

	
		×
		

	




    
        
            
                
                    
                
            

            
                
                    
                    
                    
                        

                    
                

            

            
                            + All Categories
                                    Log in
                                            
                    English
                    
                        FrançaisEspañolDeutsch
                    

                

            

        

    














    

        
            
        

        Download - GREENHOUSE AND FIELD STUDIES OF SPHAGNUM PAPILLOSUMnrri.umn.edu/cartd/peat/Reports/Kurt Johnson MS Thesis.pdf · GREENHOUSE AND FIELD STUDIES OF SPHAGNUM PAPILLOSUM ... Sphagnum papillosum



        

        
            
                                    
                        

                    

                    
                        Download
                    

                            


            

                
            

                            
                    Transcript

                    Page 1
                        
                        
                        

GREENHOUSE AND FIELD STUDIES OF SPHAGNUM PAPILLOSUM
 FOR COMMERCIAL HARVEST AND PEATLAND RESTORATION
 IN MINNESOTA, USA
 A THESIS
 SUBMITTED TO THE FACULTY OF THE GRADUATE SCHOOL
 OF THE UNIVERSITY OF MINNESOTA
 BY
 KURT WILLIAM JOHNSON
 IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
 FOR THE DEGREE OF
 MASTER OF SCIENCE
 December 1998

Page 2
                        
                        
                        


Page 3
                        
                        
                        

© KURT WILLIAM JOHNSON 1998

Page 4
                        
                        
                        

To
 Teresa, Heather, and Michelle

Page 5
                        
                        
                        

TABLE OF CONTENTS
 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii
 Publisher Permission Letter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
 List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
 Chapter 1: Greenhouse Studies of Sphagnum papillosum for Commercial
 Harvest and Peatland Restoration in Minnesota . . . . . . . . . . . . . . . . . . . . . . . . . 1
 Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
 Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
 Biomass accumulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
 Moss morphology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
 Moss tissue nutrient concentrations . . . . . . . . . . . . . . . . . . . . . . 12
 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
 Literature Cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18
 Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
 Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
 Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
 Chapter 2: Re-establishment of Sphagnum papillosum Under Relatively
 Stable Water Table Conditions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
 Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
 Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
 Materials and Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
 Results and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
 Water table fluctuations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
 Percent vegetative cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
 v

Page 6
                        
                        
                        

TABLE OF CONTENTS (continued)
 Literature Cited . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
 Appendices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
 Appendix A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
 Appendix B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
 vi

Page 7
                        
                        
                        

ACKNOWLEDGMENTS
 I would like to thank my advisor, Dr. Tom Malterer, for his encouragement and
 support of this research. I would also like to thank the other members of my
 committee, Dr. Dave Schimpf and Dr. Ron Regal, for reviewing the thesis and
 suggesting improvements. Thanks also to Craig Maly, who assisted me in field,
 greenhouse, and laboratory aspects of this research. Without his help this project
 would not have been completed. Dr. Jan Janssens provided inspiration and a
 wealth of knowledge on Sphagnum moss and peatland plants in general. Dr. John
 Stewart provided encouragement and editorial support. A special thanks to my wife
 Teresa, and my daughters Heather and Michelle, for their constant support and
 encouragement over the past seven years.
 Funding for this research was provided by Minnesota Technology Inc. and the
 Legislative Commission on Minnesota Resources. I would also like to acknowledge
 the International Peat Society for publishing parts of my thesis research in their
 symposia proceedings:
 Johnson, K.W. and C.C. Maly. 1998. Greenhouse studies of Sphagnum papillosumfor commercial harvest and peatland restoration in Minnesota. pp. 49-55. In T.Malterer, K. Johnson, and J. Stewart (eds.), Proceedings of the PeatlandRestoration and Reclamation Symposium, Duluth, Minnesota, USA, 14-18 July1998. International Peat Society, Jyskä, Finland.
 Johnson, K.W., T.J. Malterer, and C.C. Maly. 1998. Re-establishment ofSphagnum papillosum under relatively stable water table conditions. pp. 173-175.In R. Sopo (ed.), Proceedings of the Spirit of Peatlands - 30 Years of theInternational Peat Society Symposium, Jyväskylä, Finland, 7-9 September 1998.International Peat Society, Jyskä, Finland.
 vii

Page 8
                        
                        
                        


Page 9
                        
                        
                        

LIST OF FIGURES
 Chapter 1
 Figure 1. S. papillosum biomass accumulation for three peat/water
 source treatments, at three water table levels, at two moss
 fragment application densities . . . . . . . . . . . . . . . . . . . . . 10
 Figure 2. Sphagnum papillosum morphology indexes for old,
 intermediate, and new greenhouse studies and
 natural sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
 Figure 3. S. papillosum tissue elemental concentrations for old, new,
 and intermediate greenhouse treatments and
 natural sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
 Chapter 2
 Figure 1. Regression line and equation for adjusting water table
 measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
 Figure 2. Water table level in relation to the peat surface over three
 growing seasons at the Toivola research site . . . . . . . . . . 32
 Figure 3. Mean percent cover for study plots with and without
 Sphagnum papillosum fragments applied, for 1995, 1996,
 and 1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
 ix

Page 10
                        
                        
                        

1
 Chapter 1
 Greenhouse Studies of Sphagnum papillosum for
 Commercial Harvest and Peatland Restoration in Minnesota
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 ABSTRACT
 A moss species of particular commercial and ecological interest is Sphagnum
 papillosum. S. papillosum is the predominant moss species commercially harvested
 from peatlands in Wisconsin and commonly known as "top moss" or "floral moss."
 Another possible use for S. papillosum is the restoration of harvested peatlands.
 The overall objective of this research was to determine, through controlled
 greenhouse trials, the effect of various factors on the growth and morphology of S.
 papillosum on bare peat surfaces characteristic of post-harvested Minnesota
 peatlands. In this study, S. papillosum was grown on peat substrates and water
 collected from three different horticultural peat harvesting sites, at three water table
 levels, and two moss fragment application densities. Moss morphology and tissue
 nutrient concentrations for the greenhouse treatments and several natural sites were
 also determined and compared. The results indicate that for S. papillosum to
 achieve maximum biomass accumulation, a high water table is essential, and
 sufficient levels of N and P should be present and in the proper proportions as
 reflected in moss tissue nutrient concentrations. N and P concentrations in moss
 tissues should be in a ratio of from 10:1 to 25:1. Higher ratios suggest P is limiting,
 lower ratios indicate N is the limiting nutrient. Increased moss fragment application
 density, although significant, resulted in only a moderate increase in biomass
 accumulation. At the high water table level, the greenhouse treatments having the
 greatest biomass accumulation had significantly different moss morphology
 (mass/unit length of stem, including capitulum) when compared to that of the lowest
 producing greenhouse treatments and natural sites.
 Key Words: Sphagnum papillosum, top moss, moss fragments, peatland
 restoration.
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 INTRODUCTION
 Mosses of the genus Sphagnum, or bog mosses, comprise a substantial amount of
 the world's total plant mass (Hayward and Clymo, 1982). Sphagnum species are
 the most widespread of any of the bryophytes (Clymo and Duckett, 1986) and are
 a significant component of the surface vegetation in peatlands, which cover
 approximately 1 to 2 percent of the earth's land surface (Kivinen, 1981). In North
 America, Sphagnum species cover approximately 200 million hectares (McQueen,
 1990). Minnesota's estimated 3 million hectares of peatlands support a
 considerable diversity of Sphagnum species (Malterer et al., 1979)
 A moss species of particular commercial and ecological interest is Sphagnum
 papillosum Lindb. (McQueen,1990). The plants are medium to large in size,
 intolerant of shade, and form floating carpets or low hummocks in relatively wet,
 oligotrophic areas, such as poor fens (McQueen, 1990).
 S. papillosum is the predominant moss species commercially harvested from
 peatlands in Wisconsin (Janssens, 1993) and commonly known as "top moss" or
 "floral moss." Top moss is used for hanging floral baskets and wreaths, as a
 medium for seed germination, and as a packing material. Other possible uses for
 top moss are as a component of several hygiene products (Lévesque, 1996) and as
 an oil sorbent for the oil spill clean-up market (Hagen et al., 1990). In contrast to
 peat, the partially decomposed organic matter commonly harvested and used as a
 potting soil or soil amendment, top moss is the live moss actively growing on the
 peat surface which eventually forms Sphagnum moss peat. Unlike peat, which
 takes centuries to accumulate, top moss is a renewable resource currently
 harvested in 5-10 year rotations.
 Another possible use for S. papillosum is the restoration of harvested peatlands.
 Peatland restoration is defined as the managed restoration of harvested peatlands
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 to wetland vegetation and functional wetland status. Approximately 400 hectares
 of Minnesota peatland are currently managed for the harvesting of Sphagnum moss
 peat. These harvest sites must be restored to a natural state as required by state
 and federal regulations after harvesting has ceased. Regeneration of previously
 existing vegetation, such as Sphagnum moss, is the preferred method of restoration.
 The restoration of suitable post-harvested sites with S. papillosum may allow for
 future top moss harvesting, possibly providing an economic return to offset
 restoration costs.
 Individual Sphagnum species vary in their optimal nutrient and water table
 requirements (Clymo, 1973). Many species occupy a very specific environmental
 niche. In general, S. papillosum grows well in locations with low calcium
 concentrations (Clymo, 1970) and a relatively high water table.
 Sphagnum species regenerate both by vegetative means and by germination of
 spores. Vegetative reproduction is by far the most common, although plants do
 occasionally produce spores during the summer months (Darlington, 1964). The
 primarily vegetative regeneration of Sphagnum species implies the potential for
 establishing plants by spreading moss fragments on a suitable site. This in fact has
 been done both in the laboratory (Clymo and Duckett, 1986) and in the field (Elling
 and Knighton, 1984; Rochefort et al., 1995; Campeau and Rochefort, 1996).
 The overall objective of this study was to determine, through controlled greenhouse
 trials, the effect of various factors on the growth and morphology of S. papillosum
 on bare peat surfaces characteristic of post-harvested Minnesota peatlands.
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 The specific objectives of this study were to:
 1. Determine the effect of peat/water source, water table level, and moss
 fragment application density on S. papillosum growth and biomass
 accumulation in greenhouse trials.
 2. Compare moss morphology, and tissue elemental concentrations for S.
 papillosum grown on bare peat surfaces in the greenhouse to that grown at
 several natural sites in Minnesota.
 MATERIALS AND METHODS
 The experiment was designed to determine the effects of peat/water source, water
 table level, and moss fragment application density on S. papillosum growth and
 biomass accumulation. The experimental design for this study included: three peat
 substrate/water treatments (old, intermediate, and new), three water table levels (1
 cm above, and 3 and 9 cm below the peat surface), and two moss fragment
 application densities (120 and 60 fragments per container) for a total of 18 treatment
 combinations. Five replications of each treatment combination were established in
 the Natural Resources Research Institute’s greenhouse in a randomized block
 design resulting in a total of 90 containers.
 Peat substrates and water were collected in December 1994, from three separate
 horticultural peat harvesting sites within a 50-mile radius of Duluth, Minnesota.
 These sites represent Sphagnum moss peat harvesting operations of various ages.
 The number of years harvesting had occurred on these sites was approximately 15
 years for the oldest site, 7 years for the intermediate site, and only ditching and pre-
 harvest removal of surface vegetation having occurred on the newest site. These
 sites will be referred to in the text as old, intermediate, and new, respectively. The
 peat substrates were collected from the harvested or cleared surface of each
 peatland and sieved (6.68 mm mesh-opening) to remove large woody material. Bog
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 water for the study was collected from adjacent ditches or field depressions. S.
 papillosum moss fragments were collected from an undisturbed poor fen near the
 new site. The top 4 cm of each moss plant was collected and cut in two - 2 cm
 pieces, one consisting of stem material only, and the other of stem and capitula.
 A system of nested containers was used to control the water table level. A 1000-ml
 plastic container (perforated bottom) was nested within a larger 2500-ml plastic
 container (sealed bottom). The smaller inside container held the peat substrate and
 the larger outside container served as the water reservoir. A small hole was made
 in the side of each outer container corresponding to the desired water level. Peat
 was placed in each container and compressed to a uniform density to approximate
 a natural peat surface. Each container was then thoroughly saturated with bog
 water before applying moss fragments.
 The moss fragment application density of 120 fragments/container (12,500
 fragments/m2) was selected to correspond with the application density for a field
 study established in September 1994. The second application density selected, 60
 fragments/container (6,250 fragments/m2), is one-half the field study density. For
 restoration purposes, the fragment application density is sometimes expressed as
 a ratio of the natural, undisturbed bog surface area from which moss fragments are
 collected to the area of bare peat surface on which they are spread (Campeau and
 Rochefort, 1996). Assuming each moss plant will yield two fragments, an
 application density of 12,500 fragments/m2 (120 fragments/container) would require
 6,250 moss plants/m2. At the undisturbed poor fen site where the moss fragments
 were collected, the natural density was approximately 24,800 moss plants/m2. The
 resulting ratio is approximately 1 part natural bog harvested to 4 parts bare peat
 restored or 1:4. The ratio would be approximately 1:8 for the 60 fragments/container
 application density.
 The greenhouse study was initiated on April 6, 1995, and continued through October
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 24, 1995, a period of approximately 29 weeks. Water levels were maintained daily
 by filling each outer container to the proper level with bog water collected from each
 respective site. The moss surface in each pot was also misted daily with
 approximately 5 ml of de-ionized water. Greenhouse temperature ranged between
 15/C and 25/C. No supplemental lighting was provided.
 Moss lineal growth was monitored using the cranked wire method (Clymo, 1970) in
 which changes in moss height are determined relative to a stationary wire. Rather
 than using cranked wires, where the bend in the wire holds it in place, straight
 stainless steel wires approximately 20 cm long were inserted into the moss and
 underlying peat until they contacted the bottom of the container. The bottom of the
 container was used to keep the wire stationary. Three wires were placed in each
 container. Moss lineal growth measurements were taken every 2 weeks using a
 graduated glass tube placed over the wire. A flat plastic disc, approximately 3 cm
 in diameter, was attached to the bottom of the graduated glass tube and in use
 rested on the moss surface. This better defined the moss surface level and resulted
 in a more accurate measurement of moss lineal incremental growth (Clymo, 1970).
 The median lineal growth increment from the three wires was considered the
 observation for that time period.
 On October 24, 1995, the total accumulated biomass was collected from each
 container and washed of any residual peat. The number of moss stems and
 capitula were recorded for each sample and all moss materials were dried at 65/C
 for 48 hours. The total oven-dry mass of harvested moss per container was
 corrected to estimate accumulated biomass by subtracting the dry mass of moss
 fragments initially applied.
 Moss samples from the 15 containers with the highest water table and fragment
 application density treatments (five for each of the three peat/water sources) were
 selected for morphology comparisons and nutrient analysis. As part of an
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 associated field study, S. papillosum tissue samples were also collected and
 analyzed in October 1995 from four natural sites in Minnesota. The four natural
 sites sampled were the Arlberg Bog (46/56' N, 92/41' W), Porter Ridge Bog (48/06'
 N, 93/50' W), Toivola South Bog (47/08' N, 92/49' W), and Willow River Bog (46/20'
 N, 92/45' W).
 To quantify differences in moss morphology, an index was developed to
 approximate the mean mass per unit length of stem, including capitulum, for each
 of the three peat/water source treatments with the highest water table and fragment
 application density. The total dry weight for each container was divided by its
 maximum lineal growth and then divided by the number of stems. This was also
 done for moss collected from the four natural sites, using the top 3 cm of each stem
 including capitulum.
 To determine nutrient concentrations, the dried moss tissue samples from each
 container, and from the natural sites were placed in a Wiley mill and ground to pass
 through a 0.85 mm sieve. Ground samples were sent to the University of
 Minnesota Research Analytical Laboratory to determine concentrations of seven
 elements (N, P, K, Ca, Mg, Fe). Total N was determined using a semi-micro
 Kjeldahl method. Total S was determined using an LECO Sulfur Determinator. P,
 K, Ca, Mg, and Fe concentrations were determined by Inductively Coupled Plasma
 (ICP) Atomic Emission Spectrometry (Munter, 1982).
 All statistical analyses were conducted using SigmaStat® version 2.0 or SAS System
 for Windows version 6.12 computer software. The SAS general linear models
 procedure was conducted on moss biomass accumulation to determine the effects
 of block, peat/water source, water table level, and fragment density. One-way
 ANOVA and multiple comparison procedures were used to determine differences
 in moss morphology and tissue nutrient concentrations between the greenhouse
 treatments and natural sites. Data transformations were conducted when necessary
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 to insure data compliance with statistical assumptions of normal distribution and
 equal variance. Significant treatment differences were based on a p value<0.05.
 RESULTS AND DISCUSSION
 Biomass accumulationThe mean dry weight for each treatment is presented graphically in Fig. 1. The
 numerical data are presented in Appendix A. Statistical analysis of the biomass
 data using the SAS general linear models procedure revealed no significant block
 effect (p=0.969), and significant main effects for peat/water source (p<0.001), water
 table level (p<0.001), and fragment density (p<0.001). It is apparent in Fig. 1 that
 the mean dry weight for the old peat/water source treatment was considerably lower
 than the other peat/water source treatments regardless of water table level or
 fragment density, with the exception of the +1 cm water table/120 fragment density
 treatment. The significant main effect for water table level is also evident in Fig. 1,
 with increasing biomass resulting from an increase in water table level. This trend
 has also been reported in the literature for similar greenhouse studies (Campeau
 and Rochefort, 1996; Grosvernier et al., 1997). The high fragment density also
 resulted in higher biomass, although not to as great an extent as the other two
 factors.
 There were also statistically significant interactions between peat/water source and
 water table level (p<0.001), peat/water source and fragment density (p=0.004), and
 water table and fragment density (p=0.020). The peat/water source x watertable
 level interaction suggests that the effects of different peat/water source treatments
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 Dry
 wei
 ght (
 g)
 0
 1
 2
 3
 4
 5
 Old New Intermediate
 Water levelFragment density
 -9 cm 60
 -9 cm 120
 -3 cm 60
 -3 cm 120
 +1 cm 60
 +1 cm 120
 Fig. 1. S. papillosum biomass accumulation (g/dm2 dry weight) for three peat/watersource treatments (old, new, intermediate), at three water table levels (-9 cm, -3 cm,+1 cm), at two moss fragment application densities (60 & 120 fragments/container).Means + standard error, n=5.
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 are dependent on the water table level, and likewise, the effects of water table level
 are dependent on the peat/water source. As can be seen in Fig. 1, this interaction
 is most evident at the highest water table level where the biomass for the new
 peat/water source treatment almost equals the intermediate treatment. This
 suggests that S. papillosum biomass accumulation for any given site will only reach
 its full potential under high water table conditions. It is likely that factors other than
 water table are associated with the decreased biomass for the old treatment.
 The peat/water source x fragment density interaction implies that the effects of
 different peat/water source treatments are dependent on the fragment density, and
 likewise, the effects of fragment density are dependent on the peat/water source.
 It appears that an increase in fragment density resulted in a greater biomass
 increase for the intermediate and old peat/water source treatments than for the new
 treatment. This suggests that for the new treatment fewer S. papillosum fragments
 could be spread to achieve essentially the same biomass, allowing restoration of a
 greater area from a natural donor site of given area. A higher fragment application
 density for the intermediate and old treatments would result in a moderate increase
 in biomass, which may or may not be worth disturbing additional natural areas.
 The water table level x fragment density interaction indicates that the effects of
 water table level are dependent on the fragment density, and likewise, the effects
 of fragment density are dependent on water table level. Though not as significant
 as the other interactions, the effect of increased fragment density is most
 pronounced at the high water table level. Therefore, at low water level conditions,
 applying a high density of S. papillosum fragments may not result in an associated
 increase in biomass.
 Moss morphologyGeneral examination of the treatments revealed several differences in moss color
 and morphology. Blackened capitula were observed on the intermediate and new
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 peat/water source treatments, with brown to green colored capitula on the old
 treatments. The black capitula were possibly due to the uptake of humics from the
 bare peat surface. The capitula were also smaller, and the plants more spindly, in
 the intermediate and new treatments. The moss plants in the old treatments,
 although shorter than those in the intermediate and new treatments, appeared more
 like S. papillosum occurring in natural bogs. In all cases, lower water table resulted
 in smaller capitula, with a shriveled appearance.
 The morphology indexes for the three greenhouse treatments (n=5) and the
 combined natural sites (n=40) were compared using a one-way ANOVA procedure
 and Tukey multiple comparison test. Moss morphology was significantly different
 (p<.001) for the four treatments tested (Fig. 2). The multiple comparison test
 revealed no significant difference between the old peat/water source treatment and
 the natural sites. There was also no difference between the new and intermediate
 treatments, although they were significantly lower than the old and natural site
 treatments. This confirmed our observation that the old treatment resulted in moss
 morphology similar to that occurring at natural sites and different from the other two
 greenhouse treatments.
 Moss tissue nutrient concentrationsSphagnum species occurring naturally on ombrotrophic sites are usually separated
 from the water table and acquire most of their nutrients from the atmosphere as
 precipitation and dry-fall (Damman, 1990; Malmer, 1993). However, when restoring
 a harvested peatland, moss fragments are applied to the bare peat surface and can
 acquire nutrients from peat mineralization and the water table. The same was true
 in our greenhouse study. As the study progressed, it became evident that there was
 significant variation in biomass accumulation and moss morphology which could be
 attributed primarily to the peat/water source treatments. To ascertain if
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 Treatment
 Natural Old Intermediate New
 Mor
 phol
 ogy
 Inde
 x
 0.0000
 0.0002
 0.0004
 0.0006
 0.0008
 a
 a
 b b
 Fig. 2. Sphagnum papillosum morphology indexes (means + standard error) for old,intermediate, and new greenhouse studies (n=5), and natural sites (n=40). Meansfor each treatment with the same letter are not significantly different at the p = 0.05level.
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 these differences were the result of varying nutrient availability and uptake, moss
 tissue samples were collected and analyzed. These data were compared to detect
 differing nutrient concentrations which may explain the inconsistencies in biomass
 accumulation and moss morphology.
 The mean moss tissue nutrient concentrations for each of the three peat/water
 source treatments with the highest water table and fragment application density
 (n=5) and the combined natural field site data (n=20) are presented in Fig. 3. The
 numerical data are presented in Appendix B. Nutrient concentration data for the
 natural sites were similar to those for S. papillosum collected in southern Finland
 (Aulio, 1980). Overall, moss tissue elemental concentrations were higher for the
 greenhouse treatments than for the natural field sites. Some notable exceptions are
 the P and K concentrations for the old greenhouse treatment, which are significantly
 lower than both the natural field sites and other greenhouse treatments.
 It is known that either N or P can limit Sphagnum productivity (Malmer, 1993), and
 by determining the ratio of these elements in moss tissue it can be inferred which
 of the two is limiting (Aerts et al., 1992; Li et al., 1993). An N:P ratio of less than 10
 usually indicates that growth is N-limited, higher than 10 suggests growth is P-
 limited. Mean ratios calculated for the data in this study were 21:1 for the natural
 sites, 70:1 for the old treatment, 9:1 for the intermediate treatment, and 15:1 for the
 new treatment. The high ratio for the old treatment is a clear indication of P-limited
 growth. This combined with a low K concentration could explain the reduced
 biomass accumulation observed for this treatment.
 The old treatment also exhibited an extremely high Fe concentration, approximately
 three times that of the next highest treatment. Fe, in various forms, can precipitate
 P and make it unavailable for plant uptake, especially at neutral to acid pH (Brady,
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 Fig. 3. S. papillosum tissue elemental concentrations (means + standard error) forold, new, and intermediate greenhouse treatments (n=5), and natural sites (n=20).Means for each element with the same letter are not significantly different at the p= 0.05 level.
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 1974). This phenomenon could have intensified the P-limiting effect for the old
 treatment.
 The old treatment also has significantly higher concentrations for Ca and Mg. The
 Ca and Mg concentrations for the old treatment are significantly higher than the
 natural field sites and the new treatment, but lower than the intermediate treatment.
 Some studies have shown that high levels of Ca (greater than 0.5
 milliequivalents/liter Ca2+) combined with high pH (greater than 5.5) in bog waters
 can have a detrimental effect on Sphagnum growth and competitive ability (Clymo,
 1973; Malmer et al., 1992; Malmer, 1993). The pH of the bog waters used for this
 experiment were 4.7 for the new treatment, 6.9 for the intermediate treatment, and
 7.4 for the old treatment. Both the old and intermediate treatments had relatively
 high moss tissue Ca concentrations and water pH above 5.5. However, the
 intermediate treatment produced the most biomass. Therefore, it is questionable
 whether these factors had a negative effect on biomass accumulation in this
 experiment.
 Sulfur concentrations were significantly higher for the greenhouse treatments than
 for the natural areas. Some studies in Great Britain have shown that high levels of
 S (as high as 3,000 ppm in moss tissue) as a result of atmospheric pollution can be
 detrimental to Sphagnum growth (Ferguson et.al, 1984). However, in this study the
 maximum moss tissue S concentration was approximately 1,800 ppm. Also, the two
 treatments with the highest moss tissue S concentrations also had the greatest
 biomass. Therefore, it is unlikely that S levels were high enough to reduce
 Sphagnum growth in this study.
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 CONCLUSIONS
 In this greenhouse study, the growth and morphology of S. papillosum were
 influenced to varying degrees by a number of factors. A water table level at or very
 near the peat surface is essential to maximize biomass accumulation. Within the
 range tested in this study, increased moss fragment application densities resulted
 in only a moderate increase in biomass accumulation, dependent upon the water
 table level and peat/water source and may not be worth the additional impacts on
 natural donor areas. The chemical characteristics of the peat substrate and
 associated bog water also have a significant effect on moss growth and morphology.
 Moss tissue analysis revealed that the old greenhouse treatment, which had
 consistently the lowest biomass accumulation, was likely deficient in P and possibly
 K. The P deficiency was conceivably aggravated by a high Fe level which may have
 precipitated the P and made it unavailable. Relatively high Ca levels and pH may
 have also contributed to the low biomass accumulation for this treatment.
 Even though the new and intermediate treatments resulted in significantly higher
 biomass, especially at the high water table level, the moss morphology was
 significantly different from that of natural areas and the old treatment. Their small,
 spindly growth habit may be suitable for restoring ground cover to post-harvested
 peatland sites, but if the moss is to be harvested and sold as top moss or floral
 moss, product quality could be diminished.
 Future research should include S. papillosum growth trials on a variety of post-
 harvested sites to determine the applicability of the greenhouse findings to actual
 field conditions.
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 APPENDIX A: Sphagnum papillosum biomass for the 1995 greenhouse study.
 Table A1. Mean S. papillosum biomass - 1995 greenhouse study.Peat/Water Source
 Water Level Fragment Density1
 MeanBiomass2 (dry g/dm2)3
 Old +1 cm 60 1.37 ± 0.065
 Old +1 cm 120 2.23 ± 0.152
 Old -3 cm 60 1.27 ± 0.055
 Old -3 cm 120 1.59 ± 0.031
 Old -9 cm 60 1.12 ± 0.046
 Old -9 cm 120 1.45 ± 0.038
 Intermediate +1 cm 60 3.34 ± 0.357
 Intermediate +1 cm 120 4.23 ± 0.136
 Intermediate -3 cm 60 2.81 ± 0.103
 Intermediate -3 cm 120 2.92 ± 0.088
 Intermediate -9 cm 60 2.29 ± 0.106
 Intermediate -9 cm 120 2.63 ± 0.124
 New +1 cm 60 3.43 ± 0.226
 New +1 cm 120 3.94 ± 0.304
 New -3 cm 60 2.13 ± 0.100
 New -3 cm 120 2.17 ± 0.094
 New -9 cm 60 1.62 ± 0.116
 New -9 cm 120 1.84 ± 0.172
 1 Moss fragments per container (95 cm2), 60 fragments = 30 stems & 30 capitula, 120 fragments = 60 stems & 60 capitula.2 Mean ± standard error. Sample size n = 5.3 Converted from dry g/95cm2 to dry g/dm2.
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 APPENDIX B: Sphagnum papillosum moss tissue elemental concentrations -1995 greenhouse study.
 Table B1. Sphagnum papillosum moss tissue elemental concentrations (ppm) -1995 greenhouse study. Mean ± standard error. Sample size n=5.
 Site N P K Ca Mg S Fe
 Old 15540.00± 229.35
 226.38± 17.86
 3092.40± 239.27
 4383.54± 281.67
 1536.20± 66.59
 1340.00± 35.36
 12183.85± 494.07
 New 16460.00± 963.12
 1125.24± 94.72
 5441.61± 156.64
 1699.66± 60.19
 921.85± 26.72
 1858.00± 192.68
 2666.00± 185.92
 Intermediate 12060.00± 374.97
 1416.75± 57.31
 5429.77± 250.43
 8326.99± 607.11
 2658.67± 185.81
 1644.00± 72.91
 4453.40± 382.29
 Arlberg 8120.00± 213.07
 320.19± 12.88
 3695.37± 238.77
 2323.62± 90.07
 755.57± 36.45
 840.00± 20.25
 567.17± 56.51
 Porter Ridge 5980.00± 361.11
 333.02± 31.41
 4409.21± 297.38
 1726.34± 139.28
 713.43± 55.27
 744.00± 19.13
 752.14± 181.07
 Toivola 7980.00± 457.60
 374.57± 41.83
 3640.45± 245.29
 1235.41± 56.57
 420.44± 9.63
 904.00± 36.14
 551.02± 84.07
 Willow River 8580.00± 190.79
 467.10± 25.56
 3711.15± 154.47
 1526.11± 61.26
 574.52± 16.15
 876.00± 22.72
 434.08± 110.19
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 Chapter 2
 Re-establishment of Sphagnum papillosum
 Under Relatively Stable Water Table Conditions
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 ABSTRACT
 Approximately 800 hectares of Minnesota peatlands are currently managed for the
 harvesting of horticultural peat. Many of these peat harvesting operations are
 located on Sphagnum-dominated peatlands, which when exhausted of their
 horticultural peat, must be restored to a functional wetland condition as required by
 state law. Regeneration of previously existing vegetation, especially with Sphagnum
 mosses, is the preferred method of restoration. Sphagnum papillosum is a moss
 species of particular interest, since it is the predominant moss species commercially
 harvested from peatlands in Wisconsin, where it is commonly known as "top moss"
 or “floral moss”. S. papillosum is also a relatively common component of pioneer
 plant assemblages occurring on post-harvested peatland sites in Minnesota, which
 suggest its potential for use in peatland restoration.
 To assess the regeneration potential of S. papillosum on disturbed peatlands with
 and without S. papillosum fragment application, surface vegetation (e.g. Sphagnum
 spp., ericaceous shrubs, and Carex spp.) was removed from 20 - 1.5 m x 1.5 m
 (2.25 m2) study plots in a poor fen located in northern Minnesota, USA during the
 fall of 1994. The study site was part of a large undisturbed peatland with relatively
 stable water table levels in close proximity to the acrotelm surface, resulting in
 moisture conditions conducive to Sphagnum spp. establishment. The study was
 arranged in a randomized block design, with S. papillosum fragments collected from
 the surrounding area and spread on ten of the plots, with the other ten plots left
 bare. Re-vegetation, expressed as percent cover, was monitored annually over the
 following three-year period (1995-1997) using a Cover-Point Optical Device.
 Sphagnum and other peatland plant species percent cover was determined
 separately and in combination to assess re-vegetation composition. Results indicate
 significantly enhanced re-vegetation on plots with S. papillosum applications. Mean
 total percent cover for plots with fragment applications was 84.9%, 96.8%, and
 99.4%, for 1995, 1996, and 1997, respectively; compared to 20.8%, 44.7%, 60.8%
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 for plots without fragments. These wide differences in total percent cover were
 attributed primarily to the successful re-establishment of S. papillosum. Mean
 percent covers by other peatland plant species, predominantly Carex, for plots with
 fragment applications were 5.1%, 16.3%, and 13.0%, compared to 8.6%, 21.5%,
 and 18.8% for plots without fragments. Significant differences between treatments
 occurred in 1995 (p=0.011), 1996 (p=0.026), and 1997 (p=0.004). Therefore,
 although S. papillosum fragment applications did increase total percent cover, they
 were associated with a significant decrease in the percent cover by other wetland
 plant species.
 Key Words: Sphagnum papillosum, water table, percent vegetative cover, peatland
 restoration.
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 INTRODUCTION
 Minnesota has an estimated 3 million hectares of peatlands (Olson et al., 1979) and
 is one of the leading states in the U.S. in both the conservation of wetlands and the
 harvesting of horticultural peat. Peatland restoration is essential if we wish to
 preserve both economic and environmental interests.
 Peatland restoration is defined as the managed restoration of harvested peatlands
 to wetland vegetation and functional wetland status. Approximately 400 hectares
 of Minnesota peatland are currently managed for the harvesting of Sphagnum moss
 peat. These harvest sites must be restored to a natural state as required by state
 and federal regulations after harvesting has ceased.
 According to the Minnesota Department of Natural Resources (MDNR) Peatland
 Reclamation Rules (MDNR, 1985), a peat company generally has two options in
 reclaiming a harvested site. The first option is to reclaim it to a specific end use
 such as forestry, agriculture, biomass production, or wildlife habitat. The second
 option is to stabilize the surface with wetland or typical peatland vegetation and
 meet a 5-year cover standard, which is essentially the same as peatland restoration.
 The regulations regarding the second option specifically state, “During the fourth and
 fifth year following initiation of re-vegetation, a vegetated reclaimed area shall have
 a 75 percent live vegetative cover comprised of wetland or typical peatland species
 that are either planted or naturally occurring.” The second option is currently
 preferred by peat producers, as well as state and federal regulatory agencies.
 Sphagnum species regenerate both by vegetative means and by germination of
 spores. Vegetative reproduction is by far the most common, although plants do
 occasionally produce spores during the summer months (Darlington, 1964).
 Several field studies have shown the potential for regenerating Sphagnum moss by
 spreading live moss fragments on a suitable site (Elling and Knighton, 1984;
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 Rochefort et al., 1995; Campeau and Rochefort, 1996). Restoration research to
 date has also shown that probably the most important factor in regenerating
 Sphagnum moss is a high and relatively stable water level (Wheeler and Shaw,
 1995; Campeau and Rochefort, 1996).
 Sphagnum papillosum Lindb. (McQueen, 1990) is a moss species of particular
 interest. It is a relatively common component of pioneer plant assemblages
 occurring on some of the few post-harvested peatland sites in Minnesota which have
 naturally re-vegetated. This suggests its potential for use in peatland restoration.
 S. papillosum is also the predominant moss species commercially harvested from
 peatlands in Wisconsin (Janssens, 1993) where it is commonly known as "top moss"
 or “floral moss”.
 The objective of this study is to assess the regeneration potential of S. papillosum
 on disturbed peatlands, given a relatively stable water table level. When post-
 harvested peatlands do not naturally re-vegetate even under relatively favorable
 conditions, then restoration of these sites requires active site management in order
 to successfully re-establish S. papillosum.
 STUDY AREA
 The study was established on a poor fen bordering the Toivola South raised bog,
 located in northern Minnesota, USA (47/08' N, 92/49' W) in September 1994. The
 peatland began forming on the bottom sediments of former glacial Lake Upham
 beginning approximately 5,500 years ago (MDNR, 1979). The site is predominantly
 a S. papillosum lawn with an over story of ericaceous shrubs and Carex spp. Small
 hummocks of S. magellanicum and S. capillifolium also occur at the site. All plant
 species present at the site are listed in Appendix A.
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 MATERIALS AND METHODS
 To assess re-vegetation success with and without S. papillosum fragment
 application, surface vegetation (e.g. Sphagnum spp., ericaceous shrubs, and Carex
 spp.) was removed from 20 - 1.5 m x 1.5 m (2.25 m2) plots. The study was arranged
 in a randomized block design ( 5 blocks, each containing 4 plots) with S. papillosum
 fragments collected from the surrounding area, spread on ten of the plots, with the
 other ten plots left bare. A boardwalk was constructed at the site to provide access
 to each research plot with minimal disturbance.
 S. papillosum fragments for use in the study were collected from within the same
 poor fen. The top 4 cm of each moss plant was collected and cut in two - 2 cm
 pieces, one consisting of only stem material and the other of stem and capitula. The
 moss fragments were applied at a density sufficient to completely cover the bare
 peat surface, approximately12,500 fragments/m2. For restoration purposes, the
 fragment application density is sometimes expressed as a ratio of the natural,
 undisturbed bog surface area from which moss fragments are collected to the area
 of bare peat surface on which they are spread (Campeau and Rochefort, 1996).
 Assuming each moss plant will yield two fragments, an application density of 12,500
 fragments/m2 would require 6,250 moss plants/m2. At the undisturbed poor fen site
 where the moss fragments were collected, the natural density was approximately
 24,800 moss plants/m2. The resulting ratio is approximately 1 part natural bog
 harvested to 4 parts bare peat restored, or 1:4. This ratio is considerably higher
 than the 1:15 ratio recommended by more recent studies (Quinty and Rochefort,
 1997).
 A piezometer (3 inch diameter slotted PVC pipe) was installed at the site in order to
 monitor water table levels on a monthly basis throughout the growing season. The
 piezometer was anchored to the mineral substrate beneath the peat layer to
 minimize movement due to water table fluctuations and frost heaving. All water
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 table measurements were made in relation to the top of the piezometer.
 Re-vegetation, expressed as percent cover, was monitored each September over
 the following three-year period (1995-1997) using a Cover-Point Optical Device. To
 avoid edge effects, only the interior 1m x 1m area of each plot was monitored. The
 Cover-Point Optical Device (ESCO Associates Inc., Boulder, Colorado, U.S.A.) is
 designed for use in determining percent vegetative cover using the point-intercept
 method (Clarke, 1986; Norland et al., 1992). The system consists of an optical
 device mounted on a horizontal bar, which is supported above the sampling area on
 one end by a standard photographic tripod and on the other by an adjustable
 support rod. The optical device, similar in appearance to a telescopic rifle sight, has
 5X magnification with extremely fine cross hairs for viewing a relatively
 dimensionless point. The horizontal bar is approximately 1 meter long with 10 stops
 at 10 cm intervals. The percent vegetative cover is determined by looking through
 the eyepiece and recording hits and misses of vegetation using the fine cross hairs
 within the optics for each of 10 sample points across the bar. For this study 10
 transects were made across each 1m x 1m plot for a total of 100 sampling points
 per plot. To assess re-vegetation composition, Sphagnum and other peatland plant
 species percent cover was determined separately and also in combination when
 more than one species occurred at the same sampling point (i.e. one species at
 ground level and one in the canopy).
 All statistical analyses were conducted using SigmaStat® version 2.0 or SAS System
 for Windows version 6.12 computer software. The SAS general linear models
 procedure was used to determine significant block and treatment effects. Data
 transformations were conducted when necessary to insure data compliance with
 statistical assumptions of normal distribution and equal variance. Significant
 treatment differences were based on a p value<0.05.
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 RESULTS AND DISCUSSION
 Water table fluctuationsDuring the course of the study, all water table measurements were made in relation
 to the top of the piezometer. To adjust these measurements to correspond to the
 peat surface, the piezometer height above the ground level was measured in May
 1998. During the analysis of the water table data, it was noticed that the adjusted
 water table levels appeared higher than what was observed in the field. Therefore,
 piezometer height above the peat surface was again measured in July 1998. The
 July height measurement was approximately 7 cm less than in May. Since the
 piezometer was securely anchored in the mineral substrate, the only explanation
 was that the peat surface was fluctuating. The May measurement was taken during
 a relatively dry period, resulting in a lower peat surface level, while the July
 measurement occurred during a wet period, with a higher associated peat surface
 level.
 To take this phenomenon into account, several piezometer height measurements
 were taken over the course of the 1998 growing season at varying water table
 levels. The water table levels, in relation to the piezometer, were plotted against the
 water table levels relative to the peat surface. The resulting regression line and
 equation presented in Fig. 1 were used to adjust all measurements to correspond
 with the peat surface. A graph showing the adjusted water table levels for the three
 year period is presented in Fig. 2.
 The water table level remained relatively stable in relation to the peat surface
 throughout the study period. The minimum water table level recorded during the
 study period was approximately 3 cm below the peat surface in June 1995, and the
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 Fig. 1. Regression line and equation for adjusting water table measurements.Water table relative to peat surface vs. water table level relative to piezometer.(n=4).
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 Fig. 2. Water table level in relation to the peat surface over three growing seasons(June 1995 - October 1997) at the Toivola research site.
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 maximum was nearly 8 cm above the peat surface in August 1995, a fluctuation
 range of about 11 cm. Although the raised portion of the Toivola South Bog has
 recently been developed for the harvesting of Sphagnum moss peat, the water
 levels in the surrounding poor fen have remained relatively high and stable, likely
 due to continuity with a larger peatland complex. Water table level fluctuations are
 also less in fens than in bogs because fens are associated with the regional
 groundwater system (Boelter and Verry, 1977). The uppermost surface layer of a
 peatland or “acrotelm” which includes the living surface vegetation, recently dead
 vegetation, and newly formed peat above the zone of permanent saturation (Ingram,
 1978) also helps to maintain a high and stable water table level (Schouwenaars and
 Vink, 1992). The acrotelm at the research site remains quite intact and therefore
 contributes to water table stability. The water table level remained above the peat
 surface for most of the study period, especially during the 1995 and 1996 growing
 seasons. This situation provided favorable conditions for Sphagnum and other
 peatland plant species throughout the three year study.
 Percent vegetative coverThe mean percent vegetative covers for 1995, 1996, and 1997, for plots with and
 without S. papillosum fragment application, are presented as pie charts in Fig. 3.
 The numerical percent cover data are presented in Appendix B. Results indicate
 significantly enhanced (p<0.001) re-vegetation on plots with S. papillosum
 applications. Mean total percent covers for plots with fragment applications were
 84.9%, 96.8%, and 99.4%, for 1995, 1996, and 1997, respectively, compared to
 20.8%, 44.7%, 60.8% for plots without fragments. These wide differences in total
 percent cover were attributed primarily to the successful re-establishment of S.
 papillosum.
 Mean percent covers by other peatland plant species, predominantly Carex, for plots
 with fragment applications were 5.1%, 16.3%, and 13.0%, compared to 8.6%,

Page 43
                        
                        
                        

34
 Fragments
 1995
 No Fragments
 1996
 1997
 Sphagnum1 (79.8%)
 No cover (15.1%)
 Sphagnum + other (3.4%)
 Other2 (1.7%)Total cover (84.9%)
 No cover (79.2%)
 Sphagnum1 (12.2%)
 Other2 (8.3%)
 Sphagnum + other (0.3%)
 Total cover (20.8%)
 Sphagnum1 (80.5%)
 Sphagnum + other (14.5%)
 No cover (3.2%)
 Other2 (1.8%)Total cover (96.8%)
 No cover (55.3%)
 Sphagnum1 (23.2%)
 Other2 (16.4%)
 Sphagnum + other (5.1%)
 Total cover (44.7%)
 Sphagnum1 (86.4%)
 No cover (0.6%)
 Sphagnum + other (12.5%)
 Other2 (0.5%)
 Total cover (99.4%)
 Sphagnum1 (42.0%)
 No cover (39.2%)
 Other2 (12.1%)
 Sphagnum + other (6.7%)
 Total cover (60.8%)
 1Sphagnum species include: Sphagnum papillosum Sphagnum capillifolium Sphagnum recurvum
 2Other species include: Andromeda glaucophylla Carex limosa Carex oligosperma Chamaedaphne calyculata Drosera rotundifolia Scheuchzeria palustris Vaccinium oxycoccus
 Fig. 3. Mean percent cover for study plots with and without Sphagnum papillosumfragments applied, for 1995, 1996, and 1997 (n=10).
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 21.5%, and 18.8% for plots without fragments. Significant differences between
 treatments occurred in 1995 (p=0.011), 1996 (p=0.026), and 1997 (p=0.004).
 Therefore, although S. papillosum fragment applications did increase total percent
 cover, they were associated with a significant decrease in the percent cover by other
 wetland plant species.
 A study of natural revegetation on five post-harvested, nutrient poor peatlands in the
 USA and Canada (Famous et al., 1991) reports less than 25% vegetative cover after
 4 to 10 years. However, most of these peatlands were not actively managed for
 restoration and were characterized by low and frequently fluctuating water table
 levels.
 CONCLUSIONS
 The results from the first 3 years of this study were presented in this paper. The
 research indicates that under relatively favorable conditions, plots with S.
 papillosum fragments applied may achieve 84.9% mean vegetative cover within one
 year and up to 99.4% within three years. Plots without S. papillosum fragment
 applications achieved 60.8% mean vegetative cover after 3 years. It remains to be
 seen if the plots without fragment applications can achieve the 75% cover required
 by MDNR regulations within the 5 year time frame. In any case, it is important to
 note that the conditions for Sphagnum growth (high and stable water level, close
 proximity to bog vegetation, and high moss fragment application density) in this
 study were much more favorable than those usually encountered at post-harvested
 peatland sites. Therefore, this study should be considered the best case scenario
 for S. papillosum re-establishment. Less favorable results are to be expected on
 most sites.
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 APPENDIX A: Plant species present at Toivola Sphagnum regeneration site -1994.
 Table A1. Peatland plant species present at Toivola Sphagnum regeneration site
 - 1994.
 Andromeda glaucophylla
 Carex limosa
 Carex oligosperma
 Chamaedaphne calyculata
 Drosera rotundifolia
 Kalmia polifolia
 Polytrichum strictum
 Sarracenia purpurea
 Scheuchzeria palustris
 Sphagnum capillifolium
 Sphagnum magellanicum
 Sphagnum majus
 Sphagnum papillosum
 Sphagnum recurvum
 Vaccinium oxycoccus
 Utricularia intermedia
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 APPENDIX B: Percent vegetative cover by species for Toivola Sphagnumregeneration plots.
 Table B1. Percent vegetative cover - 1994 Pre-harvest. Mean ± standard error.
 Species % Cover
 Sphagnum papillosum 45.9 ± 5.03
 Sphagnum capillifolium 29.6 ± 3.95
 Sphagnum recurvum 4.6 ± 1.48
 Vaccinium oxycoccus 4.5 ± 1.00
 Carex limosa 4.0 ± 0.80
 Scheuchzeria palustris 3.4 ± 0.56
 Andromeda glaucophylla 2.7 ± 0.71
 Chamaedaphne calyculata 2.7 ± 0.66
 Polytrichum strictum 2.2 ± 0.57
 Sphagnum magellanicum 0.4 ± 0.25
 Carex oligosperma 0.2 ± 0.16
 Sarracenia purpurea 0.1 ± 0.10
 Kalmia polifolia 0.1 ± 0.05
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 Table B2. Percent vegetative cover - 1995. Mean ± standard error.
 No Fragments Fragments
 Species % Cover Species % Cover
 Sphagnum papillosum 12.0 ± 1.24 Sphagnum papillosum 82.7 ± 1.84
 Carex limosa 3.9 ± 1.10 Carex limosa 2.3 ± 0.70
 Scheuchzeria palustris 3.4 ± 0.56 Scheuchzeria palustris 2.0 ± 0.45
 Drosera rotundifolia 0.7 ± 0.30 Sphagnum recurvum 0.5 ± 0.22
 Sphagnum recurvum 0.5 ± 0.22 Chamaedaphne calyculata 0.4 ± 0.22
 Chamaedaphne calyculata 0.3 ± 0.15 Carex oligosperma 0.3 ± 0.21
 Vaccinium oxycoccus 0.3 ± 0.15 Vaccinium oxycoccus 0.1 ± 0.10
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 Table B3. Percent vegetative cover - 1996. Mean ± standard error.
 No Fragments Fragments
 Species % Cover Species % Cover
 Sphagnum papillosum 27.7 ± 3.27 Sphagnum papillosum 94.8 ± 0.95
 Carex limosa 13.0 ± 3.39 Carex limosa 10.2 ± 2.40
 Scheuchzeria palustris 6.4 ± 1.11 Scheuchzeria palustris 4.9 ± 0.81
 Carex oligosperma 1.0 ± 0.37 Carex oligosperma 0.8 ± 0.51
 Sphagnum capillifolium 0.4 ± 0.31 Chamaedaphne calyculata 0.3 ± 0.21
 Chamaedaphne calyculata 0.4 ± 0.31 Sphagnum capillifolium 0.2 ± 0.13
 Vaccinium oxycoccus 0.3 ± 0.15 Vaccinium oxycoccus 0.1 ± 0.10
 Drosera rotundifolia 0.3 ± 0.15
 Sphagnum recurvum 0.2 ± 0.13
 Andromeda glaucophylla 0.1 ± 0.10
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 Table B4. Percent vegetative cover - 1997. Mean ± standard error.
 No Fragments Fragments
 Species % Cover Species % Cover
 Sphagnum papillosum 43.8 ± 3.78 Sphagnum papillosum 97.3 ± 0.58
 Carex limosa 10.7 ± 2.56 Carex limosa 7.4 ± 2.04
 Sphagnum capillifolium 4.4 ± 1.91 Scheuchzeria palustris 3.7 ± 0.82
 Carex oligosperma 3.4 ± 0.99 Carex oligosperma 1.5 ± 0.43
 Scheuchzeria palustris 3.4 ± 0.87 Sphagnum capillifolium 1.3 ± 0.37
 Chamaedaphne calyculata 0.6 ± 0.22 Sphagnum recurvum 0.3 ± 0.21
 Sphagnum recurvum 0.5 ± 0.40 Andromeda glaucophylla 0.2 ± 0.20
 Andromeda glaucophylla 0.3 ± 0.21 Chamaedaphne calyculata 0.1 ± 0.10
 Drosera rotundifolia 0.2 ± 0.13 Vaccinium oxycoccus 0.1 ± 0.10
 Vaccinium oxycoccus 0.2 ± 0.13
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