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ABSTRACT

Since the concept of creating and restoring wetlands as mitigation for impacted wetlands is
still relatively new, the most effective method of assessing vegetation quality in mitigation wet-
lands has yet to be determined. United States Army Corps of Engineers permit requirements for
wetland mitigations include periodic vegetation sampling, and Floristic Quality Assessment
(FQA) has been recommended as a method of monitoring wetland quality. The goal of this study
was to validate the use of FQA as a tool in monitoring wetland mitigations by comparing FQA per-
formance against a priori Best Professional Judgement (BPJ) and traditional diversity indices. We
also compared the variation in results from three regional FQA databases as well as the effect of
quadrat size. A total of 21 wetland mitigation sites located throughout the Lower Peninsula of
Michigan were included in this study. The sites exhibited a wide range of quality according to both
a priori Best Professional Judgement (BPJ) and FQA data analysis. Based on the Michigan FQA
database, BPJ exhibited strong correlation with standard FQA metrics, mean C (r = 0.83) and
Floristic Quality Index (FQI; r = 0.70). The correlation was marginally lower when metrics were
based upon the Indiana FQA database and smaller (0.25 m2) quadrats. In contrast, mean wetness
and total species had low correlations (r = 0.45 and r = 0.19) with BPJ. Shannon’s Diversity Index,
Simpson’s Diversity Index, and species evenness were poorly correlated with FQI (r < 0.45) and
very poorly with mean C (r < 0.20). FQA results from our 21 sites were very similar to those re-
ported for ten other mitigation sites in northern Indiana. FQA results from all mitigation sites were
lower than those seen in several natural wetlands. We conclude that wetland mitigations may not
fully replace the vegetative functions of natural wetlands in the short term, but in terms of moni-
toring, FQA may be one tool used for assessing mitigation wetland quality.
KEYWORDS: wetland monitoring, FQA, BPJ, diversity indices

INTRODUCTION

Human development of the land has resulted in extensive loss of natural
wetlands (USACE 2008). As a result, nearly 50% of the natural wetlands in the
United States (Dahl 1990) and over 70% in Michigan have been drained or
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filled (Comer et al. 1993a, 1993b, 1996). The “no net loss” of wetland policy,
implemented in 1989 by United States Environmental Protection Agency,
seeks to forestall this loss by requiring that if a wetland is destroyed for any
reason, another one must be created sufficient to keep wetland area constant
(Streever 1999). The ultimate goal of these wetland mitigations is to replace as
fully as possible the functions and public benefits of lost wetlands (National
Research Council 2000, USACE 2008).
Section 404 of the Clean Water Act and subsequent clarifying Rules de-

scribe the requirements involved in the permitting scheme for wetland mitiga-
tion. Based upon Section 404, the United States Army Corps of Engineers
(USACE) requires a periodic monitoring of mitigation wetlands to assess eco-
logical performance in an objective and verifiable way (see Federal Register
73(70):19594-19705 dated April 10, 2008). In practice, the parameters in-
volved in monitoring vary across USACE Districts, but vegetation surveys are
a necessary component. Increasingly, Districts require the use of Floristic
Quality Assessment (FQA) to monitor wetland mitigations over a minimum of
five-years to complete the permitting process (Adamus et al. 1987, Streever
1999, USACE 2008, 2009). In addition, they require the demonstration of high
vegetative cover by native, non-invasive hydrophytes (USACE 2008, 2009),
especially perennials (USACE 2009), and may require the reporting of famil-
iar ecological diversity indices (USACE 2008).

FQA was originally developed as a standard method for natural area as-
sessment in the Chicago region (Swink and Wilhelm 1979). In its current form,
Swink and Wilhelm (1994) promote its use in identifying natural areas, facili-
tating comparisons between sites, long-term monitoring of remnant natural
quality, and monitoring of habitat restoration.
A core concept in FQA is the “coefficient of conservatism” (C), a value

from 0 to 10 that is assigned to each native species (Swink and Wilhelm 1994).
The C values for each species represents an estimate of species fidelity to a
presettlement community with minimal anthropogenic degradation. C values
are applied at a regional or state level since the behavior of plant populations
can be different throughout the range of the species. The further a species is
from a region for which C values have been developed, the more likely it is
that the values will not reflect the local conservatism of the species. Therefore,
it is recommended that a specific database be tailored for the state or the par-
ticular region in which the FQA will be used (Swink and Wilhelm 1994).
The performance of FQA has been reported for a variety of habitats: grass-

lands (Jog 2006), old fields (Spyreas et al. 2012), prairies (McClain and
Ebinger 2002, Bowles and Jones 2006, Taft et al. 2006, McIndoe et al. 2008),
streambanks (Bowers and Boutin 2008), woodlands (Francis et al. 2000,
Doucet-Beer et al. 2007), and wetlands (Oldham et al. 1995, Lopez and Fen-
nessey 2002, Mushet et al. 2002, Cohen et al. 2004, Herman 2005, Jones 2005,
Matthews et al. 2005, Miller and Wardrop 2006, Bourdaghs et al. 2006,
Nichols et al. 2006). A limited number of published studies examine the use of
FQA on wetland mitigations (Elifritz and Fennessy 1999, Balcombe et al.
2005, Herman 2005).
The purpose of this study was to validate the performance of FQA in as-
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sessing quality of mitigation wetlands, especially in the context of current
monitoring requirements by USACE (2008, 2009). In particular, FQA metrics
were compared to a scale of quality based upon a priori Best Professional
Judgment (BPJ) in order to test the response to a range of mitigation qualities.
The metrics tested included species richness, mean C, FQI, and mean wetness
(Swink and Wilhelm 1994, Wilhelm and Masters 1999). In addition, this study
examined the robustness of FQA results by varying quadrat size (1.0 m2 versus
0.25 m2 quadrats) and FQA databases (Michigan versus Indiana and Chicago).
Finally, several ecological indices frequently used to measure community
structure in mitigation wetlands—Shannon’s Diversity Index, Simpson’s Di-
versity Index, and species evenness—were compared to FQA metrics.

METHODS

Study Sites
A total of 21 wetland mitigation sites under the jurisdiction of the Michigan Department of

Transportation (MDOT) were sampled (Appendix 1; Figures 1–4). The majority of them were lo-
cated adjacent to or near highways in the greater Grand Rapids and Lansing areas with additional
sites near Benton Harbor and Cadillac. The sites varied in age (3–12 years old) and size (1.6–21
hectares).

Around the year 2002, MDOT instituted a design change to future mitigations due to a real-
ization that portions of older sites (greater than 5 years at time of sampling) were failing to reach
desired performance. The previous design employed a bowl-shaped wetland. Because of the steep
gradient of the side slopes the wetland typically failed to establish wetland characteristics uni-
formly. After the design change, the mitigation wetlands were constructed with a very small gra-
dient on the sides. The Weaver (Grand Rapids) site had well-defined upper and lower tiers that

FIGURE 1. Location of wetland mitigation
study sites in the state of Michigan, USA.
Ten sites were in the greater Grand Rapids
region, 5 near Lansing, 4 near Benton Har-
bor, and 2 near Cadillac.
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FIGURE 2. The 8 year old wetland mitigation in Manton, MI (Prairie Chicken – 30th Ave. & 22
mile Rd.) was assigned a BPJ quality of 3. It had abundant perennial cover but only 6 native
species. Invasive Phalaris arundinacea comprised 69% of relative cover, while native Carex
strica had relative cover of 16%.

FIGURE 3. The 6 year old Benton Harbor (Parcel 304) mitigation had patchy cover by Calama-
grostis canadensis and Juncus effusus but expanding clones of Solidago altissima. It was assigned
a BPJ of 5 due to the abundance of non-wetland species, S. altissima and, although 20 native wet-
land species were present, only 2 had high frequency and cover.
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were sampled separately. The upper tier was planted with trees such as Populus deltoides (eastern
cottonwood), Salix spp. (willows), and Quercus bicolor (swamp white oak). The lower tier, the
wetter of the two, was planted primarily with herbaceous wetland plants. Many of the sites had
standing water, even in the months of June and July. During this study period (summer 2007),
Michigan was under drought conditions in mid June to late July 2007 which was reflected in the
low water levels present at many sites. Some sites contained characteristic wetland plants, and
often had certain areas that were moist at the surface, but no standing water was present. Several
sites, but most notably Lansing I-69, were almost completely dry.

Sampling and Data Analysis
An approximately half-hectare section at each of the sites was strategically selected for sam-

pling. Because of the varying shape and wetness of large mitigation sites, sampling was focused
on the area that most strongly exhibited wetland hydrology and vegetation. Prior to actual plot
sampling, the site was assigned a value of quality based on the Best Professional Judgment (BPJ).
BPJ was used since typical disturbance indices (e.g., Lopez and Fennessy 2002) are designed for
estimating quality of natural rather than mitigation wetlands. As a result, mitigation wetlands, with
locations near human development and in early successional stage, consistently score poorly. BPJ
is a descriptive approach to assessment that relies on ratings or rankings performed by individuals
with knowledge of the area and system (USACE 2003). The BPJ approach has proven useful for
testing of bioassessment indicators (e.g., Shelton and Blockson 2004, Ranasinghe et al. 2009) and
recent work demonstrates its repeatability, especially when experts identify parameters used in
making their assessments (Bay et al. 2007, Weisberg et al. 2008, Teixeira et al. 2010).

To guide our assignment of relative quality categories, we devised a BPJ ranking scale (Table
1) based upon USACE (2008, 2009) vegetation performance standards. The BPJ scale had 8 cate-
gories with 1 being the lowest quality and 8 being the highest quality. The ranking scale was de-

FIGURE 4. Benton Harbor Site 314 (at transition from upland to wetland vegetation) was 6 years
old and attained a BPJ quality of 7. The dominate species was the perennial Juncus effusus (rela-
tive cover = 26%). The native wetland diversity included 9 Cyperaceae species, 4 Poaceae, and 19
forbs. The only non-native or non-wetland species of significance were Typha spp. with a com-
bined relative cover of 12%.
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pendent on the perceived diversity and cover of these plant guilds—non-native, non-wet, annual,
and native perennial wetland species (Figures 2–4). Cut-off values were meant to be illustrative
since precise measurements were not part of this rapid visual evaluation. BPJ value for a site was
based only on the area to be sampled; the quality of the remainder of the mitigation wetland out-
side of the sampled area was not assessed.

The quantitative sampling used a grid of 49m × 98m for most sites, but at a few sites the grid
had a dimension of 42m × 105m due to varying wetland shapes. The grid was sampled using a
baseline and transect method. This divided the sample area into 7m × 7m grid plots. Twenty of
these grid plots were randomly sampled using both 1.0 m2 (i.e., 1 × 1 m) and 0.25 m2 (i.e., 50 ×
50 cm) quadrats. The species within each quadrat were identified, and the percent aerial cover oc-
cupied by each species was visually estimated and recorded.

Data analysis was performed using the Transect Study option in the Floristic Quality Assess-
ment Computer Program Version 1.0 (Wilhelm & Masters 1999). FQA assessments generate the
following metrics: mean C value, Floristic Quality Index (FQI), mean wetness, relative frequency,
relative coverage, relative importance value, and the total and percentage of native and adventive
(non-native) species. The mean C, FQI, and mean wetness are computed with and without adven-
tive species. These same metrics are also computed at the transect level and at the quadrat level.
For transect level metrics, mean C and related metrics are based simply upon the inventory or ros-
ter of species observed along the transect. For quadrat level analyses, metrics are first calculated
for each quadrat independently, then averaged. Thus, in quadrat level analysis, but not in transect
level analysis, species frequency is important. Quadrat level averages for mean C and FQI (espe-
cially for total species, i.e., native + adventive species) have been shown to be stronger predictors
of overall site quality (Taft et al. 2006; McIndoe et al. 2008) and were used throughout this study.
The Floristic Quality analyses for each site were computed using both the Michigan as well as the
Indiana and Chicago FQA databases.

Statistical analyses were generated using Minitab® Statistical Software. Spearman rank corre-

Ranking Metrics

1 Low cover by wetland plants, most cover by invasives

2 Low cover by wetland plants, most cover by native species

3 Vigorous plant cover, mostly invasive or non-wetland species, limited diversity of
native wetland plants whether annual or perennial (usually 10 or fewer species)

4 Vigorous wetland plant cover, invasive or non-wetland species prevalent (30-50%
aerial cover), >20% cover by annuals or ~10 or fewer perennial species

5 Vigorous wetland plant cover, invasive or non-wetland species somewhat prevalent
(15-30% aerial cover), <20% annual cover, ~10–20 native perennial wetland species
but only a few dominant ones

6 Vigorous wetland plant cover, low cover by invasive or non-wetland species (<15%
aerial cover), few annuals (<10% cover), moderate native diversity (10-25 species)

7 Vigorous wetland plant cover, few invasive or non-wetland species (5–10% aerial
cover), few annuals (<10% cover), high native wetland plant diversity (20–35
species), 5 or more species with abundant cover

8 Outstanding mitigation, vigorous perennial cover, almost no invasives (<5%), very
high native wetland plant diversity (>30 species) in heterogeneous patches

TABLE 1. Best Professional Judgment (BPJ) visual a priori quality ranking scale for wetland mit-
igations.



lations (with BPJ as independent variable) and Pearson correlations were performed to determine
correlations between variables. The four main outputs of FQA (mean C value, FQI, mean wetness,
and total species) were computed. Mean wetness was included in the study since, even though one
might not anticipate it to have a relationship to overall site quality, it does indicate whether or not
hydrophytic vegetation is frequent in the sample quadrats. Finally several FQA metrics were com-
pared with three widely used species diversity indices (Simpson’s Index (D), Shannon’s Index
(H’), and Shannon-Wiener Evenness (E)) calculated on the basis of cover values.

RESULTS

The most common species encountered at the 21 sites were Phalaris arun-
dinacea (reed canary grass), Typha angustifolia (narrow leaf cattail), Typha
latifolia (broad leaf cattail), Ludwigia palustris (water purslane), Carex spp.
(sedges), Juncus spp. (rushes), and Scirpus spp. (bulrushes). Most sites with
areas of deep water were dominated by Wolffia columbiana (common water
meal) and Lemna minor (small duckweed). Of non-native plants, Phalaris
arundinacea (Figure 2) and Typha angustifolia were the most common, found
at nearly every site.
In spite of exotics content, the sites covered a broad spectrum of quality

based upon the BPJ scale. The poorest site was assigned a BPJ of 2 while the
three most successful mitigation wetlands received a ranking of 7. None of the
mitigation wetlands were ranked as a 1 or an 8 on the BPJ scale. Based upon
1.0 m2 quadrats, the site with the highest species richness (Benton Harbor –
Parcel 314) had 34 native species compared to 6 for the most species poor site
(Manton). The mean number of species found on the sites was 19.5. The num-
ber of species plotted against BPJ yielded a low correlation of r = 0.26 (P =
0.25) (Figure 5A). As might be expected, slightly fewer native species were
encountered when using 0.25 m2 quadrats. Under this sampling regime, a max-
imum of 25 species was recorded on the most species-rich site.

Mean C
The mean C (all species including adventives) for the 21 sites (Figure 5B)

ranged from 0.8 to 2.9 based upon 1.0 m2 quadrats and the Michigan FQA
database. The BPJ value at the site with the lowest mean C was 2 (Lansing—
I-69/US 27); at the site with the highest mean C, the BPJ value was 6.5 (Grand
Rapids – M-6). A correlation of mean C versus BPJ yielded a value of r = 0.83
(P ≤0.000) (Figure 5B). Mean C in the 0.25 m2 quadrats across the 21 sites
ranged from 0.7 to 3.3 (Michigan database). The BPJ ranking at the site with
the lowest mean C was 2; at the site with the highest mean C, it was 6.5.
Based on the mean C values from the Michigan database, the two quadrat

sizes (1.0 m2 and 0.25 m2) had highly correlated mean C results (r = 0.95, P
≤0.000; Figure 6). The r-values were slightly less when using the Indiana and
Chicago FQA databases.

FQI
The FQI values for each of the 21 sites (Figure 7A) ranged from 2.0 to 6.1

(based upon native + adventive species; 1.0 m2 quadrats; Michigan FQA data-
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FIGURE 5. Two Floristic Quality metrics compared with Best Professional Judgement (BPJ). A.
Number of native species (1.0 m2 quadrats) versus BPJ; r = 0.26, p = 0.25. B. Mean C (1.0 m2
quadrats) versus BPJ; r = 0.83, p ≤ 0.000.
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base). The BPJ value at the site with the lowest FQI value was 2; at the site
with the highest FQI, the BPJ value was 7. The correlation between FQI and
BPJ yielded an r = 0.70 (P ≤0.000; Figure 7A). The FQI values based upon
0.25 m2 quadrats were slightly lower, ranging from 1.5–5.6 (Michigan FQA
database). The BPJ value at the site with the lowest FQI was 2; at the site with
the highest FQI, the BPJ value was 6.5. The Indiana database provided similar
FQI values—ranging from 2.2 to 6.1(for 1.0 m2 quadrats) and from 1.5 to 5.2
(for 0.25 m2 quadrats).

Mean Wetness
The mean wetness values for each of the 21 sites (Figure 7B) ranged from

0.0 to –4.8 (where –5 = OBL, 0 = FAC, and +5 = UPL). Thus, all sites in the
study had areas dominated by wetland plant species. The BPJ value at the dri-
est site was 4.0; at the wettest site, it was 5.5. Mean wetness plotted against
BPJ yielded a low correlation (r = –0.27, P = 0.23) (Figure 7B). The mean wet-
ness value for 0.25 m2 quadrats ranged from 0.6 to –4.6 (Michigan FQA data-
base). The BPJ at the driest site was 4; at the wettest site, the BPJ value was
5.5. As expected, the mean wetness values based upon the Indiana database
were similar to those of Michigan.

FIGURE 6. Mean C: 1.0 m2 quadrat versus 0.25 m2 quadrat; r = 0.95, p ≤ 0.000.
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FIGURE 7. Two Floristic Quality metrics compared with Best Professional Judgement (BPJ). A.
FQI (1.0 m2 quadrats) versus BPJ; r = 0.70, p ≤ 0.000. B. Mean wetness (1.0m2 quadrats) versus
BPJ; r = –0.27, p = 0.23.
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Michigan versus Indiana and Chicago databases
Because FQA databases are tailored for specific regions, it is recommended

that one use the database most proximal to the site in question (Swink and Wil-
helm 1994). However, since Michigan and Indiana are adjacent states in the
same ecoregion (Woods et al. 1998), and the Chicago region includes portions
of both northern Indiana and southwestern Michigan, one might expect com-
parable results from these different databases. The mean C results were used to
compare the three databases. The Indiana FQA database versus the Michigan
FQA database had a correlation of r = 0.87 (P ≤ 0.000) (Figure 8). The Indiana
database yielded slightly lower mean C compared to the Michigan database for
the 1.0 m2 (Figure 8) as well as 0.25 m2 quadrats. The Chicago FQA results
versus those for Michigan also had a high correlation (r = 0.91, P = ≤ 0.000).
In this case, however, mean C and FQI from the Chicago database were no-
ticeably higher.

FIGURE 8. Mean C values of Michigan database versus Indiana database (filled circles) and ver-
sus Chicago database (open circles); r (Indiana database) = 0.87, p ≤ 0.000; r (Chicago database)
= 0.91, p ≤ 0.000.



Other diversity indices
Several common diversity indices (Simpson’s Index, Shannon’s Index, and

Shannon-Wiener Evenness) were compared to BPJ and to the Michigan mean
C and FQI results (1.0 m2 quadrats). In each case, the r values were less than
0.45. The species evenness index versus mean C had the lowest correlation (r
= 0.15), although no mean C correlation exceeded an r = 0.20. FQI, with its
species richness component, attained r = 0.44.

DISCUSSION

FQA
FQA can effectively assess the quality of natural wetlands (Ladd 1993, Taft

et al. 1997, Francis 2000, Lopez and Fennessy 2002, Bernthal 2003, Matthews
2003, Herman 2005, Bourdaghs et al. 2006, Nichols et al. 2006). Several stud-
ies (Elifritz and Fennessy 1999, Mushet et al. 2002, Herman 2005) have tested
it for use in wetland mitigations and restorations as well. In our study, FQA
proved to be an indicator of wetland mitigation quality based upon strong cor-
relations of mean C and FQI with BPJ. The mean wetness and number of na-
tive species, however, do not appear to be indicative of overall site quality;
their r-values were extremely low and the P-values were not significant.
Although the principal goal of wetland mitigation is to create a wetland that

replicates the quality and function of the destroyed wetland (USACE 2008),
this does not always occur (Race and Fonseca 1996, Mitsch et al. 1998, Mor-
gan and Roberts 1999, Zedler and Callaway 1999, Ambrose 2000, Brown and
Veneman 2001, Sudol and Ambrose 2002, Minkin and Ladd 2003; but see
Elifritz and Fennessy 1999, Balcombe et al. 2005). Chicago USACE (2009)
lists native mean C of 3.5 or higher and FQI above 25 among its benchmarks
for successful mitigation. Given our survey of MDOT mitigations, these ex-
pectations are seldom met and may be unrealisitic. In fact, only two of 21 sites
had a native mean C above 3.0.
In contrast, the Detroit USACE (2008) success criteria state that mitigation

wetlands should attain FQA numbers equal to or exceeding those of the origi-
nal site. With the exception of highly disturbed natural wetlands that are mono-
cultures of low quality species (e.g., Phalaris arundinacea and Typha angusti-
folia), the mean C and FQI values from our mitigation sites were consistently
lower than values found in natural Midwestern wetlands. Mean C values in
natural wetlands range from approximately 2.7 to as high as 6.2 (Rothrock and
Homoya 2005). This coincides with our experience in several wetlands from
northern Indiana. A site at Marsh Lake (Steuben County) (unpublished data),
which was a disturbed natural site, attained a mean C of 3.1; this was on the
high end of the range recorded for mitigation wetlands in this study. Another
disturbed site comprised mostly of Typha spp. and Scirpus atrovirens (dark
green bulrush) (Grant County, Indiana) attained a mean C of 2.9. Natural,
undisturbed wetlands can have much higher mean C values, such as 4.2 as seen
in a natural wetland (Claphan site, Carex stricta (tussock sedge) meadow) in
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Steuben County, Indiana (unpublished data). Here, high C value species (i.e.,
C = 8–10) made up nearly 20% of the species total. As an area is degraded or
is in the early stages of succession, the plants at the high end of the C value
range are less frequent or less likely to persist (Swink and Wilhelm 1994). Mit-
igation wetlands in the early stage of development are early successional com-
munities that lack the hydrology, soils, and microbial symbionts required by
many of the higher C values species (Spyreas et al. 2012). Thus, based upon
the low mean C values encountered at our study sites, mitigation wetlands may
not be able to fully recapture the vegetative diversity and functional quality of
natural wetlands within a short time period.
This study found a strong relationship between FQI and a priori BPJ. At the

same time, FQI can be difficult to interpret among different studies since the
amount of area and intensity of sampling, factors that easily affect outcome,
are not consistent among researchers. If FQIs are based upon non-quadrat in-
ventory of a large area with multiple habitats, FQI values frequently range
from 27 to 42 in sites of moderate remnant natural value (Swink and Wilhelm
1994; Rothrock and Homoya 2005). This value can be even higher in areas
with nature preserve potential. However, these FQI values are not helpful in
interpreting mitigation wetlands that consist of one habitat type and are early
successional communities, especially FQIs based upon only 20 sample plots.
The more useful comparisons are based upon mean FQI per quadrat, i.e., mean
FQI per m2. The mitigation wetlands in our study attained quadrat FQIs rang-
ing from 2.0–6.1. This compares favorably to old fields (Rothrock et al. 2011)
and prairie reconstructions (McIndoe et al. 2008) that experienced similar
sampling intensity. At the same time, the FQI values for these mitigation sites
are lower than those of a disturbed natural wetland (Marsh Lake site) and a
natural, undisturbed wetland (Claphan site) where quadrat FQI = 6.8 and 9.9,
respectively (unpublished data).
There are currently few published reports on the performance of FQA in

wetland mitigations (Elifritz and Fennessy 1999, Balcombe et al. 2005, Her-
man 2005). Nonetheless, we believe that the results obtained from the mitiga-
tion wetlands in our study may be typical. For comparison we obtained un-
published data from 10 mitigation sites in northern Indiana that were assessed
by Cardno JFNew, an ecological services company located in northern Indiana.
Based upon FQA transect studies, mean C in these mitigations ranged from 0.4
to 3.7, and FQI values ranged from 1.0 to 11.8. Both the mean C and FQI
(Michigan database) from our sites fall into about the same range. The Cardno
JFNew values were obtained using the Chicago database, which tends to pro-
duce slightly inflated C values when compared to the Michigan database.
These sites also contained less Phalaris arundinacea and Typha angustifolia
than were present in the Michigan sites. These factors could both contribute to
the slightly higher FQA results.

1.0 versus 0.25 m2 quadrats
The correlation of mean C between 1.0 m2 quadrats and 0.25 m2 quadrats

was high, r = 0.95 (p ≤ 0.000), a result supported by Bever (2006). Increas-
ingly, observers prefer the 1.0 m2 quadrat (Bourdaghs et al. 2006) over the



0.25 m2 quadrat (Morgan and Roberts 1999) since it may more effectively
sample species richness. One concern in using a 1.0 m2 quadrat as opposed to
a 0.25 m2 quadrat is that it may be more difficult to estimate species cover val-
ues when examining a larger area. In our experience, however, the amount of
time required per 1.0 m2 quadrat versus a 0.25 m2 quadrat did not differ con-
siderably. USACE Detroit District does not recommend one quadrat method
over the other, as long as the responsible party clearly describes the quadrat
size used (USACE 2008); the Chicago District requests that 1.0 m2 quadrats be
employed (USACE 2009).

Michigan versus Indiana and Chicago databases
Another objective of this study was to compare results based upon the

Michigan FQA database versus the Indiana FQA and Chicago FQA databases.
The comparison of these databases informs whether the range of data obtained
in Michigan may be generalized to other regions.
In our analysis, the three databases did produce comparable results. In most

mitigation wetlands, the species present are tolerant, early to mid-successional
species that have lower C values. Because of their clear and familiar ecologi-
cal behavior, the various local databases tend to assign them the same or very
similar C values (Rothrock and Homoya 2005). Furthermore, Michigan and In-
diana are adjacent states (with the Chicago database including portions of both
states) and in the same ecoregion (the Southern Michigan/Northern Indiana
Drift Plains) (Woods et al. 1998) which further leads to the expectation that
similar C values have been assigned.
At the same time, the Chicago results tended to be higher and the Indiana

results somewhat lower than those of Michigan, with the differences becoming
more apparent as the overall quality of the site increased. This may be because
the species present at the higher quality sites are more habitat-specific or have
ecological variations across ecoregions (e.g., Thuja occidentalis in Michigan
(Herman et al., 2001)), which might lead to fluctuations in C values by region.
This also could make species in the mid-range values of conservatism more
difficult for independent, regional panels of botanists to consistently assign to
a C category (Rothrock and Homoya 2005, Bourdaghs et al. 2006). Nonethe-
less, the high correlation between the Michigan FQA database versus the Indi-
ana FQA and Chicago FQA databases shows that each can give comparative,
useful results. This knowledge might be especially helpful for sites located on
or near the border between two states. If one is concerned about the modest
differences in FQAmetrics, then the state in which most of the sites are located
should determine the database to be used. Alternatively one could create C val-
ues specifically for that area by using the average of the C values from both
states (Bourdaghs et al. 2006, Spyreas et al. 2012). This particular method was
used in the assessment of coastal wetland sites near the Michigan/Wisconsin
border.

Related ecological indices
A final aspect of this study was to compare several ecological indices with

FQA to determine if a correlation existed between them and whether these in-
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dices also provide complimentary descriptions of wetland mitigation quality.
The indices used in the comparison were Simpson’s Diversity Index (D), Shan-
non’s Diversity Index (H’), and Shannon-Wiener Evenness (E). The results
showed that all three had low correlations compared with the mean C, FQI,
and BPJ. In this study, these indices did not quantify wetland quality or at least
the same aspect of quality.
The lack of correlation between FQA metrics and ecological indices (espe-

cially H′ and E) could be expected (Taft et al. 2006). The three ecological in-
dices measure either species diversity and/or, to a greater extent, evenness
(Magurran 2004; Peet 1974; Squiers and Wistendahl 1977). All three treat each
species as ecologically equivalent to another. Thus, the presence of common
non-native species “improves” species diversity (Lamb et al. 2009). In con-
trast, mean C is based upon a species fidelity concept (Swink and Wilhelm
1994). FQI does include species richness but is devoid of any measure of
species evenness. Nonetheless, the apparent lack of sensitivity of these eco-
logical indices in measuring quality in our mitigation sites remains somewhat
puzzling. H′ and E proved efficacious in analyzing floristic integrity (Ulanow-
icz 2000) in prairies and prairie restorations, though not as effectively as FQA
(Taft et al. 2006). Several multimetric indices (Nichols et al. 2000, Simon et al.
2001) employ a Diversity Index with apparent success in aquatic ecosystems.
Diversity indices may provide useful information on changes occurring within
a mitigation wetland over time but, at the least, are difficult to interpret (Lamb
et al. 2009).
Of the three ecological indices, Simpson’s Diversity Index is generally con-

sidered the most meaningful and robust measure of diversity (Margurran
2004). Calculated values for Simpson’s Index fall between 0 and 1, with val-
ues closer to 0 representing higher diversity (Squiers and Wistendahl 1977).
With the exception of one wetland mitigation site (Manton – Prairie Chicken
had a D = 0.55), the index values ranged from 0.07 to 0.36. This equates with
high diversity. The MDOT wetland mitigations in this study were sown with
diverse seed mixes and, as a result, most supported 20–30 native species. As
expected, the site (at Manton) with the highest Simpson’s Index had a mere 6
species. Calculated values of Simpson’s Index in these wetland mitigation sites
likewise were influenced by the eveness or heterogeneity of species cover.
Typically these MDOT wetland mitigation sites had only 3 species with high
cover. The remaining species had more or less uniformly low cover with
means that seldom exceeded 15% per quadrat.
Vegetation and floristic integrity (Ulanowicz 2000) is only one aspect of

wetland ecological function; it does not address other wetland functions such
as soil, hydrology, and landscape setting. Nonetheless, our analysis indicates
that FQA, especially quadrat averages for mean C and FQI, provides an effec-
tive quantification of some mitigation wetland functions and provide ecosys-
tem information not measured by Diversity Indices. With appropriate care in
interpretation, these metrics can be robust across different FQA databases and
with variations in sampling protocol such as quadrat size.
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APPENDIX 1. State of Michigan wetland mitigation sites used in this study. BPJ = best profes-
sional judgement (see Table 1), MC = mean C, NSR = number of native species, FQI = Floristic
Quality Index. MC, FQI, and MW are based upon all species, native plus adventives; NSR repre-
sents a transect total; other FQA values are averages per m2.

Age at
Latitude and Time of Size

Location Longitude Sampling (ha.) BPJ MC NSR FQI MW

Benton Harbor— N42° 7.322′
Klock Rd. W86° 28.066′ 5 1.6 5 1.8 11 4 –4.1

Benton Harbor— N42° 2.675′
Naomi W86° 22.623′ 7 10.1 3 1.3 14 3 –0.8

Benton Harbor— N42° 2.853′
Parcel 304 W86° 22.573′ 6 5.7 5 2.2 28 4.9 –2.6

Benton Harbor— N42° 3.426′
Parcel 314 W86° 22.383′ 6 2.8 7 2.2 34 5.1 –3.8

Cadillac— N44° 16.776′
Boon Rd. W85° 27.947′ 7 2.4 7 2.8 17 6.1 –3.8

Grand Rapids— N42° 47.897′
92nd St. SW W85° 41.575′ 4 16.2 6.5 2.7 11 5.3 –4.5

Grand Rapids— N42° 46.945′
100th St. W85° 34.408′ 3 6.9 5 1.8 11 4.0 –4.0

Grand Rapids— N43° 16.384′
Bailey Bridge W85° 43.848′ 7 2.0 7 2.4 29 5.2 –3.4

Grand Rapids— N42° 51.205′
Ivanrest W85° 44.634′ 6 10.1 4 2.1 29 5.5 –3.8

Grand Rapids— N42° 50.663′
M-6 (8th Ave.) W85° 48.450′ 4 3.2 6.5 2.9 19 5.0 –3.2

Grand Rapids— N42° 49.297′
M-37 (Patterson) W85 ° 33.064′ 10 5.3 5.5 2.0 26 5.0 –2.5

Grand Rapids— N42° 58.921′
M-45 (Blueberry Farm) W85° 54.428′ 6 8.1 5.5 1.7 12 2.7 –3.8

Grand Rapids— N42° 49.345′
Warner W85° 35.880′ 6 21.0 5 1.9 24 4.3 –2.2

Grand Rapids— N42° 51.139′
Weaver (lower) W85° 35.404′ 7 4.5 5.5 2.2 24 4.8 –4.2

Grand Rapids— N42° 51.154′
Weaver (upper) W85° 35.631′ 7 6.1 5 2.5 28 5.5 –4.3

Continued
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APPENDIX 1. Continued.

Age at
Latitude and Time of Size

Location Longitude Sampling (ha.) BPJ MC NSR FQI MW

Lansing—
I-69 near US 27 N42° 49.158′
business W84° 31.862′ 10 5.7 2 0.8 20 2.0 –0.8

Lansing— N42° 59.584′
Parcel 528 W84° 30.981′ 12 11.3 3 1.3 7 2.5 –4.4

Lansing— N42° 52.302′
Sears-Rouse W84° 31.293′ 8 14.6 4 1.5 30 4.0 0

Lansing—
US 127 (Alward N42° 53.646′
Rd, Boron) W84° 30.892′ 8 8.1 3 1.0 16 2.0 –2.5

Lansing—
US 127
(E. Howe Rd., N42° 50.304′
Lerg) W84° 31.005′ 7 3.6 5.5 2.7 14 5.4 –4.8

Manton—
Prairie Chicken
(30th Ave. & N44° 8.960′
22 mile Rd.) W85° 8.428′ 8 10.5 3 1.3 6 2.0 –4.1


