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Abstract

A Two-Year Seasonal Analysis of Wetland Vegetaabthe McClintic Wildlife Management
Area in Mason County, West Virginia

By
Anne Carrington Blankenship

Disturbances play a key role in the structure osgstems. Most ecosystems are subject
to several different disturbance regimes that oetualifferent temporal and spatial scales.
Studying the effects of disturbances can leadieter understanding of a vegetative
community’s future productivity. However, in orderunderstand the effects of disturbance, a
vegetative community should first be studied betbeedisturbance occurs. This study analyzes
the composition and seasonal variations of vegetatbmmunities in and around four ponds at
the McClintic Wildlife Management Area in Mason Quy, West Virginia during two growing
seasons prior to remediation activities in ordgprtwvide a comparison for the effects of the
remediation occurring in that area. The objectnthe study were: (1) to characterize aquatic
and terrestrial shrubs and herbs over the 19971888 growing seasons; (2) to observe the
monthly patterns of richness, cover and densithefaquatic and terrestrial vegetation; and (3)
to compare the vegetation in and around the fondpavhere sampling occurred. Species
richness, cover and density were used to deters@iasonal variations among the species present
at each pond. Detrended Correspondence Analysid\)Was used to indicate variability
among the sampling sites and the influence of ites@ecies during the growing seasons. A
wide range of variability occurred among the thregetative strata and four ponds. In the
aguatic stratum, Pond 4 had the most variation gntiee months and years, where Pond 3
seemed to have the least amount of variation.tif@®herbaceous stratum, all ponds had some
degree of variability mostly occurring between thenths in 1997, especially between June and
the other two months. The shrub stratum showedlynogerlap between years, indicating a
small amount of variability and separation betw&8f7 and 1998 with most of the variation
occurring between months. In general, expectecbs@atrends of productivity occurred with a
few exceptions which could be attributed to unexgegseasonal trends in precipitation, resource
availability and/or interspecific and intraspeciéiempetition. As such, these factors should be
considered in evaluating the composition of a comitguboth before and after a disturbance.
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Chapter |
I ntroduction

Disturbance, productivity, and spatial heteroggreee major factors regulating species
richness in plant communities (Groombridge 1992kRifs and Schluter 1993, Huston 1994,
Pollock et al. 1998). Disturbances are also imatieigatures of ecosystems and most ecosystems
are subject to several disturbance regimes thair@different temporal and spatial scales
(Holling et al. 1995; Turner et al. 1998; EImqwstal. 2001).The disruption of forest structure
by natural or human disturbances alters ecosystenegpses, which regulate the normal
retention and cycling of the elements (Boring anahk11981), including plant elemental uptake.
Among other causes, this may alter and influenegisg composition. Gleason (1926), who
pioneered the individualistic concept of the plassociation, also recognized that disturbances
shape the spatial and temporal boundaries of t@ pksociation (Abrams and Scott 1989).
Therefore, disturbances can play a powerful rokhi@ping the characteristics of a vegetative
community.

Both human and natural disturbances can affeat¢bsystems of terrestrial and aquatic
plants in wetland habitats. Studying the effecttheke disturbances can lead to a better
understanding of a vegetative community’s futuredpictivity and how to better manage such
ecosystems. In order to understand the effectsstfrdance, the ecological community
impacted should also be studied before a distugancurs. This process is difficult as
ecological systems are continuously changing thiawagural processes (Dawe et al. 2000).
Changes can also occur through the effects of huaotities as they interact with the natural

variations in systems. It then may become diffitmdistinguish the effects of human activities



from those of natural variations (Waters and Hglli®90), including seasonal changes,
emphasizing the need for a natural variation amalysfore a known human disturbance occurs.

Many interactions comprise the natural variationthn vegetative communities. A
study of the Hubbard Brook Experimental Forest loynBann et al. (1970) indicated that the
vegetation in New England is composed of a systeimt@racting populations which balance
each other. Each vegetation stratum (herbs, slantbsrees) can play a crucial role in
determining the balance of vegetation in othettstngpopulations. For example, it has been
found that variations in understory conditions tésg from different canopy tree species may
help influence the distribution and abundance obaeeous species (Catovsky and Bazzaz 2000;
Beatty 1984; Turner and Franz 198@Jost emphasis has been placed on the large, datnina
woody species in which much of the forest biomassccumulated. However, such species may
not characterize ecosystem dynamics as well agstadg vegetation, which responds to subtle
changes in the stand structure, microclimate, aagleic factors (e.g., Anderson et al. 1969).
Furthermore, information on understory productivitgy be critical for understanding processes
such as nutrient cycling and animal foraging (Ab4986).

Among the understory vegetation, the herbaceows iayparticularly indicative of
ecosystem dynamics. Usually defined as all vasq@ligants < 1-2 m in height (Siccama et al.
1970; Rogers 1981; Gilliam and Christensen 198@&) hierbaceous layer is an important and
dynamic forest stratum. Although herbaceous veigetaontributes only a small proportion of
the total biomass of an ecosystem (Zavitkovski }9@étrient dynamics and competitive
interactions within this stratum influence theigdisuccess of plants occupying higher strata
(Gilliam and Turrill 1993). In turn, herbaceousédaylevelopment is strongly affected by canopy

characteristics including stand species compos#imhdensity (Turrill 1993).
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Studies of herbs of the eastern deciduous forédeih America demonstrate that
variations in species composition among forestdstame often associated with complex
gradients and environmental factors (Beals and @9pd; Pregitzer and Barnes 1982; Mann
and Shugart 1983; Crozier and Boerner 1984). &ngtt976) noted that within a forest stand,
an herbaceous species may have a preference whsttomngly related to its position along
certain gradients such as changes in aspect aifaditk 1993). Changes in herb species
composition have also been demonstrated amongesrsakile, within-stand gradients (Bratton
1976; Thompson 1980; Crozier and Boerner 1984hes& small-scale changes in species
abundance may be due to the differences in theiapabilities of herbs, which are correlated
to different physical features of the forest fl¢Grozier and Boerner 1984). Furthermore, the
distribution of species is far from even, creatingpatial mosaic of species richness (Rico-Gray
et.al., 1997). Not only are species unevenly ithsted, their interactions can also vary spatially.
Interactions vary in their probability of occurrenalong different environmental gradients and
under different disturbance regimes (Rico-Grayl.etl@97), and they vary in their outcome
under different ecological conditions (Rico-Grayakt 1997).

In addition to varying interactions along diffet@mvironmental gradients, there are also
different interactions among species in differeaibibats, such as terrestrial and aquatic
environments. Differences in interactions in thivge habitats can be attributed to competition
for different resources. Terrestrial species wolinpete more for water and less for oxygen
when compared to aquatic species. Nutrient afd digmpetition also differs between the two
types of species, as their needs vary for bothc@unes of these interactions under stress will

also cause differences in production between tielmband aquatic species.



Scientists have posed additional theories on spetiversity concerning wetland
habitats. They are often described as transitiecasystems that represent continua between
strictly aquatic and strictly terrestrial ecosyssefBrinson 1993). Clements (1916) debated the
theoretical differences in the nature of such emnmental gradients in ecosystems. He portrayed
communities as discrete units with sharp boundaesa unique organization. Gleason (1926)
countered Clements view, finding that the abundarfi¢edividual species responds only to the
prevailing environmental conditions (Brinson 1998)e believed that a community has no
natural limits and that each species is distribiridépendently of others that co-occur in a
particular association. However, due to the atseh well-defined environmental gradients,
species diversity in submerged plant communitiesdien been attributed to interspecific
competition (e.g., Hutchinson 1975; Chambers aegdd 1990), where two or more species
compete for limited resources. The absence oftom@igradients, uniformity of water
temperatures in the euphotic zone and the vedmadtraints to plant growth imposed by water
depth also contribute to the potential for intecsfi@ competition in structuring these
communities (Chambers and Prepas 1990).

In addition to the many factors which can impadetative communities in wetland
habitats, stand age and history, particularly kaevn to affect species cover, composition, and
richness (Albert and Barnes 1987, Gilliam and Tut893). Similar stand age and uses of land
can result in comparable species composition. |&iraoils and moisture availability also create
environments that allow for like species to grow a@evelop. Observation of these factors is
important in evaluation of species compositionnglavith seasonal studies to compare and
analyze monthly patterns of species productivig. species composition reflects a combination

of environmental and historical events at a sitejyng species composition changes within a
4



vegetative community can provide a sensitive meastiecologically relevant changes in the
environment (Philippi et al. 1998).

Successional changes in species composition asidasad to be important in regulating
community attributes such as species diversityrfai 1993; Huston 1994; Ikeda 2003).
Therefore, observing monthly patterns during a gngvéeason is an important analysis in a
vegetative study. When only peak months are obskemactivity of early-and late-season species
is missed. Intensive, short-term studies suchiasate essential for viewing successional steps
as they occur and provide a more complete undetistguof total ecosystem dynamics
(Hockenberry 1996). Seasonal patterns in a two-steay can also show the effects of weather
conditions of both growing seasons, which can erflte growth conditions.

This study analyzes seasonal variations amongtbatstrial and aquatic environments
in a wetland habitat. This is one of two studita project funded by the U.S. Army Corps of
Engineers (COE) to initially assess vegetatiomirmiea that has been exposed to disturbance by
groundwater remediation. By studying the affe@eszh before the remediation occurs, this
analysis will set a basis of comparison for futobservation of the vegetation impacted by the
remediation project. The objectives of the studyeawv 1) to characterize aquatic and terrestrial
shrubs and herbs over the 1997 and 1998 growirgpesa?) to observe monthly patterns of
richness, cover and density of aquatic and teraéstirub and herbaceous layers; and 3) to

compare the vegetation in and around the four pardse the sampling occurred.



Chapter 11

Materialsand Methods

Site Description

This study was conducted at the McClintic Wildl8&tion (MWS), which occupies
approximately one-third of the former West Virgit@adnance Works (WVOW) in Mason
County, WV. On the site, 2,4,6-dinitrotoluene (TNWas produced from 1941 to 1946. The site
contained ten TNT manufacturing areas on the OlwerR100 storage magazines, wastewater
holding ponds, burning grounds, an administratreaaand employee housing. Prior to the
establishment of the TNT manufacturing plant, tte@anland uses were for crops
(approximately 50 percent of the area), forestiyvasand approximately 30 farm residences.

The MWS area is 1,115 ha in size and is now opédray the West Virginia Department
of Natural Resources (DNR). The area has beenmsig by the DNR to promote a
wetland/terrestrial habitat for populations of desit and migratory wildlife. At the close of
operations in 1945, an effort was made to decomaiaithe WVOW. The site contained red
and yellow liquid wastes, which were produced i tanufacturing process of TNT. More
than 30 shallow ponds have been constructed sessation of military activities and used as
retention ponds, known as the Red Water Reseraanisyellow Water Reservoirs. These were
constructed to regulate the discharge of red afidwevater to the river. Surface and
subsurface soils and groundwater in areas of WV@\stll contaminated with nitroaromatic
residues. A potential also exists for contaminatibother areas due to post-operative

contamination resettlement.



In May 1981, ranger officials observed seepagedifwater adjacent to Pond 13. The
DNR and the U.S. Environmental Protection AgendyAEinvestigated this incident. The
shallow ground water discharging to Pond 13 wasddo be contaminated by hazardous
substances pursuant to the Comprehensive Envirdahfeesponse, Compensation, and
Liability Act of 1980, 42 U.S.C. 89604 seq. (CERCLA). These findings led to a remedial
investigation. A Record of Decision was made rdupay sources of contamination and
groundwater. Remediation activities have beerratcgss since 1997 and have included
groundwater extraction and treatment processes.

The groundwater extraction plan called for momitgthe potential impacts to ponds,
and the plant communities they support. Impactsaier withdrawal were anticipated in and
around wetlands directly over the withdrawal zookthe Pond 13 and the Yellow Water Area.
Initially, the discharge from the groundwater remédn was not meeting water quality
standards and the project was stopped. Howevlwiaog an alternative analysis study, system
modifications were made to provide additional effititreatment and the remediation activities
resumed in 2000. This study occurred after theetBation stopped in 1997 and before the
remediation activities resumed in 2000.

Site Soils and Precipitation

Many of the similarities and differences among plonds can be attributed to the soils
and history of the area. McClintic Wildlife Statidgs located near Point Pleasant in Mason
County, West Virginia. The history of Point Pleaisdates back to the late 1700’s when the first
settlements were made after the Indian War. Itnaasuntil about 1800, however, that sizable
permanent settlements were made in Mason Courligrly settlers cleared and farmed

bottomlands first and gradually worked back inte kill country. Many of the general farms
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have been allowed to grow up partially in natuegi@tation for the past few decades, as many
farmers have accepted employment in nearby indligtiants.

Mason County has a warm temperate climate. Htatgn is well distributed
throughout the year. The rainfall in June and &ilyonsiderably above the monthly average,
while August has about average rainfall. The ayegrowing season, in areas along the Ohio
River, is 173 d (April 23 to October 16) accordiogecords at Point Pleasant, where the
elevation is 171 m. Growing seasons in the uplantigch are 60 to 90 m higher in elevation,
can be expected to be slightly shorter.

There are about 4960 ha of woodland in Masom@oWoodlands are for the most
part of the Upshire-Muskinghum and the Muskinghupshire soil complexes and related soils.
They are mostly on the southern and western expesfrthe steepest land in the county.
According to the U.S. Soil Conservation Services()9 the soils identified along the Ohio River
bottomlands and terraces are the Aston, WheelimdjLakin Associations. The bottomlands
and river terrace deposits consist of alluvial,ssith a thin veneer of recent river silt and clays
Since the pond sites at MWS are located in closrimity to the Ohio River, these bottomland
soils will probably be most influential on the véafgon studied. The upland areas can be
grouped into the Muskinghum, Upshur, and VandaBagkiations. The upland soils consist of
material weathered from the underlying bedrock, ttpy@andstone, shales, and siltstone. A third
major soil type consists of mixed elements of allavand sediment disintegrated from the
underlying bedrock. These mixed soils are locatedpland terraces and consist of the
Wheeling soil type on well-drained areas and thet8eille, Ginat, and Chilo soil types on the

poorly drained areas. This variety of soils, witvide range of drainage and permeability could



allow for different growing conditions among ponodssulting in a variety of species and growth
patterns.
Field Sampling
Sampling was conducted in plant communities inamdind Ponds 3, 4, 13, and 14

(Figure 1). Three of the ponds (3, 13, and 14) waiesen because they were in potential cones
of depression (treatment areas). Pond 4 was classarcontrol pond because it was outside the
treatment area. Ponds varied in shape, deptmtextevatershed, underlying soils, and
disturbance. Permanent transects were establisheger pond, perpendicular to the margin of
each pond, for a total of 20 m. Within each trahs®ur 5-m x 5-m plots were established for
assessment of shrubs. Portable 1-m2 tubing wabktas#eate six plots for analysis of
herbaceous layers along each transects line. deenwere also extended into the water for
sampling aquatic vegetation using portable 1migibi
Data Collection

Quantitative measurements were made monthly fcin pand during the 1997 and 1998
growing seasons. Height and number of stems ws&é@ 10 determine relative importance
values for shrubs (woody plants greater than 1i0 height, but less than 2.5 cm DBH (diameter
at breast height)). Percent cover was used totifpaerbaceous plants (those less than 1.0 m in
height) and aquatic vegetation.
Data Analysis

Data for the herbaceous, aquatic and shrub pleerts initially averaged from all plots
in both transects from each pond to give mean c¢alersity and richness totals. These totals

were examined for seasonal variation of all speftiesach month sampled from the 1997 and



Figure 1. Map of McClintic Wildlife Management A&geMason County, West Virginia.
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1998 growing seasons. Cover of the aquatic angblsepus plants that measured >1% of the
ground cover of any month in any pond was usethéavgatterns of variation throughout the
two-year sample period. Density (number of stefresach species/plot) was used to show
seasonal variation of the shrub plants for eachtimdrom each pond of the 1997 and 1998
growing seasons. Richness (number of speciekipést calculated for aquatic, shrub, and
herbaceous data to show variation in species alngedduring the two growing seasons.

Importance values (IV) were calculated for eactcggs from the relative cover of the
herbaceous and aquatic species and the average @ative height and relative density of the
shrub species. Importance values were used taoatedibe relative dominance of a species
within its community stratum, implying its import@in controlling ecosystem dynamics such
as the transfer of nutrients and energy. Data aweeeaged from all plots from the three stratum
to arrive at a condensed number of 52 plots foh égoe of strata, one for each month for each
pond. These numbers were used in the multivareatenique Detrended Correspondence
Analysis (DCA) to show variability among ponds otee two years. The DCA graphs are based
on the importance values of the different spediesah pond, which indicates the relative
strength of the associations between the spectesach pond. This technique analyzed the 52
aguatic, herbaceous, and shrub plots separatelpgg® matrices to show overall variability
between ponds and to determine which species west masponsible for the variation.

Monthly patterns were analyzed of the three tygasgetation from June to November
1997, and April to October 1998. In this analyigre were 12 matrices used to determine
variability among the ponds during the two - yemvgng season. These data were also
separated into the three types of vegetation. rébglting DCA values were used to determine

which species were most responsible for causinghpmariability.
12



Chapter 111

Results and Discussion

Overview

A total of 76 species were identified from samphmigich occurred from June 1997 to
October 1998 at the four pond sites (See Appen@kjhe species identified, 23 species were
found in aquatic plots, 68 species were found énttrbaceous plots, and 33 species were found
in the shrub plots. Species will be referred tabgpnmon name. For reference, the scientific
names, acronyms, and authorities for each spediesenisted in the Appendix. The data and
results of the vegetative study are presentedrbjastaquatic, herbaceous and shrub). For each
stratum, the overall species composition for tivatsm is presented first. Second, data and
discussion of the seasonal variations of the véigatamong the four pond sites will be
discussed. Finally, the inter-year differencegdgetation will be addressed. In each discussion
results will be presented using DCA, species risenand average cover or density analysis.
Aquatic Vegetation
Species Composition.

Of the species identified, 23 unique species waned in aquatic plots. In 1997, there
were 15 different speciedentified, and in 1998 there were 20 species iledtamong all four
ponds in the aquatic plots. Pond 14 had the highaesage monthly species richness of the four
ponds in 1997, with 4.5 species per month and R8ntad the highest average species richness
in 1998, with 6.5 species per month (Table 1).

The average overall aquatic cover increased in 39%®nd 13 (Table 1). At Ponds 14,

3, and 4, however, overall average aquatic coveredsed in 1998 compared to 1997 (Table 1).

13



Table 1. Average cover, density and richnesgdah pond in 1997 and 1998.

P13 P14 P3 P4
Variable 1997 1998 1997 1998 1997 1998 1997 1998
Cover (%)
Aquatic 13.9 35.9 43.9 26.9 114.4 85.6 32 15.6
Herbs 46.6 78.6 37.2 56.8 28.9 48.5 45.3 74.1
Density(stems/m?)
Shrubs 73.5 87.1 107.9 113.2 36.3 47.1 85.4 122.9
Richness (# species
Aquatic 4 6.5 4.5 3.7 2 2.4 3.3 3.9
Herbs 115 154 16.2 20.6 18.8 22.7 21.8 26.1
Shrubs 9.7 11 10.2 11.9 7.2 6.7 9.8 11.7
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These were the only plots among the stratum whezeage cover decreased over the
two-year study. Climatic variation undoubtedlyeaffs year to year growth (Dawe et al. 2000).
However, since the cover decreased in three dofttes, such decrease could be attributed to site
specific conditions, such as a decrease in res@uaiability for the aquatic plants, including
light and nutrient availability.

Species with the ten highest importance valuekaratjuatic plots were considered
dominant compared to the other species preserthelaquatic plots there was some variability
in dominant species. Only two dominant speciesntail and mild waterpepper, were present in
all four ponds (Table 2). Other dominant speciesuored in more than one pond, indicating
some degree of similarity among the aquatic pld&ble 2). Examples of these species are least
duckweed, marsh purslane, and watermeal (Tabl©8)y one of the dominant species existed
in just one pond. This species was ground pinenaxipresent only in Pond 4 which contained
different surrounding habitat conditions than tkieeo ponds.

In the analysis of the aquatic data, the seas@rations among the four ponds will be
discussed using DCA, species richness, and coseltse Each pond will be discussed
separately when using DCA. Discussion of all fpands will be combined when analyzing
species richness and cover so that comparisonsecarade. Finally, the inter-year differences
of aquatic vegetation will be presented, combintheyresults from all four ponds in a discussion

using DCA, species richness, and cover.
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Table 2. Dominant aquatic species based on geenaportance value for each pond.

Species Common P13 P14 P3 P4 Mean Importance

Name Value

Ceratophyllum Coontail 38 51.0 231 329 27.7

demersum

Wolffia punctata Watermeal = ----- - 554 17.3 18.2

Ludwigia palustris Marsh purslane 14.1 25.7 ----- 0.6 10.1

Cephalanthus Buttonbush 9.0 7.3 - 21.4 9.4

occidentalis

Polygonum Mild 198 52 02 71 8.1

hydropiperoides waterpepper

Polygonum persicaria Ladies thumb 16.1 56 - - 54

Lemna minor Least duckweed  ----- 0.02 133 6.9 5.1

Alnus serrulata Brookside alder 1.6 15 - - 0.8

Lycopodium Groundpine == —-emm e 1.7 0.4

flabelliforme

Panicum sp. Panic grass  --—--- 0.01 --- 1.7 0.4

----- = Lower than 18in importance value

16



Seasonal Patterns of Aquatic Vegetation

DCA
Seasonal patterns were observed by sampling evenyh for two growing seasons, June

to November 1997 and April to October 1998. InE@A analysis, data from June, August and
October of 1997 and 1998 were utilized to show Wisipecies were influential in each of the
four ponds. For Pond 13 aquatic species, howévemonth of July was added to the analysis
due to the lack of vegetation in October of 199#@fluences from each month were shown for
each type of stratum by analyzing data by pondsaradum. The ten most important species
from each month were used to show variability amivegsampling months. The locations of
the species on the graph will be associated wéhr tkespective influence on distinguishing the
vegetation make-up of the ponds in different montByg looking at the location and proximity

of a species in relation to a specific month, tifeience of that species can be determined. The
DCA provides a means of illustrating changes ircegecomposition occurring through time
(DeGrandpre and Bergeron 1997). This was illustrdty inserting vectors between the points
in time on the graphs.

Pond 13. Overall, Pond 13 had more variation among thethsoim the 1998 growing
season than in the 1997 growing season. Thetieribetween the two years could be due to
the increase in species richness and cover of iaggpacies in 1998 (Table 1). This increase
resulted in higher variability among the individuabnths in 1998 as well. For the 1997
sampling months, the points representing aquagécisp in Pond 13 indicated that June, July and
August had little separation among species vangftagure 2). The proximity of the species’
points to the months shows that buttonbush wasdeninn June of 1997 and marsh purslane

was more abundant in August of 1997 (Figure lore species were clustered around the
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Figure 2. DCA for Pond 13 aquatic species showifigence of species
diversity during the months of June, July, and Asidi®97 and June, July, August and
October of 1998.
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months June, July, August and October of 1998 {€i@) which is consistent with the increase
of richness and cover in 1998. Seven species swgreunding these months including mild
waterpepperthe most important species of all of the seventhwuosed in the graph (Table 3).
Boneset was isolated from all months along the D@2 (Figure 2), indicating that, although
it was a more important species at this pond,dtleas of an influence on the monthly
variability.

Pond 14. Only eight species occurred in Pond 14 duringdlsssnpling months (Figure
3, Table 4). In this analysis, months were sepdratong the DCA1 axis with June 1997
overlapping with the months of 1998 (Figure 3),@ating the similarities in species
composition during those months. In 1997, buttahband coontail were most abundant in
August and October (Figure 3) at the height andadride growing season. These were the two
most important species for Pond 14 (Table 4). Margslane was most abundant in October
1998 (Figure 3). June of 1997 and 1998 and Aut®@8 were similarly affected by buttonbush
and marsh purslane (Figure 3). Species that dithanee a large effect on these months were
Panicum sp., soft rush and least duckweed (Figure 3). &kpscies also had the overall lowest

importance values for Pond 14 (Table 4).
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Table 3. Aquatic species used in Pond 13 DCA geaphtheir importance values.

Species Common Name Acronym Importance Value
Polygonum hydropiperoides  Mild waterpepper POHY 19.8
Polygonum persicaria Ladies thumb POPE 16.1
Ludwigia palustris Marsh purslane LUPA 14.1
Cephalanthus occidentalis Buttonbush CEOC 8.9
Ceratophyllum demersum Coontall CEDE 3.8
Eupatorium sp. EUSP 1.8
Alnus serrulata Brookside alder ALSE 1.6
Eupatorium perfoliatum Boneset EUPE 1.2
Panicum sp. Panic grass PASP 0.5
Platanus occidentalis Western sycamore PLOC 0.1
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Table 4. Aquatic species used in Pond 14 DCA geaghtheir importance values.

Species Common Name  Acronym  Importance

Value

Ceratophyllum demersum Coontail CEDE 51.0

Ludwigia palustris Marsh purslane LUPA 25.7
Cephalanthus occidentalis Buttonbush CEOC 7.3
Polygonum Mild waterpepper POHY 5.2

hydropiperoides

Alnus serrulata Brookside alder ALSE 15
Juncus effusus Soft rush JUEF 0.2
Panicum sp. Panic grass PASP 0.1
Lemna minor Least duckweed LEMI 0.02
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Figure 3. DCA for Pond 14 aquatic species showifigénce of species diversity during
the months of June, August and October 1997 and, August and October 1998.
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Pond 14 showed a different pattern of variabilitgrt Pond 13. In Pond 14 there was
little to no variability between August and Octolo€rl997, but there was substantial variability
among June 1997 and the other months of 1997. alul#7 had more variation among the
other 1997 months than with the months of the 1®98ing season. There were equal amounts
of variability among the months of 1998. The sarities of June 1997 with the 1998 months
may be due to the strong presence of marsh pursigdhe month of June 1997 (Table 5).
Overall, the most important species for both yeas coontail, which seemed to be most
abundant in August and October of 1997 (Table #)€ra).

Pond 3. Only four species were found in Pond 3 duringe)Juxugust and October of
1997 and 1998 (Figure 4). The most important e§¢hspecies was watermeal, which was most
abundant in June 1998 (Table 6). The other thpeeiss, coontail, mild waterpepper, and least
duckweed seemed to have a similar effect on ther ettonths of the growing season, which
formed a cluster in the center of the graph (FighreThis suggests little variability among the
three months from both years. This may be atteithtid the fact that there were only four
species present and, therefore, less influencecm @ the months due to the low species
richness. August of 1998, however, was slightlyed as shown by a shift towards the right on
the graph by the influence of least duckweed (Figh)r There was more variation among the
1998 months than among the 1997 months. The specimess for 1998 was slightly higher,
which may have affected the variation among theghmonths of 1998 (Table 1).

Pond 4. Pond 4 overall had the most variability amongpbeds during the months of

the two growing seasons. This variability couldeplained by the increase in
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Table 5. The most dominant species (aquatic, heduecand shrub) at each pond for
each month of the growing season for 1997 and a98&heir importance values for
each month. (See Appendix for acronym).

Ponds 1997 1998
Jun  Jul Aug Sept Oct Nov Apr May Jun Jul Aug Sept Oct
AQUATICS
POND 13 POHY POHY LUPA - e e e POHY POHY POPE POPEPOPE  POPE
(26.9) (39.8) (45.5) (51.9) (435) (63.3]35.9) (39.0) (48.4)
POND 14 LUPA CEDE CEDE CEDE CEDE CED CEDE CEDE CEDE POPE LUPAURA  LUPA
(40.5)  (74.9)  (73.8) (77.9)(72.0)  (100) (90.3) (85.0) (42.3) (73.0) L. (79.1) (92.4)

POND 3 WOPU WOPU WOPU WOPU WOPU CEDE WOPU WOPU WOPU WOPU WOPU WOPWOPU
(70.3)  (---)  (60.0) (61.3) (62.4) (69.8)  (935)  (57.1) (95.1)  (96.4Y46.5) (94.2)  (50.0)

POND 4 CEOC CEDE CEDE CEOC CEOC EDE WOPU LEMI WOPU CEDE CEDE RY HYPU
(74.6) (585)  (74.1) (42.8)(48.7)  (100) (100) (65.8)  (49.3)  (50.2(35.4) (35.1)  (100)

HERBS

POND 13 JUEF  LOJA PAQU PAQU LOJA LOJA PAQU POSI RHRA POSI POHYOJA LOJA
(209) (25.6) (21.3) (20.9)(26.2) (30.4)  (285) (16.1)  (16.8)  (16.0)(16.0) (20.4) (22.2)

POND 14 LUPA LOJA PAQU SAAL DASP ASP DASP DASP DASP DASP LUJA BR DASP
(238) (25.1)  (20.5) (15.6)(425) (42.8) (42.6) (247)  (215) (14.4)(26.3) (34.7) (37.1)

POND 3 LOJA LOJA SPDO SPDO SPDGPDO SPDO SPDO SPDO  PAN1 SPDSPDO SPDO
(58.7) (55.3)  (37.9) (34.1) (39.4) (36.9) (375) (266) (21.1)  (26.8(15.1) (19.3) (9.6)

POND 4 PANI LOJA SPHG SPHG SPHGPHG SPHG PAN1 PAN1  PAN1 PANISPHG SPHG
(209) (22.9) (31.7) (36.7) (35.1) (52.4) (315) (27.1) (21.2)  (19.9)(28.3) (17.2) (38.2)

SHRUBS

POND 13 CAOV CAOV CAOV CAOV RUB1 RUB1 ELUM CAOV CAOV CAOV CAOV CAOV RUB1
(18.1)  (17.5) (16.8) (21.0) (19.6) (36.6) (355) (17.2) (16.0) (17.0) 21.5) (17.3) (28.7)

POND14  NYSY CAOV CAOV CAOV QUSP QBS ELUM CAOV CAOV CAOV CAOV CAOVNYSY
(27.1) (11.9) (16.6) (22.1) (22.8)  (32.8)  (30.4) (19.2) (18.3) (17.9) (22.7) (20.7) (21.6)

POND 3 ACRU ELUM ELUM ELUM ELUM LOJA  ELUM ELUM ELUM ELUM ELUM ELUM ELUM
(21.0) (54.8) (33.2) (34.2) (33.6) (39.6)  (38.1) (36.3) (32.4) (31.0) 3(® (359) (41.3)

POND 4 ASTR LIBE LIBE LIBE LIBE ELUM  ELUM COFL LIBE LIBE LIBE LIBE ELUM
(186) (22.0)  (19.7) (18.9) (17.9) (33.9)  (21.3) (129) (14.0) (15.7) 168) (17.2) (21.2)
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Table 6. Aquatic species used in Pond 3 DCA geaphtheir importance values.

Species Common Name Acronym Importance
Value
Wolffia punctata Watermeal WOPU 55.4
Ceratophyllum demersum Coontail CEDE 23.1
Lemna minor Least duckweed LEMI 13.4
Polygonum Mild waterpepper POHY 0.2
hydr opiperoides
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Figure 4. DCA for Pond 3 aquatic species shownflgience of species diversity during
the months of June, August and October 1997 and, August and October 1998.
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richness in 1998 (Table 1). There were also maegiss present at Pond 4 that were high in
importance value and that strongly influenced eaohth (Table 7). Even though there were
many species present, cover for this pond was tveweer than other ponds (Table 1).

The effect of productivity in species richness almsost always given a unimodal, or
hump-shaped, relationship between species rictaresproductivity (Weiher 1999). Under the
unimodal theory, species diversity appears to peakoderate levels of productivity and is
lower when productivity is both very low and verngin (Stevens 1999). The declining phase of
this pattern has left some scientists puzzled whigiely productive habitats tend to have fewer
species than nearby, less productive habitats {#aerl.1990). The interspecific competition
theory may explain this phenomenon as it drivesrdspecies richness. At highest levels of
productivity, resource acquisition and growth bg ttominant species reduces growth of less
dominant species and eventually excludes themltirggin a decrease in species richness
(Stevens 1999).

Pond 4 was the only one that showed great variglniliaquatic plants between the
growing seasons. Buttonbush was most abundannie df 1997 (Figure 5, Table 5). This was
also the second most important species for Popdeéeded by coontail (Table 7). August of
1997 was pulled away from June by the influenceoaintail and October 1997 was affected by
mild waterpepper (Figure 5). October 1998 wasguutiown the DCAL axis by St.John's wort,
while June and August were influenced by waternggalind pine and sensitive fern (Figure 5).
Speciesrichness and cover

Species richness and cover are other importantespeproductivity used in analyzing

seasonal changes in vegetation. The ponds anesdisd together in this analysis for comparison
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Table 7. Aquatic Species used in Pond 4 DCA graghtleir importance values.

Species Common Name  Acronym  Importance
Value
Ceratophyllum demersum Coontail CEDE 32.9
Cephalanthus occidentalis Buttonbush CEOC 21.4
Wolffia punctata Watermeal WOPU 17.3
Hypericum punctatum Dotted St. John’s HYPU 11.9
wort
Polygonum Mild waterpepper POHY 7.1
hydropiperoides
Lemna minor Least duckweed LEMI 6.9
Lycopodium flabelliforme Groundpine LYPL 1.7
Osmunda cinnamomea Cinnamon fern OSClI 1.3
Leersia oryzoides Rice cut grass LEOR 1.0
Ludwigia palustris Marsh purslane LUPA 0.6
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Figure 5. DCA for Pond 4 aquatic species shownfigience of species diversity during
the months of June, August and October 1997 and, August and October 1998.
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purposes. Species richness was determined forpgachby of stratum. The richness of each
stratum was graphed by month of the growing setsshow variability among the four ponds.
All ponds were graphed together for the aquatetsin and an average for each pond was taken
for 1997 and 1998.

Overall, the average for the two years showed drgdeseasonal changes in 1997, except
for the decline in richness at Pond 14 in July1987, the average showed that June and August
were the peak months for species richness of agplatints (Figure 6). This was also the trend
for each of the ponds, with November having thedstmmumber of species present (Figure 6).

In 1998, richness was low in April with an increasgil August, and then a decline to
November. The average showed August as the pegleries richness (Figure 6). This was
also the peak month for Pond 13 and Pond 3 (Figurélowever, there was an unexpected
decline in richness for Pond 3 and Pond 13 in 1@88 (Figure 6). This could be due to the
decline in precipitation for that month (Figure 7).

A total for average cover was calculated for aigusgiecies to show seasonal variation
among the ponds for 1997 and 1998. Each pond veghegd separately along with the
herbaceous vegetation. For the most part, expset@sbnal variations in cover occurred among
the four ponds. For Pond 13, aquatic vegetatimercpeaked in July in 1997 and then
disappeared completely in September through Novefigure 8). Aguatic vegetation
returned in May of 1998 and peaked in July, wittigher percent cover than in 1997 (Figure 8).
Cover decreased seasonally after July through @ci{dligure 8). At Pond 14 in 1997, aquatic

species cover was highest in August (Figure 9)1988, August was also the peak month for
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Figure 6. Monthly variability of aquatic speciéshness in 1997 and 1998.
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Figure 7. Changes in monthly precipitation in Magwunty from 1997 to 1998.
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Figure 8. Variability in total cover of aquaticcaherbaceous species at Pond 13 for 1997
and 1998.
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Figure 9. Variability in total cover of aquaticcaherbaceous species at Pond 14 for 1997
and 1998.
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aguatics, with a lower percent cover than in 199g@ure 9). At Pond 3 in 1997, the aquatic
vegetation was highest in cover in August withighdéldecrease in September before dropping
dramatically (Figure 10). Aquatic species in 1988 peaked in August, but with a lower
percent cover (Figure 10). In 1997, the aquateries at Pond 4 had the highest percent cover
in July (Figure 11). In 1998, the cover peakedune, decreased in July, then increased in
August (Figure 11).

Differencesin Aquatic Vegetation Between Years

DCA
In this part of the study, data were examined bymaring results from all sample dates

for 1997 and 1998. By using DCA for each typetodtsim (aquatic, herbaceous and shrub) data
from each pond can be compared by species preseimbsen dates. Species with the highest
importance values from each stratum were plotted am average from all of the months
sampled in 1997 and 1998. For each year, eachwasdepresented by a single point. This
will show which species affected each pond on apatid temporal levels. Species were chosen
that had high importance values and that had thet mfluence on the ponds. For each stratum,
sample data from both years was analyzed to shenathwariation among ponds.

Ten species were shown to have the most effedi®mdriation of all ponds between
1997 and 1998 (Figure 12, Table 2). Most of theadmlity was along the DCAL axis indicating
that most of the ponds were quite similar in spec@mposition, with the exception of Pond 3,
which was heavily affected by least duckweed anttm@eal (Figure 12). The variation at Pond
4 between 1997 and 1998 was due to a speciesssd gral coontail, the most dominant species

among all of the ponds (Table 2). Buttonbush ladkinfluence on Ponds 4 and 13 in 1997
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Figure 10. Variability in total cover of aquatiochherbaceous species at Pond 3 for 1997
and 1998.
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Figure 11. Variability in total cover of aquatiochherbaceous species at Pond 4 for 1997
and 1998.
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Figure 12. DCA showing variation of aquatic spe@s®ng the four ponds in 1997 and
1998.
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(Figure 12). The variation in Pond 13 from 1992898 was caused by three species: mild
waterpepper, ladies thumb, and marsh purslane hwinze also the most dominant species at
Pond 13 (Figure 12, Table 2). Brookside alder kgaponsible for the shift in Pond 14 from
1997 to 1998 (Figure 12). One species, dotteddbin’s wort, seemed to have little or no effect
on the ponds (Figure 12). This species was onlggorieat Pond 4 late in 1998 and it seemed to
pull the placement of Pond 4 in 1998 down the D@&ik, but had little effect on the placement
along the DCA2 axis (Figure 12, Table 5).

Speciesrichness and cover

Species richness and cover were also used tozandifferences between the two years.
In the aquatic stratum there was an increase iciepéchness from 1997 to 1998 at every pond
except Pond 14 (Table 1). There was an overalease in species richness from 15 species in
1997 to 20 species in 1998. Pond 3 had the loswesaige aquatic species richness (2) in 1997,
which increased to an average of 2.4 species i {B&ble 1). Pond 14 had the highest average
in species richness in 1997, but with its decreBead 13 contained the most species in 1998
with an average of 6.5 species per month (Tablé®?bnd 13 also had the largest increase among
the four ponds for aquatic species; numbers inecbi®m 4 average species per month in 1997
to 6.5 average species per month in 1998 (Table 1).

The variability found in the yearly changes of atitispecies richness could be due to
fluctuating water levels in the ponds due to weagfadterns. Annual precipitation was greater in
1998 than in 1997 (Figure 7). Since these speaies hapid relative growth and shorter life
cycles, it was expected they would have a signmticasponse to yearly changes among

community composition. Furthermore, under the wdai theory, productivity affects species
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richness in a unimodal pattern so that variationgroductivity between the years would also
affect species richness (Stevens 1999).

From 1997 to 1998, aquatic species increased irageecover at Ponds 13 and Pond 4
but decreased at Ponds14 and 3 (Table 1). Poad @ much higher average percent of cover
than the other ponds in 1997 (114.5%, Table 1)nEkeugh Pond 3 contained the fewest
number of species, the species covered a higheemge of area within the aquatic plots. This
could be due to the interspecific competition egidn theory, where at high levels of
productivity resource acquisition and growth of dioamt species exclude subordinate species.
The most dominant species at this pond was watérmbech had the largest importance value
of any aquatic species (55.4 species; Table 2% dttounted for the larger percent cover in
Pond 3 for both 1997 and 1998 (Table 1) and coeldttributed to it excluding less dominant
species by its high productivity.

Her baceous Vegetation
Species Composition

The second type of vegetation analyzed in thisystvas herbaceous species. The
herbaceous plots were located in the terrestréd adjacent to the pond’s edge. Similarities in
soils and moisture availability among the four paitds affected the herbaceous plots, resulting
in an overlap in the species present at the fondpsampled. However, of the four pond sites
studied in the herbaceous terrestrial pl§hagnum sp. was exclusive to the Pond 4 site (Table
8), where growing conditions were conducive foogdier habitat. As acidic peatlands, bogs are

typically dominated by th&hagnum genus (Bedford et al. 1999). Other pond sitesvsko
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Table 8. Dominant herbaceous species based oageseanportance values for each

pond.
Species Common P13 P14 P3 P4 Mean
Name Importance
Value
Lonicera japonica* Japanese 17.8 9.4 21.5 5.9 13.7
honeysuckle
Sphagnum sp. Sphagnum  -----  —ee- e 24.3 6.1
moss
Danthonia spicata* Poverty = --—--- 23.7 - - 5.9
grass
Spiraea douglasii Hardhack - --—-- 228 - 5.7
Juncus effusus* Soft rush 6.9 10.8 - e 4.4
Polygonum Mild 58 - 3 - 2.2
hydropiper oides* waterpepper
Carya ovata Shagbark 4.1 44 - 2.1
hickory
Smilax rotundifolia* Common  ----- 4.9 29 - 1.9
greenbrier
Cornusflorida Flowering  ----- 3.8 34 - 1.8
dogwood
Onoclea sensibilis Sensitive  ----- - 2.5 4.2 1.7
fern

----- = Lower than 18in importance value

* = QOccurred at all four ponds
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some similarity in overall species composition aghberbaceous vegetation, with most of the
variability occurring in the richness and coverdasussed in more detail below.

Of the 76 species, 68 were fond in herbaceous.pOterall, species diversity was lower
for all four pond sites in 1997 with 48 differemegies present, than in 1998 with 56 species. In
1998, Pond 4 had the highest average of spectasass for both years, 26.1 species per month,
with Pond 13 in 1997 having the lowest averageispathness for both years, 11.5 species per
month (Table 1). High values of species richnesscharacteristic of eastern deciduous forests
(Hockenberry 1996). The higher species divewtiyond 4 could be due to a number of
conditions including availability to resources sashwater and nutrients or the influence of the
productivity rate which, at moderate levels, conlctease species richness.

Herbaceous cover increased in 1998 at all pond.sPend 13 had the highest average
percent cover (78.6%), with Pond 4 only slightlwéy (74.1%; Table 1). Pond 3 had the lowest
percent cover of the four pond sites. This codaaused by the higher percentage of overstory
species around Pond 3 compared to the other pdndbkt availability to the herb layer,
important to cover and richness, is generally @tion of canopy density (Gilliam and Turrill
1993). In fact, overall cover and biomass of forgglerstory vegetation increases, often
dramatically, with canopy openness (Thomas et@9)L Although overstory vegetation higher
than shrubs was not included in this study, it esdent that Pond 3 had a larger canopy cover
preventing moisture and sunlight from reachingftwest floor, in turn affecting the growth of
the understory vegetation at Pond 3.

Five dominant herbaceous species occurred atwllgond sites (Table 8), with one
dominant at all ponds, Japanese honeysuckle. QGroéespwas exclusive to Pond 4, sphagnum

moss. This is attributable to the boggy habit®atd 4, which is suited for such species. As
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such, there are both similarities and differencesvierall herbaceous species present among the
four ponds.

Seasonal Patterns of Her baceous Vegetation

DCA

Pond 13 site. The results of the DCA graphs of the four posiasw that all ponds had
some spatial and temporal variability among the tm®of the two growing seasons. Pond 13
seemed to have the most variability in the herbaseegetation with all months equally
scattered across the graph (Figure 13). Each nweashprogressively influenced in both years.
This could be attributed to the expected seasdraiges in temperature and moisture, which in
turn affect the productivity of the vegetation.

All of the species graphed were also equally sepdraThis suggests variability among
the months and years. The most important speapangse honeysuckle, was most abundant at
Pond 13 in October of 1997 (Figure 13, Table Mer€ was little difference in the effect of
shagbark hickory on the months of June and Augu$997 (Figure 13). Examples of dominant
species in 1998 are mild waterpepper in June, dewbeAugust and blackberry in October
(Figure 13).

Pond 14 site. Pond 14 had less variation, with most months ayppeg closely to the
others in the same year, except for October of 1@@ich differed greatly from the other
months in 1997 and appeared more closely to thehmarf 1998 (Figure 14). The influence of
poverty grass which survives late in the seasofddoelithe reason for such overlap (Table 5).
Three species were most abundant in June and Aafi807, including Japanese honeysuckle
(Figure 14). Poverty grass, the most importantigseduring these months, is most dominant in

October of 1997 and 1998, showing that it survieethe end of the growing season (Figure 14,
54



Table 9. Herbaceous species used in Pond 13 D&ghagnd their importance values.

Species Common Name Acronym Importance
Value
Lonicera japonica Japanese LOJA 17.8
honeysuckle
Parthenocissus Virginia creeper PAQU 9.0
quinquefolia
Rhus radicans Poison ivy RHRA 7.9
Potentilla simplex Common cinquefoll POSI 7.6
Juncus effusus Soft rush JUEF 6.7
Polygonum Mild waterpepper POHY 5.8
hydr opi peroides
Carya ovata Shagbark hickory CAQOV 4.1
Rubus sp. Blackberry RUB1 4.0
Rubus sp. Dewberry RUB2 3.0
Acer rubrum Red maple ACRU 2.2
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Figure 13. DCA for Pond 13 herbaceous speciewisiganfluence of species diversity
during the months of June, August and October E3@i7June, August and October
1998.
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Table 10. Herbaceous species used in Pond 14 D&#ha@nd their importance values

Species Common Name Acronym Importance
Value
Danthonia spicata Poverty grass DASP 23.7
Juncus effusus Soft rush JUEF 10.8
Lonicera japonica Japanese LOJA 9.4
honeysuckle
Sassafras albidum Sassafras SAAL 6.1
Quercus alba White oak QUAL 5.1
Smilax rotundifolia Common greenbrier SMRO 4.9
Parthenocissus Virginia creeper PAQU 4.7
quinquefolia
Cornusflorida Flowering dogwood COFL 3.8
Quercusimbricaria Shingle oak QUIM 3.1
Ludwigia palustris Marsh purslane LUPA 2.3
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Figure 14. DCA for Pond 14 herbaceous species isigowfluence of species diversity
during the months of June, August and October E3@i7June, August and October
1998.
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Table 10). Sassafras was frequent in both Augus®®/ and June of 1998 (Figure 14). White
oak was responsible for pulling October of 1997 4888 along the DCAL axis showing
temporal variability among species from June tooDet (Figure 14).

Pond 3 site. The variation in Pond 3 occurred mainly in thentth of June in 1997 where
it was separated from the other months to thesldé of the graph (Figure 15). Two species that
were more abundant at this time were Japanese swocidg, one of the most important species
at this pond site, an@anicum sp. (Figure 15, Table 11). There were less sgqmiesent in this
earlier month of the growing season, and theretbese two species were very abundant and
had a strong influence on the month of June. Theranonths of the two growing seasons were
relatively close in proximity, due to the increasepecies richness.

Although there was little variability among thetresthe ponds for each year, there was
some variability among the two years. Multiflorate and flowering dogwood were a strong
influence on the months of 1998, while hardhack gmuaind pine influenced August and
October of 1997 down the DCA2 axis, showing spatglation from the other months (Figure
15).

Pond 4 site. The Pond 4 analyses indicated variability amdunge and the other two
months of 1997 (Figure 16). Sensitive fern andiaunt olive are two species that separated June
1997. The most important species Sphagnum sgciasve to this pond due to its boggy
environment (Table 12). This species seemed te i/ most effect in October of both years
when many other species have already disappeaigar€FL6). Christmas fern and groundberry
are most dominant in August and October 1997, atdig that these species live throughout the
growing season (Figure 16). In 1998 there wasJasability among months. Spicebush

appeared to stay dominant throughout all three hsoot that year (Figure 16).
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Table 11. Herbaceous species used in Pond 3 D&ghagnd their importance values.

Species Common Name Acronym Importance
Value
Spiraea douglasii Hardhack SPDO 22.8
Lonicera japonica Japanese LOJA 21.5
honeysuckle
Panicum sp. Panic grass, large PAN2 115
Lycopodium flabelliforme Groundpine LYFL 5.3
Mentha arvensis Field mint MEAR 4.4
Cornusflorida Flowering dogwood COFL 3.4
Smilax rotundifolia Common greenbrier SMRO 2.9
Onoclea sensibilis Sensitive fern ONSE 2.5
Panicum sp. Panic grass, small PAN1 2.1
Rosa muliflora Multifloral rose ROMU 1.9

62



Figure 15. DCA for Pond 3 herbaceous species stypinfluence of species diversity
during the months of June, August and October E®i7June, August and October
1998.
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Table 12. Herbaceous species used in Pond 4 D&ghagand their importance values.

Species Common Name Acronym Importance
Value
Sphagnum sp. Sphagnum moss SPSP 24.3
Panicum sp. Panic grass, small PAN1 14.0
Rubus hispidus Groundberry RUHI 11.4
Lonicera japonica Japanese LOJA 5.9
honeysuckle
Polystichum Christmas fern POAC 5.3
acrostichoides
Onoclea sensibilis Sensitive fern ONSE 4.2
Lindera benzoin Spicebush LIBE 4.2
Rhus radicans Poison ivy RHRA 2.5
Elaeagnus umbellata Autumn olive ELUM 2.4
Loniceratatarica Tatarian LOTA 15
honeysuckle
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Figure 16. DCA for Pond 4 herbaceous species stypinfluence of species diversity
during the months of June, August and October Ef@i7June, August and October
1998.
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Speciesrichness and cover

Species richness was graphed with all four pongether, including an average of the
ponds. Species richness for the herbaceous spetied in 1997. The average of all four
ponds showed expected seasonal trends exceptémliae in July (Figure 17). Pond 13 and 4
peaked in August, Pond 14 peaked in June, and Ppedked in July (Figure 17). All ponds
showed expected results and declined in specieseass after October (Figure 17). Trends in
averages of aquatic species and herbaceous spegieshe same in 1997 with the peak month
being August. In 1998, all ponds peaked in spagahness in the month of July. This result is
not consistent with precipitation results for 19@®ere there was a significant decrease in
rainfall in July (Figure 6). However, there wagrsficant rainfall in June, which could have
affected the growth in July, along with other geads, such as light and nutrient availability.
All ponds had similar trends in growth of richnedecreasing after July with little change from
August to September except for Pond 4, which dee&n May. The average in 1998 for the
aguatic species differed in the peak month (Augubgn compared to the average peak month
for herbaceous species (July). The variation asseal changes in herbaceous species richness
in 1997 and 1998 can be attributed to differennesgater levels, which could be due to weather
conditions, including precipitation.

The herbaceous cover was also varied among theptmds. This data was graphed
along with the changes in cover for the aquaticigse each pond separately. At Pond 13,
herbaceous cover was highest in July in 1997 thkeaquatic species (Figure 8). In 1998,
however, June was the peak month for herbaceous.cawis result is consistent with the
rainfall, which was highest in June of 1997. AnBd4, herbaceous cover differed from the

aguatics and peaked in June of both 1997 and 18@#8the cover in 1998 almost doubling the
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Figure 17. Monthly variability of herbaceous sgsciichness in 1997 and 1998.
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cover in 1997 (Figure 9). The difference in colrem 1997 to 1998, which also occurred at
Pond 13 for the herbaceous species and the agpaies, could be due to migration of species
within sample plots and better growth conditionslemg in 1998 (Figure 9).

Herbaceous cover was consistently lower than do@tec cover at Pond 3 (Figure 10).
This could be due to a large canopy cover thattdtethe terrestrial but not the aquatic plots of
Pond 3. Species richness often changes along lspiadients (Veech 2000) which could also
affect the amount of cover. There was little digigce among cover for the herbaceous species
during the 1997 growing season, peaking in Augsisha aquatics did (Figure 10). In 1998,
herbaceous species cover peaked in July and Augitista small decrease from May to June
(Figure 10).

Herbaceous species at Pond 4 in 1997 decreasedén in July and increased
dramatically in August when cover was highest (Fégll). The trend in 1998 for herbaceous
species cover varied, greatly increasing in Jum@nat was highest, and then decreasing
through October (Figure 11). Cover for aquatic hartbaceous species peaked from June to
August among the four ponds (Figure 11). The pdrcever in 1998 was higher, indicating that
growth and migration can increase with time inahsence of disturbance (Figure 11).

Seasonal variation differed among all four polmisach of the three strata. This could be
attributed to a number of causes: the variatiodomhinant species at each pond, moisture and
nutrient availability from each pond, or canopy eofrom differences in overstory vegetation.
Differencesin Herbaceous Vegetation Between Years
DCA

Fifteen species were chosen to show correlatiomarttoee ponds in the herbaceous

stratum (Figure 18). Each pond seemed to forrovits cluster on the DCA graph (Figure 18).
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Dominant species that are responsible for the highecent cover are Japanese honeysuckle and
soft rush (Table 8). Pond 3 had the smallest gesparcent cover for both years with 28.9% in
1997 and 48.5% in 1998 (Table 1). Among pondsdBdr8 and 4 had the most similarities in
the amount of cover in 1997 and 1998 (Table 1)nd8d 4 and 3 also had similar percent covers
in 1997 and 1998 (Table 1). The difference amagayy could be attributed to weather
conditions, including precipitation (which was gexan 1998; Figure 6) and environmental
conditions, as it is consistent with the large @éasing trend in species richness for 1998.

Overall, the two-year analysis showed a trencpeties richness and cover data
increasing from 1997 to 1998 with a few exceptiombese results could be due to weather
patterns or changing growth conditions such astm@sand light availability. Variability
among communities at the ponds could be attribigtdkde changes in occurrence and abundance
of individual species due to interspecific competit The trend of the increase in cover along
with the increase in species richness indicatessihecies diversity never peaked, which,
according to the unimodal theory, would have desgdaroductivity.

This shows variability among herbaceous speci®oats 3, 4 and 13, 14 (Figure 18).
All ponds remained close in proximity between tve sample years (Figure 18). This shows a
small amount of variation between the two yearsragradl ponds. Pond 14 has a very small
amount of separation between 1997 and 1998 (Fitggire Pond 4 is separated from Ponds 13
and 14 along the DCA1 axis (Figure 18). Speciasékists around this pond dpanicum sp.,
Sphagnum sp. and groundberry (Figure 18phagnum sp. has the greatest influence on Pond 4,
as it was the most dominant species (Table 8).d Baso had a very small amount of
separation between 1997 and 1998(Figure 18). Basmdeparated from the other ponds on the

DCA2 axis (Figure 18). The five species that safmaPond 3 are Japanese honeysuckle, the
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Figure 18. DCA showing variation of herbaceousgmsamong the four ponds in 1997
and 1998.
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most dominant herb among all ponBsanicum sp., common greenbrier, flowering dogwood, and
hardhack (Figure 18, Table 8).
Speciesrichness and cover

Species richness and cover were also analyzedto isiter-year differences.
Herbaceous species underwent a large increaseriage/species richness from 1997 to 1998
(Table 1). Pond 13 had the smallest average @iepe 1997 with 11.50 and also had the
smallest average in 1998 with 15.43 average sp€tade 1). All ponds increased in average
species richness in 1998, but each pond differgélddaraverage number of species present. This
high degree of variability among ponds and yeansatso be attributed to weather, herbivory,
nutrient availability, or even interspecific comitien. Like aquatic species, herbaceous species
have short life cycles and rapid relative growthjaki make them susceptible to significant
changes from year to year. The cover of herbacspesies largely increased at all ponds in
1998 (Table 1). Pond 13 had the largest averagepiecover for both years increasing from
46.6% to 78.6% in 1998.
Shrub Vegetation
Species Composition

Of the 76 species present from June 1997 to OctféB, 33 were found in shrub plots.
Average species richness was greatest for botls yeatond 14, and lowest at Pond 3, where
average richness actually decreased in 1998 (Tabl&his differed from the trends of the other
three ponds where average species richness indrirase 1997 to 1998 (Table 1ghrub
density also increased for all ponds in 1998 withdP14 having the highest density for 1997
and Pond 3 having the lowest density (Table 1)hénshrub plots there were five species that

occurred at all four ponds, with two being dominanall ponds, autumn olive and spicebush
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(Table 13). Paw paw was dominant at only one fd@adble 13). The occurrence of most
species at most of the ponds indicates similar gr@wonditions among the shrub plots.
Seasonal Patterns of Shrub Vegetation

DCA

Pond 13 site. The most obvious characteristic of the data lygdfor Pond 13 was the
overlap between the points for the 1997 and 1998thso(Figure 19). This suggests that little
variability occurred between years, and more antbagpecific months. Shagbark hickory was
abundant in August of 1997 and 1998 and was absontbst important species among an average
of all months (Table 14). There was some separdtéween June of 1997 and 1998 (Figure
19). In 1997, sassafras was most abundant inaluhé 1998 goldenrod and autumn olive were
most abundant in June (Figure 19). Two species weparated from the others, spicebush and
common greenbrier (Figure 19). This suggests thpseies were less influential on the
individual months in this graph.

Pond 14 site. For the shrub stratum of Pond 14, there wasaisoverlap of points in
months for 1997 and 1998 (Figure 20). Shagbarkdmcwas the most important species among
these months and was most abundant in August & @(Eigure 20, Table 15). White oak
occurred frequently in October of 1998 and Jun&d®7 (Figure 20). These months were also
slightly influenced by black gum and flowering dagvd. There was more separation among
months in 1997 than in 1998. This could be dugidber variability of species occurring in
1997 than in 1998 for the months of June, Augudt@atober. August 1997 was pulled to the
left of the graph by influences of shingle oak gottlenrod (Figure 20). October 1997 was

influenced by red/black oak (Figure 20).
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Table 13. Dominant shrub species based on averggetance values for each pond.

Species Common P13 P14 P3 P4 Mean
Name Importance
Value
Elaeagnus Autumn 10.4 12.6 35.0 13.9 17.7
umbellata* olive
Carya ovata Shagbark 16.3 18.2 350  --—--- 17.4
hickory
Lindera benzoin* Spicebush 3.9 4.2 4.5 15.5 7.0
Cornus florida* Flowering  ----- 3.9 6.5 0.6 4.5
dogwood
Sassafrasalbidum*  Sassafras 7.7 5.4 05 - 3.5
Nyssa sylvatica* Black gum  ----- 10.9 19 - 3.2
Asimina triloba Paw paw N 111 2.8
Quercusimbricaria  Shingle — ----- 4.1 15 4.6 2.5
oak
Rosa muliflora Multifloral e 10.0 2.5
rose
Acer rubrum Red maple 34  ---- = --—-- 2.5 1.5

----- = Lower than 10in importance value
* = Qccurred at all four ponds
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Table 14. Shrub species used in Pond 13 DCA gaaglttheir importance values.

Species Common Name Acronym Importance
Value
Carya ovata Shagbark hickory CAQV 16.3
Rubus sp. Blackberry RUB1 14.8
Elaeagnus umbellata Autumn olive ELUM 10.4
Sassafras albidum Sassafras SAAL 7.7
Ulmus sp. Elm ULSP 7.2
Solidago sp. Goldenrod SOSP 7.1
Smilax rotundifolia Common greenbrier SMRO 6.2
Robinia pseudo-acacia Black locust ROPS 4.7
Lindera benzoin Spicebush LIBE 3.9
Acer rubrum Red maple ACRU 3.6
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Figure 19. DCA for Pond 13 shrub species showifigénce of species diversity during
the months of June, August and October 1997 ane, August and October 1998.
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Table 15. Shrub species used in Pond 14 DCA gaadttheir importance values.

Species Common Name Acronym Importance

Value

Carya ovata Shagbark hickory CAQV 18.2

Quercus sp. Black/red oak QUSP 14.5
Elaeagnus umbellata Autumn olive ELUM 12.6
Nyssa sylvatica Black gum NYSY 10.9

Quercus alba White oak QUAL 8.3

Sassafras albidum Sassafras SAAL 5.4
Lindera benzoin Spicebush LIBE 4.2
Quercusimbricaria Shingle oak QUIM 4.1
Solidago sp. Goldenrod SOSP 4.0
Cornus florida Flowering dogwood COFL 3.9
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Figure 20. DCA for Pond 14 shrub species showifigénce of species diversity during
the months of June, August and October 1997 and, August and October 1998.
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Pond 3 site. Unlike the other ponds, all the months graphedte shrub strata from
Pond 3 formed a cluster in the middle of the gré@pbure 21). This suggests little variability
among species present at each month of 1997 argl 9% most important species among
these months, autumn olive seemed to be most ianadiiring October 1998 and August 1997,
along with elm (Figure 21, Table 16). Two spec@snmon greenbrier and paw paw, were in
the middle of the cluster suggesting they werentbst influential in keeping the low variability
among the months (Figure 21).

Pond 4 site. The shrub analysis for Pond 4 indicated varitgtdlimong both years and
months (Figure 22). June 1997 was heavily inflegingy spicebush, which was the most
important species among all of the months (Tab)e Bugust 1997 was pulled away from June
by multifloral rose (Figure 22). Black gum andhehfluenced June of 1998 equally and
autumn olive and cinnamon fern were two of the Egethat shifted October of 1998 (Figure
22).

Speciesrichness and cover

The average trends for all strata are consisteb®@7, with a peak in August and
expected seasonal decline towards November (FRR)EThe average species richness of the
shrub species in 1997 peaked in August (FigureA&Bponds followed this trend except Pond
14, which peaked in July (Figure 23). Productiafyshrubs at Ponds 4 and 13 decreased in July
(Figure 23). In 1998, the average trend peakeldine, earlier than the other strata, which
peaked in July and August (Figure 23). The in@eagrecipitation for the month of June may
have had a stronger effect on the shrub vegetdtiong this month than on the other strata
(Figure 6). All ponds had similar trends, showingegrease in August, which increased in

September for Ponds 13 and 3 (Figure 23). As agdeall of the ponds decreased from
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Table 16. Shrub species used in Pond 3 DCA gragtteeir importance values.

Species Common Name Acronym Importance
Value
Elaeagnus umbellata Autumn olive ELUM 35.0
Lonicera japonica Japanese LOJA 17.0
honeysuckle

Asiminatriloba Paw paw ASTR 11.1
Acer rubrum Red maple ACRU 8.9
Cornusflorida Flowering dogwood COFL 6.5
Ulmus sp. Elm ULSP 5.3

Smilax rotundifolia Common greenbrier SMRO 4.5
Quercusimbricaria Shingle oak QUIM 2.4
Rosa multiflora Multifloral rose ROMU 2.3
Sassafras albidum Sassafras SAAL 0.6
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Figure 21. DCA for Pond 3 shrub species showiffigémce of species diversity during
the months of June, August and October 1997 and, August and October 1998.
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Table 17. Shrub species used in Pond 4 DCA gragtteeir importance values.

Species Common Name Acronym Importance
Value
Lindera benzoin Spicebush LIBE 15.5
Elaeagnus umbellata Autumn olive ELUM 13.0
Asiminatriloba Paw paw ASTR 11.1
Rosa multiflora Multifloral rose ROMU 10.0
Lonicera japonica Japanese LOJA 7.7
honeysuckle
Cornus florida Flowering dogwood COFL 7.6
Osmunda cinnamomea Cinnamon fern OSClI 6.7
Acer rubrum Red maple ACRU 3.6
Ulmus sp. Elm ULSP 2.2
Nyssa sylvatica Black gum NYSY 1.6
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Figure 22. DCA for Pond 4 shrub species showifigémce of species diversity during
the months of June, August and October 1997 ane, August and October 1998.
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Figure 23. Monthly variability of shrub specieshmess in 1997 and 1998.
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September to October (Figure 23). As with the &eelous strata, differences in 1997 and 1998
for the shrub species richness could be due togtaton differences (Figure 6).

Total density was calculated for the shrub spadehow seasonal variation among the
1997 and 1998 growing seasons (Figure 24). Derigigypercent cover of aquatic and
herbaceous species, differed in peak months dtinegrowing seasons among the four ponds.
These woody species could also be affected byahepy cover created by the overstory
vegetation, causing differences in total densitpagithe months sampled. The dominant
species that occupied each pond may have alsdedfpatterns of density by being early or late-
season species. In turn, the density of the slagdy affects the cover of the herbaceous layer,
by regulating light and moisture availability.

Pond 14 had the highest total density in 1997 (fei@4). This trend peaked in June and
contained an unseasonable decrease in August befoeasing again in September (Figure 24).
The precipitation may have had a strong influencéhe density pattern of the shrub vegetation.
Rainfall was greatest in July and then decreasedigin August (Figure 6). Pond 14 also had
the highest total density in 1998 in the monthwfel (Figure 24). There was an unseasonable
drop in density in 1998 as well. However, it ocearin the month July - - not August - - as in
1997 (Figure 24). This was also consistent withdiop in rainfall in July of 1998 (Figure 6).

Pond 3 had the lowest density in 1997 and 19981(Eig4). It peaked in the month of
October in 1997 and in the month of July in 1998 Fe 24). The late seasonal peak in 1997
could be due to a decrease in canopy cover toviaedsnd of the growing season, which would
allow for greater light availability (Figure 24Ponds 13 and 4 peaked in the month of June in

1997 (Figure 24). In 1998, Pond 13 also peakelliive, but Pond 4 peaked in July (Figure 24).
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Figure 24. Monthly variability of shrub speciesidiy in 1997 and 1998.
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Differencesin Shrub Vegetation Between Years
DCA

For the shrub stratum, twelve species were ussbdw variation among the four ponds
(Figure 25). There are three main clusters antbadour ponds for 1997 and 1998 (Figure 25).
Pond 3 and 4 make up one cluster, while Ponds d3 4rmave some separation along the DCA2
axis (Figure 25). Two species, paw paw, which aemdominant in these two ponds, and
Japanese honeysuckle, which is most dominant at Bamlate 1997, caused Ponds 3 and 4 to
be pulled down the DCAL axis (Figure 25, Table &€ 13). Two other species that also have
affect on Ponds 3 and 4, equally, are floweringvamad and autumn olive, the most dominant
shrub among all ponds (Figure 25, Table 13). Pdhioh 1998 was diverted away from 1997 by
common greenbrier, sassafras, goldenrod and blagk@@ggure 25). The most influential
species on Pond 13 in 1998 was shagbark hickorgrenih was more dominant in 1998 than in
1997 (Table 5). Pond 14 had very little separatietween 1997 and 1998. The two species that
were common for both years were shagbark hickodytdack gum, two of the most dominant
species at Pond 14 (Figure 25, Table 13).
Speciesrichness and cover

Average richness among the shrubs increasdbpatrals in 1998 (Table 1), except for

Pond 3, where average richness decreased fromior6l71. In 1997, Ponds 4 and 13 contained
a similar average of richness, 9.8 and 9.67 resdgt(Table 1). However, in 1998 Pond 4 had
a larger increase to 11.71 average species comfiatikd increase at Pond 13 to 11 average
species (Table 1). Pond 14 contained the higheaber of species in 1997, 10.3, and continued
to have the most species in 1998 as well with $pexies (Table 1). Pond 3 had the fewest

number of species for both 1997 and 1998.
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Figure 25. DCA showing variation in shrub spe@ga®ng the four ponds in 1997 and
1998
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Density was used to show growth trends in the shtigta since cover was not an
adequate means of measuring changes in the woediesp Trends among each pond remained
consistent between 1997 and 1998 (Table 1). Aldsancreased in average density from 1997
to 1998 (Table 1). This result may be due to tieedase in annual precipitation in 1998 (Figure
6). Pond 14 had the highest average species @émdi997 and in 1998 (Table 1). The most
dominant species at this pond was shagbark hiokahyan importance value of 18.2. This was
also the most important species at Pond 3 alorngavitumn olive, with an importance value of
35. Pond 3 had the lowest average density amangdhds for 1997 and 1998 (Table 1). This
trend was also consistent with the species richinesds for the shrub strata, where Pond 14 had
the highest species richness and Pond 3 had thesi@pecies richness. Like the herbaceous
species, productivity increased along with speg@mess, indicating that diversity had not

peaked which would have decreased productivity utitdeeunimodal theory.
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Chapter 1V

Conclusions

The purpose of this study was to provide an amnalysaquatic, herbaceous, and shrub
species during two growing seasons in and aroumddonds at MWS before remediation
activities occurred. Once remediation is completegetative conditions can be compared to
the pre-disturbed conditions for evaluations ofeffects of the disturbance. Evaluating pre-
disturbed conditions for future comparisons postutbance can be a challenging task as many
natural occurrences can alter “normal” conditiobawe et al. 2000). In evaluating the
effectiveness of the study, it is important to ustend the results and what may have caused any
unseasonable or unexpected occurrences.

Changes in species dominance among the ponds wedteated using importance values
for each type of stratum. The herbaceous stratahilie highest turnover, changing dominant
species six times in 1998 at Pond 13. This isetexpected in the herbaceous layer, where
species are smaller and more sensitive to enviratahehanges. Pond 13 also had the highest
species richness for aquatic species, which wdlddrdor a higher turnover rate. The aquatic
and shrub species had fewer changes in dominaciespgeom month to month than the
herbaceous species. Pond 3 in 1998 had no chasgecies dominance for both shrubs and
aquatic vegetation. This was expected since Pdrati3he lowest species richness of both 1997
and 1998.

In examining seasonal patterns using DCA, a redattvmparison was given of each

stratum with the months of the two growing seasortsis information will be useful in future
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analyses by knowing what species have historidelly the most influence during the months of
the growing seasons. It is evident that a wisgeaof variability occurred among the three
strata and four ponds. In the aquatic stratumgRloseemed to have the most variation among
the months and years, where Pond 3 seemed to Inalesist amount of variation. For the
herbaceous stratum, all ponds had some degreeiabiigy mostly occurring between the
months in 1997, especially between June and thex btlo months. The shrub stratum showed
mostly overlap between years, indicating a smathamh of variability and separation between
1997 and 1998 with most of the variation occuriegween months.

Differences in seasonal variation among pondslfdhiee types of strata can be due to
differences in water level and canopy cover folhgamnd. Each of the ponds varied in its light
and water availability due to canopy cover andttiating pond levels. A large percentage of
canopy cover, which was evident at Ponds 3 anduldaesult in decreases in herbaceous and
shrub species richness in an otherwise peak mdrtlymwing season. This occurred in the
month of July 1997, for Pond 4 of the aquatic spgdPonds 4 and 3 of the shrub species and
Ponds 4 and 14 of the herbaceous species. In Pa9@ls 13 and 3 decreased in July for the
aguatic species and Pond 4 decreased in shrukespetiness.

Overall, the results were indicative of expecteaks@al changes in vegetation, with a
few exceptions. By analyzing all three stratés gvident how each stratum influences the others
in productivity. In using this study as a companisfuture research may be more accurate with
the knowledge of what to expect in seasonal arad-ygar growth patterns of the vegetation that
occurs at the four pond sites at MWS. Howevas, dlso important to observe unexpected

seasonable changes in environmental gradientsasuplecipitation, light and nutrient
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availability, and competition for those resourcdsal may allow for deviations in production

from expected seasonal norms.
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Appendix. List of all speciesencountered at all four ponds during the 1997 and 1998
growing seasons listed by acronym, common name, scientific name and authority.

Acronym Common Name Scientific Name
ACRU Red maple Acer rubrum L.
ACSA Sugar maple Acer saccharum Marsh.
AESP Buckeye Aesculus sp.
AIAL Tree of heaven Ailanthus altisssma (Mill.) Swingle
ALSE Brookside alder Alnus serrulata Willd.
ASPL Ebony spleenwort Asplenium platyneuron (L.) Oakes
ASTR Paw paw Asminatriloba (L.) Dunal
ATPY Glade fern Athyrium pycnocarpon (Spreng.) Tidestr.
CAFR Sedge Carex frankii Kunth
CAQOV Shagbark hickory Carya ovata (Mill.)K.Koch
CASP Sedge Carex sp.
CEDE Coontail Ceratophyllum demersum L.
CEOC Buttonbush Cephalanthus occidentalis L.
COAM Hazlenut Corylus Americana Walt.
COFL Flowering dogwood Cornusflorida L.
CRSP Hawthorne Crataegus sp.
DASP Poverty grass Danthonia spicata (L.) Beauv.
ELUM Autumn olive Elaeagnus umbellata Thunb.
EUPE Boneset Eupatorium perfoliatum L.



Acronym Common Name Scientific Name
EUSE Late flowering Eupatorium serotinum Michx.
thoroughwort
EUSP Eupatorium sp.
FAGR American beech Fagus grandifolia Ehrh.
HISP Hawkweed Hieracium sp.
HOSP Bluet Houstonia sp.
HYPU Dotted St. John’s wort Hypericum punctatum Lam.
ILMO Mountain holly Ilex montana T.&C.
JUEF Soft rush Juncus effusus L.
LEMI Least duckweed Lemna minor L.
LEOR Rice cut grass Leersia oryzoides (L.) Sw.
LIBE Spicebush Lindera benzoin (L.) Blume
LOJA Japanese honeysuckle Lonicera japonica Thunb.
LOTA Tatarian honeysuckle Loniceratatarica L.
LUPA Marsh purslane Ludwigia palustris (L.) ElI.
LYAM Water hoarhound Lycopus americanas Muhl.
LYFL Groundpine Lycopodium flabelliforme Blanchard
MEAR Field mint Mentha arvensis L.
MOAL White mulberry Morusalba L.
NYSY Black gum Nyssa sylvatica Marsh
ONSE Sensitive fern Onoclea sensibilis L.
OSCl Cinnamon fern Osmunda cinnamomea L.
PAN1 Panic grass, small Panicumsp. Thunb.
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Acronym

Common Name

Scientific Name

PAN2
PAQU
PLOC
POAC
POHY
POPE
POPR
POSA
POSI
PRSE
QUAL
QUIM
QUPA
QUSP
RHRA
RHVE
ROMU
ROPS
RUB1
RUB2

RUHI

Panic grass, large
Virginia creeper
Western sycamore
Christmas fern
Mild waterpepper
Ladies thumb
Kentucky bluegrass
Tearthumb
Common cinquefoll
Wild black cherry
White oak
Shingle oak
Pin oak
Black/red oak
Poison ivy
Poison sumac
Multifloral rose
Black locust
Blackberry
Dewberry

Groundberry
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Panicum sp. Thunb.

Parthenocissus quinquefolia (L.) Planch

Platanus occidentalis L.

Polystichum acrostichoides (Michx.)

Schott.

Polygonum hydropiperoides Michx.

Polygonum persicaria L.
Port pratensis L.
Polygonum sagittatum L.
Potentilla simplex Michx.
Prunus serotina Ehrh.
Quercus alba Michx.
Quercus imbricaria Michx.
Quercus palustris Muenchh.
Quercus sp.
Rhusradicans L.
Rhus vernix L.

Rosa multiflora Thunb.
Robinia pseudo-acacia L.
Rubus sp.

Rubus sp.

Rubus hispidus L.



Acronym

Common Name

Scientific Name

SAAL

SALA

SCSP

SEFA

SMRO

SOSP

SPSP

SPDO

ULSP

VIPR

VIRE

VISP

VOSP

WOPU

Sassafras
Arrowhead
Bullrush
Foxtail
Common greenbrier
Goldenrod
Sphagnum moss
Hardhack
Elm
Black haw
Smooth arrowhead
Grape
Violet

Watermeal

Sassafras albidum (Nutt.) Nees
Sagittaria latifolia Willd.
Sirpussp. L.

Setaria faberi Herrm.
Smilax rotundifolia L.
Solidago sp.
Sohagnhum sp.
Soiraea douglasii L.
Ulmus sp.
Viburnum prunifolium L.
Vibernum recognitum Fernald
Vitis sp.

Viola sp.

Wolffia punctata Griseb.
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