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Abstract

North Dakota State University (NDSU) and the North Dakota Department of Health (NDDH) have developed an Index of Plant Community Integrity (IPCI) for quantitatively assessing the quality of temporary and seasonal wetland plant communities, and are currently developing an IPCI for semi-permanent wetlands within the Prairie Pothole Region (PPR) of North Dakota.  Plant communities of 27 temporary wetlands and 46 seasonal wetlands were sampled in 1998 and 1999 in the PPR.  An additional 32 semi-permanent wetlands were sampled in 2001 and 2002.  The wetlands selected represented a range of disturbance that included minimally impacted wetlands, heavily impacted wetlands, and a variety of moderately impacted wetlands.  The plant data was delineated into metrics describing the data set (e.g., species richness, percentage of introduced and annual plants) and these metrics were then analyzed using principal components and cluster analyses.  The result of the analyses was the development of five quality classes describing wetland plant community condition (very good, good, fair, poor, and very poor).  Based on statistical analyses, value ranges and scores for each value range were developed for each metric.  The final product, totaling of metric scores, is termed the IPCI.  This assessment technique can be used to assess the plant communities for all wetlands in the Prairie Pothole Region.  Possible assessments include mitigation sites, tracking the improvement of restored or reclaimed wetlands, wildlife habitat evaluation, as well as evaluation of other ecological functions.

Introduction

The North Dakota Department of Health (NDDH) and North Dakota State University (NDSU) have been actively developing wetland biological assessment methods for wetlands located in the Prairie Pothole Region (PPR) of North Dakota.  The Clean Water Act has stated that wetlands are “waters of the state”, which means that states, including North Dakota, must pinpoint criteria that protect the “physical, chemical, and biological integrity” of wetlands (USEPA 1987, 1989).  Our study focused on utilizing the vegetation existing at a wetland as biological criteria to ascertain the quality of wetland plant communities within the PPR.  The method developed for wetland vegetation was modeled after the Index of Biological Integrity (IBI) which used fish populations to classify the quality of rivers and streams (Karr 1981).  


The majority of the wetlands in the PPR, are temporary, seasonal, or semi-permanent wetlands which make up over 99% of the approximate 1.9 million wetlands in North Dakota (U.S. Fish and Wildlife unpublished data).  Temporary and seasonal wetlands are generally smaller sized wetlands that usually have a dry phase at some point during the growing season, and because of these facts they are commonly impacted by anthropogenic disturbances like tillage.  Semi-permanent wetlands may often have anthropogenic impacts towards the outer edges, but complete tillage isn’t common except possibly in drought years (Kantrud et al. 1989a).  Because of the number of wetlands and their possibility of being impacted, temporary, seasonal, and semi-permanent wetlands were the focus wetlands for developing a vegetative assessment method.

It is well known that the plant composition of wetland communities is mainly due to hydrologic factors like water regime and salinity (Dix and Smeins 1967, Walker and Coupland 1968, 1970, Stewart and Kantrud 1971, 1972).  Plant species composition at a wetland is also influenced by the type and degree of anthropogenic disturbance (Dix Smeins 1967, Walker and Coupland 1968, 1970, Stewart and Kantrud 1971, 1972; Kantrud et al. 1989b).  Wetland plant species have historically been influenced by an assortment of stresses such as climatic factors, grazing, and periodic fire.  After European settlement a number human related disturbances started impacting wetland plant communities such as drainage, mowing, cultivation, siltation (Walker and Coupland 1968, Kantrud et al. 1989a, 1989b), pesticide and heavy metal contamination, and excessive nutrient loads and anoxia (Adamus 1996).  Using existing wetland plant communities, differences in community structure were identified to differentiate primarily native, least impacted, wetlands from wetlands with varying anthropogenic disturbance types and degrees.  


A modified quadrat method similar to Kantrud and Newton (1996) was developed to sample wetland vegetation.  Sample size adequacy was calculated on a plant community (zonal) basis (DeKeyser 2000).  Eight quadrats were evenly distributed through the low prairie zone, seven quadrats were evenly distributed through wet meadow zone, five quadrats were evenly distributed through the shallow marsh zone, and five quadrats were evenly distributed through the deep marsh zone.  Every plant species found within a quadrat was identified and recorded as a primary species. Additional species located between quadrat placement were also identified and compiled into a secondary species list.  Using this method a species list was developed for each wetland using the combination of the primary and secondary species found in all zones of the wetland.  

The analysis of the vegetative data was accomplished using a multimetric method adapted for the plant communities of prairie pothole wetlands (Karr 1981, Karr and Chu 1999).  Initially vegetative characteristics of the plant communities that had a consistent quantitative response to increased anthropogenic stress were identified.  These “metrics” (Karr 1981, Karr and Chu 1999) were identified by comparing their raw numbers to the intensity of disturbance of the wetlands surveyed.  An example of an identified metric would be the percentage of annual, biennial, and introduced species at a particular wetland site.  As anthropogenic disturbance increases, the percentage of these types of plant species occupying a wetlands area also increases (DeKeyser 2000).  A total of nine metrics were identified as characteristics that would have the ability distinguish between a high quality wetland plant community as compared to a more impacted wetland plant community (Table 1).
Table 1.  Metrics identified for use in an Index of Plant Community Integrity (Modified from DeKeyser et al. 2003).

	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



Temporary, seasonal, and semi-permanent wetland data sets were analyzed separately.  All values obtained for each of the nine metrics at each wetland site were standardized, and analyzed using Principal Components Analysis (PCA) and cluster analysis (McCune and Grace 2002).  A Multiresponse Permutation Procedure (MRPP) was then used to test the significance of the resulting clusters (Biondini et al. 1988).  The results of the cluster analysis grouped wetlands that had similar disturbance types and/or disturbance intensities (DeKeyser et al. 2003).


Using the resulting wetland clusters from the PCA three value ranges for each of the nine metrics were developed.  These three ranges follow the classic IBI method where each range of values is then assigned a 1, 3 or 5 (Karr 1981, Miller et al. 1988, Karr and Chu 1999).  The range of values for an individual metric corresponding with 1, would be values that would be expected at a highly impacted site.  The range of values for an individual metric corresponding with 3, would be values that would be expected at a moderately impacted site.  Finally, the range of values for an individual metric corresponding with 5, would be values that would be expected at a least impacted site.  After the value ranges were developed, each metric could be assigned a 1, 3, or a 5 depending which range a particular metric fell into.  Afterwards, the assigned numbers could be summed, giving a wetland plant community a total metric score and the final Index of Plant Community Integrity (IPCI).  A total metric score of 45 would indicate a least impacted (Very Good) plant community, and a total metric score of 9 would indicate a highly impacted (Very Poor) plant community.


The IPCI method used to calculate wetland plant community condition has several potential uses for ecological studies, as well as possible management applications.  The IPCI could be used to identify favorable areas for conservation.  The method could be used to track the progress of restored or reclaimed wetlands, be used to monitor a mitigated wetland site, or be incorporated into a hydrogeomorphic assessment.  The IPCI could also be used to identify potential reference areas to be used in ecological research, and give scientists a common tool to gather and compare data.  Finally, the IPCI might be related to remotely sensed data, potentially giving a landscape assessment of the condition of plant communities in temporary, seasonal, and semi-permanent wetlands in the Prairie Pothole Region.
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