
  

 

Abstract—We carried out a literature review to find evidence 

from empirical studies that constructed wetlands (CWs) can 

increase biodiversity at the site or landscape level. A set of 

criteria from general and theoretical ecology was developed 

that we found useful for defining ‘best practice’ in the 

construction of wetlands (e.g. landscape connectivity, area 

versus size, disturbance regime). Thereafter, we analyzed 21 

original research papers where biodiversity development after 

wetland construction was documented. Wetland construction is 

a established routine procedure serving various purposes in 

environmental protection, such as waste water retention and 

treatment. ’Best practice’ criteria with respect to biodiversity 

protection were not regularly applied during the construction 

and monitoring process. The published records were 

substantially different as far as methodological approaches and 

aims are concerned. They contained short-term snapshot 

studies to long-term monitoring of biotic and abiotic conditions. 

Only a few case studies were published in international journals 

where biodiversity improvement in terms of specific 

biodiversity indicators was well-documented. A general 

conclusion whether or not biodiversity is enhanced by CWs 

cannot be drawn from the published record. As there are 

confirming results in some studies, we conclude that under 

certain circumstances constructed wetlands can be useful 

complements to other biodiversity conservation strategies. 

 
Index Terms—Wetland management, evaluation criteria, 

‘Leitbild’ method, man-made habitats, success control.  

 

I. INTRODUCTION 

Constructed wetlands (CWs) have been used for the 

improvement of water quality from domestic or industrial 

sources [1]-[3], retention of water and nutrients for irrigation 

or flood control [4]-[6], or mitigation purpose in the context 

of environmental impact assessment [7] since more than 40 
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years. CWs are shallow water bodies characterized by an 

initial planting of emergent macrophytes. Several 

hydrological, biogeochemical and biological benefits can be 

expected, and recently being summarized as ecosystem 

services [8], [9]. From a biogeochemical viewpoint the main 

function of a CW is the temporary storage or removal of 

chemical substances such as C (as BOD), organic compounds, 

or P and N. 

In the USA, CWs are commonly used [10], [11]. Here, 

biogeochemical functions are often coupled with 

hydrological functions such as water storage or retention. 

Both functions are regularly fulfilled in practical applications 

of CWs [1], [3], [12]. Early analyses of case studies did not 

include detailed information about biodiversity effects (e.g. 

17 case studies described in US EPA 1993). This function 

became acknowledged meanwhile. Due to the fact that in the 

USA, CWs are legally mandatory under certain 

circumstances, the majority of scientific studies on 

biodiversity effects have been carried out in the USA. 

In the European Union and Korea we find a different 

situation. In Germany, CWs were introduced in a wastewater 

treatment context, dealing both with scattered point sources 

(isolated settlements or farms) and non-point sources (roads, 

buildings, agricultural land) [13], [14]. Large efforts to 

construct CWs are regarded as inefficient compared to 

industrial and municipal waste water treatment (e.g. 

phosphorus elimination) is very effective and non-point 

pollution is treated by other methods (e.g. minimizing land 

use intensity - see [13]. Only small sewage plants in low 

population density areas or larger retention ponds (e.g. in 

mining areas) are still being used [15], [16]. CWs for 

wastewater treatment became a commercial business rather 

than an object of scientific study [16]. A particular type of 

CWs (‘biotop’) is still popular: small ponds are being 

constructed by interested amateurs, mostly serving as nature 

conservation measures e.g. [7]. However, systematic 

monitoring and long-term observations of biological 

variables are widely missing. 

In Korea, treating pollution by means of CWs has a 

long-standing tradition in rural areas [17], [18]. It is still an 

important issue in rural areas [19]. Recently, a more 

integrated approach was propagated including cleaning of 

river water, protecting rivers from non-point source input 

from built and agricultural areas, and integrating such efforts 

into landscape architecture, recreation activities, 

environmental education and biodiversity protection [4], [18]. 

The concept of ‘sustainable structured wetland biotope’ 

should summarize these functions and targets [20]. Reports 

of biodiversity effects are widely missing in the international 

scientific literature. 
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Over the past decades ‘mitigation wetlands’ have become 

a major instrument for the improvement of environmental 

quality [7]. In an environmental impact assessments (EIA) 

context are CWs being used either as a mitigation or a 

posteriori compensation method [21]. The latter case applies 

to technological impacts at the landscape level caused by 

development projects (e.g. river channelization, 

suburbanization) that show more negative side effects than 

initially predicted. Reference [22] showed that neglecting the 

precautionary principle in environmental planning leads to 

situations where a posteriori compensation becomes 

necessary. 

Using CWs for the purpose of wetland mitigation assumes 

that natural conditions can be predictably and rapidly 

replaced by actively accelerating succession in a restored or 

created ecosystem. However, such attempts often lack 

information about the ecological foundations of successional 

changes and those factors that regulate biodiversity [7]. The 

formerly accepted conceptual model of restoration site 

development [23], [24] was later developed beyond a 

deterministic understanding of succession to a climax [25]. 

This was mainly a result of accumulating evidence from 

restorative case studies [26] and a focus on historical 

processes in community assembly and succession [27]. It 

now includes alternative metastable states and complex 

successional trajectories that result from spatial and historical 

contingencies [28]. 

The definition of ‘success’ depends on the legal and 

planning status of CWs, which differs among countries [14] 

and the perception of wetland managers [29]. Thus, the 

methodology of a proper success control is still disputed 

[29]–[32]. We assume that the hydrological and 

biogeochemical functions of CWs can be achieved by 

state-of-the-art technologies and that their success can easily 

be measured by well-established methodologies [33], [34]. 

However, biodiversity is a more complex issue, which is 

characterized by fluctuations of population size and species 

composition within communities. Biodiversity can neither be 

simply constructed nor deliberately introduced [35]. The 

environmental setting (e.g. area size, species pool, climatic 

conditions) will strongly influence the expected outcome. 

Recently, review papers and meta-analyses were published 

analyzing the beneficial effects of CWs [26]–[38]. Reference 

[36] studied the economic value of 186 natural and 

constructed wetlands. The analysis was carried out at a highly 

aggregated level. No difference was made between the 

contributions of chemical, physical or biological variables to 

the calculated economic value of the wetlands. It was not 

obvious whether the wetlands were economically valuable 

from the beginning or whether value was gained during 

ecosystem recovery. Biodiversity was not explicitly treated. 

[38] investigated results from 124 restored or constructed 

wetlands. No distinction was made between these two types. 

Vertebrates, macroinvertebrates and plants were selected as 

representatives of biodiversity, as most published 

information include these groups. Samples of individual sites 

were treated as chronosequences and recovery rates were 

estimated over 30-100 years. Species richness and plant 

density were selected as variables of interest in these studies. 

Reference [37] reviewed six papers dealing with 

macroinvertebrates in CWs. They observed positive effects 

depending on technical details of pond construction. 

Here we are focusing on the biological functions of CWs 

only, particularly on the possibilities of biodiversity 

enhancement in terms of species richness of target or 

indicator groups. Even though CWs may have originally 

been constructed for different purposes, biodiversity 

improvement cannot only be seen as an ‘ancillary benefit’ [3], 

[36]. We are evaluating whether the observed results are 

well-documented and conclusive and whether they can be 

explained in ecological terms, relating to habitat changes 

caused by CW construction. Second, we asked, whether an 

improvement in terms of biodiversity can be shown, based on 

predefined reference states or other methods. Finally, we 

discuss how we can integrate CWs in our biodiversity 

protection portfolio with special emphasis on Germany and 

Korea.  

 

II. MATERIALS AND METHODS 

We set up an initial checklist of aspects that should be 

considered before constructing any wetland for dual use, 

mitigation, or biodiversity protection purpose. We then 

developed a checklist for success control based on planning 

theoretical considerations. We carried out an ISI data base 

literature research. We searched for international 

publications dealing with CWs. Otherwise useful research 

papers restricted to exclusively chemical and physical aspects 

were excluded. Finally, 21 papers remained for the practical 

part of the review. All papers had a different scope and 

sample design and were not directly comparable, but covered 

those aspects we were primarily interested in. 

First, we included cases where CWs were placed in a 

non-wetland surrounding, e.g. water retention tanks in 

agro-industrial settings or vineyards e.g. [39]. There were no 

natural wetlands before, or some CWs already existed and 

additional experimental ones were added. Second, we 

selected cases, where CWs were placed in dry or semi-wet 

areas, where wetlands had existed before, but with a 

considerable temporal discontinuity. This case is for example 

met by the construction of a new river meander, which partly 

affected a former oxbow-lake and partly reclaimed 

agricultural land [40]. Thirdly, we included artificial 

wetlands that were placed within persisting wetland 

conditions, e.g. ponds that were constructed in wet alluvial 

meadows in a floodplain. Additionally, a few studies were 

included that analyzed effects of existing small wetlands on 

the surrounding landscape. 

As for success control we followed the approach of [30] 

and [22]. Success in biodiversity monitoring can be measured 

in different ways. A first possibility is a comparison between 

a status quo ante and the effects of restoration after a given 

time period (called the ‘before-after’ state). This procedure is 

required in environmental impact assessment. Time series 

and chronosequences can be used. Second, comparisons can 

be made between an area, where a restoration measure was 

implemented and an area without this measure (the ‘with 

treatment and without treatment’ case). The latter case is 

regarded as a ‘natural experiment’, but is lacking replicability. 

Third, a comparison of restoration results with a preset goal 
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(the ‘ought-is’ case) is practiced. The goal may be derived 

from existing ecosystems which are similar enough to be 

used as a reference state (‘naturalistic approach’). The goal 

may also consider socio-economic aspects such as 

willingness-to-pay or acceptance by stakeholders (‘Leitbild” 

in the German literature [41]; see also [42]. 

Strictly speaking, ‘before-after’ and ‘with-without’ 

comparisons do not imply any normative element and can 

describe only differences. Only ‘ought-is’ comparisons lead 

to an evaluation in a strict sense [42], [43]. In practice, these 

approaches are often found in combination in useful case 

studies. Depending on the data sets, both quantitative 

diversity aspects (such as species richness, diversity indices, 

measures of vitality) and surrogates for diversity (such as 

indicator species, target species, flagship species, umbrella 

species, or specially protected species) were recorded. We do 

not claim an optimal measure for biodiversity in the present 

study. 

 

III. RESULTS 

A. Theoretical Considerations 

The technology for wetland construction is readily 

available. Planners or managers in such projects have an idea 

of a maintenance strategy or a management plan [44]. Risk 

management plans usually exist, including security measures 

against flood and heavy pollution, vandalism, or disease 

proliferation [45]. More detailed guidelines for successful 

implementation of CWs for biodiversity protection or 

enhancement can be derived from ecological theory [26]; 

[25]. In Table I a list of issues is presented which allows a 

successful implementation of CWs. 

Six issues describe the CW itself (size, target species, 

desired populations and communities, and ecosystem 

functioning). Manipulation of field conditions allowing the 

initial growth of planted material and subsequent 

immigration of species provides a standard approach. Plant 

material for initial planting partly regulates the internal 

community structure and food web characteristics. Internal 

structural diversity can be enhanced by introducing 

consumers such as herbivores, which have an effect on both 

vegetation structure and food chains. Some structures will be 

formed and functions provided by animals as landscape 

engineers [46], [47]. Additionally, microhabitats and food 

can be added (e.g. dead wood, carrion). An aspect being a 

matter of preference and a potential legal issue is the removal 

of undesired species, such as alien invasive species. 

Three issues are related to landscape properties forming 

the matrix for any restoration or construction effort see [48]. 

The number and type of wetlands determining β- and γ 

diversity and overall spatial heterogeneity [49]. Connectivity 

is provided by manipulating the distance between the created 

sites [50], [51], whereas fragmentation is reported to have 

negative effects [28]. Relicts of semi-natural habitats serve as 

colonization sources [52]. The general suitability of an area 

for wetland construction must be considered as well [7], [26]. 

Surrounding land use intensity must be below a tolerable 

threshold value, otherwise migration or metapopulation 

formation will become impossible e.g. for ground beetles 

[53]. The species pool size is generally critical for the success 

of colonization processes [54], [55]. 
 

TABLE I: ASPECTS OF SUCCESSFUL IMPLEMENTATION OF CWS AND THEIR 

ECOLOGICAL JUSTIFICATION 

General 

issue 

Specific 

measure 

Ecological 

justification 

Possible 

constraints 

Site 

conditions 

   

Appropriate 

area size 

- Species-area 

relation, 

minimum viable 

population size 

Availability of 

real estate, prices 

in floodplains vs. 

outside, cost 

factor 

Plant material 

for initial 

planting 

Selection of 

habitat conform 

species and 

cultivars, growth 

form diversity of 

plants 

Initial structural 

diversity, habitat 

requirements of 

planted species, 

Availability (cost 

factor), risk if 

introducing 

cultivars and 

alien species 

Manipulation 

of abiotic 

conditions 

Extraction of 

nutrients, 

minimum water 

flow-through 

Species pool, 

habitat 

requirements of 

target species, 

species pool 

Deposition of 

harvested plant 

material, energy 

costs for 

pumping 

Internal 

structural 

diversity 

Introduction of 

dead wood, 

allowing grazing 

animals to alter 

conditions 

Habitat diversity 

hypothesis, niche 

diversity 

Cost factor, 

veterinary 

problems in case 

of animals 

Introduction 

of missing 

items 

Introduction of 

carrion, dung of 

megaherbivores 

Microhabitats, 

food chain 

ecology 

Risk factor, 

veterinary and 

legal problems 

Removal of 

invasive 

species 

Mechanical 

removal 

Competition 

with target 

species 

Cost and risk 

factor 

Landscape 

context 

   

Spatial 

heterogeneity 

on landscape 

level 

Number and type 

of wetlands 

β diversity Appropriateness 

and availability 

of of land 

Connectivity 

of sites 

Distance 

between 

wetlands 

Metapopulation, 

dispersal, 

migration, 

stepping stones 

Appropriateness 

and availability 

of land 

Surrounding 

land use 

Not too hostile 

for target 

organisms, 

species pool 

available 

Migration, edge 

effects 

Risk factor, land 

use 

intensification 

possible at any 

time 

Temporal 

aspects 

   

Control of 

disturbance 

regime 

Protection 

against storm 

waters or heavy 

pollution 

Intermediate 

disturbance 

hypothesis 

Cost factor 

Allow 

temporal 

variability 

- Regeneration 

niches, 

seasonality 

Cost factor 

Patience Allow enough 

time for 

succession 

Succession 

theory 

Outcome not 

predictable 

because of 

stochastic nature 

of succession 

 

There are 4 additional aspects related to temporal aspects. 

It is important to provide temporal variability to create 

regeneration niches. A certain level of disturbance is helpful 

for creating temporarily open sites [56], while heavy storm 

water flood impact is regarded as undesired, in particular 

under climatic conditions that include a pronounced rainy 

season [19], [12]. However, an appropriate disturbance 

regime is essential for long-term success [57]. Some patience 
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is often necessary to allow primary as well as secondary 

succession to take place [58]–[60].  

B. Empirical Approach 

Technical details of the case studies reviewed are shown in 

Table II. The majority of cases (11) are reported from the 

USA. Four cases are reported from Sweden, two from 

Germany and Ireland, respectively, and one from the UK, 

Belgium and Spain, respectively. There were remarkable 

differences in the sampling intensity among these studies. 

Time scales of sampling ranged from snapshot approaches 

(one to 10 months) to short-term studies (1-3 years) to long 

term studies up to 30 years [61].  

 

TABLE II: OVERVIEW OF IMPORTANT CHARACTERISTICS OF CW STUDIES 

Authors Country Sampling 

intensity 

No. of sites Wetland type Matrix landscape Type of evaluation 

  Snapshot     

Duma 2006 Sweden 1 month 13 Ponds River floodplain Ought-is, 

with-without 

treatment 

Park and Cristinacce 

2006 

UK 2 months 30 Sewage treatment 

plants 

Scottish landscape With-without 

treatment 

Stahlschmidt et al. 2012 Germany 3 months 7 Retention ponds Vineyards With-without 

treatment 

Matthews et al. 2009 USA, IL 2 months 28 Mitigation ponds Variety of 

disturbed 

ecosystems 

Ought-is 

Korfel et al. 2009 USA, OH 4 months 12 Vernal pools Wet and dry forests With-without 

treatment 

Spieles & Mitch 2000 USA, OH 5 months 2 wetlands, 

15 sites 

ponds Degraded 

landscape 

Comparison among 

treatments 

Wiegleb and 

Krawczynski 2010 

Germany 6 months 2 Buffalo wallows Wet meadows With-without 

treatment 

Boets et al. 2011 Belgium 10 months 5 Ponds (multi bed 

system) 

agriculture Before-after 

  Short term     

Becerra-Jurado et al. 

2010 

Ireland 1 year 5 Ponds Floodplain, 

agricultural use 

With-without 

treatment 

Gallardo et al. 2011 Spain 1 year 1 Oxbow lake Degraded 

floodplain 

Before-after, 

with-without 

treatment 

 

Ahn and Dee, 2011 USA 2 years 2 Mitigation pools Wet and dry areas Different treatments 

within sites 

Zampella and 

Laidig 2003 

USA, NJ 2 years 13 Ponds Pineland (in natural 

depressions) 

Ought-is 

Parikh and Gale 

1998 

USA, CA 3 years 45 on 18 transects Dune pools Herbaceaous and 

woody wet 

ecosystems 

Ought-is 

Seigel et al. 2005 USA 3 years 2 larger 

areas 

Tidal marsches Freshwater tidal 

marsh 

Before-after 

Levin and Talley 

2002 

USA, CA 3 years 1 (internal 

differentiation) 

Ponds Salt marsh With-without 

treatment 

  Long 

term 

    

Openfield 2008 Ireland 8 

years 

1 Shallow water 

pond 

Floodplain Before-after 

Thiere et al. 2009 Sweden 8 years 36 Retention, 

mitigation ponds 

(dual purpose) 

Agricultural 

landscape 

Ought-is, before-after 

Hansson et al. 2005 Sweden 9 years 32 Complex with 

open water 

floodplain Before-after, with- 

without treatment 

Benyamine et al. 

2004 

Sweden Up to 15 

years 

1 Pond and ditches Lake shore Before-after 

Gutrich et al. 2009 USA, OH, CO 8 to 20 

years 

17 

(2 regions) 

Mitigation 

marshes 

Other wetland Before-after, ought-is 

Craft et al. 2002 USA,NC 15 years 1 Mitigation 

marshes 

Higher saltmarsh Before-after, ought-is 

Kadlec and Bevis 

2009 

USA 30 years 1, 86 

subplots 

Wetlands around 

lake 

Peatland Before-after 

 

The age of the wetland does not correspond to sampling 

intensity. The number of sample areas ranged from 1 to 45. 

Sample areas were often subdivided into subplots, and the 

exact number of samples is sometimes not mentioned. The 

papers differ considerably in the statistical treatment applied. 

While some papers communicate mostly qualitative data, 

others apply simple diagrams or correlation and test statistics. 

However, more than half of the papers apply multivariate 
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statistical methods such as ANOVA, ordination, cluster analysis, multiple regression, and autocorrelation analysis. 
 

TABLE III: BIODIVERSITY CHARACTERISTICS OF THE CASE STUDIES 

Author(s) Target group, metrics Observed effect Assumed Mechanism 

Somehow conclusive    

Stahlschmidt et al. 2012 Bats Increased bat activities and species 

richness 

More insects over wetlands 

Park and Cristinacce 2006 Bats More insects, more bats Increase in bat food 

Wiegleb and Krawczynski 2010 Beetles, water birds More beetles, occurrence of rare 

birds 

Microhabitat creation (dung, 

wallows) 

Duma 2006 Species richness invertebrates, fish, 

birds 

High species richness of CWs Many factors and interactions 

Parikh and Gale 1998 Plant species richness More species than at reference sites Early succession 

Thiere et al. 2009 Macroinvertebrates High α-, β- and γ diversity Water quality, connectivity 

Inconclusive    

Siegel et al. 2005 Species richness birds Increased bird secies diversity Not conclusive 

Ahn and Dee, 2011 Plant richness and cover Expected difference between 

treatments 

Unclear 

Gutrich et al. 2009 Species richness, native plants, 

hydrophytes 

Increase of all target groups, partly 

decrease after 3-14 years 

Lack of nutrients, invasive plants 

Craft et al. 2002 Lower salt marsh plants (Spartina) Increased or fluctuating biomass Soil development, flooding 

frequency 

Kadlec and Bevis 2009 Species composition, turnover, Species diversity, composition, and 

dominance change 

Succession 

Openfield 2008 Vascular plants (birds, amphibians, 

invertebrates) 

High species number No reference available 

Benyamine et al. 2004 Birds High bird diversity Effect of wetland  not separable from 

other effects (landfill) 

Becerra-Jurado et al. 2010 Macroinvertebrates Complex pattern of differences 

between natural and artificial ponds 

Spatial factors, e.g. position in the 

flow gradient is more effective 

Levin & Talley 2002 Salt marsh plants, macrofauna Complex picture Spatial heterogeneity of soil 

Zampella & Laidig 2003 Plants, woody plants, herbs, species 

richness, 

Similar floras, created ponds lacking 

zonation 

Similar habitat conditions, slope of 

banks 

Matthews et al. 2009 Performance of Phalaris (= 

invasive) 

No clear result Speculation on nutrients, age and 

size 

Korfel et al. 2009 Amphibians None, same species number, but 

more target species of conservation 

Interference of methodology 

Spieles & Mitch 2000 Macroinvertebrates Diverse community None 

Hannson et al. 2005 Macrophytes, benthic invertebrates, 

fishes, amphibians, birds, 

Intial increase of diversity, 

stagnation or decrease after 5 years 

Increase: area effect, shoreline 

complexity 

Gallardo et al. 2011 Macroinvertebrates More species, more traits Passive sampling effect, few species 

only 

Boets et al. 2011 Macroinvertebrates More animals Passive sampling effect 

 

The nature of the investigated wetlands in these studies is 

diverse. Four of them were implemented in the context of 

mitigation after large scale landscape degradation [62]-[64]. 

One wetland studied was a retention pond [39], whereas 

others had multiple functions for retention and mitigation 

[65]–[68]. Two examples refer directly to a wastewater 

treatment pond [69], [70]. The other examples were 

embedded in the context of nature conservation or 

biodiversity improvement schemes [40], [71]–[75]. 

Considering success control approaches, six studies were 

with/without treatment field experiments [39], [68], [69], [72] 

[75], [76] or were combining this with ought-is 

considerations [77]. In two cases heterogeneous treatments 

within one or two areas were emphasized [64], [78]. Several 

studies focused on before-after comparisons [65], [66], [70], 

[73] or combined this approach with ought-is questions using 

long-term time series [40], [62], [63], [67]. Four studies 

focused exclusively on the ought-is aspect [63], [71], [79]. 

Details on biodiversity results are shown in Table III. The 

species groups used for the assessments were diverse. Higher 

plants were highlighted nine times. They partly belonged to 

particular ecological groups, e.g. hydrophytes, halophytes or 

invasive species. Bats, birds, in particular water birds, 

amphibians and fishes were regularly targeted. Aquatic 
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insects, or macroinvertebrates, were studied eight times with 

considerably different intensity. There was an overall bias 

towards higher plants, vertebrates, and macroinvertebrates. 

Considering the resulting success of implementations only 

six studies provided conclusive evidence for biodiversity 

enhancement. This was explained by additional food sources 

[69], [80] creation of additional microhabitats, water quality 

and improvement of connectivity among sites [67] and the 

provision of safe sites during early succession [71]. In other 

cases results were visible but did not offer any clear-cut 

explanation [40], [64], [77]. In all other cases a biodiversity 

increase was either not proven or not sustainable over time 

e.g. [66].  

Non-causal spatial effects (such as vicinity to source 

populations, immigration routes, or simply passive sampling) 

were frequently mentioned. It was not possible to assign the 

observed differences with and without treatment or over time 

to the construction of the wetlands themselves e.g. [65]. 

Complex interactions in the ecosystem and stochastic 

processes at the landscape level did not allow a 

straightforward causal interpretation.  

 

IV. DISCUSSION 

The question whether biodiversity can be sustainably 

enhanced by CWs deserves a differentiated answer 

considering the examples retrieved from published records. 

In total, only 7 of 21 case studies had a prescribed goal with 

respect to biodiversity. In all other cases only differences 

between diversity states were reported. The answer to the 

question, whether this was good or bad, is left to the reader. 

We agree with [7] that most restoration programs did not 

follow any strict scientific design as proposed in Table I, but 

were rather opportunistically conducted according to the 

availability of land and funding. Standards for selection and 

construction of CWs as defined in Table I were often 

neglected, due to a combination of funding, lack of 

manpower, ignorance, or long-term sustainability of 

restoration projects.  

In short-term studies such as [69] or [75] indicator 

variables such as richness and activity of insect groups were 

increasing over time or remained rather similar to the 

reference state. In some of the long-term studies a 

deterioration of the sites often became apparent after some 

years [63], [66]. Sites were not following the desired 

trajectories. Such ‘failures’ observed between 10 and 20 

years after construction were also reflected in the review 

results by [38]. Causes and mechanisms for such ‘failures’ 

remain speculative. In snapshot studies sufficient 

background information was commonly not available. In 

long-term large-scale studies, however, complex data sets 

cannot convincingly disentangle trajectories that diverge 

from the original goals. Probably, too many factors were 

involved in the biodiversity dynamics that determined the 

presence/ absence and abundances of species. 

From our empirical studies we can see that biodiversity 

effects are partly real and partly only spurious. We expect a 

CW in a dry area to provide new structural or habitat 

diversity. This in turn is expected to attract more species. The 

process of species richness enhancement, however, will take 

some time. An initial enhancement of species richness may 

not be sustainable due to the dynamic nature of ecosystems. 

At the same time have wetland plant communities weaker 

dispersal barriers and host more invasive and r-selected 

species relative to other plant communities [81]. Dense cover 

results from both high biomass and shoot development and 

litter accumulation [82]. Diverse initial plantings are often 

dominated by productive colonizers that form monotypes 

[83]. Reference [38] stated that the rate of succession should 

be related to a variety of factors such as soil moisture [84], 

soil pH [85], soil fertility [56], disturbance [50], area size 

[49], shoreline complexity [66], isolation [27] and climate 

[85]. Interestingly, [38] found no indication that larger sites 

experienced a more rapid succession. Choosing an 

appropriate size for a minimum viable population depends on 

biological characteristics of the species under consideration. 

Immigration will be more rapid in larger sites, which provide 

a larger target area for colonists, greater habitat heterogeneity 

and more opportunities for within-site dispersal once a 

colonist is established [55], [86]. Rates of species turnover 

tend to be higher in smaller sites, and likely represent 

non-directional fluctuations in species composition. 

Non-directional species turnover is higher on smaller patches 

because populations are smaller and more likely to become 

extinct, or because small sites are more likely to be affected 

by external disturbances. As a consequence, community 

composition will fluctuate widely in small CWs. 

The effect of surrounding land use on species immigration 

is an important aspect for ecological wetland restoration, 

which is not properly studied as yet. CWs surrounded by 

urbanized or agricultural sites are subject to anthropogenic 

disturbances like increased rates of nutrient supplies or 

pollution [2], [87]. The species pool of potential target 

species will be drastically reduced. Thus more active 

introduction causing more costs is necessary. Proximity to 

plant seed sources can influence succession by determining 

rates of plant dispersal to a site. Dispersal limitations can 

delay the restoration of a particular community composition 

[88]. Whether a rational approach for the design of CW 

clusters in disturbed landscapes can be advanced, depends on 

the available information about the area and the 

socio-economic constraints of the restoration project. 

High soil fertility in agricultural wetlands will drive a rapid 

succession to a relatively stable perennial community, unless 

an appropriate disturbance regime is established. However, 

mimicking something like ‘intermediate disturbance' belongs 

possibly to the most difficult task of applied ecology. Rapidly 

increasing dominance by clonal perennials in agricultural 

sites, rather than seed limitation in non-agricultural sites, 

contributes to differences in the pace of succession. Wetlands 

in agricultural settings often receive fertilizer runoffs [89] or 

have a high residual soil fertility before restoration because 

of an agricultural legacy. Higher growth rates owing to high 

fertility results in a rapid dominance of fast-growing, 

nutrient-limited species [90], and restored wetlands with high 

soil fertility often develop high cover by non-native, clonal 

species within a few years following restoration [49]. 

A conceptual model in restoration ecology assumes that 

species richness and ecosystem function could be restored 
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simultaneously [91]. However, different levels of species 

diversity have rarely been studied with respect to functions. 

Whereas research on Biodiversity-ecosystem function (BEF) 

theory indicated that planted species richness can increase 

productivity [92] the relationship of biodiversity and the 

maintenance of other globally important ecosystem services 

remains unclear [93]. Field tests are needed to advise 

restoration practitioners on where the planting of species-rich 

vegetation is likely or unlikely to enhance ecosystem services 

[94]. Those may require testing more than CW vegetation 

species richness and biomass. Controlled experiments are 

needed that keep uniform light, water, and soil conditions, 

planting randomly-chosen species with equal initial 

abundances of species. Results of BEF experiments could 

differ greatly in urban wetlands, which tend to be eutrophic 

[95] and which provide critical ecosystem services below 

ground in association with roots and rhizomes, e.g., water 

quality improvement through denitrification and carbon 

sequestration through peat formation. These services often 

motivate wetland restoration, but their relationship to species 

richness is uncertain. 

 

V. CONCLUSIONS 

The complementarity of CWs to other conservation 

strategies needs reconsideration. CWs are not necessarily in 

accordance with a general ‘no net loss’ policy under the aims 

[96]. The 2010 biodiversity target of the CBD was clearly 

missed. Biodiversity is still on the decline despite local 

successes. We could continue using a mixture of classical 

species and habitat protection measures, Strategic 

Environmental Assessment (SEA/EIA), prudent 

management plans, and scientifically based habitat network 

systems according to the EU Habitats Directive. Despite the 

fact, that CWs do not always work as expected, they may 

become an additional component of our biodiversity 

protection portfolio [97]. In particular, CWs can be realized 

without much discussion in case of massive local or regional 

destruction of the environment, or when all other 

conservation methods cannot be implemented or failed. 

Using CWs as a posteriori compensation measures will be 

too expensive in the long run, as aftercare is generally more 

expensive than precaution [22]. 

The primary functions of CWs, i.e. the purification or 

retention of water, are related to risks [45]. The same applies 

to the functions of biodiversity protection. Risk minimization 

will cause fixed costs as well (e.g. management of alien 

species introduced with planting, disease prevention, 

hazardous waste management of contaminated plant material, 

energy consumption for pumping). Such risks need to be 

minimized and costs have to be taken into account in 

cost-benefit analyses. The inclusion of biodiversity aspects 

into risk management of CWs would simply add another risk 

factor to risk analysis. 

An important function of CWs that is often overlooked is 

their educational role. This holds particularly for young 

urban people who are often alienated from nature. In Korea 

this may play a greater role than elsewhere [20]. An 

integration of CWs into the use of landscape aesthetics for 

tourism and nature experience would be desirable [4]. 

Bottom-up community activities for the protection of nature 

should be taken seriously. A complementary approach is the 

‘satoyama’ concept, as propagated in the preparatory phase 

of the COP 10 of the CBD in Nagoya 2010 see [98].  
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