100 cm because of micro-

topography, it was even drought in local area. This can

explain the plant distribution pattern: species richness was

also not same in each quad (Fig. 3). However, very sig-

nificantly, fresh water was short supply in North China, to

restore more wetlands with less water are critical. There-

fore, installment of water gradients and flooding time need

further and more precise studies in the future. Changes in

plant species composition are response to dramatic changes

of soil salinity. The result showed that salinity (EC repre-

sents soil salinity in this presentation) decreased gradually

along wetland restoration (Fig. 5a), soil condition became

more suitable for vegetation development. Meanwhile, pH

value showed complicated trend (Fig. 5b) comparing with

characteristics and species diversity. pH value and EC value

showed significant correlation (P \ 0.01) with ecological

characteristics. EC value showed significant correlation

(P \ 0.01) with species diversity, while pH value did not

have significant correlation with species diversity

(P = 0.738 [ 0.05). This result indicated ‘‘salinity’’ was

much more important factor than ‘‘alkali’’ (pH value) to

effect vegetation restoration in the YRD.

Seed bank was also considered to be another important

factor in wetland restoration (Brown 1998), it will provide

seed sources for plant development. Some authors also

pointed out that the species composition of the above-

ground vegetation is sometimes different from the seed

banks (Liu and others 2005). However, there was little

previous study on seed bank in YRD. The role of seed bank

Fig. 5 pH value (a) and EC value (b) in different studied wetlands of

Yellow River Delta (R1, R2, R3 and R4 restored wetlands in 2002,

2005, 2007 and 2009, respectively; D degraded wetland; N natural

wetland)
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in wetland restoration in YRD is still unclear, and it need

further study in the future. It must be a hot pot to support

wetlands restoration and management.

Wetland Restoration is also a process of community

succession that requires time for development (Avis 1995;

Zhang and others 2005). Zhang and Dong (2010) reported

that restoration processes are mainly influenced by the

period of restored time, especially for natural restoration.

Study results indicated that there were great difference

(P \ 0.05) in the vegetation characteristics between natural

wetlands, degraded wetlands and the restored wetlands

(Tables 1, 2; Figs. 2, 3). Figure 4 indicated that plant

communities were becoming more and more similar to the

natural community with the restoration time. However,

community similarity was still less than 50% after several

years’ restoration. Therefore, it indicates that the degraded

P. australis wetlands in the YRD would take years to

decades restoration to reach the status of natural reed

wetland. Besides, project sustainability (fresh water input)

is also suggested in future wetlands restoration.
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