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Abstract:
An Index of Biological Integrity (IBI) was developed for quantitatively assessing the quality, or condition

of seasonal wetlands.  Between 1998 and 1999, vegetative composition was measured from 46 seasonal

wetlands mainly concentrated on the Missouri Coteau Physiographic Region, within the Mixed Grass

Prairie Vegetation Zone of central North Dakota.  Wetlands were selected based on a range of disturbance
from well managed native rangeland to heavily disturbed cropland.  Vegetative data were delineated into

metrics of characteristics of the data set (e.g. species richness, percentage of introduced and annual plants)

and analyzed using principal components and cluster analyses.  Five disturbance quality classes, very

good, good, fair, poor, and very poor were determined.  Based on these classes, ranges and scores were
then assigned for each metric.  By using this classification system, additional seasonal wetlands in the

Missouri Coteau Region can now be assessed and placed in quality classes for mitigation or ecological

purposes, such as tracking the improvement of restored or reclaimed wetlands, wildlife habitat evaluation,

and evaluation of other ecological functions.

Introduction:

Objective:
1. Devise a classification system that will categorize wetlands by vegetative
composition in response to disturbance type and degree.

Methods:
The quadrat method was utilized by evenly distributing fifteen 1 m2  quadrats in

the middle of the exterior zone(s) to avoid overlapping of species from other zones, and
evenly distributing fifteen 1 m2 quadrats in a spiraled fashion in the most interior zone
of each wetland.  Each species found within a quadrat was then assigned a Daubenmire
cover class based on the basal cover of that particular species in the quadrat.  The
technique used to record 1 m2  quadrats is similar to that used by the Northern Prairie
Science Center in their study of restored wetlands in 1997 (Euliss and Gleason 1997).
Litter thickness, water depth, percent bare bottom, percent standing dead, and secondary
species not located within the quadrat but between quadrats were also recorded.

Data were then analyzed using a multimetric approach developed by Karr
(1981), and described more recently by Karr and Chu (1997).  Karr (1981) defined a
metric as an “attribute” of the community in question.  One example of a metric
developed for plant species would be species richness of native perennials.  An ideal
metric has a notable linear change over a range of anthropogenic disturbances at
different intensities of disturbance (Karr and Chu 1997).

Each of the metrics used for wetland assessment had a wide range of values
spanning across the disturbance gradient.  The values were separated into three groups
initially set up from what would be anticipated in a high quality, primarily native, area.
The value ranges were assigned a rating of 5 if the values in that range were close to
what would be anticipated in a high quality area; a 3 if the values in that range varied
somewhat from what would be anticipated; or a 1 if the values varied strongly from
what would be anticipated (Miller et al. 1988).  The vegetative data for a wetland is
expected to occur within one of the three value ranges after the value ranges are
assigned.  Each metric is then assigned a 5, 3, or 1 depending upon which value range
the data occurs.

The value ranges for the metric rankings as well as the value ranges for the
quality classes were devised with the use of Principal Components Analysis (PCA),
Cluster Analysis (Ludwig and Reynolds 1988), and Multiresponse Permutation
Procedure (MRPP) (Biondini et al. 1988).  All statistical analyses were made using the
PC-Ord program.  The development of the metrics using this type of statistical analysis
follows that of Krabbenhoft et al. (1993) in their classification of topoedaphic units.
The analysis also tests the metrics for the appropriate grouping of wetlands that have
similar disturbance types and/or intensities.

Initially, a standardization of the metric data was performed to weight the data
similarly.  The metrics data were standardized using the index:  Zi = (observationi –
mean of observation i)/ mean observationi, where observation i denotes a specific metric
data.  The standardized data were then analyzed using PCA.  Fisher’s Proportionality
Test was used to ascertain which PCs were significant (p< .1) (Fisher 1958).

The wetlands were then grouped using the significant PCs as the clustering
factors in cluster analysis.  The wetlands were grouped in a dendrogram and quality
classes, or disturbance groups, categorized by subjectively setting the cluster distance of
the dendrogram.   The groups were tested to see if they were significantly different
using MRPP.  If the initial cluster analysis groups were significantly different, then the
groups were subdivided into smaller groups and tested again.  The procedure was
repeated until a number of statistically different cluster analysis groups were found that
were biologically similar.

Results:
Nine metrics were selected as possible metrics that would work for the quadrat

sample method (Table 1). The metrics were chosen because of the notable linear change
over the disturbance gradient, and because of their independence from one another.
Value ranges assigned to the three ratings of the metrics for the seasonal wetland
quadrat data set are listed in Table 2.

Two examples of the assignment of the ratings for the seasonal wetland quadrat
data are listed in Table 3.  The examples are of a high quality wetland (BS9901) (Figure
1) and a low quality wetland (Yipsilanti) (Figure 2).  Using species richness of native
perennial species as an example, the value range for a 1 rating is 0-31 native perennial
species, for a rating of 3 is 32-42 native perennial species, and for a rating of 5 is 43 or
more native perennial species.  The wetland BS9901 had 52 native perennial species so
it was assigned a rating of 5 for this metric.  The wetland Yipsilanti had 3 native
perennial species so it was assigned a rating of 1 for this metric.  After each metric is
assigned a rating, the ratings are added together to get a total metric score for the
wetland.  The total score of these multiple metrics has been referred to as the IBI (Karr
and Chu 1997).

After all wetlands were scored using the above procedure, score ranges for
quality classes were subjectively determined (Table 4).  In contrast to the wetlands in
Table 3, wetland BS9901 would fall into the very good quality class with a total score
of 41, and the wetland Yipsilanti would fall into the very poor quality class with a total
score of 9.

The Clean Water Act was passed by Congress in 1972 (Public Law 92-500) and
stated as a goal “the restoration and maintenance of chemical, physical and biological
integrity of Nation’s waters.”  During the late 1980's and early 1990’s the idea of a no
net loss of wetlands policy was a top priority of the Environmental Protection Agency
(EPA).  The idea became policy with the Wetland Conservation provision
(Swampbuster) of the 1985 and 1990 farm bills.  The provision compels agricultural
producers to preserve wetlands on the land they own or manage by restricting their
eligibility for certain benefits awarded by the United States Department of Agriculture.
However, a no net loss of wetlands policy did not mean that wetlands could not be
drained.  It meant that if a wetland is drained it must be replaced by a wetland of
similar or greater quality, which would come from wetland restoration or wetland
creation.  Questions arising from the Clean Water Act’s goal and the subsequent bills
that followed are:  How does one decide on the quality of a wetland? and How does
one measure biological integrity?  

The Index of Biological Integrity (IBI) for biological assessment of wetlands being
developed by the EPA and several state agencies, tackles these questions by
quantitatively measuring biological characteristics of wetlands and then comparing the
results to a range of disturbances.  Wetland vegetation exhibits attributes in response to
disturbance that indicate wetland condition.  Using these attributes, vegetative
groupings can be delineated into reference categories, or quality classes, which could
improve management and mitigation of wetlands.

The location of wetland community zones and their species composition are
influenced mostly by hydrologic factors such as water regime and salinity (Dix and
Smeins 1967, Walker and Coupland 1968, 1970, Stewart and Kantrud 1971, 1972).
Another important element in determining the composition of wetland vegetation is
disturbance.  Often the magnitude of disturbance is more significant than the type of
disturbance (Kantrud et al. 1989b).  There is limited published material focusing upon a
range of anthropogenic disturbances and the subsequent reaction of wetland vegetative
communities in the Northern Great Plains.  There are a number of disturbances
recognized in the Northern Great Plains such as grazing, mowing, burning, siltation
(Kantrud et al. 1989a), cultivation (Walker and Coupland 1968), excessive nutrient
loads and anoxia, and pesticide and heavy metal contamination (Adamus 1996).  Two
other disturbance categories are restored wetlands and idle wetlands, which differ
vegetatively when compared to native prairie wetlands.  The disturbances listed will
often occur simultaneously, such as cultivation and sedimentation, or cultivation and
nutrient loading.

Discussion:
A successful classification system to assess wetlands must consist of attributes

of the vegetative composition that furnish dependable signs of the wetlands’ overall
quality or condition (Karr and Chu 1997).  The success of an individual attribute in
determining wetland quality depends on the ability of the attribute to correlate with the
level of disturbance.  The best way to test an attribute’s ability to give an indication of
the level of disturbance is to observe a steady change over a disturbance gradient.  The
metrics (attributes) developed in this study had a notable change over a disturbance
gradient that was constructed with a number of different disturbances occurring in and
around seasonal wetlands in central North Dakota.  The metrics were then combined to
create a workable IBI for the assessment of seasonal wetlands.
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Table 2.  Metric value ranges for the metric scores of 1, 3, and 5 of the quadrat data
set for the seasonal wetlands.
Metric Value Range for 1 Value Range for 3 Value Range for 5
Sp. Rich. 1 0-31 32-42 43+
# Genera2 0-26 27-38 39+
Grass-like 3 0-8 9-17 18+
% of intro. 4 56.01+ 56.00-19.71 19.70-0
# Nat. in WMZ5 0-9 10-21 22+
# C > 56  0-5 6-20 21+
# C > 4 in WMZ7  0-4 5-13 14+
Avg. C8 0-3.15 3.16-4.00 4.01+
FQI 9 0-22.99 23.00-28.99 29.00+
1
 Species richness of native perennial plant species.

2
 Number of Genra of native perennial plant species.

3 Number of grass and grass-like species ( Poaceae, Juncaceae , Cyperaceae).
4
 Percentage of the total species list that are annual, biennial, and introduced.

5
 Number of native perennial plant species found in the wet meadow zone.

6
 Number of plant species with a C-Value > 5.  

7 Number of plant species with a C-Value > 4 found in the wet meadow zone.  
8 Average C-Value of all species present.
9 Floristic Quality Index.

Table 1.  Metrics developed for use in an Index of Biological Integrity.

Metrics
Species Richness of Native Perennials
Number of Genera of Native Perennials
Assemblages: Native Grass and Grass-Like Species
Percentage of Annual, Biennial and Introduced Species of Entire Species List
Wet Meadow Zone – Number of Native Perennial Species
Number of Species with a C-Value > 5  
Wet Meadow Zone – Number of Species with a C-Value > 4  
Average C-Value
Floristic Quality Index

Table 4.  Quality classes and scaling for each class for the total metric scores of
seasonal wetlands for the quadrat data set.
Quality Class Score Range for the Quadrat Data Set
Very Good 38-45
Good 30-37
Fair 22-29
Poor 14-21
Very Poor < 13  

Table 3.  Examples of assigning ratings to metric values for a high quality (BS9901)
and a low quality wetland (Ypsilanti) from the seasonal wetland quadrat data set.

BS9901 Yipsilanti
Metrics Observed Value Rating Observed Value Rating
Sp. Rich. 1 52 5 3 1
# Genera2 39 5 3 1
Grass-like 3 17 3 1 1
% of intro. 4 14.75 5 83.33 1
# Nat. in WMZ5 22 5 2 1
# C > 56  27 5 0 1
# C > 4 in WMZ7  12 3 0 1
Avg. C

8
4.58 5 1.50 1

FQI 9 33.38 5 3.67 1
Total Score 41 Total Score 9Figure 1. High quality seasonal wetland BS9901.

Figure 2. Low quality seasonal wetland Yipsilanti.


