
EFFECTS OF MANAGEMENT

ON VEGETATION AND

PLANT COMMUNITY STRUCTURE

AT BLUFF SPRINGS FEN

By

Marlin Bowles', Ken Johnson,
Nick Stoynoff, & Jeannette McBride

17 March 1993

'The Morton Arboretum
Lisle, IL 60532



ABSTRACT

Buff Springs Fen (BSF) has been managed by shrub cutting and dormant season burning
since 1981 to restore natural conditions eroded by past fire protection and grazing . In 1986-
87, a series of baseline transects were established across the fen from which plant species
percent cover was recorded in 1/4m 2 sample plots . In 1992, these transects were partially
resampled in marl flat, calcareous seep, graminoid fen, sedge meadow, and successional
vegetation. The data were compared against the 1986-87 data set to determine if changes in
either species abundance or cover had occurred. The 1992 data were also ordinated to
develop an objective plant community classification and map .

By comparing annual burn maps, we estimate that the fen basin has burned about 70% of the
time over a 10-year period. As expected, cover of the woody plants Rubus occidentalis,
Cornus foemina (racemosa), and Rhus glabra has been significantly reduced in successional
vegetation ; in relation, shade intolerant species increased in cover. However, the abundance
of these species has not been reduced, and their elimination may require herbicide
application . In contrast, cover of the native fen shrub Potentilla fruticosa has not been
reduced where spring runs provide natural fire protection . As predicted from study of
prairie, frequency and cover of perennial grasses and sedges increased in calcareous seep,
graminoid fen vegetation, and sedge meadow . Cattail, Typha latifolia, also increased in
sedge meadow. Although the cumulative frequencies of all forbs declined in most
communities, few individual species underwent significant declines in abundance or cover .
One exception was the common fen goldenrod Solidago ohioensis, which decreased in cover
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and abundance. Dormant season burning may be allowing the spread of graminoid species
into interstitial spaces in which forbs were reduced by litter accumulation . More precise
monitoring and experimental management treatments are needed to determine the significance
of these findings .

Ordination and classification produced a community classification for the BSF wetland plant
communities. Spring run, marl flat, calcareous seep, graminoid fen, sedge meadow, and
three successional communities were differentiated along a fen moisture gradient . However,
several communities occurred on a small scale mosaic that could not be mapped .
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INTRODUCTION

Prairie fens

In the glaciated upper midwest, graminoid fens occur on calcareous peat substrates developed

where groundwater emerges from sand or gravel lenses along morainal slopes and stream
valley bluffs (Curtis 1959) . Moran (1981) applied the term "prairie fens" to the graminoid
fens of northeastern Illinois because of their strong component of prairie vegetation (sensu
Curtis 1959) . These fens typically support post-glacial boreal communities that were invaded

and structurally altered by prairie during the xerothermic interval, which occurred 5-7000 BP
(King 1977) . The resulting vegetation consists of a matrix of obligate wetland calcicolous

species mixed with disjunct northern, eastern, and prairie species that occupy a moisture

continuum ranging from wet peat to the drier tops of sedge and grass hummocks (Moran

1981, Kohring 1982, Zimmerman 1983) . Strongly boreal species are often restricted to areas
•

	

of calcareous seeps where groundwater is at the soil surface and marl is exposed .

Bluff Springs Fen (BSF) is one of 12 high quality prairie fens in the Chicago region of
Illinois (Moran 1981, Figure 1) ; it supports a highly patterned wetland vegetation mosaic
including graminoid and shrub fen, and calcareous seep vegetation (Stoynoff and Hess
1986)' . Based on their hydrology, van der Valk (1975, 1976) described such fens in

northwest Iowa as structured with border, sedge mat, and discharge zones . In Wisconsin,
Zimmerman (1983) differentiated between calcareous fen vegetation on marl flats, and
prairie fen vegetation on peat substrate. The Illinois Natural Areas Inventory (INAI) also
described natural communities in fens based on floristic composition, fire frequency and
substrate (White 1978) . For example, graminoid fen natural community was found to occur

in peat habitat that burned frequently, while low shrub fen occurred in similar sites with
sufficient water flow to provide fire protection and development of shrub layers ; other

1

'BSF also supports dry gravel prairie and savanna on natural kames, which are not the primary focus of
this study . In addition, an artificial kame was constructed at the south border of the fen in June 1990 to become
the recipient of dry gravel prairie vegetation transported from the now-destroyed Healy Road kame .
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natural communities commonly found in association with fen communities included

calcareous seep (with tufa), marsh, and sedge meadow .

Management needs and applications at Bluff Springs Fen

With fire protection, shrub succession alters the structure of fens (White (1965), and

herbaceous species richness declines as succession proceeds (Wheeler 1988) . Interactions

between grazing, fire protection, and woody plant invasion are thought to be critical factors

in erosion of natural quality in graminoid fens (Moran 1981, Carroll et al. 1984, Reuter

1986, Rooney 1990, Pearson and Leoschke 1992). For example, Moran (1981) found the

richest and most floristically diverse prairie fens that he studied had highest fire frequencies .

Grazing impacts fens most severely along their borders, which are more accessible to cattle

(van der Valk 1976) . At BSF, this was evidenced by an 11-acre core of grade A calcareous
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seep, bordered by 42 acres of grade B and C graminoid fen and sedge meadow, and by 15

acres of grade C and D savanna and dry gravel prairie (1977 INAI data) .

Management to reverse effects of fire protection and past grazing at BSF was initiated by the

Friends of the Fen in 1981 . Their efforts have included reduction of shrub cover by annual

spring or fall dormant season bums (Appendix I), cutting of woody vegetation, as well as

removal of human artifacts (Stoynoff & Hess 1986) . Only recently have herbicides been

used to supplement cutting and burning of woody vegetation . To assess the effects of this

management, Stoynoff (in press) established 464 1/4m2 sampling plots at 1-meter intervals

along stratified random permanent transects through the fen during August and September of

1986 and 1987 . Percent cover of all vascular plants was estimated from each plot by use of

a dm' grid on the plot frame. Plot cover of plants rooted outside the plot was included in the

data, thus frequency data also included plants growing outside of plots . Although initiation

of management prior to data collection obfuscated any control data, it was expected that
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vegetation would continue to change and that the data set could be used for comparison with

vegetative data collected over time .
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As a result of ongoing management and the availability of a five-year old data set, portions

of the 1986-87 transects were resampled in 1992 . Objectives were to determine if vegetative

change had occurred, and to compare such changes against expected results . Few data on
effects of burning on midwestern fen vegetation are available . In a two-year study, Kohring

(1982) found that cover of graminoid species increased after fire in a graminoid fen . Similar
results are well known in prairie, as well as a considerable body of knowledge on related fire

effects (e.g. Collins & Wallace 1990, and references therein) . In general, fire has been

found to structure prairie by increasing cover of graminoid vegetation while reducing cover

of woody vegetation and forbs ; but, lack of fire reduces species richness over time . By

removing litter, fire increases the growth and flowering of perennial grasses, which is

expected to increase their competitive ability over forbs . By burning off woody stems, fire

either kills woody vegetation or reduces the point of stem growth to ground level, thus

enhancing the competitive abilities of herbaceous and graminoid vegetation. However,

burning may reduce cover but may not eliminate woody vegetation in fens (Zimmerman
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1983). Thus we sought to determine if the frequency of cover of woody vegetation, such as

Potentilla fruticosa, Cornus foemina (racemosa), Rubus occidentalis, and Rhus glabra had

decreased, and if the balance in frequency or cover of graminoid and herbaceous vegetation
had changed.

Because of confusion in describing and mapping plant communities at BSF (i.e. differences
between INAI maps and Stoynoff and Hess 1986 ; see below), we also used multivariate

analysis to better define and map vegetation within the fen basin .

METHODS

Selecting communities and transects

We selected for study six wetland vegetation units recognized either by the INAI, Stoynoff &

Hess (1986), or Stoynoff (in press) within the BSF basin, which we expected to reflect either
vegetation change or persistence in relation to management :
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1) Marl flat - occupies low areas of strong spring flow in the central fen basin ; mapped as calcareous seep
by Stoynoff, and not recognized as distinct from grade A calcareous seep by the INAI .

2) calcareous seep - occupies raised areas of strong spring flow, and borders marl flats in the fen basin ;
mapped as graminoid fen by Stoynoff and as grade A calcareous seep by the INAL

3) graminoid fen - occupies raised peat areas along the higher borders of the fen basin ; mapped as wet-
mesic prairie by Stoynoff and as grade B graminoid fen by the INAL

4) sedge meadow - occurs in low saturated peat soils along the south border of the fen basin ; mapped as
sedge meadow by Stoynoff and as grade C graminoid fen by the INAT .

5) successional vegetation - occupies portions of the raised peat soils on the west and east borders of the
fen basin; mapped as management areas by Stoynoff and primarily as grade D savanna and grade E
successional field by the INM.

As indicated, each of these communities has been treated with cutting and prescribed burning

since 1981 . Areas supporting successional vegetation were expected to show the most

significant changes where cutting of woody vegetation has supplemented burning .

The original transects established by Stoynoff (in press) were relocated from permanent

markers or from transect lines superimposed over vegetation maps (Figure 2) . Because of

time limitations, all of the original plots could not be resampled within each community, and

we produced unequal samples of the original data sets including 15 vs 46 orginal plots in

marl flats, 28 vs 30 original plots in calcareous seep, 23 vs 20 orginal plots in graminoid

fen, 21 vs 23 orginal plots in sedge meadow, and 47 vs 56 orginal plots in successional

vegetation. Our marl flat transects did not directly overlap original transects and may have

introduced some sampling error effects into the marl flat data . We also resampled transects

established by the INAI in 1977 (which had been marked on an aerial photo overlay, but

were not replicated by Stoynoff). Unfortunately, the INAI sample data was not useful for

data analysis because: 1) the original transects could not be precisely located 2) the data

collected was restricted to plant frequencies, which prevented direct comparison with cover

data, and 3) the transects apparently crossed community boundaries and created a

heterogeneous data set that could not be statistically compared with 1992 data . However, we
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used our 1992 data set approximated from these transects for multivariate community
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analysis with other 1992 data .

Data collection

Our plots were established at 5-meter intervals estimated by pacing along the stratified

random transects . We collected data in the same manner as Stoynoff (in press), by

estimating percent cover for each species in 1/4m2 plots. Because of vertical overlap of

vegetation, percent cover within a plot could exceed 100 percent ; however, we did not

include cover from plants rooted outside of plots . Thus our estimates of cover and frequency

were more conservative. They would tend to over estimate significant declines in cover or

frequency, and would under estimate significant increases in species cover or frequency .

Data analysis
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For each of the five communities we compared the frequencies and mean cover of species

between the 1986-87 and 1992 data sets at two levels . First, all species were combined into

woody, graminoid, and forb components of community structure . Proportional differences in

the number of plots occupied by these groups in the 1986-87 vs 1992 data sets were tested by

X2 analysis . At the species level, mean percent cover per 1/4m 2 was compared between

1986-87 and 1992 for species selected from the two data sets . Because such data is usually

not normally distributed, we used both t-tests and the non-parametric Mann-Whitney test to

compare differences between species cover values . For species having significant changes in

cover, we compared 1986-87 vs 1992 plot frequencies by X2 analysis to determine if the

changes in cover were related to changes in plant abundance .

We analyzed community relationships among the 1992 sample plots by ordination and

classification procedures using PC-ORD (McCune 1991). This allowed us to compare the

arbitrary community classifications of White (1978) and Stoynoff (in press) against a
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multivariate analysis of similar data . First, all plots were ordinated by Detrended

Correspondence Analysis (DECORANA) of the plant frequency data . DECORANA is an

5
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eigenvector ordination technique based on reciprocal averaging ; it positions plots along
strong environmental or successional gradients . Second, communities were identified and
grouped on the ordination axis by Two-way Indicator Species Analysis (TWINSPAN), a

polythetic divisive classification method that produces a tabular alignment of species groups
along the ordination axis . Once TWINSPAN had provided a community classification, all
1992 plots were combined into these groups, ranked by importance values (IV = relative

frequency + relative cover), and plotted as dominance-diversity curves (Whittaker 1970) .
Based on their plot locations along transects, these communities were then overlaid on a BSF

site map, producing a composite vegetation map .

RESULTS

Fire frequencies

By the time Stoynoff completed sampling in 1987, all wetland communities in the fen basin
had been spring-burned at least four times . By 1992, our transects in these areas had been
covered by at least two additional spring/fall burns . Thus, we estimate that cover sampled in
the study area burned about 60% of the time over a 10-year period prior to our sampling .
However, the extent of fire cover was not 100% in burned areas, especially where spring run
water courses provided fire breaks (Steve Byers, pers . comm.) .

Changes in plant communities : 1986-87 vs 1992

Marl flat - We detected no significant changes in frequencies of graminoid or herbaceous
vegetation, and relative frequency of woody vegetation (primarily the shrub Potentilla
fnuicosa) increased only from 9 % to 15% (Figure 3) . However, mean cover for the shrub
Potentilla fruticosa increased significantly from 10 .9% to 31 .7% (Table 1) . In graminoid
vegetation, the sedge Carex sterilis increased significantly from 0.4% to 14.33% cover and
from 9% to 67% frequency .
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Calcareous seep - At the community level, there was no change in woody vegetation, but

frequencies of graminoid species increased while forb frequencies decreased significantly

(Figure 4) . Species with significant or marginal increases in cover included the sedges Carex

stricta, Scirpus acutus, Eleocharis rostellata, and Cladium mariscoides, while the prairie

grass Sorghastram nutans declined (Table 2) . Among forbs, Solidago ohioensis declined

from 19.4 % to 8 .61 % cover, while Liatris pycnostachya and Valerian ciliata also had

significant or marginal declines in cover . However, there were no significant changes in plot

frequencies over time for these species .

Graminoid fen - Although woody vegetation did not change, frequencies of graminoid

species increased, while forb frequencies decreased significantly (Figure 5) . Among

graminoids, Muhlenbergia mexican increased from 0 .6% to 5 .48% cover, while Spartin

pectinata and Calamagrostis canadensis were absent from the original data but appeared in

the 1992 data sets (Table 3) . Solidago ohioensis decreased significantly in cover from
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14.15 % to 3.09 %, while Aster wnbellatus increased from 3 .2 % to 13 .83 % cover . Only

Solidago ohioensis also underwent a significant decline in plot frequency, dropping from

50% to 17% .

Sedge meadow - As in other graminoid communities, woody vegetation did not change, but

frequencies of graminoid species increased while forb frequencies decreased (Figure 5) .

Among graminoid vegetation, Typha latifolia increased from 0 .55% to 8 .81% cover, and

Calamagrostis canadensis increased from 0 .86% to 20.24% cover (Table 4) . Among forbs,

marginal declines occurred in Solidago ohioensis and Eupatorium maculatum . Only Typha
latifolia underwent a significant change in frequency, increasing from 11 % to 57% .

Successional vegetation - At the community level, no significant changes occurred in

frequencies of woody or herbaceous species, but frequencies of graminoid species increased

significantly from 10% to 22% (Figure 6) . Although woody species did not change in
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frequencies, significant declines occurred in the mean cover of the shrubs Cornus foemin

(racemosa), Rhus glabra, and Rubus occidentalis (Table 5). In relation, a significant decline



8

occurred in both cover and frequency of the shade-tolerant Impatiens capensis . In contrast,

the shade-intolerant herb Aster puniceus increased significantly in both cover and frequency,

while the grass Calamagrostis canadensis increased only in cover .

Ordination of 1992 community data

DECORANA and TWINSPAN produced an ordination and classification with community

groups similar to those of the INAI and Stoynoff and Hess (1986), and the communities

appear to be aligned on a moisture gradient along the first ordination axis (Figure 8) . The

TWINSPAN species distribution and classification pattern across the ordination is given in

Appendix II, and the species frequencies, cover, and importance value (IV) for each

community determined by TWINSPAN are provided in Appendix III .

The four natural communities that we identify as marl flat, calcareous seep, graminoid fen,
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and sedge meadow, could be mapped as spatially distinct vegetation units (Figure 9) .

TWINSPAN further divided marl flat vegetation into two subtypes that we distinguish as

spring run & marl flat (Figure 8) ; however, they occur as a mosaic and could not be

mapped separately at the scale of this study . Potentilla fruticosa, Eleocharis rostellata, and

Carex sterilis occur in both subtypes . However, the spring run differed by the presence of

Deschampsia caespitosa and Rhynchospora capillacea, low species richness (R = 15), and a

nearly geometric dominance-diversity curve (Figure 10) . Marl flat vegetation had the

additional dominant forb Solidago ohioensis, higher richness (R = 40), and lognormal

dominance-diversity (Figure 10) . Calcareous seep and graminoid fen also had lognormal

dominance-diversity (Figure 10) . Calcareous seep had the highest richness (R = 64) of any

community; it was dominated by two species, Carex stricta and Solidago ohioensis, but had a

subdominant mixture of prairie species such as Rudbeckia hirta, Smilacina stellata, and

Andropogon scoparius, and wetland species including Scirpus validus, Lycopus americanus,
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and Scirpus acutus . Graminoid fen had moderate species richness (R = 40), dominance by

Carex stricta, Calamagrostis canadensis, and Aster umbellatus, and was also characterized
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by Muhlenbergia mexicana. The Sedge meadow community had low species richness and a

geometric dominance-diversity curve (Figure 10), with dominance by Carex stricta, and

Calamagrostis canadensis and Typha latifolia as secondary species .

Two successional vegetation communities could be mapped as spatially distinct (Figure 9) .
Disturbed graminoid fen is located along the northeastern border of the fen basin .
TWINSPAN subdivided this community on a moisture gradient . One type has low species

richness (R = 9) and is dominated by the mesic grass Andropogon gerardi and the herb

Solidago altissima . The second type had moderate richness (R = 32) and dominance by

wetland species Carex stricta, Eupatorium maculatum, and Aster puniceus . The second

successional vegetation community occurred at the west end of the fen basin (Figure 9) .

This community, had high richness (R = 45) and diversity (Figure 11), and dominance by

Eupatorium serotinum, Solidago altissima, Cornus racemosa, Rubus occidentalis, and
Impatiens capensis, even though they had dropped in cover since 1986-87 .

DISCUSSION

Effects of management on plant community structure

Lack of useful control or pre-management data limit interpretation of the effects of

management at BSF. Also, the reduction of woody species and herbaceous vegetation

change that had occurred by 1984 (Stoynoff and Hess 1986) could not be detected in our

analysis . In addition, the presence and cover of fen vegetation may vary annually in

response to seasonal rainfall and fire effects (Zimmerman 1983) . For example, in

approximately four out of ten years some fen areas did not bum, and cover of fire was not

100% within burned areas . In addition, the site experienced the most serious drought

recorded in the last 50 years during 1988 . As a result, the patterns of vegetation change

detected in our study must be interpreted with caution . Our more conservative estimates of
•

	

plant cover and frequency may have contributed to the apparent decline of forb species at the
community level, but would have under estimated the increase in graminoid species .
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The most important change detected in woody vegetation at BSF was in managed

successional vegetation. Here, a decrease in cover of Cornus racemosa, Rhus glabra, and

Rubus occidentalis has apparently resulted from cutting or burning back of stems, but not

from mortality as their frequencies have not declined . In relation, decline in the shade-

tolerant Impatiens capensis, and increase in Aster puniceus and Calamagrostis canadensis

corresponds to shrub canopy openings caused by management .

As in prairie (e.g. Collins & Wallace 1990), fire appears to be selecting for increasing

importance of graminoid species in areas of the fen that provide a fine fuel matrix . For

example, since 1986-87, the total frequency of graminoid species has increased while the

total frequency of herbaceous species has declined in calcareous seep, graminoid fen, and

sedge meadow habitats . The changes in frequency appear to represent a cumulative effect,

as few individual species underwent significant changes in frequency. Rather, most perennial

graminoid species appear to have increased in cover, and these species vary among plant
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communities. For example, in calcareous seep habitat, the sedges Carex stricta, Scirpus

acutus, Eleocharis rostellata, and Cladium mariscoides increased in cover, while cover of the

prairie grasses Muhlenbergia mexicana, Spartina pectinata, and Calamagrostis canadensis

increased in graminoid fen; but none of these species have increased in frequency . An

exception is 7ypha latifolia, which has increased in both cover and frequency in sedge

meadow. In contrast, only a single herbaceous species, Aster umbellatus, has increased in

cover among these communities, and this composite also increased in frequency . However,

only three herbaceous species have declined in cover . But one of the dominant fen herbs,

Solidago ohioensis, declined in cover throughout the fen and also declined in frequency in
the graminoid fen community. Thus, most herbaceous species appear not to have responded

positively to fire, but have not declined as graminoid species increased in cover . The

apparent stability of herbaceous species might be explained in part by different patterns of
vegetation growth. Graminoid species may be expanding at a faster rate than forbs into

interstitial spaces formerly occupied by unburned litter .
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Vegetation change was different in marl flat vegetation, which is fire-protected because it

occurs along water courses in the fen basin . Here, mean cover of the dominant shrub

Potentilla fruticosa increased significantly, although its frequency did not . This suggests that

P. fruticosa has not spread demographically in this community, but that individuals have

increased in size and cover . Although shrub cover increased in this habitat, cover of the

small sedge Carex sterilis also increased ; it may have expanded in light gaps between the

shrub canopy .

Classification of plant communities

BSF supports a complex of plant communities that range from spatially distinct vegetation

types to fine-scale mosaics. These communities appear to be separated primarily along a

moisture gradient, although other factors such as decreasing alkalinity may affect their

distribution. For example, marl flat, calcareous seep, and graminoid fen occur on an

increasing series of drier substrates, but sedge meadow lies at a lower and wetter landscape

position than suggested by its position along the first ordination axis . The wide dispersion of

successional vegetation plots on the ordination may be due to interactions between

landscape position, moisture gradient, and disturbance histories .

The spring run subtype of marl flat occupies the wettest part of the fen moisture gradient

(Figure 8) . It is distinguished by the highest importance of Potentilla fnuicosa among all

communities, lower species richness, and presence of Rhynchospora capillacea and

Deschampsia caespitosa. The marl flat community was not recognized as distinct at BSF by

the INAL However it occurs on elevated seepages adjacent to spring runs, and is

distinguished from other vegetation by dominance of Eleocharis rostellata, Carex sterilis,

Potentilla fiuticosa, and Solidago ohioensis. Because of the dominance of Potentilla

fruticosa, these communities appear to have developed in close assocition with fire protection

at BSF, and might be floristically intermediate between the low shrub fen and calcareous

seep natural communities identified by the INAI .
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Calcareous seep vegetation at BSF occurs at an intermediate slope and ordination position

along the fen moisture gradient between marl flat and graminoid fen; it also appears to be

intermediate in species composition between calcareous seep and graminoid fen as defined by

the INAI. This vegetation is dominated by two species, Caret stricta and Solidago

ohioensis, but has the highest species richness of all fen plant communities and includes a

wide variety of prairie and wetland calcicolous species . Two characteristic species of this

community are Rudbeckia hirta and Solidago patula, which do not occur in graminoid fen .

Graminoid fen occurs in the highest slope position in the BSF basin, and also ordinates in a

similar position . This community has moderate species richness that has probably been

reduced by past grazing . It is dominated by Carex stricta, and Calamagrostis canadensis, but

has subdominance of many prairie species . There are three characteristic species of this

community, Solidago altissima, Silphium perfoliatum, and Aster wnbellatus, which do not

occur in the adjacent calcareous seep .

Sedge meadow vegetation at BSF occupies a low position along the fen moisture gradient .

However, it apparently does not receive strong calcareous groundwater, and in relation lacks

strongly calcicolous species, including the dominant fen herb Solidago ohioensis. This

community is characterized by dominance of a single species, Carex stricta, and the presence

of Typha latifolia.

Successional vegetation occupies the extreme upland position along the ordination moisture

gradient where its structure has been severely altered by past grazing and woody plant

invasion. Two successional vegetation types occupy slightly different habitats and may have

recovered differently from past disturbance. The degraded fen vegetation on the east portion

of the fen basin has altered structure, but the woody species Cornus racemosa has low

importance. In contrast, successional vegetation on the west fen border is associated with

partial savanna canopy cover from Quercus macrocarpa . This vegetation has an altered

•

	

structure, but also retains the woody vegetation Cornus racemosa, Rubus occidentalis, and

Rhus glabra at relatively high levels of importance because of their high plot frequencies .
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SUMMARY OF MANAGEMENT IMPLICATIONS

Even after an initial five years of effective management before collection of preliminary data
(Stoynoff and Hess 1986), the woody, graminoid, and herbaceous components of vegetation

structure at BSF continue to change . These results offer perspectives for further management

and research opportunities .

Efforts to reduce the presence of unwanted woody vegetation have been partially successful ;

these species have declined in cover but not in abundance and remain high in importance

value. Increased application rates of herbicides probably will be needed to further reduce

these species . This also presents an opportunity for comparative research to determine if

long-term burning can eventually reduce woody vegetation in fens .

Although cover sampling may have over-emphasized graminoid frequencies, the increased
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frequency and cover of graminoid species appears to fit expected changes implied by

experimental results in prairie (e.g . Collins and Wallace 1990) . Decline of herbaceous

species was detected primarily in terms of frequency at the community level, and only a few

individual species underwent significant changes in frequency or cover . However, the

decrease in Solidago ohioensis, a late-flowering goldenrod, may be important as its decline

occurred across most communities . We suggest that graminoid species may be expanding at

a faster rate than forbs into interstitial spaces formerly occupied by unburned litter . If so,

then effects of long-term fire protection on community structure may be extended or

exacerbated under a recovery regime of dormant season fires . Growing season burns,

especially under drought conditions, may provide the disturbance necessary to reduce

importance of shrubs and vigorous graminoid species and promote colonization by forbs (e.g.
Anderson 1990, Howe 1993) .

The cause for the significant increase of Typha latifolia in sedge meadow is unknown.
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However, altered surface hydrology enhances cattail invasion (Apfelbaum 1985), and may
have been caused by construction of the Healy Road prairie kame along the south fen border .



14

If this change represents an actual cattail invasion that extends into the fen, it may require

corrective management.

Vegetation change should be expected to continue at BSF, especially in successional

vegetation altered by past shrub invasion and past grazing . Because of unknown changes that

took place prior to sampling, effects of time, and more specific factors such as weather

cycles, effects of initial management at BSF may never be clarified . The resolution of

vegetation monitoring should be increased at BSF to determine if trends identified in this

study continue. In relation, monitoring should be integrated with specific management

treatments, weather cycles, and hydrologic changes . Important research questions will be to

determine if additional species decline in frequency or cover over time, and how alternate

management treatments such as burning under drought conditions affect vegetation .
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Figure 1 . Locations of the 12 prairie fen stands studied
by Moran (1981) : 1, Elizabeth Lake Fen ; 2, Spring Grove Fen ;
3, Turner Lake Fen ; 4, Kettle Moraine Nature Preserve Fen ;
5, Stern's Fen ; 6, Boone Creek Fen ; 7, Bate's Fen ; 8, Tower
Lake Fen ; 9, Spring Hill Farms Fen ; 10, Bluff Springs Fen ;
11, Ferson's Creek Fen ; and 12, Palos Fen . Counties are named
on the map .



Figure 2 . Vegetation map of Bluff Springs Fen Nature Preserve including the
approximate position of transects used in sampling . Communities shown :

1 marl flat
2 dry gravel prairie
3 calcareous seep
4 Tow shrub fen
5 successional vegetation
6 open water
7 sedge meadow
8 Typha-Carex community
9 graminoid fen
10 disturbed woodland
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Table I

MARL FLAT

CHANGES IN VEGETATION STRUCTURE
AT BLUFF SPRINGS FEN MARL FLAT

	

GRAMINOID
P-.975	

Increased
Carer sterilis

	

0.4 +/-0.23

	

14.33 +/- 3 .90
frequency 9%

	

frequency 67%

D. r
Eleocharis

	

27.5 +/- 4 .31

	

19.33 +/- 8 .16
rostellata

FORBS

Increased
Rhyncospora

	

3.17 +/- 1.34

	

7.67 +/- 3 .68
capillacea

r7
Solidago

	

4.31 +1- 1 .28

	

1 .93 +/-0 .78
ohioensis
Deschampsia

	

3.55 +/- 1 .32

	

2.73 +/-0 .93
cespitosa
Solidago

	

1.32 +/-0 .56

	

1 .13 +/-0 .47
uliginosa

WOODY

Increased
Potentilla

	

10.89 +/- 3 .26 31 .67 +/- 8 .89
fruticosa

*=< .05, **=< .025, ***=< .01

19$6

	

1992

	

TEST STATISTIC & PROHAB .ITY

GRAMINOID rel . trey . 49% rel . trey . 50% x'=0.0001 P=0.975
FORHS rel . trey . 42% rel . trey . 35% x'=1 .104 P=0.294
WOODY

	

rel. trey . 9%

	

rel. (req . 15%

	

x'=2.013

	

P=0.157

Mean % Cover Mean % Cover
Parametric
t-test

Non-Parametric
Mann-Whitney

T=4.99.P= .0(S)`*'T=-6.26, P= .000' --
x'=18 .344

	

P=0.1)00-'

T=0.92, P=0.36 T= -1 .24, P=0 .21

T=-1 .44, P=0.16 T=1 .39 . P=0.16

T=1 .04, P=0.30 T=0.10, P=0.92

T=0.34, P=0.73 T=1 .18, P=0 .24
,

T=0.18, P=0.86 T=1 .14, P=0 .25

T=-2.73, P= .008" T=2 .59, P=.009"
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CHANCES IN VEGETATION STRUCTURE
AT BLUFF SPRINGS FEN CALCAREOUS SEEP
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1992

	

TEST STATISTIC &. PRQUABILITI'

GRAMINOID rel . Get'. 34%
FORBS rel . fret' . 59%
WOODY

	

rel. fret'. 7%
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Carex stricta

	

12.67 +/- 2.45
Scirpus acutus

	

0.98 +/- 0.48
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2.33 +/- 2.33
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Cladium

	

2.0 +/- 2 .0
mariscoides
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Sorghastrum

	

7.18 +/- 3 .07
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Andropogon

	

3.8 +/- 2 .46
gerardii

FORBS
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Solidago

	

19.4 +/-3 .12
ohioensis
Valeriana ciliata 8 .87 +/-2 .82
Liatris 1 .53 +1-0.65
pycnostachya
Rudheckia hirta 3 .59 +/- 1 .48
Silphium 4.73 +1-2.09
terehinthinanceum
Pycnathemum

	

2.76 +/- 1 .65
virginianum
Solidago

	

0.65 +1-0.50
uliginosa
Smilacina

	

1 .51 +/- 1 .16
stellata
Senecio aureus 2.57 +/- 1 .28

WOODY

*=< .05, **=< .025, ***=< .01

rel . fret' . 43% x'=4 .151 P=0,042'
rel . trey. 50% x'=3.67 P-=0 .056
rel . trey . 7%

	

x'=0.002

	

P=0.965

Parametric

	

Non-paramctric
Mean % Cover Mean % Cove[	t-test

Decrease
Potentilla

	

6.07 +/- 1 .71
truticosa

MauFWhitn v

T-2 .57, l' =0.Ul"
'r 1 .96, P-0 .05'
T=1 .83, P-0 .07

T=1 .99, 1'=0 .05'

T=-1 .79, P=0 .07

T=-1.26, P=0 .21

T=-2.48, P=0 .01"

T=-1 .66 • I'=0 .10
'r=-1 .99, P=0 .05'

T=-1 .60, P=O . I I
T=.1 .02, P=0 .31

T=-1 .38 . P=0 .17

T=-1 .26, P=0 .21

T=0.14, P=0 .89

T=0.06, P=0 .95

T=-1 .13, P-0 .26

27 .86 +/- 4 .38 T=-3.08, P=0.003"'
7 .39 +/- 2 .48 T=-2.62, P=0 .01"
14 .46 +/- 6 .04 T=-1 .92, P=0 .06

3.75 +/- 1 .53 T=-0.69, P=0 .49

0.36 +/- 0 .25 T=2.14, P=0.04'

1 .43 +1- 1 .43 T=0.82, P=0.42

8.61 +/- 2 .34 T=2.74, P= .008"

1 .36 +/-0.66 T=2 .51, P=0.02"
0.18 +/-0.13 T=1 .97, P=0.05'

0.89 +/-0.31 T=1 .73, P=0.09
1 .25 +/-0.76 T=1.53, P=0.13

0.61 +/- 0.54 T=1 .20, P=0.23

0.11 +/-0.11 T=1 .01, P=0.32

1 .00 +/- 0 .37 T=0 .40, P=0.69

2.43 +/- 1 .48 T=0.07, P=0.94

2.96 +/- 1 .20 T= 1 .50, P=0.14
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"= < .05, "= < .025, .._- < .01

GRAMINOID

Increased
Muhlenhergia 0.6 +/-0.36 5 .48 +/- 2 .37 T=-I .9, P=0.06 T= 1 .65, P=O . I
mexicana
Spartina pectinata ---- 2 .83 +/- 10.75
Calamagrostis canadensis ---- 11 .74 +/- 20 .26
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Carex stricta

	

33.1 +/- 4.82 25 .0 +/- 5 .04 T=1 .15, P'=0.26 T=-1.06, P=0 .29
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3.5 +/- 1 .11 2.57 +/-0 .68 T=0.74, P=0.47 T=-0.14, P=0 .89
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Solidago

	

3.0 +/-0.96 2.26 +/- 1 .15 T=0.49, P=0.63 T=-0.76, P=0 .45
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Solidago

	

6.7 +/-2.02 T=0.28, P=0.78 T=0.16, P=0 .876.0 +/- 1 .52
altissima

WOODY

Increased
Comas foemina 3 .5 +/- 1 .97 3.78 +/- 1 .26 T=-0.12, P=0.90 T=1 .38, P=0 .17
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Figure 8 - DECORANA Ordination of plant communities at Bluff Springs Fen
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Figure 9 . Bluff Springs Fen wetland plant communities determined by DECORANA and
TWINSPAN . See Figure 2 for classification key to other plant communities .

a
z
III

Q

I Spring Run/Marl Flat

2 Calcareous Seep

3 Sedge Meadow

4 Successional

5 Graminoid Fen (disturbed)

6 Graminoid Fen



Figure 10-Dominance diversity curves for fen natural communities100-1010.1	III	
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Figure 11 - Dominance diversity curves for fen successional communities (management areas)
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Spring 1985

Fall 1988/Spring 1989

•

	

Fall 1991/Spring 1992

Spring 1983

Spring 1986

Fall 1989/Spring 1990 Spring 1991

Appendix I - Approximate coverage of prescribed burns (darkened areas) at Bluff Springs
Fen from 1982 - 1992 . Maps provided by Leon Halloran, Friends of the Fen .
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Appendix III
SPRING RUN

PaCentilla fruticosa

FREQUENCY

64

COVER REL .FREQ . REL .COVER IMP .VALUE

225 11 .743119 21 .16651 32 .909629
Eleocharis rostellat . 36 240 6 .6055046 22 .577611 29 .183115
Carex sterilis 64 170 11 .743119 15 .992474 27 .735593
Chara sp . 55 165 10 .091743 15 .522107 25 .61385
Rhynchospora cappill . 55 115 10 .091743 10 .818438 20 .910182
Deschampsia cespitosa 64 41 11 .743119 3 .8570085 15 .600128
Silphium terebinthin . 45 35 8 .2568807 3 .2925682 11 .549449
Solidago uliginosa 45 16 8 .2568807 1 .505174 9 .7620548
Lobelia kalmii 36 13 6 .6055046 1 .2229539 7 .8284585
Juncus brachycephalus 27 10 4 .9541284 0 .9407338 5 .8948622
Solidago ohioensis 18 15 3 .3027523 1 .4111007 4 .713853
Carex stricta 9 10 1 .6513761 0 .9407338 2 .5921099
Eleocharis calva 9 5 1 .6513761 0 .4703669 2 .121743
Equisetum sp . 9 2 1 .6513761 0 .1881468 1 .8395229
Cornus racemosa 9 1 1 .6513761 0 .0940734 1 .7454495

545 1063 100 100 200



Appendix III
MARL FLAT

loocharis rostellat .

FREQUENCY

46

COVER REL .FREQ . REL .COVER IMP .VALUE

655 7 .0444104 26 .179057 33 .223467
Carex sterilis 39 435 5 .9724349 17 .386091 23 .358526
Potentilla fruticosa 57 343 8 .7289433 13 .709033 22 .437976
Solidago ohioensis 89 184 13 .629403 7 .3541167 20 .983519
Carex stricta 36 255 5 .5130168 10 .191847 15 .704863
Muhlenbergia glomera . 46 53 7 .0444104 2 .1183054 9 .1627158
Lysimachia quadriflo . 50 29 7 .6569678 1 .1590727 8 .8160406
Cladium mariscoides 25 112 3 .8284839 4 .4764189 8 .3049028
Scirpus acutus 14 76 2 .143951 3 .0375699 5 .1815209
Juncus brachycephalus 21 33 3 .2159265 1 .3189448 4 .5348713
Solidago patula 21 27 3 .2159265 1 .0791367 4 .2950632
Valeriana ciliata 18 17 2 .7565084 0 .6794564 3 .4359649
Eleocharis calva 14 26 2 .143951 1 .0391687 3 .1831197
Chara sp . 7 40 1 .0719755 1 .598721 2 .6706965
Silphium terebinthin . 14 12 2 .143951 0 .4796163 2 .6235673
Carex haydenii 4 50 0 .6125574 1 .9984013 2 .6109587
Carex sp . 11 17 1 .6845329 0 .6794564 2 .3639894
senecio aureus 7 32 1 .0719755 1 .2789768 2 .3509523
Andropogon scoparius 11 16 1 .6845329 0 .6394884 2 .3240213
Liatris pycnostachya 11 11 1 .6845329 0 .4396483 2 .1241812
Solidago uliginosa 11 6 1 .6845329 0 .2398082 1 .9243411
Rudbeckia hirta 11 5 1 .6845329 0 .1998401 1 .8843731
Eleocharis compressa 7 14 1 .0719755 0 .5595524 1 .6315279
Carex buxbaumii 7 6 1 .0719755 0 .2398082 1 .3117837

lia kalmii 7 4 1 .0719755 0 .1598721 1 .2318476
cularis lanceola . 7 3 1 .0719755 0 .1199041 1 .1918796

Pycnanthemum virgini . 7 3 1 .0719755 0 .1199041 1 .1918796
Parnassia glauca 7 2 1 .0719755 0 .0799361 1 .1519115
Monarda fistulosa 4 5 0 .6125574 0 .1998401 0 .8123976
Scirpus lineatus 4 5 0 .6125574 0 .1998401 0 .8123976
Sorghastrum nutans 4 5 0 .6125574 0 .1998401 0 .8123976
Solidago graminifolia 4 4 0 .6125574 0 .1598721 0 .7724295
Symplocarpus foetidus 4 4 0 .6125574 0 .1598721 0 .7724295
Comandra richardsiana 4 3 0 .6125574 0 .1199041 0 .7324615
Juncus dudleyi 4 3 0 .6125574 0 .1199041 0 .7324615
Lycopus americanus 4 2 0 .6125574 0 .0799361 0 .6924935
Scirpus validus 4 2 0 .6125574 0 .0799361 0 .6924935
Carex hystericina 4 1 0 .6125574 0 .039968 0 .6525255
Equisetum sp . 4 1 0 .6125574 0 .039968 0 .6525255
Rhamnus frangula 4 1 0 .6125574 0 .039968 0 .6525255

653 2502 100 100 200



Appendix III

CALCAREOUS SEEP

FREQUENCY COVER REL .FREQ . REL .COVER IMP.VALUE

Carex stricta 56 813 7 .3878628 25 .517891 32 .905754
Solidago ohioensis 64 369 8 .4432718 11 .581921 20 .025193
Rudbeckia hirta 54 51 7 .1240106 1 .6007533 8 .7247638
Smilacina stellata 44 80 5 .8047493 2 .5109856 8 .3157349
Andropogon scoparius 18 188 2 .3746702 5 .9008161 8 .2754863
Scirpus validus 36 94 4 .7493404 2 .950408 7 .6997484
Lycopus americanus 33 85 4 .353562 2 .6679222 7 .0214842
Scirpus acutus 15 111 1 .9788918 3 .4839925 5 .4628843
Silphium terebinthin 21 78 2 .7704485 2 .4482109 5 .2186595
Muhlenbergia glomera 26 52 3 .4300792 1 .6321406 5 .0622198
Carex sp . 15 89 1 .9788918 2 .7934714 4 .7723633
Carex hystericina 5 125 0 .6596306 3 .9234149 4 .5830455
Valeriana ciliata 21 57 2 .7704485 1 .7890772 4 .5595258
Potentilla fruticosa 15 82 1 .9788918 2 .5737602 4 .552652
Cornus racemosa 15 76 1 .9788918 2 .3854363 4 .3643281
Cirsium muticum 21 46 2 .7704485 1 .4438167 4 .2142652
Solidago patula 18 55 2 .3746702 1 .7263026 4 .1009728
Andropogon gerardii 10 83 1 .3192612 2 .6051475 3 .9244087
Helenium autumnale 18 31 2 .3746702 0 .9730069 3 .3476771
Pycnanthemum virgini 18 24 2 .3746702 0 .7532957 3 .1279659
Eleocharis rostellat 3 75 0 .3957784 2 .354049 2 .7498273
Helianthus giganteus 13 25 1 .7150396 0 .784683 2 .4997226
Cladium mariscoides 13 20 1 .7150396 0 .6277464 2 .342786

artina pectinata 8 40 1 .055409 1 .2554928 2 .3109018
~ter umbellatus 10 30 1 .3192612 0 .9416196 2 .2608808
Galium boreale 13 17 1 .7150396 0 .5335844 2 .248624
Panicum flexile 5 50 0 .6596306 1 .569366 2 .2289966
Senecio aureus 8 36 1 .055409 1 .1299435 2 .1853525
Typha angustifolia 5 40 0 .6596306 1 .2554928 1 .9151234
Aster novae-angliae 8 22 1 .055409 0 .690521 1 .74593
Eupatorium maculatum 3 40 0 .3957784 1 .2554928 1 .6512711
Liatris pycnostachya 10 8 1 .3192612 0 .2510986 1 .5703598
Aster firmus 8 16 1 .055409 0 .5021971 1 .5576061
Solidago gigantea 8 16 1 .055409 0 .5021971 1 .5576061
Pedicularis lanceola 8 14 1 .055409 0 .4394225 1 .4948314
Muhlenbergia mexican 5 25 0 .6596306 0 .784683 1 .4443136
Aster puniceus 8 6 1 .055409 0 .1883239 1 .2437329
Comandra richardsian 8 6 1 .055409 0 .1883239 1 .2437329
Lysimachia quadriflo 8 5 1 .055409 0 .1569366 1 .2123456
Eleocharis calva 3 20 0 .3957784 0 .6277464 1 .0235248
Lithospermum canesce 3 15 0 .3957784 0 .4708098 0 .8665882
Monarda fistulosa 5 6 0 .6596306 0 .1883239 0 .8479545
Juncus dudleyi 5 3 0 .6596306 0 .094162 0 .7537926
Equisetum laevigatum 5 2 0 .6596306 0 .0627746 0 .7224052
Gentiana procera 5 2 0 .6596306 0 .0627746 0 .7224052
Chelone glabra 3 10 0 .3957784 0 .3138732 0 .7096516
Phragmites communis 3 5 0 .3957784 0 .1569366 0 .552715
Scleria verticillata 3 5 0 .3957784 0 .1569366 0 .552715

4klaginella apoda
lphium integrifoli

3
3

5
5

0 .3957784
0 .3957784

0 .1569366
0 .1569366

0 .552715
0 .552715

Sorghastrum nutans 3 5 0 .3957784 0 .1569366 0 .552715
Cypripedium candidum 3 3 0 .3957784 0 .094162 0 .4899403
Rosa sp . 3 3 0 .3957784 0 .094162 0 .4899403
Silphium perfoliatum 3 3 0 .3957784 0 .094162 0 .4899403



Appendix III
CALCAREOUS SEEP - continued

4agaria virginiana
thyrus palustris

Rubus occidentalis
Symplocarpus foetidu
Apios americana
Daucus carota
Galium trifidum
Polygonum amph . sti .
Populus deltoides
Viburnum lentago

3 2 0 .3957784 0 .0627746 0 .458553
3 2 0 .3957784 0 .0627746 0 .458553
3 2 0 .3957784 0 .0627746 0 .458553
3 2 0 .3957784 0 .0627746 0 .458553
3 1 0 .3957784 0 .0313873 0 .4271657
3 1 0 .3957784 0 .0313873 0 .4271657
3 1 0 .3957784 0 .0313873 0 .4271657
3 1 0 .3957784 0 .0313873 0 .4271657
3 1 0 .3957784 0 .0313873 0 .4271657
3 1 0 .3957784 0 .0313873 0 .4271657

758 3186 100 100 200



Appendix III

GRAMINOID FEN
FREQUENCY COVER REL .FREQ . REL .COVER IMP .VALUE

LSrex stricta 67 775 9 .9554235 23 .993808 33 .949232
Calamagrostis canad . 45 505 6 .6864785 15 .634675 22 .321153
Aster umbellatus 67 366 9 .9554235 11 .331269 21 .286693
Solidago altissima 64 204 9 .5096582 6 .3157895 15 .825448
Cornus racemosa 55 234 8 .1723626 7 .244582 15 .416945
Silphium perfoliatum 39 125 5 .794948 3 .869969 9 .664917
Smilacina stellata 45 76 6 .6864785 2 .3529412 9 .0394196
Muhlenbergia mexicana 24 121 3 .5661218 3 .74613 7 .3122519
Solidago gigantea 33 62 4 .9034175 1 .9195046 6 .8229222
Lycopus americana 24 36 3 .5661218 1 .1145511 4 .6806729
Monarda fistulosa 18 52 2 .6745914 1 .6099071 4 .2844985
Galium boreale 18 33 2 .6745914 1 .0216718 3 .6962632
Spartina pectinata 9 75 1 .3372957 2 .3219814 3 .6592771
Allium cernuum 15 45 2 .2288262 1 .3931889 3 .622015
Viburnum lentago 12 48 1 .7830609 1 .4860681 3 .269129
Thalictrum dasycarpum 12 46 1 .7830609 1 .4241486 3 .2072095
Silphium integrifol . 12 34 1 .7830609 1 .0526316 2 .8356925
Solidago ohioensis 9 45 1 .3372957 1 .3931889 2 .7304845
Rosa blanda 12 22 1 .7830609 0 .6811146 2 .4641755
Helenium autumnale 9 17 1 .3372957 0 .5263158 1 .8636115
Galium aparine 6 31 0 .8915305 0 .9597523 1 .8512828
Andropogon gerardii 3 45 0 .4457652 1 .3931889 1 .8389541
Muhlenbergia glomer . 9 13 1 .3372957 0 .4024768 1 .7397725
Rhus glabra 3 40 0 .4457652 1 .2383901 1 .6841553

achys palustris 3 40 0 .4457652 1 .2383901 1 .6841553
irpus acutus 6 25 0 .8915305 0 .7739938 1 .6655243

Cirsium muticum 6 11 0 .8915305 0 .3405573 1 .2320877
Aster firmus 3 25 0 .4457652 0 .7739938 1 .219759
Eupatorium maculatum 6 10 0 .8915305 0 .3095975 1 .201128
Aster puniceus 6 6 0 .8915305 0 .1857585 1 .077289
Gentiana procera 3 20 0 .4457652 0 .619195 1 .0649603
Fragaria virginiana 6 5 0 .8915305 0 .1547988 1 .0463292
Ulmus rubra 3 15 0 .4457652 0 .4643963 0 .9101615
Vernonia fasciculata 3 7 0 .4457652 0 .2167183 0 .6624835
Rubus occidentalis 3 5 0 .4457652 0 .1547988 0 .600564
Silphium terebinthin . 3 5 0 .4457652 0 .1547988 0 .600564
Rudbeckia hirta 3 3 0 .4457652 0 .0928793 0 .5386445
Liatris pycnostachya 3 1 0 .4457652 0 .0309598 0 .476725
Parthenocissus quip . 3 1 0 .4457652 0 .0309598 0 .476725
Pycnanthemum virgini . 3 1 0 .4457652 0 .0309598 0 .476725

673 3230 100 100 200



Appendix III
SEDGE MEADOW

FREQUENCY COVER REL .FREQ . REL .COVER IMP .VALUE

Orex stricta 80 670 18 .779343 44 .666667 63 .446009
Calamgrostis canaden . 47 355 11 .032864 23 .666667 34 .699531
Typha latifolia 80 185 18 .779343 12 .333333 31 .112676
Pycnanthemum virgini . 53 80 12 .441315 5 .3333333 17 .774648
Solidago altissima 40 55 9 .3896714 3 .6666667 13 .056338
Eupatorium maculatum 20 50 4 .6948357 3 .3333333 8 .028169
Scirpus acutus 20 8 4 .6948357 0 .5333333 5 .228169
Aster firmus 13 20 3 .0516432 1 .3333333 4 .3849765
Helenium autumnale 13 20 3 .0516432 1 .3333333 4 .3849765
Solidago gigantea 13 15 3 .0516432 1 4 .0516432
Cirsium muticum 13 13 3 .0516432 0 .8666667 3 .9183099
Lycopus americanus 13 4 3 .0516432 0 .2666667 3 .3183099
Aster novae-angliae 7 10 1 .6431925 0 .6666667 2 .3098592
Caltha palustris 7 10 1 .6431925 0 .6666667 2 .3098592
Solidago patula 7 5 1 .6431925 0 .3333333 1 .9765258

426 1500 100 100 200



Appendix III

SUCCESSIONAL VEGETATION/MANAGEMENT AREA I

FREQUENCY COVER REL .FREQ . REL .COVER IMP .VALUE

	dropogon gerardii 100 0 25 0 25
Solidago altissima 100 0 25 0 25
Silphium perfoliatum 40 0 10 0 10
Cornus racemosa 40 0 10 0 10
Aster novae-angliae 40 0 10 0 10
Eupatorium altissium 20 0 5 0 5
Lycopus americanus 20 0 5 0 5
Rudbeckia hirta 20 0 5 0 5
Scirpus validus 20 0 5 0 5

400 0 100 0 100



Appendix III

SUCCESSIONAL VEGETATION/MANAGEMENT AREA 2
FREQUENCY COVER REL .FREQ . REL .COVER IMP.VALUE

Wex stricta 73 715 14 .038462 42 .661098 56 .699559
Eupatorium maculatum 67 251 12 .884615 14 .976134 27 .860749
Aster puniceus 67 115 12 .884615 6 .8615752 19 .746191
Lycopus americanus 40 38 7 .6923077 2 .2673031 9 .9596108
Solidago patula 20 70 3 .8461538 4 .176611 8 .0227648
Typha angustifolia 20 42 3 .8461538 2 .5059666 6 .3521204
Helianthus grosseser . 20 35 3 .8461538 2 .0883055 5 .9344593
Solidago altissima 20 21 3 .8461538 1 .2529833 5 .0991371
Helianthus gigantea 20 17 3 .8461538 1 .0143198 4 .8604737
Pedicularis lanceola . 13 37 2 .5 2 .2076372 4 .7076372
Carex hystericina 7 50 1 .3461538 2 .9832936 4 .3294474
Polygonum amphib . st . 7 50 1 .3461538 2 .9832936 4 .3294474
Cornus racemosa 13 17 2 .5 1 .0143198 3 .5143198
Calamagrostis canad . 7 35 1 .3461538 2 .0883055 3 .4344593
Muhlenbergia glomera . 7 35 1 .3461538 2 .0883055 3 .4344593
Clematis virginiana 7 30 1 .3461538 1 .7899761 3 .13613
Cirsium arvense 7 15 1 .3461538 0 .8949881 2 .2411419
Juncus nodosus 7 15 1 .3461538 0 .8949881 2 .2411419
Pycnanthemum virgini . 7 15 1 .3461538 0 .8949881 2 .2411419
Lathyrus palustris . 7 10 1 .3461538 0 .5966587 1 .9428126
Scirpus validus 7 10 1 .3461538 0 .5966587 1 .9428126
Juncus dudleyi 7 8 1 .3461538 0 .477327 1 .8234808
Oxypolis rigidior 7 8 1 .3461538 0 .477327 1 .8234808
Aster firmus 7 5 1 .3461538 0 .2983294 1 .6444832

er novae-angliae 7 5 1 .3461538 0 .2983294 1 .6444832I
ens cernua 7 5 1 .3461538 0 .2983294 1 .6444832

Caltha palustris 7 5 1 .3461538 0 .2983294 1 .6444832
Sambucus canadensis 7 5 1 .3461538 0 .2983294 1 .6444832
Scirpus acutus 7 5 1 .3461538 0 .2983294 1 .6444832
Aster umbellatus 7 4 1 .3461538 0 .2386635 1 .5848173
Impatiens capensis 7 2 1 .3461538 0 .1193317 1 .4654856
Galium boreale 7 1 1 .3461538 0 .0596659 1 .4058197

520 1676 100 100 200



Appendix III

SUCCESSIONAL VEGETATION/MANAGEMENT AREA 3

EEatorium serotinum

FREQUENCY

50

COVER REL .FREQ . REL .COVER IMP . VALUE

23 .437939209 9 .1911765 14 .246762
Solidago atlissima 28 145 5 .1470588 9 .8841172 15 .031176
Cornus racemosa 28 128 5 .1470588 8 .7252897 13 .872349
Rubus occidentalis 33 95 6 .0661765 6 .475801 12 .541977
Impatiens capensis 17 110 3 .125 7 .4982958 10 .623296
Vitis riparia 22 60 4 .0441176 4 .0899796 8 .1340972
Calamagrostis canad . 17 70 3 .125 4 .7716428 7 .8966428
Fragaria virginiana 22 43 4 .0441176 2 .931152 6 .9752697
Hackelia virginiana 22 23 4 .0441176 1 .5678255 5 .6119431
Rhus glabra 11 50 2 .0220588 3 .4083163 5 .4303751
Carex pensylvanica 6 60 1 .1029412 4 .0899796 5 .1929207
Helianthus gigeanteus 17 25 3 .125 1 .7041581 4 .8291581
Poa pratensis 11 40 2 .0220588 2 .726653 4 .7487119
Parthenocissus quinq . 6 50 1 .1029412 3 .4083163 4 .5112575
Monarda fistulosa 17 20 3 .125 1 .3633265 4 .4883265
Polygonum scandens 17 20 3 .125 1 .3633265 4 .4883265
Daucus carota 17 16 3 .125 1 .0906612 4 .2156612
Apocynum canabinum 11 23 2 .0220588 1 .5678255 3 .5898843
Symplocarpus foetidus 11 18 2 .0220588 1 .2269939 3 .2490527
Silphium perfoliatum 6 30 1 .1029412 2 .0449898 3 .147931
Gaura biennis 11 15 2 .0220588 1 .0224949 3 .0445537
Rosa carolina 11 15 2 .0220588 1 .0224949 3 .0445537
Aster drummondii 11 13 2 .0220588 0 .8861622 2 .9082211
Arctium minus 6 25 1 .1029412 1 .7041581 2 .8070993

olvulus sepium 11 7 2 .0220588 0 .4771643 2 .4992231
JKnum dulcamara 11 7 2 .0220588 0 .4771643 2 .4992231
Eupatorium maculatum 6 20 1 .1029412 1 .3633265 2 .4662677
Glyceria striata 6 20 1 .1029412 1 .3633265 2 .4662677
Sambucus candensis 6 20 1 .1029412 1 .3633265 2 .4662677
Melilotus alba 6 15 1 .1029412 1 .0224949 2 .1254361
Rubus pensilvanicus 6 15 1 .1029412 1 .0224949 2 .1254361
Apios americana 6 10 1 .1029412 0 .6816633 1 .7846044
Aster puniceus 6 5 1 .1029412 0 .3408316 1 .4437728
Cirsium discolor 6 5 1 .1029412 0 .3408316 1 .4437728
Geranium maculatum 6 5 1 .1029412 0 .3408316 1 .4437728
Medicago lupulina 6 5 1 .1029412 0 .3408316 1 .4437728
Prunus serotina 6 5 1 .1029412 0 .3408316 1 .4437728
Smilacina stellata 6 5 1 .1029412 0 .3408316 1 .4437728
Solidago gigantea 6 5 1 .1029412 0 .3408316 1 .4437728
Allium cernuum 6 3 1 .1029412 0 .204499 1 .3074402
Elymus canadensis 6 3 1 .1029412 0 .204499 1 .3074402
Lychnis alba 6 3 1 .1029412 0 .204499 1 .3074402
Cirsium arvense 6 2 1 .1029412 0 .1363327 1 .2392738
Hystrix patula 6 2 1 .1029412 0 .1363327 1 .2392738
Taraxacum officinale 6 2 1 .1029412 0 .1363327 1 .2392738

544 1467 100 100 200
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