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Introduction

The degree of success of an ecological restoration project depends on many factors which should be taken into account while planning and developing the project. These factors can be grouped in three types: technical failures or lack of scientific information, economic constraints, and social disagreements. The integration of these three perspectives –scientific-technical, economic and social- is important to obtain all the values of an ecological restoration project (Comín 2002, Winterhalder et al. 2004). 

Wetlands are being restored all around the world using different approaches. From the application of deeply sounded scientific knowledge to obtain a precise objective to a trial and error practice just to have water for sometime in a piece of land. Wetland restoration projects can provide very good theoretical and practical knowledge for developing ecological restoration projects and to contribute to the science of restoration ecology because wetland ecosystems react relatively soon, compared to other type of ecosystems, to manipulations (Mitsch & Gosselink 2000, Zentner et al. 2003). 

In this paper we present a number of wetland restoration experiences developed under different conditions in NE Spain in order to look for common recommendations for developing future projects. 

Material and Methods 

We compare, physical, chemical and structural characteristics of four wetlands one year before and one year after the restoration actions and successful and failed restoration processes initiated with these projects in order to obtain general conclusions on social and economic issues which must be considered to facilitate the success of ecological restoration projects. The wetlands restoration projects were developed in NE Spain with the objectives of: 

a) Recovering biodiversity of Monreal Springs, a 10 ha. groundwater fed wetland which constitutes the head of Jiloca River in S. Aragon (120 km S. Zaragoza). This wetland has been submitted to storm floods from the upper parts of the watershed which have accelerated aggradation of the wetland. At the same time excess of water level and flow control for diverting water for irrigation has accelerated the development of terrestrial vegetation during the last 50 years. Sediment and organic matter removal together water level control were performed in 2001 at experimental scale in 3 sites (0.25 has each) to know their efficiency for increasing habitat biodiversity of this wetland which became mostly dominated by the common reed (Phragmites australis) and terrestrial plants. 

b) Recovering old marshes in the River Ebro Delta (200 S Barcelona, 300 km E Zaragoza). Spontaneous revegetation was permitted in 6 ricefiels of 1 ha each in 1998, after abandonment of cultivation. Water flows were not recovered but the freshwater flooding structure of the rice irrigation system was used to provide water for the restored wetlands during this experience.   

c) Increasing the area of a salt meadow dominated by the endemic saltgrass (Puccinellia pungens) in the shores of the inland saline lake Gallocanta (110 km S Zaragoza). Stop plowing works in and area in the shore of this lake in 2002 permitted the recovery of spontaneous vegetation and experimental practices to facilitate the conditions of the soil for saltgrass recolonization.

d) Creating a wetland as part of the restoration of Corta Alloza (100 km SE Zaragoza), an opencast coal mine. Filling up the excavated area and creating a typical wetland system in 2001 was used to increase biodiversity of the biogeographical zone and accumulate run-off water and sediment at the hydrological termini of a mine watershed. 

In order to establish significant differences between the characteristics studied in every site before and after restoration activities, Student-t tests (p=0.05) were used with different numbers of sampling units (n=5-15).
Results

In Monreal Springs, top soil and organic detritus removal resulted in an increased number of wetland plant species one year after these actions were performed. No organic detritus remained in the cleared sites, the density of common reed stems decreased  significantly and the above ground biomass was much lower than in control sites (Table 1). Increasing awareness of town hall was obtained after a number of proposals for ecological restoration projects. However, increasing hydrological connectivity between water masses and increasing naturalness in some areas of the wetland was not achieved because of lack of involvement of social agents. 

Table 1. Plant characteristics of the wetland experimental site at Monreal Springs at the peak of the growing season in July one year before and one year after restoration.
Plant characteristics              Before Restoration              After Restoration
          Species                                  Phragmites australis      Phragmites australis  
                                                                                                 and 25 species more  

        Density  (nº stems/m2)               87 +/- 5a                                   148 +/- 11b
        Height (cm)                               137 +/- 11 a                                80 +/- 43 a 
       Aboveground Biomass (g/m2) 1440 +/- 240 a                          1600 +/- 114 a
       Detritus weight (g/m2)               124 +/- 42 a                                 10 +/- 5b
       (The superscript letters indicate the results of Student’s t-test for significant differences in the indicated characteristics between before and after restoration at significant level p<0.05).
In the Delta of the Ebro River, the spontaneous colonization and development process took four years to stabilize a typical freshwater plant community after abandonment of rice cultivation. A higher and more natural plant and animal biodiversity was observed (Comín et al. 2001) and a higher plant biomass was accumulated in the new restored marshes (Table 2). This experience showed the scientific way to restore freshwater marshes in extensively irrigated agricultural zones. High social pressure from farmers cultivating neighbor ricefields, who complained about birds living in the restored sites to feed in their ricefields, lead the environmental managers of this zone to finish the restoration program and transform the restored sites into dry grasslands.

Table 2. Plant characteristics of the wetlands in the Ebro Delta in July one year before and one year after restoration. 
Plant characteristics              Before Restoration              After Restoration
       Dominant species                      Oryza sativa                       Phragmites australis

                                                         Echinochloa sp.                  Typha latifolia

                                                                                                    Juncus maritimus
        Density  (nº stems/m2)                 64 +/- 10 a                           242 +/- 92b
        Height (cm)                                 60 +/- 10 a                           120 +/- 45 b
       Aboveground Biomass (g/m2)     520 +/- 110 a                       1391 +/- 109 b
       Detritus weight (g/m2)                  3.8 +/- 0.3 a                          0.8 +/- 0.2 b         

     (The superscript letters indicate the results of Student’s t-test for significant differences in the indicated  

      characteristics between before and after restoration at significant level p<0.05).
One year after finishing plowing works the plant coverage was between 60 and 100 % and most of it was made of salt grass, the most typical salt grass and target of the restoration works performed at the shore of Lake Gallocanta. Stopping agricultural works also had recovering effects for the soil which increased the organic matter content and decreased the salt content (Table 3). 

Table 3. Soil and plant species characteristics of salt meadows in experimental restored areas in the shore of Lake Gallocanta before and one year after stopping cultivation activities and flattening the soil surface. 
    Ecological characteristic          Before Restoration    After Restoration
Dominant species
            Triticum vulgare,       Puccinellia pungens

                                                  Daucus carota,           Suaeda maritima

                                                  Sisymbrium irio          Juncus maritimus
Plant coverage (%)
                   10-50 a
                    60-10 a
Water level (cm)                                 (-50)-(-120) a                    (-5)-(-45) b


Water salt content (g/L)                         20-80 a                            3-60 a
Soil organic matter (%weight)              0.5-1.5 a                           3-5b
       (The superscript letters indicate the results of Student’s t-test for significant differences in the indicated characteristics between before and after restoration at significant level p<0.05).
Beginning restoration activities in a rural area as part of the socio-economic activities and increasing the area of preserved habitats were outstanding aspects of this restoration program. Lack of knowledge for producing plants of interest for artificial recolonization and lack of involvement of authorities were failures of this restoration project. 

The establishment of a new freshwater environment with extensive cover of wetland plants in its shores and increased and stabilized pH were obtained in the newly created wetland Corta Alloza four years after the beginning of a plan to restore the terminal excavation site of an open coal mine (Table 4). 

Table 4. Plant and water characteristics before and four years after restoration of the wetland created in the final hole of the open coal mine Corta Alloza. 

Ecological characteristic              Before Restoration      After Restoration
Dominant species                                None                         Typha dominguensis
                                                                                              Chara vulgaris

                                                                                                                Potamogeton pectinatus

Plant coverage (%)                              1-5 a                                    20-30b
  pH                                                      3-5 a                                  7.5-8.3 b
(The superscript letters indicate the results of Student’s t-test for significant differences in the indicated characteristics between before and after restoration at significant level p<0.05).
A new ecosystem was created imitating other natural sites in the region, so it is integrated in the biogeographic region. Good integration of scientific-technical and economic perspectives facilitated the development of this project. Deficient design of the watershed morphometry and lack of social participation are failures of this project.  

Discussion 

An ecological restoration project may fail because of, between other factors, weak cientific-technical sounding, insufficient economic funding to support the entire program, and because of lack of social acceptance of the works performed and results obtained. In other words, measuring success of ecological restoration projects must include the socio-economic dimension of ecosystems (Costanza et al. 1999, Carpenter et al. 2001). The experiences presented in this paper illustrate these aspects (Table 5). In Monreal Springs, in addition to recover biodiversity as indicator of scientific success, a program has been established after the experience described here together major social agents to develop another restoration project at larger scale and funding has been obtained from public bodies to develop this program with participation of local agents and authorities. The restored wetlands of the Ebro Delta showed that recovery of the biological community is achieved successfully and funding permitted a 5 years program after initial experiments. However, lack of agreement between nature authorities and neighbor farmers concluded on conversion of flooded wetlands to dry grasslands to avoid aquatic birds living in the restored wetlands to visit neighbor ricefields. The restoration project of the salt grass habitats in Lake Gallocanta was fully funded and participated by social agents (e.g., local inhabitants sold land areas for developing the project). However, lack of experimentation and scientific knowledge did not permitted cultivating interesting plant species to be distributed in the available areas. The wetland created in Corta Alloza was similar to others in the region and pH was successfully stabilized at neutral values. However, lack of funding avoided developing a long term project at watershed scale and involvement of local people in the use and management of the newly created wetland.   
Table 5. Types of successes and failures occurred in the wetland restoration projects referenced in this paper. 
       Project                       Scientific-Technical             Social                         Economic

                                           Success    Failure         Success    Failure       Success    Failure
Monreal Springs                     X                                 X                                      X
Ebro Delta Marshes                X                                                  X                     X             

Gallocanta Salt Grasses                           X                X                                      X

Alloza Coal Mine                    X                                                  X                                   X

A practical conclusion obtained from these experiences is illustrated in Fig. 1. Planning and performing a restoration project without collaboration of the different actors involved increases the risk of failure at any time during the implementation of the project. The early integration of social, economic and scientific-technical perspectives in planning and developing restoration projects is a guarantee for facilitating the success of the project. 


[image: image1]
Fig. 1. The integration of scientific-technical, social and economic perspectives is required to obtain success while planning and developing restoration projects.
In order to facilitate the integration of social, economic and scientific-technical perspectives a plan should be designed and followed to develop ecological restoration projects (Harris et al. 1996, Mitsch and Jorgensen 2003). Every plan should contain a minimum number of steps which take into from the integration of these perspectives at the beginning of the planning process to the assessment of results and improvement of no succeeded objectives (Fig. 2).  In addition, guidelines given by expertise can constitute an excellent reference for monitoring and assess the results of restoration actions and, eventually, improve their results (SER International Science & Policy Working Group 2004). 

[image: image2]Fig. 2. Suggested minimum program to plan and develop an ecological restoration project. 
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