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Abstract: The success of wetland mitigation projects nationwide is typically assessed by comparing the total number 
of wetland mitigation acres attained to the total number of mitigation acres required by Section 404 permits. In the 
absence of performance measurements on mitigation wetlands, the success of compensatory mitigation in replacing 
the ecological values of impacted wetlands is increasingly questioned by wetland scientists. This study focuses on 
evaluating regulatory compliance and ecological performance of mitigation wetlands in Iowa. Regulatory compliance 
was determined by comparing delineated wetland areas to permitted losses and by evaluating completeness of permit 
conditions at 24 randomly selected Iowa Department of Transportation wetland mitigation sites. In a separate study, 
intensive biological inventories were used to evaluate ecological performance at 12 mitigation and three reference 
wetlands. Species richness and abundance data were collected on algae, protozoa, aquatic invertebrates, butterflies, 
amphibians, reptiles, birds and mammals at each site. Species richness and diversity at mitigation sites and reference 
sites were compared to determine if mitigation wetlands are performing differently than reference wetlands in Iowa.  
The results are valuable for building and expanding the tools and knowledge necessary to effectively assess and 
manage the ecological performance of compensatory mitigation wetlands and improve the ecological effectiveness of 
wetland mitigation. 

Introduction

Section 404 of the Water Pollution Control Act or Clean Water Act (CWA) requires mitigation for unavoidable wetland 
losses resulting from transportation related impacts.  Scrutiny of compensatory wetland mitigation programs across 
the country has taken place in recent years (National Research Council 2001; Storm and Stellini 1994).  In the late 
1990’s, the National Research Council established the Committee on Mitigating Wetland Losses to evaluate how 
compensatory mitigation required under Section 404 of the CWA is contributing toward satisfying the overall objective 
of restoring and maintaining the quality of the nation’s waters (National Research Council 2001).  The committee 
concluded that the mitigation program fails to meet the goal of no net loss of wetlands for wetland functions.  In addi-
tion, the committee found that permit conditions fail to clearly define performance expectations and that the mitigation 
program lacks a suitable mechanism to assure compliance.  These conclusions have resulted in increased scrutiny and 
criticism of compensatory mitigation programs nationwide.   

Several recent studies have attempted to evaluate the degree of success of compensatory wetland mitigation 
programs in other states. Brown and Veneman (2001) found over 50 percent of the mitigation sites sampled (n = 
114) were not in compliance with wetland regulations.  Sites failed to meet permit conditions largely due to acreage 
shortfall and out of kind mitigation (e.g., the mitigation wetland was not the type of wetland specified in the permit).  
Failure due to sites having less area than required by the permit is not uncommon.  Nearly 75 percent of the mitigation 
sites reviewed in Tennessee failed to meet acreage requirements (Morgan and Roberts 2003) and in a similar study, 
researchers found 44 percent of the sites (n = 44) assessed failed to meet area requirements resulting in a net loss 
of wetlands (Robb 2002).  With an increased awareness in wetland mitigation failure, regulatory agencies are initiating 
reviews of programs nationwide. 

A steady increase in non-compliance inquiries in Iowa prompted the Iowa Department of Transportation to evaluate 
the compensatory mitigation program at two levels:  regulatory compliance and ecological performance. The research 
objectives of these studies are to:

  1.    Determine the degree of regulatory compliance with requirements specified in the Clean Water Act Section        
 404 permits.

  2.    Quantify biological diversity of mitigation and reference wetlands.
  3.    Determine if mitigation and reference wetlands are functioning differently.
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Methods

Data Collection
 
Regulatory Compliance

Wetland areas were delineated at 24 randomly selected Iowa Department of Transportation wetland mitigation sites 
(Figure 1 and Table 1). Wetlands at each study site were identified and their boundaries delineated using the Routine 
On-Site Determination Method as defined in the Corps of Engineers Wetlands Delineation Manual (Environmental 
Laboratory 1987). Wetland delineations were conducted in August and September 2003 and from May through August 
2004. Wetlands were classified using the Cowardin et al. (1979) system. 

Wetland boundaries were identified in the field and mapped using a Trimble GeoExplorer CE® Global Positioning System 
(GPS) receiver. Data from the receiver were post-processed using Trimble Pathfinder Office® version 3.00 software for 
an accuracy of <1 meter. The GPS data were then transferred to aerial photography. Because of the variability in mitiga-
tion sites, permit conditions, and mitigation objectives, additional data were collected to determine permit compliance 
(e.g., tree planting survival, waterfowl nesting islands) at specific sites as needed. 

Figure 1. Location of mitigation and reference wetlands evaluated for regulatory compliance and ecological 
performance in Iowa, USA.
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Table 1: Characteristics of mitigation and reference wetlands evaluated for regulatory compliance and ecological 
performance in Iowa, USA

Ecological Performance

Intensive biological inventories were used to evaluate the biological condition of 12 Iowa Department of Transportation 
mitigation wetlands and three reference wetlands in Iowa (figure 1 and table 1).  Species richness and abundance 
data were collected at each site for eight species groups, including algae, protozoa, aquatic invertebrates, butterflies, 
amphibians, reptiles, birds and mammals.

Algae, protozoa, and aquatic invertebrates. Field collection of algae, protozoa, and aquatic invertebrates was done 
using benthic and surface grab sampling and net sampling for plankton (APHA 1998; US EPA 2002a).  Each of the 
study sites was sampled over a period of three days during five sampling periods between April and November.  An 
average of four samples was collected at each site on each sampling day and samples from similar habitats at any one 
site were pooled. Sample analysis included microscopic examination of fresh (or settled) samples and digestion and 
preservation of diatom samples (APHA 1998).  

Butterflies. Butterfly data were collected on the species present at each study site every 10 days during the non-frost 
season.  Methods included meander surveys of all habitats and counts of all individuals of each species encountered 
(Pollard 1991; Pollard and Yates 1993). 

Vertebrates. Amphibians were surveyed from April through June to insure sampling of all species present (Heyer et 
al, 1994; US EPA 2002b).  Salamanders were trapped April through June using wire screen funnel traps and hand 
collected during terrestrial and aquatic searches throughout the survey.  Calling surveys and hand collecting of frogs 
and toads were conducted primarily from April through June during the time that each species is known to breed and 
continued throughout the survey.    
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Reptiles were surveyed from May through mid-July when they are most active.  Snakes and lizards were documented 
through meander surveys of the study sites.  Aquatic turtle trapping was conducted in all permanent bodies of water 
possessing suitable turtle habitat using modified fyke nets as described by Legler (1960). 

The most intensive surveys for amphibians, reptiles and small mammals utilized drift fences as described by 
Christiansen and VanDeWalle (2000). Drift fence sampling took place from May through September.  Sherman live 
traps were used in conjunction with the drift fence for small mammals. 

Migratory birds were surveyed during March and November and breeding bird surveys took place from May through July 
(Fairbairn and Dinsmore 2001; US EPA 2002c).  

Voucher specimens. Voucher specimens were taken for difficult identifications under current Iowa Department of 
Natural Resources Scientific Collecting Permits. Voucher specimens collected for this project were processed following 
standard methods for each species group (Heyer et. al. 1994; Wilson et. al. 1996; APHA 1998; Deblase and Martin, 
2000; Winter 2000; Simmons 2002; US EPA 2002a). 
 
Data Analysis

Regulatory Compliance

Regulatory compliance was determined by comparing the delineated wetland acreage at each study site to the total 
wetland acreage requirements specified in individual CWA Section 404 permits, regardless of how the acreage was 
obtained (creation, restoration, enhancement or preservation).  

Ecological Performance

Diversity at mitigation and reference sites was quantified using Hill’s N1 (Hill 1973) as a representative measure of 
species diversity. Hill’s N1 is given by:

where pi is the proportion of a given species found at a site. N1 is one method of calculating the “effective number of 
species” (MacArthur 1965; Hill 1973).  It is the exponential of the Shannon index; unlike Shannon’s index, Hill’s N1 
represents a true diversity that behaves linearly and is therefore easier to interpret ecologically than the Shannon form 
(Peet 1974). Because it is derived from Shannon’s index, it also has the advantage of not emphasizing either rare or 
common species (Jost 2006).

Species diversity of mitigation sites versus reference sites was compared using the Mann-Whitney two-sample rank-sum 
test (Mann and Whitney 1947) to determine if mitigation wetlands are performing differently than reference wetlands.

Because of the differing number of mitigation sites (n=12) and reference sites (n=3), species richness of mitigation 
sites versus natural sites was compared using expected species accumulation curves, i.e., sample-based rarefaction 
curves (Gotelli and Colwell 2001).  The curves were calculated using EstimateS Version 8 (Colwell 2006).  This program 
calculates the expected species accumulation and its associated 95 percent confidence intervals using the methods of 
Colwell et al. (2004).  

For each of the major groups of organisms, observations of species abundance for all mitigation sites were amalgam-
ated into one dataset, and data for reference sites were amalgamated into another. As recommended by Gotelli and 
Colwell (2001), the expected species accumulation curves and their 95 percent confidence interval curves by individu-
als were rescaled.  By comparing the curves for each group of organisms, species richness between the two groups of 
sites could be compared based upon the actual number of individuals recovered.

Results

Regulatory Compliance

Of the 24 sites evaluated for regulatory compliance, 58 percent (n=14) meet or exceed Section 404 permit require-
ments. Net gain (13 sites) ranged from 0.19 acre to 27.2 acres. Two sites, Abma Tract and Colo Bogs Cummings Tract, 
exceed the requirements by 929 percent and 631 percent, respectively.  Forty –one percent (n=10) of the mitigation 
sites failed to meet Section 404 permit requirements. Net loss (10 sites) ranged from 0.2 acre to 14.6 acres. The 
Denver Bypass 1 site was the worst performer, having failed to establish any wetland mitigation acres and the Akron 
Wetland Mitigation Site was the best performer with slightly more than 27 wetland mitigation acres, over the permit 
requirement. A summary of Section 404 permit requirements, delineated wetland acreage and percent compliance for 
each of the study sites is shown in table 2.

A total of 338.02 acres of wetland were delineated at the 24 sites.  This represents a total net increase of 43.91 acres 
over the Section 404 permit requirements for the projects. However, as shown in Table 2, the majority of the increase 
is due to just two sites, the Akron Wetland Mitigation Site and Colo Bogs Cummings Tract. If these two sites were 
removed from the analysis, it would result in a total net loss of 8.58 acres.  
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Table 2: Section 404 Permit Requirement, delineated wetland acreage and percent compliance for each study site 
evaluated for regulatory compliance

The 10 under-performing sites are split equally between creation and restoration (five each) (table 1). Five of these (50 
percent) are more than five years post construction, two (20 percent) are five years post construction, one (10 percent) 
is three years post construction and the remaining two (20 percent) are one year post construction.  Of the sites that 
meet or exceed permit requirements, approximately 93 percent are five years or less post construction and approxi-
mately 43 percent are only one year old. Only one of the 14 successful sites is more than five years old. 

Overall, mitigation at these 24 sites has resulted in a net gain of nearly 44 acres of wetland over the acreage required 
by the Section 404 permits. As previously indicated just two sites account for the majority of the excess acreage.  Only 
one site completely failed to meet the definition of a jurisdictional wetland, the Denver Bypass site, which was con-
structed in 1994 (tables 2 and 3).

Ecological Performance

A summary of species diversity by study site is shown in table 3 and figures 2 and 3. As a way of comparing diversity 
between the 15 sites, overall diversity was calculated using the effective number of species for each of the eight spe-
cies groups to determine an average rank for each site. The sites were then given an overall ranking of 1–15 based on 
the average rank, with 15 representing the highest overall species diversity (table 3 and figure 4).
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Table 3: Summary of species diversity as estimated by effective number of species at 15 wetland study sites (12 
mitigation and 3 reference) located in Iowa, USA (2005-2006)

*Not significant at α =0.05

Figure 2. Biodiversity of aquatic organisms as estimated by effective number of species at 15 wetland study 
sites (12 mitigation and 3 reference) located in Iowa, USA (2005-2006).
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Figure 3.  Biodiversity of terrestrial organisms as estimated by effective number of species at 15 wetland study 
sites (12 mitigation and 3 reference) located in Iowa, USA (2005-2006).

Figure 4.  Overall species diversity found at 15 wetland study sites (12 mitigation and 3 reference) located in 
Iowa, USA (2005-2006).

The highest ranking site in terms of overall diversity is South Point, a large (40 acre), created mitigation site that was 
one year post construction at the time it was surveyed.  South Point had the highest diversity of algae and aquatic 
invertebrates of any site (table 3 and figure 2), the second highest amphibian diversity and the third highest diversity 
of butterflies (table 3 and figure 3). Along with South Point, two of the reference sites (Hay-Buhr Area and Engeldinger 
Marsh) were in the top five in overall diversity.  

The third reference site, Doolittle Prairie, ranked the lowest in overall diversity. Doolittle Prairie is a small (26 acre) 
native tallgrass prairie remnant with a series of small prairie potholes located across the site that was dedicated as 
one of Iowa’s State Preserves in 1980. Portions of the site have never been plowed.  Doolittle Prairie had the lowest 
amphibian diversity and the second lowest butterfly diversity (table 3 and figure 3).  With respect to protozoa and 
aquatic invertebrates, the only sites with lower diversity than Doolittle Prairie were sites that were dry all, or a large 
portion, of the year in which they were sampled.
   
When the effective number of species (Hill’s N1) by species group at mitigation sites is compared to that found at 
reference sites, no significant differences are found within any of the groups (table 3). Because the effective number of 
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species is a measure of the number of common species at a site, this result suggests that the number of common spe-
cies within each species group is approximately equal between mitigation and reference sites.  In an effort to further 
explore the question of whether mitigation sites are performing differently than reference sites, the species richness of 
mitigation sites versus reference sites was compared using expected species accumulation curves (figures 5a–5h).  

The species accumulation curves for algae, protozoa, and aquatic invertebrates all show similar patterns (figures 
5a–5c).  Based on the numbers of individuals recovered, the 95 percent confidence intervals for the mitigation sites 
overlap those of the reference sites for all three groups of organisms.  This indicates that insufficient evidence exists 
to reject the null hypothesis of no significant difference in species richness between the two types of sites given 
comparable sample sizes.  In addition, as more individuals are recovered, the number of species for both mitigation 
and reference sites do not appear to be converging to an asymptote, indicating that many additional species remain to 
be recovered.  For algae, rarefaction of the mitigation site curve to a sample size of about 2000 individuals (the total 
for the pooled reference sites) suggests that when the number of individuals recovered is taken into account, “rarefied” 
species richness at the two types of sites is approximately equal at 200.  For aquatic invertebrates at a sample size 
of about 110 individuals (the total for the pooled reference sites) it is approximately equal at 29 species.  Based on a 
sample size of about 60 individuals (the total for the pooled reference sites), “rarefied” species richness for protozoa 
ranges from approximately 63 to 69 species at the two types of sites.

Among vertebrate taxa, the species accumulation curves for birds (figure 5d) exhibit patterns similar to those noted 
for algae, protozoa, and aquatic invertebrates.  No significant difference in species richness was detected between 
the two types of sites given comparable sample sizes, and many additional species probably remain to be recovered.  
Rarefaction of the mitigation site curve to a sample size of about 575 individuals (the total for the pooled reference 
sites) suggests that “rarefied” avian species richness ranges from approximately 54 to 62 species between the two 
types of sites.

The species accumulation curves for mammals (figure 5e) exhibit a slightly different pattern than that noted for birds.  
No significant difference in species richness was detected between the two types of sites given comparable sample 
sizes, but the curve for mammals at the mitigation sites appears to be converging to an asymptote of about 25 species, 
thereby suggesting that all common and most rare species have been recovered.  The curve for reference sites does 
not appear to converge to an asymptote, indicating that many additional species probably remain to be recovered.  
Rarefaction of the mitigation site curve to a sample size of about 330 individuals (the total for the pooled reference 
sites) suggests that “rarefied” mammalian species richness ranges from approximately 14 to 16 species between the 
two types of sites.

For reptiles, the species accumulation curves are somewhat similar to those for mammals (figure 5f). No significant 
difference in species richness was detected between the two types of sites given comparable sample sizes. The curve 
for reptiles at the mitigation sites appears to be converging to an asymptote, thereby suggesting that most species 
have been recovered.  The curve for reference sites is not converging to an asymptote, indicating that most likely only 
the most common species have been found and that many additional species probably remain to be recovered.  In 
addition, the 95 percent confidence intervals for the reference sites are very wide, ranging from five to 15 species 
at a sample size of 21 individuals (the total number recovered from all of the reference sites). This reflects both the 
small sample size and the high variability in observed reptilian species richness at the reference sites (one species at 
Engeldinger Marsh, nine at Hay-Buhr, and two at Doolittle Prairie).  Rarefaction of the mitigation site curve to a sample 
size of 21 individuals (the total for the pooled reference sites) suggests that “rarefied” reptilian species richness ranges 
from approximately seven to 10 species between the two types of sites.
 
The species accumulation curve for amphibians (figure 5g) at mitigation sites is noteworthy because beginning at 
a sample size of about 1,000 individuals it converges to an asymptote of 13 species, suggesting that all available 
species have been found at this group of sites. The 95 percent confidence intervals for the mitigation sites overlap 
those of the reference sites, indicating that insufficient evidence exists to reject the null hypothesis of no significant 
difference in species richness between the two types of sites.  However, at a sample size of about 190 individuals, the 
curve for reference sites shows signs of beginning to converge to an asymptote at an undefined level lower than that 
noted for the mitigation sites. This suggests that although additional species remain to be recovered at the reference 
sites, additional 
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Figure 5. Species accumulation curves. Thin line = mitigation site; thick line = reference site. The middle line in 
each curve represents the mean. The outer two lines represent the 95% confidence intervals. If the 95% confi-
dence intervals for the two curves overlap, this indicates there is no significant difference in species richness 

between the two groups.
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sampling at the reference sites could cause the curves to diverge, with the reference sites possibly being less diverse 
than the mitigation sites.  Rarefaction of the mitigation site curve to a sample size of about 190 individuals (the total 
for the pooled reference sites) suggests that “rarefied” amphibian species richness ranges from approximately six to 
seven species between the two types of sites.

The species accumulation curves for butterflies (figure 5h) indicate that “rarefied” species richness is significantly 
higher at the mitigation sites than it is at the reference sites.  The 95 percent confidence intervals for the two groups 
of sites diverge at about 1,800 individuals, providing evidence sufficient to reject the null hypothesis of no significant 
difference in species richness between the two types of sites.  The curves for both groups of sites appear to converge 
to asymptotes (approximately 65 species at mitigation sites and approximately 40 species at reference sites, a differ-
ence of 63 percent).  Rarefaction of the mitigation site curve to a sample size of about 1,900 individuals (the total for 
the pooled reference sites) suggests that “rarefied” butterfly species richness ranges from approximately 38 species at 
reference sites to approximately 46 species at mitigation sites, a difference of 21 percent.  This result, in combination 
with the finding of no difference in the effective number of species between the two groups of sites, suggests that the 
difference in species diversity is due to the presence of significantly more rare species at the mitigation sites. 

Discussion

Using Section 404 permit acreage requirements as the criteria for measuring success, 58 percent of the wetland 
mitigation sites evaluated for regulatory compliance are successful.  Using net gain/loss as the measure of success, 
wetland mitigation has resulted in a net increase of nearly 44 acres of wetland over what was required by permits.  
While the program as whole has been marginally successful at meeting permit requirements, individual sites have done 
exceptionally well, which has resulted in the large overall net increase. 

These results are in contrast to those of previous studies in Massachusetts, where over 50 percent of the study sites 
failed to meet regulatory requirements (Brown and Veneman 2001), and Tennessee where 75 percent of the study 
sites failed to meet acreage requirements (Morgan and Roberts 2003).  Percent success in meeting acreage require-
ments in this study was similar to the 56 percent found by Robb (2002) in Indiana.  However, in the Indiana study, the 
44 percent of the sites that did not meet the acreage requirements resulted in a net loss of wetlands, as opposed to 
this study which found an overall net gain in wetland acreage.       

When the age of the sites is taken into consideration, the data suggest that sites that have been constructed in the 
last five years are more successful than sites constructed five or more years ago.  Of the sites constructed in the last 
five years, 75 percent meet or exceed permit requirements.  Only 33 percent of the sites constructed five or more years 
ago meet or exceed permit requirements, suggesting that the Iowa Department of Transportation’s Compensatory 
Wetland Mitigation Program has been improving with time.  In all likelihood, this is due to improved site selection 
criteria and better site design.

This improvement in the success of meeting regulatory requirements may reflect the development and growth of 
wetland programs within Departments of Transportation in many states.  In the past, wetland mitigation design was 
often done as an afterthought by civil engineers with little or no ecological training.  Wetland mitigation was commonly 
located in borrow sites with that hope that some cattails would grow satisfying the wetland requirement.  Many of 
these sites resulted in nothing more than sterile ponds. 

Within the last 15 years or so, many Departments of Transportation have begun staffing their wetland and water 
resources departments with individuals trained in ecology or wetland science.  In addition, outside environmental 
consultants with expertise in wetland science and design are often brought in as part of the design team.  The result 
has been the development of mitigation sites that are designed to function as wetlands.

Not only are these better designed sites more successful at meeting Section 404 permit requirements, they no doubt 
function ecologically better as well.  Data from this study suggest that ecologically, mitigation sites in Iowa are function-
ing similarly to reference sites.  However, the lack of convergence to an asymptote in many of the species accumulation 
curves suggests that for the most part sampling for many of the sites/species groups (particularly the reference sites) 
is effectively incomplete, which may explain the inability to demonstrate differences in the effective number of species 
(Hill’s N1) at mitigation versus reference sites.  A true difference in species diversity may exist between the two groups 
of sites; however, due to small sample size and/or a lack of a sufficiently powerful statistical test, a true difference may 
have gone undetected.

Even though an overall difference in species diversity between mitigation and reference sites was not detected, differences 
between individual mitigation and reference sites are apparent from the data. The starkest contrast is between the newly 
constructed South Point with the highest overall species diversity and Doolittle Prairie State Preserve, which had the lowest 
overall species diversity. One possible explanation for the difference in diversity between the newly constructed South Point 
and the remnant wet prairie at Doolittle is the connectivity of each site to other suitable habitat.  South Point has a direct 
connection to a 6,500 acre wildlife area located along the Skunk River, which is home to a diverse collection of woodland, 
wetland and prairie wildlife. In contrast, Doolittle Prairie is located in a highly agricultural part of the state and is surrounded 
by intensively cropped agricultural land. The fencerows that formerly bordered the site have been removed and the adjacent 
fields are plowed right to the edge of the prairie. No direct connection to any large area of natural habitat exists.
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Within species groups, a significant difference in species richness between mitigation and reference sites was found 
only with the butterflies (figure 5h). No significant difference in the number of effective butterfly species between the 
mitigation and reference sites was found (table 3), indicating that both groups contain approximately equal numbers 
of common species. The 21 percent difference seen in “rarefied” butterfly species richness between mitigation and 
reference sites therefore suggests that the difference in species diversity is the result of more rare species being found 
at the mitigation sites.  The underlying reason(s) for why mitigation sites may be able to harbor a larger assemblage of 
butterfly species is beyond the scope of this study, but may be related to such factors as plant species diversity, plant 
community types, connectivity to other suitable habitat and management.

Many factors can influence whether a site is successful at meeting its regulatory requirements, including site selection, 
site design and construction. Even with the best site location and design, an improperly constructed site may result in 
an acreage shortfall. Although a site may be unsuccessful from a regulatory standpoint, it still may be successful from 
an ecological standpoint and therefore may still be replacing the functional values lost with the impacted wetland.  

The Brush Creek mitigation site in this study is an example of a site that is unsuccessful in meeting its Section 404 
requirements, but is performing well ecologically. The Brush Creek site is only 85 percent compliant with its permit 
requirements, resulting in a net loss of 2.49 acres of wetland (table 2). Ecologically, it ranks ninth out of 15 in overall 
species diversity (figure 4), had the fourth highest diversity of birds and a higher diversity of protozoa, aquatic inverte-
brates, butterflies, reptiles and birds than two of the three reference sites (table 3; figures 2 and 3).  

Likewise, a site can be successful in meeting its regulatory obligations, but perform poorly ecologically, such as the 
Dike mitigation site, which is 141 percent compliant with its permit requirements, resulting in a net increase of 4.11 
acres of wetland (table 2). However, the site ranks fourth out of 15 in overall species diversity and on the low end 
of the diversity for many of the species groups (table 3; figures 2 and 3). These examples serve to illustrate that the 
success/performance of a wetland mitigation site should be evaluated on both regulatory compliance and ecological 
performance.     
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