
An Examination of Hydrologic Restoration Efforts for Wetland Mitigation Banks 

by 

Lionel Plummer, MLA 

A Dissertation 

In 

Land-use Planning, Management & Design 

Submitted to the Graduate Faculty of Texas Tech University in Partial Fulfillment of the 

Requirements for the Degree of 

Doctor of Philosophy 

Approved 

Dr. Robert Cox, Department of Natural Resources Management 
Chair of Committee 

Dr. Alon Kvashny, Department of Landscape Architecture 

Dr. Guofeng Cao, Department of Geosciences 

Dr. Mark Sheridan 
Vice Provost for Graduate & Postdoctoral Affairs & Dean of the Graduate School 

December, 2014 



© 2014 Lionel Plummer



Texas Tech University, Lionel Plummer, December 2014 

 

 
ACKNOWLEDGEMENTS 

A number of individuals have been especially helpful with guidance and support 

during my journey in seeing this project through to its successful completion. I would 

first like to thank the Elo Urbanovsky board of Trustees for awarding me the generous 

fellowship that helped make my coming to Texas Tech possible and especially to Dr. Pat 

Taylor who recommended that I apply to the LPMD program. I would also like to thank 

Donna Rogers, Connie Brown and Nita Scott who helped me continuously and patiently 

over the past three years with countless administrative and financial matters. 

I wish to thank several key people who helped me grow during my studies. Chris 

Taylor in the School of Architecture and Andrew Martin in the School of Art both 

showed me the process of developing natural solutions to complex design problems by 

using our inherent ability to draw. Thanks to Dr. Kevin Mulligan, Santosh Seshadri and 

Chris Van Nice whose excellent classes in GIS taught me the necessary technical skills to 

produce the maps and diagrams throughout this paper. A special thanks to Dr. William 

Delaney and Daniel Bollich of Delta Land Services who hired me to work at their 

company in Louisiana during the summer of 2013 and provided me the invaluable 

experience of getting out of the library and experiencing wetland restoration projects 

being developed in the field by dedicated professionals.  I would also like to thank my 

committee members, Dr. Cao, Dr. Kvashny and especially Dr. Cox, my committee chair. 

After studying under and working closely together with Dr. Cox for the past three years, I 

can say that I could not have been more fortunate in having him as a professor and chair.  

iii 

 



Texas Tech University, Lionel Plummer, December 2014 

 

Finally, I would like to thank my father with whom I have spoken to every 

weekend over these past years during my journey at Tech. His willingness to listen to me 

speak of my work and his words of wisdom and laughter kept me going during this time. 

  

iv 

 



Texas Tech University, Lionel Plummer, December 2014 

 

 
Acknowledgements iii 

List of Tables viii 

List of Figures ix 

Abstract xii 

Chapter 1: Introduction 1 

Wetland Mitigation Banking Background 2 

Problems with early regulation procedures 4 

Rise of wetland mitigation banking 4 

Advantages and concerns of mitigation projects 11 

Defining the Success of a Mitigation Bank Project 13 

Legal/Permit success 13 

Functional success 15 

Dissertation Objectives 21 

Chapter 2: Hydrologic Design Principles & Case Study Analysis 22 

Principle 1: Study the landscape to develop a hydrologic context 24 

Principle 2: Conduct a thorough analysis of the existing hydrology 29 

Principle 3: Use sustainable energy to power hydrology 31 

Principle 4: Reestablish original hydroperiods 31 

Principle 5: Allow for the self-design capacity of nature through open hydrological systems 32 

Principle 6: Give the system adequate time to develop 37 

Principle 7: Develop effective monitoring standards based on hydrology 39 

v 

 



Texas Tech University, Lionel Plummer, December 2014 

 

Standards for Hydrologic Design Applied to the Evaluation of Case-studies 41 

Methodology 41 

Results 48 

Conclusions/Discussion 48 

Chapter 3: Applied Hydrologic Redesign 52 

Introduction 52 

Site Design part 1: Restore site in a manner fitting its original context 53 

Site selection at the watershed level 53 

Site selection at the project level 57 

Analysis of selected site 59 

Wetland delineation report 62 

Conservation easement 69 

Prospectus and public notice 69 

Site Design part 2: Analyze existing hydrology to establish precise baseline conditions 70 

Analyzing hydrology using lidar 70 

Analyzing hydrology using a global navigation satellite system 71 

Site Design part 3: Designing a sustainable framework 76 

Site Design part 4: Reestablishing natural hydroperiods 76 

Site Design part 5: Allowing for the self-design capacity of nature 81 

Site Design part 6: Giving the system adequate time to develop 85 

Site Design part 7: Developing standards based on hydrology 88 

Chapter 4: Summary and Conclusions 90 

Summary of Goals Attained 90 

Recommendations for Future Research 94 

vi 

 



Texas Tech University, Lionel Plummer, December 2014 

 

References 96 

Appendix I: Figures and Maps for Site Analysis  

Appendix II: Figures from Hydrologic Analysis  

Appendix III: Figures and Maps for Site Design  

 

  

vii 

 



Texas Tech University, Lionel Plummer, December 2014 

 

LIST OF TABLES 

Table 1: Primary hydrologic indicators. (from USACE wetland delineation manual) .................................... 30 

Table 2: Secondary hydrologic indicators. (from USACE wetland delineation manual) ................................ 30 

Table 3: Landscape / watershed scoring method.......................................................................................... 44 

Table 4: Hydrologic analysis scoring method. ............................................................................................... 44 

Table 5: Hydroperiod scoring method........................................................................................................... 45 

Table 6: Self-design scoring method. ............................................................................................................ 46 

Table 7: Hydrologic monitoring scoring method. .......................................................................................... 47 

Table 8: Graph of overall results. .................................................................................................................. 48 

  

viii 

 



Texas Tech University, Lionel Plummer, December 2014 

 

LIST OF FIGURES 

 
Figure 1: USACE jurisdiction over waters in the United States. (Figure from USACE, Sacramento) ............... 3 

Figure 2: National map of mitigation banks as of 2013. (Map by author, data from USACE) ....................... 10 

Figure 3: Feedback loops from hydrology to biota. (Figure modified from Mitsch and Gosselink) .............. 20 

Figure 4: Region, Sub-region, Accounting and Catalog hydrologic units. (Maps by author, data from 

USGS) ................................................................................................................................................... 26 

Figure 5: Map of analyzed banks. (Map by author, data from USACE) ......................................................... 43 

Figure 6: Lower Mississippi watershed. (Map by author, data from USGS and Esri.) ................................... 55 

Figure 7: Subsidence danger (in green) within Atchafalaya watershed. (Map by author, from NOAA, 

USGS) ................................................................................................................................................... 56 

Figure 8: Aerial imagery of site from 1941 (top) and 2004. (Courtesy Louisiana State University) .............. 58 

Figure 9: Current aerial perspective image of site. (Image courtesy of Pictometry, 2014)........................... 60 

Figure 10: Panoramic photo from northern border of site facing south. (Photo by author, 2013) .............. 60 

Figure 11: The accumulation of iron in hydric soil dug from the project site. (Photo by author, 2013) ....... 64 

Figure 12: Hydrophytic vegetation growing on the periphery of the pasture land. (Photo by author, 

2013) .................................................................................................................................................... 65 

Figure 13: Wetland delineation features. (Map by author) .......................................................................... 68 

Figure 14: Site elevation using lidar data from FEMA. (Map by author) ....................................................... 73 

Figure 15: Elevation data obtained using GNSS system by Trimble. (Map and data by author) ................... 74 

Figure 16: Section illustrating difference between lidar and GNSS data. (Map by author) .......................... 75 

Figure 17: Existing water flow direction. (Map and data by author) ............................................................ 78 

Figure 18: Proposed cut and fill should be balanced. (Illustration by author) .............................................. 79 

Figure 19: Proposed grading to allow for sheet flow across site. (Illustration by author) ............................ 80 

Figure 20: Parameters for allowing for the self-design capacity of nature. (Illustration by author) ............. 83 

ix 

 



Texas Tech University, Lionel Plummer, December 2014 

 

Figure 21: Mature Quercus lyrata (overcup oak) currently on site. (Photo by the author ........................... 84 

Figure 22: Above, current state and similar site 2 years after restoration. (Photos by author) ................... 86 

Figure 23: Above would be typical site conditions after 15 years; the photo below of a mature bottomland 

hardwood would be the restoration’s ultimate goal. (Photos by author) ........................................... 87 

 

  

x 

 



Texas Tech University, Lionel Plummer, December 2014 

 

 

 

 

 

 

 

 

“I am I, plus my surroundings, and if I do not preserve the latter, I do not preserve 

myself.”  

José Ortega y Gasset, 1883-1955, Meditaciones del Quijote (1914)  

xi 

 



Texas Tech University, Lionel Plummer, December 2014 

 

ABSTRACT 

In the 1990’s, wetland mitigation banking began to emerge as an innovative method for 

replacing permitted wetland losses in the United States. From 1992 to 2005 the number 

of banks in the US increased by 780 percent and by 2008, the US Army Corps of 

Engineers (USACE) stated that mitigation banking would be their preferred method for 

wetland compensation projects required under section 404 of the Clean Water Act. While 

mitigation banking has become a legislative success in recent years, many agencies and 

wetland scientists have been concerned about the ecological success of these replacement 

ecosystems. While the USACE and bank sponsors monitor the initial ecological 

performance of the banks for five years after completion, measured standards focus 

almost exclusively on vegetation. However, vegetative growth is often not the most 

revealing indicator of ecological success in a wetland restoration project’s nascent years. 

A wetland’s hydrologic system is the primary driving factor in its development, 

determining both the abiotic and biotic conditions and its future ability to sustain itself. 

Therefore, effectively restructuring a site’s hydrologic conditions is a critical component 

to its ultimate success as a replacement wetland ecosystem, but this crucial factor is 

generally not evaluated as part of mitigation bank monitoring. I have therefore focused 

this dissertation on design and performance principles important for creating and 

measuring functional hydrology in wetland mitigation banks by: 1) developing a 

checklist of hydrologic restoration standards based on the most current literature; 2) 

examining how closely bank sponsors followed these hydrologic principles throughout 

the design and development stage of their mitigation bank projects by reviewing the 
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publicly available data on the USACE website; and 3) producing an example site design 

in which I show how a potential mitigation bank can be designed according to the 

hydrologic principles proposed in the literature review. 
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CHAPTER 1: INTRODUCTION 

Throughout history, wetlands in the United States were generally seen as places 

both unpleasant to visit and unproductive for human activity. Until fairly recently, 

replacing a dark, mosquito-infested swamp with a gleaming new shopping mall or fields 

of corn would have been considered the epitome of progress, and after nearly three 

centuries of draining, filling and developing these areas for urban and agricultural use, 

the US has lost more than half of its native wetlands (Copeland, 2010; Dahl, 1990). As 

national awareness about environmental issues grew during the second half of the 20th 

Century, wetlands began to be seen as valuable natural resources that provided 

unmatched habitats for biodiversity, formidable flood control barriers, rich hunting and 

fishing lands, as well as the ability to purify water and stabilize shorelines. Since the 

passage in 1972 of the Clean Water Act (CWA), wetlands became partially protected 

under federal law and today, part of the wetland restoration effort known as ‘wetland 

mitigation banking’ has become a profitable, free-enterprise business in the US.  

The development of a mitigation bank is complex and involves regulatory 

agencies, federal and state laws, the volatility of free-market pricing and competition and 

the intricacies of environmental restoration. This study will focus on a broad level at the 

environmental restoration process involved in wetland mitigation banking. There are 

three physical, chemical and biological factors that need to be present and/or manipulated 

when restoring a wetland ecosystem: hydric soils, hydrology, and hydrophytic vegetation 

(De Grove, Salvesen, Marsh, & Porter, 1996; Engineers, 2008b). This study will focus on 

specifically on hydrology, and look in depth at the established principles used when 
1 
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physically redesigning a wetland mitigation bank’s hydrologic system so that it can once 

again support a wetland conditions. 

   

Wetland Mitigation Banking Background 

Federal jurisdiction over the nation’s waters began in 1899 with the passage of the 

Rivers and Harbors Act. Section 10 of this act applied to all navigable waters of the 

United States and gave the federal government the formidable power to regulate dredging 

and filling activities in those bodies of water. This act was primarily passed to protect 

interstate commerce, which during the 19th century was facilitated by transporting 

materials on the nation’s waterways.  

Wetland protection in the US began in 1972, when Congress passed the Federal 

Water Pollution Control Act (Clean Water Act, CWA). This act was passed primarily to 

restore and maintain the physical, chemical and biological integrity of the nation’s waters 

by preventing both point and nonpoint source pollution. In 1977 this act was amended to 

include Section 404 which applied federal jurisdiction to all waters including wetlands 

that have a ‘significant nexus’ to interstate commerce (see fig.1). (What constitutes a 

‘significant nexus’ has been the subject of considerable debate with cases, notably Solid 

Waste Agency of Northern Cook County (SWANCC) v. U.S. Army Corps of Engineers, 

531 U.S. 159, 2001, going all the way to the Supreme Court to define the term more 

precisely (Green & Chang, 2011).) The CWA created a permitting system for parties 

seeking to develop land where waters, including wetlands, would be impacted. The 

legislation stated that the permitting process would be regulated by the United States 

2 
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Army Corps of Engineers (USACE) with oversight by the United States Environmental 

Protection Agency (EPA) (U.S.C. & seq., 1972).  

Figure 1: USACE jurisdiction over waters in the United States. (Figure from USACE, 

Sacramento) 

Individuals who needed a permit to conduct dredge and/or fill activities of land 

saturated with water were now required to determine if the area contained wetlands under 

USACE jurisdiction (i.e. contained a ‘significant nexus). If the USACE determined that 

such an area contained wetlands subject to regulation, the individual would be required to 

apply for a Section 404 permit and would undergo a process known as sequencing 

(U.S.C. & seq., 1972). The process of sequencing involved the following steps: first, the 

applicant needed to demonstrate to the USACE that there was no “practicable alternative” 

to avoiding wetland impact; second, it would be necessary for the applicant to show the 

steps taken to minimize impacts as much as possible; and finally, the applicant would be 

required to compensate for wetland impacts by restoring or creating new wetlands on-site 
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or if on-site restoration was not practical, off-site (Engineers, 2008a). The USACE 

preferred that the compensatory wetlands be built on the impact site and be of the same 

type of wetland (i.e. bottomland hardwood) as the ones that were lost (Agency, 2013). 

These compensatory wetlands were to be built after the completion of the developer’s 

project.  

Problems with early regulation procedures 

The sequencing method came under scrutiny in the late 1980s when numerous 

articles were published detailing how compensatory wetlands were poor replacements for 

the original ecosystems that were lost. These articles provided data showing that on-site 

wetland compensation rarely replaced real acreage lost, and often failed to comply with 

USACE requirements. These studies further showed that these mitigation sites were 

usually poorly maintained, and in many cases, were simply not built at all (Brown & 

Lant, 1999; Brumbaugh, Denisoff, & Sutter, 2011). This failure to regulate Section 10 

effectively embarrassed the USACE, galvanized environmentalists and helped facilitate 

in 1990 the USACE and EPA to issue a Memorandum of Agreement (MOA) which 

clarified the proper steps for sequencing. The memorandum also proposed a novel 

alternative solution for creating compensatory wetlands which was called off-site wetland 

mitigation banking (De Grove et al., 1996).  

Rise of wetland mitigation banking 

The 1990 MOA outlined how an off-site mitigation bank could be an established, 

restored, enhanced or preserved wetland that had been permanently protected from future 
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development with a conservation easement. The bank could be designed and developed 

by anyone with adequate means and experience. These entrepreneurs would be called the 

bank sponsors and the MOA further outlined the procedures they would need to follow 

under the Corps’ guidance to insure the environmental integrity of the bank.  Once their 

wetland mitigation bank was approved by the Corps it would be used to offset USACE 

approved adverse impacts to other wetlands in the same watershed (Agency, 2013). In 

other words, all the developers impacting wetlands in a given watershed would now be 

given the alternative to offset their permitted impacts by purchasing credits in the new 

wetland bank. The process for a developer wishing to use a mitigation bank would be 

similar to sequencing in that they would first have to apply for a Section 404 permit and 

prove that there was no alternative to causing the adverse effects to the preexisting 

wetlands. The Corps would then determine how many credits in the wetland mitigation 

bank they would need to purchase. This process would alleviate the applicant of having 

to plan, develop and maintain their own on-site compensation wetlands. The bank 

sponsor would assume total responsibility for developing and maintaining the bank under 

the oversight of the USACE.  

In 1991, President George H. W. Bush’s policy of “No Net Loss of Wetlands,” 

promoted the use of commercial mitigation banking as a free market solution to assist in 

wetland protection (Robertson, 2004; Ruhl & Gregg, 2001). During the 1990s, the 

USACE still favored on-site compensation wetlands, however the off-site, commercial 

mitigation banks, which could generate a profit through the sale of credits, lured 
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entrepreneurs into a new market and led to the development of a new industry which, as a 

viable business, was well under way by the mid 1990’s. 

In 1995, with the rise of commercial mitigation, the ‘Federal Guidance for the 

Establishment, Use and Operation of Mitigation Banks’ was issued jointly by the 

USACE, EPA, Natural Resource Conservation Service (NRCS), United States Fish and 

Wildlife Service (USFWS), the National Oceanic and the National Atmospheric 

Administration Fisheries (NOAA) (Engineers & EPA, 1995). This federal guidance 

document provided a suggested work flow for all parties participating in a mitigation 

project (Agency, 2013). The document also established the creation of what was 

originally known as the Mitigation Bank Review Team (MBRT) and today is called the 

Interagency Review Team (IRT). The members of the IRT would depend on the type of 

mitigation project but would normally be composed of personnel from the USACE, EPA, 

the US Fish & Wildlife Service (USFWS), the National Resource Conservation Service 

(NRCS), as well as state, county and local personnel affiliated with environmental 

conservation. While the EPA would provide oversight, the USACE would be the primary 

regulatory agency (i.e., IRT chair).  

The IRT would regulate the bank and monitor initial, interim, and long-term 

maintenance as well as determine the ratio of mitigation acreage that would be needed to 

compensate for permitted losses. For example, a 3:1 ratio would mean that the party 

impacting wetlands would need to purchase or develop three acres worth of credits for 

every acre they impacted. These compensatory ratios would be determined in two ways. 

First, by the ‘ecological lift’ that the new mitigation project was able to achieve. 
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‘Ecological lift’ ratios would be generated by the bank sponsor and reviewed by the IRT. 

The numbers would be determined by how degraded the site was before mitigation 

measures (called a baseline assessment) and how well the restoration process would ‘lift’ 

the site into becoming a viable ecosystem. The ratio would also be determined based on 

the value and acreage of the wetlands that permittees would be allowed to impact on their 

work sites. In the case of mitigation bank projects, the credits the permittee would need to 

purchase based on the IRT-derived compensation ratio would be sold to them by the bank 

sponsor based on the value the sponsor would be able to obtain; if there were more than 

two banks in a watershed, free-market competition would naturally develop and the price 

of the credits could drop.  

The only revenue that a bank sponsor, who had invested a considerable amount of 

upfront money, could generate, would be when the USACE (leading the IRT) released a 

percentage of the credits, officially referred to as Functional Capacity Units, in the bank 

to be sold to Section 404 permittees on the open market. The Corps would release these 

credits incrementally following the sponsor’s successful submittals of proven legal and 

financial assurances, the design of the project, the construction of the bank, and its 

ecological and hydrological performance after a certain time.  

The generation of the compensatory ratio (and hence value of a mitigation bank) 

can be a contentious and complex process and it frustrates bank sponsors that these ratios 

can change dramatically from one USACE district to another (Hough & Robertson, 

2009). Robertson (2004) writes, “Imposing market relations on uncapitalized 

environmental phenomena requires techniques by which a dollar value can be placed on 
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‘environmental services’, and such techniques… certainly difficult and fraught with 

uncertainties… have proliferated over the past decade” (p. 365).  The fact that every 

USACE district operates independently and inconsistencies abound has been seen as 

reoccurring problem throughout the mitigation process (Gardner, 2011).   

In 2008, the USACE, using the ‘Federal Guidance for the Establishment, Use and 

Operation of Mitigation Banks’ document as a guide, issued a set of rules entitled, ‘33 

CFR Part 332, Compensatory Mitigation for Losses of Aquatic Resources’. Today, these 

are the procedures for mitigation projects that all parties involved in the process are 

required to follow (Engineers, 2008b). CFR 332 clearly defined key terms, established all 

mitigation requirements and necessary planning and documentation procedures, 

described the ecological performance standards that would be used to gauge success or 

failure of a project, and detailed the required monitoring, maintenance and management 

procedures processes as well as the guidelines for assessing how well a project was 

performing over time.  

The rules further stated that off-site mitigation projects would now be the 

preferred method of compensating permitted wetland losses and clearly established three 

different types of mitigation projects: a Mitigation Bank, which would be an off-site 

location where the bank sponsor would sell credits to parties in need of providing 

compensation for their Section 404 permits; In-Lieu Fee Mitigation which would be sites 

owned by government agencies and non-profit groups who would be allowed to sell 

credits before most mitigation work was done in order to generate the capital necessary 

for design and construction; and Permittee Responsible Mitigation (PRM) where a single 
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party, in need of a large number of credits, would be responsible for the development of 

their own mitigation project. In most PRM cases, the permittee would contract with a 

wetland mitigation firm who would develop the project for him or her. However, unlike a 

mitigation bank where the permittee is absolved of all responsibility once the credits had 

been purchased, in a PRM project the permittee would always be ultimately responsible 

for the success of the mitigation project. The USACE further stated in CFR 332 that it 

now preferred off-site, in-kind mitigation for all three types of mitigation projects 

(Engineers, 2008a). 

According to the National Mitigation Banking Association (NMBA), the 

industry’s lobbying group, as of January 2010, more than 950 wetland and stream 

mitigation banks had been approved by the USACE, comprising over 960,000 acres of 

wetlands, streams, and associated upland habitat (see fig. 2) (Association, 2013). 
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Figure 2: National map of mitigation banks as of 2013. (Map by author, data from USACE) 
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Advantages and concerns of mitigation projects 

Commercial mitigation generated a great deal of interest when it was first 

proposed because mitigation projects appeared to offer several concrete solutions to the 

compensation problems. First, mitigation banks would be established before any new 

development occurred within a watershed. This would insure that, not only would the 

compensation take place, but also that the USACE would have time to evaluate the new 

wetlands before they would be allowed to serve as a replacement. This earlier start would 

also allow the time-consuming development of the ecological functionality of the new 

wetland to begin sooner.  

Second, mitigation banks would consolidate the small, fragmented, isolated 

compensation wetlands dotting a watershed into a single, larger whole. These larger 

wetlands would have many advantages: they would be able to develop into more robust 

habitats capable of supporting a greater variety of wildlife; larger projects also would 

benefit from economies of scale and would allow for consultants and technology to be 

brought in and assist with the process; and one large project could also be much more 

effectively and efficiently regulated and monitored by the USACE.  

Third, by allowing the private sector to profit from developing mitigation 

projects, financial resources, scientific expertise and the entrepreneurial spirit could foster 

research and development and improvement of the wetland restoration process. The 

market-oriented approach could also provide for many mitigation bank options to be 

available to developers in a single watershed thus creating free-market competition 

(Brumbaugh et al., 2011).  
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Fourth, the vast majority of mitigation banks would now fall under the category of 

restoration (the other three categories being creation, enhancement, and preservation).  

There were three primary reasons for this: 1) for large-scale projects, USACE favors 

restoration above the other types (creation is almost unheard of); 2) restoration is the 

most economically viable option as the soil is already hydric and a natural hydrologic 

system was originally in place that created the wetland in the first place, and; 3) 

restoration projects provide the greatest lift ratios and hence the greatest profits 

(Engineers & EPA, 1995). Potential sites for restoration banks are areas that were often 

former wetlands in rural areas and were drained for farming or grazing use (Gardner, 

Zedler, Redmond, & Turner, 2008).   

Finally, off-site mitigation projects would close a loophole that enabled certain 

parties to claim that on-site compensation was impossible given the size and logistics of 

their development area as well as potentially eliminate the numerous instances were 

mitigation was simply not performed at all (Sibbing, 2008; Silverstein, 1994). 

The simple but powerful objection that critics of off-site mitigation banking have 

is that this new system would result in the USACE further relaxing its seemingly loose 

regulatory control over commercial development in wetland areas by providing an easier 

way for parties to obtain a Section 404 permit which were only to be issued when it could 

be proven that there was no other alternative except wetland filling. According to 

Silverstein (1994), “This fear is understandable, considering the historical attitude of the 

primary permitting agency - the USACE - that development is more important than 

wetland protection” (p.141). This objection also correctly supposes that no mitigation 
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bank will ever fully compensate at an ecological level for the lost ecosystems that it is 

intended to replace. With all the advantages of mitigation banking that its proponents 

bandy about, it is noteworthy that the very word ‘mitigate’ means to ‘make less severe’ 

and thus even the best wetland mitigation project is simply reducing the impact of  the 

permanent loss of something far more valuable. 

Throughout the 1990’s wetland mitigation banking’s popularity as the 

replacement procedure of choice soared and the total number of banks increased 780 

percent from 1992 – 2005 (Association, 2013). In 2008, the USACE and EPA issued 

Compensatory Mitigation for Losses of Aquatic Resources, which specifically outlined 

the rules and guidelines for developing mitigation banks and also stated that banking was 

now their preferable method to satisfy the requirements of section 404 by compensating 

for wetland loss. 

Defining the Success of a Mitigation Bank Project 

Legal/Permit success 

While simply determining if a mitigation project meets regulatory performance 

standards may be the least effective method of evaluating its success as a functional 

wetland (Mitsch & Gosselink, 2007; Turner, Redmond, & Zedler, 2001), many studies 

have tried to determine through USACE documentation if the United States is at least 

meeting its no-net loss policy goals in terms of compensating for acres of wetlands lost 

through new development regardless of the functionality of those acres. The no-net loss 

policy originated from a 1987 National Wetlands Policy Forum that had been convened 

at the request of the EPA. The members of the forum agreed upon the single national goal 
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regarding wetlands that “no overall net loss” of the nation’s remaining wetlands should 

occur without adequate compensation that would maintain or where possible increase that 

base amount (University, 2013). This “no-net loss” policy was endorsed by President 

Bush in his successful 1988 election campaign and has been subsequently endorsed by 

Clinton, George W. Bush and Obama. While the forum mentioned the maintenance and 

improvement of both the quantity and quality of the nation’s wetlands, much of the focus 

since no-net loss has become federal policy has focused on the quantity aspect, i.e. on 

acreage replaced for acreage lost. And on the surface, the picture looks promising. In fact 

most studies that evaluated permit success often used performance criteria that were 

based simply on the number of acres required to be mitigated for in the section 404 

permits. Using these performance standards it was possible to show that the US was 

actually experiencing a net gain of wetlands as the USACE would at times require two or 

more acres of wetland mitigation for every acre of wetland lost (Turner et al., 2001).  

However, many studies have demonstrated that a more careful analysis would 

show that the US was still left with a net loss of wetlands during this policy period 

(Mitsch & Gosselink, 2007; Turner et al., 2001). These studies showed that counting the 

number of required mitigation acres listed on section 404 permits did not necessarily 

translate into those legal requirements being physically implemented on the ground. 

Turner and his colleagues reviewed eight separate studies on mitigation banks and 

discovered only one study where all required permit compensation work had begun 

(Turner et al., 2001). So, at a minimum when researching the legal success of a 
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mitigation wetland, it would be necessary to determine if required permitting action is 

actually being fulfilled in the field. 

Functional success 

While banking has become a legislative success, one of the issues that has troubled 

observers of wetland mitigation has been the difficulty in defining a project’s ecological 

success. Both regulatory agencies and scientists have sought to determine effective 

performance criteria to evaluate existing projects and help improve future efforts. 

In developing performance standards for section 404 mitigation or compensation 

wetlands throughout the decades following the passage of the CWA, the Army Corps of 

Engineers has overwhelmingly favored using vegetative growth and survival rates as the 

primary indications of a mitigation banks success (Zedler, 2000). In 1999, writing for the 

Wetlands Reserve Program, Streever reviewed over 300 section 404 mitigation permits to 

determine the type of performance standards that the USACE was using to evaluate the 

projects. He found that while all standards, “implicitly consider vegetation” and other 

factors such as wildlife diversity, soil characteristics and hydrological conditions were 

seldom mentioned (Streever, 1999). Matthews and Endress (2008) reviewed monitoring 

information for 76 compensatory mitigation wetlands in Illinois and again found that, 

“goals were overwhelmingly focused on plant communities” (Matthews & Endress, 

2008). Finally, in a 2009 review of 29 Florida wetland mitigation banks, scientists found 

that less than three ecological criteria were even considered when evaluating a bank’s 

success and that these criteria were invariably related to vegetative indicators (Reiss, 

Hernandez, & Brown, 2009). 
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The concern that many wetland scientists have with this technique is that 

vegetation is not always considered the most cogent indicator of a wetland’s functionality 

(Mitsch & Gosselink, 2007). Zedler, after a comprehensive review of evaluation 

techniques, states in a list of ignored ecological principals the fact that, “specific 

hydrological regime is crucial to restoring biodiversity and function” (Zedler, 2000).  

Why does the USACE focus almost exclusively on evaluating vegetation when 

their own wetland delineation manual states that there are three major components that 

constitute a wetland: wetland hydrology, hydric soils and hydrophytic vegetation?  The 

simple reason may be that monitoring and evaluating vegetative growth, species and 

survival rates is a much more practical and efficient exercise than trying to evaluate 

changes in hydrologic conditions and soils (Brooks, Wardrop, Cole, & Campbell, 2005; 

Turner et al., 2001). Obtaining field measurements for a monitoring report standard that 

requires a “75% survival of planted Juncus roemerianus” is a far simpler endeavor than 

gathering data to determine that “surface soil must be saturated for at least 12.5% of the 

growing season” (Streever, 1999).  Standards that are quickly measured would also be 

favored by the bank sponsor and the USACE considering that they will be the parties 

required to verify the standards in the field. These monitoring reports are initially 

completed by the bank sponsor. This can be perceived as a conflict of interest because the 

sponsor has a vested financial interest in seeing that these reports meet the agreed upon 

performance standards as it is only through submittals of successful monitoring reports 

are completed that another percentage of the banks credits are ‘released’ by the USACE 
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for the bank sponsor to sell.  The completed monitoring reports are then verified in the 

field by USACE personnel. 

Another method of determining the functional success of a mitigation wetlands is 

based on using reference systems to evaluate how closely the mitigation projects are 

matching natural standards. Nearly all of the wetland scientists and federal agencies 

reviewed recommend using this technique of using natural wetlands as a model with 

which to compare the replacement wetlands (Agency, 2013; Mitsch & Gosselink, 2007; 

Mitsch & Wilson, 1996; Turner et al., 2001; Zedler, 2000). 

In an extensive study completed in 2008 by NatureServe and sponsored by the 

EPA, the authors write that parties would “focus on the critical role of [ecological] 

indicators for assessing ecological integrity of communities and ecosystems, within the 

context of a thoughtful mitigation or monitoring program (Faber-Langendoen et al., 

2008). These ecological indicators would arise out of careful analysis of the model or 

reference wetland (Kentula, 2000; Zedler, 2000).  The mitigation site could then be 

compared to the reference sites to evaluate the effectiveness of the ecological restoration.  

Another approach to appraising the functional success of mitigation wetlands is to 

evaluate them from a watershed perspective. This technique is favored by parties who 

seek to address the improvement of the broader landscape rather than focusing on the 

success of a single wetland. Wetland mitigation banking is in fact organized by the 

USACE at the watershed scale and was originally conceived of as a system that would 

replace the small, piecemeal, onsite mitigation wetlands with larger, robust mitigation 
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banks which would be strategically located to benefit the watershed as a whole (Eggers, 

1992). Permittees can also only purchase credits from banks within the same eight digit 

hydrologic unit code (HUC) where they have impacted wetlands.  

This broader evaluation approach is also favored by many wetland scientists who 

note that looking at the entire watershed can help in the development of project goals that 

are more appropriate to the watershed as a whole (Cairns Jr, 2000; Faber-Langendoen et 

al., 2008). Studying the wetland profile of a given watershed can also determine which 

wetlands would be difficult if not impossible to replace, such as bogs and fens and older 

forested wetlands, and these could be protected from section 404 permitted impacts so no 

mitigation would be necessary (Faber-Langendoen et al., 2008). This approach can be 

valuable in developing wide-ranging performance criteria and most scientists say this 

approach is usually only feasible if the area has a pre-existing watershed plan as they are 

expensive and time-consuming to develop. 

Defining the success of a wetland mitigation bank is not an easy task. Several 

research organizations and wetland scientists have summarized what they feel would be 

the ideal set of performance standards to use when evaluating the success of mitigation 

wetlands and nearly all include a combination of the legal, ecological and watershed 

aspects.  

Nearly all of the literature reviewed noted the importance of hydrology in the 

developmental and maintenance processes of wetland systems. As a wetland’s hydrologic 

character begins to develop, it will affect the physical and chemical environment of the 

wetland basin, catalyzing chemical reactions to create hydric soils, depositing nutrient-
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laden sediment and molding the physical shape of the basin itself. These altered physical 

and chemical properties in turn determine what type of biota is able to develop and 

flourish in the wetland. This emergent vegetation, animal and microbial life then 

complete a feedback cycle by eventually altering the physical and chemical properties of 

the site as well as the hydrology itself (see fig. 5). Focusing on vegetation as the primary 

indictor of a wetland’s functional health, especially in its nascent formative years, misses 

the chance to monitor and hopefully adaptively redesign the fundamental driving force of 

the project – its hydrology. 

Since hydrology is the ultimate creator and driving force of a wetland it is the 

most critical factor in the restoration or creation process. The following review of exiting 

literature will focus on the methods that wetland scientists believe will insure the 

successful restoration of hydrology capable of creating a wetland. 
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Figure 3: Feedback loops from hydrology to biota. (Figure modified from Mitsch and 

Gosselink)  
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Dissertation Objectives 

The review of the literature surrounding the ecological evaluation of mitigation 

banks has made it clear that hydrology is critical for the successful development and 

maintenance of any wetland restoration project. The literature has also shown that 

performance standards for mitigation banks overwhelmingly focus on vegetation and not 

hydrology.  

Therefore, I have conducted a systematic study of hydrologic redesign principles 

for wetland mitigation projects by reviewing the current literature in the field. I then 

analyzed 70 wetland mitigation bank projects from across the country to learn how these 

best practice methods have fared in the field.  

I conducted a second study by locating a potential mitigation site in southern 

Louisiana and using that site to theoretically apply the principles outlined in the literature 

review. This site, in Pointe Coupee parish was extensively analyzed through a 

combination of geographic information system software and baseline data obtained in the 

field. The site was then theoretically redesigned based on the hydrologic principles 

previously established. The study concludes with a summary of hydrologic performance 

standards that are both obtainable and practical and should benefit the newly emerging 

wetland banking industry.  

Chapter 2 develops and describes seven principles of hydrologic design that are 

important for successful mitigation bank development. Chapter 3 then uses these seven 

principles to analyze 70 mitigation banks and draw conclusions about their success by 

USACE district. 
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CHAPTER 2: HYDROLOGIC DESIGN PRINCIPLES & CASE STUDY ANALYSIS 

Many of the methods listed in this section as guidelines have been extracted from 

principles developed in the relatively new fields of ecological engineering and its sister 

field of ecosystem restoration.  An early (1992) definition of ecosystem restoration by the 

U.S. National Academy of Sciences (NAS) as “the return of an ecosystem to a close 

approximation of its condition prior to disturbance,” fits the ecological goals of wetland 

mitigation banking (of the restoration variety) perfectly  Today, restoration is defined as 

“the process of assisting the recovery of an ecosystem that has been degraded, damaged 

or destroyed” (Clewell, Aronson, & Winterhalder, 2004). 

The idea of integrating ecology and engineering was introduced by Howard 

Odum and others in the 1960’s while research engineering possibilities in marine 

environments (Odum, Siler, Beyers, & Armstrong, 1963). Odum and his colleagues 

stressed two fundamental principles: 1) Utilizing natural energy sources to develop, 

control and sustain environmental systems; and 2) allowing the self-organizational 

properties inherent in the ecological system to be the ultimate designer of its long-term 

functionality (Odum et al., 1963).  

Since the late 1980’s Mitsch and his longtime collaborator Sven Jorgensen, have 

written numerous articles and a book that outline the basic definition, goals, 

classifications and principles of ecological engineering. Their definition of the study is, 

“the design of sustainable ecosystems that integrate human society with its natural 

22 

 



Texas Tech University, Lionel Plummer, December 2014 

 

environment for the benefit of both” (Mitsch, 2012). Agreeing with Odum’s initial ideas 

and pushing them further, their goals have been stated as: 

1) The restoration of ecosystems that have been substantially disturbed by human 

activities such as environmental pollution or land disturbance; and 

2) The development of new sustainable ecosystems that have both human and 

ecological values (Mitsch, 2012). 

They further describe ecological engineering projects as falling into five different 

categories. 

1) Ecosystems are used to reduce or solve a pollution problem. 

2) Ecosystems are imitated or copied to reduce a resource problem. 

3) The recovery of ecosystems is supported after significant disturbance. 

4) Existing ecosystems are modified in an ecologically sound way. 

5) Ecosystems are used for the benefit of humankind without destroying the 

ecological balance. 

The ideas and methods for developing successful hydrologic conditions that have 

been revealed through the literature may at first glance seem to be imprecise, even un-

scientific. Methods such as allowing the site adequate time to restore itself, trusting in the 

power of nature’s ability to eventually select the proper planting palette and developing 

unique goals and criteria tailored to the individuality of specific landscapes are not easily 

quantifiable. As such, they have not been adopted by USACE as mitigation banking 

guidelines because they are inherently difficult to regulate.  
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While difficult to quantify and therefore regulate, most wetland scientists believe 

that developing appropriate wetland hydrology simply cannot be accomplished by 

designing a system with precise water budget formulas to calculate spatial and temporal 

hydrologic conditions – ecological engineering is fundamentally different than civil 

engineering (Bedford, 1996; Zedler, 1996). Hydrologic restoration, indeed most 

ecological restoration, can often be seen as a subtractive design process rather than an 

additive procedure. Often, restoration success can begin by simply undoing the 

anthropogenic changes that transformed a flourishing ecosystem into its current non-

functioning state. 

Principle 1: Study the landscape to develop a hydrologic context 

The first best practice method is concerned with defining appropriate site 

selection criteria for the placement of new mitigation banks. While it is true that in the 

profit driven world of mitigation banking, real estate pricing may very well lead the 

decision as to where new banks are sited (Gardner, 2011), wetland scientists have come 

to agree that appropriate site selection should start by understanding the broad ecological 

context of where impacts to wetlands have occurred (Mitsch et al., 1998; Zedler, 2000). 

This intimate understanding of the landscape should guide the decision making process of 

where replacement wetlands will be developed. 

It will be necessary to define the word landscape as used here in this paper. 

Bedford (1996) defines landscapes as the unique climate, landforms and geology of a 

specific geographic region. Using this definition as a foundation, for the purposes of this 

paper the term landscape denotes a studied and thoughtfully delineated combination of 
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unique ecoregions and hydrologic units. While this may be considered an ideal method to 

establish boundaries to mitigate wetland loss at the larger scale, the reality is that most 

decisions in the mitigation process will be greatly influenced by political boundary lines 

including: U.S. Army USACE of Engineer’s districts, Hydrologic Unit Code (HUC) 

boundaries, U.S. Environmental Protection Agency districts and county and state lines.  

The natural boundaries that figure most prominently in the Corp’s regulatory 

framework are HUC’s. The United States Geological Survey divides the US into 

successively smaller hydrologic units which are classified into four levels: regions, sub-

regions, accounting units, and cataloging units. These hydrologic units may also be referred 

to as watersheds or drainage basins as their borders are delineated by surface water flow 

direction. Hydrologic units are arranged or nested within each other from the largest 

geographic area (regions) to the smallest geographic area (cataloging units). Each hydrologic 

unit is identified by a unique hydrologic unit code (HUC) consisting of two to eight digits 

based on the four levels of classification in the hydrologic unit system (Seaber, Kapinos, & 

Knapp, 1987). 
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Figure 4: a) Region, b) Sub-region, c) Accounting and d) Catalog hydrologic units. (Maps by 

author, data from USGS) 

Many mitigation decisions such as location selection are made at the site-specific 

level and yet most wetland scientists agree that these major decisions should be made in 

the context of the landscape where the wetlands are situated (Bedford, 1996; Faber-

Langendoen et al., 2008; Zedler, 2000). The USACE does in fact advocate this broad-

based approach and wetland mitigation banking is organized at the regulatory level 

within the eight digit cataloguing unit of the USGS hydrologic unit coding systems 

described above (Engineers, 2008a). The watershed approach is used by the USACE by 
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restricting permittees in need of credits to banks that are located within the same 

cataloging unit, or many times at the accounting unit, as the wetlands that they have 

impacted are in. The USACE also attempts to insure that wetland impacts are mitigated 

“in kind” within the unit; i.e. bottomland hardwood wetlands should be replaced 

specifically with bottomland hardwood wetlands. However, there is little evidence that 

the watershed is studied in a holistic manner to determine where wetland banks should be 

located and what characteristics unique to that landscape should be restored (Turner et 

al., 2001).  

Hydrologic restoration should begin through an understanding of where and how 

wetlands were naturally created in a given landscape (Bedford, 1996; Faber-Langendoen 

et al., 2008). It can only be through an intimate understanding of a unique landscape that 

proper site selection for a wetland mitigation bank can occur (Mitsch et al., 1998). 

Bedford (1996) makes a strong case for this approach by arguing that any attempt to 

define hydrologic equivalence between wetlands that have been lost and the restored sites 

that are to replace them can only be accomplished effectively by shifting comparison 

scales from how well individual mitigation sites have replaced individual natural 

wetlands to looking at how well an entire suite of mitigation sites are restoring the 

landscape at the watershed level. She elaborates that the mitigation process should not 

endeavor to define what was lost (hydrologically) at the individual site level and then 

attempt to replace those functions at the mitigation site, by attempting for example, to 

recreate precise hydroperiod fluctuations. Rather, the process should be guided by a 

preliminary understanding of how the geology and climate, hydrogeomorphology, have 
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combined to create a unique group of wetlands specific to a unique landscape. This idea 

is supported by Zedler who published a list of ten ecological principals that are ignored or 

violated in many wetland restoration efforts; her first principle is to recognize that 

landscape context and site selection are crucial to wetland restoration (Zedler, 2000).  

Contextual knowledge could be the foundation of developing a system of 

“templates” unique to each landscape. These templates would be based on both the 

topographic and hydrologic factors that control wetland development. The topographic 

controls would be: 1) depressions in the land surface; 2) areas with minimal land slope; 

and 3) distinct slope discontinuities where ground water will often seep to the surface 

(this would occur most often were a steep decline meets a flat surface). Hydrologic 

variables would include: 1) the relative importance of various water sources – many 

wetlands receive water from a number of different sources; 2) the mineral elements and 

nutrient content of the water will eventually determine both abiotic and biotic 

development; and 3) the spatial and temporal dynamics of the water flowing through the 

wetland ecosystem (Bedford, 1996). Knowledge of how these universal wetland factors 

combine to form the wetlands specific to a unique landscape would then guide decision 

makers in forming specific goals and criteria for that landscape and would assist them in 

locating sites where the natural land forms will enable the restored hydrology to begin the 

wetland creation process again.    

The other benefit to beginning the process at the landscape level is that it allows 

decision makers to create profiles of the existing wetlands and determine which types 

might be difficult or impossible to replace. Bogs and fens for example can take hundreds 
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of years to develop and forested wetlands may need at least a century to fully reestablish 

(citation NRC). These wetland profiles could be developed based on: 1) the extent and 

distribution of the hydrogeomorphic (HGM) types of wetlands 2) landscape integrity; and 

3) the extant, distribution and conditions of wetland types (Faber-Langendoen et al., 

2008).  

The landscape approach would also help to preserve the unique character of 

specific landscapes around the country by recognizing and reestablishing those unique 

landform characteristics that create the wetlands in that area. This would help in 

eliminating the danger of the homogenization of restoration sites, or what some scientists 

call the, “ring-around-the-pond” approach to restoration. This approach might provide a 

replacement ecosystem with the water depth and plant species necessary to achieve the 

generalized regulatory requirements of “in-kind” mitigation, but the nature of site-

specific hydrologic variables that converge with that sites unique landforms provide for a 

much greater spectrum of wetland diversity (Bedford, 1996). 

Principle 2: Conduct a thorough analysis of the existing hydrology 

The second principle stresses the importance of establishing precise baseline 

conditions before beginning any redesign engineering. While a wetland delineation is 

required by the Corps and will help establish existing hydrologic conditions, it does not 

require the measurements of groundwater levels nor does it require a precise topographic 

analysis (Engineers & Laboratory, 1987).  

To determine if an area has wetland hydrology the Corps’ wetland delineation 

report specifically calls for one of the following primary indicators to be present: 
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Table 1: Primary hydrologic indicators. (from USACE wetland delineation manual) 

• Surface water • High water table • Saturation 

• Water marks • Sediment deposits • Drift deposits 

• Algal mat or 

crust 

• Iron deposits • Inundation visible on 

aerial imagery 

• Water-stained 

leaves 

• Aquatic fauna • Marl deposits 

• Hydrogen 

sulfide odor 

• Oxidized 

rhizoshperes along 

living roots 

• Presence of reduced 

iron 

• Recent iron 

reduction in 

tilled soils 

• Thin muck surface • Other explainable 

observations by the 

delineator 

Two of the following secondary indicators are required: 

Table 2: Secondary hydrologic indicators. (from USACE wetland delineation manual) 

• Surface soil crack • Sparsely vegetated 

concave surface 

• Drainage patterns 

• Moss trim lines • Dry season water 

table 

• Crawfish burrows 

• Saturation visible 

on aerial imagery 

• Geomorphic 

position 

• Shallow aquitard 

• FAC-Neutral test • Sphagnum moss  

 

The above indicators can be augmented with field verification of visible surface water, 

saturation and/or the presence of wetland trees (Engineers & Laboratory, 1987). 

The Corps designed the wetland delineation report to establish the presence of 

existing, functional wetlands. These indicators will also help establish the fact that 
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wetland hydrology may at one point have been present on a site and may still be 

functioning in a limited degree. They will not however, gauge accurately how limited the 

current hydrologic functionality may be and what must be done to restore it. Therefore, it 

would be important for the bank sponsor to go a step further and examine the how the site 

has been altered so that the original wetland hydrology no longer functions the way it 

once did. 

Principle 3: Use sustainable energy to power hydrology 

This principle stresses the use of natural, sustainable forces, i.e. gravity, to power 

the water movement throughout the mitigation site. Fortunately, USACE rarely allows 

banks to operate with pumping equipment. Even without USACE regulations, bank 

sponsors, through purely financial interests, will seek to establish their banks in a 

sustainable manner. The few banks projects across the country that did utilize mechanical 

pumping equipment to power water movement did so because the restored wetlands 

themselves were also designed to function on an educational/research level and precise 

control over water flow was required. An example of this type of bank would be the John 

Bunker Sands Wetland Mitigation Bank in Kaufman County, Texas. While providing 

wetland mitigation credits, this bank also serves as a research site for Baylor University, 

(Advanced Ecology, 2008). 

Principle 4: Reestablish original hydroperiods 

A hydroperiod can be defined in a general sense as the time during which a 

wetland is covered with a certain depth of water. A more precise definition would be the 

seasonal rhythm of the water level of the wetland and a graph of this rhythm thus 
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becomes the wetland’s signature. This signature characterizes the wetland and the 

constancy of this rhythm can ensure a sense of constancy for the wetland. Hydroperiodic 

fluctuation also establish the wetlands water budget by defining the rise and fall of a 

wetland’s surface and subsurface water by integrating all of the inflows and outflows, 

(Mitsch & Gosselink, 2007).  

In order for any wetland restoration project to become functionally successful, 

natural hydrologic cycling or hydroperiods must be reestablished. As Mitsch and 

Gosselink write, “Improper hydrology leads to the failure of many created wetlands 

because it will not always correct itself, as well the more forgiving biological components 

of the system”, (Mitsch & Gosselink, 2007). Bank sponsors should also accept the fact 

that properly redesigned hydrologic conditions, which will result in the natural rhythms 

of the hydroperiods reestablishing themselves, will result in ebbs and flows which will at 

times destroy vegetation with either flood or drought conditions. However, these 

conditions can yield fruitful long term results similar to natural fire management cycles 

that purge a system of deadwood and allow new growth, (Martin & Katherine Kirkman, 

2009). Unfortunately, as has been discussed at length in Chapter 1, USACE’s primary 

method of evaluating the success of a bank is through measurement of newly planted 

vegetative survival and growth rates which might discourage the reestablishment of a 

system that allowed for natural flooding.  

Principle 5: Allow for the self-design capacity of nature through open hydrological 

systems 
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This hydrologic restoration method involves the development of a hydrologically 

open system (water continually flowing into and out of the wetland system) and a laissez-

faire policy regarding the introduction of plant species. These techniques would allow for 

the self-design or self-organization ability of the restoration site itself to select and favor 

those species of plant and wildlife that are suitable for the system. According to Mitch 

et.al, the concepts of self-design and self-organization are critically important to 

understand in the context of ecosystem creation and restoration. They state that they, 

“may be the most fundamental concepts of these emerging practices of ecological 

engineering” (Mitsch et al., 1998).  

Not only do these concepts run contrary to the engineering approach they are also 

alien to the “designer” approach taken by landscape architects where a specific plant 

palette would be selected and then arranged on the site in carefully designated zones. The 

self-design approach is similar to Bedford’s ideas in Method 1 where the goal of 

hydrologic equivalence is not in engineering precise conditions that could be calculated 

with water budgets equations but rather to carefully site locate restoration projects where 

the unique hydrologic framework for that specific landscape was already in place. That 

hydrologic framework would then naturally generate the distinct type of wetland that was 

unique to that specific landscape.  

This new idea of self-design may be analogous to the development of open-source 

software. In his essay on the development of Linux, Eric S. Raymond compares the 

models for developing traditional commercial software and open source software. 

Raymond compares the development of software by traditional methodologies to building 

33 

 



Texas Tech University, Lionel Plummer, December 2014 

 

a cathedral, "carefully crafted by individual wizards or small bands of mages working in 

splendid isolation.” He suggests that software would be developed more successfully 

using the bazaar style, which he described as "a great babbling bazaar of differing 

agendas and approaches" (Raymond, 1999). This “free entry” model of the bazaar will 

initially lead to an enormous variety of offerings yet the laws of supply and demand 

would eventually determine the success and failure of services and products. In the 

ecological context, self-design would allow an “open access” ecosystem for the free 

introduction of seeds, plants and animal species by either human or natural means and 

then allowing the system to eventually optimize its design by selecting the collection of 

plants, microbes, and animals that would be best adapted for those specific conditions” 

(Mitsch et al., 1998).  

The self-design method was tested by Mitsch and his colleagues at the Olentangy 

River Wetland Research Park on the campus of The Ohio State University over the 

course of fifteen years. They sought to answer two specific questions: 1) Does the human 

introduction of wetland plants have any measurable effect on ecosystem function; and 2) 

At what rate and to what degree will a diverse biological community develop in newly 

excavated and hydrologically open wetland basins where little biological life previously 

existed (Mitsch et al., 1998). Simply put, they were investigating the wide-ranging 

questions: Can we create wetlands? And if so, how much human intervention is required? 

(p. 1027). They hypothesized that the planted and unplanted wetlands would be similar in 

function in the beginning, diverge in function during the middle years, and ultimately 

converge in structure and function (Mitsch et al., 1998). They stated specifically that: 
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“The introduction of plant species, although often necessary to meet legal 

requirements of early plant cover in created wetlands, may not always be 

necessary to start wetlands on a trajectory toward becoming a functional 

ecosystem… A hydrologically open created wetland can develop, through 

self-design, a diverse assemblage of species even where no propagules 

existed before… Nature’s functions and subsequent services are often best 

provided when natural processes are mostly in control and are given room 

to operate.” (p. 1027 – 1028) 

Two single hectare wetland basins were constructed and a hydrologically open 

system was created using water from the Olentangy river. One basin was planted with 

over 2400 propagules representing 13 species of typical Midwestern marsh plants in three 

depth zones. The other wetland was left unplanted. Hydroperiods were carefully 

controlled by pumping exact quantities and qualities of water through each wetland. As 

the two sites were located in close proximity, precipitation input and soil characteristics 

were identical. After three years the area of the unplanted wetland that was covered by 

plants exceeded (58% - 51%) that in the planted wetlands. Both wetlands were dominated 

by the same soft-stem bulrush, Schoenoplectus tabernaemontani. The hypothesized 

convergence of the two systems occurred in less than four years. The scientists concluded 

this was because they were hydrologically open systems allowing hundreds of taxa to be 

continually introduced into the wetland basins from the river water. The natural 

environment of each basin then selected which species would survive and eventually 

thrive. Fifteen years later, in 2012, the functional results of the two wetland basins were 
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again published stating that while the planted wetlands had a slightly richer plant 

community the unplanted wetlands produced slightly more overall biomass. The end 

results showed clearly that the initial planting (which occurs with considerable labor and 

expense) was eventually equaled by the variety and numbers of species that developed 

naturally and that a similar basin that began with no initial plantings developed into an 

almost identical ecosystem.  

While this experiment demonstrates the viability of the self-design capacity of 

nature, it also illustrates the importance of open hydrology in order to allow that process 

to work effectively. River water flowing through each basin system ensured that the 

proper framework was in place and the end results demonstrated that little or no human 

intervention was required to ensure that a thriving vegetative and wildlife ecosystem 

would develop. However, extensive human intervention was required for this open 

hydrologic system to function and set the stage for the dramatic abiotic and biotic activity 

that was to occur naturally. Water was pumped from the nearby Olentangy river to ensure 

steady hydroperiods that averaged from 626 to 1552 cubic meters (m2) per day for each 

of the 1 hectare basins (Mitsch et al., 2012).  

Wetland mitigation banks are normally several hundred acres or more and can 

regularly exceed 1000 acres; the USACE also states clearly that banks should be able to 

function with little or no human equipment or maintenance – i.e. pumping water is not a 

viable option (Engineers & EPA, 1995). An open hydrologic system at a mitigation bank 

therefore can only operate if gravitational flows lead water into and out of the site. This 

method again stresses the importance of Method 1 of selecting a site where the natural 
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hydrologic framework is already in place or can be put back into place with slight 

grading modifications.  

The self-design capacity of nature has significant implications for the relatively 

new industry of wetland mitigation banking. The introduction of plant material that most 

often comes from local nurseries and is painstakingly planted on the bank site is often the 

most expensive aspect in the land restoration process. For banks that are meant to replace 

forested wetlands, saplings are often planted in orchard-like grids to maximize the 

efficiency of the planting process. The monitoring that occurs for three to five years 

afterwards to show species survival statistics to the USACE is often done in “row 

counts.” A grid-like pattern of trees such as this cannot be considered a genuine 

ecosystem replacement and may actually, in the long run, do more harm than good. 

Experiments such as the one outlined above indicate that, given enough time, planting 

such as this may not be necessary if the correct hydrologic conditions are set in place.    

Principle 6: Give the system adequate time to develop 

The sixth principle would recommend allowing sufficient time to pass for the new 

ecosystem to develop before assessing the success or failure of the project. Currently, the 

regulatory process of monitoring completed mitigation banks is usually completed within 

three to five years – a period of time deemed too short by many wetland scientists to 

gauge the functional success of the new ecosystem (Anderson, Mitsch, & Nairn, 2005; 

Mitsch & Wilson, 1996; Zedler, 2000). As was outlined earlier, the monitoring process, 

as performed by the bank sponsor and supervised by the USACE, relies almost 

exclusively on evaluating the success of the newly planted vegetation and most wetland 
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scientists are in agreement that these vegetative criteria are usually the least significant 

indicators of a restoration projects’ success (Zedler, 2000). The fifteen year experiment 

that Mitsch and his colleagues performed also showed that, given an open hydrologic 

system, a wetland basin will eventually be dominated with the vegetation that the 

conditions of the ecosystem itself selects and favors for growth; that given enough time, 

an initial planting by humans does little to change the overall outcome of the vegetative 

patterns of the wetland (Mitsch et al., 2012). 

However, the idea of waiting ten to fifteen years to gauge a banks success would 

be difficult to implement in the current mitigation banking regulatory structure. This is 

because financial incentives are tied to the successful submission of monitoring reports 

that meet the Corp’s standards. Bank sponsors are allowed to sell credits in their bank at 

predetermined intervals: a certain percentage is released for sale after financial and legal 

assurances are in place; a second round of credits is released after the sponsor has 

completed the banking prospectus and later the banking instrument; the final rounds of 

credits are released for the bank to sell after they have completed and submitted 

successful monitoring reports. These monitoring reports are usually submitted within 

three to five years after the bank has been ‘completed’ – completed here signifying the 

end of the planting of vegetation. The irony of this rush to judgment is that mitigation 

banks are required to be protected with a conservation easement. These powerful legal 

documents insure that, regardless of who eventually owns the deed, the land is set aside 

in perpetuity for conservation purposes and may not be developed for residential, 

commercial or agricultural purposes. It would seem that, given nearly permanent 
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temporal protection to develop into a wetland, the USACE and EPA would consider 

monitoring these banks for at least a decade or more.  

Principle 7: Develop effective monitoring standards based on hydrology 

Determining how well the hydrologic redesign is functioning is the final principle. 

As was previously mentioned the USACE’s success standards overwhelmingly focus on 

vegetative survival rates (Gardner et al., 2008; Matthews & Endress, 2008; Streever, 

1999). It was speculated that this was primarily due to the level of difficulty in 

ascertaining hydrologic success. These difficulties may arise from the technical aspect of 

the testing as well as the inevitable variations in precipitation patterns which would make 

it difficult to gauge the success of the new hydrology in the time frame (under five years) 

that the Corps has established. 

However, several mitigation banks have established hydrologic standards as part 

of their monitoring report process. The following example shows how The Bunker Sands 

Mitigation Bank, south of Dallas, Texas established the a standard to measure their 

hydrologic success: 

In the open land areas, the outcome from the initial phase of herbaceous wetlands 

is promotion of conditions that overcome the loss of soil moisture. By this strategy the 

interim herbaceous wetlands are precursor land cover types for establishment of the 

ultimate forested wetlands. Simply stated, the method serves to facilitate adequate root 

growth on seedlings of woody species. This is believed to mimic mechanisms operating 

in pre-settlement periods. The Sponsor shall evaluate these areas using an appropriate 

assessment method such as WHAP, EPW, and/or Baker/Broadfoot or other USACE-
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approved assessment technique to address this standard. Surveys will be conducted in 

accordance with Section 13.0 of this document (Advanced Ecology, 2008). 

WHAP, Wildlife Habitat Appraisal Procedure, was developed by the Texas Parks 

and Wildlife Department to, “allow a qualitative, holistic evaluation of wildlife habitat 

for particular tracts of land statewide without imposing significant time requirements in 

regard to field work and compilation of data” (Department, 1995).  EPW, Evaluation for 

Planned Wetlands, was developed as a rapid assessment procedure to gauge the success 

of newly created or restored wetlands in six areas: shoreline bank erosional control, 

sediment stabilization, water quality, wildlife and uniqueness/heritage (Bartoldus, 1994). 

The Baker/Broadfoot method of evaluating a site focuses on southern hardwood trees that 

are likely to be found in wetlands (Baker & Broadfoot, 1977). These two evaluation 

methods can help bank sponsors develop an effective success standard that measures the 

new hydrology in a cost effective and efficient manner.   
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Standards for Hydrologic Design Applied to the Evaluation of Case-studies 

Using data from the USACE website: Regulatory In-lieu Fee and Bank 

Information Tracking System, approved Wetland mitigation Banking Instruments 

(documentation of project by bank sponsor) from wetland mitigation banking projects 

around the country were analyzed to determine if the hydrologic principles established 

through an analysis of the current literature were being used when bank sponsors set 

about to redesign the hydrogeomorphic structure of their restoration sites.   

Methodology 

The following steps were followed to determine which wetland mitigation bank 

projects would be selected for evaluation. All data was gathered from the USACE 

website: Regulatory In-lieu Fee and Bank Information Tracking System, also known as 

RIBITS, which lists a total of 1999 banks in 37 Corps districts (Engineers, 2014). The 

goal of the process was to establish a list of Corps districts that had 10 or more approved 

banks since 2008 that could be reviewed to determine how closely bank sponsors 

followed the hydrologic principles that were established in chapter 1 throughout the 

design and development stage of their mitigation bank projects. 

Only banks listed after 2008 and listed as either ‘approved’ or ‘pending’ would be 

used, with a priority given to banks listed as ‘approved.’ Choosing banks listed after 2008 

would insure that they would have been developed under the USACE and EPA issued 

‘rule book,’ Compensatory Mitigation for Losses of Aquatic Resources, which 

specifically outlined the guidelines for developing mitigation banks. 
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Corps districts with less than ten projects that met the above criteria were then 

eliminated. Based on the above criteria, of the 37 Corps districts that contained at least 

ten banks, the following 16 districts remained: Baltimore, Fort Worth, Galveston, 

Huntington, Jacksonville, Little Rock, Los Angeles, Mobile, New England, New Orleans, 

Norfolk, Sacramento, Savannah, St. Paul, Vicksburg, and Wilmington. 

Most districts had more than ten projects and so they were then sorted by acreage 

size as larger projects were preferable to analyze over smaller projects. 

It was then determined what data was available from each project. Only a 

completed Prospectus or Mitigation Banking Instrument was accepted as offering 

adequate information to allow for review. If it was determined that neither was completed 

or available with necessary data in a suitable manner, the project was not used for the 

evaluation. At this point it was discovered that most of the projects, included those listed 

as ‘approved,’ had little or no data in the RIBITS site. For example, while the St. Paul 

district listed 117 banks that met the above criteria, only 7 had suitable MBI’s or 

Prospectuses that could be reviewed for this study. The majority had no documentation 

available or there was simply a collection of legal documents with pertinent signatures 

relating to credit transactions.  

Of the 16 districts that listed 10 or more sites, since 2008, only the following 9 

districts had 5 or more sites with suitable data on the RIBITS site that could be reviewed. 

These were the following: Baltimore, 5 banks; Fort Worth, 10 banks; Galveston, 5 banks; 

Jacksonville, 10 banks; Mobile, 5 banks; New Orleans, 10 banks; Norfolk, 10 banks; 

Sacramento, 10 banks; and St. Paul, 7 banks (see figure 7). 
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Figure 5: Map of analyzed banks. (Map by author, data from USACE) 

The hydrologic analysis was then conducted using the following criteria which 

were taken from the principles previously established. The third principle of using 

sustainable energy (i.e. gravity) to power hydrologic movement was not used in the 

evaluation process as it is a Corps requirement that now banks operate with any 

mechanical equipment. 
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Table 3: Landscape / watershed scoring method. 

Principle 1: The landscape / watershed approach 

0 points Does not address watershed approach 

1 point Addresses watershed hydrology in plan 

2 points 
Seeks to emulate existing wetland pattern 

within watershed 

3 points 

Links with other regional watershed plans 

developed by local government, Corps, 

etc. 

 

Table 4: Hydrologic analysis scoring method. 

Principle 2: Analysis of existing hydrology 

0 points No study of existing hydrology 

1 point Existing hydrology studied with historical 

maps 

2 points Existing hydrology studied with 

monitoring equipment 
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Table 5: Hydroperiod scoring method. 

Principle 4: Reestablishing hydroperiodic regime 

0 points Natural pulsing cycles are left obstructed 

1 point Natural pulsing cycles are reestablished 

but in a restricted manner 

2 points Natural pulsing cycles are fully 

reestablished 

 

 

  

45 

 



Texas Tech University, Lionel Plummer, December 2014 

 

Table 6: Self-design scoring method. 

Principle 5: Self-design with open hydrology  

(this principle averaged two separate analyses to determine a final score) 

Self-design 

0 points Project is considered wetland creation 

1 point Project is considered wetland restoration 

2 points 
Hydrology is restored to original wetland 

conditions 

3 points Vegetation is allowed to develop naturally 

Open hydrology 

0 points 
Hydrology is self-contained (closed 

watershed) 

1 point 
Hydrology is redesigned to allow water 

flows into and out of site 

2 points 
Wetlands are reconnected to historical 

water systems (rivers, lakes, streams) 
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Table 7: Hydrologic monitoring scoring method. 

Principle 7: Hydrologic monitoring 

0 points Hydrology not addressed in monitoring 

reports 

1 point Superficial hydrology standards 

mentioned in monitoring reports 

2 points Hydrologic standards have equal 

importance to vegetation 

3 points Hydrologic standards given paramount 

importance in monitoring reports 
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Results 

Error! Not a valid link. 
 

Table 8: Graph of overall results. 

 
Conclusions/Discussion 

Since 2008, wetland mitigation banking has been the preferred manner to mitigate 

(or replace) wetlands that are being lost by development throughout the US. As a result, 

more than 1200 wetland and stream mitigation banks have been approved by the Army 

Corps and USEPA, resulting in the restoration and protection of over 1.2 million acres of 

wetlands, streams, and associated upland habitat (Association, 2013; Engineers). While 

the numbers may appear positive at the legal level of satisfying our national ‘no net loss’ 
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wetland policy, wetland scientists are concerned if these bank sites  can actually function 

as true wetland ecosystems that will one day act as a genuine replacement for the original 

wetlands that they are replacing.  

In order to investigate this concern, this study sought to analyze how well 

mitigation bank sponsors design and redevelop the hydrologic systems at their restoration 

sites – systems that will ultimately be a fundamental factor in determining the ecological 

success of the new wetland. Drawing out a list of seven key principles by reviewing the 

current literature in the field and then analyzing publicly available bank data through the 

Corps websites, it was determined that most bank sponsors are well aware of the critical 

importance of hydrology and seek, at varying levels, to reestablish those hydrologic 

systems which will promote ecological success. This conclusion bolsters one of the key 

arguments in favor of mitigation banking – that bank sponsors would have the resources 

to perform or purchase in-depth, scientific, environmental assessment reports and 

subsequent restoration plans. A far-cry from the days when developers themselves sought 

to appease the Corps with an on-site ‘restoration’ wetland that was usually little more 

than a retention pond next and caused the outcry in the late 1980’s of CWA 

implementation practices (Brown & Lant, 1999). 

However, the data also revealed that the quality of the Mitigation Banking 

Instruments varied, sometimes dramatically, between districts. Certain districts, notably 

the St. Paul district near the Great Lakes, had sometimes hundreds of approved mitigation 

banks listed and yet it was difficult to obtain more than 10 Banking Instruments to 

analyze how the new work was going to be performed. Other districts such as 

49 

 



Texas Tech University, Lionel Plummer, December 2014 

 

Sacramento and Jacksonville had MBI’s posted for the majority of the projects they listed 

as approved and these MBI’s showed consistently standards throughout the analysis, 

design and monitoring phases. These results indicate that, despite the passage in 2008 of 

33 CFR Part 332, also known as the ‘rulebook,’ there is still not a clear set of guidelines 

that the Corps is using to determine what bank sponsors must accomplish throughout 

these projects. Indeed, many of the people I spoke with in the industry told me that each 

Corps district still operates from its own set of rules and project requirements vary 

considerably depending upon what district the bank site fall in.  

An overall concern that this study reveals is the dramatic difference in the quality 

of the banks being produced by varying Corps districts despite the fact that they should 

all be operating under the 2008 ‘rulebook’ that they issued jointly with the EPA. Another 

concern that this study brings to light, is the fact that the Corps is not requiring bank 

sponsors to evaluate the success of their projects based on hydrologic standards. The 

standards that are overwhelmingly favored simply monitor the survival rates of newly 

planted vegetation over a period of five years. The major fault with that methodology is 

simple, vegetation is not a key indicator of a wetland’s ecologic success – especially 

during its early years. Also, five years is too short a time-span to determine the success of 

an ecological restoration project. Considering that a mitigation bank is a project that will 

be legally protected in perpetuity, why not take the time over 10 or even 20 years to 

evaluate its success? Finally, a focus on vegetation results is what may be one of the most 

disturbing aspect of mitigation banking. When restoring wetlands that originally featured 

a majority of trees (i.e. bottomland hardwood) bank sponsors plant orchard-like grids of 
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saplings to reestablish the presence of those native trees. While it is understandable that 

paid workers who must plant tens, if not hundreds, of thousands of saplings will be 

forced to work in rows which lead to a grid-like mosaic, the end result cannot be 

anyone’s idea of a restored wetland. The irony of this approach is that intensive planting 

may not even be necessary. As was discussed was above in principle 5 (allowing for the 

self-design capacity of nature), there is evidence that, with the proper hydrology in place, 

a site will eventually establish a suitable planting palette regardless of what was planted 

during the initial restoration attempt. However, these results by Mitsch and his colleagues 

came to light only after a ten to fifteen year period (Mitsch et al., 2012). Again though, 

with the required legal conservation easement in place to protect the bank, what is the 

rush? Not only is this type of planting the most cost intensive part of the project, which 

naturally pulls money away from other design concerns, it may, in the long run be doing 

more harm than good. 
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CHAPTER 3: APPLIED HYDROLOGIC REDESIGN 

Introduction 

During the summer of 2013 I was able to locate a site in southern Louisiana that 

was deemed suitable for a wetland mitigation bank. The owner of the site granted 

permission to visit, photograph, obtain soil samples and analyze the topography of the 

site. The overall goal of this part of my study was to determine how feasible and practical 

it would be to design and develop a mitigation bank using the principles outlined in the 

literature review. Specifically, the goals of the design were as follows: 

1) Restore site in a manner fitting its original context. 

• Principle 1: Using the landscape to develop a hydrologic context. 

2) Thoroughly analyze existing hydrology to establish precise baseline 

conditions. 

• Principle 2: Conducting a thorough analysis of existing hydrologic 

conditions.  

3) Restrict drainage canals to restore site to original (1940s) hydrological 

conditions 

• Principle 3: Use sustainable energy to power hydrologic movement. 

4) Grade northern swales to allow for sheet flow of water throughout site to 

further enhance wetland conditions. 

• Principle 4: Seek to reestablish the original hydroperiodic rhythms. 
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5) Allow a native planting palette and plan to reestablish itself into a native 

bottomland hardwood forest with a low-growing understory. Develop a 

systematic method for effectively controlling invasive plant species 

• Principle 5: Allow for the self-design capacity of nature to reestablish 

vegetation 

6) Project 1, 5, 10, 25 and 50 year goals  

• Principle 6: Give the system adequate time to develop 

7) Create measurable hydrologic standards to evaluate the banks progress. 

• Develop effective monitoring standards based on hydrology 

 

Site Design part 1: Restore site in a manner fitting its original context 

Please note that the following analysis is supported with maps and diagrams in 

Appendix I. 

Site selection at the watershed level 

In a typical mitigation bank project, the first thing a bank sponsor would seek to 

determine is that a need exists for mitigation credits by permitted parties in a certain 

watershed. For this project, seeking to adhere to the hydrologic principles established in 

the literature review, the main criteria for selection at the watershed level was not only 

credit need, but also environmental need. The Lower Mississippi watershed faces serious 

issues of land subsidence, flooding, and erosion after decades of alterations to the area’s 

original hydrologic structure. Therefore, a highly degraded watershed at the catalog level 

with a need for banking credits was identified in the Lower Mississippi watershed by 
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determining a need for credits by the area’s gas and oil industries (see appendix 1, figs. 5-

9). The Atchafalaya watershed in Pointe Coupee parish, Louisiana is listed by the USGS 

as 08080102. It is 1,275,127 acres. At this scale, a restored wetland project would benefit 

the overall watershed by decreasing the erosional stresses that occur throughout the 

watershed and contribute to Louisiana’s dire coastal subsidence dilemma. This benefit 

would occur by decreasing the water flow into the drainage canals that were constructed 

to drain the area and allow for farming. Water flows through these canals at an artificially 

inflated rate and causes erosion of the banks. 
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Figure 6: Lower Mississippi watershed. (Map by author, data from USGS and Esri.) 
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Figure 7: Subsidence danger (in green) within Atchafalaya watershed. (Map by author, from 

NOAA, USGS) 
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Site selection at the project level 

After narrowing down the list of potential sites within the Atchafalaya watershed 

by determining land that was for sale, I then searched for sites that had three major 

characteristics: 1) the presence of hydric soils; 2) the naturally occurring growth of 

hydrophytic vegetation; and 3) an underlying hydrology that could be modified to allow 

surface water to pond on the site either permanently or ephemerally. While hydrophytic 

seedlings can be planted and hydrology can be altered with heavy equipment, the nature 

of the soil is not feasibly altered, and hence the primary consideration at this point in site 

selection is the presence of hydric soils.  At this stage, most of my research was 

accomplished using existing soil maps and historical aerial photography. The Description 

of Soil Survey Geographic (SSURGO) Database was used in conjunction with ArcMap® 

to locate the areas throughout the Atchafalaya watershed with hydric soils.   

Using these tools, an area of pasture land featuring a majority of hydric soils of 

approximately 173 contiguous acres in Pointe Coupee Parish, LA was located. Using 

historical and current aerial photography obtained from Louisiana State University, it was 

determined that this land was originally bottomland hardwood swamp, was drained and 

cleared in the 1950s, and is currently privately owned and being used for both commodity 

agricultural and grazing (see figure 8). 

 

  

57 

 



Texas Tech University, Lionel Plummer, December 2014 

 

 

Figure 8: Aerial imagery of site from 1941 (top) and 2004. (Courtesy Louisiana State 

University) 
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Analysis of selected site 

The site for the original design encompasses a contiguous 173 acres in Pointe 

Coupee Parish, Louisiana. Pointe Coupee Parish has a warm and relatively humid, 

subtropical climate characterized by relatively high rainfall. The average annual 

precipitation is 61.1 inches and the growing season persists throughout the year, as soil 

temperatures never drop below freezing (NRCS 2011).  

Through investigation of historical maps, it became evident that the property was 

previously a bottomland hardwood wetland forest typical to that of an alluvial floodplain 

(see figure 8)  (LSU 2013; USFWS 2011). In the 1950s, The Bays Canal was dug to help 

drain the site and its surrounding environs. Throughout the 1960s the site was converted 

for agricultural and grazing use by clearing the bottomland hardwood trees and planting 

grasses and commodity crops. During this period and throughout the 1970s, the natural 

swales on the land were deepened and widened to facilitate drainage of the site into The 

Bays Canal. The site is currently managed for commodity crop and livestock production. 

This consists of active vegetative management (herbicide) to control weeds and other 

grass species within grazing pastures while maintaining control of onsite hydrology. 

There is currently no USFWS data available regarding the National Wetland Inventory 

status of the property or its surroundings. The aerial perspective image in figure 9 

illustrates the current (2014) conditions of the site. The photo in figure 10 depicts what 

the site looks like from the northernmost border facing south. 
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Figure 9: Current aerial perspective image of site. (Image courtesy of Pictometry, 2014) 

 

Figure 10: Panoramic photo from northern border of site facing south. (Photo by author, 

2013) 
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A lidar analysis of the topography of the site represents the lower area of the 

transitional landscape position between the natural ridges of the two river systems: the 

Atchafalaya and the Mississippi rivers (note that the Atchafalaya is 12 feet below the 

level of the Mississippi). Topography and natural hydrologic conditions of the site have 

been altered through the construction of an extensive drainage system associated with the 

current land use. Precision land leveling efforts were also made within individual fields. 

Site elevations range from approximately 26 feet to 39 feet using the North American 

Vertical Datum of 1988 (NAVD88) with typical slopes from 0-4%. 

Soil information on the site was obtained using the NRCS’s SSURGO Database. 

The following soils are present onsite: 

1) Commerce Silty Clay Loam: classified as non-hydric 

2) Commerce Silty Clay Loam, Gently Undulating: classified as non-hydric 

3) Sharkey Clay: classified as hydric 

4) Sterlington Silt Loam: classified as non-hydric 

While three of the four soils have been classified as non-hydric, it is evident from 

the historical aerials that the entire site was originally bottomland hardwood swamp 

indicating that all site soil conditions are hydric. SSURGO also recommends that hydric 

and non-hydric classifications are determined by soil type only and need be verified on 

site as many soils types listed as non-hydric may be hydric in certain conditions (Soil 

Survey Staff, 2011). 

Please see Appendix I for a series of maps and graphics on the site selection 

process. 
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Wetland delineation report  

After a site had been selected the bank sponsor would then begin the process of 

sending USACE correspondence indicating their intent to develop a bank on the selected 

site. These correspondence would include all site selection data along with all legal and 

financial arrangements made with the sites owner.  

The sponsor would then, in conjunction with USACE, produce a Wetland 

Delineation Report. This would be done using the Corp’s 1987 Wetland Delineation 

Manual and appropriate Regional Supplement to identify and delineate wetlands in the 

specified area of interest (AOI) (Engineers & Laboratory, 1987). A typical wetland 

delineation demarcates the boundaries of existing wetlands. Given that these boundaries 

are naturally ephemeral and subject to dramatic changes based on the sites hydroperiods, 

this process requires someone with knowledge and experience. Delineating a wetland that 

has been drained, often decades ago, and clear-cut is an even more difficult process. 

The primary purpose that these delineations are done by the bank sponsor is so 

that USACE will be able to place federal jurisdiction over the lands in accordance with 

the CWA. This is the most controversial part of federal wetlands regulation as Section 

404 of the CWA is ill-defined in the law and has been vaguely interpreted by various 

federal court opinions.  Determining jurisdictional status of a wetland area can only be 

done by the USACE and they will use the Wetland Delineation Report completed by the 

bank sponsor to decide if the AOI: 1) contains a ‘significant nexus to jurisdictional waters 

of the United States’ as defined by 33 CFR 328.3(a) and/or; 2) was previously a wetland 
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that currently features hydric soils, hydrophytic vegetation, and wetland hydrology 

(Engineers, 1995).  

The legal definition of a wetland though is fortunately more straightforward and 

the USACE manual (1987) states that: “The interaction of hydrology, vegetation and soil 

results in the development of characteristics unique to a wetland” (p. 9). The manual 

further states on page 10 that soils must be present and classified as hydric (Engineers & 

Laboratory, 1987).  On page 2 of The Field Indicators of Hydric Soil in the United States, 

defines a hydric soil as follows: 

The NTCHS (National Technical Committee for Hydric Soils) defines a 

hydric soil as a soil that formed under conditions of saturation, flooding, or 

ponding long enough during the growing season to develop anaerobic 

conditions in the upper part (Federal Register, 1994). Most hydric soils 

exhibit characteristic morphologies that result from repeated periods of 

saturation or inundation that last more than a few days. Saturation or 

inundation, when combined with microbial activity in the soil, causes the 

depletion of oxygen. This anaerobiosis promotes certain biogeochemical 

processes, such as the accumulation of organic matter and the reduction, 

translocation, or accumulation of iron and other reducible elements (see fig. 

3). These processes result in distinctive characteristics that persist in the soil 

during both wet and dry periods, making them particularly useful for 

identifying hydric soils in the field. 
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Figure 11: The accumulation of iron in hydric soil dug from the project site. (Photo by author, 

2013) 

The USACE defines hydrophytic vegetation as, “The sum total of macrophytic 

plant life growing in water or on a substrate that is at least periodically deficient in 

oxygen as a result of excessive water content. When hydrophytic vegetation comprises a 

community where indicators of hydric soils and wetland hydrology also occur, the area 

has wetland vegetation” (Engineers, 1995). Often, wetland delineations for restoration 

projects take place on land that has been drained, clear-cut and transformed into pasture 

or commodity crop land such as rice. In these cases, if the soil is still hydric, hydrophytic 

vegetation can usually be seen growing along the periphery of fields, trails and 

throughout the network of culverts, swales and ditches used to continually drain the area 

(see fig. 4).  
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Figure 12: Hydrophytic vegetation growing on the periphery of the pasture land. (Photo by 

author, 2013) 

The USACE further defines wetland hydrology as, “encompassing the sum total 

of wetness characteristics in areas that are inundated or have saturated soils for a 

sufficient duration to support hydrophytic vegetation” (Engineers, 1995). As mentioned, 

the hydrologic factors set the entire wetland creation process in motion.  

For this project, a wetland delineation was conducted throughout the months of 

June and July, 2013 following on-site routine field procedures as outlined by the USACE 

(1987) and subsequent Regulatory Guidance Letters (RGL). 

First, twelve data collection points were established within the project area with 

the intent of analyzing soil conditions, vegetative structure and hydrological condition 
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throughout the land. Observation of soils, vegetation, and hydrology were made at each 

data point and recorded on routine wetland determination data sheets per the ACOE 

Atlantic and Gulf Coastal Plain Regional Supplement (USACE 2010).  

Second, soil samples were obtained by excavating an approximate 16-inch soil pit 

using a sharp-shooter shovel. Soil color were recorded by matching soil samples to color 

chips contained in a Munsell soil color chart. These samples were examined in the field 

for the presence of hydric soil indicators which are described in the National Technical 

Committee for Hydric Soils (NTCHS) Field Indicators of Hydric Soils in the United 

States (NRCS 2010) and in the Atlantic and Gulf Coastal Plain Regional Supplement 

(USACE 2010). 

Third, vegetative species present in each data plot were recorded for each of the 

following vertical strata: tree canopy or individual trees; sapling or shrub layer; and 

herbaceous layer. Percent cover for each dominant species were determined by ocular 

estimation. Dominant species were determined using the 50/20 rule found in the 1987 

ACOE Delineation Manual. Plant communities that met hydrophytic vegetation criteria if 

greater than 50% of the dominant species from all strata were classified as obligatory, 

facultative-wet, or facultative species for the Southeast or Region 2 according to U.S. 

Fish and Wildlife Service (1988). In areas where hydric soils and hydrology were present 

but hydrophytic communities are not dominant, the prevalence index was used to 

determine if the wetland vegetation criteria were met. 

Fourth, elevation data was obtained using a Trimble R10 GNSS System®. These 

data were used to determine the hydrology criteria which will be assessed in conjunction 
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with observation of primary and/or secondary field indicators as described in USACE 

(2010). The hydrology criteria are met if one primary field indicator is observed or at 

least two secondary indicators are observed as listed in the USACE manual. 

Finally, data points and wetland areas/other waters were mapped utilizing a 

Trimble Geo XH® mapping grade differential global positioning system (DGPS) with 

real-time correction. Acreage was obtained using data acquired from the DGPS unit and 

processed within ESRI ArcGIS® software. The site boundary was derived from a 

detailed description of property boundaries by the landowner and information provided 

by the Pointe Coupee Parish Tax Assessor’s office. Geo-tagged digital photographs were 

taken of the project area, dominant plant communities and soil samples with a Sony a55® 

Single Lens Reflex digital camera. See figure 13 for layout of map and findings. 
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Figure 13: Wetland delineation features. (Map by author) 
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Conservation easement 

After the delineation process, the sponsor would then determine if the land is for 

sale at an acceptable price in order to purchase it outright or would negotiate with the 

landowner to develop the bank in partnership where both parties would share in the 

banks’ profits.  The sponsor would then need to apply for a conservation easement which 

would be recorded in the local land records and would legally protect the property in 

perpetuity from any future development or disturbance to the environmental qualities of 

the land.  If the sponsor purchases the land they would become the land organization (or 

“land trust”) responsible for insuring the environmental integrity of the property 

(Gardner, 2011). 

Prospectus and public notice   

Once the USACE approves the Wetlands Delineation Report, the sponsor would 

need to submit to the IRT a Prospectus.  The Prospectus would be the first document that 

outlines the legal, financial and ecological details of the proposed mitigation bank 

planning and would be made public to allow private citizens, groups and other 

governmental agencies outside of the IRT the chance to voice their comments and 

concerns to the USACE.  The IRT would then send all comments back to the bank 

sponsor who would be required to be address each one before given a final approval.   
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Site Design part 2: Analyze existing hydrology to establish precise baseline 

conditions 

Analyzing hydrology using lidar 

Most wetland restoration sites are naturally going to be relatively flat. In order to 

establish precise hydrologic baseline conditions throughout these flat areas it is necessary 

to obtain the best possible elevation data for that site. Using lidar derived elevation data is 

the current preferred method if it is available. (While there are numerous spellings for the 

word lidar and many people believe the term is an acronym for ‘Light Detection And 

Ranging,’ the 2013 Oxford English Dictionary states that the term lidar was actually 

created as a portmanteau of "light" and "radar” and spells the word as lidar, (2013). 

Fortunately Louisiana has created lidar derived elevation data for the entire state and has 

made these data available to the general public.  

The lidar data used for the data in this report were produced using the following 

method: Binary point-cloud data were produced from remotely sensed, geographically 

referenced elevation measurements by Northrop Grumman, 3001 Operating Unit in 

collaboration with the National Geospatial Program (NGP) and the U.S. Geological 

Survey (USGS) Coastal and Marine Geology Program (CMGP). Elevation measurements 

were collected over the area using an Optech Gemini ALTM 213, a pulsed laser ranging 

system mounted onboard an aircraft to measure ground elevation, and vegetation canopy. 

The system uses high-frequency laser beams directed at the Earth's surface through an 

opening in the bottom of the aircraft's fuselage. The laser system records the time 

difference between emission of the laser beam and the reception of the reflected laser 

70 

 



Texas Tech University, Lionel Plummer, December 2014 

 

signal in the aircraft. The plane travels over the target area at approximately 65 meters-

per-second at an elevation of approximately 1500 meters, using a field of view of 34 

degrees, resulting in a laser swath of approximately 930 meters with an average point 

spacing of 1 meter. The distance between flight lines is 690 meters and each flight line 

has 28 percent overlap. The Gemini measures ground elevation with a vertical accuracy 

that meets or exceeds the required RMSEz of 18.5 centimeters and the vertical accuracy 

of 36.3 centimeters at the 95 percent confidence level. A sampling rate of 70 kilohertz 

results in an extremely dense spatial elevation dataset. The lidar data were acquired at a 

density sufficient to support a 1 meter post spacing. The bare-earth surface will contain 

voids in areas that were densely vegetated, covered by bridges, buildings, water, fresh 

asphalt, and sand. See figure 14 for a depiction of the site elevation data using lidar 

derived points. 

These lidar points can then be used to generate an elevation analysis that is 

accurate up to 1 meter. The map in figure 14 shows lidar analysis of the study site.  

Analyzing hydrology using a global navigation satellite system 

For this report, seeking to follow the principle of analyzing the existing hydrology 

as precisely as possible, more accurate hydrologic data, obtained from the Trimble R10 

GNSS System® was obtained using the following method. First the device was mounted 

on a survey pole and point data were collected individually across key sections at the site. 

These key section included a majority of the artificial drainage network that crisscrossed 

the site. It also included the drainage culverts located on the borders of the property. The 

device was then mounted on a backpack and each of the drainage swales were traversed 
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on foot with the device automatically recording an elevation data point every two feet. 

Finally, the device was mounted onto a Ranger® off-road vehicle and the entire site was 

covered with the GNSS System registering a data point every three feet. See figures 14 

and 15. 

The data points from the GNSS system were imported into ArcMap and a 

Triangulated Irregular Network (TIN) was generated. The end result showed nearly 6’ of 

added elevation depth at the site mainly within the tight swale passages that would have 

been missed by the lidar’s 1 meter resolution capability. Fifteen cross sections at critical 

drainage areas throughout the site were then developed to establish precise baseline 

conditions for a more accurate redesign. These cross sections using the GNSS data were 

also compared against the same section using lidar data. The results are detailed in the 

maps in appendix II. 

The more precise baseline conditions make it possible to establish a more precise 

design plan, especially in the filling of the swales and drainage ditches. This can directly 

impact not only the reestablishment of a more nuanced restored hydrologic structure but 

can also result in more accurate figures when estimating the cost of the field work. 
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Figure 14: Site elevation using lidar data from FEMA. (Map by author) 
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Figure 15: Elevation data obtained using GNSS system by Trimble. (Map and data by author) 
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Figure 16: Section illustrating difference between lidar and GNSS data. (Map by author) 
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Site Design part 3: Designing a sustainable framework 

As was mentioned in the literature review, the principle of using sustainable 

energy to power the hydrologic system is put into practice by simply designing the newly 

graded topography to allow water to flow into and out of the site through gravitational 

power only. While pumping systems are required in many wetland restoration projects at 

the urban level, where elevation changes cannot be made so easily due to an established 

infrastructure, in the vast majority of wetland restoration banks that are sited in pasture or 

agricultural lands, which are already relatively flat, the process of grading the topography 

to allow for the gravitational flow of water is a relatively straightforward affair of using 

established spot grades and determining which areas of land need to be raised or lowered. 

Through an analysis of the TIN produced by the GNSS points, it was determined that the 

site currently supports a hydrologic framework where all the water entering the site flows 

from a northeast to southwest direction (see figure 17.) 

Site Design part 4: Reestablishing natural hydroperiods 

The reestablishment of the natural hydroperiods at the site can be accomplished 

through a process of regarding the existing topography. This was done by first by 

developing a conceptual grading plan by reworking the contours to realize a new 

configuration for the topography. The following goals determined the guidelines and 

constraints for the grading process:  

• Water would be slowed but not constricted, so as to support an open 

hydrologic framework 
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• All narrow, deep, linear drainage elements would be filled nearly to the 

top of their banks and then graded on their south side with a gently slope 

to allow for the water to ‘sheet flow’ across the site 

• Paint would be applied at the drip line (root zone) of existing trees so that 

they would be eliminated from any cut and fill activity 

• Cut and fill would be balanced so no soil would be left as spoil piles on 

site and no soil would need to be imported into site to fill swales 

• The ground would not be left uniformly level so that different plant 

systems could develop based on water depth and length of saturation. 
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Figure 17: Existing water flow direction. (Map and data by author) 

78 

 



Texas Tech University, Lionel Plummer, December 2014 

 

 

Figure 18: Proposed cut and fill should be balanced. (Illustration by author) 
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Figure 19: Proposed grading to allow for sheet flow across site. (Illustration by author 
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Site Design part 5: Allowing for the self-design capacity of nature 

By grading the site according to the previous plans we have developed a 

sustainably powered, open hydrologic system. The site would now feature exposed top 

soil where the grading cut and fill operations were performed as well as the existing trees 

that were protected from grading.  

A typical mitigation bank, seeking to restore a site back to its previous state as a 

bottomland hardwood wetland forest would call for a systematic planting of native 

hardwood trees. The following species would typically dominate this area and would be 

planted as saplings by most bank sponsors: Quercus lyrata (overcup oak), Carya aquatic 

(water hickory), Celtis laevigata (hackberry), Ulmus Americana (American elm), and 

Fraxinus pennsylvanica (green ash). Associate species include Fraxinus pennsylvanica 

(green ash), Celtis laevigata (hackberry), Cornus foemina (swamp dogwood), Forestiera 

acuminata (swamp privet), Planera aquatica (planertree), Cephalanthus occidentalis 

(buttonbush) and vines. This community type has a long successional stage and would 

require several decades to reach maturation.  

However, this project, seeking to follow the principle of allowing for the self-

design capacity of nature would simply allow the site to develop its vegetative 

community naturally. The grading plans called for the protection of all existing trees on 

site and figure 21 shows a maturing Quercus lyrata that is at least 30 to 40 years old 

growing in the southern part of the site. This tree and others like it will provide seeds for 

the new vegetative growth. The open hydrologic structure will also allow for seeds to 
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flow into the site and, with the removal of the cattle, saplings emerging from the existing 

seed bank will once again be allowed to develop (see figure 20).  
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Figure 20: Parameters for allowing for the self-design capacity of nature. (Illustration by 

author)  
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Figure 21: Mature Quercus lyrata (overcup oak) currently on site. (Photo by the author 
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Site Design part 6: Giving the system adequate time to develop 

The following four photos provide an indication of how this restoration project 

would develop over the course of 50 years. As the first photo indicates, for several years 

after the initial grading, the site would consist of collection of weeds and newly emerging 

saplings, many of which would consist of exotic or invasive species. A note on invasive 

species: While many restoration projects would outline a plan to eliminate these invasive 

species through chemical or mechanical methods, this restoration plan does not. Its goal 

is primarily to allow a 21st century bottomland hardwood wetland to develop on its own 

accord, not to attempt to recreate the wetlands that once existed here 70 years previously.  

This site was dominated by these large trees, the underbrush would thin out from 

lack of sunlight. Before tree maturation, the understory would feature growth much like 

figure 22a which shows the early stage of the bottomland hardwood forest taking shape 

on the west side of The Bays canal. As such, developing a final picture of what this 

wetland will look like is difficult however, with the proper hydrology in place, it should 

develop with a predominance of native species as indicated in the final photo.   
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Figure 22: Above, current state and similar site 2 years after restoration. (Photos by author) 
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Figure 23: Above would be typical site conditions after 15 years; the photo below of a 

mature bottomland hardwood would be the restoration’s ultimate goal. (Photos by author) 
87 

 



Texas Tech University, Lionel Plummer, December 2014 

 

 

Site Design part 7: Developing standards based on hydrology  

Using the design parameters outlined above would necessitate a set of success 

standards different from the typical vegetative-based standards that the Corps normally 

uses to evaluate completed wetland mitigation banks. In this case, as no new vegetation 

would be introduced by the bank sponsor, using sapling survival rates is obviously not an 

option. A bank designed according to these principles would also need more time to be 

evaluated than the typical 5 year monitoring schedule would allow. This would be 

problematic for bank sponsors as the remaining percentage of the credits they are allowed 

to sell in their bank would only be made available to them by the Corps after the 

successful submission of their 5 year monitoring reports. Asking a sponsor to wait 10 or 

more years to determine the success of their bank, and thus allow them to sell the final 

credits remaining in the bank, would deter many sponsors from beginning this process. 

Therefore, the following monitoring standards, adhere to the 5-year timeframe so as to 

maintain a viable financial model for future wetland banks. 

After all site grading has been complete it should be possible to test the following 

standards within 5 years to indicate if the mitigation bank is beginning to function 

properly: 

1) At 1,3 and 5 year marks, test the inflow and outflow volume of the water at 

the mitigation bank to insure that the open hydrologic structure is functioning 

properly. It is important that water be allowed to circulate throughout the site 
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as well as leave the site so as to maintain an open hydrologic system which 

allows for the introduction of new seeds as well as nutrients. 

2) At 1,3 and 5 year marks, measure the duration and depth of the water ponding 

at different parts of the mitigation bank. Figure __ depicts the areas of the site 

where ponding should occur and last longest. These areas can be measured to 

insure that the grading was done properly. 

3) At the 5 year mark, determine if all soil areas are becoming hydric. This can 

be done by conducting a partial wetland delineation which focuses exclusively 

on hydrology using the indicator methods listed by USACE. At the 5 year 

mark, most soil on the site should be thoroughly hydric.  

4) At the 5 year mark, evaluate the species of new vegetation as indicators of 

wetland hydrology. The following species natural to the bottomland hardwood 

forests should be developing: Quercus lyrata (overcup oak), Carya aquatic 

(water hickory), Celtis laevigata (hackberry), Ulmus Americana (American 

elm), and Fraxinus pennsylvanica (green ash). Associate species include 

Fraxinus pennsylvanica (green ash), Celtis laevigata (hackberry), Cornus 

foemina (swamp dogwood), Forestiera acuminata (swamp privet), Planera 

aquatica (planertree), Cephalanthus occidentalis (buttonbush) and vines.   
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CHAPTER 4: SUMMARY AND CONCLUSIONS 

Summary of Goals Attained 

Since 2008, wetland mitigation banking has become the preferred method by both 

the Corps of Engineers and the EPA to handle permitted wetland losses under the 1972 

Clean Water Act. As of 2014, well over 1,000,000 acres of land have been converted to 

mitigation banks across the country. As each one of these banks is required to be 

protected from any future development with a conservation easement, this is undoubtedly 

good news for the preservation of wetlands. Indeed the Corps is now oftentimes requiring 

that permitted losses be replaces at a greater than a 1:1 ratio and our national wetland 

policy continues to be ‘no net loss.’ However, wetland scientists have been concerned 

that these ‘replacement ecosystems’ as they are often called, do not function at the 

capacity of the systems they are replacing. 

What this paper sought to discover was if the hydrology at these restoration sites 

was being redesigned in an appropriate manner – a manner which would allow for a fully 

functional wetland ecosystem to develop in the ensuing decades. The decision to focus on 

hydrology was for two reasons: 1) Wetland scientists are in agreement that hydrology is 

the single most influential factor determining a wetlands future abiotic and biotic life; and 

2) a review of the current literature showed that the Corps routinely ignores hydrologic 

standards when they evaluate a mitigation bank during its 5 year monitoring process 

focusing instead on vegetative growth and survival rates. 

Reviewing the literature on hydrologic redesign for wetland restoration projects 

brought to light seven principles that scientists felt should be followed. These principles 
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however are hard to quantify and evaluate and were developed by scientists primarily 

working in fields such as ecological engineering and restoration. Many of these principles 

run counter traditional engineering and design discipline thinking and training. 

The first of these principles recommended the analysis of the existing landscape at 

the watershed level in order to develop a hydrologic context. Simply put it was the idea 

of not working in a vacuum – that the larger landscape or watershed in which the future 

bank will be should be analyzed to determine the typical hydrology that occurs within 

that region. It was seen that in an ideal scenario this analysis would be conducted to 

determine precisely where the best locations would be for wetland banks. However it was 

seen that real estate and financial forces usually were the deciding factors as to where a 

bank is sited. 

The second principle stressed the importance of thoroughly analyzing the existing 

hydrology in order to make accurate decisions in the redesign process – especially in the 

grading process. As any wetland restoration site is going to be relatively flat, the 

importance of highly accurate elevation data was deemed critical. This principle was put 

to the test in the applied design section when the author mapped out over 30,000 

elevation points at the theoretical bank site using a survey grade GNSS. The elevation 

data that resulted from these points was compared to publicly available lidar data and in 

many cases, especially within the tight confines of drainage swales, the survey equipment 

generated sectional data that was nearly six feet lower than what the lidar indicated. 

These improved data sets would help more accurately assess how the site should be 

graded to restore wetland conditions.  
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The third principle noted the importance of using sustainable power sources to 

support hydrologic movement across the site. If graded properly, the new site should 

allow gravity to be the driving force behind water movement into and out of the site. This 

would of course alleviate the need for any mechanical pumping mechanisms.  

Grading the site in such a manner as to allow for the natural fluctuations that 

occur from hydroperiods was seen as the fourth principle and it was discovered that this 

may be the most difficult one to implement. Natural hydroperiods often allow for 

flooding, drought and other cycles of nature that may be permitted to exist on a well-

designed bank site however, most sites border private property which must be protected 

against any runoff from a neighbor’s property. Reviewing data from banks in Florida and 

California, it was seen that this principle can, however be put into practice at many larger 

(>1,000 acre) sites. 

The fifth principle of allowing the vegetation to develop naturally would easily be 

the most controversial. Most of the mitigation banks studied in this paper called for 

extensive planting of native vegetation after the grading was completed. In many ways, 

this act comprises the heart of the restoration effort as it is the most costly effort and the 

new vegetation becomes the focus of the ensuing monitoring reports. However, the 

literature review showed how Mitsch and his colleagues have demonstrated that after 15 

years, the vegetative species and biomass at wetlands that were initially planted was 

nearly identical to the wetlands that were received no initial plantings. The key to this 

development was in establishing an open hydrologic system which would allow for the 

regular influx of new seed material into the site.  
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The sixth principle asked that we allow the new system adequate time to develop. 

One reason is that if the fifth principle in allow the vegetation to develop naturally is 

followed, the site will probaly not look ‘successful’ for the first several years, possibly 

decades. Certainly there will be an abundance of invasive species competing with newly 

emerging native plants. Many areas may not appear to be developing at all. However, as 

the site has been protected with a conservation easement which will preserve it from any 

future development in perpetuity, there is no rush to pronounce a final verdict. We have a 

unique opportunity with these bank sites to experiment with varying methods of 

restoration to determine what works and what doesn’t. It simply requires the patience to 

allow for processes that will take several decades. 

The final principle looked at the monitoring process that occurs for five years 

after a site’s completion. Reviewing the literature showed how nearly all monitoring 

standards focused on the survival and growth rates of the newly planted vegetation and 

how wetland scientists were in agreement that the newly developed hydrology would 

play a far more influential role in the long-term success rates of the projects. Therefore, it 

was proposed that standards focus on hydrologic data such as length and depth of 

ponding, water flow into and out of the site, groundwater infiltration and seepage. 

Seventy existing wetland mitigation banks across nine different USACE districts 

were then evaluated using these seven established principles. A scoring system was 

developed to gauge the success of how closely the mitigation banks adhered to the 

hydrology principles throughout their design and development stages. Bank data which is 

to be made available to the public was difficult to obtain in many Corps districts. It was 
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also seen that results varied widely depending on Corps district. Overall the Sacramento 

and Jacksonville districts scored highest according to the established criteria. 

 

Recommendations for Future Research 

As the field of wetland mitigation banking is relatively new there are numerous 

topics which may interest those wishing to conduct further research in this area.  

One area that was discussed briefly in this text and has been the subject of 

considerable interest is how to put an economic price tag on ecological resources. 

Currently the price of mitigation bank credits comes from both marketplace competition 

(more than one bank in a watershed competing for the same permittees) as well as the 

process that the Corps goes through to establish the compensatory ratio which establishes 

the initial value of a mitigation bank. As was noted, this process of establishing the 

compensatory ratio can be contentious and complex and bank sponsors have been 

frustrated that these ratios can change dramatically from one USACE district to another 

(Hough & Robertson, 2009). Robertson (2004) writes, “Imposing market relations on 

uncapitalized environmental phenomena requires techniques by which a dollar value can 

be place on ‘environmental services’, and such techniques… certainly difficult and 

fraught with uncertainties… have proliferated over the past decade” (p. 365). Further 

research into establishing methodologies for developing these techniques would certainly 

yield interesting studies. 

Another area that would benefit from further research is a continuation of the work 

that Mitsch and his colleagues began at the Olentangy Research Park at The Ohio State 
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University. This was discussed in depth in the section on allowing the self-design 

capacity of nature to develop the vegetation. While it seems so intuitive to let a wetland 

ecosystem develop on its own accord (given that the proper hydrologic parameters have 

been established) today’s landscape is rife with pollution and invasive species. Would a 

restoration project such as the one proposed in Chapter 3 where no planting was done to 

establish new vegetation actually develop into a mature bottomland hardwood forest, or 

would it simply be a tangled mess of underbrush and invasive species such as the 

Triadica sebifera (Chinese tallow) that run rife throughout Louisiana. Studies such as 

these which could prove so valuable would of course require an enormous amount of 

time. However, the possibility may exist that USACE would consider allowing certain 

mitigation banks to be developed in this manner to determine how well they fare after 10, 

15 and 20 years.  
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