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ABSTRACT

A MULTl-FACETED APPROACH TO THE MONITORING

AND ASSESSMENT OF SOUTHERN APPALACHIAN WETLANDS

(December 2005)

Tony Samuel Greco, B.S., Appalachian State University

M.S., Appalachian State University

Thesis Chairperson:   Dr.  Michael Windelspecht

Southern Appalachian wetlands have come under increased pressure

from the escalation in human activity, specifically residential development.

These regional changes in land use/cover are having huge influences on water

quality.  This study was conducted on high-elevation, riparian wetlands of the

New River watershed in North Carolina.  The purpose of this study was to assess

and compare characteristics of disturbed and reference wetlands to determine

the effects of physical disturbance on wetland function, hydrology, soil

characteristics, water chemistry, and benthic macroinvertebrate communities.

Hydrologic function, specifically ground water dynamics, were assessed using

water wells and GIS mapping.   Soils were analyzed for texture, bulk density,

organic matter content, rock fragment content, and chemistry.  Stream water

chemistry was assessed for pH, metals, conductivity9 temperature, dissolved

oxygen, ortho-phosphorus, ortho-phosphate, nitrate/nitrite, zinc, lead, and

iv



turbidity.  Wetland vegetation was characterized using both 10m x 10m plots and

whole site survey.s.   plant species were ranked by wetland indicator status and

nativity.   Stream benthic macroinvertebrate family level surveys were conducted

by taking kick-net samples from riffle areas near the outflow of each wetland.

Finally, to assess the impacts of disturbance on overall wetland function,

macroinvertebrate community composition was assessed at three points in the

disturbed wetland, corresponding to increasing levels of biofilm.  The results t.rom

the hydrologic and soil texture analyses supported that both sites possess similar

characteristics of riparian wetlands.  As a result of physical disturbance at one of

the sites, several characteristics of soil chemistry, water chemistry, and

vegetative and macroinvertebrate communities were altered.  Specifically, the

disturbed site demonstrated decreases in organic matter, plant richness, and

macroinvertebrate diversities, and increases in soil bulk density and metals.

Also, several changes were observed in macroinvertebrate community

composition between the upstream and heavy biofilm treatment.  Overall, the

results from this study showed the dramatic effect of disturbance on wetland

characteristics as well as function.  The disturbed wetland, despite over a decade

of recovery time, has failed to regain its function as a pollutant sink and may now

be acting a point source of pollution.  As a result, wetland restoration

methodology needs to consider that changes to hydrology and soils may

exacerbate water quality degradation instead of restoring valuable ecosystem

function.
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INTRODUCTION

Wetlands represent transitional zones between aquatic and terrestrial

ecosystems.   Due to this unique role, wetlands are fundamentally involved in

both the hydrologic cycle and watershed dynamics.  Traditionally, wetlands have

been identified and delineated by three wetland parameters -hydrophytic

vegetation, hydric soils, and wetland hydrology (Wakeley 1994).  These three

aspects of  wetlands influence their form and function.   However, other factors,

such as geology, geomorphology, topography, size, climate, and location within a

watershed, also have a strong influence on the functional role of a wetland in a

watershed (DeBusk 1999, Stein et al. 2004).

Wetlands have been shown to provide a variety of ecosystem functions.

These include providing habitat for flora and fauna, acting as a sink for pollutants,

promoting the settling of sediment from surface and flood waters, storing and

conveying flood waters, recharging ground water, and providing sites for

recreation (Mensing et al.1998, Semlitsch and Bodie 1998, DeBusk 1999, Mitsch

and Gosselink 2000, Flite Ill et al. 2001, Bullock and Acreman 2003, Ehrenfeld

2004).  The geographic location of wetlands influences their ability to conduct

these functions.   For example, mountain and coastal wetlands provide different

services because of differences in their hydrology, topography, geology, and

climate as influenced by factors of geographic location.  Coastal wetlands are
1
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characterized by large, open bodies of water that are connected at the landscape

scale and show seasonal water level fluctuations (Hupp 2000, Sun et al. 2002).

In contrast, mountain wetlands are small and isolated ecosystems that

experience much lower hydrologic fluctuations due to climate and geology

(Moorhead 2001, Sun et al. 2002).  The cooler climate of mountains promotes

lower evapotranspiration rates, while geology and interaction with groundwater

inputs stabilizes hydrology even during drought periods (Sun et al. 2002).   In

turn, this influences the vegetative communities found in these regions.   Because

of these differences, mountain and coastal wetlands have different influences on

the watersheds they occupy.   For example, Sun et al. (2002) showed that

mountain wetlands play an important role maintaining water supply by providing

higher water discharge, whereas coastal wetlands function primarily in controlling

and slowing flood waters by lowering storm flow peaks (Hupp 2000).

Although wetlands provide valuable ecosystem functions, they are still

being destroyed at an astonishing rate and their overall importance is becoming

even more apparent as the "human footprint" grows, and water resources are

further degraded and depleted.  This is especially evident in the southern

Appalachian region, where only 300 ha of the estimated original 2000 ha of

wetlands still remain (Weakely and Schafale 1994).  The loss of 85% of the

original wetlands in this region has had devastating consequences on species

diversity and water quality.   For example, 90 plant and animal species found in

mountain wetlands of North Carolina are considered rare, threatened, or

endangered (Murdock 1994).  The continued destruction and isolation of these



3
wetland ecosystems may have implications for maintaining genetic diversity and

the recruitment and dispersal of species between wetlands by increasing inter-

wetland distances in urban areas because of geographic barriers such as ridges

and other upland habitats.   Gibbs (2000) showed that wetlands decreased from

5-8°/o of the landscape in rural areas to <1 °/o in urban areas.   Because of

increasing isolation, loss of dispersal, and decreases in species richness,

southern Appalachian wetland organisms are most likely experiencing a loss of

genetic diversity due to restrictions in gene flow and the formation of population

bottlenecks (Amezaga et al. 2002).

Despite the significant loss of wetland coverage in this region, these

wetlands have not been studied and characterized to the same extent as

Piedmont and coastal wetlands.  The loss of pristine, undisturbed wet.lands in the

southern Appalachians further complicates any future efforts at restoration since

without reference studies of mountain wetland hydrology, soil, and vegetative

characteristics, we will not know to what state wetlands should be restored.

Wetland restoration is thus vital to maintain these ecosystems, but these efforts

have proven unsuccessful and have been suggested to take 40 to 50 years to

reach 75°/o of natural wetland diversity and function (Allen 1997, Zedler and

Callaway 1999, Snell-Rood and Cristol 2003, van Duinen et al. 2003).   This also

creates problems for studying wetlands of the southern Appa!achians.   Because

of the unique nature and infrequency of wetlands in this area, it is often difficult to

identify similar study sites that can be compared.  This introduces error in a study

with limited or no replication because of the inability to determine treatment
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effects from real differences due to pseudoreplication (Hurlbert 1984),  but it can

allow for the development of hypotheses (Hargrove and Pickering 1992).  When

first characterizing any ecosystem, a broad approach is necessary to understand

the dynamics and interactions that influence landscape characteristics and

biologic diversity.   Any baseline data provide insight and create future research

possibilities.   The main goal of this study was to provide these baseline data and .

describe wetland ecosystem trends in the southern Appalachians.

The purpose of this study was to examine the effects of disturbance on

general wetland characteristics and ecosystem level function.   I chose to look at

headwater, riparian wetlands because of their direct association and impact on

surface water quality.   Floodplain wetlands contribute to the maintenance of high

water quality by removing excess nutrients, sediment, and reducing peak

storm flow events (Cole et al.1997, Flite Ill et al. 2001).   In mountainous regions,

riparian wetlands lie in flat, valley bottoms which are the most susceptible to

development and agricultural use, thus increasing the probability that they will be

disturbed.  To assess wetland health and function, standardized methodology

has been developed examining hydrologic, soil, and vegetative parameters.

Traditional wetland delineations use the presence of wetland hydrology,

hydric soils, and hydrophytic vegetation to identify wetland perimeters as well as

to distinguish wetland type (Schafale and Weakely 1990, Wakeley 1994, Cole et

al.1997, Semeniuk and Semeniuk 1997).   Hydrology primarily influences the

formation and type of a wetland due to differences in water inputs, frequency and

length of flooding, subsurface movement of water, geology, and geomorphology
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(Mitsch and Gosselink 2000).   For high-elevation riparian wetlands, such as the

ones in this study, the main sources of water input have been shown to be

groundwater, surface water, and precipitation (Cole et al.1997, Bornette et al.

1998,  Moorhead 2001, Stein et al. 2004).   Hydrology also influences the soil

characteristics and vegetative communities present in wetlands (Ponnamperuma

1972, Wakeley 1994, Cole et al.1997,  Phillips et al. 2001).   Although wetland

hydrology is the overriding factor influencing wetland formation, type, and

function, hydric soils and hydrophytic vegetation are more commonly used to

delineate wetlands (Wakeley 1994).

Wetland, or hydric, soils are characterized by anaerobic soil conditions

caused by saturation and flooding (Ponnamperuma 1972, Gambrell 1994,

Wakeley 1994).  The anaerobic nature of wetland soils promotes high levels of

organic matter due to low decomposition rates.   In addition, wetland soils are

characterized by distinct redoximorphic features, or mottling, caused by the

oxidation of reduced elements bound to soil particles where oxygen may be

available, such as near the water table, along ped faces, in macropores, and in

the rhizosphere of roots (Ponnamperuma 1972, Etherington and Armstrong

1975, Good and Patrick, Jr.1987, Wakeley 1994, Moorhead et al. 2000).  The

unique properties of wetland soils have an influence on vegetative communities

and water balance as well as enabling wetlands to sequester nutrients and

pollutants (Patrick, Jr. and Khalid  1974, Etherington and Armstrong 1975,

Fernandez-lIIescas et al. 2001 ).  Wetlands act to sorb nutrients (Patrick, Jr. and

Khalid  1974, Flite Ill et al. 2001 ) because of the presence of high organic matter
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and reducing conditions caused by the anaerobic nature of the soil.   In this soil

type, nitrogen is made insoluble due to denitrification, while phosphorus is sorbed

to soil particles (Ponnamperuma  1972,  Patrick, Jr. and Khalid  1974, Etherington

and Armstrong 1975).   On the other hand, metals become more soluble under

anaerobic conditions and as pHs become more acidic, thus promoting survival of

metal tolerant plant species in wetlands (Etherington and Armstrong .1975,

Gambrell  1994,  Matthews et al. 2004).   Overall, wetland soil characteristics

promote a unique vegetative community that is one of three distinguishing

parameters of a wetland.

The presence of hydrophytic, or wetland, vegetation is the most commonly

used method for identifying and delineating wetlands.  Wetland vegetation is

adapted to saturated, anaerobic soils, and wetland soil chemistry (Wakeley

1994).  To overcome these conditions, wetland plants have many unique

adaptations.  Some of these include tolerances of saturation, heavy metals, and

nutrient limitation (Good et al.1986,  MCKee et al.1989, Gtisewell et al. 2005).

Wetland plants are able to oxidize their root rhizospheres by releasing oxygen

from their roots (Etherington and Armstrong 1975, Gambrell  1994, Mitsch and

Gosselink 2000,  Matthews et al. 2004).  Within this oxidized zone, nutrients

become soluble and available for uptake, while heavy metals become

immobilized, preventing uptake and toxic effects.    Wetland vegetation can be

categorized based upon the wetland indicator status, or the affinity of each

species for wetland habitats (USDA 2005).  The unique hydrologic, soil, and

vegetative communities of wetlands described above promote their ability to
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perform ecosystem functions such as maintaining water quality, quantity, and

supporting faunal diversity.

Assessments of chemical and biological water quality at the inputs and

outputs of wetlands should demonstrate how well each wetland is contributing to

maintaining high water quality.   High levels of dissolved oxygen, for example, are

necessary for the maintenance of healthy aquatic communities.   Chemical

assessments of water quality also allow for the identification of potential sources

of upstream wetland disturbance, including nutrient enrichment and heavy metal

poisoning, and the downstream influence of a wetland on water quality.   Because

water chemistry assessments only give stochastic views of water quality at the

time measured, benthic macroinvertebrates have historically been used to

assess long-term water quality.

Stream benthic macroinvertebrates perform many roles in aquatic

communities such as facilitating nutrient cycling and leaf litter decomposition, and

acting as a source of food for fish (Wallace and Webster 1996).  Also,

macroinvertebrates are commonly used to monitor and detect water pollution and

stream health (Wallace and Webster 1996, Chessman and MCEvoy 1998,

Spencer et al.1998, Klemm et al. 2003).   Macroinvertebrate indices commonly

use the presence or absence of members of the orders Ephemoptera,

Plecoptera, and Tricoptera (EPT) as indicators of water qualfty.   However, the

use of these orders has been questioned due to differences in pollution

sensitivity of species within these orders.   For example, Hydropsychid caddisflies

have been shown to increase in abundance due to nutrient loading from high
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levels of dissolved organic matter below impoundments and waste water

treatment facilities (Parker and Voshell, Jr.  1983,  Mackay and Waters 1986,

Kosmala et al.  1999).

To assess the effects of physical disturbance on wetland characteristics

and function, wetland sites were chosen in Watauga County, NC, USA.  Two

wetlands located along headwater streams in the New River watershed were

selected.  A reference wetland was compared to a wetland that has been

affected by hydro[ogic alteration and soil disturbance within the last 10 years.

Five questions were developed to assess the impact of disturbance on these two

wetlands:

•     What are the effects of physical disturbance on wetland hydrology?

•     Does disturbance influence soil properties, specifically, bulk density,

percent organic matter, percent rock fragments, and chemistry?

•     Do changes in hydrology and soil characteristics alter stream water

chemistry?

•     How do wetland plant and stream macroinvertebrate communities

respond to these disturbances?

•     How is the ability ofwetlands to perform ecosystem functions altered

by physical disturbance?

The overall purpose of this study was to examine the effects of physical

disturbance on a high elevation,  riparian wetland.   By providing various

ecosystem functions such as filtering nutrients and pollutants as well as

maintaining diverse vegetative and aquatic communities, these wetlands play a
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crucial role in establishing the overall quality of a watershed.  Thus, a comparison

of disturbed and undisturbed wetland sites in the New River watershed will

contribute significantly to our understanding of wetland processes in high

elevations, and hopefully allow for the development of sound management and

conservation practices.



MATERIALS AND METHODS

Wetland Study Sites

Two sites were identified in the New River watershed of Watauga County,

NC (Figure 1).   Tater Hill Bog, the reference site,  is a high quality wetland located

at the headwaters of Howard's Creek (Figure 2).  This site was dammed in 1940

and used as a recreation area until November of 1977 when the dam burst

during heavy rains.  The lake/recreation area were never rebuilt, and the property

was bought and owned by the Repogle family until 2000, when it was purchased

by the North Carolina Department of Agriculture and Consumer Services.  Since

that time, two other adj.acent tracts have been added by the Nature Conservancy,

bringing the total size of the protected area to 323.7 ha (800 acres).  This

property is now managed by Appalachian State University.  Tater Hill Bog

contains //ex co///.na Alexander (long-stalked holly), a state threatened species,

Lt./j.urn gray/./. S. Wats. (Gray's Lily), a state threatened/special concern species as

well as a federal species of concern, Epi./obi.urn /epfaptry//urn Raf. (linear-leaf

willow herb), a NC watch list species, Saxt.rraga pensy/vant.ca L. (eastern swamp

saxifrage), a state candidate species, and Lont.cera canadenst.s Bartr. (American

fly-honeysuckle), a significantly rare species (Flisser 1979, Oakley 2000, Franklin

and  Finnegan 2004, A. Martin, personal communication).

10
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Figure 1.  Wetland Site Locations.   Location of study sites in Watauga County,
NC.   Both wetlands are located in the New River watershed.
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The second site, Sorrento, is located on a private 7.3 ha (18 acre) tract

just south of Boone, NC, in the Sorrento Skies subdivision (Figure 2).  Within the

past 10 years, the hydrology of this site has been impacted by a road cut, as well

as hydrologic alteration and pond construction by the North Carolina Department

of Transportation (M. Williams, personal communication).   In addition, areas of

the wetland were ditched or filled to develop the property for residential

development, and there was an attempt by land owners to convert the wetland

into a horse pasture.

For each wetland, the perimeter was delineated by the presence of two

native wetland plant species, Juncus effusus L. and Sci.rpus expansus Fern.

These species are commonly found in both pristine and degraded riparian

wetlands in this region (Schafale and Weakely 1990, Wakeley 1994, Goslee et

al.1997, Rossell and Wells 1999).   Both sites were mapped using a Tremble

GPS data logger and projected using ArcGIS 9.0 (ESRl, Redlands, CA).

Hydrologic Assessment

Hydrologic delineation of each wetland was conducted from June 2004 to

June 2005 to ensure that the sites represented similar types of wetlands.

Hydrology was assessed by installing water wells and by measuring multiple

stream channel dynamics.  Water wells were monitored bimonthly to measure

fluctuations in the water table and ground water depths.   Using the methods

outlined by Moorhead (2001 ), nine preexisting wells were monitored at l.ater Hill

and seven wells were installed at Sorrento.   Each well was constructed out of 1.5

in long, 7.6 cm (3 inch) diameter PVC pipe with eight slits cut 5 cm apart
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beginning 5 cm above the lower end of each well.  Wells were installed at each

site using an auger until refusal was reached.  The PVC pipe was then inserted,

backfilled with sand, and then topped with bentonite clay to prevent water

seepage around the well.  Water table fluctuations were monitored by measuring

the distance from the top of each well to the water surface in each well.  This

measurement was then subtracted from 1.5 in, giving the depth of the

groundwater in each well.   Groundwater dynamics were then modeled using the

spatial analyst function of ArcGIS 9.0.

To determine the surface water inputs and outputs, the input stream to

each site was monitored bimonthly for width, depth, velocity, and discharge using

a Flowatch Flowmeter (Aquatic Ecosystems, lnc., Apopka, FL).  Velocity and

depth were measured at three points across the stream width and averaged to

calculate discharge.

Chemistry Assessment

Soil chemistry of the upper 20 cm soil horizon was tested by taking five

soil cores (Figures 2) at each site and sending them to the Clemson Soil

Research Lab (Clemson, SC) for analysis of pH, conductivity, texture, nitrate,

phosphorus, potassium, calcium, magnesium, sulfur, iron, manganese, an.d

copper concentrations.   Bulk density, percent organic matter, and percent rock

fragments were all measured locally following the procedures outlined by

Campbell et al. (2002).   Bulk density was calculated by taking five 1000 cm3 soil

samples from each site, drying them at 40 °C, and then immersing them in water

to calculate the displacement.   Percent organic matter and rock fragments were
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calculated at two depths in the soil profile at each site -  surface to 10 cm and 10

to 20 cm.   Each soil profile was analyzed by first oven drying each sample at

40 °C, weighing, and then burning the dried sample in a muffle furnace at 600 °C

for a minimum of 8 hours.  The samples were then passed through a 1.00 mm

sieve to remove any rock fragments.   Following processing, the samples were

weighed to determine the final soil mass.

Selected water chemistry parameters were measured at the inflow and

outflow of each wetland to both assess wetland function with regards to water

quality and for site comparison.  Every two weeks from February 2004 to

Febraury 2005, conductivity, pH, and temperature were measured on site using

an Oakton (Denver, CO) model #35630-02 digital meter.   Dissolved oxygen was

also measured on site using a LaMotte Water Quality Monitoring Kit model #5871

(Chestertown, MA).  Water samples were collected and sent to the

Environmental Quality Institute (EQI, Asheville,  NC) to determine ortho-

phosphate, ortho-phosphorus, nitrate/nitrite, turbidity, zinc, and lead

concentrations.  Two water samples from each site were collected in plastic I.ars

provided by EQl, packed in ice, and shipped to the EQl lab on the day of

collection.

Biological Assessment

Wetland vegetation and stream benthic macroinvertebrate communities

were characterized every two months between the winter of 2003 and the fall of

2005.  At the Sorrento site, wetland. vegetation was identified using procedures

established by Mack (2001 ).  To establish the sampling plots at Sorrento, a
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transect was marked through the long axis of the wetland.  Six 10 in x 10 in plots

were then randomly placed by choosing numbers depicting 10 in intervals either

to the right or left along the transect.   In addition, the entire site was surveyed

seasonally for other plants not found in the plots.   Plant species were identified

for presence, but percent cover or stem numbers were not calculated.   For the

Tater Hill site, similar data were obtained from surveys conducted by A. Martin

(personal communication) from spring 2002 to fall 2003.  Wetland indicator status

for each species was determined from the US Department of Agriculture plants

database (USDA 2005).  A description of wetland indicator status and the

probability of any particular plant being found in a wetland is provided in Table 1.

Species composition, percent native versus non-native species, and wetland

indicator status were determined for each site and then compared between sites

to examine the possible influence of disturbance on the vegetation at the

Sorrento site.

Table 1. Wetland indicator rankings and probabilities of being found in wetlands
USDA 2005

Code            Wetland Type           Probability of occuring in a wetland

OBL           Obligate wetland

FACW      Facultative wetland

FAC                 Facu ltative

FACU        Facultative upland

UPL             Obligate upl.and

>99%

67-99%

34-66%

1-33%

<1%

At both sites, stream benthic macroinvertebrate samples were taken every

two months from April 2004 to March 2005.  One kick net sample was taken from

a 3 meter long riffle near the outflow of each site to determine the potential
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influence of each wetland on stream water quality.   Each sampling point was

chosen subj.ectively to ensure similar physical stream attributes, such as percent

shading, water depth, bank characteristics, and velocity.   Macroinvertebrates

were preserved in 95% ethanol and identified to family using Peckarsky et al.

(1990), Thorp and Covich (2001), and Voshell, Jr. (2002).   Community

composition, Ephemoptera, Plecoptera, and Tricoptera (EPT) without

Hydropsychidae composition, Shannon-Weiner diversity, and evenness (Dodds

2002) were then calculated and compared between sites.   Collected

macroinvertebrates were also assigned to functional feeding groups denoted by

Voshell, Jr. (2002).   Hydropsychid caddisflies were excluded because we wanted

to use the EPT assessment as an indicator of high water quality, and this family

has been shown to increase in abundance with increased disturbance (Parker

and Voshell, Jr.1983, Mackay and Waters 1986,  Kosmala et al.1999).

At the Sorrento site, macroinvertebrate samples were taken from two sites

within the wetland, as well as upstream of the impoundments, by taking a 1  in x 1

n; kick net sample (Figure 3).   Samples were brought back to the lab, preserved

in 95°/o ethanol, and identified to family.

Assessment of Disturbance

Two point sources of biofilm accumulation (Figure 3) at the Sorrento site

were indentified during the initial delineation.  The upstream point source

originated from a ditch draining the upper wetland, while the downstream source

originated from a small seep that drains into the stream along the east side of the
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property.  The point sources were used to assess the possible relationship

between biofilm accumulation and benthic macroinvertebrate abundance.

E//.in/.a, a pollution intolerant aquatic snail (Voshell, Jr. 2002) commonly

found at Tater Hill, but absent from Sorrento, was used as a model organism to

examine biofilm-benthic community interactions.  The experimental design

consisted of three treatments, subjectively selected based on the presence and

degree of biofilm colonization (Figure 3).  A control site (Control) was selected

upstream from the disturbance that did not contain any biofilm.  The moderate

treatment (Moderate) was located below a single input of the biofilm, while the

heavy biofilm treatment (Heavy) was located below two biofilm inputs (Figure 3).  .



Figure 3. Location of point sources of biofilm inputs (circles) and
plot location for the E/i.mt.a mortality study (arrows).   Each
treatment had differing degrees of biofilm colonization.

19
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At each site, three enclosures were placed in the stream.   Each enclosure

was constructed out of a 20 cm x 15 .cm x 10 cm Rubbermaid container with

openings on each side covered by 1  mm metal screening to allow water flow

through but to prevent snail escape.   Each enclosure also contained three

ceramic tiles to act as substrate for the snails.   Every week, 30 snails were

collected from the Tater Hill site and transported to the disturbed site in a cooler

to maintain water temperature.  At each treatment location,10 snails were placed

in one of the enclosures and left for 1  week.  After one week, snail mortality was

assessed by removing the snails from the enclosures and inverting them on a

piece of plastic covered by a small amount of water.   If the snails had not righted

themselves after 10 minutes, they were considered dead.  All surviving snails

were then placed in an adj.acent enclosure to be monitored for 14 day mortality.

On the same day,10 more snails were added to the initial enclosure to replicate

the experiment.  This experiment was repeated six times during summer 2005.

Statistical Analyses

Selected soil characteristics, water chemistry parameters, and

macroinvertebrate community measures were all compared using student t-tests

(Sokal and Rohlf 1995).  To examine treatment effects during the E/i.in/.a mortality

experiment, a one-way analysis of variance was used (Proc GLM, SAS, Ver.

9.0).   Significance for all tests were determined at p<0.05.



RESULTS

Wetland Characterization

The results from the hydrologic study using water wells showed similar

seasonal fluctuations in the distance of the water table from the ground surface

and groundwater depth at both wetlands (Figures 4, 5, and 6).   Data for the Tater

Hill site were obtained from M.  Molina (personal communication).   In the spring

and summer of 2004, decreases in water table and ground water depths were

seen at both sites, while higher levels were observed during the winter 2003 and

fall 2004 (Figures 4, 5, and 6).

--..- Well  1

__ Well 2
_  -  - Well 3

-Wel'4
_i-Well 5

i      Well 6
_     =        Well7

Figure 4.   Fluctuations in the water table depth at the Sorrento site.  The depths
represent the distance of the water table from the ground surface (=0).
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Figure 6.   Fluctuations in the water table depth at Tater Hill.  The depths
represent the distance of the water table from the ground surface (=0).

The stream channel morphology and stream dynamics were similar

between the Sorrento and Tater Hill wetlands from fall 2003 to winter 2004

(Table 2).  At the inflow of each wetland, the average depths and velocities were

similar, but the Tater Hill inflow was wider, which led to a higher average

discharge (Table 2).  At the outflow of each wetland, the average depth and

velocity were similar.  Also, the average widths and discharges were more similar

at the outflow at each wetland than at the inflows (Table 2).

Table 2.  Summary of average inflow and outflow measurements at each site
from.Se tember 2003 to December 2004.

site                 £jvdetLa(g:)            DAevpetrhai£)        vet:?tryai£/s)    Discfi::::g(eL3/s)

Sorrento inflow                  0.55                           0.24                           0.19                           0.022

Tater Hill inflow                    1.1                               0.24                             0.14                             0.040

Sorrento outflow                 0.95                           0.15                           0.29                            0.042

Tater Hill outflow                 1.35                             0.16                             0.24                             0.057
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Soil Chemistry Assessment

The results from the soil analyses showed several important differences

between the two wetlands.   Specifically, soil conductivity,  potassium, calcium,

sulfur, iron, and copper were all significantly higher, while phosphorus and

manganese were both significantly lower at Tater Hill (Table 3).   Nitrate and

magnesium were the only soil chemistry parameters measured that were not

significantly different between sites.  The pH ranged from 5.02 to 5.71  at Tater

Hill and 5.60 and 6.02 at Sorrento.  Also, there were no significant differences

between percent sand (p=0.4), silt (p=0.9), or clay (p=0.1 ) between sites (Table

4).

Table 3.  Comparison of soil chemistry parameter means (± standard error)
between sites (N=5).  Values with different letters represent significant
differences at <0.05.

site           pH       (gpqj:)     (mcg/:dL)     (p:in)     (pgm)      (p:ail)      (p¥#)     (p;m}     (pEein)     €p:EL)     (p:urn)

Tater HIII

Sorrento

5.02-          3.Oa              51.5®              3.0.
5.71          (0.0)            (12.4)          (0.9)

5.60-         3.8.              1 9.1 b            2o.2b
6.02         (0.4)             (2.4)             (4.0)

137®           604.2®          119.2®

(19.9)       (128.9)        (32.3)

|29b         266.4b         54.4®
(19.9)         (10.0)           (9.7)

18.2.       278.4.        4.80         0.78.
(2.2)          (19.9)         (1.8)          (0.2)

12.6b         132.6b        38.6b         O.26b

(0.4)          (41.8)        (11.3)       (0.02)

Table 4.  Comparison of soil texture means (± standard error) between sites
(N=5).   There vvere mo significant differences between percent sand, silt, or cla

Site                     % clay                  °/a silt                  °/o sand

Tater Hill

Sorrento

9.2a
(2.4)

15.6a

(1.6)

p values                          p=O.1

44.72a                         46.08
(4.1 )                                 (5.2)

46.72a                          37.68a
(4.4)                               (4.4)

p=0.9                           p=0.4

Soil Class

Sandy Loam

Sandy/Silt
Loam
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Soil percent organic matter content, percent rock fragments, and bulk

density, differed between sites (Figures 7 and 8).   Percent organic matter was

significantly higher at Tater Hill at both the 0-10 cm depth (p=0.002) and  10-20

cm depth (p=0.001).  At the 0-10 cm depth, organic matter constituted 27.8% of

the soil mass at Tater Hill and  14.8% at Sorrento.   From 10-20 cm, organic

matter constituted 25.6% of the soil mass at Tater Hill and 7.9°/o at Sorrento.

0 - 1 0 cm 1 0 . 20 on

D Sorrento

E Tater Hill

Soil Depth

Figure 7.  Comparison of mean soil percent organic matter (N=8) and percent
rock fragments (N=8) by soil depth.  The asterisks represent significant
differences between sites and error bars denote the standard error.
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Percent rock fragments were significantly higher at Sorrento at both the 0-

10 cm (p=0.001) and the  10-20 cm (p=0.001) depths in the soil profile.   At the 0-

10 cm depth,  rock fragments constituted  1 0/o of soil mass at Tater Hill and 23% at

Sorrento.  At the  10-20 cm depth, rock fragments constituted 2.5% of soil mass

at Tater Hill and 37.5% at Sorrento.

Soil bulk density (Figure 8) was significantly higher at Sorrento than at

Tater Hill (p=0.01).   At Sorrento, soil bulk density was 2.3 g/cm3 while at Tater

Hill  it was  1.5 g/cm3.

Sorrento Tate, Hill

Figure 8.  Comparison of mean bulk densities (N=5) between sites.  The asterisk
represents a significant difference between sites and error bars denote the
standard error.   Soil bulk density was significantly higher at Sorrento than at
Tater Hill  (p=0.01).

Water Chemistry Assessment

Conductivity (p=0.001) and iron concentrations (p=0.05) were significantly

higher at Sorrento (Table 5).   The pH at Tater Hill ranged from 6.60 to 7.28, while

at Sorrento the range was between 6.54 and 6.92.   Both streams had

conductivity and pH values below the regional median in 2004 (Maas et al.
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2004).   Stream water temperature and dissolved oxygen varied by season and

were similar between sites (Table 6).

Table 5.  Comparison of stream conductivfty and iron concentration means (±
standard error), as well as pH ranges at each site.   Different letters indicate
significant differences.   Conductivfty (p=0.001) and iron (p=0.05) were
significantly higher at Sorrento.

Site                   Conductivity (ms/cm)                   pH                        Iron (ppm)

Tater Hill

Regional Median

Sorrento

29.6a
(12.1)

63

53.1b

(7.4)

6.60 -7.28

7.0

6.54 -6.92

0.34a
(0.03)

NO data

0.52b
(0.04)

Table 6.  Comparison of stream temperature and dissolved oxygen
concentrations between the Sorrento and Tater Hill wetlands.

erature
Site

Tater Hill

Sorrento

Winter                  spring                   Summer

2.9                             11.4                              15.5

4.7                           12.4                             19.6

Dissolved Oxygen (ppm)

§j£§                         Winter                   SDring
Tater Hill                          11.2                             10.1

Sorrento                      9.8                         8.4

Summer

The results from the water chemistry analysis by EQI showed similar

ortho-phosphate, ortho-phosphorus, nitrate/nitrite, and lead concentrations

(Table 7).  Turbidity and zinc levels were both higher at Sorrento (Table 7).   Both

sites had ortho-phosphate levels below the regional median, while Sorrento had

higher nitrate/nitrite and turbidity levels than the regional median during 2004

(Maas et al. 2004).
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Table 7.  Comparison of stream water chemistry between Sorrento, Tater Hill,
and the re ional median in 2004 Maas et al. 2004

Ortho-P          Ortho-P      Nitrate/Nitrite
(mg/LP04)      (mg/LP) (mg/L)

Turbidity          Zinc            Lead
(NTU)              (ug/L)          (ug/L)

Tater Hill                     0.01                     0.00

Regional Median           0.12               NO Data

Sorrento                    0.03                   0.01

0.6                 0.1

NOData      NOData

8.8                 0.3

Vegetation Assessment

Within the wetland perimeter of the Tater Hill and Sorrento sites there was

a difference in the total species composition of the plant community.  Tater Hill

contained a total of 155 species (Table 8) while Sorrento contained 53 species

(Table 9).  Of these, 21  represented shared species.  Shrub richness also

differed between sites.  At Tater Hill, there were 19 shrub species, while there

were only 2 species at Sorrento.

Table 8. Results of plant surveys with nativity and wetland indicator status for
Iant found at Tater Hill.

Tater Hill Plant Species List
Species                      N ativity          WIS                    Species                   Nativity         WIS

Acer rubrum
Aconitum uncinatum

Agrimonia microcarpa
Amelanchier arborea

Anemone quinquefolia
Anemone virginiana

Ante nnaria solitaria

Anthoxanthum
odoratum

Arabis laevigata var.
Iaevigata

Aristida d ichotoma
Aronia arbutifolia var.

purpurea

Native             FAC
Native
Native
Native            FACU
N a t ive             FAC
Native

Native

I ntroduced        FACU

Native

Native            FACU

Medicago lupulina
Monarda clinopodia

Monarda didyma
Monotropa uniflora
Oenethra biennis

Osmorhiza claytoni.I
Osmunda

cinnamomea
Osmunda regalis var.

spectabilis

Oxalis stricta

Oxypolis rigidior

Native           FAICIN       Panicum linearifolium

Introduced
Native
Native
Native
Native
Native

Native

Native            OBL

Native            UPL

Native            OBL

Native
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Table 8 cont.

Aster acuminatus

Aster umbellatus
Barbarea vulgaris

Betula lenta
Carex atlantica var.

angustata
Carex ba.Ileyi

Carex crinita

Carex debilis

Carex digitalis

Carex scoparia
Carya ovata var.

australis
Centaurea maculosa

Chrysanthemum
leucanthemum

Clematl.s virginiana

Clethra acuminata

Clintonia umbellulata

Crataegus punctata

Dactylis glomerata

Dennstaedtia
punctilobula

Dianthus armeria
Diphylleia cymosa

Drosera rotu ndifolia
Eleocharis obtusa
Eleocharis tenuis

Epilobium leptophyllum

Erigeron pulchellus

Erigeron strigosus
Eriophorum virginicum

Festuca ovina
Fragaria virginiana

Fraxinus americana

Gentiana decora

Gentiana quinquefolia
Geum canadense

Glyceria striata
Hieracium caespitosum

Native

Native

Introduced

Native

Native

Native

Native

Native

Native

Native

Native

Introduced

Introduced

Native

Native

Native

Native

Introduced

Native

Introduced

Native

Native
Native

Native

Native

Native

Native

Native
Introduced

Native
Native

Native

Native

Native

Native

Introduced

FACW
FAC

FACU

FACW

FACW
FACW

FACW

FACU

FACW

FACU

FAC

FACU

Pedicularis
canadensis

Pinus strobus
Pla"ntago virginica

Platanthera clavellata

Platanthera lacera

Poa autumnalis
Poa pratensis
Podophyllum
thalictroides
Polystichum

acrostichoides
Potentilla candensis

Prenanthes altissima

Prunella vulgaris

Prunus serotina

Quercus alba

Native          FACU

Native          FACU

Native          FACU
Native            O BL

Native         FACW

N ative         FACW
Native          FACU

Native          FACU

N ative           FAC

Native

Native            UPL

N a tive            FAG

Native          FACU

Native          FACU
Ranunculus bulbosus     ln\roduced       FAG

Ranunculus
recurvatus

Rhododendron
calendulaceum
Rhododendron

maximum
Rhynchospora

capitellata
Ribes rotundifolium

FA;CU               Rosa carolina
OBL               Rosa palustris
OBL        Rubus allegheniensis

F AIC:IN               Rubus argutu's

OBL          Rubus canadensis
FAICU             Rubus hispidus
F AIR;              Rubus odoratus

OBL              Rudbeckia hirta
Rudbeckia laciniata

FAIR             Rudbeckia triloba

FAG;U          Rumex acetosella

FACW Sagittaria latifolia var.
Iatifolia

F AICIN                Salix caprea
F AID                     Salix nigra

OBL                Salix sericea
Sambucus candensis

N ative           FAC

Native            FAG

N ative            FAG

Native           OBL

Native
Native
Native
Native
Native
Native
Native

Native
Native          FACU
N ative         FACW
N a tive          FAC U

Introduced      FACU

Native           OBL

Introduced

Native            OBL

Native           OBL
N a tive         FACW
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Table 8 cont.

Hieracium paniculatum

Houstonia purpurea
Houstonia serpyllifolia

Hypericum densiflorum
Hypericum grandiflorum

Hypericum mutilum
Hypericum perforatum
Hypericum punctatum

flex collina

IIex montana
flex verticillata

lmpatiens pallida

Juncus acuminatus

Juncus canadensis

Juncus debilis

Juncus dichotomus

Juncus effusus

Kalmia latifolia

Lespedeza bicolor
Lilium grayi

Lilium superbum
Linum striatum

Lobelia inflata

Lobelia siphilitica

Lonicera dioica

Luzula multiflora

Lycopodium clavatum
Lycopodium obscurum

var. obscurum
Lygodium palmatum

Lyonia ligustrina

Native

Native
N a tive           FACW
N ative           FACW
Native           FACW
Native           FACW

Introduced

N ative             FAC
Native

Native
Native           FACW

Native           FACW

Native              OBL

Native             OBL

Native             OBL

N ative           FACW

N ative           FACW

Native            FACU
Introduced

N ative           FACW
N ative           FACW
N at ive           FACW

N at ive             FAC

Native             OBL

Native            FACU

Native            FACU

N at ive             FAC

Native            FACU

N ative           FACW
N ative           FACW

Sangul.naria
canadensis

Satureja vulgaris
Scirpus atrovirens
Scirpus cyperinus
Scirpus expansus
Senecio aureus
Solidago caesia
Solidago curtisii

Solidago rugosa
Sorbus americana

Sorghastrum nutans
Spiranthes cernua
Spiranthes lacera

var. gracillis
Thaspium trifoliatum

var. flavum
Thelypteris

he.xagonoptera
Tiarella cordifolia

Trautvetteria
carolinensis

Trifolium pratense
Tr.Ifolium repens

Trillium grandiflorum

Uvularia perfoliata
Uvularia puberula

Vaccinium
stamineum
Viburnum

cassinoides
Vicia villosa ssp.

villosa
Viola blanda

Viola h.Irsutula

Viola pubescens

Viola rotundifolia

Native

Native

Native          FACU

Native           FAC

Native            OBL

Introduced      FACU
Introduced      FACU

Native
Native          FACU
N ative           FAC

N at ive           FAC

N alive         FACW

Introduced

Native         FACW
Native

Native          FAC U

N ative           FAC
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Table 9. Results from plant surveys with nativity and wetland indicator status
for each lant found at sorrento.                                             r

Sorrento Plant Species List
Species                       Nativity           WIS                     Species                    Nativity         WIS

Acer pensylvanicum
Achillea millefolium

Agr.Imonia parviflora
Aster pilosus var.

pilosus
Aster puniceus

Barbarea vulgaris

Betula lenta

BIephilia hirsuta
Carex lurida

Cirsium vulgare

clematis virginiana

Cornus florida

Coronilla varia
Daucus carota

Eupatorium maculatum
Eupatorium perfoliatum

Eupatorium rugosum
Fragaria virginica

Fraxinus pennsylvanica
Glechoma hederacea
Hamamelis virginiana

Helenium autumnale

Hieracium gronovii
lmpatiens capensis
lmpatiens pallida

Iris cristata
Juncus effusus

Native            FACU
Native            FACU
Native             FAC

Native             FAC

Native             O BL
I ntrod uced         FAG

Native            FACU

Native            FACU
Native              OBL

I ntroduced         FAC

N at ive             FAG

Native            FACIJ

Introduced
Introduced

Native           FACW
Native           FACW
Native            FACU
Native              FAG
Native           FACW

I ntroduced        FACU
Native            FACU

Native           FACW

Native              U PL
Native           FACW
N ative           FACW
Native
N ative           FACW

Liriodendron tulipifera
Lobelia inflata

Mimulus ringens

Oenothera biennis

Pinus strobus
Plantago lanceolata

Polygonum
pensylvanicum

Potentilla canadensis
Prunella vulgaris

Ranunculus
recurvatus

Rhododendron
max.Imum
Robinia

pseudoacacia
Rubus argutus
Rudbeckia hirta

Salix sericea
Scirpus expansus
Senecio aureus

Solidago canadensis
Spiranthes cernua

Stellaria pubera
Taraxacum officinale
Thaspium trifoliatum

var. flavum
Trifolium pratense
Trifolium repens
Typha latifolia
Viola sororia

Native           FAC
N ative           FAG
Native            O BL

Native          FACU

Native          FACU
I ntroduced       FAG

N ative         FACW

Native
Native           FAC

N ative           FAG

Native

Native

Native
Native
Native
Native
Native
Native
Native
Native
Native

Native

Introduced      FACU
Introduced      FACU

Native            OBL
N ative           FAG
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Although total species and shrub richness differed between sites, both

sites had similar percentages of native versus non-native species (88.4°/o at

Tater Hill and 84.60/o at Sorrento).   Percentage composition of each wetland

indicator status differed slightly between sites (Figure 9).  Wetland indicator

percentages for facultative upland (FACU) to obligate (OBL) species were more

similar at Tater Hill than at Sorrento, which showed a decreasing trend from

FACU to OBL species.  Also, both sites contained less than 5% of upland (UPL)

species.

UP L                 FAC U                 FAC                FACW                OBL
Wetland Indicator Status

Figure 9.  Comparison of percentage of total plant community of each wetland
indicator status category between sites.

Macroinvertebrate Assessment

Stream benthic macroinvertebrate communities differed between the two

sites in community composition, EPT without Hydropsychidae composition,

Shannon-Weiner diversity, and evenness.   EPT without Hydropsychidae taxa

composition varied seasonally as well as between sites (Figure 10).  The
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dominant families at each site also differed.   For example, the Tater Hill

community was dominated by 6 families which comprised 680/o of the total .

number of families identified (Table 10).   All of the families comprised similar

percentages of the sampled benthic community, whereas at the Sorrento site,

there was an uneven distribution of dominant community composition with 83%

of the total population comprised of only 3 families (Table 10).  The Sorrento

wetland community was dominated by Chironomids (55°/o) with Leuctrids (15%)

and Hydropsychids (13°/o) being the next most dominant taxa.

Table 10.   Dominant macroinvertebrate families at the Tater Hill and
Sorrento wetlands.  The order of each famil is included  in arentheses.

Dominant Macroinvertebrate Families by Site
Tater Hill

Family                                Percent of Total collected
Ephemerellidae (Ephemoptera)                                  20%

Chironomidae (Diptera)                                             15%
Peltoperiidae (Plecoptera)                                         12%

Heptageniidae (Ephemoptera)                                    8%
Hydropsychidae ITricoptera)                                      7%

Leuctridae (Plecoptera)                                           6%
Sorrento

Chironomidae (Diptera)                                            55%

Leuctridae (Plecoptera)                                           15%
Hydropsychidae ITricoptera)                                      13%

The dominant EPT taxa at Tater Hill belonged to the families

Ephemerellidae, Peltoperlidae, and Hydropsychidae (Table 10).  At Sorrento, the

dominant EPT families were Leptophlebiidae, Leuctridae, and Hydropsychidae

(Table 10).  At Sorrento, EPT taxa ranged from 8.9 -66.3% of the total

macroinvertebrate community, in comparison to a range of  51.9 -81.4% at

Tater Hill.   The differences in dominant families between sites also resulted in
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differing percentages in functional feeding group composition (Figure 11 ).

Sorrento had significantly more filterers (p=0.003) and significantly less predators

(p=0,03) and scrapers (p=0.008).  Also, Shannon-Weiner diversity and evenness

were consistently higher at each sample date at Tater Hill, and the averaged

Shannon-Weiner diversity (p=0.01 ) and evenness (p=0.02) values were

significantly higher at Tater Hill compared with Sorrento (Figure 12).
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Table 11.  Number of each macroinvertebrate family collected at each sample
date at the Tater Hill wetland.

Tater Hill Macroinvertebrate CoHectlon8

Collectlon Dates

Order                      Family 4/10/2004       5/11/2004      7/28/2004      10/13/2004      12/2/2004      3/10/2005      TOTAL

Coleoptera            Psephenidae

Coleoptera                  El in idae

Deca poda              Ca in ba ridae

Diptera                    S im u lidae

D iptera                Chironom idae

Dipteia                      Dixidae

Diptera                   Empididae

Diptera            Ce ratopogon idae

Diptera                     Ti p u lidae

Ephemoptera        Ephemerellidae

E pliemoptera            Am eletidae

Ephemoptera        Leptophlebidae

Ephem optefa          E phem e ridae

Ephemoptera         Heptagen iidae

Ephemoptera              B aetidae

G astropoda           Pleu rceen.dae

Megaloptera                S ia lidae

Odonata                 Libell u lidae

Odonata                Aesh nidae

Odonata                G om ph idae

Plecoptera        Taen iopte ryg idae

Plecotpera               Pe rlodidae

Plecotpera                 Perlidae

Plecotpera           Chloroperl idae

Plecotpera             Nemouridae

Plecotpera          Pte ronarcyidae

Plecotpera             Pe ltope rl idae

Plecotpera               Capni idae

Plecotpela               Leuctridae

Tricoptera            Hydropsyciida®

Tricoptera            Odonoceridae

Tricoptera           Philopotam idae

Tricoptera             Le ptoce ridae

Tricopteia             Li in n ephilidae

Tricoptera          Brachycentridae

Tricoptera         .  Rhyacophilidae

Tricoptera             Phryga neidae

Tricoptera         C lossosom alidae

Tricoptera              Hydroptilidae

Tricoptera         Lepidostom atidae

TOTAL

1313

3421

50

2613

7458

30

47

20

02

152                    574

00

3537

33

136                     52

7026

4032

20

00

10

610

00

48

13

50

7051

21

7956

00

3019

21'                      39

00

20

130

21

08

2012

00

30

00

02

858                   1048

88

4127

00

116

126                     36

01

60

00

03

5230

50

37

20

4021

624

3513

00

10

12

34

036

189

00
00

177

30

259                   26

00

6774

9841

00

142

00

314

00

148

10

20

10

00

893                   379

6452

33                      14                  170

106

79                   25                160

384                   112                790

0.04

0017

22e
8013

128                   141                1077

005

68                      41                   191

5                        5   .                 18

94                  85               42e

4
30

0
0
0

176

161

2
1

e
8                      10                  41

5950

50                   5                 9,

3310

005
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Table 12.   Number of each macroinvertebrate family collected at each sample
date at the Sorrento wetland.

Sorrento Macroinvertebrate Collections

Collection Dates

Order                         Family 3/28/2004      5/10/2004      7/29/2004       10/13/2004      12/2/2004      3/11/2005      Total

Aniso ptera             Ca lopte ryg i dae

Coleoptera              Hyd roph ilidae

Coleoptera                    E I midae

Decapoda               Cam ba ridae

Diptera                       Simuliidae

Diptera                  Chironomidae

Diptera                         Dixidae

Diptera              Ce ratopogon idae

Diptera                     Em pididae

Diptera                    Ath ericidae

Diptera                       Tipul idae

E phemop`era          E phem e Tell idae

E phem optera          Le ptophlebi idae

E phem optera            Epheme ridae

E phem optera           Heptage niidae

Ephem optera                Baetidae

Odonata                  G om phidae

Plecoptera                 Pe rlodidae

Plecoptera                   Perl idae

Plecoptera                 Ca pniidae

Plecoptera               Nemouridae

Plecoptera                 Leuctridae

Pleco ptera               Peltoperl idae

Tricoptera             Hydropsychidae

Tricoptera             Ph ilopotam idae

Tricoptera               Leptoceridae

Tricoptera               Limnephilidae

Tricoptera              Rhyacoph il idae

Tricoptera               Phryganeidae

TOTAL

00

00

03

120

125

21                      133

00

00

00

26

61

10

25

60

1418

7 53                   272

00

514

20

00

10                       8                         2                         13

588

5390

21

72

10

10

1015

00

00

931

50                  308

11

126                    99

00

10

02

192

10

284                 683

22

11

00

00

00

00

00

321

7215

20

112                       54

01

00

02

00

00

991                    433

007

001

6420

0321

69                     16               143

1418                 234             2831

101

56                    8                83

002

13                     3                 24

57                    7                97

14                     3                 44

118                       41                  211

8520

4621

203

102

0025

134

80e

26                    6                96

190                    111                746

004
181                    88               660

8312

001

509
•0                       2                  23

16                    5                22

2202                 548            5141
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Figure 10.  Comparison of EPT taxa without Hydropsychidae between sites from
March 2004 to March 2005.

Filterers       Collectors      Predators     Omnivores      Scrapers      Shredders

Functional Feeding Group

Figure 11.   Comparison of the mean percent composition ± standard error of
each macroinvertebrate functional feeding group between sites (N=6).  The
asterisks represent significant differences at p<0.05.
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Figure 12.  Comparison of macroinvertebrate Shannon-Weiner diversity and
evenness between sites as well as the averaged values (N=6) ± standard error.
The average Shannon-Weiner diversity value was significantly higher at Tater Hill
compared with Sorrento (p=0.01).   Average evenness was significantly higher at
Tater Hill compared with Sorrento (p=0.02).
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Effects of disturbance on Benthic Macroinvertebrates

The results from the E//.mi.a mortality experiment yielded no significant

differences between treatments (Figure 13), although the comparison of the 14-

day control versus heavy treatment approached significance (F=4.92, p=0.06).

Control Moderate Heavy

Treatment

Figure 13.  Comparison of 7 and 14 day E/i.mi.a survivability by treatment.  There
were no significant differences observed between treatments or in the 7 day
(N=9) versus 14 day (N=7) exposures.  The error bars denote the standard error.

The results from the macroinvertebrate surveys showed a family specific

response to disturbance (Figure 14).  The families Hydropsychidae,

Heptageniidae, Baetidae, Chloroperlidae, and Ephemeredlidae all decreased in

their relative abundance, while the families Leptophlebidae, Leuctridae,

Simullidae, and Chironomidae all increased in relative abundance from the no

disturbance to heavy treatment.  Also, the families Philopotamidae,

Phryganeidae, Perlidae, Nemouridae, Chloroperlidae, Perlodidae, Elimidae, and
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Dixidae were all present in the no disturbance and control treatments but were

absent from the heavy treatment.   Ceratopogonidae and Tipulidae were both

present in the heavy treatment but were not found in the no disturbance

treatment.
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DISCUSSION

The purpose of this study was to examine the effects of disturbance on

southern Appalachian wetlands, specifically headwater, riparian wetlands.   Since

mountain wetlands vary in their geomorphology and hydrology, it was important

that I first identify two wetlands with similar characteristics so that I could

accurately assess the influence of disturbance on wetland function.  The Tater

Hill wetland is an example of a high-quality wetland that has been the focus of

several studies.  The second wetland, Sorrento, is a wetland that has been

heavily impacted by physical disturbance.   Both wetlands are located in the

headwater reaches of streams in the New River watershed.

Although many of the results from this study suggest that both the Tater

Hill and Sorrento wetlands are similar, we can not conclusively state that the

differences between the two sites are solely the result of physical disturbance.

Since only the two sites were compared, the differences observed could have

pre-existed, or could have been caused by several interacting factors that were

undetectable given the time frame and resources of this study.  Any study with

limited replication, a condition called pseudoreplication (Hurlbert 1984),

potentially decreases the importance of findings because of the inability to

statistically analyze cause and effect.  Additional studies would be needed to

confirm how other wetlands would react to a similar form of disturbance.  Even
42
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though this study lacks replication at the ecosystem level, the results do

characterize how disturbance might affect wetland ecosystems in the southern

Appalachians.  This study also supplied baseline data that can now be used by

other researchers to conduct more statistically robust studies.

Wetland Characterization

The results from the hydrologic characterization of each site indicate that

both wetlands exhibit similar water table and ground water dynamics and surface

water inputs and outputs.   Both Tater Hill (M.  Molina, personal communication)

and Sorrento showed seasonal drops in the depth of the water table in the spring

and summer of 2004 with higher water tables during the winter 2003 and fall

2004 (Figures 4 and 6).   Similar seasonal drops in water table depth have been

observed in other riparian wetlands studies (Glenn and Woo 1997, Moorhead

2001 ).  This is indicative of higher evapotranspiration rates due to warmer

temperatures and higher water demand by plants during the growing season.

The surface water inputs and outputs of each wetland were also similar

(Table 2).  The average discharge into Tater Hill was almost twice that of

Sorrento, largely due to the greater width of its inflow stream.   However, the

inflows to each wetland did have equal depths and similar velocities (Table 2),

suggesting similar relief and potentially similar available habitat for aquatic

organisms.  The outflows of each wetland were more similar in all four measured

parameters, but with a slightly higher discharge at Tater Hill due to a larger

stream width and greater water input.  Because the outflow discharges were

more similar than the inflows, this indicates a greater ability of the Tater Hill
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wetland to disperse stream energy (Table 2).  The decreased stream discharge

at Tater Hill is likely being influenced by the larger size of the Tater Hill wetland

compared with Sorrento.

The soil texture analyses also show that the soil types at Tater Hill and

Sorrento are sandy-silty and sandy-loams respectively (Table 4).  This soil type is

typical of riparian wetlands in the southern Appalachians (Moorhead et al. 2000,

Flite  Ill  et al. 2001,  Phillips et al. 2001 ) and characteristic of floodplain soils

(Mitsch and Gosselink 2000).   Vegetation type is strongly dependent on 'soil

texture (Fernandez-lllescas et al. 2001 ) and thus soil and hydrologic data

suggest that these wetlands should support similar forms of wetland vegetation.

However, as will be discussed shortly, there are differences in the types of

vegetation at the two sites, suggesting that other factors, including disturbance,

might be involved.

Overall, the assessment that was conducted on the these wetlands.

specifically the analysis of hydrology and soil types, supported the supposition

' that these wetlands are of similar type, allowing us to focus on characterizing the

influence of disturbance by examining the differences in soil and water chemistry,

and their impacts on vegetative and benthic macroinvertebrate communities.  As

a consequence of the disturbance at Sorrento, we observed decreases in

vegetative richness and macroinvertebrate diversity which could partially be

explained by changes in soil properties and stream water quality.
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Vegetative Community Change

The vegetative communities differed between sites in total species and

shrub richness, as well as wetland indicator status, but had similar percentages

of native species (Tables 8 and 9).  The low numbers of total and shrub species

at Sorrento were not consistent with the vegetative communities found at Tater

Hill and other undisturbed southern Appalachian wetlands (Pittillo 1994,  Rossell

and Wells 1999, Campbell et al. 2002).   For undisturbed wetlands, Pittillo (1994)

recorded at least 116 total and 13 shrub species at three sites in Watauga

County,  NC.  These values are similar to that from Tater Hill, which had  155 total

and 19 shrub species, and are much higher than the richness at Sorrento, which

only contained 53 total and 2 shrub species.  A loss of shrub richness has been

shown to be correlated with decreased avian richness and diversity (Snell-Rood

and Cristol 2003) suggesting that this may be one consequence of the

disturbance at Sorrento.

The differences in soil chemistry between the two sites are useful in

explaining the effect of disturbance on the vegetative community at Sorrento.

The soil pH at Sorrento (5.6-6.0) was slightly more neutral than that found at

Tater Hill (5.0-5.7) and in other southern Appalachian, riparian wetlands (4.5-5.3)

(Moorhead et al. 2000, Phillips et al. 2001 ).  This difference may be due to the

low levels of organic matter at Sorrento (Figure 7).   High organic matter content

has been shown to acidify wetland soils due to the formation of humic acids

during microbial decomposition (Ponnamperuma  1972, Mitsch and Gosselink

2000, vanLoon and Duffy 2000).  This suggests that the more neutral pH seen at
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Sorrento is a result of low levels of organic matter, but it is not likely having a

dramatic effect on plant communities.

The results from the phosphorus and nitrite/nitrate assessment give mixed

results about nutrient enrichment and the potential effects on the plant

community at Sorrento.  The similar nitrite/nitrate levels between the two sites

eliminate nitrogen enrichment as a cause of decreased plant richness at

Sorrento, but the soil available phosphorous levels at Sorrento (20.2 ± 4.0 ppm)

are significantly higher than at Tater Hill (3.0 ± 0.9 ppm) and substantially higher

than concentrations reported from other undisturbed riparian wetlands (4.5 -6.2

ppm) (Patrick, Jr.  and Khalid  1974,  Gilliam et al.1999, Aldous et al. 2005).   In

contrast, soils of restoration wetlands have been shown to exhibit increased

available phosphorus after soil inundation, similar to those seen at Sorrento

(Klopatek 1978,  Gilliam et al.1999,  Baldwin and  Mitchell 2000, Venterink et al.

2002, Aldous et al. 2005).  Although Sorrento does have elevated soil

phosphorus levels, they are much below levels that have been shown to

dramatically alter species richness (Cooke et al.  1990, Childers et al. 2003).

Also, plant tissue N:P ratio has been shown to be more important to species

richness than either of the two nutrients alone (Wetzel and van der Valk 1998,

Bed ford et al.  1999, Gt]swell et al. 2003, Gtlswell et al. 2005), suggesting only a

minimal impact of the elevated phosphorus levels at Sorrento on plant richness.

However, the increased available phosphorus concentrations could explain the

success of fypha /aft.ro/i.a L. (cattail), and non-native species such as Trt.ro//.urn

repens L. (white clover),  I. pretense L. (red clover), and Coroni.//a vart'a L. (crown
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vetch) at Sorrento, which have all been shown to respond positively in terms of

growth characteristics and the ability to outcompete native wetland vegetation in

phosphorus enriched soils (Wetzel and van der Valk 1998, Bed ford et al.1999,

Childers et al. 2003, Framer et al. 2005).   Overall, phosphorus enrichment of the

soil may have stimulated the growlh of a few plant species, but probably did not

directly result in the dramatic differences in plant richness between sites (Tables

8 and 9).

Other aspects of soil chemistry that differed between the sites were metal

concentrations (Table 3).  On average, manganese concentrations at Sorrento

were 8x higher than Tater Hill, while iron concentrations were 2x lower.   Elevated

stream iron and zinc concentrations were also observed at Sorrento (Table 7).

The elevated metal concentrations are partially explained by the fact that most

metals are reduced under anaerobic soil conditions, which increases their

solubility and could lead to losses due to leaching (Ponnamperuma 1972,

Gambrell 1994, Mitsch and Gosselink 2000).  The elevated iron levels at Tater

Hill may also explain the elevated soil calcium and magnesium concentrations

because these cations are commonly complexed with iron and become soluble

when iron is reduced under anaerobic conditions (Ponnamperuma 1972, Mitsch

and Gosselink 2000).  Zinc is also complexed and coprecipitated with iron and

manganese oxides and as these oxides are reduced, zinc and other heavy metal

ions would be released (Lindsay 1972).  Although soil zinc was not measured,

the elevated stream concentrations suggest high levels of soil zinc as well.  This

has implications for the decreased plant richness at Sorrento because zinc has



48
been shown to exhibit toxic effects on some wetland plant species at

concentrations of 300 umol/L (Matthews et al. 2004).   However, zinc has been

shown to become immobilized in reduced soils (Gambrell 1994), which is not

consistent with the elevated zinc levels in the stream water at Sorrento.  This was

more likely a result of acidic soil pH, changes in organic matter content, and the

potential presence of oxidizing conditions during the soil and water chemistry

sampling dates.   Leaching of zinc and other metals has been shown to occur

under moderately acidic soil pHs (4.0-6.0), due to organic matter loss, and when

reduced sediments become oxidized (Lindsay 1972, Gambrell 1994, La Force et

al. 2002).  These conditions were all present at Sorrento during the soil and

water chemical sampling dates in the spring of 2004.  Sorrento had soil pHs

between 5.0 and 6.0 which could have led to increased soluble zinc

concentrations (Lindsay 1972).  The low levels of organic matter at Sorrento

might also play a role in zinc availability.   Zinc, as well as other metals, is

complexed with organic matter, and zinc release is negatively correlated with soil

organic matter content (Lindsay 1972, Gambrell 1994).   Finally, the water table

distance from the surface increased during the spring of 2004 at Sorrento (Figure

4).  This would have led to oxidation of the upper soil profile and the subsequent

leaching of zinc, which can become significant under these conditions (Gambrell

1994).  All of these conditions, together with the presence of seeps would have

led to the export of zinc from the soils to the stream.  Although oxidizing

conditions promote zinc release, they would act to immobilize soil iron and

manganese (Ponnamperuma 1972).   Interestingly, the locations with the highest
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concentrations of available iron and manganese (Cores 2, 3, and 5; Figure 2)

show more stable and higher water table depths.  This would promote more

permanent reduced conditions and could act as the main sources of iron and

manganese to the stream.  Also since these locations stay wet, zinc that is

released due to the reduction of iron and manganese compounds would then be

directly released to the water column.

The diverse soil conditions observed at the Sorrento wetland create

complex and seasonal soil chemical transformations.   Because of this, there may

be seasonal fluctuations in iron, manganese, zinc, and nutrient release from the

Sorrento wetland based upon the redox status of the soils.  Wetlands have 'oeen

shown to oscillate between metal/nutrient sinks and sources depending primarily

upon hydrologic fluctuation as influenced by season (Klopatek 1978, Mitsch and

Gosselink 2000, La Force et al. 2002).   It may be expected that during the spring

and summer when the water table lowers, higher levels of these metals will be

present in the stream and groundwater.  Also, export of nitrogen and phosphorus

may occur during the winter when plant nutrient demand is low and may not have

been present in the stream during the spring water chemistry collection.   For

example, Klopatek (1978) showed decreasing soil plant available phosphorus

concentrations from spring and fall (115-203 ppm) to summer (50-68 ppm).

Although the soil chemistry differed between sites, the decreased plant species

richness was likely most influenced by decreased percent organic matter and

increased bulk density and percent rock fragments at the Sorrento site.
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Campbell et al. (2002) showed higher organic matter at reference

wetlands than created wetlands, which were impacted by physical disturbance

during construction.  This is consistent with my findings of higher organic matter

at Tater Hill than Sorrento.  The recent (<10 year) disturbance at the Sorrento

site has probably destroyed the natural soil profile and there has not yet been

enough time since then for a deep organic horizon to develop.   In wetlands,

organic matter influences bulk density, moisture retention, nutrient availability,

cation exchange capacity, hydraulic conductivity, porosity, and vegetative

communities (Cairns, Jr. 1995, Mitsh and Gosselink 2000), and may explain

some of the disturbance at Sorrento.   For example, Sorrento contained 3 non-

native specties (Trl.folium pretense 1.., T. repens L., and Coronilla varia 1..) and 2

native species (Sa/i.x ni-gra Marsh. and .Typha /af7To/i.a L.) that have all been

previously shown to be positively correlated with soils containing low organic

matter (Ashworth 1997, Campbell et al. 2002, Balcombe et al. 2005).

The higher percent rock fragments at Sorrento suggests a recent disturbance in

the form of tilling or filling, which brings rocks into the upper soil horizons (Figure

7).  This is supported by statements from the landowner (M. Williams, personal

communication) that fill dirt was brought in from offsite and used to fill a portion of

the wetland.  The higher bulk density at Sorrento was likely caused by the

compaction of soil horizons by farm/construction equipment and livestock (M.

Williams, personal communication).   In sandy loams, bulk density can range from

1.20 to 1.80 g/cm3 with very compact soils having bulk densities higher than 2.0

g/cm3 (Brady 1974).   The bulk density at Tater Hill (1.5 ± 0.2 g/cm3) falls within
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the normal range while Sorrento has very compact soils (2.3 ± 0.1  g/cm3).    The

elevated bulk density at Sorrento could be impacting plant species richness by

preventing root penetration, decreasing root extension rate, limiting gas

exchange, and altering plant osmotic potentials (Eavis 1972, Pritchet and Fisher

1989, Cairns, Jr.1995, Bengough et al.1997).   Changes in bulk density have

also been shown to affect the rate of water and air movement in the soil, as well

as the diffusion of ions (Cairns, Jr.1995).  The very compact soils at Sorrento

may be limiting root growth, nutrient uptake, and plant colonization, thus causing

decreased plant richness.   For example, Campbell et al. (2002) showed that soils

with lower bulk densities had higher species richness,  All of these studies

support that soil disturbance, like that at Sorrento, can impact plant communities

in mountain wetlands.  The results indicated an overall loss of species richness

as a result of the physical disturbance, as well as providing insight into the effect

of disturbance on water quality.

Macroinveriebrate Community Change

Because riparian wetlands are directly tied to surface water, we chose to

examine the macroinvertebrate communities at each site to determine the overall

impact these wetlands had on water quality.  This assessment, using

macroinvertebrate communities, showed that the physical disturbance at

Sorrento caused a reduction in EPT taxa diversity and richness, as well as

community alterations, suggesting that the Sorrento wetland has lost its ability to

maintain high water quality.  This can be seen when comparing the dominant

taxa between sites.  The disturbance at Sorrento caused a shift toward dominant



52
taxa that are tolerant of pollution, which is indicated by the high abundance of the

families Chironomidae and  Hydropsychidae (Voshell, Jr. 2002).  These two

families are also filter feeders (Wallace and Webster 1996), thus explaining the

significantly higher percentage .of this functional feeding group at Sorrento.

Although these were two of the most dominant families at Sorrento, comprising

68% of the total community, the families Leuctridae and Leptophlebidae together

comprised 20°/o of the total community.  Traditionally these two families are

considered pollution sensitive (Voshell, Jr. 2002), but they were found in high

abundance in the Sorrento stream with degraded water quality.   In contrast, we

observed reductions in abundance of other sensitive families at Sorrento, such

as Heptageniidae, Baetidae, Peltoperlodidae, Perlodidae, Elmidae, and

Rhyacophilidae (Voshell, Jr. 2002).  As a result,  I decided to omit the families

Leuctridae and Leptophlebidae and analyze the percent composition of the

remaining mayflies and stoneflies at each site.   From this, I found that at Tater

Hill 32% and 20% of the remaining macroinvertebrates were mayflies and

stone flies respectively, compared with only 2% mayflies and 3% stoneflies at

Sorrento.  As will be discussed later. these families may have been unaffected by

the disturbance at Sorrento because they are shredders, a group that feeds on

intact and large plant material in streams (Wallace and Webster 1996).  This

suggests water quality assessments using EPT data should not rely solely on

measures of sensitivity rankings, but should also include measures of diversity

and community structure.
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The water chemistry parameters measured at each wetland provide

insight into the type and effect of disturbance seen at Sorrento.  Overall, stream

water conductivity and iron concentrations were significantly higher at Sorrento

(Table 5).  Stream conductivity is affected by dissolved solids and salts in the

water column.   High conductivities may result from high levels of inorganic

dissolved solids, such as metals, domestic or urban runoff, or in streams subject

to erosion (Maas et al. 2004).  All three of these factors have been observed at

the Sorrento wetland, suggesting multiple contributions of land cover/use change

on water quality.  Although the conductivity was higher at Sorrento, it does fall

below the regional median of 63 ms/cm (Maas et al. 2004), suggesting only a

minimal impact of stream conductivity.  The pH values of the stream water at

each site were slightly acidic and were similar to the regional median of 7.0

(Maas et al. 2004).  Also, temperature and dissolved oxygen levels did vary by

season (Table 6), but they remained within levels for the maintenance of aquatic

communities (Wilhm and Mcclintock 1978, Jacobsen et al. 2003).

The results from the remainder of the stream water analyses further

support the idea that stream disturbance at Sorrento was not being caused by

nutrient enrichment, even though elevated phosphorus levels were observed in

the soils.   Ortho-phosphate, ortho-phosphorus, and nitrate/nitrite were all similar

between sites (Table 7) and were either below or equal to the regional median

(Maas et al. 2004).  On the other hand, turbidity was twice as high and zinc

concentrations were almost 9x higher at Sorrento (Table 7).   Both of these

results could explain the high conductivity values and decreased
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poisoning either through biofilm ingestion or water exposure, or by eliminating

natural food sources.   For example, many of the macroinvertebrates collected at

Sorrento had a high percentage of biofilm coverage on their bodies.   Lemly

(2000) and Lemly and King (2000) showed 750/o macroinvertebrate mortality with

only 250/a bacterial body coverage, suggesting biofilm body burden may be

contributing to the macroinvertebrate community differences.  Also, Sheldon and

Skelly (1990) showed a shift from a diverse diatom community (0.1 0/a biofilm

coverage) upstream of iron and manganese inputs to a mono-specific biofilm

stand (99.8°/o coverage) in areas with iron and manganese concentrations

greater than 0.10 mg/L.  Also, toxic effects of zinc have been shown to cause

decreased macroinvertebrate diversity in Colorado streams (Wellnitz et al.1990,

Clements et al. 2000, Courtney and Clements 2002, Prusha and Clements

2004).  Although these studies showed macroinvertebrate community alterations

due to elevated zinc concentrations, the streams that were examined contained

mean zinc levels of 285 ug/L (Courtney and Clements 2002), which is much

higher than the level at Sorrento (8.8 ug/L).  This suggests that if zinc toxicity is

causing a shift in macroinvertebrate diversity,  it is resulting from

macroinvertebrate-biofilm-zinc interactions.   Metals can be incorporated into

biofilms due to chemical attraction of positively charged metal ions to negatively

charged bacterial cell walls and by precipitation with iron and manganese oxides

(van Hullebusch et al. 2003, Madigan and Martinko 2006).   Due to this, Kiffney

and Clements (1993) and Courtney and Clements (2002) showed that ferro-

manganese depositing biofilms can have 16x higher zinc concentrations than the
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overlying stream water, and that macroinvertebrate zinc body levels are more

correlated with biofilm than stream zinc concentrations.  Although we did not test

biofilm zinc levels, based on the above mentioned studies, the level of zinc in the

biofilm at Sorrento could exceed  140 ug/L,  representing a potentially more toxic

scenario for aquatic organisms.   If toxic effects due to exposure were occurring at

Sorrento, it would be expected that scrapers, or organisms feeding on algae,

bacteria, and diatoms attached to the stream substrate (Wallace and Webster

1996), would be exposed  preferentially to elevated biofilm zinc levels than

members of other functional feeding groups.  This is exactly what we observed

when we compared the two sites (Figure 11 ).  We observed significantly lower

mean percentages of scrapers (1.2%) at Sorrento compared to Tater Hill

(20.3°/o), suggesting that, at the Sorrento site, the presence of the biofilm is

having a greater impact on aquatic communities than stream zinc concentrations.

This is supported by studies (Goodyear and MCNeill 1999) which demonstrated

that scrapers were more susceptible to elevated sediment zinc levels, than

stream zinc concentrations.

It would be expected that the shredding and filter feeding famiiies9

Leptophlebidae, Leuctridae, and Hydropsychidae, would have limited exposure

to biofilm due to their role in the community.  This could explain the success of

families belonging to these functional feeding groups at Sorrento.  While Beasley

and Kneale (2004) showed that these three families are moderately sensitive to

zinc, the water zinc levels at Sorrento were not elevated enough to cause toxic

effects which could have promoted their increase in abundance.  This supports
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the observation that the biofilm is having a greater influence on the

macroinvertebrate community than stream zinc concentrations.  This suggests

that water quality assessments of biofilm-affected streams should also utilize

functional feeding group composition analyses as a measure of the impact of

disturbance.

To determine the impacts to aquatic communities by the presence of the

biofilm at Sorrento, we designed a mortality experiment using E/i.m7.a, a scraper,

which is found in high density at Tater Hill but is absent from Sorrento.   No

significant deceases in survivorship were observed between the 7-day control

and heavy treatments, but the 14-day control versus heavy comparison

approached significance (Figure 13).  This suggests that we were beginning to

observe increased mortality at the heavy treatment, and a longer exposure or a

larger sample size may have yielded significant results.  This is also supports the

above discussion of greater impact to members of the scraper functional feeding

group by the presence of biofilm.  To further understand the relationship between

macroinvertebrate diversity and the presence of biofilms, we examined the

macroinvertebrate communities at the affected locations within the Sorrento

wetland and an undisturbed portion of the inflow stream, upstream of the

wetland.

The upstream site allowed us to assess the natural community in this

specific watershed.  The results from the macroinvertebrate assessments

supported previous research examining the effects of metal pollution caused by

mine leaching.   In these studies, mayfly and stone fly abundances and diversities
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both decreased in streams containing biofilms (Wellnitz et al.1990, Clements et

al. 2000, Courtney and Clements 2002).  This is the same trend seen when

comparing the upstream and heavy biofilm treatments at Sorrento, with the

exception of the previously mentioned Leptophlebid mayflies and Leuctrid

stoneflies, which both increased in abundance below the disturbance (Figure 14).

The differences in macroinvertebrate communities observed between the

upstream and heavy-biofilm treatments (Figure 14) were very similar to the

differences between Tater Hill and Sorrento (Tables 11  and  12).  This suggests

that the presence of biofilm may be causing the decrease in macroinvertebrate

diversity at Sorrento.

We suggest the loss of diversity and reduction in evenness between the

two sites is resulting from a mine mimic caused by the physical disturbance seen

at Sorrento.  We did observe changes in macroinvertebrate communities

between sites potentially as a result of elevated zinc and turbidity levels as well

as the presence of the biofilm, but the results are still inconclusive about the

exact cause of this decline.  The loss of diversity at Sorrento seems to be most

impacted by the presence of biofilm, rather than heavy metal pollution from the

water.   Biofilm coating of macroinvertebrates, the loss of natural food sources

because of biofilm blooms, and heavy metals bound to the biofilm and

subsequent ingestion and accumulation during feeding are all potential causes of

the loss of macroinvertebrate diversity at Sorrento.

Although we were unable to narrow the exact cause, we did observe

groups of macroinvertebrates, some that were traditionally thought to be
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sensitive to pollution, that were unaffected or increased in their abundance due to

the presence of the biofilm.  These included the families Chironomidae,

Leptophlebidae, and Leuctridae, together which comprised 75°/o of the total

number of macroinvertebrates collected at Sorrento.  The presence of

Leptophebid mayflies and Leuctrid stone flies at Sorrento also explains the

elevated EPT percent composition during the May 2004 sample date (Figure 10).

Of the 66°/o EPT composition, these two families made up 50% of this reading.

This suggests that these two families are tolerant or unaffected by the

disturbance/pollution seen at Sorrento, and removing these two families from

EPT assessments in studies that are known to involve zinc or biofilm should be

considered.

Alteration of Wetland Function

These results indicate that the recent physical disturbance seen at

Sorrento is impairing the ability of this wetland to perform fundamental wetland

functions, specifically the ability to remove pollutants from water inputs.   Instead

of acting as a sink, the disturbance at Sorrento has actually resulted in the

formation of a point source of pollution with potentially far reaching effects.   For

example, Wellnitz et al. (1990) showed that the presence of biofilm had a

detrimental effect on overall water quality and macroinvertebrate communities up

to 200 in downstream from the biofilm source.  As macroinvertebrates feed upon

the biofilm and other coated vegetative matter, the metals bound to the biofilm

are accumulated within their bodies.   Because macroinvertebrates occupy low

trophic levels within aquatic ecosystems, there is potential for bioaccumulation
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into amphibians, fish, and birds.  This loss of wetland function may prevent the

Sorrento wetland from contributing to maintaining water quality because of its

inability to sequester pollutants from surface waters.

Overall, this study left many unanswered questions that need to be

addressed to understand the impacts of wetland alteration.  Of primary concern,

is how the biofilm and mine mimic are affecting aquatic organisms and overall

water quality.   More investigation also needs to be conducted on the loss of

wetland plant diversity.  We highlighted some potential causes, but these

questions need to be answered to get a good grasp on the effect of wetland

disturbance on ecosystem function.

The results from this experiment show the effects of disturbance on

wetland characteristics as well as impacts to function.  The overall decreases in

plant and macroinvertebrate communities observed have the ability to impact

water quality, faunal associations with wetlands, and wetland sustainability as it

relates to recruitment and the maintenance of genetic diversity.   If the significant

losses and degradation of southern Appalachian wetlands continues, we are in

danger of losing unique ecosystems that provide vital functions to both terrestrial

and aquatic ecosystems.  More research is necessary to understand how integral

wetlands are to landscape function, and if we destroy these ecosystems before

these questions are answered the impacts will not only affect this region but

every place downstream.  As the demand for high quality water increases,

increased pressure will be placed on water resources which are maintained by

wetlands.
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