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Abstract

ANGELINA DOMINIQUE FOWLER. Adaptations to Invasion: Macroinvertebrate
Community Response to the Invasive Submersed Macrophyte, Hydrilla verticillata, in
the Emory River Watershed, Tennessee (under the direction of DR. STEVEN W.

HAMILTON).

The Emory River Watershed (ERW), flowing through the Cumberland Plateau of
Tennessee, features a network of high-quality, fast-flowing, deeply incised streams. This
area encompasses the Obed Wild and Scenic River (OWSR), managed by the U.S.
National Park Service under the National Wild and Scenic River System (NWSRS). The
invasive macrophyte Hydrilla verticillata (a.k.a. hydrilla) is established within this
virtually pristine environment. Macroinvertebrates were sampled from hydrilla-infested
and non-infested riffles and upstream in associated pools with significant submersed
vegetation. Nine study sites consisted of areas both within and outside of the OWSR
boundaries, with hydrilla-infested stream portions occurring along Daddy’s Creek and
Obed River, and comparative non-infested areas present along Clear Creek and upper
Daddy’s Creek. Analysis of macroinvertebrate taxa collected in September 2010
indicated no significant differences in mean Shannon-Weaver Diversity values between
hydrilla-infested and non-infested riffle and pool habitats as determined by One-way
Analysis of Variance (ANOVA). Macroinvertebrate functional feeding groups (FFG)

were also evaluated for all riffle and pool communities via a Multi-Way Contingency
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Analysis, demonstrating significant differences in the proportion of FFG’s between all
hydrilla-infested and non-infested habitats. There was a higher proportion of collector-
filterers in hydrilla-infested riffles and higher proportion of collector-gatherers in
hydrilla-infested pools. Additionally, Morisita’s Index of Community Similarity (MICS),
which was used to determine macroinvertebrate abundance similarities among hydrilla-
infested and non-infested riffle and pool sites, respectively, indicated variability among
similarity comparisons. One-way ANOVA identified significant differences between
means of MICS among site comparisons, signifying further differences in taxa
composition among hydrilla-infested and non-infested riftle and pools. Furthermore,
Principal Component Analysis (PCA), a mutli-variate method used to distinguish
relationships of macroinvertebrate taxa abundance between hydrilla-infested and non-
infested sites, evaluated distinct differences between pool sites. Based on these results
acquired from the duration of this study, hydrilla was found to be important in
influencing the spatial arrangement and functioning of various macroinvertebrate
communities within the ERW. This study also predicts the importance of hydrilla as a
structural and nutritional resource for macroinvertebrates, as demonstrated by FFG
analyses between hydrilla-infested and non-infested sites. It is anticipated that seasonal
fluctuations in biomass associated with growth and senescence will be very important in
ecosystem processing. Further research and long-term monitoring needs to be conducted
to determine other possible impacts hydrilla may have on other freshwater biota while it

persists in this high-quality stream environment.
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CHAPTER ]

INTRODUCTION

In 1968, Congress passed the National Wild and Scenic River System Act for the
protection of outstanding lotic systems. The National Wild and Scenic River System was
established to support conservation of rivers and the surrounding environments while
ensuring the free-flowing state of these rivers, the protection of water quality, and the
fulfillment of other “national conservation purposes™ (Wild and Scenic Rivers Act,

1968). Located within the Emory River Watershed (ERW) of east Tennessee, the Obed
Wild and Scenic River (OWSR) was recognized by the National Wild and Scenic River
System in 1976 to be administered by the U.S. National Park Service (Interagency Wild
and Scenic Rivers Council, 2011). In 2004, the invasive submersed macrophyte, Hydrilla
verticillata (i.e. hydrilla), was discovered in several stream reaches in the OWSR during a
rare and endangered floristic survey of the Obed River Gorge (Estes and Fleming, 2008).
Estes et al. (2010) performed a survey of the distribution, abundance, and habitat
colonization of hydrilla in the majority of the ERW to determine the extent of the hydrilla
infestation in an effort to preserve the virtually natural, free-flowing environment.
Because the streams of the ERW provide high quality habitat for many aquatic
organisms, this thesis research was conducted to begin efforts to identify potential

impacts of hydrilla on the native freshwater biota.



Human Impacts on Ecosystems

The environment is not static, but rather involves an ever-changing system of
biotic and abiotic factors that interact with the organisms in that environment. In fact, the
dynamic nature of Earth, including its flora and fauna, is reflected by numerous
environmental changes throughout geologic history (Sprugel, 1991; Cox, 1999). The
ecosystem processes that occur within both terrestrial and aquatic environments largely
depend on gradual changes that allow for the development of more diverse and stable
conditions with time (Orians, 1974; Rapport et al., 1998). Ecosystem change presents
opportunities for many organisms, where fundamental processes such as extinction,
biological invasion and species succession can occur (Fraterrigo and Rusak, 2008).
Although the environment is capable of recovering from change, coping with disturbance
or resisting displacement in structure or function is an important aspect of ecosystem
resilience (Westman, 1978). Hill (1987) defined resilience as “the ability to recover to
the initial state after disturbance.” Resilience allows for ecosystems to sustain damages
by replenishing the pre-disturbance state and structure, therefore recovering the resources
that inhabiting organisms depend on. This flexibility is linked to the reorganization of
ecosystems, which is associated with the response of organisms to these changes.
Biological diversity, or the variations in genes, organisms and ecosystems, plays a
significant role in the sustainability of dynamic ecosystems. It is what drives productivity,
stability and resilience, allowing these complex systems to remain sustainable and
maintain the organization of ecosystem services (Cox, 1999; Elmqvist et al., 2003;

Westman, 1978).



The origination of disturbance and the resulting changes made to the environment
are extremely diverse. Both anthropogenic influences and natural phenomena are
responsible for affecting ecosystem dynamics, resulting in a broad range in ecological
response and reorganization (Fraterrigo and Rusak, 2008). Ecological interactions among
organisms, including those with humans, have created and allowed for the persistence of
ecosystems, which in turn has formed the foundation for evolutionary adaptations and
ecological stability (Cox, 1999).

Although considered an integrated component of the environment, humans can be
an unnatural, external, and often destructive force on natural ecosystems. Anthropogenic
influences have significantly impacted nearly all ecosystems on Earth and therefore play
an important role in ecosystem transformation (Hobbs et al., 2006; Jacobs, 1975;
Vitousek et al., 1997). The environment is constantly changing with some degree of
sustainability, yet humans magnify these changes through continuous modifications to
the natural world. Exponential human population growth has increased demand for
resources. Furthermore, advances in technology have allowed for the alteration of
ecosystems for commercial, industrial, residential and agricultural purposes.

Human impacts result in disruption of ecosystem processes and modification of
ecosystem composition (Chapin et al., 1997). As a result, the constancy of human
activities has contributed to significant declines in biodiversity, reducing the capacity for
ecosystems to bufter disturbance and to restore structure and function following
disturbance (Elmqvist et al., 2003; Westman, 1978). The interactions between

overexploitation, habitat destruction (including pollution), introduction of alien species



and the diseases spread by alien species are contributing to the reduction of biodiversity
around the world (Wilcove et al., 1998; Wilson, 1992).

A major concern in both terrestrial and aquatic environments is habitat alteration
and degradation. Because the variety in habitat types is associated with species diversity,
the elimination of these habitats drastically reduces the ability for many organisms to
survive, contributing to the disappearance of species at an alarming rate. Although
habitat destruction and landscape transformation is the primary threat to ecosystems
worldwide, the second most critical threat, which often coincides with habitat
degradation, 1s the establishment of invasive species (Chapin et al., 1997; Vitousek et al.,

1997; Wilcove et al., 1998).

Invasive Species

Species exhibit distributions that are influenced by a variety of physical and
chemical attributes and reflect their evolutionary history. Although some organisms have
limited ranges, most respond to the changes or disturbances in their environment through
some method of dispersal. Dispersal of organisms is a natural process whereby they shift
distributions to alternative geographical location where conditions are favorable (Cox,
1999: Croteau, 2010). The mechanisms of dispersal are diverse and. therefore, vary in the
nature and eftectiveness. This process is significant and ecosystems depend on it for
essential development of ecosystem functioning. gene flow and evolution (Gibbs et al.,
2010; Sexton et al., 2009). Given a long span of time. many organisms are capable of

long-distance dispersal. surmounting formidable barriers, if necessary (Cox, 1999).



Natural barriers, such as mountain ranges and water bodies, result in geographic
isolation essential for species and ecosystems to evolve. However, global movements of
humans has elevated the dispersal process, rendering these geographic barriers ineffective
by expanding the dispersal distance of species into areas that naturally would not have
occurred (Hobbs et al., 2006). Since species respond to changes in the environment where
they thrive, it can be difficult to distinguish whether an organism has expanded or shifted
its range due to natural or human-induced causes (Cox, 1999). Nevertheless,
transportation technologies and global trade have provided new means of dispersal that
do not occur in nature (Jenkins, 1996). Although biological dispersal is a critical process
for ecosystem stability, the deletion or addition of one or more species, especially
through human activities, can alter diversity and species interactions, resulting in major
impacts to ecosystem functionality (Orians, 1974).

Human involvement is a crucial aspect of the invasion process where exotic flora
and fauna are brought into regions outside of their native range, either intentionally or
accidentally (Pysek and Richardson, 2006). The first stage in exotic species establishment
is introduction, which allows for the persistence of populations in a new geographical
range (Richardson et al., 2000). Typically, atter multiple introductions occur, exotic
species have the potential to become invasive if conditions are favorable for them to
proliferate (Jacobs, 1974). Exotic organisms are considered to be invasive when they
establish themselves in regions outside of their native range, threatening native
ecosystems or human health. Not all exotic species exhibit invasive characteristics, but
those that do are capable of introducing and harboring exotic diseases, in addition to

outcompeting and displacing analogous native species by encouraging homogenization of
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biodiversity (Chapin et al., 1997; Cox, 1999; Pysek and Richardson, 2006). Invasive
species are typically habitat generalists, having the potential to colonize in virtually any
environment, yet most thrive in areas similar to their natural habitat. Many exotic species
that become invasive are adapted for successful establishment and proliferation based on
aggressive reproductive characteristics. These invasive alien species often become
naturalized when they reproduce consistently and are capable of sustaining populations
despite human efforts to prevent their establishment (PySek and Richardson, 2006;
Richardson et al., 2000). For example, Pueraria montana (kudzu), a Japanese vine
purposefully brought to North America as an ornamental in 1876, has become established
and overgrown forests and roadsides in approximately 3 million acres in the southeastern

United States. Its ability to fix nitrogen allows it to grow very quickly, hindering the
growth of nearby native vegetation adapted to low-nitrogen soils and contributing to the
eutrophication of aquatic environments though runoft. It has had a considerable impact
on the economy, proven nearly impossible to manage, particularly in its current
widespread distribution throughout the Southeast (Blaustein, 2001: Simberloft, 2011).
[nadvertent or deliberate introduction of exotic species has had dramatic effects
on terrestrial and aquatic environments, causing catastrophic shifts to the environment
and detrimental impacts on biodiversity worldwide (Pysek and Richardson, 2006).
Although many exotic species have become nuisances in the modern world, the
influences that they have on natural ecosystems are not just a recent development. The
year 1492 marked the “discovery™ ot the New World by Christopher Columbus, and
thanks to the European exploration and colonization that followed, a phenomenon that

has been called “the Columbian Exchange™ began. This event is marked by the exchange



of flora and fauna (including disease) between the eastern and western hemispheres
(Crosby, 1972). While it is true humans have been an integrated component of the
environment before the year1492, the Columbian Exchange is considered to have
historically formed the foundation for the global impact of humans on the environment.
Yet, this event provided an international exchange of “necessities” ranging from
organisms to commodities that shaped modern civilization and culture throughout the
world. Elton (1958) describes the Columbian Exchange as “one of the great historical
convulsions of the world’s flora and fauna” due to the significant impact that was made
as a result of global species transference (Hobbs et al., 2006; Jenkins, 1996). Although
humans have historically been aware of the international exotic species transference, the

consequences these alien species present to ecosystems, until recent decades, have not

been recognized as problematic.

Threats to Freshwater Ecosystems

Aquatic ecosystems are more at risk than many terrestrial ecosystems. In
particular, freshwater environments, which make up only 0.01% of the world’s water,
directly support more than 6% of all described species on Earth. It is thought that
biodiversity decline in freshwater ecosystems is much greater than terrestrial ecosystems
due to the demand on freshwater as a resource for human consumption. Dudgeon et al.
(2006) describes global freshwater biodiversity as threatened by five major interactive
components: over-exploitation (primarily vertebrates), pollution, habitat degradation,

alteration of flow in lotic environments, and invasive species establishment. Although



the transformation of land and degradation of habitats is the primary driving force in the
loss of biodiversity worldwide, invasive species are recognized as the most rapidly
growing threat in both terrestrial and aquatic environments (Cox, 1999; Padilla and
Williams, 2004; Vitousek et al., 1997; Wilcove et al., 1998).

Approximately one third of the world’s most costly, uncontrollable and
detrimental aquatic invasive organisms are aquarium or ornamental species (Padilla and
Williams, 2004). The primary source of invasive aquatic species has previously been
recognized as ship ballast water, yet the essentially unregulated aquarium trade and
aesthetics (e.g., water garden plants) are increasingly recognized as significant
contributors (Padilla and Williams, 2004). In many instances, these organisms are
deliberately brought to a new area for commercial use or personal aesthetics where they
are purposefully released or escape captivity. Others are inadvertently released, for
example when aquatic “hitchhikers” are introduced through some sort of economically
important activity via shipments of other plant or animal materials (Anderson, 2011).

Invasive aquatic plants, in particular, have had major impacts on biodiversity in
freshwater ecosystems. Over 35 families of freshwater and riparian plants include species
considered to be invasive. Several hundreds are considered nuisances to aquatic
environments, threatening the structure, function and diversity of natural aquatic systems
(Anderson, 2011). Habitats that are susceptible to invasive aquatic plants are diverse,
ranging from natural lentic and lotic systems to man-made irrigation canals, reservoirs,

hydroelectric power systems, and aquaculture facilities.
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Role of Macrophytes in Freshwater Ecosystems

Lentic and lotic ecosystems are highly variable and distinctive in terms of
physical, chemical and ecological characteristics, as are the many uses by humans. The
characterization of aquatic plants is based on their ability to adapt to the physicochemical
features of the aquatic habitat in which they live, acquiring the resources necessary for
development and reproduction (Anderson, 2011). Macrophytes can either grow partially
or completely in water, and are typically found in the littoral zone of lotic and lentic
environments, where light penetrates to the substrate. Macrophytes can be categorized
into four functional groups: free-floating, floating-leaved, emergent or submersed (Cook,
1990; Lacoul and Freedman, 2006). Free-floating plants are those that do not contact the
sediments, hanging unanchored in the water column (Anderson, 2011; Lacoul and
Freedman, 2006). Representative free-floating plants include invasive Eichornia
crassipes (water hyacinth) and Pistia stratiotes (water lettuce). Floating-leaved plants
have some leaves that float on the surface of the water, but are rooted in sediments
(Lacoul and Freedman, 2006). Examples of floating-leaved plants include Nymphaea
odorata (white water lily) and Nelumbo spp. (lotus). Emergent plants are rooted in the
sediment, typically inhabiting the shallowest portions of the littoral zone where the
majority of their aerial system extend above the surface of the water. Examples include
invasive Lythrurum salicaria (purple loosestrite) and Butomus umbellatus (flowering
rush). Those that are rooted in the sediment and grow completely underwater are
submersed macrophytes. These plants grow in the deepest portion of the littoral zone

where they are subjected to varying levels in light. Examples include Mvriophyllum
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spicatum (Eurasian watermilfoil), Potamogeton crisupus (curlyleaf pondweed) and
Hydrilla verticillata (hydrilla).

All macrophyte types play an important role in lentic and lotic systems
worldwide, significantly influencing physical, chemical and biological parameters
through their development and metabolic activities (Madsen et al., 2001). Because their
growth habit reflects the physical and chemical features of an aquatic habitat, aquatic
plants vary in their influences on productivity and ecosystem processes. In most
freshwater environments, macrophytes are important in primary production, stabilizing
chemical and physical characteristics, serving as a substrate for epiphytic algae, and
providing food and habitat for aquatic and semiaquatic animals, vertebrates and
invertebrates alike (Carpenter and Lodge, 1986 Kaenel et al., 1998).

Submersed macrophytes, in particular, have major effects on productivity and
biogeochemical processing in freshwater, because they represent a living link between
the sediment and water column in lentic and lotic systems (Carpenter and Lodge, 1986).
These aquatic plants largely influence the physical environment by impeding water flow,
increasing water depth, stabilizing sediment and retaining particles in substrate,
mediating temperature, and reducing light penetration into the water column (Carpenter
and Lodge, 1986: Gregg and Rose, 1982: Madsen et al., 2001). Additionally,
macrophytes are important in dissolved oxygen and carbon dioxide flucuations, and in
nutrient ¢ycling, including the release of dissolved solids (Carpenter and Lodge, 1986;
Marshall and Westlake. 1978). In general, submersed aquatic vegetation is important in
the physical, chemical and biological processes of an aquatic habitat. The amount of

macrophyte biomass can influence inhabiting organisms, particularly those dependent on



it for habitat, including macroinvertebrates (Barko et al., 1991; Carpenter and Lodge,
1986; Madsen et al., 2001).

Macroinvertebrates are a large component of many freshwater ecosystems and are
easily influenced by variability in the environment. Macrophytes play an important role
as a substrate, refuge from predators, and indirect (i.e., epiphytic algae), and direct food
source for macroinvertebrates (Newman, 1991; Parsons and Matthews, 1995). Due to
their relatively sedentary nature and sensitivity to long and short-term changes, the
structure and function of macroinvertebrates is important in community assessment and
evaluation of impacts in freshwater environments and the overall habitat quality (Davis
and Lathrop, 1992).

Both natural and anthropogenic disturbances can result in large ecosystem
response to variations in submersed aquatic vegetation, in turn affecting biotic
interactions of macroinvertebrates (Kaenel et al., 1998). Aquatic macrophytes are
important in the structural and spatial distribution of macroinvertebrates, providing
oviposition sites and shelter for many species (Ward, 1992). The ability of a macrophyte
to support macroinvertebrates varies, where conditions such as surface area, leaf
morphology, nutrient uptake and chemical secretions play a role in abundance and
species richness (Krull, 1970). Macrophytes also atfect trophic relationships and
influence types of functional feeding groups present in a specific freshwater habitat,
especially during plant senescence (Gregory, 1983: Kaenel et al., 1998; Newman, 1991).
Shredders benefit from decaying (typically allochthonous) vegetation, grazers (scapers)
from the consumption of epiphytic and epilithic algae and other microflora, and collector-

gatherers from fine particulate organic matter that accumulates on and among the
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substrate materials, including macrophytes. Submersed macrophytes therefore support
varying abundances, distribution and diversity of macroinvertebrates (Kaenel et al.,
1998). Despite their ecological importance, excessive growth of aquatic macrophytes,
particularly of those with invasive characteristics, has the potential to drastically

influence aquatic communities (Bates and Hentges, 1976).

Biology of Hydrilla verticillata

Hvdrilla verticillata (L.F.) Royle (also known as hydrilla or water thyme) is an
invasive, submersed aquatic macrophyte thought to be native to Asia (Cook and Ludnd,
1982). Since its discovery in the United States in the 1950°s, hydrilla has altered
freshwater ecosystems due to its many survival adaptations that allow it to persist and
reproduce in nearly all aquatic habitats. Throughout portions of North America, hydrilla
has established itselt as one of the most devastating aquatic weeds, impacting chemical,
physical, and biological aspects of treshwater environments, including lakes, wetlands
and rivers (Langeland. 1996). Hydrilla has significantly impaired the natural state of the
freshwater ecosystems it has colonized because its physiological characteristics,
reproductive potential, and aggressive growth allow it to disperse rapidly (Bates and
Hentges, 1976: Langeland, 1996).

The physiological adaptations of hydrilla include greater shade tolerance and low
respiratory rates. Compared to other submersed macrophytes. hydrilla is adapted to very

lower light intensities. exhibiting greater shade tolerance than most aquatic plant species,



higher rates of photosynthesis, and low rates of dark respiration and photorespiration
(Bowes et al., 1977; Cook and Liiond, 1982; Jana and Chouduri, 1979).

One of the most significant aspects of hydrilla that allows it to successfully
colonize many freshwater habitat types is its ability to reproduce with an assortment of
asexual and sexual means. Hydrilla can reproduce from seeds, fragmentation, tubers and
turions (Langeland, 1996). Fragmentation allows hydrilla to establish a new population
from a single whorl of leaves. The production of turions in leaf axils and tubers
(subterranean turions) that form terminally on rhizomes adds to the establishment of new
populations, and allows hydrilla to over-winter and remain viable during non-growth
periods (Steward and Van, 1987). Additionally, tubers are resistant to desiccation and
can sustain for several days out of water. The multiple reproductive capabilities of
hydrilla have allowed for proliferation in virtually every freshwater environment to which
it is introduced (Cook and Liiond, 1982).

Although Hydrilla is considered a monotypic genus with a single species, it
demonstrates considerable genetic variation. Hydrilla verticillata is highly polymorphic,
having several biotypes, two of which have established in North America, one
monoecious and one dioecious (Cook and Liiond, 1982; Netherland, 1997; Pieterse,
1981; Pieterse et al., 1985; Verkleij et al., 1983). Although both forms share similar
characteristics that distinguish them from other submersed aquatic plants, they differ
genetically, morphologically, and ecologically from one another (Steward and Van,
1987). For example, the monoecious form, which possesses both staminate (male) and
pistillate (female) floral parts, has an annual growth habit and will first spread along the

hydrosoil of an aquatic habitat before growing upward through the water column. In
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contrast, the dioecious form is either staminate or pistillate, has a perennial growth habit,
and develops vertically in the water column before forming a dense canopy near the
surface. Both also differ ecologically, genetically and morphologically as well as varying
in reproductive capabilities and growth conditions, such as size and production of turions

and tubers (Steward and Van, 1987).

Ecosystem-level Influences of Hydrilla

In addition to its multiple reproductive capabilities and aggressive growth
patterns, hydrilla is capable of altering the abiotic and biotic factors of freshwater
ecosystems (Langeland, 1996). Although submersed aquatic vegetation can be beneficial
and necessary for the ecosystem functionality, /. verticillata can negatively aftect
ecosystem processes during and after aggressive growth and development (Bates and
Hentges, 1976; Langeland, 1996). Once established in an aquatic environment, hydrilla is
capable of physically shading and outcompeting native submersed aquatic vegetation due
to its exponential proliferation, although interspecific competition among macrophyte
species is poorly understood (Wetzel, 2001). This adds to the homogenization of
macrophyte composition, potentially altering the balance of the ecosystem (Langeland,
1996). Other than aquatic plant biodiversity loss, however, hydrilla has not been observed
to diminish the biodiversity of other aquatic communities. such as macroinvertebrates,
epiphytic algae, fish, and waterfowl. In fact, increased aquatic vegetation may be
ecologically beneficial to some communities and has been demonstrated to encourage the

abundance and species richness of macroinvertebrates by increasing the amount of



15
available habitats and food, which in turn increases populations of fish species (Moxley
and Landford, 1982; Newman, 1991; Thorp et al., 1997).

Because submersed aquatic vegetation is also important in providing epiphytic
algae with a substrate for growth, hydrilla is likely responsible for the support and
productivity of epiphytic algae in aquatic habitats. Although hydrilla may support
epiphytic algae, competition for similar resources such as available light and nutrients has
been shown to prevent successful development of other macrophytes (Dunn et al., 2008).
Takashi et al. (2004) demonstrated that epiphytic algae were responsible for low light
penetration on the leaf surfaces of the submersed aquatic macrophyte, Potamogeton
perfoliatus. Low light levels in turn reduced the amount of growth and production, and
interrupted the physiological ability of P. perfoliatus to photosynthesize. Most submersed
aquatic vegetation is dependent on high light levels for development, but hydrilla has
been found to be capable of adapting to extremely low light levels by exhibiting greater
shade tolerance and developing in deep water where limited light is available (Bowes et
al., 1977). This demonstrates hydrilla’s ability to compete with other aquatic plants for
limited dissolved carbon in water and perhaps photosynthesize earlier in the daytime
where high light levels are not sufficient (Langeland, 1996). Although epiphytic algae are
likely to develop on the canopy of hydrilla. the low light levels that may occur from the
growth of the algae will probably not have any effect on hydrilla’s physiology.
Additionally, since hydrilla is capable of developing under low light conditions (Bowes
etal., 1977), epiphytic algae may not be able to develop due to the limited amount of

light, especially in deeper waters or in the understory of the hydrilla canopy.
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Johnson and Montalbano (1987) noted that hydrilla provides an ideal habitat for
wintering waterfowl. Because waterfowl potentially feed upon hydrilla beds, there are
concerns that waterfowl may in turn transport and disperse propagules. Joyce et al.
(1980) demonstrated that tubers and turions are spread through the digestive tracts of
some waterfowl and are able to survive ingestion and regurgitation. It is also possible that
waterfowl may transport stem fragments from monoecious hydrilla or seeds from
dioecious types via attachment to body parts (e.g., feet, feathers), but this has not yet been
definitively established (Johnson and Montalbano, 1987). Langeland (1996) stated that
the passing of viable seeds through waterfow! digestive tracts could be important in
“natural, long distance dispersal.”

Environmental factors such as light, water temperature, sediment composition,
and the presence of carbon and other nutrients, play a key role in influencing the
productivity and distribution of submersed aquatic vegetation (Barko et al., 1986). In
addition to providing habitat for aquatic species, submersed aquatic vegetation is also
important in the alteration or the stabiliziation of physical and chemical properties in
freshwater ecosystems (Barko et al., 1991). Although submersed aquatic vegetation
influences several aspects of freshwater environments during normal plant development
and metabolic activity (Zimba et al., 2001), hydrilla may have adverse effects on the
environmental factors of a balanced aquatic habitat. The aggressive growth and
development exhibited by hydrilla, in which it densely colonizes aquatic habitats, may
alter the natural chemical and physical environment.

Lentic and lotic environments may exhibit markedly different physical and

chemical characteristics; therefore, the presence of specific types of macrophytes and its
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abundance and biomass will influence the ecosystems differently. The development of
hydrilla may be similar in both types of habitats, although dispersal and propagation will
vary. Additionally, its effects on the chemical and physical properties will differ between
the two habitat types. For example, lentic water bodies exhibit limited water movement
in terms of flow, but do experience some mixing when aquatic species such as fish and
phytoplankton swim through the water column and more so when wind moves over the
surface, forming waves and currents (Agrawal, 1999). Hydrilla is fairly limited as to what
physical properties may be influenced in lentic habitats due to lack of constant flow in
these systems, although lake circulation may be affected. It is clearly understood that
increased beds of macrophytes impede water flow in both lentic and lotic systems,
although the reliance of lake fluctuations on macrophyte biomass and canopy structure is
not yet known (Carpenter and Lodge, 1996). Consequently, surface wind stress is
reduced when it encounters aquatic vegetation, which reduces the mixing layer depth in
lentic systems, particularly in the littoral zone (Coates and Folkard, 2009; Herb and
Stefan, 2005). Hydrilla abundance throughout a lake may have significant effects on
vertical mixing in lakes. Furthermore, in lotic systems where water is constantly moving,
the flow of water will be impacted with increased macrophytic biomass (Carpenter and
Lodge, 1996), whereby hydrilla can slow the velocity of downstream flow.

Barko and Smart (1981) demonstrated that hydrilla is capable of altering
photosynthetic capacity over a large range of light availability and can remain
metabolically active even at temperatures as high as 16°C. Because photosynthetic
capacity positively correlates with light availability and temperature increases as light

penetrates the surface of the aquatic environment, increased growth and development of



the hydrilla canopy may also encourage increases in water surface temperatures.
However, light is attenuated exponentially with depth within the macrophyte canopy and
thermal gradients are eliminated with circulation of water, particularly in streams
(Carpenter and Lodge, 1996), therefore, increased macrophyte growth may actually
reduce temperatures due to shading of the water column.

Photosynthetic capacity and increased macrophytic growth is also correlated with
dissolved oxygen (DO) and pH. Negative effects on fish and macroinvertebrates are
likely to occur if DO levels fall well below Smg/L (Caraco and Cole, 2002). During the
day, beds of aquatic macrophytes release large amounts oxygen, increasing DO (Kaenal
etal., 2000). However, during low light periods, typically at night, aquatic plants
continue to respire, taking up large amounts of oxygen from the water. Because hydrilla
develops densely throughout the water column, nighttime respiration lowers dissolved
oxygen levels due to respiratory uptake of oxygen. Although hydrilla often significantly
decreases oxygen levels in lakes, it may not do so in lotic systems due to the continuous
flow and turbulence of water which entrains oxygen into the water (Wetzel 2001).

Submersed aquatic vegetation can modify varying levels of pH in freshwater
ecosystems. Although inorganic carbon has a large impact on pH levels, free carbon
dioxide is quickly used for photosynthesis (Raven, 1970; Van et al. 1976). Reddy and
Busk (1985) demonstrated that increasing submersed vegetation may cause declines in
nitrogen and phosphorus levels of nutrient enriched waters, where hydrogen ions are
removed from the water column through assimilation, subsequently causing an increase
in pH levels. Furthermore, metabolism of submersed macrophytes can remove inorganic

carbon, in turn reducing the pH of the water. Because hydrilla grows prolifically, it can
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be expected to maximize carbon, nitrogen, and phosphorus uptake during periods of
development. Conversely, during senescence of shoots, a large release of dissolved
substances would occur, particularly organic carbon, which can cause an increase in ion
concentration where pH levels can decrease (Carpenter and Lodge, 1996).

Physical properties within a freshwater ecosystem can change drastically with
increases in aquatic vegetation. Submersed macrophytes significantly influence physical
properties of the aquatic environment, including interactions between sedimentation rates
and water movement. Because it is capable of rapid proliferation and dense growth,
hydrilla can modify aquatic habitats by limiting movement of water and light in the water
column (Crooks, 2002), reducing erosion and turbidity by stabilizing deposited sediments
(Madsen et al., 2001), and decreasing phytoplankton populations by filtering nutrients,

therefore promoting water clarity where established (Langeland, 1996).

Study Objective

The establishment of Hydrilla verticillata in the Emory River Watershed (ERW)
of east Tennessee provides unique insight into the previously unstudied establishment of
this species in cool, rugged, high-gradient streams that flow through this area.
Furthermore, the ERW encompasses the Obed Wild and Scenic River (OWSR), an area
containing relatively pristine, free-flowing streams that are protected under the National
Wild and Scenic River System. Since hydrilla is characterized as an invasive species, its
establishment in the OWSR can potentially have detrimental effects on the structure and

function of macroinvertebrate communities. The objective of this project was to
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determine possible impacts of hydrilla on macroinvertebrate communities in the ERW by
comparing macroinvertebrate communities collected from hydrilla-infested and non-
infested stream reaches. Metrics of community structure and function such as diversity,
eveness, community similarity, and functional feeding group composition were compared
in riffle and pool habitats which are either infested with hydrilla or not infested. This
study attempts to determine possible ecosystem-level consequences of hydrilla in this
lotic environment. Thus, the null hypothesis of this thesis research is:

H,: There is no difference in metrics of macroinvertebrate community structure
and function between hydrilla-infested and non-infested riffle communities or hydrilla-

infested and non-infested pool communities.

Significance of the Study

Understanding the community-level impacts of increased macrophyte biomass on
macroinvertebrates in the ERW can provide additional information on biotic interactions
that occur in lotic systems, specifically between macroinvertebrates and submersed
macrophytes. Additionally, it will provide insight on the responses of macroinvertebrate
communities to invasive aquatic plant species in stream ecosystems, which could
facilitate the development of long-term monitoring protocols as an initial step in invasive
species management. Furthermore, this study will aid in providing information to the
National Park Service and other agencies for the protection of natural resources in a time
of environmental and human-induced change, emphasizing the need for the conservation

of biodiversity in stream ecosystems.
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CHAPTER 11

STUDY AREA

Location and Background

The Emory River Watershed (ERW) consists of a network of cool, clear, deeply
incised streams in the Cumberland Plateau physiographic province of east Tennessee
(Fig. 1). This river system includes several nearly pristine and undisturbed free-flowing
streams administered by the U.S. National Park Service as the Obed Wild and Scenic
River (OWSR). The OWSR has remained in free-flowing condition since the Wild and
Scenic River System Act in 1968, which was established by Congress to maintain lotic
systems of the United States that are “scenic and wild™ with “outstandingly remarkable
scenic, recreational, geologic, fish and wildlife, historic, cultural or other similar values
(Wild and Scenic Rivers Act, 1968: Interagency Wild and Scenic Rivers Council, 1998).”
Approximately 2078 ha of the ERW are protected within the OWSR, which covers 73 km
of streams including portions of Daddy’s Creek, Clear Creek, Obed River and Emory
River in Cumberland, Morgan and Fentress Counties (TDEC, 2002: TVA, 1998; Fig. 1).
The ERW also includes one designated state Natural Area (Frozen Head State Park)
comprising 4806 ha of undisturbed forest located to the east of the OWSR. Additionally,
the Catoosa Wildlite Management Area. located at the western and southern periphery of

the OWSR, covers 32,374 ha of the ERW. Much of the surrounding landscape
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encompassing the ERW is deciduous forest (>72%), but includes some agriculture and
coal mining activities, although only agriculture practices are conducted on private lands

adjacent to the OWSR (TDEC, 2002; TDEC, 2008; TVA, 1998).

Figure 1. Tennessee map highlighting the location of the Emory River Watershed, the
majority in Morgan, Cumberland and Roane counties (small portion of Fentress
and Bledsoe counties also shaded). including the major tributaries ot Daddy’s
Creek, Obed River, Clear Creek and Emory River. (Map courtesy of Jerrod W.
Manning, 2011).
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Physiography and Geology

The physiographic region of the Cumberland Plateau is a geologic setting in
Tennessee that lies to the western margin of the southern Appalachians, extending
southwestward across Virginia and Kentucky through Tennessee to northern Georgia and
northern Alabama. The terrain is partially composed of large, rugged, flat-topped
tablelands, which are not as structurally complicated as the geologic arrangement of the
Appalachian region (Rodgers, 1953; Stearns, 1954; Wilson et al., 1956). Elevations are
generally 366-610 m, with the Crab Orchard Mountains, located south of the OWSR,
reaching over 900 m. The geology of the ERW is made up of sandstone, shale, siltstone,
conglomerate, limestone and coal all covered by well-drained acidic soils. The initial
underlying sandstone is of Pennsylvanian age, occurring in thickness of approximately
460 meters. Beneath the Pennsylvanian bedrock occurs the Pennington formation, a
transition from the clastic sandstones and conglomerates to Mississippian-age carbonates.
These calcareous limestones occur in thicknesses greater than 305 m. The primary
transition to limestone from the clastic sedimentary rocks provides a less stable terrain for
the high-velocity streams running through the ERW, leading to dissolution of the rock
and the formation of karst and cave systems in the area (Miller, 1974). As the network of
streams incised the Pennsylvanian cap rock, large angular slabs of sandstone eroded. This
process resulted in a separation of deep, vertical slopes from the plateau forming canyons
in which talus accumulates, contributing to the large boulder and cobble substrata that
comprise the substrate of many stream reaches in the ERW (Miller, 1974; Rodgers, 1953;

Stearns, 1954: TDEC, 2002; TDEC, 2008; TVA, 1998; Wilson et al., 1956).
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Hydrology

The four major streams of the ERW drains approximately 1,593 km® include the
Obed River, Clear Creek, Daddy’s Creek, and the Emory River to its confluence with the
Clinch River (TDEC, 2002: USGS, 2011). The steepest stream gradients are present in
downstream-most reaches, with drops averaging 3.6 to 6.5 m per km. Some of the most
rugged landscape found in the ERW is located in the headwaters of the Emory River in
Morgan County, which drains an arca of 3,236 km” (TVA. 1998). Only a short reach of
the Emory River from its confluence with the Obed River to Nemo Bridge is included
within the OWSR boundaries (TVA, 1998 Fig. 1).

The Obed River is the largest tributary of the Emory River, draining an
approximate total arca of 1,295 square km. Its headwaters are located outside of the
OWSR boundaries a few kilometers northwest of Crossville, Tennessee. Daddy’s Creek
and Clear Creek are the major tributaries which jomn the Obed River only a few
kilometers upstream of its confluence with the Emory River (Fig. 1). Clear Creek drains
approximately 448 km" in the northwest portion of the ERW. flowing northeast from its
source outside of the OWSR boundaries to its junction with Obed River, 6.4 km above
the Obed River and Emory River confluence. The largest tributary of Obed River,
Daddy's Creck. drains approximately 453 square km. flowing northeast to its junction
with Obed River 14.5 km above the Obed River and Emory River confluence (TVA,

1998: Fig. 1).
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[he flow of water in the ERW is heavily influenced by seasonal precipitation,
runofT patterns, groundwater recharge and flow alterations such that water levels and
velocity can change quickly (TVA, 1998). Therefore, the stream conditions within the
OWSR change dramatically with weather conditions and seasons. During the summer
months when precipitation is generally lower, the streams reflect more of a discontinuous
pattern, in which pools form with little or no surface flow between them. Both the winter
and spring seasons tend to offer more precipitation to drive higher flow, where discharge

has been measured up to 190,000 cfs in the Emory River (TVA, 1998; USGS, 2011).
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CHAPTER 111

METHODS & MATERIALS

National Park Service Research Permit

In compliance with the National Park Service (NPS), a research permit was
acquired to conduct specimen and data collection in the Obed Wild and Scenic River
(OWSR). Field work began in September 2010 when the permit was approved through

the Research Permit and Reporting system for the OWSR.

Site Selection

Macroinvertebrates were collected from 9 sites on three major tributaries of the
Emory River that flow into and through the OWSR, including Daddy’s Creek, Clear
Creek, and the Obed River. Four sites were infested with hydrilla and 5 were not infested
with hydrilla, designated as “hydrilla-infested” or “non-infested,” respectively. Due to the
steep and rocky terrain that surrounds the deeply incised streams within the OWSR and
the challenges this presents for carrying sampling equipment and instruments to remote
stream sites, all areas sampled within the park were established at designated access
points used to support recreational activities such as fishing, kayaking and hiking.

Sampling sites outside the OWSR were established upstream of highway bridge
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crossings. Appendix A includes photos taken at the majority of sampled hydrilla infested
and non-infested riffle and pool sites.

The 9 sampling sites included 2 that lie outside of the park boundary. Potter’s
Ford at Obed River, Obed Junction upstream of the confluence of Obed River and
Daddy’s Creek, Barnett Bridge at Clear Creek, and Lily Bridge at Clear Creek were all
non-infested stream sites sampled within the OWSR. One additional site, U.S. Highway
68 bridge at Daddy’s Creek, was 2.4 km upstream of the source pond for the hydrilla
infestation, and therefore outside of the OWSR boundary (Fig. 2).

Hydrilla-infested stream sites included Devil’s Breakfast Table at Daddy’s Creek,
Obed Junction downstream of the confluence of Obed River and Daddy’s Creek, and
upstream of Nemo Bridge at Obed River. One additional hydrilla-infested site, Antioch
Bridge at Daddy’s Creek, was outside of the OWSR boundary located upstream of
Devil’s Breakfast Table, approximately 24-32 km downstream of the source of the

hydrilla infestation (Fig. 2).
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Figure 2. Sample sites within the Emory River Watershed, including the source pond of

Hydrilla verticillata. Red dots indicate hydrilla-infested sites; green dots indicate

non-infested sites. (Map courtesy of Jerrod W. Manning, 2011).

Macroinvertebrate Collections

Macroinvertebrates were collected from both riffle and pool habitats (Fig. 3) on
September 18, 19 and 25, 2010. In addition to collection of riffle and pool samples,

physical and descriptive data including physiocochemisty readings and substrate

assessments were also taken.

The riffle habitats sampled at all sites were downstream of sampled pool habitats.

Macroinvertebrates were collected from riffles using a Surber sampler (Fig. 4). This
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device consists of a 30.5 cm by 30.5 ¢m horizontal and vertical folding frame set at right
angles to one another, enclosing a 929 cm” area from which the sample is collected. The
vertical frame is attached to a trailing 500 um mesh net approximately 61 ¢cm long, which
allows for the capture of debris and organisms. Because hydrilla is easily distributed via
fragmentation, separate Surber samplers were used at infested sites to avoid introduction
of hydrilla into non-infested sites.

Collection sites were approximately S0 m upstream of access areas. Riffles that
were sampled were immediately downstream from pools. Four Surber samples were
collected at each riffle site. The Surber sampler was placed in a representative portion of
the riffle with the frame firmly against the substrate, the net opening facing into the
current and the net trailing downstream. The substrate enclosed within the frame,
including the mineral substrate, vegetation and organic matter, were disturbed and
scrubbed with a coarse brush to loosen attached invertebrates which are carried by the
current into the net (Fig. 5a). The substrate was agitated until it was likely that most of
loose debris and organisms within the enclosed area had been dislodged. After collecting
cach riffle sample, the contents of the net were emptied into a 1 L Nalgene bottle over a
white plastic pan (46 cm x 36 ¢cm) and the net was inspected for clinging
macroinvertebrates to ensure no macroinvertebrates were lost in the transfer process (Fig.
5b). Each of the four samples were kept separate, preserved in 10% formalin and labeled
Devil's Breakfast Table, riffle 1: Fig. Sc).

[
Bath)

by site and sample type (¢
Macroinvertebrates were collected only from pools with sufticient submersed
vegetation, i.e.. native species in “non-infested” sites and hydrilla in the “infested” sites.

All four infested sites where densely vegetated with hydrilla. However, only 2 of the 5
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non-infested pool sites, Clear Creek at Barnett Bridge and Clear Creek at Lily Bridge,
had presence of native submersed vegetation, Najas guadalupensis, in significant
amounts. Pool sites that were intended for sampling in the Obed River at Potter’s Ford
and Obed Junction and Daddy’s Creek at Highway 68 were not sampled due to absence
of sufficient submersed vegetation in these areas. Pools were sampled utilizing a 30.5 cm
wide triangle dip-net with 800/900 um mesh size, an instrument designed for semi-
quantitative and qualitative sampling of shallow ponds and streams and areas with heavy
weeds (Wildlife Supply Company “Indestructible Net:” Fig. 6). Four dip-nets were used
for pool collections; 2 were marked “hydrilla-infested™ and the other 2 “non-infested™ to
avoid contamination of non-infested sites. At each of the 6 pool sites, a two-collector
team sampled vegetation simultaneously with the dip-net for approximately ten 30.5 cm
long “jabs,” for a total of approximately 9300 em” area of combined collected vegetation.
A “jab™ is a term to describe the net entering the stream, bumping or disrupting the
bottom in the rooted arca of vegetation to loosen the submersed macrophytes while
avoiding bottom sediments, and swiftly bringing the net back up to the surface of the
water ( Fig. 7). At each pool site, all material collected by the two-collector team was
combined and placed in one or more | L Nalgene container, preserved with 10% formalin

and labeled by site and sample type (¢.g.. Devil’s Breakfast Table, pool).
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Figure 3. View of a typical pool (background) and riffle (foreground) encountered during
sampling. Photo taken at Nemo Bridge, hydrilla-infested site.

Figure 4. Photograph example of a Surber sampler used for sampling riffles. Front view

(a); side view (b).
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Figure 5. Example of Surber sampling (a) conducted within riffle habitats, (b) emptying
of contents of net into Nalgene containers, and (c) rinsing pan into container.



Figure 6. Photograph example of a triangular dip-net used for sampling in pool habitats.

Figure 7. Example of a “two-collector team” sampling with triangle dip-nets in
pools.
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Macroinvertebrate Processing and Identification

Macroinvertebrate processing and identification was conducted in the Aquatic
Macroinvertebrate Laboratory of the Center of Excellence for Field Biology at Austin
Peay State University, with assistance from undergraduate and graduate laboratory
assistants. Macroinvertebrates samples were removed from formalin in the laboratory
under a fume hood, soaked in water for 24 hours, and then placed in 70% isopropanol
(Fig. 8a).

Macroinvertebrates were removed from the debris obtained from both riffle and
pool habitats, and sorted by order into site specific vials until further identification (Fig.
8b). Most specimens were identified to genus with the exception of a few invertebrate
groups. Aquatic annelids (phylum Annelida), including leeches and aquatic earthworms,
were not identified below classes Hirudinea and Oligochaeta, respectively. Aquatic mites
were identified to suborder Hydracarina and flatworms to family Planariidae. Snails
(class Gastropoda) and bivalves (class Bivalvia) were identified to family. Additionally,
immature specimens or those in poor physical condition that prevented identification
were identified to the lowest possible level. All identifiable macroinvertebrates except
non-biting midges (Diptera: Chironomidae), were identified using published taxonomic
keys (Thorp and Covich, 1991; Epler, 1996; and Merritt et al., 2008).

Chironomidae larvae were initially sorted by subfamily or tribe (Chironominae:
Chironomini or Tanytarsini, Orthocladiinae, Tanypodinae). These were then mounted
under glass cover slips on microscope slides with CMC-10 mounting media (Masters

Company, Inc., Wood Dale, IL) for generic identification using taxonomic keys
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(Wiederholm, 1983; Epler, 2001; and Ferrington et al., 2008). Meiji MZS and Olympus
SZH and G10X stereo-zoom dissecting microscopes with magnification ranges of 7-64X
were used for sorting and identifying of most macroinvertebrates. Slide mounted non-
biting midges (Chironomidae) were identified to genus using Olympus BH2 and CH30
compound microscopes with a magnification range of 40-1000X. Identified taxa were
entered into a Microsoft Excel spreadsheet for statistical analysis and evaluation. In
compliance with the NPS permit, representative specimens were made available to park
staff for use in interpretive programs upon request. After specimen identifications were
confirmed and the project was deemed complete, rare or unique voucher specimens were

cataloged and maintained in the Aquatic Macroinvertebrate Laboratoy as a repository.

Figure 8. Sample processing including (a) removal of formalin for isopropanol
replacement and (b) macroinvertebrate sorting.
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Data Analysis

Metrics of macroinvertebrate community structure, the number of taxa and
species distribution among taxa, obtained from the enumerated macroinvertebrtate
samples included taxa richness, Shannon-Weaver Diversity Index, and Pielou’s
Evenness. Taxa richness is the number of taxa present in a sample, community, or
taxonomic group (Brower et al., 1998). The Shannon-Weaver Diversity Index (H"), a
measure of sample “heterogeneity,” may range from 0 (no diversity) to approximately 3.5

(high diversity). The function describing H’ is:

H’=-Z (piIn p),

where p; is the proportion of the total number of individuals that belong to taxa i.
Pielou’s Evenness (J7) measures how equally distributed individuals are among
taxonomic groups in the sample using Shannon-Weaver information (Pielou, 1966,

Brower et al., 1998; Ludwig and Reynolds, 1988). The function describing J° IS:

)’ =HHpa’s

where H’ is the Shannon-Weaver Diversity Index of the sample and Hya” is the natural

log (In) of the sample taxa richness encountered within that site.

. . ~ oge . R
Both richness and evenness were calculated in a Microsott Excel. Utilizing JMP

version 9.0, One-Way Analysis of Variance (ANOVA) was used to test if H” differed



between hydrilla-infested and non-infested riffle and infested and non-infested pool
habitats (SAS Institute, Inc., 2010).

Diversity and evenness indices are insensitive to community species composition;
similar diversity and/or evenness indices could be obtained from samples sharing all the
same species or not sharing any species. Therefore, Morisita’s Index of Community
Similarity (Iy) was used to determine taxa compositional similarities between hydrilla-
infested and non-infested sites. This index estimates the probability of selecting a pair of
individuals at random that will belong to same taxon relative to selecting a pair of the
same taxon from another community (Brower et al., 1998). Morisita’s Index of
Community Similarity is:

Iy=_ 2%xy;
(17 + 1)N)N;
where 1, and 1, is the Simpson’s dominance index (1) of the two samples being compared

calculated as:

I =__Zxx-1)___ and L=_ Zy(y-D_,
N/(N;-1) N(N,-1)

where x; and N, are the number of individuals in taxa i and total number of individuals in
community 1, respectively. Likewise, y; is the abundances of taxa i in community 2 and
N, is the sum of all individuals in that community. Morisita’s index ranges from 0 (no
similarity = no shared taxa) to 1 (identical = all taxa shared in equal proportions). A One-
way ANOVA was used to determine if there was an overall difference between the means
of Iy, calculated among all non-infested and hydrilla-infested riffle sites and hydrilla-

infested and non-infested pool sites.



38

The most abundant taxa per site were also evaluated. This was determined by
identifying the 20 most abundant taxa found within each hydrilla-infested and non-
infested riffle and pool site which were then displayed in bar graphs using Microsoft
Excel. To evaluate relationships of taxa abundance among hydrilla-infested and non-
infested riffle and among infested and non-infested pool communities, a principal
components analysis (PCA) was executed on a correlation matrix using SYSTAT version
8.0 (SYSTAT, Inc). Principal components analysis is a method of reducing data into a
few linear combinations (a.k.a., principal components) based on extraction of maximum
variance from the data set (Tabachnick and Fidell, 2001). It provides a two-dimensional
visualization of relationships among samples via components while capturing as much of
the variability in the original variance as possible and allowing for complete structuring
of the data set by also reducing the dimensionality of the data set. Excluded from this
analysis were taxa that occurred in less than 3 samples or those represented by 5 or fewer
organisms per riffle or pool sample.

Macroinvertebrate taxa were classified to functional feeding groups (FFG), a
description of trophic strategy — collectors-gatherers, collectors-filterers, shredders,
grazers/scrapers, predators or piercer-herbivores (Merritt et al, 2008). This was the only
metric of community function evaluated. Functional feeding group composition of
hydrilla-infested sites were compared to non-infested sites using a categorical Multi-way
Contingency Analysis via JMP" version 9.0 to determine if there was a significant
association in the distribution of FFG with respect to the presence of hydrilla in riffle and
pool habitats (SAS Institute, Inc, 2010). Frequencies of functional feeding groups were

displayed in a mosaic plot to compare proportions of FFG with respect to presence or
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absence of hydrilla. Probabilities of FFG for each hydrilla-infested and non-infested riffle

and pool site were also displayed using pie-charts with Microsoft Excel.

Abiotic Data Collection and Analysis

Abiotic variables including water physicochemistry readings such as temperature
(°C), dissolved oxygen (% saturation and mg/1), specific conductivity (mS/cm), total
dissolved solids (mg/L) and pH (SU), were measured from each riffle and pool habitat
before macroinvertebrate collections using a YSI 600QS multiparameter meter. Prior to
entering the field, the YSI was calibrated following the manufacturer’s instructions.
Notes regarding environmental or physical conditions of riftfle and pool habitats were
recorded. Appendix B includes table comparisons of inorganic and organic substrate

present in riffle and pool habitats, in addition to bar graphs of all abiotic data of variables

measured at each sampling site.
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CHAPTER IV

RESULTS

Evaluation of Macroinvertebrates

A total of 32,244 individual macroinvertebrates comprising 132 unique taxa were
collected from riffle and pool communities in hydrilla-infested and non-infested sites,
122 different taxa from riftles and 84 from pools. Forty-four taxa were unique to riffles,
whereas 11 were only collected in pool habitats. Total individuals from riffles and pools

were 26,245 and 5,999, respectively.

Comparison of Macroinvertebrate Community Structure and Function between

Hydrilla-infested and Non-infested Riffles and Pools

Taxa Richness

Taxa richness from hydrilla-infested and non-infested riffle and pool habitats
varied among sites. For riffle habitats, richness ranged between a high of 72 taxa at Obed
Junction (non-hydrilla site) to a low of 37 from Hwy 68 (non-hydrilla site), with richness
at the remaining hydrilla-infested and non-infested sites above 50 taxa (Table 1). One-
way ANOVA of taxa richness between hydrilla-infested and non-infested riffles yielded

no sienificant difference in taxa richness as a result of hydrilla presence in pool habitats

upstream from sampled riffles (p-value > 0.05, N.S.).
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Within pool habitats, richness ranged between a high of 53 at Lily Bridge (non-
hydrilla site) to a low of 23 taxa at Devil’s Breakfast Table (hydrilla site, Table 2). There
was no significant difference in the taxa richness between hydrilla-infested and non-

infested pools, as determined with a one-way ANOVA (p-value > 0.05, N.S.)

Shannon-Weaver Diversity Index

Shannon-Weaver Diversity (H’) of sampled riffle habitats ranged from a low 2.11
at Highway 68 (non-hydrilla site) to a high of 3.46 at Barnett Bridge (non-hydrilla site,
Table 1). Figure 9 depicts “means diamonds” for the one-way ANOVA comparing H’
values between hydrilla-infested and non-infested riffle samples. There was no
significant difference in the means of the H’ values between hydrilla and non-hydrilla
riffle samples (p > 0.05, N.S.).

Shannon-Weaver Diversity of sampled pools ranged from a low of 2.08 at Obed
Junction (hydrilla site) to a high of 3.07 at Lily Bridge (non-hydrilla site). “Means
diamonds” for one-way ANOVA comparing H’ values between hydrilla-infested and
non-infested pool samples are depicted in Figure 10. There was no significant difference

in the means of the H’ valuies between hydrilla and non-hydrilla pool samples (p > 0.05,

N.S.).
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Figure 9. JMP" One-Way Analysis of Variance depicting Shannon-Weaver Diversity
values and variable means between hydrilla-infested and non-infested riffle sites.
Plotted diamonds indicate no significant difference between mean diversity values
acquired from hydrilla-infested and non-infested riffle habitats (p-value: 0.82).
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Figure 10. IMP" One-Way Analysis of Variance depicting Shannon-Weaver Diversity
values and variable means between hydrilla-infested and non-infested pool sites.
Plotted diamonds indicate no significant difference between mean diversity values

acquired from hydrilla-infested and non-infested pool habitats (p-value: 0.23).
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Evenness
Pielou’s Evenness (J°) ranged from a low of 0.50 at Highway 68 (non-hydrilla
site) to a high of 0.84 at Barnett Bridge (non-hydrilla site) in riffle habitats (Table 1).
One-way ANOVA indicated no significant difference in J* between hydrilla-infested and
non-infested riffle habitats (p-value > 0.05, N.S.).
Evenness values in sampled pools ranged from a low of 0.56 at Obed Junction

(hydrilla site) to a high 0f 0.79 at Antioch Bridge (hydrilla site) (Table 2). One-way

ANOVA indicated no significant difference in J* between hydrilla-infested and non-

infested pools (p-value > 0.05, N.S.).

Table 1. Shannon-Weaver Diversity, Pielou’s Evenness, taxa richness and total
number of individuals of riffle habitat samples from hydrilla-infested and
non-infested sites. (DBT=Devil’s Breaktast Table).

Shannon-

Sample Site \yeaw':r l.l"lzlr::]u(:\ Taxa R.ichness 'Ij(?.tal # of
Diversity ) (s) Individuals (N)
(H)

Barnett Bridge 340 0.84 62 2269
Lily Bridge 2.90 0.70 62 4307
Obed Junction’ 2.78 0.65 7 3417
Potter’s Ford’ 2.56 0.71 37 1695
Hwy 68" 212 0.50 71 1548
Obed Junction 2,72 0.63 66 3862
Antioch Bridge 2.76 0.70 51 1575
DBT AN 0.76 60 1107
Nemo Bridge 2.71 0.66 39 5465
Total . 26245

~hydrilla-infested sites

“pools upstream from these riffles were not sampled due to lack of significant submersed vegetation
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Table 2. Shannon-Weaver Diversity, Pielou’s Evenness, taxa richness and total

number 0find?viduals of pool habitat samples from hydrilla-infested and
non-infested sites. (DBT=Devil’s Breakfast Table).

Shannon- .
Sample Site Weaver E"v'::]":e; Taxa Richness Total # of
Diversity X (s) Individuals (N)
(H) k.
Barnett Bridge 2.67 0.72 42 813
Lily Bridge 3.07 0.77 33 816
Obed Junction’ 2.08 0.56 40 2390
Antioch Bridge 2.87 0.79 38 545
DBT 230 0.73 23 438
Nemo Bridge 2.61 0.71 40 997
Total 5999

hydrilla-infested sites

Morisita’s Index of Community Overlap

Morisita’s Index values were used to compare taxa similarity between hydrilla-
infested and non-infested sites. This metric considers relative abundance or the
proportions of shared taxa among the total number of individuals sampled. For riffle
habitats, values ranges from a low of 0.42 in the comparison of Potter’s Ford and Obed
Junction (hydrilla site) to a high of 0.85 between Barnett Bridge and Devil’s Breakfast
Table. Comparing non-hydrilla infested riffle sites, values ranged from a low of 0.25
between Highway 68 and Barnett Bridge to a high of 0.81 between Lily Bridge and Obed
Junction. Hydrilla-infested riffle sites ranged from a low of 0.74 between Antioch Bridge
and Nemo Bridge, and a high of 0.82 between Devil’s Breakfast Table and Antioch
Bridge (Table 3). When comparing all sites, one-way ANOVA detected a significant

difference between the means among all hydrilla-infested and non-infested riffle site

comparisons (Fig. 11).




Table 3. Morisita’s Index of Community Overlap for sampled non-infested vs.

hydrilla-infested riffle sites indicating community similarity based on relative
abundances of taxa.

Barnett
Bridge
Barnett Lily
Bridge Bridge
Lily Obed
Bridge s Junction
Obed 5 Potter’s
Junction 0.73 sl Ford
Potter’s
42 / .
Erd 0.42 0.40 0.41 Hwy 68
Hwy68 | 025 | 028 | 031 | 026 el
Junction
Obed 420 | o081 | o084 | 042 | 058 i
Junction Bridge
Antioch | g 63 1 053 | 053 | 050 | 077 | 077 DBT.
Bridge
DBT. | 085 | 070 | 074 | 045 | 047 | 082 | 08 SHAR
. . . O . . ST . O 0L Brldge.
Nemo | oo | 073 0.63 0.67 | 044 | 081 0.74 | 0.78

Bridge
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Figure 11. JMP~ One-Way Analysis of Variance depicting Morisita’s Community
Similarity values between hydrilla-infested and non-infested riffle sites. Plotted
diamonds indicate a significant difference between mean comparison values
acquired from riffles. (p-value: 0.0007; inf= infested sites: non = non-infested
sites).
Between hydrilla-infested and non-infested pool sites, similarity values ranged
from a low of 0.08 between Barnett Bridge and Obed Junction, and a high of 0.78
between Barnett Bridge and Devil's Breakfast Table, with Lily Bridge and Devil’s
Breakfast Table following closely with a similarity value of 0.77 (Table 4). When
evaluating non-hydrilla infested pools from Barnett Bridge and Lily Bridge. Morisita’s
Index was high with a similarity value of 0.77. Hydrilla-infested sites. however, had very
low values. ranging from a low of 0.11 between Devil's Breakfast Table and Obed
Junction. and a high of 0.50 between Nemo Bridge and Antioch Bridge. One-way
ANOVA detected a significant difference among similarity values acquired among all

hydrilla-infested and non-infested pool sites (Fig. 12).




Table 4. Morisita’s Index of Community Overlap for sampled non-infested vs.

hydrilla-infested pool sites indicating community similarity based on relative

abundances of taxa.
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Sample Site Barnett
(Pools) Bridge
Barnett ) )
Bridge Lily Bridge
Lily Bridge 0.77 Oh§d _
Junction
()b?d ; 0.08 0.18 .‘\n.tioch
Junction Bridge
Antioch = R '
Bridge 031 0.45 0.12 D.B.T.
D.B.T. 0.78 0.77 0.11 0.32 i
Bridge
Nemo )
3 b g ~
Bridge’ 0.40 0.53 0.20 0.5 0.43
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Figure 12. JIMP" One-Way Analysis of Variance depicting Morisita’s Community

Similarity values between |
indicate a significant difference between mean comparison v

(p-value: 0.039: inf= infested sites: non = non- -infested sites).

wdrilla-infested and non-infested pool sites. Plotted diamonds
alues acquired from pools.
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Contingency Analysis of Functional Feeding Group Relationships

Functional feeding group (FFG) distributions in hydrilla vs. non-hydrilla riffle
habitats were evaluated using Contingency Analysis (Fig, 13). There was a significant
association between frequencies of FFG and the presence of hydrilla (p-value <0.001).

Among non-infested sites proportions of FFG varied, although the majority of
taxa were consistently collector-filterers and collector-gatherers (Fig. 14). Highway 68
riffle samples consisted of 65% collector-filterers and 18% collector-gatherers (Fig. 14).
Obed Junction riffle samples were 46% collector-gatherers and 23% collector-filterers
(Fig. 14). Lily Bridge riffle samples were 44% collector filterers and 33% collector-
gatherers (Fig. 14). At Barnett Bridge 36% were collector-gatherers and 21% collector-
filterers, while 27% were scrapers and grazers (Fig. 14). Individuals from Potter’s Ford
were 43% collector-filterers, 19% collector-gatherers, and 21% scraper and grazers (Fig.
14).

Individuals from hydrilla-infested sampled riffles were also mostly collector-
gatherers and collector-filterers, although proportions varied between sites (Fig. 15). The
majority of individuals at Nemo Bridge were represented by collector-filterers (60%) and
collector-gatherers (27%:; Fig. 15). Obed Junction followed with 47% collector-filterers
and 34% collector-gatherers (Fig. 15). Antioch Bridge had 45% collector-filterers and

21% collector-gatherers, and Devil’s Breakfast Table had 37% collector-gatherers and

34% collector-filterers (Fig. 15).
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Figure 13. JMP" Multi-way Contingency Analysis depicting distributions of functional
feeding groups evaluated from hydrilla-infested and non-infested riffle sites.
Mosaic plot indicates a significant association between functional feeding groups
and hydrilla presence in riffle communities (p-value < 0.001).
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Figure 14. Proportion of functional feeding groups in riffle habitats at non-infested sites:
Barnett Bridge, Lily Bridge, Obed Junction, Potter’s Ford and Hwy 68.
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Figure 15. Proportion of functional feeding groups in riffle habitats at hydrilla-infested
sites: Obed Junction, Antioch Bridge, Devil’s Breakfast Table, and Nemo Bridge.

Figure 16 depicts a mosaic plot of FFG distributions in hydrilla vs. non-hydrilla
pools habitats. There was a significant association between frequencies of functional
feeding groups and the presence of hydrilla (p-value <0.001).

Proportions of FFG varied within all hydrilla-infested and non-infested pool sites
(Figs.17 and 18). At both Barnett Bridge and Lily Bridge, non-hydrilla sites, the majority
of individuals were-collector-gatherers, 27% and 43%, respectively. There were also a
higher percentage of scrapers/grazers at Barnett Bridge than Lily Bridge with 34% and

17%, respectively (Fig. 17).
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Obed Junction had highest percentage of collector-gatherers of any hydrilla-
infested pool, with this FFG representing 77% of all individuals (Fig. 18). Antioch Bridge
(Fig. 18) had 33% of all individuals were collector-gatherers, 17% collector-filterers, and
an unusually high 25% predators. At Devil’s Breakfast Table, 30% of the invertebrates
were collector-gatherers, 24% collector-filterers, and 23% scrapers grazers (Fig. 18). At
Nemo Bridge, the macroinvertebrates were mostly collector-gatherers (49%), with

another 20% as collector-filterers (Fig. 18).
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Figure 16. JIMP" Multi-way Contingency Analysis depicting distributions of functional
feeding groups evaluated from hydrilla-infested and non-infested pool sites.
Mosaic plot indicates a significant association between functional feeding groups
and hydrilla presence in pool communities (p-value < 0.001).
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Figure 17. Proportion of functional feeding groups in pool habitats at non-hydrilla sites:
Barnett Bridge and Lily Bridge.
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Figure 18. Proportion of fuiNemo Bridge ling groups in pool habitats at hydrilla infested
sites: Obed Junction, Antioch Bridge, Devil’s Breakfast Table, and Nemo Bridge.
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Most Abundant Taxa

The 20 most abundant taxa in each sample were determined for all riffle and pool
communities. The most abundant taxa for all non-infested riffle sites included
Microcylloepus sp. (Coleoptera: Elmidae) at Barnett Bridge, Lily Bridge and Obed
Junction (Fig. 19, 20 and 21, respectively), Cheumatopsyche sp. (Trichoptera:
Hydropsychidae) at Potter’s Ford (Fig. 22), and Rheotanytarsus sp. (Diptera:
Chironomidae) at Highway 68 Bridge (Fig. 23). Taxa most abundant in hydrilla-infested
riffle sites included Rheotanytarsus sp. at Obed Junction, Antioch Bridge and Devil’s
Breakfast Table (Fig. 24, 25, and 26, respectively), and Cheumatopsyche sp. at Nemo
Bridge (Fig. 27).

The most abundant taxa for all non-infested pool sites were aquatic earthworms
(class Oligochaeta) at Barnett Bridge (Fig. 28) and planorbid snails (family Planorbidae)
at Lily Bridge (Fig. 29). Taxa most abundant in hydrilla-infested pool sites included
Paratanytarsus sp. (Diptera: Chironomidae) at Obed Junction (Fig. 30), both Corbicula
fluminea (Veneroida: Corbiculidae) and Tanvtarsus sp. (Diptera: Chironomidae) at
Antioch Bridge (Fig. 31). planorbid snails and aquatic carthworms at Devil’s Breakfast

Table (Fig. 32) and Tanvtarsus sp. at Nemo Bridge (Fig. 33).
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Figure 19. Bar graph depicting 20 most abundant taxa found within riffle habitats of
Barnett Bridge (non-hydrilla site). Number above each bar indicates total number

of taxa.
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Figure 20. Bar graph depicting 20 most abundant taxa found within riffle habitats of Lily
Bridge (non-hydrilla site). Number above each bar indicated total number of taxa.



Number of Individuals

Figure 21. Bar graph depicting 20 most
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abundant taxa found within riffle habitats of

Obed Junction (non-hydrilla site). Number above each bar indicated total number

of taxa.
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Figure 22. Bar graph depicting 20 most
Potter’s Ford (non-hydrilla site)
of taxa.
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Figure 23. Bar graph depicting 20 most abundant taxa found within riffle habitats of
Highway 68 (non-hydrilla site). Number above each bar indicated total number of
taxa.
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Figure 24. Bar graph depicting 20 most abundant taxa found within riffle habitats of
i Obed Juvnction (hydrilla site). Number above each bar indicated total number of

taxa.
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Figure 25. Bar graph depicting 20 most abundant taxa found within riffle habitats of

Antioch Bridge (hydrilla site). Number above each bar indicated total number of
taxa.

L

Figure 26. Bar graph depicting

180 1169 166
160
£ 140
: 4
3 0 Y i
T 100 |
5 80 6
E 60 | % 42 "
5405 I % 24 22 2 21 21 ® g
20 |
) | II"Iiiiiiiii
I S A R I U N & & ‘_\\ & ‘\ X & N \\)ﬁ(\ <°
\o(a O@Q <b°® &\d‘. &0\ \oe, & o"\e & 6‘0 o Q‘;\ 5\ b\‘\ (o"z ‘5(& o z@ é
\0(\*\ oc\\\ & o @o‘« O\OQ & -0 \\QO‘\* ‘0\0 0\*9 \'-,0 c, é\“’ Q" \e, ('0{\
o) \ o
S o °<\‘°’ &
<« & G &
¢
Taxa

() most abundant taxa found within riftle habitats of
Devil's Break fast Table (hydrilla site). Number above each bar indicated total

number of taxa.



58

1200}
1090
. 1000 23 grs
[}
2 800 -
2
-
5 600
L
'é 400 - 344 329
3
z o 204 202
134 126 107 102 102
I l. 2 77 56 52 51 %0
0 I.'- e e e
A PR © © O & @ & RGO
Q"*c 4\0(‘: \OQ,Q q\ 0\\ e\(“ 6‘0‘ of ‘0\\) q\" & C‘\ *(‘y b\ &0 \06&6.\\(& g &8 ‘\oq,\
RIS PR SR O g o X ¥ ™ OPRR e
&S C 6‘5&‘05\5\‘:\*\x\°§‘1\?‘q°
& O AR N PO SR o
\)‘\ ‘h\ C [P
W 9'6\ Vx‘(\ o
o ° o
© C
o*
‘ Taxa

Figure 27. Bar graph depicting 20 most abundant taxa found within riffle habitats of

Figure 28. Bar gra

Nemo Bridge (hydrilla site). Number above each bar indicated total number of
taxa.
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ph depicting 20 most abundant taxa found within pool habitats of

Barnett Bridee (non-hydrilla site). Number above cach bar indicated total number

of taxa.
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Bar graph depicting 20 most abundant taxa found within pool habitats of Lily

Bridge (non-hydrilla site). Number above each bar indicated total number of taxa.
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Figure 30. Bar graph depicting 20 most
Junction (hydrilla site).
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Figure 31. Bar graph depicting 20 most abundant taxa found within pool habitats at
Antioch Bridge (hydrilla site). Number above each bar indicated total number of

taxa.
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Figure 33. Bar graph depicting 20 most abundant taxa found within pool habitats at
Nemo Bridge (hydrilla site). Number above each bar indicated total number of
taxa.

Principal Components Analysis

Principal Components Analysis (PCA) revealed a relationship between taxa

composition within sampled hydrilla-infested and non-infested riffles. There was no

separation along component | or component 2 although component loadings varied (Fig.

34). Component | accounted for 23% of the total variation. Organisms with high positive

loadings included Gonielmis sp.. and Microcvlloepus sp. (Coleoptera: Elmidae), followed

by Tvetenia sp. (Diptera: Chironomidac) and Ceratopsyche sp. (Trichoptera;

Hydropsychidae). Taxa with high negative loadings included Optioservus sp. (Coleptera:
Elmidae) and Alabesmyia sp. (Diptera: Chironomidae). Component 2 accounted for

approximately 19% of the total variation. Taxa with high positive loadings included
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ilotanypus Sp. an 1 imvi
Nilotanypus sp. and T/zlenalnunnlmym sp. group (Diptera: Chir idae). O
; onomidae). Organisms

with high negative loadings included Dicrotendipes and Orthocladius (Diptera:
Chironomidae) followed by Psephenys herricki (Coleoptera: Psephenidae) and
Hvdroptila sp. (Trichoptera: Hydroptilidae). Graphing of component 1 versus 2 revealed
no distinction of taxa abundance among riffle communities although Highway 68 and
Barnett Bridge had heaviest loadings. Hydrilla-infested sites clustered within non-
infested sites indicating similarity in taxa abundance and composition between sites (Fig.

34).

COMPONENT2
o
|

hydrilla
non-hydrilla

-2
-2

COMPONENT1

Figure 34. Principal components analysis correlation on abgndances of 1nacroinV§11ebrate
taxa from hydrilla-infested and non-infested riffle snes.(B.B. = Barnett l?rldge;
L.B. = Lily Bridge; 0.J. (-) = Obed Junction, non-hydrilla; P.F. = Potter's Ford;
0.J. (+) =Obed ]unction, hydrilla; A.B. = Antioch Bridge; D.B.T. = Devil’s

Breakfast Table; N.B. = Nemo Bridge).
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ccounted for nearly 31% of i
| ac Yy 317 of the total variation in pool samples. Organisms with high

positive loadings included Neurocordyliq sp. (Odonata: Corduliidae), Parachironomus
sp. (Diptera: Chironomidae), and Macronychus sp. (Coleoptera: EImidae). Taxa with
high negative loadings were Trigenodes sp. (Trichoptera: Leptoceridae), Hyalella azteca
(Amphipoda: Talitridae), Berosus sp. (Coleoptera: Hydrophilidae), Hydroptila sp., and
Orthocladius sp. Component 2 accounted for 23% of the total variation in the analysis.
High positive loadings were indicated by Polypedilum sp. and Parakieferella sp.
(Diptera: Chironomidae). Taxa with high negative loadings included Corbicula fluminea,
Dromogomphus sp. (Odonata: Gomphidae), and Hydracarina (water mites). Graphing of
component | and 2 revealed a distinct separation between hydrilla-infested and non-

infested pools, indicating no similarity between taxa abundances and composition (Fig.

35).
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COMPONENT2

© hydrilla
- non-hydrilla

COMPONENT1

Figure 35. Principal components analysis correlation on abundances of
macroinvertebrate taxa from hydrilla-infested and non-infested pool sites. (B.B. =
Barnett Bridge; L.B. = Lily Bridge; O.J. (+) = Obed Junction, hydrilla; A.B. =
Antioch Bridge; D.B.T. = Devil’s Breakfast Table; N.B. = Nemo Bridge).



65
CHAPTER V

DISCUSSION

Macroinvertebrate and Macrophyte Assemblages in Streams

Streams are temporally and spatially variable environments, having major impacts
on the structure and function of lotic communities that inhabit them (Minshall 1988). The
River Continuum Concept (RCC) is a conceptual framework for characterizing the
biological and chemical properties of lotic systems. The RCC hypothesis seeks to explain
how the change in physical attributes of streams from the headwaters to the mouth.
including sources of organic matter, relates to changes in structure and function of its
biological communities (Vannote et al., 1980). According to this conceptual framework,
macroinvertebrate functional feeding group (FFG) composition changes in response to
stream size and geomorphology., which is correlated with various sources of organic
matter that provide energy to the macroinvertebrate communities. Therefore, the
structure. function and abundance of taxa may vary according to the limiting conditions
presented within habitats based on the accumulation of both allochthonous and
autochthonous material (Heino et al., 2005: Vannote ¢t al., 1980).

Most small headwater streams In eastern deciduous biomes are heavily shaded

. RN | > gtream as a result. The
and little autochthonous organic matter 1s generated in the stream

e FreArEe in relatively few
macroinvertebrate communities of these small headwater streams contain re y

R acroinv s specialized for
grazing species and are mostly dominated by shredder macroim ertebrates sp
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consuming allochthonous coarse particulate organic matter (CPOM) originating from the
fopested watershed and breaking it down to fine particulate organic matter (FPOM). The

FPOM is consymed in tum by collector-gatherers and collector-filterers, Partially shaded

and shallow mid-order streams have g large proportion of grazers specialized for feeding

on periphyton that thrive on the surface of aquatic macrophytes and other substrates,
where collector-filterers and collector-gatherers are also found in response to the input of
FPOM from local and upstream reaches. Large (high-order) rivers, being deep and
completely open to sunlight, are dominated by detritivores, mostly collector-gatherers,
consuming FPOM; aquatic macrophytes and associated epiphytic organisms are restricted
to the littoral zone. Overall, these morpho-behavioral adaptations of macroinvertebrates
reflect shifts in structural and functional attributes of a stream based on input of organic
matter and the availability of habitat along a physical gradient (Vannote et al., 1980,
Wallace and Webster, 1996).

Macroinvertebrate distribution and abundance along a stream gradient is
influenced by a large number of environmental factors within a stream’s physical
environment, including human-induced disturbances (Allan, 2004), naturally-induced

disturbances (Lake, 2000), the accumulation of both allochthonous and autochthonous

material, and habitat heterogeneity (Boyero, 2003: Erman and Erman, 1984; Vannote et

al., 1980). Macrophytes play key roles in the physical environment by stabilizing

sediment dynamics, adding to habitat heterogeneity, mediating dissolved oxygen levels,

and serving as substrate for other organisms such as epiphytic algae, fish and hydrophyte-

e T
dwelling macroinvertebrates (Carpenter and Lodge, 1986; Rils and Biggs, 2003). They

ironment in aquatic ecosystems,

encourage a physically and chemically complex env
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including the addition of structural fi 3
Ju catures of a habit ich i i
at, which in turn influences

macroinvertebrate diversity, density and distribution (Carpenter and Lodge 1986)
oY .
Macrophytes are generally found from the mid-reaches of mid-order streams to the

margins of large rivers (Vannote et al,, 1980), where factors such as flow variability (Riis

and Biggs, 2003), degree of substrate availability (Barko and Smart, 1986), and light

availability (Barko and Smart, 1981; Canfield and Hoyer Jr., 1988) support their

colonization, which, in turn, can have significant impacts on spatial distribution of

macroinvertebrates.

The objective of this study was to determine influences of the invasive aquatic
macrophyte Hydrilla verticillata (hydrilla) on macroinvertebrate communities inhabiting
riffle and pool habitats within the Emory River Watershed (ERW). As mentioned above,
aquatic vegetation mediates important ecological processes of streams, producing
autochthonous carbon and providing habitat and refugia for many aquatic organisms. The
predictions incorporated in the structural framework of the RCC highlights habitat
heterogeneity as a primary component in many freshwater environments. Habitat
heterogeneity encourages macroinvertebrate abundance and diversity (Vannote et al.,
1980), which in turn can improve the complexity of the ecosystem and food web

interactions (Wallace and Webster, 1996). The importance of submersed macrophytes in

biotic interactions depends on their biomass and productivity within a freshwater

environment, which encourages habitat heterogeneity where present. Excessive

- i ‘ve species such as hydrilla, however, can
macrophyte growth as demonstrated by invasive Species y

alter the stability of the river ecosystem by decreasing habitat heterogeneity, ST

possibly disrupting the fundamental predictions of the RCC (Theel et al., 2008; Vannot et
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| ' i .
al., 1980). Invasive plant species such as hydrilla have degraded lentic communities by

wering oxygen level i -
1o L s due to increased nighttime respiration and decompositional

iration of se i s
respiration of senescent biomass, resulting in mortality of fish and macroinvertebrates

(Carpenter and Lodge, 1986). As a result of excessive macrophyte growth, changes in

species abundances also have the potential to alter food webs and ecosystem processes in

lotic environments.

Macroinvertebrate Analysis

Taxa Composition

Taxa richness, evenness and diversity values were metrics used to evaluate taxa
composition and community structure within sampled hydrilla-infested and non-infested
riffle and pool sites. On average, non-infested riffle sites had higher richness values than
hydrilla-infested riffles, although values from hydrilla-infested areas did not deviate
significantly from non-infested areas. The majority of riffle sites had greater than 50
different taxa, with the exception of Potter’s Ford at Obed River. where only 37 taxa
were collected (Fig. 9).

Piclou’s evenness values also varied in riffles, where hydrilla-infested sites had

higher evenness values on average than non-infested sites (Table 1). The lowest evenness

occurred at Hichway 68 with a value of 0.50. although it was second highest for total

number of taxa collected. This is due to 1373 Rheotanytarsus (Chironomidac) in the
d! . 9 s

. A T »st abundant taxon (Coleoptera:
sample, which exceeds by >6 times the second mos

Elmidae: Oprioservus) and the total of the other 70 taxa combined (1 175) from this site.
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To account for : o
both richness and distribution of individuals among the taxa

[cvenmess) ol each sits, Shannon-Weaver Index (H’) was calculated. Although H’ values

varied between sites, there was no overa]| significant difference observed between the
means of H” between hydrilla-infested ang non-infested riffle sites, as determined with

one-way analysis of variance (ANOVA: Fio. | ).

Within pools, non-infested sites had higher taxa richness on average than hydrilla-

infested sites, although the differences were not significant. The majority of sampled
pools had over 40 taxa, with the exception of Antioch Bridge and Devil’s Breakfast Table
where only 23 and 38 taxa were collected, respectively (Fig. 10). Evenness values also
varied between pool sites. Pools not infested with hydrilla had higher evenness on
average than pools infested with hydrilla, although Antioch Bridge, a hydrilla-infested
site, had the highest evenness with a value of 0.79 (Table 2). There was no significant
difference in means of H’ between hydrilla-infested and non-infested pool sites (Fig. 12).
Shannon-Weaver Index is a metric widely used in community ecology to measure
community diversity. The metric was developed in information theory to measure the
uncertainty of encountering a symbol in a message. Applied to community ecologys, it is

analogous to the uncertainty of sampling a given species occurring in a community. The

uncertainty of encountering a given species in a community of low diversity is less than it

would be in a community of high diversity (Ludwig and Reynolds. 1988). Shannon-

Weaver Index is useful in summarizing both the taxa richness and the distribution of

individuals among those taxa (evenness) in the community, reaching its maximum

enly distribute ) wig
(Hna") when the individuals in the sample are evenly distributed among the taxa (Ludwig

and Reynolds, 1988). Within both aquatic and terrestrial environments, species diversity
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in a community reflects habitat diversity; thus. H’ can also be used as a f
’ proxy measure o

habitat structure (Brower et al ., 1997).

Although there was no significant difference in mean H’ values between hydrilla-

infested and non-infested riffle and between hydrilla-infested and non-infested pool sites,
the variability in diversity patterns may still be attributed to the distinct physical and
chemical attributes within habitats that influence the distribution and abundance of
macroinvertebrates. Generally, riffle habitats are more diverse than pool habitats,
although habitat diversity and suitability play a large role in macroinvertebrate
colonization and community structure (Brown and Brussock, 1991; Resh et al., 1988).
For example, upstream riffle sites including Potter’s Ford at Obed River and Highway 68
at Daddy’s Creek, exhibited the lowest riffle diversity values (Table 1), most likely due to
differences in physical and chemical characteristics from riffle sites located further
downstream. This not only demonstrates that perhaps the structured environment of riffle
habitats in headwaters is less complex, but also reaffirms the concept associated with the
RCC that diversity is associated with habitat complexity, typically increasing
downstream. In addition, Daddy’s Creek at Hwy 68 appears to be heavily impacted by
anthropogenic disturbances such a cattle pasturing and row cropping on adjacent land. In
some cases, diversity was higher at hydrilla-infested pool sites than most non-infested

riffle sites. This may be due to the distinct habitat provided by the dense hydrilla beds,

but this also may be attributable to minute differences in physical characteristics between

sites, where the abundance of organic and inorganic material can vary. For instance,

based on visual assessments, some sites had visually higher composition of inorganic

substrate such as cobble and boulder, than organic substrate such as leaf litter and
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submersed vegetation (see i
subme getation (see Appendix B), When comparing pools, however. both non-

infested sites including Lily Bridge and Barnett Bridge at Clear Creek exhibited higher

diversity than most hydrilla-infesteq pools, although Antioch Bridge was second highest

in diversity (Table 2).

Because macroinvertebrate assemblages are largely influenced by habitat
availability, suitability and heterogeneity of streams (Brooks et al., 2005; Heino et al.,
2005; Wallace and Webster, 1996), the differences in habitat composition among
sampled sites may explain the variability in macroinvertebrate diversity. Hydrilla may be
increasing structural complexity of habitats as reflected in the apparent higher diversity
values in hydrilla-infested pools than in many non-infested habitats. Conversely,
structural complexity may also be limited in other sites by the uniformity of structure in
hydrilla beds in some of the infested pool habitats, which is represented by low diversity
values. Although there is no significant difference in means of H> between non-infested
and hydrilla-infested riffle and pool sites when this study was conducted, diversity may
be affected during times of the year when periodic high flows remove large quantities of
macrophyte biomass.

Seasonal effects can have major influences on both macroinvertebrate and

macrophyte colonization. In streams with large seasonal amplitude in discharge in winter

(such as in the ERW), low flow and high light availability during summer allows for

extensive macrophyte growth (Sand-Jensen et al., 1989), whereas streams with constant

discharge allow for the presence of macrophytes (o persist year-round (Dawson, 1975;

Sand-Jensen, 1998). Although Hydrilla verticillata is a perennial aquatic plant, the

) . : inter ently during
submersed shoots of the monoecious biotype die back in the winter, concurrently -
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the time in which flow within the ERyy increases dramatically. This sudden change in

macrophyte biomass may alter the community composition of macroinvertebrates, where
different macroinvertebrate taxa are present before and after presence of shoots. In
particular, the senescence of hydrilla shoots during its seasonal transition into becoming
metabolically active only through its tubers may result in large ecosystem response to the
decomposition of hydrilla, where trapped organic matter and dissolved substances can be
released, resulting in high nutrient flux (Carpenter and Lodge, 1986). Alternatively, the
increase in macrophytic biomass during the formation and growth of new shoots in spring
may result in large macroinvertebrate community response, particularly from epiphytic
organisms that depend on vegetation for habitat, as well as aquatic herbivores important
to food web interactions (Carpenter and Lodge, 1986). Consequently, these fluctuations
in biomass may trigger changes in macroinvertebrate diversity in response to shifts in
food resources and the physical environment, which presumably did not occur or were

not as large before the hydrilla introduction.

Associating Functional Feeding Groups with Presence of Hydrilla

As a result of the heterogeneity of a stream’s environment, macroinvertebrates

have been presented with interacting constraints relative to finding food and acquiring

food through specific “morpho-behavioural™ feeding mechanisms relative to the physical
(=)

environment in which they live (Wallace and Webster, 1996). Functional feeding groups

(FFG) are categories of feeding strategies into which the various species that make up the

stream community may be classified. Functional feeding groups are only categorizations

of feeding mechanisms rather than type of food eaten because most methods of feeding
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san result in the cons : -
can result ¢ consumption of all fooq type resources, which therefore N

macroinvertebrates are omnivorous (Cummins and Klug, 1979; Merritt et al.. 2008:

Wallace and Webster, 1996). Different FFG (i.e. predators, grazers [scraper], shredders,

collector-gatherers, and collector-filterers) have important roles in ecosystem processes,
particularly on energy flow and nutrient cycling through food web interactions. In turn,
conditions within stream systems, including food resources such as detritus, periphyton,
macrophytes, and animals influence FFG composition (Cummins and Klug, 1979; Merritt
et al., 2008). Therefore, the amount of biomass produced by the hydrilla infestation in the
ERW will most likely have a major influence to the food resources in streams, which
should be reflected by the composition of FFG in hydrilla-infested sites.

Contingency analysis (CA) allows for the testing between two or more categorical
variables to determine if one variable is “contingent™ on the other, or tests for association
between variables. Frequencies of different values of one categorical variable are
displayed in contingency tables to see how they depend on the value of another
categorical variable (Whitlock and Schluter, 2009). Multi-way contingency analysis
(MCA), which tests for association between more than two categorical variables, was
used to determine if frequencies of different FFG’s were associated with the presence of

hydrilla in sampled riffle and pool habitats. Proportions of FFG were also determined to

visually identify the variability that occurred among hydrilla-infested and non-infested

sites. For this analysis, there was a significant association that occurred between

frequencies of FFG in hydrilla-infested and non-infested riffles (Fig. 13), in addition to

corresponding sampled pools from cach site (Fig. 24). These associations between

proportions of FFG and the presence of hydrilla indicate possible change in the
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macroinvertebrate community struetyre of infested riffle and pool habitats. Furthermore

the variability in proportions of FFG between hydrilla-infested and non-infested sites
may also signify the unpredictability in stream dynamics relative to the differences in the
physical and chemical characteristics of riffles and pools between sampled sites. Not only
does the dependence of FFG on the presence of hydrilla indicate the divergence in habitat
between infested and non-infested riffles and pools, but it also suggests that changes in
food acquisition strategies of macroinvertebrates are a response to the hydrilla-driven
habitat and nutrient cycling changes. For example, collector-gatherers, typically the most
abundant FFG in streams of this size (Minshall et al., 1983; Wallace and Webster, 1996),
were the largest proportion of FFGs encountered in both hydrilla-infested and non-
infested pools. However, there was a higher percentage of collector-gatherer species in
infested pools, which reflects the increase in fine particulate organic matter (FPOM) that
may have accumulated in the dense beds of hydrilla. Not only does this signify that
hydrilla plays an important role in accumulating and releasing particles in pool habitats,
but also predicts that the ERW will experience increases in FPOM during the annual
senescence of hydrilla shoots, resulting in a large ecosystem response by
macroinvertebrates and other aquatic fauna.

Collector-filterers, which were the most abundant FFG present in hydrilla-infested
ffles, reflect the abundant FPOM that is passing through

riffle sites than non-infested ri

riffle habitats as a result of the breakdown of hydrilla leaves and release of trapped

FPOM from upstream pools. Collector-filterers, being important in hindering the

transport of suspended particles further downstream, are removing the large amount ot

suspended FPOM not consumed by collector-gatherers in upstream reaches ( Wallace and
- e



75
Webster, 1996). Furthermore collector-fj
, r-filterers are i
esponding to animal drift from

iving and decomposing macroj
" POSINE Macroinvertebrates and other aquatic communities from adjacent
ace

ups[['t‘dm habitats. Besides signiflcantly SlOW'n d
1 g OWnStrealn t ans 1
ran port of nutr lents and

organic matter in hydrilla-infested riffles, collector-filterers are also contributing to
downstream export of organic matter vig drifting fecal particles, which will result in a
considerable response from downstream deposit-feeding detritivores (Cummins and
Klug, 1979; Merritt et al., 2008; Wallace and Webster, 1996).

The association of increase in collector-filterers and collector-gatherers with

presence of hydrilla in riffle and pool habitats, respectively, reflects the alteration of
energy sources caused by hydrilla. The differences in FFG proportions between hydrilla-
infested and non-infested riffle and pool sites indicate the important interactions that
occur between macrophytes and macroinvertebrates, such as the cycling of nutrients, on
both a temporal and spatial scale. Furthermore, at the time the study was conducted,
hydrilla beds were well developed, which implies that FFG composition will change
when senescence occurs. Therefore, the changes caused by the seasonal fluctuations in
hydrilla biomass may have major consequences on €Cosystem processes within the ERW,
including changes in functional feeding group compositions, food web functionality,
nutrient cycling, and physiochemical conditions (Carpenter and Lodge, 1986).

Analyzing Macroinvertebrate Community Similarities

w @ity Morisita’s index of community
Morisita’s Index of Community Similarit

pson’s dominance (Ds), or the

similarity (MICS) is based on a measure of Sim

i ifTi xa. This analysis makes
concentration of the number of individuals among different ta y
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airwise comparison of ¢ e
pai p Ommunities, mdlcatmg the probability that a pair of individuals

- ly sampled fi e .
randomly pled from both Communities wil| belong to the same taxon (Brower et. al

1998). This MICS was calculated to make pairwise comparisons between communities
sampled from hydrilla-infested and non-infested sites, all non-infested sites, as well as all

hydrilla-infested sites. Morisita’s similarity among all pairs of hydrilla-infested riffles

had a mean of 0.79 with all values higher than 0.73, indicating high community overlap

between sites with hydrilla. Comparisons among pairs of hydrilla-infested and non-

infested riffles indicated variability in community similarity between hydrilla-infested
and non-infested riffles with mean similarity of 0.64 and probability values ranging from
alow of 0.45 to a high of 0.85 (Table 3). In fact, many non-infested riffles shared higher
community overlap with hydrilla-infested riffles than with other non-infested sites. Paired
comparisons between non-infested sites had a mean similarity of only 0.46. This variation
in community overlap among hydrilla-infested and non-infested sites not only implies
possible differences in taxa distributions between compared riffles, but also that hydrilla
may not be the only factor influencing the different distributions of macroinvertebrate
communities. This can also be attributed to the significant differences between MICS in

riffle comparisons when analyzing with one-way ANOVA (Fig. 11). Additionally,

_ . 4 Sk e o EE e ; demonstrated variabilit
comparisons involving hydrilla-infested and non infested pools demonstrated y

among sites, with a mean similarity of 0.44 and ranging from 0.08, near total
dissimilarity, to 0.78. When comparing among hydrilla-infested pool sites, overlap values
were low, ranging from 0.11 to 0.50 with a mean similarity of 0.28 (Table 4). Only one
comparison could be made between non-infested pools due to lack of vegetation for

sampling at other pool sites. The sites. Barnett Bridge and Lily Bridge, had a MICS value
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of 0.77. However, similar to riffle habitats, there wag also a significant diffy
ant difterence

petween MICS calculated in pool comparisons

(ANOVA, Fig. 12). Perhaps this means

that hydrilla-infested pools are different than non-infested pools, although, the sample
size for comparing non-infested sites is much smaller than for hydrilla-infested sites.
Newertisless, lailaly contributing to a unique habitat structure in pools since the
existing substrate (i.c. bOulder/bedrock/cobble) does not typically support large beds of
native submersed vegetation. Most likely, hydrilla may be extending habitat in some

areas; likewise, it can be homogenizing habitat due to its invasive and pervasive

character. As with riffle habitats, the variability in community similarity encountered
between sites not only signifies differences in taxa distributions. but also that hydrilla
may not be the only factor contributing to the inconsistency among sites. For example,
inorganic substrate in infested pools ranged from predominance of sand and gravel in
some to mostly cobble and boulders in others.

The physical environment of streams, especially fluctuations in hydraulic
conditions, contributes significantly to macroinvertebrate distribution (Brooks et al.,

2005). Distinct patterns of heterogeneity in streams are based primarily on the physical

environment, including factors such as flow. depth, method of formation, and variability

in substrate composition (Brown and Brussock, 1991). The abiotic environment of most

streams can be characterized by natural disturbances such as flooding or drought, which

in turn affects lotic inhabitants (Lake. 2000). Within the ERW, seasonal water movement

ation patterns, groundwater recharge

and flow volume are largely influenced by precipit

ically alter conditions of the stream system across a

and flow alterations, which can drast

1998). This variability can also have a major

range of spatial to temporal scales (TWRA.



following flow-generated disturbance can form peyw habitats that are colonized b
y

inhabiting macroinvertebrates and other aquatic fauna (Lake, 2000; Merritt et al 2008)

The large and small-scale variability in the hydraulic environment of streams results in a
“patchy” distribution of macroinvertebrates (Brooks et al., 2005) making it difficult to
compare diversity, structure, and community structure among stream reaches.
Additionally, the availability of suitable habitat is important when considering
assemblages of macroinvertebrate communities because most habitat types are colonized
and exploited in different ways due to differences in life history, trophic ecology and
behavior (Brown and Brussock, 1991; Mackay, 1992; Merritt et al., 2008). Although
important for some macroinvertebrates, the presence or lack of submersed vegetation
(i.e., Hvdrilla verticillata or Najas guadalupensis) in the ERW may not be the only
factors affecting similarity comparisons among hydrilla-infested and non-infested sites.

Because macroinvertebrates exploit diverse habitat types, their distribution in the ERW

may be due to other physical, chemical or biological attributes.

Principal Components Analysis. Principal components analysis (PCA) based on

correlation coefficient for data simplification was used to measure overall similarities in

inf infested rif ool sites.
taxa abundance between hydrilla-mtested and non-infested riftle and p

Unfortunately, PCA based on correlation coefficient as a measure of similarity between

[ ic 1S 1 cause distances
" . I riate for ecologlcal data. This is becau
Sl I}]CS has been consulered mapprop
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tween samples, or essentj
be p tally the cOmponent loadings, are based on extractions of

i ombinations of
linear € of data, although based on maximum variance possible (Tabachnick

and Fidell, 2001). In ecology, rarely do linear relationships exist, so the distances

between taxa abundances of samples are o .

P often given disproportionate weight that can
poorly represent the relationships among sampling units (Ludwig and Revnolds. 1988).
This unsuitability. however, only applies to a broad range of environmental and

compositional variation where linear relationships cannot exist. When seeking clusters.

PCA has an advantage, although the components only highlight distances between natural

groupings while sacrificing distances between samples within the groupings (Rosenber

o
and Resh, 1993). Other multi-variate methods have been proposed, including non-metric
multidimensional scaling (NMDS), which seeks the rank order of dissimilarities between
samples to identify similarities among groups. However, the dimension of the solution
must be provided before the analysis is operated (even if the dimension may not be
evident in the data set), indicating the need for several “trial runs™ before the analysis is
complete (Rosenberg and Resh, 1993). Noy-Meir and Whittaker (1977) discuss solutions

to the increasing concerns raised by PCA users by suggesting the use of data obtained

from a narrow range of environmental variables in w hich the lincar model most likely

would apply. For this study. PCA was applied to taxa abundances that were influenced by

~ hvdrilla-infeste -infested sites),
anarrow range of environmental variables (h_\dnlla-mtuud vs. non-infested sites)

{ appropriate to evaluate similarities.
although this analysis may not have been the most appropriate to evaluate

.1t rava that were in less than three
L . o ariability. taxa that were in less than
However, to aid in acquiring maximum vari bility

- me were removed from the analysis.
" - o anisms were removed from )
samples and represented by five or fewer organi
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Component loadings for rif .
gs forriffle habitats varied due to differences in loadings of
~ adings o

axa abundances. Non-infested and infc i
! d'and infested riffles identified overlap in taxa abundance
dAd d d -

11C J a owe S 1 i

ites. This overl ) indi e o
sites. Th ap not only indicates similarity in overal taxa abundance and distribution

among hydrilla-infested and non-infested riffles, but also that macroinvertebrates are

assembling in a similar manner (Fig, 33). The analysis, however, detected heavier

component loadings between non-infested sites Highway 68, Barnett Bridge and Obed
Junction versus hydrilla-infested sites, which suggests that some taxa were more
abundant and were distributed among the total number of individuals in a different way
that separates them from clustering with the other sites. At Barnett Bridge and Obed
Junction, Microcylloepus sp. (Fig. 17 and 19) was the most abundant taxa, whereas
Rheotanytarsus sp. (Fig. 21) as the most abundant at Highway 68. Likewise, the majority
of hydrilla-infested sites shared both Microcylloepus sp. and Rheotanytarsus sp. as the
most abundant taxa, although many, including Obed Junction and Nemo Bridge, (Fig. 22
and Fig 25, respectively) had more representatives of these taxa than many of the non-

infested sites. Principal components analysis not only recognized overall similarities

among taxa in riffles, but also the slight variability in distributions among taxa between

each sampling site.

Component loadings for pools were also variable. Principal components analysis

for pool habitats detected a clear separation in overall taxa abundances between hydrilla-

infested and non-infested sites (Fig. 33). This indicates that there are differences in taxa

. of macroinvertebrates between
abundance and distribution, in addition to the assemblages of macroinvertebre
Cl - ?

— [lla is influencing the
these sites. It is possible that these differences are because hydrillais1 g
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spatial arrangement of macroinvertebrateg i infested pools and the h
much more

homogenous substrate available in thick beds of hydril|
a.

Macroinvertebrate colonization is both directly and indirectly influenced by

habitat heterogeneity and complexity (Thee] et al.,, 2008), therefore the more homogenous

environment provided by dense beds of hydrilla may be contributing to alterations in the
natural habitats structure within the ERW . particularly in pool habitats. In contrast, the
native macrophyte Najas guadalupensis is most likely contributing to the heterogeneity

of non-infested pools due to its patchy distribution, where abundant amounts of inorganic
and organic substrate are more haphazardly distributed. The invasive character of H.
verticillata means it has the potential to establish in all areas of the ERW downstream of
its present distribution where it has the capacity to occupy all available habitats.
Consequently, based on this data, hydrilla is most likely contributing to the homogeneity
of pool habitats, which in turn is influencing the distribution and abundance of
macroinvertebrates. Although macroinvertebrate diversity within hydrilla-infested sites
did not differ significantly from non-infested sites. there should be concern. The shift
from the natural, heterogeneous conditions previously existing in the ERW. to a more
uniform and completely altered habitat caused by the establishment of hydrilla, may have

~ s - nl- o Are 1 o
reduced spatial complexity that is necessary for the more complex. balanced structuring

. . . iae (Theel et al.. 2008).
and functioning of macroinvertebrate communitics (Theel eta ‘



organisms. The unique physical environment withip the ERW is attributed to the

fundamental geologic processes that have influenced the hydrology by allowing for the

formation of deeply incised streams (Stearns, 1954; TDEC 2002), During this study,
visual assessments were made at each sampling site to evaluate the substrate types in the
sampled reaches of the ERW. This evaluation was conducted to aid in understanding the
substrate variability within the stream system as well as hydrilla’s ability to colonize
some stream portions with suitable substrate versus others where such substrate may be
more limiting. Appendix A includes photographs of hydrilla-infested and non-infested
riffle and pool sites sampled for this study. These images indicate the diverse substrate
that composes the hydrosoil of the ERW, including the nearly homogenous composition

in many pools that are now attributable to hydrilla.

At the majority of riffle sites there was an abundant mixture of substrate available
including detritus, cobble and gravel, although exact composition at each site varied

(Appendix B, Table B-3). Hydrilla-infested sites did not have any established populations

of hydrilla within riffles, although there were drifted fragments from upstream pool

habitats that composed much of the organic substrate. The majority of hydrilla-infested

: . ' ainly by assorted
sites included both organic and inorganic substrate. dominated mainly by

oravel, and sand, where hydrilla was present in

allochthonous leaf debris, cobble and

sites, however, had large

illa-infested
sand-filled crevices between cobbles. Some hydrilla-n
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poulders surrounding the riffle habitas, although those
Were not present in areas that

ere sampled from. Non-inf; \
were samg | ‘n infested stream sites, similar to the hydrilla-infested sites, had
an abundant mixture of substrate available including detritus, cobble and gravel.
Substrate types varied between a] sites, but the most abundant at ] sampled riffle
habitats were detritus, gravel and cobble.

Substrate also varied between pool sites, but the majority composed of large, flat
cobble slabs, fine gravel, and sand (Appendix B, Table B-4). Barnett Bridge had cobble
and sand as the dominant substrate types, in which Najas guadalupensis was abundant,
but patchy. Lily Bridge had extensive areas of bedrock and cobble, in which N.
guadalupensis was growing from sand-filled crevices. Many of the hydrilla-infested pool
sites had large cobble slabs with hydrilla in the sand-filled crevices. Nemo Bridge and
Antioch Bridge also had a mixture of cobble with extensive areas of bedrock, in which
hydrilla could only establish in the sand-filled interstices. Therefore, some of the hydrilla-
infested pool sites more dense beds of hydrilla than others due to the variation in
availability of finer substrates in which it can grow. The degree to which hydrilla can
flourish in various portions of the ERW may explain some of the differences in

macroinvertebrate community composition between non-infested and hydrilla-infested

pools and riffles.
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Future Considerations

Based on this study, it is djff

cult to judge if hydrilla is ecologically beneficial to

the ERW or is exhibiting the negative impacts with which it is often associated
Regardless, its establishment provides insight on aquatic weed invasions in streams. as

well as supplementary information on macroinvertebrate-macrophyte relationships in

streams.

There is little information published about submerged invasive macrophytes in

lotic environments. A more thorough understanding of aquatic plant invasions in lotic
environments is needed, particularly on how an invasive submersed macrophyte can
impact the macroinvertebrate communities as well as those of fish and other native biota.
This understanding is essential when considering proper management approaches to
controlling or eradicating invasive aquatic plant species and for protecting or restoring
the natural freshwater ecosystem. Much attention has focused on Hydrilla verticillata in
lentic systems or reservoirs because it is rarely found in fast flowing water (Cook and
Liiond, 1982; Langeland, 1996; Picterse, 1981: Yeo et al., 1984). Long-term monitoring

within the ERW is needed to understand the possible repercussions that could occur as

hydrilla maintains its establishment and alters the natural flow patterns of the OWSR. Is

. - I . i) ’
it possible hydrilla is provoking “new” ecosystem properties within the ERW? To what

. . essing and
extent will hydrilla maintain functional properties, such as ecosystem proc 5

s Athi ? There
nutrient turnover, for example, with respect 10 natural conditions within the ERW

may be functional redundancy, in the case of the riffle habitats within the ERW, which do

. ‘versity and distribution.
not seem to have changed with respect to macromvertebrate diversity a
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Jydrilla may also be enhancing or inker:.. -
H) "¢ orinhibiting exIsting properties (o pool habitat I
g ‘ abitats, such as

amary productivity ar T s
primary | y and nutrient retention. On the other hand. it is possible hydrill
and, 1t1s possible hydrilla may

; D & INg new pr rties >q
also be add £ NCW properties to lhthC areas lhat havc never cxperi d [
b €nce vegetation

(since submersed macrophytes do noy naturally exist in the lower stream reaches of the
OWSR) by introducing a monotypic habitat or creating a new, distinctive habitat for
macroinvertebrate assemblages. Although submersed aquatic vegetation may be
ecologically beneficial, hydrilla may be producing an environment within the ERW that

is stongly impacting the system during its annual senescence and contributing to the
changes in spatial distribution of macroinvertebrates,

Because macroinvertebrate abundance and ecosystem functionality has been
altered, this can have very large impacts on food web functionality, specifically on the
several rare and endemic fish species that exist within the ERW that depend on
macroinvertebrates as a food source. Microhabitats within the crevices of large cobble
and bedrock substrate that support the distribution of the rare and endemic spotfin chub,
Erimonax monachus (Kanno et al., 2012) are now occupied by hydrilla, which may have
effects on seasonal migration patterns and habitat use by this fish species. Further
investigations of the aquatic communities in conjunction with abiotic aspects of the ERW

are needed to determine other possible influences that hydrilla may have on the ecolog

of this system. Nevertheless, the establishment of hydrilla has generated high macrophyte

biomass in the ERW, and it is anticipated it will contribute to significant fluctuations in

CCosystem processes.
e dings ass i apply to
Itis i tant to keep in mind that these findings and assumptions only apply
Is important to kee
. ahove -illa may have recurrent
the sampling period for this study. As mentioned above, hydrilla may



macroinvertebrates within the ERW. This system is highly influenced by flow
disturbances and varying hydraulic conditions that could impact the distribution and
abundance of macroinvertebrates, which needs to be assessed in the future.

The establishment of H. verticillatq in the ERW is unfortunate, yet unique. It has
provided insight into the potential impacts of submersed invasive macrophytes in high-
gradient stream ecosystems. Although the ERW is characterized by variable seasonal
hydrology, these varying physical conditions have not prevented hydrilla from invading.
This not only reveals that these physical conditions are undemanding to hydrilla, but also
shows the ability and success that hydrilla has had in overcoming limitations in
maintaining its dispersal and establishment since its introduction to North America. As
demonstrated by its establishment in the ERW, it can be anticipated that no freshwater

environment is safe from the establishment of Hydrilla verticillata, the ultimate aquatic

weed.
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Figure A-1. Riffle habitat sampled fi -
© - pled from Barnett Bridge at Clear Cr: d Wi
Scenic River, Morgan County, Tennessee. ge at Clear Creek, Obed Wild and

k, Obed Wild and Scenic

nett Bridge at Clear Cree

Figure A-2. A pool sampled from Bar
River, Morgan County, Tennessec:
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Figure A-3. Photograph of Najas guadalupensis growing from the sandy substrate in a
pool sampled from Barnett Bridge at Clear Creek, Obed Wild and Scenic River,
Morgan County, Tennessee.

dge, Obed Wild and Scenic River,

Creek from Lily Bri

Figure A-4. Photograph of Clear
Morgan County, Tennessee.



Figure A-5. Riffle sampled from Lily Bri
g . y Bridge at Clear Creek i [
River, Morgan County, Tennessee. ot Obed Wild and Scenic

a pool sampled from Lily
organ County, Tennessee.

ouua'a/upenszv present W ithin
d wild and Scenic River, M

Figure A-6. Photograph of Najas ¢
Bridge at Clear Creek, Obe




Figure A-7. Riffle sampled from Potter’s Ford at Obed River, Obed Wild and Scenic
River, Cumberland County, Tennessee.

at Daddy’s Creek, Emory River Watershed,

Figure A-8. Riffle sampled from Highway 68
Cumberland County, Tennessee.




Figure A-9. A view of Obed River at Obed Junction, Obed Wild and Scenic River,
Morgan County, Tennessee.

(hydrilla site) at Obed Wild and Scenic

Figure A-10. Riffle sampled from Obed Junction
River, Morgan County, Tennessee.




Figure A-11. A hydrilla-infested
g ] pool sampled at Obed Juncti i
Wild and Scenic River, Morgan County, Tennessl;:.cnon St

Emory River

ch Bridge located on Daddy’s,

Figure A-12. Riffle sampled from Antio

Watershed, Cumberland County. Tennessee.




Figure A-13. Pool s
g : ampled from Antio i
‘ chB
Watersied, Curberland Congty Tegggsesleocated on Daddy’s Creek, Emory Rive
) c. ’ r

— =
gure A-14. R]?ﬂe sampled from De Table located on Daddy’s Creek
Obed Wild and Scenic River, Cumberland County, Tennessee. ’

vil’s Breakfast




Figure A-15. Pool sampled from Devil’s Breakfast Table located on Daddy’s Creek
Obed Wild and Scenic River, Cumberland County, Tennessee.

’

1 laree cobble and boulder substrate at

weel oul
k, Obed Wild and Scenic River,

Figure A-16. Hydrilla verticillata growjng bet
Devil’s Breakfast Table, Daddy’s Cree
Cumberland County, Tennessee.



Figure A-17. Riffle sampled from Nemo Bridge located on Obed River, Obed Wild and
Scenic River, Morgan County, Tennessee.

m the interstices of the bedrock substrate

Figgns =D pab e g trOObed wild and Scenic River, Morgan

doe,
from a pool sampled at Nemo Bridg

County, Tennessee.




113

Figure A-19. Triaenodes sp. (Trichoptera: Leptoceridae) with a case constructed of
hydrilla leaves

ilidae) and associated case attached to

ichoptera: Hydropt
hydrilla leaves

Figure A-19. Oxyethira sp. (Tt
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g 2

Emory River Watershed, Cum -

: . , Cumberland 1 [

course particulate organic matter, DB [a——ndl)t{/(i)lr%aBn :;:ll(r;tli&l glm;essee B
ast Table).

Sample Sit Stream i -
ple Site Name Latlt.ude; Inorganic % Organic
Longitude Substrate Substrate
(CPOMY’
Barnett Bridge Clear Creek 36.12281°N; Boulder-cobble-
84.79482°W stavel <20%
Lily Bridge Clear Creek 36.10198°N; Boulder-
BTITEW  bedrockoobble 07
Obed Junction’ Obed River  J0079766°N:  Boulder-gravel- .
84766989°W sand “.)00/0
Potter’s Ford Obed River 36.07288°N; Cobble-bolder- 5
84.90265°W gravel ~ 40%
Highway 68" Daddy’s 35.89025°N; Cobble-gravel- .
Creek 84.93800°W sand = s
Obed Junction Obed Riv 36.07916°N: Boulder-cobble- .
B River 84.76288°W gravel =2
. . " Daddy’s 35.99786°N: Boulder-cobble-
Antioch Brid : Y ’ ~3
joeh LITlaEs Creek 24.82331°W gravel 2
4 Daddy’s 36.05865°N: Boulder-cobble- —
RSE Creek 84.79289°W gravel <%
a4t . 36.06865°N: Boulder-cobble- o
Nemo Bridge Obed River 24.66230°W gravel ~30%

Found o

utside of OWSR boundary

2 . . . ~
Includes un-rooted organic material, i.e. leaf litter

* Pools not sampled due to

" hydrilla-infested site

lack of vegetation




Sample Site

Stream Name

Barnett Bridge

Lily Bridge

Obed Junction

Antioch Bridge'

DBT

Nemo Bridge”

Clear Creek

Clear Creek

Obed River

Daddy’s Creek

Daddy’s Creek

Obed River

Latitude;
Longitude

36.12281°N;
84.79482°W

36.10198°N:
84.71728°W

36.07916°N;
84.76288°W

35.99786 °N;

’

84.82331°W

36.05865°N;
84.79289°W

36.06865°N;
84.66230°W

’

gan counties, Tennessee (CPOM=

’s Breakfast Table).
Inorganic % Organic Substrate
Substrate (CPOM)
Cobble-sand -l

Bedrock-boulder-
cobble

Boulder-cobble-
sand

Boulder-bedrock-
cobble

Boulder-cobble-
sand

Boulder-bedrock-
cobble

guadalupensis)

>70% (N.
guadalupensis

>75% hydrilla

>75% hydrilla

>80% hydrilla

>50% hydrilla

' Found outside of OWSR boundary
~hydrilla-infested site
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Nemo Bridge |
Devil's Breakfast Table
Antioch Bridge

Hwy 68

Potter’s ford

Obed Junction
Barnett Bridge

Lily Bridge

T T =

0 5 10 15 20 25 30

Figure B-19. Water temperatures (°C) of riffles at each sampling site, Emory River
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate
hydrilla-infested site.
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hydrilla-infested sites.
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Figure B-21. Total dissolved solids (mg/L) of riffles at each sampling site, Emory River
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate

hydrilla-infested sites.
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Figure B-22. Dissolved oxygen (mg/L) of ri
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hydrilla-infested sites.
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Obed Junction

1194
Nemo Bridge

126.1
Devil's Breakfast Table
1134
Antioch Bridge
87.2
Hwy 68 |
64.5

Potter's ford |
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Obed Junction
103.5

Barnett Bridge 94.6

Lily Bridge : e

T T T 1
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Figure B-23. Percent saturation of riffle dissolved oxygen percent saturation at sampling
site, Emory River Watershed, Cumberland and Morgan counties, Tennessee. Red
bars indicate hydrilla-infested sites.
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Hwy 68*
§ 2033
Potter’s Ford*
22.15
Obed Junction*
22.82
Barnett Bridge
226
Lily Bridge
23.97
Obed Junction
23.87
Nemo Bridge
25.82
Devil’s Breakfast Table
23.44
Antioch Bridge
21.45
0 10 20 30

Figure B-25. Temperature (°C) of pools at each sampling site, Emory River Watershed,
C umberilan.d and Morgan counties, Tennessee. Red bars indicate hydrilla-infested
sites (* indicates pools not sampled).

Hwy 68* 0.067
Potter’s Ford* 0.213
Obed Junction* 0.173
Barnett Bridge 0.064
Lily Bridge
Obed Junction 0.187
Nemo Bridge
Devil’s Breakfast Table
. 0.173
Antioch Bridge o A —
0.15 0.2 0.25

0 0.05 0.1
S

pools at each sampling site, Emory River
ties, Tennessee. Red bars indicate

Figure B-26. Specific conductivity (mS/cm) of

Watershed, Cumberland and Morgan calie
hydrilla-infested sites (* indicates pools not sampled).
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Hwy 68*
Potter’s Ford*
Obed Junction* 0.139

Barnett Bridge

Lily Bridge

Obed Junction

Nemo Bridge

Devil's Breakfast Table

Antioch Bridge
0.113

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14  0.16

Figure B-27. Total dissolved solids (mg/L) of pools at each sampling site, Emory River
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate
hydrilla-infested sites (* indicates pools not sampled).

Hwy 68* 5.68
Potter's Ford* | 8.69

Obed Junction*® | 10.86

Barnett Bridge 9.12

Lily Bridge 9.43

10.09
Obed Junction

10.43
Nemo Bridge

9.56
Devil’s Breakfast Table

Antioch Bridge -

8 10 12J
4 6

0 2 - - -
S B .
o/L) of pools at each sampling site, Emory Rlver
q Morgan counties, Tennessee. Red bars indicate

pools not sampled).

Figure B-28. Dissolved oxygen (m
Watershed, Cumberland gnd‘
hydrilla-infested sites (* indicates
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Potter’s Ford*
: | 99.6
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Figure B-29. Per;ent saturation of pool dissolved oxygen levels at each sampling site,
Emory River Watershed, Cumberland and Morgan counties, Tennessee. Red bars
indicate hydrilla-infested sites (* indicates pools not sampled).

Hwy 68* : 7.49
Potter's Ford*  |—— B 7.41
Obed Junction*®  |E—— —— : N—— 731
Barnett Bridge |I—— - i T— 7.42
Lily Bridge | RIS smsesecid 751
Obed Junction 7.64
Nemo Bridge 83

Devil's Breakfast Table

Antioch Bridge

' N ling site, Emory River
% v DA . R '¢) of pools at each samp ver
e [\3’\_/30. T:Ldp}é llcgkisrl(;lj aSer l\/?organ counties, Telnr‘;essee. Red bars indicate
atershed, Cu : .
hydrilla-infested sites (* indicates pools not sampie )
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APPENDIX C

Taxonomic Data Sheets and Functional Feeding Group Characterizations
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Feeding Group m'\lhm% (Clear Creek)
AMPHIPODA \\&m Riffle4 | Riffle Total | Pool
Gammaridae \\\\
Gammarus COHCClor-gath Srer . |
Hyalellidae 1 |
Hyalella azteca m\\\
BIVALVIA T
Corbiculidae T
Corbicula fluminea filter-feeder T‘T = -
COLEOPTERA I R W : o =
Psephenidae ]
Psephenus scrapﬁ\
i e ] ! 10 10 10 31 6
Dryopidae
Helichus scraper
Elmidae
pupae
Ancrynonyx
»‘clr'ieg(;tzls(z{dull) colleotor-gatherer 5
Dubiraphia (adult) collector-gatherer 1
A\rlacron)gétlllslglabratus R — 5
Microcylloepus (adult) | collector-gatherer 38 9 4 51
Optioservus (adult) collector-gatherer 1 1
Oulimnius (adult) collector-gatherer | | 2
Promoresia (adult) collector-gatherer 2 1 2 5
Stenelmis (adult) collector-gatherer 6 41 9 4 60
Ancyronyx variegatus collector-gatherer
(larvae) %5
Dubiraphia (larvae) collector-gatherer -
Gonielmis ditrichi collector-gatherer 1 21 25 11 38 1
(larvae) | SN
\gﬁ%i?{iﬁaﬁsze) collector-gatherer ——i__ I 3 - ! (: :]
Microcylloepus (larvae) | collector-gatherer ’_17’___2_19___ = = 3_62_ =
Optioservus (larvae) scraper _”’_——22——’]8-— : :
Promoresia (larvae) colw/_’———ff— T p—
Stenelmis (larvae) scraper ’i’_ _L_.L =
Haliplidae L o == |
Haliplus shredder [ M, ]
Hydrophilidae | | —————
Berosus (adult) collector-gatheret | L ———— | 8
w shredder [ S
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!Irlrx;;l;lt Bridge, cont'd r\m\\
Enochrus (larvae) predator mﬂm Riffle Total | Pool
Scirtidae — ! ]
Scirtes (larvae) shredder | e
DECAPODA e— ]
Cambaridae \\\\
Cambarus collector-gatherer | T—————
(omnivorous)
DIPTERA I e
pupae T
Athericidae el L& 3 17
Atherix predator T
Ceratopogonidae I = = =
Atrichopogon collector-gatherer ] 1 !
Culicoides predator
Dasyhelea collector-gatherer
Forcipomyia collector-gatherer
Monohelea predator
Palpomyia predator
Chironomidae
(Chironominae)
Dicrotendipes collector-gatherer 14
Endochironomus shredder 2
Endotribelos collector-gatherer 1
Microtendipes collector-filterer
Nilothauna collector-gatherer
Parachironomus predator 3
Paratendipes collector-gatherer
Polypedium shredder 2 >4 42 > L :
Pseudochironomus collector-gatherer
Stenochironomus collector-gatherer 2 ! 3
(Orthocladiinae) e . i 0
Corynoneura collector-gatherer —__3’_ ! = =
Lopescladius collector-gatherer | | | : . 5
Nanocladius collector-gatherer _,’_————’2—‘ 8 21
Orthocladius collector-gatherer _,5,——/2—-‘——; 5
Parakieferella collector-gatherer | | ————] 1
Psectrocladius collector-gatherer /—’]’9”‘ ——3;~ 22
Rheocricotopus collector-gatherer ,/'—j/”f_ 1 4
ML collector-gatherer /2_,__4/—’——— . 2



Barnett Bridge, cont’d
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Eurylophella

| | | Riffle 1 [ Rifme2 | rimmes |
Tvetenia collector-gatherer | Riffle3 | Riffle4 | Riffle Total | Pool
g 4 !
(Tanypodinae) ———r 5
Alabesmyia predator =t & |
== 1
Labrundinia predator I e R 1 8
Nilotanypus predator |
Pentaneura predator \\; 2 5
2
Procladius predator e A 2 7
Thinemannimyia group — 1
s predator
D- 2 2 1 5
Tanypus predator T
(Tanytarsini) FN\
Cladotanytarsus collector-gatherer ] 1 |
5
Neozavrelia collector-gatherer T
Paratanytarsus collector-gatherer
Rheotanytarsus collector-filterer 24 83 47 16 170
Tanytarsus collector-gatherer | 3 7 1 73
Culicidae
Anopheles collector-filterer
Ephydridae
Hydrellia shredder
Empididae
Chelifera predator
Hemerodromia predator 3 4 2 9
Simulidae
Simulium collector-filterer 7 10 19 2 38
Tipulidae
Antocha collector-gatherer
F Erioptera colector-gatherer
Tipula shredder
EPHEMEROPTERA SN
Baetidae L ]
1 23 17 4l
Acerpenna collector-gatherer I —
B e 1| 27 11 17 55
Baetis collector-gatherer L I 1
Centroptilum CW(T —T 24 188
5 2
Heterocleon scraper —//-__—T 4 24
5 2
Plauditus collectof-gatherer ___I/——//
Caenidae —/__,//—"y’d 2
Caenis colleCIOT'gatherer /—/—_’
Ephemerellidae ///:
collector-gatherer ST e



garnett Bridge, cont*d o - \\—m_.\\ 127
Lapsopmes —— \\&ww Riffle Total | Pool
Tri hony ’.l.,’",'/i\‘ﬁ collector-gatherer ~l\T\
7(If2n)chlltlnc \_\43\2_1\ 45 4
»/;‘”L collector-filterer TT\\
Heptageniidae *\\_3\ 2 37
T Lewrocua | collector-gatherer | [ ————— |
Maccaffertium scraper $2\8\
Stenacron scraper Y | | n 40
——
Stenonema_femoratum WW\\\
GASTROPODA et ) ¢ 7
Ancylidae grazer \T :
Planorbidae grazer \_2\ ’ i L
: — 9 2 3 134
Physidae grazer 13 5 l =
Pleuroceridae grazer
Lymnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator
Hydrocarina predator 3 25 15 11 54 8
ISOPODA
Asellidae
Lirceus collector-gatherer
LEPIDOPTERA
Crambidae
Elophila shredder | ]
Petrophila shredder I
MEGALOPTERA | A——
Corydalidae _______’,_———l——— l 2
Corydalus cornutus predator f,zf___d'_—-————— : 1
Nigronia predator [ S—
ODONATA | T
Aeshnidae TS SR Lo pua , 1
Boyeria vinosa predator /S By,
‘r‘ Coenagionidae —/_/-—’]”’/ 1
L Argia predator [ L N N
| ~ Lnallagma predator ////
Calopterygidae ’#__///J//




arnett Bridge, cont’d
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B [ T
Calopteryx dimidiata ?ﬂtor&@ Riffle 3 | Riffle 4 | Riffle Total | Pool
Calopteryx maculata predator |
Hetaerina americana predator R s N
Corduliidae \*_\ 1
Epitheca predator T s SN
Neurocordulia predator I R S
Somatochlora predator R S I 2
Gomphidae I E—
Dromogomphus predator I E—
Gomphus predator R S ’
Haegenius brevistylus predator T
| — | 1 2
Stvlogomphus predator 20 1 1 %)
Libellulidae
Erythemis predator \
Libellula predator
Macromiidae
Macromia predator 6
Oligochaeta collector-filterer 5 11 6 29 152
PLATYHELMINTHES
Planaridae omnivorous 30
PLECOPTERA
Perlidae
Acroneuria predator 2 2
Agnetina predator | 1
Neoperla predator
TRICHOPTERA
pupae : :
Brachycentridae
T Micrasema shredder ud = 2 i :
Helicopsychidae
Helicopsvche scraper [
Hydropsychidae /___’————()—‘—-*—IT 5 90
Cheumatopsyche collector-filterer L 3
Ceratopsyche collector-filterer L T 7
Hvdropsyche collector-filterer Z———:O—""—f N
Macrostemum collector-filterer |~ | —4—]
Hydroptilidae | | —+— [ | 3
Hydroptila piercer-herbivore | 4 ———1— 60
Oxyethira piercer-herbivore | ——————



Barnett Bridge, cont’d R e e
Lepidostomatidae E@ Riffle3 | Riffle4 | Riffle Total | Pool
Lepidostoma shredder —
Leptoceridae ‘\—2\ 14 16
Ceraclea collector-gatherer | |
Mystacides collector-gatherer T : l
Nectopsyche shredder 4
Qecetis predator
Triaenodes shredder = - ° . ’
Limnephilidae :
Pyenopsyche shredder
Philopotamidae
Chimarra collector-filterer ] 23 6 30
Phryganeidae
Prilostomis shredder
Polycentropodidae
Neureclipsis collector-filterer 3 | 4 3
Nyetiophylax predator
Polycentropus predator
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mg Group [ T—— Lily By
o P Rie [ Britee Clear Creat
AMPHIPODA e S T T oy
—— | Riffle 4 | Riffie Tora) | poes |
- [ | — | e lotal | Pool
Gammaridae . T |
\
Gammarus collector-gathere, \\\\\\
el | —
Hyallelidae \-\\ T
\
Hyalella azteca collector-gatherer \—\\\\%—
] | ilueer | S
BIVALVIA I e
S 1
. . e .
Corbiculida -\\N\
Corbicula fluminea filter-feeder | [ —F——oud
\
COLEOPTERA ' | | 6
e ——
Psephenidae T t—]
I —
Psephenus scraper \J\\\__
Ectopria scraper \T\
, —— - L 12
Dryopidae
Helichus scraper
Elmidae
pupae ] "
Ancrynonyx
g coll -
variegatus(adult) cotgy-gatherer |
Dubiraphia (adult) collector-gatherer | | 2
Macronvchus glabratus
: & collector-gather 2
(adult) or-gatherer 1 1
Microcyvlloepus (adult) collector-gatherer 95 192 33 11 331 |
Optioservus (adult) collector-gatherer
Oulimnius (adult) collector-gatherer 3 3
5
Promoresia (adult) collector-gatherer 4 7 4 '
. 1 27 4
Stenelmis (adult) collector-gatherer 5 9 ' 10
neyvronyx variegatus collector-gatherer
(larvae) .
Dubiraphia (larvae) collector-gatherer [ =
=3 35
Gonielmis ditrichi (larvae) | collector-gatherer 26 ___zi__’__d__,_—a;————
Macronychus
: i collector-galhefﬂ | -
Microcylloepus (larvae) COIWL —T | |
Optioservus (larvae) scraper _’I_————’_‘// 1
| L—"‘“’/
P"()moresiu (]ar\'ae) CO“CClor'galhcrer _//L/ 12 28 :
__’/—’1

Berosus (adult)

Stenelmis (larvae) scraper L
Haliplidae S ey
M— shredder [
- Hydrophilidae L]

ISy
collector-gatherer |
e =




Enochrus (larvae) % \\:\@
Scirtidae \\\\\\&
scirtes (larvae) shredder | —— | [
—f ] —1 |
DECAPODA \\L\\\\
Cambaridae \\\\_\\
collector- — [ ——— |
DIPTERA [ et ]
pupae 1\4\_\\_\‘\
Athericidae \‘\#1\43\5\
Atherix predator \\\\:
Ceratopogonidae [ e
Atrichopogon collector-gatherer D e,
Culicoides predator T
Dasyhelea collector-gatherer ]
Forcipomyia collector-gatherer
Monohelea predator
Palpomyia predator ] :
Chironomidae
(Chironominae)
Dicrotendipes collector-gatherer 1 1
Endochironomus shredder
Endotribelos collector-gatherer
Microtendipes collector-filterer
Nilothauna collector-gatherer
Parachironomus predator
Paratendipes collector-gatherer
Polypedium shredder | __‘E__,__li_—ﬂ—— s -
Pseudochironomus collector-gatherer - T 3
Stenochironomus collector-gatherer __E__/g____;‘_‘—’— -
(Orthocladiinae) T 7 50 |
Corvnoneura collector-gatherer ___2’8,_——2—0——//—/——_
Lopescladius collector-gatherer | | —4—T | 2
Nanocladius collector-gatherer _’/I_’____l____,;————';"i
Orthocladius w;f’b'd—}//——_ﬂ
Parakieferella M'/T/L—/ﬂ///
Psectrocladius M//_’{’—j—"’i”




\

"/li\'/llridgt‘. cont’d W 13
Al . ifle .
]'/mwumunmcl/(1 collector-ga‘herer -I\l Riffle 2 Riffle 3 E
, 4 e 4 %
Tverenia collectorgathergy |3 |12 | —me Total [ oo |
. \
('l‘am'podlnae) \\ 1 \3\6 4
) . e ] 4 P ——
Alabesmyia predator i T e——
,\
i I S
Labrundinia predator — I e
: S D e N I
Nilotanypus predator PR e SV =
Pentaneurda predator N\g\\\
. | N
Procladius _% \\\\\
]‘/;[nemtl””im)"'a group sp. % \—2\_\\ )
Tanypus predator T 2 | 4]
" — S
(Tanytarsini) 1 |
N
Cladotanytarsus collector-gatherer T e T S
—
Neozavrelia collector-gatherer \L\\\
Paratanytarsus collector-gatherer T
Rheotanvtarsus collector-fil B 23
nvtarsus ctor- USSR 2
1eotan; r-Tilterer 76 164 67 106 pre
Tanvtarsus collector-gatherer 2
! 3 81
Culicidae
Anopheles collector-filterer
Ephydridae
Hydrellia shredder
Empididae
Chelifera predator
Hemerodromia predator 9 1 2 12
Simulidae
Simulium collector-filterer 207 93 57 138 495
Tipulidae
Antocha collector-gatherer
Erioptera colector-gatherer | |
Tipula shredder . 1 41
EPHEMEROPTERA L
I
Baetidae 3 |
e [ | e [ |
Acerpenna collector-gatherer »/*"T 78 105
14 39 Ladi W BERSS ey
Baetis collector-gatherer | * L ——— | 3
RIS .-
[ E—
H@!eroc[e()n scraper L_’—S—-"‘”//‘ [~
¥_ ’//_r/"—“
: //,__/
Caenldae / —//
~— Caenidae | .
Caenis col lector-gatherer’ | —| e
¥/ //
—

Ephemerellidae

L/




. "" Bridge, cont’d

B ‘\

— purvlophella collector-gatherer :
Trichorythodes collector-gatherey ?T\i\\
Isonychiidae i\i\?T
/s(m_u-/z':‘u. collector-filterer # TT\i\
Hep(agenlldde \\* s —
Leucrocuta collector-gatherer TT\\\\
Maccaffertium & ETT\I\\D\
Stenacron scraper \\_L 90 ]
Stenonema femoratum scraper \\\\i\
GASTROPODA \\L\ 9] ]
Ancylidae grazer \\T\\:
Planorbidae grazer T\\¥+2‘
Physidae grazer \\T\—l\&
Pleuroceridae grazer %\\—I\L
Lymnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator
HYDROCARINA predator 34 7 17 8 66
ISOPODA
Asellidae
Fons collector-gatherer
(scavenger)
LEPIDOPTERA
Crambidae L
Elophila shredder I ]
Petrophila shredder T P A e A
MEGALOPTERA ______’____,__’—/'—/
Corydalidae e /]’1’—__———
Corydalus cornutus predator __f"_,,i_————"//—d/
Nigronia predator //—///:
ODONATA _’_,/////
Aeshnidae /////T//
M— predator L_’/_——l——/—’//////
M—_ r’_”’_/’——?”/‘ 2 | =
% predator ////




//’l’— t’_§l [ ——
Lily Bridge, cont’d —
L”/.——\ Riffle 1 _.\x 4
Calopterygidae — | Riffle 2 Riffle 3 W
iffle 4 %
(",/()Iy/c/jr.\‘(/ilﬁli(/itl/tl predator \\\\M Pool
\ vy maculat ]
Calopteryx macuiala predator i = e
s T \\
Hetaerind americana predatOr \\ T SN
- 1 [T |
Corduliidae ] T e
Epitheca d P \\—l\
pithec predator I
\\
Neurocordulia predator D D e
T 2
Somatochlora predato | 2 T T—
r —1 | 2 4
e ———
Gomphidae I e S
\ D
Dromogomphus predator I e N
Gomphus predator k\\;\ 1
Haegenius brevistylus predator \\—\\ 4
Stylogomphus predator T\T\ 2
i 1
Libellulidae [ Tk U
; —
Erythemis predator I
Libellula predator ]
Macromiidae
Macromia predator
Oligochaeta collector-filterer 6 6 90
PLATYHELMINTHES
Planariidae omnivorous 32
PLECOPTERA
Perlidae
Acroneuria predator 5 3 8
Agnetina predator 20 14 3 1 38
Neoperla predator
TRICHOPTERA
pupae S
Brachycentridae "_——b’T P 126 3
Micrasema shredder ?__28__4___’]___—————
Helicopsychidae *"_'_J/_T/ 6 2
Helicopsyche scraper IS oS
Hydropsychidae /—’——3"”1."4_7\‘—_ 122
3 5 222 i N R
Cheumut()psvche collector-filterer 49 ___,X—T’T 323
. N 15 ENSLAER e
Ceratopsyche collector-filterer ___7’],,__—76?—-’7“ 44 _—’L
— |- =
Hydl'()p_yyche collector-filterer r,L// [ N
[—
A“la('r()sfen””n CO“eCtor'ﬁlterer L,/// | |
———— | T | 3 7
5 B
w,_— piercer-herbivore ,,///_J/,/———



Lily Bridge, cont’d

T
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Lepidostomatidae \\\\ otal | Pool
Lepidostoma shredder \\\
Leptoceridae \\\\
Mystacides collector-gatherer \‘\_l\ 3
Nectopsyche _W‘\\\ :
Oecetis ITT\
Triaenodes shredder \\]\4 36 -
Limnephilidae . | 12
Pyenopsyche shredder ]
Philopotamidae S R
Chimarra collector-filterer I_T ] =
Phryganeidae R -
Ptilostomis shredder
Polycentropodidae :
Neureclipsis collector-filterer 7 37 14 65 >
Nyctiophylax predator 2 3 5
Polvcentropus predator

]




TAXA . SXongl
Feeding Group W Obed Junctign (Obed River)«
AMPHIPODA \“@@ Riffle 4 | RifMe Total |
C— — ¢4 | Riffle Total
amm — —
Gammarus D .
.- _\1
1 COHCCIOr-gatherer \\_\
. \
Hyalellidae = EEE——
I I I
) 2| ——————
Hyalella azteca CO“CClOr-gathel.er T-\_\,\‘
e
BIVALVIA 1 17 | » 29
S
. . \
Corbiculidae V-\_\_\
S
Corbicula fluminea filter-feeder F’\-\_\
COLEOPTERA e L 12
Psephenidae ]
Psephenus scraper T e
ek ot IR 12 4 5
Ectopria scraper _2\\ = 75
Dryopidae - .
Helichus scraper
Elmidae
pupae
Ancrynonyx sollisct h
variegatus(adult) el
Dubiraphia (adult) collector-gatherer
Macronvchus glabratus .
(adult) ector-gatherer
Microcvlloepus (adult) | collector-gatherer 8 2] 6 18 53
Optioservus (adult) collector-gatherer 3 ! 4
Oulimnius (adult) collector-gatherer
Promoresia (adult) collector-gatherer 5 1 5 2 3
Stenelmis (adult) collector-gatherer ! '
neyronyx variegatus collector-gatherer
(larvae) |
Dubiraphia (larvae) collector-gatherer |
~snielniic difrichi 15 27 109
Gonielmis ditrichi collector-gatherer 31 36
(larvae) L — = 6
Macronychus 2 2 B
- collector-gatherer < |
| glabratus(larvae) lg_,—a——-——‘T TL_:,L 735
§ |
Microcylloepus (larvae) Mi—*—’—"'—f 6 13
v L————————_‘
. »’——d
Optioservus (larvae) scraper _,.———-'—"""4/
P_’__-dh—‘———_____'
Promoresia (larvae) CO”ECtor'ga[herer ,,__-——-—/—’4‘-—‘ 1 6
S (O S~
Stenelmis (larvae) ___’5{‘3@/4—/‘/ I
—//
Haliplidae /// .
dder —/J/F/‘
Haliplus shre ///_JL/___‘/A———————-‘
Hydrophilidae L] [
_gatherer L
Berosus (adult) collector-& e
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/led Junction, cont’d

[ —

\
Enochrus (larvae) predator ** #@
Scirtidae ~1\ T ——l . B ]
[ 1
Scirtes (larvae) shredder e Y I R
L e
DECAPODA \\\\:
Cambaridae :\\\\

. collector- ——— [ ]
Cambarus i noll;' ff;lsl:)rer -\_\\\
DIPTERA \\\\\

pupae TTT\\
Athericidae \\\L#
Atherix predator ]
Ceratopogonidae I s me i S
Atrichopogon collector-gatherer N B
Culicoides pm\\
Dasyhelea collector-gatherer
Forcipomyia collector-gatherer
Monohelea predator
Palpomyia predator
Chironomidae
(Chironominae)
Dicrotendipes collector-gatherer 1 2 3
Endochironomus shredder
Endotribelos collector-gatherer
Microtendipes collector-filterer I I
Nilothauna collector-gatherer
Parachironomus predator
Paratendipes collector-gatherer | | = =
Polvpedium shredder ?_66/__,6]__— L - -
Pseudochironomus COW/——T"/ 7
Stenochironomus collector-gatherer _,l___A———D——"’L"//‘
rwcladiinae) /’”T—_//—’—’"
Corynoneura collector-gatherer ”3»———;"///
Lopescladius collector-gatherer /—/—/—/:
Nanocladius collector-gatherer ./—-——’5’7"— TT_,E__—
Orthocladius collector-gatherer ———'5‘8"’—_’_:’——/:_/
Parakieferella collector-gatherer /////
Psectrocladius collector-gatherer //j/‘/_l—/_
collector-gatherer | ————

Rheocricotopus
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™ Obed Junction, cont'd | \R\
L ] :
= . iffle | i
‘northoc S i
Svnorthocladius collector-gag — ¢ | Riffle Riffle3 | pim. T o
Catherer | Riffle 4 | Riffle Total
Thie iell 3 e
hienamanniella collect I 1 T
- Or'galherer 47 \‘\ 3 8
Tvetenia collect — | 20 g | = |
D e o R Or-gatherer | 3 108
(Tanypodinae) | R B
—
Alabesmyia predat —1 ] ]
[ — or 2 1 ]
rul
Labrundinia predator \—\\\ A
s e —— —— I —
Nilotanypus —
Vp predator R . T S
o % e ——
Pentaneura predator 5 $\\\
Procladius predator \\4; 2 6
(e S S SN
Thinemannimyia grou, EE—
Via group d T e SRS
sp. predator ]
< e e——
Tanypus predator T e S I
.. \
(Tanytarsini) D R e S
Cladotanytarsus collector-gatherer T
y . \"\"\4
Neozavrelia collector-gatherer
= -t
Paratanytarsus collector-gatherer
Rheotanytarsus collector-filterer 69 127 36 122 354
Tanytarsus collector-gatherer 4 1 2 7
Culicidae
Anopheles collector-filterer
Ephydridae
Hydrellia shredder | | ‘
T T
Empididae |
4
Chelitera predator | [ 1 I
. | ' 2
Hemerodromia predator 2 | =
s . | ‘
Simulidae |
N | . [ [ 3
Simulivum collector-filterer ) N 1 S
| |
Tipulidae ’H_______—a————”-%g—“
| )
) [ ‘ ‘ .
Antocha collector-gatherer ! ! - 4+t
e e

Erioptera

collector-gatherer I
Skl o

Acerpenna

Buetis
L eee—
Centroptilum
Heterocleon

Cuenis

Plauditus

Caenidae

Tipula shredder
EPHEMEROPTERA }
— |
Baetidae — —

collector-gatherer
collector-gatherer
collector-gatherer
scraper
collector-gatherer

collector-gatherer

R,
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. \
Obed Junction, cont’d —

(scavenger)

LEPIDOPTERA

Crambidae

I
-

Corydalidae

{
Elophila shredder
Petrophila shredder
MEGALOPTERA

I
predator

Corvdalus cornutus
-

Nigroniua

predator

s R Riffle | m "
hemerellidae — iffle3 | g; ]
Ep \\-an\u Riffle Total
rvlophella P g S
Eurylop CO“CCIOr-gatherer \\
N \ \\
Leptohyphidae —! | l —_ |
horvthod. | collocior o D
richorythodes .| |
4 : collector-gatherer T
Isonychiidae ] % 1T | &
[sonvchia ¢ - —
| domema | ollector-filterer 1 \_\\\
Heptageniidae 1 | 2 3
S B
23 N » .\4
Leucrocuta collector-gatherer et |
Maccaffertium scraper TF\\R 1
8 16 ]
Stenacron oper | —— | 0 | ®
———
N 3
Stenonema femoratum scraper Yt - 16
—
,\J'\—iu\‘
GASTROPODA
Ancylidae grazer \“\}\L\_\
. — )
Planorbidae grazer S , .
Physidae grazer 1 5 R | F
2 ] 2 |
Pleuroceridae grazer I T P
| |
Lymnaeidae grazer ‘
— e
HEMIPTERA :
i s —— ===
Mesoveliidae ? ‘
Mesovelia predator
Saldidae
Pentacora predator
Hydrocarina predator
ISOPODA
Asellidae
) collector-gatherer
Lirceus

9



Obed Junction, cont’d

ODONATA

. \
Aeshnidae

eria vinosa
Boye predator
Coenagionidae

|

—————1——— | Rie1 [ e

h\L\‘ S i 4
Argia .
R . S .

| RifMe3  RifMes | RimMe Total |
| _

predator | | I‘V -~ i |
A ), - | — 3y
Enallagma predator ‘ — 1 | 3
Calopterygidae —_— | |
‘ ( 'd/ll/)l('l'\‘\ dimidiata pu-d;"nr T T————— | !
e
| i -
| Calopteryy maculata predator ——— + 4 1
r e
| Hetaerma americana | pn_-dml" 1 + - 4
p— A — —— P
Corduliidae ‘ T T . $
e e N
Lpithe | ] t
pitheca predator T T
8 - = ————————— 1 : 1
\enrocordulia predator 1 1 1
e e | | |
Somatochlora predator 1
. . ) T B G B T * - -
Gomphidace
r . T = T + - . .
Dromogomphi predator
A T B * . . . .
Cromphus predator
+ - - - - - .
Haceenius brevisiylus predator
4 + " . 4 .
Stvlogomphus predator
1 + + + . .
Libellulidae
{ s + + . .
Ervthemiy predator
4 + + . . .
Libellula predator
' i s . . . s
Macromiidae i
. + * T T
\Vacromia [‘IL‘\’.IKI'.' i N
. T t T
Oligochacta collector-filterer * i . .
PLATYHELNMINTHES
s 1 : 4 . )
Planariidae OMANIL OIS 4 . ’
PLECOPTERA i .
Perhidac i + )
lcroncurii predator - -
T {1tor ‘
{encting V"C""““ . il )
\eoperla predator - * ‘
ITRICHOPTERA .
pupac - ¥
Brachycentridae . < .

icrasem shredder

—_—

Helicopsy chidae __——

e S |
S — [

I S S N

e T e —

140



- of <ionifice submerse
*pool not sampled due to lack of significant St

d vegetation

, [ ——
ybed Junction, cont’d [
Helicopsyche scraper ﬁ\& Riffle 4 m
" . 7 — |
Hydropsychidae \_\$ T
_\'\‘
Cheumatopsyche collector-filterey ?\\
Ceratopsyche collector-filer, )\_L 7 T\_
N 3 ¥ | et ]
Hydropsyche collector-filterer $l\ﬁ)\9 L 90
Macrostemum collector-filterer -\\76\“ L I
Hydroptilidae \\Jr\\\
Hydroptila piercer-herbivore PT\\OT“\«\
Oxvyethira piercer-herbivore I—— \‘lﬁ L.#
Orthotrichia piercer-herbivore | | T——— ‘1
—
unsure? piercer-herbivore \\\\T\
Lepidostomatidae Nﬁ\\#—\,\
Lepidostoma shredder T\\“\T\i&
Leptoceridae D - | 2
L Ceraclea collector-gatherer 9 7 | [ ™
Mystacides collector-gatherer > | S
Nectopsyche shredder 16 J L 17 B
Oecetis predator 3 20 1 N 3 %
Triaenodes shredder : 1
Limnephilidae 1 T 4
Pyenopsyche shredder T | ) }
Philopotamidae I T
Chimarra collector-filterer |3 1 v i |
Phryganeidae B N (N S— ]
Ptilostomis shredder ‘ B S | I
Polycentropodidae o J
Neureclipsis C()llw I | ! ; I R —
Nvetiophylax predator L e
Polvcentropus predator 1 I J -t

141



TAXA ’ F:;nctional S
eeding G, otter'
g Group Riffle | Ws Ford (Opeq River)*
—— | Riffle 2 Riff] TSR
PHIPODA ———1 '0e3 | R ,
AM \&_ Riffle Total
\‘
; aridae
Gammar ]
— |
Gammarus collector- [T —— D —
gatherer I
. \
Hyalellidae i N I
— 1 |
- ’\
Hyalella azteca collector-gatherer | ——— —T—|
Latherer ] \\\
,\
BIVALVIA 1 |
S
. . . D
Corbiculidae \_\\’\
Corbicula fluminea filter-feeder $\l—\ \ '
2 I S |
— | -
'\—\4 | 3
COLEOPTERA h\“\‘
|
3 E—— |
Psephenidae I s e SR
\ ‘
L ‘ ‘
Psephenus scraper 2% _“\TN—‘_“\'\
= - 41 83 ‘
FEctopria scraper T e S R R
|
. e | |
Dryopidae ] |
; |
Helichus scraper \ -
I | w
Elmidae { |
‘ i
pupae ‘ ‘ 1
- l RO
Ancrynonyx
- collector-gatherer \
variegatus(adult) G ‘
Dubiraphia (adult) collector-gatherer ‘
4 —
Macronvehus glabratus ‘
: collector-gatherer ‘
(adult) = B - ]
Viicrocvlloepus (adult) collector-gatherer 5 .
Optioservus (adult) collector-gatherer 3 1 I v} R |
Oulimnius (adult) collector-gatherer 2 | N NP
Promoresia (adult) collector-gatherer _____l_’_,,’,*x —
5 | 31 9 | 6 18 6l
Stenelmis (z sollector-gatherer 3 A I IR —
tenelmis (adult) collector-gatherer | 77 |
Anevromx varie ; ‘
] I_\.\\(IIIL}JLI!I(.\ collector-gatherer ‘ I R
BRI - »‘_’_"__/_’5———/
(larvae) l’db’—w ‘
. . are | E—— ——
Dubiraphia (larvae) Lw N MRS e, con
Gonielmis ditrichi ‘
sonielmis ditrichi collector-gatherer 4t
(larvae) - L — . 3
Macronvehus I - »
acronychus collector-gatherer | T
glabratus(larvae) RIS Py ‘ -0
. srer 20 Q|
-\[’("'()L‘_l‘//()cpu,\' (larvae) COIICC[OI"‘:“‘“I]U’U L__/—a-—/’r/,’,/—'/’J 76
— ; I8 2 |
) _ 36 S
O]”I().\'U/'\‘[(_\‘ (l;lr\'ae) scrapet —’//’/"/ 1 ]
| | 1T s
Promoresia (larvae) collector-gatherer | 7| ” . N <
33 /’/
Stenelmis (larvae) seraper ——
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T ——

potter’s Ford, cont’d —
g e | Riffle ;
Haliplidae \lmw
T3 | Rifed | Rime o]
Haliplus shredder | ——f—_ | | iMle Total |
T H -\\
Hydrophilidae P ] —
" \
—1
Berosus (adult) collector-gatherey | ————— | —
\
-osus (larvae) D T
Berosus (1ar shredder —
I e
Enochrus (larvae) predator I
- [e——l .
Scirtidae .

Scirtes (larvae) shredder —t | {
- r\1\+
\

,\
DECAPODA N*\+\4
Cambaridae I R N , }
e S
Cambarus collector-gatherer \—1\\"\;\‘
(omnivorous) ‘ \
— | |
—t 1| [
—
DIPTERA | | B
5 '\#b\‘ |
pupae 18 " hﬁN‘T 1
Athericidae 4\*._ W
Atherix predator . 1
Ceratopogonidae 1
: = S — 4
Atrichopogon collector-gatherer 5 | [ 2 8 ‘
Culicoides predator T
. d
Dasyhelea collector-gatherer
Forcipomyvia collector-gatherer
Monohelea redator [ I
p .
4 e e ] J
alpomyia predator | |
1
Chironomidae ‘ —
(Chironominac) | e
Dicrotendipes collector-gatherer —_I’________;_’—4>4, el
: [
Endochironomus shredder . {
. \
Endotribelos collector-gatherer _/A__"_,;‘_/_../g +
———eet I
i | k
Microtendipes collector-filterer I S S, |
————— |
Nilothauna collector-gatherer |~ | 4+ ——+— 7
e ]
Parachironomus predator S B, ey
Paratendipes collector-gatherer /——’J\"”'_’]:"k,}, 2066
) ’ LT IERANES B e S
Polvpedium shredder ,,,—J ‘
P-\'L’Il(I()L'h[r()”()n”(.\' collcclm‘-g'dlh“r” L 7T’ o .
i - Martar-aathere ’/__s-//"ﬂ
Stenochironomus collector-gatherer | ‘ .

(Orthocladiinae)

Corvnoneura

—_ Commonera__|

collector-gatherer

collector-gatherer

collector-gatherer

Nanocladius
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Thienamanniella
Tvetenia

(Tanypodinac)

potter’s Ford, cont’d
/——

Orthocladius col Iector-gathe,er
parakieferella collector-gatherer
psectrocladius col lector-gatherer

Rheocricotopus collector-gatherer
S‘,m,nh()c/adius col Icclor-gaxhe.-er

collector-gatherer

collector-gatherer

Alabesmyia predator
Labrundinia predator
Nilotanypus predator
| Pentaneura predator
b/"/ e — |
; G
‘ Procladius predator e
\
Thinemannimyia group — T |
) predator | —
sp |
=== —t 1
Tanypus predator I 1
[ e
. . _\ﬂ—*\ﬁ -
(Tanytarsini) [ T
i —————
Cladotanytarsus collector-gatherer ! ?
i |
v . ——
Neozavrelia collector-gatherer J ‘
= —————
Jaratanytarsis collector-gatherer
- ‘_+_ B %
Rheotanvtarsus collector-tilterer 79 A | 18
- - ——— -
5 | |
Tanvtarsus collector-gatherer 2 6 14
] £a
s — % —_——— - -
Culicidae ‘
= — 5 R -
Inopheles collector-filterer | !
- - - ——— +
Ephydridae
_ i I — 4
|
Hvdrellia shredder
g — e SESEEEE— e =
- s pe |
o Empididae | — 4.
|
Chelitera prﬂ_—i-——-——"”"* ) SETeS
Hemerodromia predator ‘ - 4
L Simulidae ' B I 1
o RTASE - ‘
Simudtum collector-tilterer | ! B . N .
| S I
po— X |
lipulidace I e T
Antocha collector-gatherer | 4t T
-\~—J
Erioptera colector-gatherer 4 T
L Til)“[” shredder 1t T
——— o |
|
Cp g ~ g -
- EPHEMEROPTERA ; .
. N NS ey I
! i +

w— collector-gatherer
%—__ collector-g

collector-gatherer |

‘ Centroptilum

gatherer |




potter’s 3 (llr‘ll. cont d

Heterocleon

e

Scraper —— W
s e | iffle 4 %
Plauditus ‘-'l‘HL‘L‘lor-gmhercr \‘\\\M
e e | £
. Caenidae f‘\_\\\\
‘ “ . \ \\
‘ Caenis collector-gatherey | ——————u_| e ]
| o= —— T —
Ephcmcrclll(lue e S| —
| el T ey | T
WLl ) ~ F—— |
Eurviophella “’“ecmr-gatherer \_\\
phidae | 1 P |
Leptohyp Se—— e S I
. - 56 I
Trichorythodes wj\\\\
s EEESS a|
[sonychiidae |
I
e
Isonvchia collector-filterer | & | —F——oul |
22 I —
Heptageniidae \\L\ 114
e
Leucrocuta collector-gatherer \Thz\\\
Maccaffertium scraper \Tj\_\L
27
Stenacron scraper \ﬁqu\(’
Z — | 1
Stenonema femoratum scraper 3 S e S
L 46
GASTROPODA
Ancylidae grazer 3 5
- J
Planorbidae grazer
Physidae grazer
Pleuroceridae grazer
Lymnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator I B SR S
Hydrocarina predator S S R e
y lf
ISOPODA T I S
[ —
Asellidae /—ﬂ//_/
P collector-gatherer P
W w%// L/
LEPIDOPTERA T T e, ey
Crambidae - —T |
| . =] //
Elophila shredder /// I—
—//
1 Petrophila shredder | ]
| L e
e f—
- MEGALOPTERA I S, oy I
~ ///
Corydalidae L —

ST
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Nigronia predator \\\ E
ODONATA I e
/——\\
B::::l\l'(l]'l:w predator \:\’\l\.]
’ -\ |
Coenagionidae \\_\:\’_\1‘
Argia m\\_\_i\\i
Enallagma predator \‘\'\#},\\_‘
Calopterygidae \\\‘\f\»\ ,
Calopteryx dimidiata m’\”\'r\f\—\t
Calopteryx maculata predator h\"—\“\l\_‘_\\‘
 Hetaerina americana predator \’\N S—
mae I s e S S ]
"’W"" predator ‘\’\‘\f\-“&\,‘_,
\eurocordulia predator D S S
Somatochlora predator ! D A
Gomphidae 1{ D
B Dromogomphus predator ? |
Gomphus predator T I ]
mmm.\ hrevisovlus predator 1]
B Stlogomphus predator | - 1Al : :
Libellulidac ' |
Ervthemis predator Nl N
Libellula predator S | |
Macromiidae | e
L Vlucromia predator { | N S EESS———_——
Oligochacta collector-tilterer ’3_*"_‘__14_4 N SR
PLATYHELMINTHES | ]
4 1T I
Planariidae omnivorous [ S M SR S
PLECOPTERA ‘ L
- T )
Perlidae _/’_’i’_/_,a_—l’r‘]"/"' — T :
: 3 e

Acroncuria

Agnerina

U
~ TRICHOPTERA
Tr

predator L_""‘/
predator I S +
predator I B, =

. 4
Ichoptera pupae ‘
—
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Soerer's Ford, cont’d
o Qm\ 147

Micrasema shredder \_Rifﬂ\ezmﬁ
i s
T e iffl ;
Helicopsychidae \\\-\“M
: wvhe _\ |
Helicopsyche scraper —1 — ]
. \ ]

Hydropsychidae T —1 |
che i ] |
Cheumatopsyche COHeCtOr'mlerer e b |

325 5 Tt |

Ceratopsyche collector-f; lterer —1 3 | _T
Hyvdropsyche collector-f * 1 \‘\\

Macrostenmum collector-filerer | ——+——u»| | , 1

- e = e |

Hydroptilidae \”\\\T\J‘
Hydroptila piercer-herbivore | | T ——— | ‘ \‘
. ——— l R e
Oxyethira piercer-herbivore | T——— | _\1\1
Orthotrichia piercer_herbivore \\\_ﬁ_\’\ﬂ
Lepidostomatidae \\\\l\
Lepidostoma shredder \\\7‘\;\%, B
D | |
Leptoceridae R R e D S

‘ ‘
‘ — 1 T
Ceraclea collector-gatherer R

Mystacides collector-gatherer ‘ —
Nectopsyche shredder %‘——f‘_,, .
Oecelis predator = -
Triaenodes shredder T S
Limnephilidae o ==
Pycnopsyche shredder ] S
Philopotamidae ]
Chimarra collector-filterer 54 8 1 B 6
Phryganeidae I
Prilostomis shredder D IS
Polycentropodidae I S |
Newreclipsis collector-filterer ?____“___4‘_’#7 I
j l
Nyetiophvlax predator "_’/_T_’I__P/,..,-, . .
'D“/_\'t‘c’llfl'()/n/,\' predator | 1

ST 0. . srsed vegetation
*pool not sampled due to lack of significant submersed vege



[ s——
Feeding Group
_\

AMPHIPODA

Gammaridae |
Gammaris col Iector-gmherer
/{ru[ellu azteca col lector-galherer
BIVALVIA
Corbiculidae .
Corbicula fluminea filter-feeder
T coLeortERe
Psephenidae ]
Psephenus W
Ectopria scraper
Dryopidae
Helichus scraper
Elmidae
ﬁlpﬁt

Ancrynonyx
variegatus(adult)

collector-gatherer

Dubiraphia (adult)

collector-gatherer

Vacronvehus glabratus |
: collector-gatherer
(adult) - |
- Microevlloepus (adult) | collector-gatherer ‘
Optioservus (adult) collector-gatherer 5 st |2
? .
 Qulimnius (adult) collector-gatherer '
1 Promoresia (adult) collector-gatherer ‘
S
o ’ — g )
Stenelmis (adult) collector-gatherer 2 N (S
evronvy variegatus 1

(larvae)

collector-gatherer

Dubiraphia (larvae)
i

collector-gatherer

‘ e
I Gonielmis ditrichi

collector-gatherer

N
IR

el

(larvac) 1 . |
Macronvehus : i
‘ nehus collector-gatherer ke ——
glabratus(larvace) — ‘

\Iiwm'_l'llncpu,\' (larvac)

Optioservus (larvae)

). .
‘ ,’()Nl()l'(’ﬂ(l (llll‘\'llL‘)

Stenclmis (larvae)

Haliplidae

Hydrophilidae

scraper

scraper

T—
shredder

T

collector-gatherer | |+
| s ‘ »

L e
collector-gatherer | | —+—
e e ]

X
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Highway 68, cont’d T =
iffle | .
Berosus (adult) collector-gathere, | Riffle m\ _
Riffle
perosus (larvae) shredder \\\ m
Enochrus (larvae) predator \F\\{\*\—l
- ] 1
Scirtidae \\ i T
] — |
scirtes (larvae) shredder ] |
DECAPODA T e T '
Cambaridae ] ‘
\4
collector-gz
Cambarus llu.l(?r gatherer \\*F\I:\
(omnivorous) I —
Omnivorous) |
T ‘ ‘
\—l
DIPTERA i o
e
— L
\ pupac 9 R ——
& 3 ——
== = ey o 4 § 3
\ Athericidae I N § 83
L//l \0\‘ |
! Atherix predator D e e
mgonidae T N
— —
‘ Atrichopogon collector-gatherer T
Lo e
. . . ;\———-_
‘ Culicoides predator == T
Dasvhelea collector-gatherer 1 ’
b LN 1
| Forcipomyia collector-gatherer | T I |
S —
— —— -
Vlonohelea predator 1
— ] -_— e ’ -
Palpomyia predator 1 |
— - -
‘ Chironomidae
R | |
| (Chironominac) }
Dicrotendipes collector-gatherer |
e 1 | S| 4 _
Endochironomus shredder | | ‘ ‘
L ! Y E— 4
Endotribelos collector-gatherer .‘ i
‘ - 1
Vicrotendipes collector-tilterer | | | - 1 4
Nilothauna collector-gatherer 1 I G +
SR o s
Parachironomus predator ‘ — 1
| 4+ ‘ 4
-
Paratendipes collector-gatherer | - + T =
m—— [ 10 : :
> JNEY S Jasa - O 10 + -
Polvpedium shredder | ° 14—
Pseudochironomus collector-gatherer I S 1 .
= 5 |
Stenochironomus collector-gatherer ,_/l_,-»»‘ff;""* —
/ | -
(Orthocladiinae) . s I IR 4
j | | [ 10 ! .
_ Commonaura | collector-gatherst | f
| L ] | - .
| Lopescladiuy collector-gatherer _,,.,’-""T s ) .
. i 4 + 1 &)
L Nanocladius | collector-gatheret |~ T |
o I8 — 6
‘ Orthocladius collector-gatherer - 2 4
a - —
o . & |
| p‘""’\'ltfh"‘t’”(l Mﬂ_‘/ 1
x —————————p gt :
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Highway 68, cont’d

Riffle | H
R/u’()l"'iwm[""\. couecmr‘galherer leﬂez Rifﬂe3 ﬁ
) T Riffle s | Rifme Torer |
Swwr/lwcladlus colleczor.gath,erer \\ 95 otal
el ’ C T —t— m
Thienamanniella COHeCIOr-gatherer e - ]
Tvetenia collector-gath I 20 e
erer \.\ <q
dinae) — — 3
(Tanypo — ]
i — I s
Alabesmyia predator ]
— Q | T |
Labrundinia predator i e N e
Nilotanypus predator . ‘ 1
|
Pentaneura predator _\‘\,\I_‘\lﬁ\:ﬂ
\#_\ﬂ!
Procladius predator \\4\ \
inemannimyia group | 3 2
Thine 5 predator 1 .\—V\_T\‘J
L 3 l |
S— ‘ 5
Tanypus predator T‘\*’—\ﬁ'— - \1
i I ’ 3
(Tanytarsini) '\‘,_\"_\_L»lA %
] ‘
Cladotanytarsus collector-gatherer | ’_\\\—»—\4“_ |
. . — [ 6 ‘
Neozavrelia collector-gatherer 5 —
2 | s
Paratanvtarsus collector-gatherer “1"\‘.~~~-7 —
I
Rheotanyvtarsus collector-filterer 1006 219 146 | N _T‘ l:“ |
Tanvtarsus collector-gatherer 19 12 s | : | e 1
o e —————— 4
Culicidae
—p 4
Anopheles collector-filterer 2 2 ‘
+ - - <4
Ephydridae L \
Hyvdrellia shredder ‘ ‘
i (— )
Empididae . | J
1 Chelifera predator | 1 i
- A [ ‘ X
Hemerodromia predator 6 | - N ]J |
| ve 5
w Simulidae I S _—
— - | 1
‘k\.\'imu/ium collector-filterer ) S (- S
‘ Tipulidae [ BN B e
! Antocha cnllcclL\_!ﬂ”_‘_L‘_fi__’_,__;_,z‘——;—’f“" — g
Erioptera colector-gatherer |
plere cctor-gatheret |____1—— K
‘ Tipula shredder I N e
‘
EPHEMEROPTERA 1 |
e e — | *‘ B
Baetidae | 1" .
// | JE— S m——
Acerpenna collector-gatherer /,_4/ LB
—_— ~ 3 —p———
Baetis collector-gatherer ,_/"’1/ )
&.- /’_/—F/ e T
~ A —— !
M__ collector-gatherer | ////'/
M_ scraper //’!//’/
w_— collector-gatherer | ///
Caenidae L

I
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- . % “d [ o —
[ pighway 68, cont’( ‘
L g ol mm
///(1&—— coTicctor-gatherer | ——2 | Riffle 3 m\
} thcnlﬂ't‘"idilk‘ \\ Riffle Total
; [ 1
Eurviophella collector-gatherey | ——— s
. ' G R U
Leptohyphidae ——a | P,
| | 1 .
Trichorythodes COllectOr_gatherer e |
. _\ \,\
Isonychiidae | S
) N
[sonychia collector-filterer | ———| = |
= - I s, N
Heptagenudae \~\\ =
SR N
OO D
Leucrocuta w \_\\\
Maccaffertium scraper -4\7\\
27 T
Stenacron scraper \\\N‘\\
Stenonema femoratum scraper \\\\\
Gastropoda \\\\\
3  E———
Ancylidae grazer —t
.  —
Planorbidae grazer #x
|
Physidae grazer \—1_\\
Pleuroceridae grazer =
Lymnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator
Hydrocarina predator 51 11 B 66
ISOPODA
Asellidae ]
7 collector-gatherer h) 2
reens (scavenger) 1@ T |
LEPIDOPTERA | ]
~ . i ———
Crambidae ////
. [ PES——
Elophila shredder e
[ S
Petrophila shredder P N
w L—/_d
MEGALOPTERA |
y_/r/ I S
2 F— )
— | 9 —
' = 4
( orydalus cornutus predator [ e 3 [ WS
3 . //
wl—— predator —
|
—
| —/
ODONAT | —
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G } \
.shway 68, cont’d o
Aeshnidae ] e2 @m_\
: s Riffle T
Boveria vinosd predator e T ———— e Total |
- . \'\
Coenagionidae e T
] = .
Argia predator I |
\-\4
—\n
Enallagma predator [ —uo| 1| | :
-\-
1 '\4
Calopterygidae e
\
Calopteryx dimidiata predator \\\_\
’\4
- " \4
Caloptervx maculata predator »I\_\_\\
Hetaerina americana predator ‘\\\\ .
e ‘\1
Corduliidae \\»\_\\i
. T
Epitheca predator _\\\_\f\i
B — [
Newrocordulia predator ‘\\\4\‘
——— ‘ ,
Somatochlora predator et
Gomphidae |
P | |
Dromogomphus predator \x*\i—\q
(I S 3
Gomphus predator F‘\*\‘<
| ‘ 3
Haegenius brevistylus predator ﬁﬁ%
Stlogomphus predator l 3 4 2
Libellulidae
Ervthemis predator 4
Libellula predator ]
Macromiidae | |
Macromia predator Lt
- 3 7 3 162
Oligochaeta collector-filterer 73 6 3 | 8 - |
|
PLATYHELMINTHES ;_— N
Planariidae omnivorous e =
PLECOPTERA __’_l_/#f,,* =
_—— |
Perlidae /a__,___—_l———#—————k” T
Acroneuria predator ___l,___’——l‘—”l’ -
Agnetina predator — ‘ " 7
Neoperla predator I
‘ . DU
TRICHOPTERA /% 7
K—/ ‘ S -
/k't”_*_’
pupac | \ I S
e— L/,’%/#_
BraCh.\'Centri(lae %—/’"‘ T S
e E—
%— shredder ///T—// o
Helicopsyche scraper o]
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: \
_\

Cheumatops) che collector-f; lierer
Ceratopsyche collector-f; lterer -
Hydropsyche collector-filterey ]
Macrostemum collector-filterer '&.
Hydroptilidae L I
Hyvdroptila piercer-h erbivore \$\\T\~«
Oxvethira % —\L\T\:\’_\I—-
Orthotrichia piercer-herbivore r\‘\_\:\‘\‘
Lepidostomatidae \_\_\:\\
Lepidostoma shredder \\#\&* |
Leptoceridae R e, T h\i\ﬂﬂ“t_,,ﬁ
— | | -
Ceraclea collector-gatherer \#\—T\;\«—-‘, o
Mystacides collector-gatherer h\‘“\w,\;\_’\‘ |
Nectopsyehe shredder \NF\T\*‘ ]
\ Oecetis predator \rfr\_’\**__i ) |
r”mmn/c,\' shredder \rﬁ"\f*‘~ .
Limnephilidae —_— . -
Pyenopsyehe shredder l——_ﬁ.‘ , )| l
Philopotamidae ] — ]
r Chimarra collector-filterer 3 1 = =
B Phryganeidae T ST .
Prilostomis shredder ‘ T T
Polycentropodidae 77* ]
\ewreclipsis collector-filterer 1 3 ! | <
Nvetiophvlay predator | |
Polveentropus predator s |

"pool not sampled due to lack of signiticant submersed vegetation
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TAXA FEF:;_"cﬁonal 154
eding Groyp [— 0
p 2 bed Juner:
i e O
AMPHIPODA ——< < | Riffle 3 Rifles |
et Riffle Tota)
Gammaridae \r\_
Gammarus collector~galherer \_\ .‘
. N ‘
-alellidae ] 3 -\T\..\_‘\
Hyalella azteca collector-ga[herer ] [ ‘
\4 | T ————
’ . |
BIVALVIA '\T\_\ 197
——,—
|
" & _\ |
Corbiculidae \\.L\*\’\
: . | . | B
Corbicula fluminea filter-feeder \\-.\_.\1
= 1 e 7
'_\ﬂ\ 4 3 -
SN
COLEOPTERA | ‘ | L |
5 I R i
Psephenidac | !
— | |
/’\U/)/IL‘HH.\ scraper T\J—f\""\—"* ! - |
B [ 13 7 .
Ectopria scraper 1 F\T‘I\" — 4
| | 1
Dryopidae \ N = .
Helichus scraper 1 T 1 T
Elmidae T T 1
T ——— - - .
pupac |
+ — . . -
Ancryvnomey [
ik : collector-gatherer
varicgatus(adult) 2
— .- - -
| Dubiraphia (adult) collector-gatherer | 9
U Macronyehus glabratus |
‘ : ' collector-gatherer l
(adult) . | ) )
- Microcvllocpus (adult) | collector-gatherer | 43 |17 55 | % | e |
Optioservus (adult) collector-gatherer 1 | l {
o 1 m ) 1
| Oulimnius (adult) collector-gatherer ) I S i
—_— 1
Promoresia (adult) collector-gatherer 1 | 1 4 .
—_— ‘ . s 14
| Stenelmis (adult) collector-gatherer 2 L I 4 B
—
Incvronmvx varieg |
| CYFONVY varicgatus collector-gatherer | ! | |
(larvae) i .
Dubiraphia (larvae) colef 1 . A
| Goniclmis ditrichi . 3 2 i
i clmis ditrichi collector-gatherer -1 i
‘ (larvae) )
facronychus collector-gatherer 4 e
_glabratus(larvace) 173 184 -

Vicrocvllocpus (larvae) | collector-gatherer
i il el

Oprioservuy (larvae) scraper

Promoresia (larvae) collector-gatherer

Stenelmis (larvae) scraper
Haliplidae
Haliplus

—__ Hydrophilidae

shredder




Obed Junction, cont’d

\

155
oo @) | <ollecto g Rime 2 | i Ty T
il Riffle 4 | Riffle Total | pocy |
Berosus (larvac) shredder e p—c ot | Pool
] 2 — T
Fnochrus (larvae) predat — | 1 | |
or | 1 o
B — | 4 _
S titas — 51
Scirtidae [l e
o N
Scirtes (larvae) shredder — R R TR
§ er e S
e
DECAPODA T e S
— | ]
. _\
Ng P « e
Cambaridae \\_\\
[ ] : L I——
Cambarus collector-gatherer T e |
o R
(omnivorous) ]
DIPTERA \\\\\
e T ————— ] —
pupae T\\\
2 I T
- T = | 3 | 31
Athericidae
P I
Atherix predator I A e
; S
Ceratopogonidae T
Atrichopogon collector-gatherer ]
Culicoides predator 5
Dasyhelea collector-gatherer
Forcipomyia collector-gatherer
Monohelea predator
Palpomyia predator
Chironomidae
(Chironominae)
; : 1 ) 3 69
Dicrotendipes collector-gatherer 2
Endochironomus shredder
Endotribelos collector-gatherer
Microtendipes collector-filterer
| 1
Nilothauna collector-gatherer L’____’__}—————
Parachironomus predator = |
Paratendipes collector-gatherer /—/TT 188 10
T e
Polypedium shredder /6_1_——//‘/
. (S S
Pseudochironomus collector-gatherer //'—T—_—/l_ 9
, |7 | |
Stenochironomus CO”CCIor'galherel /// -
— b ke e
(Orthocladiinae) | | 3 4 [
o | L e e |
| (‘()/')'}7(;;73“;'[/ CO“CCtOl-'gaterel Lo | .
A S 5
,-()/703'('/(/(//41(,\' CO”eClOI.-gatherer // o e
. e 27 309
| ,\’((ﬂ(}(*/(,({j”.\‘ C()”ec{or-gatherel // 37 47 _’;—————/
— 3 8 L
— = = — ey herel' "5 // !
‘ Orthocladius collector-gat ] __’,,J—/—_’___
— i | e
collector-gatherer | L—

777/'(”‘{1/(it'/c'!‘(’//ll




[Obed dunction.cont'd | e 156
: iffl .

T Pyectrocladius collector-o hor \el Riffle 2 Riffle 3 | i
e ] Satherer €3 | Riffle 4 W%
Rhcocricotopus colle — | Rilfle Total Pool

CClor-gatherey $\\ |
snorthocladius olle — | 2
Sy collector-gatherey $\\ | S
Thienamanniella collecto — D e S
| rgatherer | g T———d— ! | T
Tvetenia collector- — | 6 | - —T———— < |
o Stheer | V [ T————1 B | %
(Tanypodina L l - |26 |
P ] <
. \ .\"\
Alabesmyvia d — EE—
) predator U e S
e —
. ) — = | 1 S e —
Labrundinia predator —— [ 3 .
R —
Nilotanypus predator e ]
] S N
5 . —
Pentaneura predator | ]
e e ) I
Procladius predator I s e 3 |
Thinemannimyia group P— |
. predator [ ==
Tanypus predator R i e S
(Tanytarsini) — Tt |
[ ——
Cladotanytarsus collector-gatherer I
I
Neozavrelia collector-gatherer
Paratanytarsus collector-gatherer 2 N 1128
Rheotanytarsus collector-filterer 158 34 548 107 847 15
Tanytarsus collector-gatherer 2 2 38
Culicidae
Anopheles collector-filterer
Ephydridae
Hydrellia shredder
Empididae
Chelifera predator
Hemerodromia predator
Simulidae ] . 0
o ] 3 3
Simulium collector-filterer 2 _'I,_——————,“
Tipulidae L g
p E———
) (RS | SS——)
Antocha CO“CC[OT‘gmherel ’_’_/—/”4
. S SN
E/'j()p[()ru CO]eC[Or'gatherel _//—/”
Ti/)lll(l Shl’edder ///—”_T’/‘
//—_’—_—
EPHEMEROPTERA | """ | I
e s e e e ] .
- I
Baetidae P | 10
ST S——
e - ||ccmr—galhere" 10 (B 160
Acerpenna co S | = =" [ 37 63 2 I
e e g | B .
Buaetis collector-gatherer | = 4 — U RN S,
[ 2%
Centroptilum M/”'r 10 _’3/___/:/—_’_
4 e
|-
Heterocleon scraper ] ////
Plauditus w//




Obed Junction, cont’d \\ 157
T Gaenidae | Rl [ i T
e 3 )
Caenis 1l \\L\ Riffle 4 Riffle Total Pool
NS collector-
h llid i T e T
Ephemerellidae ] \\j‘
Eurylophella Couemor-galherer \\-\‘_\J’\_‘h\‘\
tohyphidae | ——
Leptonyp "\*\*\4\‘ 1|
Trichorvthodes collector-gatherer \\,\ \L\Pj
Isonychiidae \4\;’;?3\_ w
. 1 e —
[sonychia collector-filterer ’\X”(\,' | \
T - 4 , . —
Heptageniidae '\\F\’%;“ <1
e e — T
Leucrocuta collcclor-galhcn:r -\-#\_4_ o [
3| T
Muccaffertium scraper T'T,\?_\#H N .
e ! 53 1 9 [ —
Stenacron scraper \‘r\#\,\__ | B
— | | :
Stenonema femoratum scraper Ih_’— — ) S
— 1 ] | |
GASTROPODA | e |
. T s e S
Ancylidae grazer | s | 1 1
" — | 2 1 s 4 ‘
Planorbidae grazer _\ﬁ ey - d —
| -
: S R
Physidae grazer 3 [ 1 T : 1 P
: EPEE e e — { .
Pleuroceridae grazer | 6 | 2 ] = 1
: — I !
Lymnaeidae grazer | ¢ o
HEMIPTERA :
= Em— —- . .
Mesoveliidae
S p——— | + 4
VIesovelia predator ‘
Saldidae | 1 | |
Pentacora predator { | i |
1| 9 12 24 6
Hydrocarina predator ; ) I N | 4 .
‘ ISOPODA ' . $
Asellidae N — S + 1
) collector-gatherer E |
Lirceus (scavenge) | | L 4
LEPIDOPTERA | 1
| S —1 [ 1 4
Crambidae I S, |
Elophila  shredder | 44— ¢ 5
P — | | Py g
‘ Petrophila __/slﬂ’rljw-* — B ol
MEGALOPTERA | L —+— | |
Corydalidae - T - 9 | ]
Y (e | - 1
Corvdalus cornutus predator —T" | - 1 B
| T
Nigronia predator / 1 S
. I
ODONATA //// B
////.




( .1 Junction, cont’d T
Obed Junc . « e
T g = 158
- Boveria vinosa bred: m Riffle m
. predator — \63 mﬁ\
- SN — | 1ifle Total Pool
Coenagionidae — | =l -
\
Argia predator \\\\\
 ———
e \
Enallagma predat — I R
or T SO ]
Calopterygidae — I
) oo | S—
e D 43
Caloptervx dimidiata predator | ——F——0u| R i
.\
Calopteryx maculata predator Tt R s e
| ey ] 1 |
staerina americana ]
Hetaerimna ¢ predator L ]
. £ \'\
Corduliidae \\§_\ 3
= 2 \ \\
Epitheca predator \\\\
A .
Neurocordulia predator \\\\\ 5
Somatochlora predator \\\\x
Gomphidae — T |
e s
Dromogomphus predator T |
Gomphus predator T T —
Haegenius brevistylus predator I ]
Stylogomphus predator ] 4
4
Libellulidae
Ervthemis predator
Libellula predator 9
Macromiidae
Macromia predator
Oligochaeta collector-filterer 7 7 72
PLATYHELMINTHES
Planariidae omnivorous 4 ; -
PLECOPTERA
Perlidae
=0 I % 3 8 !
Acroneuria predator ?_’____,___—.’”“
44
. . 6 14 b
Agnetina predator _i—__/__,_——————’ll—’__—
1 [T
. I
Neoperla predator B TS, s RN
|, SSS—
TRICHOPTERA s s N K
/,1 o
| R S DES——
pupae ///k_”_
T [ S
I
Brachycentridae B s Rl g 13 2
/ C
3 | | //”“
Micrasema shredder /_—//
L ] e,
Heo e | 71 1 | 3 :
clicopsychidae | 4—— LN
2 |
Helicopsyche scraper S ol —1 |
< | 218
~ lerer | 7T L ——
Cheumatopsyehe collector-Tt b=




: e
Obed Junction, cont’d e
Ceratopsyche °°”e°‘°f'ﬁlterer 3\_
o 6
Hydropsyche collector-f; erer -T
5
Macrostemum colleclor-ﬁlterer [
Hydroptilidae ——
Hydroptila piercer-herbivore ’\\
Oxvethira piercel’-hcrbimre =
Orthotrichia piercer-herbiy - —
Lepidostomatidae ——
Lepidostoma shredder \4~
. _\1
Leptoceridae ]
< \1
Ceraclea collector-gatherer B
Mystacides collector-gatherer 5 ]
Nectopsyehe shredder ]
e : ———
Oecetis predator 6
Triaenodes shredder
. e '\—0\’\
mphllldac
},
| Pyenopsyehe shredder
Philopotamidae — T T
{ ——— ? -
‘ Chimarra collector-filterer 2 5 i > 10 |
| - - - -
\ Phrygancidae 1
— - 4 —t 4 4
‘ Ptilostomis shredder }
2 . ? - - -
Polycentropodidae ;
Neureelipsis collector-filterer 5 1 40 2 47
\vetiophyvlax predator ‘ I 1 | )
Polveentropus predator | . l




160
Feedmg Gl‘oup e Antioch g

TAXA

: ridge (p
| e | By | o ge (Daddy's
e— | leez lee3 ﬁ‘cr?ek)
AN”’HIPODA .\4.& Rim?TouﬂW
—
. _\
Gammaridae e
Gammarus col lector-galherer — . ]
. _\ \h\
Hyalellidae i |
. P I e
Hyalella azteca collector.ga(herer \\4\ Se——
\
BIVALVIA T ‘ 5
N . -\ | [
Corbiculidae [ ‘
Corbicula fluminea filter-feeder
COLEOPTERA
Psephenidae
Psephenus scraper
= ;
Ectopria scraper
Dryopidae
Helichus scraper
Elmidae
pupae
Ancrynonyx A
e ollector-gatherer
variegatus(adult) = B
Dubiraphia (adult) collector-gatherer
Macromehus glabratus
: collector-gatherer
(adult) =
Microcvlloepus (adult) | collector-gatherer
Optioservus (adult) collector-gatherer
Oulimnius (adult) collector-gatherer
Promoresia (adult) collector-gatherer
Stenelmis (adult) collector-gatherer
Anevromey varieeatus
R e 2 collector-gatherer
L (arvae)

Dubiraphia (larvae) collector-gatherer
e

Gonielmis ditrichi (larvae) | collector-gatherer

RS |

Macronychus
vehus collector-gatherer

.\Iicrm',\'//ut’pus (larvae) | collector-gatherer
= e ]

Optioservus (larvae) scraper
e ]

Promoresia (larvae) collector-gatherer
| collector-gather®?

Stenelmis (larvae) scraper

| mempy
Haliplidae I




. _\
,\ntioch Bridge, cont’d e 161
| ] Riffle | ;
Haliplus shredder ——— | Riffle) Rl\
= ——{ i3 | Rime 4 Ri
Hydrophilidae —_— Me Total | pog
, | |
—_— I
Berosus (adult) collector-gath [ — i
crer \\
Berosus (larvae) shred — ‘
redder — ‘
S ‘ ‘
Enochrus (larvae) predator | ———0 | 1 |
Scirtidae — \\”\LL
S —
—\—4
S(‘I.rle-" (llll'\'ll(” Shredder -\\ :\—‘-\‘\‘
DECAPODA S
' \_. r\—i\\’\q
Cambaridae #\\ ‘
Cambarus wllutqrgathcrcr R e S \
(omnivorous) ‘ —
AoHnivarous) | i
'\
DIPTERA e N j
[ —— B = e
\. |
pupac T S S \
13 T
o @ \1 | 3
Athericidae T e SRR 13 46
. .\ﬂ i I
Atherix predator '\T\—.\\, —t | ‘\
 E——
v 2 \H
Ceratopogonidae : — ! | }
| i
i ‘ ‘
Awrichopogon collector-gatherer R . — 4 | |
& 2 |
o Vg -t - |
' Culicoides predator ‘ =il 1 1 1
p— | |
Dasvhelea collector-gatherer 1 il A | 1 1
‘ Forcipomyia collector-gatherer | T I I i
— 4 + d y
l Vlonohelea predator [ ‘
) " = == T + . 4
Palpomyia predator ‘
Chironomidae |
(Chironominae) |
Dicrotendipes collector-gatherer ‘
— - — $— - . 4
Endochironomus shredder —— ) )
Endotribelos? collector-gatherer ‘ 4 . 4
g | . 4
Vlicrotendipes collector-filterer L_’_* . i + +
‘ Nilothauna collector-gatherer | | L } . 4
ol
Parachironomus redator | 1 B ¢ 1
L | edafor | +—
L&”“’”‘/U)u\ collector-gatherer 1 I SE— 1 = i |
5 | 15 | < & 4
Poly: wdium shredder ! ‘ 1 1
AV T
‘ | i {
| 5 e | e T -
o Pseudochironomus collector-gatherer | T I
L Stenochirononus collector-gatherer |~ L ———— T
. (Orthocladiinae) L T & g b |
. . 3 - 1 1
“”'_"Nl"lt’ll"tl Co“cg(or-galhcﬂ‘f w’/_",jl_-/ —~4— ! |
| | . T 1
[_()[)L’,\‘L']u({iu_\' collcclor-g'«“hcrcr _7//’7‘"’ === . ; —
b “OPescladius | i I -
o AT B iy 15
Nanocladius collector-gatherer ] - 13 LI N B
| >
()I'I]l()q_‘[u(]j“_\' CO”CC(Or“;‘-merer //l SEEESS
|
Parakieterella collector-gatherer ////
4 e




; T
Antioch Bridge, cont’d e 162
| e ] Riﬂ'Ie 1 \‘
cectrocladius Ri :
Psect! collector.gmher o ffle 2 Riffle 3 ﬁ
< . Me 4 lee T
Rheocricotopus C0”6010r-gath P ] otal | Pgol
erer e —
northocladius 1
Synortho collecmr'gatherer ?\\\\\
i niell 5 e ]
Thienamanniella COlleCIOF-gatherer $.\_ ; : S
, 6 | ——— | &8
Tvetenia collector-gatherer | 4 7 |
Latherer T X T
’ ———— = °Ter | 1 ' | 8 :
(Tanypodinae) R R T
R i T
Alabesmyvia predator \\\ v‘ ‘,\
brundinia . -\]\T\
La predator \ﬁ’\_\‘ | 6
Nilotanypus — \—f\r—‘
Vilotanyy predator \I-'\_ﬁ\‘\;\
Pentaneura predator \l"\q\ 2| 3 :
Procladius predator '\"\0\_‘ 1
Thinemannimyia group sp. predator \—\l‘r\_"_\ﬂ‘\
——
\0\ |
mypus > — . _ ]
Tamp Prtdaqu \T\'—\—x\a
; ORI Y | |
(Tanytarsini) NS S
e \ f =1 ]
Cladotanytarsus collector-gatherer I e S SN
i
\eozavrelia collector-gathere )
i - e crer g = i ! " - SE—
Paratanytarsus collector-gatherer D B S —
, - | .
‘ Rheotanyvtarsus collector-filterer 22 301 0 | e | e +- N -
‘ Tanytarsus collector-gatherer I ! -— : — w_;_
Culicidae -]
-—— 4
Anopheles collector-filterer
-— - —_—
Ephydridae ‘
Hydrellia shredder |
| Empididae )i ]
‘ Chelifera predator I (P )
f Hemerodromia predator | N | 4
‘ L \
| Simulidae RN, (SRt [N | . 4
[ 3 2 :
| Simulium collector-filterer I SN S 4 4)
Tipulidae _7”“__,—_4‘—/*7 +— |
Antocha collcclur-galﬂd_d__—_‘,,_._——w—“‘ g | \
: il | "
Erioptera colector-gatherer /L_,,_,‘./-AA |
sl -
Tipula shredder | | ———+—1 [ ;
[ 1 e
I 5 T |
EPHEMEROPTERA . 4—T1T1
e D S|
Baetidae }____,_’——a/k,f |
/ 4 - - .
Acerpenna collector-gatherer /L—i’r‘“ﬂ = 5 29 r
\—_—-——/ - - Vo ' T -
e .‘ pmpm—— -
Buetis collector-gatherer | % L — I .
¥_—.—_// i - ——— |
~ 3 o athe / 3 16 |
Md collector-gatherer | 0 | 2
N
Plaudirus collector-gatherer |~ ‘
— Rt e
—

L Caenidae

[



\ntioch Bridge, cont'd I
. | Riffie | Rif 163
Cacnis ] wllcclor-gulhcrcr e 2 Riffle 3 mR\\
‘phemerellidac — | — ¢ | Riffle Tota) | p,
_Eiphente® —1 [ ﬁ&
Furvlophella w“wl”"‘glllllcrer '\\ \\\
B A N —
" Leptohyphidae s et [ |
I I
‘ Trichorvthodes CO”ccmr“laﬂ'lerer \\ \\\
. \ \
Isonychiidae \* T\\
| i \-\ 3 2
‘ Isonvchia collector-filterer 1\9\\ e =
o e— ] 47 8 |
Hcpmgenudac ] [
| ] # |
Leucrocuta collector-gatherer \ﬁ\\ ]
E== ———— U 10 PR e N
Stenacron scraper [ 5 )
i C— p T T t—
. I —— SEE————
Stenonema femoratum scraper L\\\ ]
- 10 21 10 S e W
GASTROPODA =l B | 8 | @
Ancylidae grazer T e e
Planorbidae grazer [ T | 1
: S e 15
Physidae grazer T =]
EE—— 11
Pleuroceridae grazer ] N
2 4 13
L_\'mnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator
Hydrocarina predator 7 48 45 10 110 36
ISOPODA
Asellidae
3 -gatherer 2 3
Lirceus L e ; J
(scavenger) |
LEPIDOPTERA I I I
Crambidae . T |
Elophila shredder ///—”"——:’—
; ) | 1 .
Petrophila shredder L
I EE—
MEGALOPTERA I FESEE Sy o
e e ] —
: : I
v faee————r{
(”".W[U/IIX cornutus predator /// !
: ////
~\41',Lll'r)nia pl’CdﬂlOl‘ // | b
— Nigronmia | N .
1 ODONA' L I
INATA | —
Acshnidae | |
~— Acshnidae | .
= /"”} eria VIinosa peralOr // //J_/,———/—“
— I —
,,(;f“'"ﬂj.',i(midac //




\ntioch Bridge, cont’d , S = 164
{reda 7 iffle 1 Riff .
. ~ predator _\(‘,2 Riffle 3 mh
Fnalle e predator \-\_ 1 wE
« aloptery gidae \\:\*;
“Cal yprorvy dimidiata predator e, \\4\'
‘ ’:(_'.//I prervy maculata predator \\:\\\
Hetaerina americana predator \\_\\\\
i Corduliidae \-\_\_\\\
m_ predator \\\\:\,
Gomphidae \\\\\\\
Dromogomphus m\\\\\
Gomphus predator \\\\\_30 :
Haegenius brevistylus predator D s e P 9
Stlogomphus predator T#L\$ 5
Libellulidae I R R S =
Ervthemis predator
Libellula predator
Macromiidae
Macromia predator 3
Oligochaeta collector-filterer 1 20 ) ] 24
PLATYHELMINTHES
Planariidae omnivorous 1
PLECOPTERA
Perlidae
Acroneuria predator 3 3 2 8
Agnetina predator I >
Neoperla predator _’2_____6______ L
TRICHOPTERA e T ]
pupae B S e, o NN
Brachycentridae /——/—’—T_——’T—’T’— I
‘ Micrasema _/Shlﬂdl’//jf’///__ﬂ
‘ Helicopsychidae /’__//”’ﬂfi__/
ﬁ Helicopsyche scraper __/////———/—
_ Hydropsychidae T | “’,”j’f;;/_"’/_/
4 77(‘11/)7(1/()/7.&'_ vehe collector-filterer /L”/S/‘—”Z”_,]/__F/ﬁ’—”’
77('01‘1110/),\.\'(‘/10 collector-filterer _’,E//‘]’:///_—,l_z’—/—
o @;/zs_n’/w collector-filterer //:/_/__/—
Vacrostemum collector-filterer /;//_/’/‘/
”}drop]iliTzic //—/




\ntioch Bridge, cont’d
Hyvdroptila

I

Philopotamidae

. mk.\
. piercer-herbiyore \‘&
Oxvethira piercer-herbivore | ——o |
Orthotrichia piercer-herbivore | t—u_|
Lepidostomatidae _\\\
Lepidostoma shredder | ————t—nu |
Leptoceridae I
Ceraclea m—|\$
Mystacides collector-gatherer D ——
Nectopsyehe Tddu_\\
Oecelis PFCdT\'—\‘
Triaenodes shredder | [
Limnephilidae I
Pyenopsyche shredder D

el
—

Chimarra collector-filterer 12 "
Phryganeidae
o TR
I Ptilostomis shredder
= A
' Polycentropodidae
‘ . -
\ Neureclipsis collector-filterer | |
F \vetiophvlax predator
Polveentropus predator




[ es—a

r TAXA K unctional
Feeding Group
| e
AMPHIPODA
0 \
Gammaridae
\
Gammarus collector~gatherer
\
Hyalellidae
\
Hyalella azteca collector-gatherer
BIVALVIA
\
Corbiculidae
Corbicula fluminea filter-feeder
COLEOPTERA
Psephenidae
Psephenus scraper
Ectopria scraper
Dryopidae
Helichus scraper
Elmidae
pupae 1 4 5

.4”("'_1 ‘nonyx

. collector-gatherer
variegatus(adult) ”

Dubiraphia (adult) collector-gatherer 1

Macronychus glabratus
: collector-gatherer

(adult)
Microcylloepus (adult) | collector-gatherer 6 3 I
Optioservus (adult) collector-gatherer 1 % I ll
Oulimnius (adult) collector-gatherer I ! ‘i : Tl
Maviu (adult) collector-gatherer | - | (: ‘
Stenelmis (adult) collector-gatherer 2 9 __]—J—L—-‘—‘—'d

R [N
| [T
Ancvromey varieeatus \
y : arus )
) ° collector-gatherer ‘
(larvae) S —/‘L”’l”_
Dubiraphia (larvae) collector-gatherer I

s | | » |
Gonielmis ditrichi (larvae) | collector-gatherer 3
g .
Vacronychus
y . .- /
slabras| collector-gatherer .
Slabratus(larvae) I 7 . = _ = —————-‘/
! ~ s ) I
.\’[(TU(.-“[[{)‘)I’U-\' (larvae) collector-gatherer 39 LA .S St =
- | 10 2 10 - I
. bl |
OI”]()'W"\'HS (larvae) scraper 3 LA S ]
- Oplioservus (larvae) | xR —
M collector-gatherer | | +——T -
83 | ]
) e g 7
SI()”L)/””S (lar\'ae) scraper /// ]
[P
——
Haliplidae /// [
=
H“”/’hl.\' shredder /—/_/
I s S



Devil’s BreﬂkfaSt Tables F\\
cont’d Riffle | m\\
Hvdl'OPhlhdae \_&. lee3
i \ —
Berosus (adult) collector-gath D
erer \‘\J
Berosus (larvae) shredder '\\
-\
Enochrus (larvae) predator \\_
—
Scirtidae \A-\_‘
\
Seirtes (larvae) shredder \\\
-\—4
B
DECAPODA R
\ \ |
. \‘ |
Cambaridae \_\4\
// . o
collector-gatherer | ‘
Cumbarus r gatherer \#\%—\*\
(omnivorous)
Nivorous) | ’
D e
DIPTERA ‘
e ‘—0—\
} pupac - (8
e h . B 6
Athericidae [ -+
Atherix predator | [ N
Lf”,
~ (eratopogonidae R T T
b |
Atrichopogon collector-gatherer 1 T
L ‘
. T S SN !
Culicoides predator \ 1
B —— -
Dasvhelea collector-gatherer .
e — - -
| Forcipomyvia collector-gatherer
Vlonohelea predator *
alpomyia predator 1
—_— - -
Chironomidac A
| S— ' — — -
(Chironominae) | | (—— .
Dicrotendipes collector-gatherer | I . i
Endochironomus shredder I B "l 4
Endotribelos collector-gatherer ‘ w e "
E L 1+
Vicrotendipes collector-filterer I S - +
=
Nilothauna colwk_,ﬂp,_“_k —t 1
Parachironomus predator I S + i
Paratendipes collector-gatherer I S +
R, I7 - -
I)()/A\“[)ulj“m shredder ‘__’/3———/* - =1
Pseudochironomus collector-gatherer k/“’/ 4
L Senochironomus collector-gatherer —1— I
.—,/”-4‘ -
\ - - ‘ s
Cornvnoneura collector-gatherer | e |
| _/ _—

Nanocladius

Orthocladius

collector-gatherer
e =

collector-gatherer

|
ot 1
* 4
* 4
|
. 4
. 4
. 4
- . ]
- 4
. 4
. 4
. )
. 4
. 4
LY
4 4
.
-
.
.
.
.
: 4
.
4
ad
1
0
)



[)e"".s Breakfast Table, I =

V\
cont’d Riffle | T 168
T P Rj \‘
parakieferella collector-gatherer | Me 2 Riffle3 | p.

: =] — Riffle 4 | Rifpe Total -ﬁ
psectrocladius collector-gatherey | ———— | e S Pool
Rheocricotopus collector-gathere | —————t+——u | \\L

3 \

Synorthocladius collector-gathergy | ———_| S e N
' ; ! —1 |
Thienamanniella collector-gatherey | T ——t+——u| | "B B S
1 5 et 3
Tvetenia collector-gatherer | ~— ——T—u1 ! " e e
—\ I '\,\‘ 5 -
: > | 2
(Tanypodinae) D e —
= e | \.\4 1
19117 ] T
Alabesmyia predator — | ‘ 1
e i _\1
Labrundinia predator \\E:
Nilotanvpus predator | T ———— | '\‘1'—\1—&
_\-
Pentaneura predator 5 | ‘
- 1 |
e ——
. S
Procladius predator \_\*,\J;l\i
Thinemannimyia group sp. predator ﬁ\ﬁ - “
| 2 !
— 3 4
Tanvpus predator T B e S
b i & I
(Tanytarsini) _\_\‘&#\l\
|
Cladotanytarsus collector-gatherer D S R S S S
} : |
Neozavrelia collector-gatherer B S
|
Paratanvtarsus collector-gatherer 1 B | —l\‘ 1
Rheotanytarsus collector-filterer 10 83 58 18 | 169 T
—
Tanytarsus collector-gatherer | 3 | 2 6 44
-+ +——
Culicidae ‘
4 Y s 4
Anopheles collector-filterer
—— —4 — 4
Ephydridae | . :
Hhdrellia shredder | .
Empididae
Chelifera predator
Hemerodromia predator
Simulidae
Simulium collector-filterer
Tipulidae
Antocha collector-gatherer

[fl‘i( 7/”(’1‘(1

colector-gatherer

Tipula

EPHEMOPTERA
ek

A cerpenna

—_Acepenna |

Baetis

— Bueis |

Centroptilum

.¥—“

shredder

. —

[
collector-gatherer
| s

collector-gatherer

collector-gatherer
e

scraper

Heterocleon




pevil's Break,fast Table, [\\ ”
cont’d Riffle | R\\ 9
; P iffle 2
Plauditus collector- I Riff) \‘
//_*w \'\e3 lee" RimETotal
Caenidae ’\\ — Wb Pool
Caenis collector-gatherey \\\\\\
2 = |
Ephemerelhdae '\\ $\_\
— ] — 5
Eurylophella collector-gatherer 'I\\\\\\
. _\ \‘
Leptohyphidae \\\ ']\»—\‘
\
Trichorvthodes collector-gatherer \;<\4_\i\%\*——\
Isonychiidae \4-\_\ ‘ - ‘
: [ esllector e ] ]
[sonychia collector-filterer sz\J ‘
e ——— 3 b\ﬁ—\i_\“
Heptageniidae — l ‘ 2 [
e e——
Leucrocuta collector-gatherer h|\'\*\«_\_‘h\_’\
| e \\L\_ e 4
Maccaffertium scraper Tt |
‘ | 5 P B
— s 3
Stenacron scraper - ] 1
5 Eee e i 3 R
qucmomlum scraper | _\\1-—\4\ A
‘ %\4 [ 10 | 16
.\‘_\‘—-7—7 ——
GASTROPODA : 1
L T
Ancylidae grazer —— |
= ! -
l Planorbidae grazer | 1 e : T on
‘ Physidae grazer - N T
Pleuroceridae grazer I 2 1T 5 1T <
Lymnaeidae grazer
1 HEMIPTERA
Mesoveliidae
‘ Mesovelia predator
Saldidae
Pentacora predator
Hydrocarina predator
ISOPODA
Asellidae ]
‘ T collector-gatherer
 LEPIDOPTERA
R F—
Crambidae
|
Elophila shredder
e
Petrophila shredder
~ MEGALOPTERA
L e ]
Corvdalidae —




e T
_——preakfast Table, i
wil's Bred g
DerE " ont'd Riffle 1 ?ﬂz\ 170
" ¢ Ri
Nigronia predator | iffle 3 \\
ODONATA \\_\\\
. \
Aeshnidae =]
Boveria vinosa predator |  T——u| Pl
Coenagionidae R e |
— —_—
Argia predator \\\ I
] |
Enallagma predator \T\\ 4 4 —
\_\J ,\\
Calopterygidae . =
b ] —— | N
Calopteryx dimidiata predator S
-\4
e —
Calopteryx maculata predator I R S
g S
. ]
Hetaerina americana predator 5 . |
| —
Corduliidae N T e T W SR
r
Epitheca predator S S
Newrocordulia predator I B S R
Somatochlora predator \f‘\ : -
Gomphidae
Dromogomphus predator | |
Gomphus predator
Haegenius brevistvlus predator 1
Stylogomphus predator 3 2 5
Libellulidae
Erythemis predator
Libellula predator
Macromiidae .
Macromia predator | P |
—1 | Q | 100
Oligochaeta collector-filterer _______’l(’_____,_—_’d——”h’“
PLATYHELMINTHES |
//_’/—s—’——i :
. /’4‘
Planariidae omnivorous ///“’” \
\
| |
PLECOPTERA 1 |
. | [ |
Perlidae /,/”1’” 3 _/"f"’i/_k/
Acroneuria predator __,I/_—dr”;"’*/_l,d/L/l,,/
%_ predator _/// M
| : —
[wl—— predator L ‘
\ TRICH b
| OPTERA — | .
M#//—/—’///
Trichoptera pupae ////



ovil's Breakfast Table,

. cont’d Riffle | \ . 171
Helicopsychidae -\_\ I\O TTL
Helicopsyche scraper \\\\\\
Hydropsychidae | ; _I\\‘\
Cheumatopsyche collector-filterer Tz\\:‘\\
Ceratopsyche collector-filterer $_+ % _4\ TT—\
Hydropsyche collector-filterer \é \'ﬁ 5 ’:\:‘\—
Macrostemum collector-filterer ’\%}\Iﬁl’\n#\“
Hydroptilidae \»\\t
Hydroptilu piercer-herbivore \$\ | ‘
3 2 b\‘\—f—‘—.
Oxvethira m\\ ' ‘ 3
Orthotrichia piercer-herbivore E—
Lepidostomatidae —
Lepidostoma shredder
Leptoceridae

Ceraclea

collector-gatherer

Mystacides

collector-gatherer

Newreclipsis

collector-filterer

Nvetiophvlax predator I
Polycentropus predator

Nectopsyche shredder ]
Occetis predator y |3 5 ]
Triacnodes shredder [ ‘ a *T_iqﬁ
i 4 |
Limnephilidae ; 7 |
Pyenopsyehe shredder A o | :
Philopotamidae | N ! T
Chimarra collector-filterer 3 3 i : . T ﬁ‘
Phryganeidae | — i .
Prilostomis shredder | i | S 3 5
Polycentropodidae . -t



[ \\
\ TAXA . Functiong) 172
“eeding Gy B N
u emo Byj
sy T r—— Bridge (Obed River)
" -
AMPHIPODA —— | Riffle3 | Rite g | e T——
\M Pool
~ . \ —
Gammaridae et |
Gammarus collector-gatherer \\\ — |
Hyalellidae —t | I e S
_\
e
Hyalella azteca collector-gatherey | —————— e b ]
]
BIVALVIA ]
Corbiculidae — |
EE—
I
N nine ~ N —
Corbicula fluminea filter-feedey 9% T$\\
] < 3 36
COLEOPTERA I R
Psephenidae A R e S S
e e ——
Psephenus scraper \\T’\*
- " L |
Ectopria scra?ﬁ —
i —_— ] 1
Dryopidae
Helichus scraper
Elmidae
pupae
Ancrynonyx ollect "
. ¢ - :
variegatus(adult) i
Dubiraphia (adult) collector-gatherer l
Macronvchus glabratus B T — I
(adult) 2
Microcvlloepus (adult) | collector-gatherer 129 15 33 36 235
. bl
Optioservus (adult) collector-gatherer 2 -
Oulimnius (adult) collector-gatherer
2 |
Promoresia (adult) collector-gatherer | !
= | N 5 g 23 1
Stenelmis (adult) collector-gatherer 7 i L - ]
| |
Ancyronye variesuris |
1cyronyx variegatits collector-gatherer (S -
(larvae) .
Dubiraphia (larvae) collector-gatherer //_,’_/—,7’*——‘
e e e 13 102 =
Gonielmis ditrichi o 34 46 9 :
' collector-gathelel o LT
(larvae) _/_,/—//
lacronychus collector-gathere I B— ' e
| glabrarus(larvae) AR gy g 36 76 640
s e 372 B 2 I
.UI('IYI('\'//()el)u_\' (larvae) collector-gatherer _’_”_’_’_’__4/—?’/—1 1 ¥
S i sk s AN = .
. g | F— |
Optioservus (larvae) scraper 0 T | I
I
// a
Promoresia (larvae) collector-gatherer /’T 6l 77 /_ﬂ‘/__ L
: 51 e o= |
Stenelmis (larvae) scraper I el T =
—
. . /
Haliplidae 1] I
[
- o (O /
Haliplus L”Sfl_‘_dfir,,_-—/
L Haliplus |




7\

Nemo Bridge, cont’d \m\ -
. HH ae R, -
, Irli_\illuhhllul 10 _\& Rifes m[{\
"* Berosus (aduly) m”““’"‘gulhcrer e \ME
\

Berosus (larvae) shredder $\\\\\
Enochrus (larvae) predator e —) | 2 |
R B R \\ 1 18

Scirtidae — | | 18]
\
Scirtes (larvae) shredder —1 | e ]
| e \\
— SE——
DECAPODA 1 ]
e, |
Cambaridae —
Ehi——— I N
Cambarus collector-gatherer \\\\
(omnivorous) — 1 |
e
E—
DIPTERA |
pupae Tf\\\
2 3 - |
Athericidae "\\\;‘\6 69
Atherix predator 1.1 |
Ceratopogonidae I S SU

Atrichopogon

collector-gatherer

Culicoides predator
Dasvhelea collector-gatherer
Forcipomyia collector-gatherer
Monohelea predator
Palpomyia predator
Chironomidae

(Chironominae)

Dicrotendipes

collector-gatherer

[9%]

Endochironomus

shredder

Endotribelos

collector-gatherer

Microtendipes

collector-filterer

Nilothauna

collector-gatherer

;"”/’urukic/(w

e R
]

. " =
Parachironomus predator —/—”4/__,,4
. (R -
P(”'([[g”djpgs colleClOF—ga(here‘ //T”g_— 99 22
” 12 2 .
Polypedium shredder ——1]’—/—/7_—/ 2
) : -gatherer L= T
Pseudochironomus collector-gath T | ] 3 =
g I
—— b | M 1 e
M CO”CC[OI'gathelel /// —1
|
I
e = I
(Orthocladiinae) /’/_T—J 4 — b
. " / | ]
- 5 G
Corynoneura collector-gatherer | = L —— |
. T | 3 ‘
Lopeseladius collector-gatherer | — 4 N S
) therer et | il =
-\111711('/11(/[11\‘ collector-ga | 9 ——1 59 |
; p 64 | 7 1 20
o Srer L — __//’J
Orthocladius collector-gatherer | — /J -
—
collector-gatherer | A——



. ) ”\
Nemo Bridge, cont d -
= [ Rifter T — 174
psectrocladius collector- iffle2 | g; —
Gatherer iffle 3 | R;
; —— | Riffle 4 | Ripe 1.
Rheocricotopis C()llector_gathere \\ — otal | Pgq|
hocladi : L D
Synorthoctadius Lollecmr_gatherer T\ el |
: L& | et 2
Thienamanniella collector- b e ]
Latherer — —
velte T
Tvetenia CO“CCIOr-gthErer '_Tj\_\ | 0 -
. | e |
(Tanypodinae) \\\ Y | T
— A\l
i} \.
Alabesmyia predator i = S |
\1
117 S
Labrundinia red == —
predator \1_\\ 1
Nilotanypus predator e N ——
. —
i SRR N
Pentaneura predator $\\\
_\4
. =
Procladius predator \'\1\'\ l
\
Thinemannimyia group q S i, T SN 1
5. predator 6 ) T —
—_— 8
Tanypus predator 1 |
.« . R —
(Tanytarsini) \1 \J-\__\\‘
 —
Cladotanytarsus collector-gatherer ! | |

g ; |

Neozavrelia collector-gatherer _\‘fhl%%'
Paratanytarsus collector-gatherer 3 ljj
3 1
Rheotanytarsus collector-filterer 580 83 139 79 {83 138 |
Tanvtarsus collector-gatherer 13 6 19 |85
Culicidae
4
~ 1
Anopheles collector-filterer
Ephydridae | 1
Hydrellia shredder 1 K
Empididae ] |
Chelifera predator | | S S
. W ‘ ‘ ‘
\
Hemerodromia predator I ‘
\ | ‘
Simulidae - | o e
- W
Simulium collector-filterer __0/‘_&__("_4 | —

2 . | —
Tipulidae 1 \ |
Antocha collector-gatherer [ S ‘

[ S I
Erioptera colector-gatherer 1 }
il ek B ‘ I
o - Y o ;—/‘/k_,’_/
Tipula shredder I I » ‘ ‘
1
‘ ‘ 1
EPHEMEROPTERA //'4/,4; "
S = \ I S
| 1
Baetidae //’1/(”* .
" 7 ) % s
Acerpenna collector-gatherer ‘ .
Baetis collector-gatherer
Centroptilum collector-gatherer
Heterocleon scraper




\

_\J'cmn Bridge, cont’d : 17
‘/—/)’_.—‘ Riffle | m\ 5
Plauditus COIIcc‘"""lalhcrcr \ez Riffle 3 mx
Tagis 28 2 | ———fF——¢4 | Riffle Tota) | por |
aenidae [— | — Pool
Ci Love | N | Pool |
— I = N ,
Caenis COIleClor'galhere i \_\ e " |
: 2 2 et
Ephemerellidae | — |
Eurviophell I S——— . Z 5
Curylophella collector-gather, — | T = |
id: \
Leptohyphidae —t = S——
\4
\
Trichorvthodes collector-gatherer 7\1\\ —
= A 2 | 5
Isonychiidae — ] 2 | I -~
. \
[sonychia collector-filterer T—\\\ A
. 33 ]
Heptageniidae Tt % |
e ] e 1
Leucrocuta w\\\N
S N
Maccaffertivm scraper 2 f\_\\
5 3 . I
Stenacron scraper Tl | ¥ ]
~ SRR
Stenonema femoratum scraper 17 I\’Thw\\‘
GASTROPODA —
. 1] |
Ancylidae grazer
Planorbidae grazer | | A
Physidae grazer
Pleuroceridae grazer | : 4
Lymnaeidae grazer
HEMIPTERA
Mesoveliidae
Mesovelia predator
Saldidae
Pentacora predator
[ 0 e | 2 20 §
Hydrocarina predator I i }__,_.?—J—————’—’_‘
ISOPODA T —
I
[ | I B
Asellidae [ S e L
£ collector-gatherer S B—
LIrces (scavenger) b e
LEPI P |
D ‘R [ S
OPTERA [ S
— ] //___1/__..———‘
. . e
Crambidae T | 4 [—
— [ B
- L
Elophila shredder | I S
e =
N [J—
Petrophila shredder | e | o
I
—
MEGALOPTERA |l I
I
— 5 [ |
5 B il 5 0
Corydalidae R ey R I -
, ] 4 ]
Corvdalus cornutus predator L —




. o . e T
yemao Bridge, cont d To—
. . —= Riffle | m 176
‘ igronia yredator | e h >
- s predatoy \&mm
[ B — | = ¢ TOtal Pool
| ODONATA — | ]
(R [ e
- . '—\ \\
Acshnidae ]
Boveria vinosa predator \\\ ||
. _\
Coenagionidae \\\ R, T
. | I
. ,' \
Argia predator T$\\ —
~ \
Enallagma predator \\\\ 5 B
;orcl s \ \\
Calopterygidae - \\\\ 2
Calopteryx dimidiata predator \\\_\\\
Caloptervx maculata predator \\\\\
.’/ —
Hetaerina americana predator Y Tt |
Corduliidae \\\\_3\ 1
Epitheca predator \\\\\
. ‘\‘
Neuwrocordulia predator Y =
— ] 1
Somatochlora predator I
Gomphidae ]
Dromogomphus predator
Gomphus predator
Haegenius brevistylus predator
Stvlogomphus predator 3 3
Libellulidae
Erythemis predator
Libellula predator
Macromiidae
; 1
Macromia predator
= 2 3 2 50 59
Oligochaeta collector-filterer 13 12 £ 12
PLATYHELMINTHES S E——
= — | | 7
Planariidae omnivorous /__//_,—’—’——‘
~ L__’__.
PLECOPTERA ///———’——‘/
[ E—
Perlidae _/_//—’T—— 2
L | T
] I —
Acroneuria predator /"7”_’-’9/ 29 51 I
. 6 et |
Agnetina predator L e | —
—
I
Neoperla preda[()l’ ///
T e
TRICHOPTERA e |
IR L N
il pupac /// //—/
| 15
Brachycentridae | T | /’L,J//
Micrasema shredder L —




vemo Bridge, cont’d

\

\
Biscoadoneectis | Riffet [ mipoy —— 177
Helicopsychidae | &2 Riffle 3 R\‘
’\\ iffle 4 Riffy
copsvehe o | eTotal_ﬁ
Helicopsyche scraper \\ &
svehids — | i
Hydropsychidac —1 i
Cheumatopsyche collector-filter, —— [ e
al 616 ——
| 06 | » T e
Ceratopsyche CO]IeClOF-ﬁlterer — - | 228 174 L
93 I 1090 5
- 4 | B e 2
1[1‘(1;-(;/7.\1\'L'/1c’ colleclor—hlterer 34 ﬁ\ls\\ 344 I
oo 2
Macrostemum collector-ﬁherer T‘\I\"l 71 126 =
Hydroptilidae ] | 40 TT\
J \\\
Hydroptila piercer-herbivore \\_\\ ]
] R
Oxvethira piercer-herbivore | | ——+——oul | »
\1
Orthotrichia piercer-herbivor — 107
¢ 3 e
Lepidostomatidae — T 3 | s
Lepidostoma shredder T\\\\
3 = 2
Leptoceridae | * | 4
R
Ceraclea collector-gatherer ! \Lj\\\\
} — - 3 6
Mystacides collector-gatherer [ T 17—
Nectopsyche shredder ]
Oecetis predator 2 4 P 9
Triaenodes shredder 2 N 55
Limnephilidae
Pycnopsyche shredder
Philopotamidae
Chimarra collector-filterer 27 74 103 204 408
Phryganeidae
Ptilostomis shredder
Polycentropodidae
Newreclipsis collector-filterer
Nyvetiophylax predator I _____\__—_J—,
Polycentropus predator I — S ae
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hich was born to the same mother, Benjamin Carl F

owler, and two half-brothers Caleb
Richard Fowler and Travis John Fowler, born to their |

ate mother Teresy Marie Fowler
Angel was a member of a military family where g i
he traveled 1o various destinations, by
aised most of her life in Oak Grove, Kentuc i
it ky where her mother resides, She attended
Christian County High School in Hopkinsville, Kentucky graduating in 2003 where sh
) ‘nere she
shortly began Austin Peay State University (APSU). Throughout college, she was a
&Y

server at the local Red Lobster, providing people with a smile and fantastic service every
time she worked. She also interned at the Nashville Zoo where she had a chance to work
with giraffes and other hoofstock. Once her undergraduate degree in Biology was
conferred in summer 2009, Angel began graduate school that fall at APSU under the
direction of Steven W. Hamilton, concurrently beginning her position as a Research

Assistant for the Center of Excellence for Field Biology.

lous ings i ine Tennessee
During graduate school, Angel presented at various mettings including T

' ' iety for Freshwater
Academy of Science, Tennessee Entomological Society and Society fo

' g won a few awards
Science (formerly North American Benthological Society)- She has

ng, wa t i t her
| AP i ortunity to presen
or presenti g, was apart of an SU commercial, and had the opp
‘ 0 ellow graduate
P I i Iped her fellow gra
'®Scarch at the 2011-2012 Provost Lecture Series. She als help f
owledge 0
n ici in well-rounded kn
Sudents on numerous projects as a field technician to gal

: ng her
ater biodiver

1 tinUiI
] sity by con

. i 1 -eshw
H]()l()gv- Angel h()pCS to be a p'dl'l of conserving fre
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earching invasive macrophytes in freshwater ccosystems. Depending on
cduf‘mon l'CSU_ ¢ arise, however, will ultimately determine her future.
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