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Abstract 

ANGELfNA DOMINIQUE FOWLER. Adaptations to Lnvasion: Macroinvertebrate 

Community Response to the Invasive Submersed Macrophyte, Hydrilla verticillata, in 

the Emory River Watershed, Tennessee (under the direction of DR. STEVEN W. 

HAMILTON). 

vii 

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 occuITing along Daddy's Creek and 

Obed River, and comparative non-infested areas present along Clear Creek and upper 

Daddy's Creek. Analysis of macro invertebrate 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 detem1ined by One-way 

Analysis of Variance (ANOV A). 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 sign ificant differences in the proportion of FFG 's between all 

hydrilla-infested and non-infested hab itats. There was a hi gher propo11ion of collector­

fi lterers in hydrilla-infested riffl es and higher propo11ion of col lector-gatherers in 

hydrilla-infested poo ls. Additiona ll y, Morisita 's Index of Community Sim ilarity (MICS), 

which was used to determine macroi nvertebrate ab undance similari ti es among hydril\a­

infested and non- in fested riffl e and pool ites, respecti ve ly, ind icated variab ility among 

simil arity compari on . One-way OVA identified ignificant differences between 

means of M ICS among ite compari on. , igni fying further differences in tax a 

compos iti on among hydri ll a-infe ted and n n-infe tcd riftle and pool . Furthermore, 

Principa l Component Analy i (P · }, a mutli-variate method u ed to di tingui h 

rel ati onship of macro in vcrtcbra tc taxa abundance bct\\'cen hydrilla-infe ted and non­

inlcsted site ·, evaluated distinct dilfrrcnce · bet\\'ecn pool ite . Ba ed on the ere ults 

acquired from the duration or thi . study. hydrilla \\·a found to be important in 

inlluencing the patial arrangement and functioning oh ari ou macroin ertebrate 

com munities within the ERW . Thi .. tudy also predicts the importance of hyd rilla a a 

structural and nutritional resource ic.)r 111acroi1n-crtebrates, a demonstrated by FFG 

ana lyses bet \\·cen hydrilla-inl'csted and non-inl'csted sites. It i anticipated that seasonal 

ll uctu at ions in biomass associated \\·ith gro\,·th and ene ccncc \\·ill be \'ery important in 

ecosystc111 proce si ng. Further research and long-tenn monitoring needs to be conducted 

to detcr111ine other possible i111pac1s hydrilla 111ay haw on other frcsll\\ ·ater biota while it 

persists in thi s hi gh-qualit y strea111 en\'ironment. 
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CHAPTER I 

INTRODUCTION 

ln 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 ri vers and the surrounding environments while 

ensuring the free-flowing state of these ri vers, the protection of water quality, and the 

fulfillment of other "national conservation purposes" (Wild and Scenic Rivers Act, 

1968). Located within the Emory Ri ver Watershed (ER W) of east Tennessee, the Obed 

Wild and Scenic Ri ver (OWSR) was recognized by the National Wild and Scenic Ri ver 

System in 1976 to be administered by the U.S. National Park Service (lnteragency Wild 

and Scenic Ri vers Council , 2011 ). In 2004, the invas ive submersed macrophyte, Hydrilla 

verticillata (i.e. hydrill a), was di scovered in severa l stream reaches in the OWSR during a 

rare and endangered fl ori sti c survey of the Obed Ri ver Gorge (Estes and Fleming, 2008). 

Estes et al. (20 I 0) performed a survey of the distribution, abundance, and habitat 

colonization ofhydrilla in the majority of the ERW to determine the extent of the hydrilla 

infestation in an effort to preserve the vi11uall y natura l, free-flowing environment. 

Because the streams of the ER W provide hi gh quality habitat for many aquatic 

organisms, thi s thes is research was conducted to begin efforts to identify potential 

impacts of hydrilla on the native freshwater biota. 



2 

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 terrestria l and aquatic environments largely 

depend on gradual changes that allow for the deve lopment of more diverse and stable 

conditions with time (Orians, 1974; Rapport et al. , 1998). Ecosystem change presents 

opportunit ies for many organisms, where fundamental processes such as extinction, 

biological invas ion and species success ion can occur (Fraterrigo and Rusak, 2008). 

Although the environment is capable of recovering from change, coping with disturbance 

or res isting di splacement in structure or function is an important aspect of ecosystem 

resilience (Westman, 1978). Hill ( 1987) defi ned resi li ence as ''the ability to recover to 

the initial state after di sturbance." Res ilience all ows for ecosystems to sustain damages 

by replenishing the pre-disturbance state and structure, therefore recovering the resources 

that inhab iting organisms depend on. This flexibility is linked to the reorganization of 

ecosystems, which is assoc iated with the response of organi sms to these changes. 

Biological di versity, or the vari ati ons in genes, organi sms and ecosystems, plays a 

significant ro le in the sustainab ility of dynamic ecosystems. It is what drives productivity, 

stability and res ilience, allowing these complex systems to remain sustainable and 

maintain the organization of ecosystem services (Cox, 1999; Elmqvist et al., 2003 ; 

Westman, 1978). 
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The ori gination of di sturbance and the resulting changes made to the environment 

are extremely di verse. Both anthropogenic influences and natural phenomena are 

responsible fo r affecting ecosystem dynamics, resulting in a broad range in ecological 

response and reorganization (Fraterrigo and Rusak, 2008). Ecological interacti ons among 

organisms, including those with humans, have created and allowed for the persistence of 

ecosystems, which in turn has fonned 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 destruct ive fo rce on natura l ecosystems. Anthropogenic 

influences have sign ificantl y impacted nearl y all ecosystems on Earth and therefore play 

an important ro le in ecosystem transformation (Hobbs et al. , 2006; Jacobs, 1975; 

Vitousek et al. , 1997). The environment is constantl y changing with some degree of 

sustainability, yet humans magni fy these changes through continuous modifications to 

the natura l world . Exponential human popul ation growth has increased demand for 

resources. Furthermore, advances in tec hnology have allowed fo r the alteration of 

ecosystems fo r commercial, industri al, res identi al and agricultu ra l purposes . 

Human im pacts result in di srupt ion of ecosystem processes and modification of 

ecosystem composition (C hap in et al. , 1997). As a result, the constancy of human 

acti vities has contributed to signifi cant dec lines in biodiversity, reducing the capacity for 

ecosystems to buffe r di sturbance and to restore structure and functi on fo llowing 

di sturbance (Elmqvist et al. , 2003; Westman, 1978) . The interactions between 

overex ploitation, habitat destructi on (including pollution), introducti on of alien species 



and the di seases spread by alien species are contributing to the reduction of biodi versity 

around the world (Wilcove et al. , 1998; Wi lson, 1992 ). 

4 

A major concern in both terrestrial and aq uati c environments is habitat alteration 

and degradat ion. Because the variety in habitat types is associated with species di versity, 

the eliminati on of these habi tats dra ti ca ll y r duce the abi lity fo r many organisms to 

survive, contri buting to the di appearance or pec ie at an alarming rate. Although 

habitat destructi on and land cape tran fo rma ti on i the primary threat to ecosystems 

worldwide, the second mo l cri tica l threat, which on.en coincide " ·ith hab itat 

degradation, i the cstab li hmcn t or im a ·i, e ·pecic (Chapin ct al., 1997: itou ek et al. , 

I 997: W i I cove ct al., 199( ). 

ln va i, , p ci 

. pecics exhibit distrihutions that an: inlluenccd by a, ariety or phy ical and 

chemica l attributes and rcllcct their l'' olutionary hi:wry. !though some organi 111 hav 

limited ranges. 1110s1 respond to the change. or disturbance. in their en, ironment th ro ugh 

su111e 111 c1hod or disrersal. Dispersal of orga nis111 : is a natural proce. ,,·hereby they hilt 

di stri but ions to altema1i, c gcograrhical lt,cation "here conditions arc larnrable (Cox, 

1999: Croteau. 20 I 0). The 111cchanis111s or dispersal arc di, crsc and. therefore, vary in the 

nature and cffccti , encss . rl1is process is signilicant and ecosystems depend on it fo r 

essenti al de, clop111c nt 01· ccos;-stcm functioning . gene lh1\\ and e, oluti on (Gibbs et al. , 

20 I 0: ex ton ct al.. 2009) . (ii , en a long span of time. many organi ms are capable of 

long-di stance di spersal. surmount ing: forn1idablc barrie rs. irnecessary (Cox, 1999). 
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Natural baniers, such as mountain ranges and water bodies, result in geographic 

iso lation 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 thri ve, it can be difficult to di stinguish 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 di spersal is a critical process 

for ecosystem stability, the deletion or addition of one or more species, especially 

through human activi ti es, can alter diversity and spec ies interactions, resulting in major 

impacts to ecosystem functionality (Orians, 1974). 

Human in vo lvement is a cruci al aspect of the invasion process where exotic flora 

and fauna are brought into regions outside of their nat ive range, either intentionally or 

accidentally (Pysek and Richardson, 2006). The first stage in exot ic species establishment 

is introduction, which allows fo r the persistence of populations in a new geographical 

range (Richardson et al. , 2000). Typically, arter multiple introductions occur, exotic 

species have the potential to become invasive if conditi ons are favorab le for them to 

proliferate (Jacobs, 1974). Exotic organi sms are considered to be invas ive when they 

establish themselves in regions outside of their nat ive range, threatening native 

ecosystems or human health. Not all exotic spec ies exhibit invas ive characteristics, but 

those that do are capable of introducing and harboring exotic diseases, in addition to 

outcompeting and displacing analogous native spec ies by encouraging homogenization of 
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biodi versity (Chapin et al. , 1997; Cox, 1999; Pysek and Richardson, 2006). In vasive 

species are typ icall y habi ta t genera li sts, having the potent ial to colonize in virtuall y any 

environment, yet most thri ve in areas similar to their natural habi tat. Many exoti c species 

that become invas ive are adapted fo r success ful establishment and pro liferation based on 

aggress ive reproducti ve characteristi cs. These invasive alien species often become 

naturali zed when they reproduce consistentl y and are capable of sustaining populations 

despite human efforts to prevent their estab lishment (Pysek and Ri chardson, 2006; 

Richardson et al. , 2000). For example, Pueraria montana (kudzu), a Japanese vine 

purpose fu ll y brought to 011 h America as an ornamental in 1876, has become estab li shed 

and overgrown fo rest and roadsides in approx imately 3 mi ll ion acres in the southeastern 

United States. Its abil ity to ti x nit rogen all ow it to grow very quickl y, hinderi ng the 

growth of nearby nati ve vegetation adapted to lo,,·-n i trogcn soi I and contributing to the 

eutrophicati on of' aquati c en\'i ro nment though runoff. It ha had a con iderable impact 

on the economy, pro,-c n nearl y im poss ible to manage, parti cul arl y in it current 

widespread di stributi on th roughout the , outhea t (Bl austei n, 200 1; Simberl off, 20 11 ). 

Inadvertent or deli berate int rod uction or exoti c pec ies has had dramatic effects 

on terrestri al and aquati c erwi ronments. cau ing ca tastrophic shi It s to the environment 

and detrimental impacts on bi od i\·ersi ty \\'Orl d\\·ide (Py'ek and Richardson, 2006). 

Although many exoti c spec ies ha\'e become nuisances in the modern world, the 

influences that they ha\·e on natu ra l eco ystems are not j ust a recent development. The 

yea r 1492 marked the ·'di sco\'ery .. of the Ne\\ World by Christopher Colum bus, and 

thanks to the European exploration and coloni zation that fo ll owed, a phenomenon that 

has been call ed .. the Columbian Exchange' · began. This event is marked by the exchange 



7 

of llora and fa una (including di sease) between the eastern and western hemi spheres 

(Crosby, 1972). While it is true humans have been an integrated component of the 

environment before the year 1492, the Columbian Exchange is considered to have 

historically formed the foundation for the global impact of humans on the environment. 

Yet, thi s 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 Co lumbian 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 historicall y been aware of the international exotic species transference, the 

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

been recognized as problemat ic. 

Threats to Freshwater Ecosystems 

Aquatic ecosystems are more at ri sk than many terrestrial ecosystems. In 

pa11icular, freshwater environments, which make up on ly 0.0 I% of the world 's water, 

directl y 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 freshvvater as a resource for human consumption. Dudgeon et al. 

(2006) describes global freshwater biodiversity as threatened by five major interactive 

components: over-exploitati on (primaril y ve11ebrates), pollution, habitat degradati on, 

alterati on of flow in loti c environments, and invasi ve species estab li shment. Although 



the transli.m11:1ti on 01· land and dcgradalion or hab itats is lhc rr imary dr iving force in the 

loss or biod i\'c rsity worldwide, in vasive species arc rceogni1.cd as the most rarid ly 

gro \\'ing threa t in both terrestrial and aquatic environments (Cox, 1999; Padilla and 

Willi ams, 2004; Vito usek et al. , 1997; Wilcove et al. , 1998). 

Approx imately one third of the world 's most costl y, uncontro llabl e and 

detrimental aquati c invas ive organi sms are aquarium or ornamental species (Padilla and 

Williams, 2004). The primary source of invas ive aquati c species has previously been 

recognized as ship ball as t water, yet the essentiall y unregulated aquarium trade and 

aestheti cs (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 fo r commercial use or personal aestheti cs where they 

are purposefull y released or escape captivity. Others are inadvertently released, fo r 

example when aquatic "hitchhikers" are introduced through some sort of economically 

important acti vity via shipments of other plant or animal materials (Anderson, 2011 ). 
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Invas ive aquatic plants, in particular, have had major impacts on biodivers ity in 

freshwater ecosystems. Over 35 fa milies of freshwater and ripari an plants include species 

considered to be invasive. Several hundreds are considered nuisances to aquatic 

environments, threatening the structure, function and di versity of natural aquati c systems 

(Anderson, 20 11 ). Habitats that are susceptible to invas ive aquati c plants are di verse, 

ranging fro m natura l lentic and lotic systems to man-made irrigation canals, reservo irs, 

hydroelectri c power systems, and aquaculture fac iliti es. 
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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 typicall y 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, fl oat ing-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). Representati ve free-floating plant include invas ive Eichornia 

crass ipes (water hyac inth ) and Pistia stratiotes (water lenuce). Floating-leaved plants 

have some leaves that fl oat on the surface of the vvater, but are rooted in sediments 

(Lacoul and Freedman, 2006). Exampl es of fl oating-leaved plants include Nymphaea 

odorata (white water lil y) and Nelumbo spp. (lotus). Emergent plants are rooted in the 

sediment, typica ll y inhab iting the shallowest portions of the littoral zone where the 

majority of their aeri al system ex tend above the sur face of the water. Examples include 

invas ive Lythrnrun, salicaria (purple loosestri fe) and B11tomus 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 subj ected to varying levels in light. Examples include Mvriophyllum 



spicatum (Eurasian watermil fo il ), Potamogeton crisupus (curlyleaf pondweed) and 

Hydrilla vertici!Lata (hydrill a). 
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All macrophyte types play an important ro le in lentic and lotic systems 

worldwide, signifi cantl y influencing phys ical, chemical and biologica l parameters 

through their deve lopment and metabo lic acti vi ti es (Madsen et al. , 200 I). Because their 

growth habit refl ects the phys ica l and chem ical featu res of an aquati c habitat, aquati c 

plants vary in their influences on product ivity and eco y tern processes. In most 

fres hwater enviro nments, macrophytes are important in primary producti on, stab ilizing 

chemica l and physica l characteri tic , erving a a ubstrate fo r epiphytic algae, and 

prov iding fo od and hab itat for aq uati c and em iaq uati c animal , vertebrates and 

in vertebrates ali ke (Carpenter and Lodge, 19 6; Kaenel et a l. , 199 ). 

Submersed macroph yte , in particular, ha\'c major effect on producti ity and 

biogeochemica l process ing in frc ll\\·atcr. bccau c they reprc en t a li ving link between 

the sediment and \\'ater column in lenti c and lotic y tem (Carpenter and Lodge, 1986). 

These aquati c plants large ly inllucncc the phy ical en ,·ironment by impeding water flow, 

increas ing ,,·atcr depth. stabi li zing -cdimcnt and retaining part icl e in substrate, 

med iati ng tempera ture. and reducing light penetration into the ,,·ater column (Carpenter 

and Lodge, 1986; Circgg and Rose. 19c 2: Mad. en ct al.. 200 I) . dditionally, 

mac roph ytes arc important in dis oh·ed o.\ygcn and carbon dio.\ide tlucuations, and in 

nu tr ient cycling, including the release or dissoh-ed so lids (Carpenter and Lodge, 1986; 

Marshall and Westlake. 1978). In genera l, submersed aq uati c ,·egetation is important in 

the phys ica l, chemica l and bi ological processes of an aq uatic hab itat. The amount of 

macrophyte biomass can influ ence inhab iting organi sms, panicularly those dependent on 



it fo r habitat, including macro in vertebrates (Barko et al. , 199 1; Carpenter and Lodge, 

1986; Madsen et al., 200 I) . 
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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 macro in vertebrates (Newman, 1991 ; Parsons and Matthews, 1995). Due to 

their relatively sedentary nature and sensiti vity to long and short-tenn changes, the 

structure and functi on of macroinvertebrates is important in community assessment and 

evaluation of impacts in freshwater environments and the overall hab itat quality (Davis 

and Lathrop, 1992). 

Both natural and anthropogenic disturbance can result in large ecosystem 

response to variations in submersed aquatic vegetation, in turn affect ing biotic 

interact ions of macro in vertebrates (Kaenel et al. , 1998). Aquatic macrophytes are 

important in the structu ra l and patial di tribution of macroinvertebrates, providing 

ov ipos iti on sites and shelter for many species (Ward, 1992). The ab ility of a macrophyte 

to support rn acro invertebrates varies, vvhere conditions such as surface area, leaf 

morphology, nutrient uptake and chemi ca l secret ions play a ro le in abundance and 

species ri chness (Krull , 1970) . Macrophytes also affect trophic relationships and 

influence types of functional feeding groups present in a specific freshwater habitat, 

espec iall y during plant senescence (Gregory, 1983 ; Kaenel et al. , 1998 ; Newman, 1991 ). 

Shredders benefit from decaying (typica ll y allochthonous) vegetation , grazers (scapers) 

from the consumption of ep iphytic and epilithic algae and other microtlora, and collector­

gatherers from tine particulate organi c matter that accumulates on and among the 



substrate materi als, including macroph ytes . Submersed macrophytes therefore support 

varying abundances, di stribution and di versity of macro invertebrates (Kaenel et al. , 

1998). Despite their ecological importance, excess ive growth of aquatic macrophytes, 

parti cul arl y of those with in vas ive characteri tic , ha the potential to dra ti ca ll y 

influence aq uatic communitie (Bates and Hentge , 1976). 

Biology of Hy drilla verticillata 

Hydri/la 1·erticillota (L.F .) Ro le (a l kno\\·n a · hydrilla or \\ atcr th me) i an 
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1n va ivc , suhmcrscd aquatic macroph ) Le th ught to be nati, e to ·ia ( ' ook and Lu ··nct , 

1982) . . incc its di ·co,'Cr in Lht nittd . late: in the 19 ·o·s. hydrill a ha. altered 

frc ·h,,·atrr rco · : tcms dur to its man) . un i, al adapta tit111s that .i llm, it to per ·i. t and 

rcr roducc in nearl y all aquatic hahi tal. . n,roug.hout portion:-- or I orth merica. hydri ll a 

has es tab lished itsc lr as one or the most Jc, a ·tating aquatic " ccds. impacting chemical, 

physica l. and biological asrcct~ or frc:--h ,, ater en , ironmcn t~. including lakes, ,,·et land 

:md ri, ers ( Langeland. 19%). I lydrilla ha~ :1gnili ·anti~ i111 1 aired the nalll ra l _ talc or the 

freshwate r ecosystems it has cnlnni, 'd he ' JU~c it~ ph~ :--iological charnctcris tic . 

reproducti,·c ro tcntial. and agg. rc:-- si , c gn)\\ th al lo" it Ill dis1 cr~e raridl) ( Bate and 

1 k ntgcs. 19 6: Langel and. 19% ). 

The physiological adapt at il1ns nr h~ dri I la include greater shade tolerance and low 

respiratory rates. Compared tooth ' r ~u bmcr.· ·J macrnphytcs. hydrill a i adapted to very 

10\wr li !!IH intensi ties. e.\ hibi tin !! ~rcatcr shade tolerance than mo t aq uatic plant species, - - -



higher ra tes or photosynthes is, and low rates of dark respi ration and photorespi ra ti on 

(Bowes et al. , 1977; Cook and LUond, 1982; Jana and Chouduri , 1979). 
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One of the most significant aspects of hydrilla that allows it to successfull y 

co lonize 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 all ows hydrilla to establish a new population 

from a single whorl of leaves. The production of turions in leaf axils and tubers 

(subterranean turions) that fom1 terminall y 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). Additionall y, tubers are resistant to desiccation and 

can sustain for several days out of water. The multiple reproducti ve capabilities of 

hydrilla have allowed for proli fera ti on in virtuall y every freshwater environment to which 

it is introduced (Cook and Li.iond, 1982). 

Although Hydrilfa is considered a monotypic genus with a single species, it 

demonstrates considerable genetic vari ati on. Hydrilla vertici/lata is highl y polymorphic, 

hav ing several biotypes, two of which have establi shed in North Ameri ca, one 

monoecious and one di oecious (Cook and LUond, 1982 ; Netherl and, 1997; Pieterse, 

198 1; Pieterse et al. , 1985; Verkleij et al. , 1983). Although both forms share similar 

characteri sti cs that di stinguish them fro m other submersed aquati c plants, they di ffer 

geneti call y, morphologica ll y, and ecologically fro m one another (Steward and Van, 

1987). For example, the monoecious fo rm, which possesses both staminate (male) and 

pistillate (female) -fl oral parts, has an annual growth habit and will first spread along the 

hydrosoil of an aquati c 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 hab it, 

and develops verticall y in the water column before forming a dense canopy near the 

surface . Both also differ ecologicall y, geneticall y and morphologically as well as varying 

in reproducti ve capabilities and growth conditions, such as size and production of turions 

and tubers (S teward and Van, 1987). 

Ecosystem-level Influences of Hydrilla 

In add iti on to its multiple reproducti ve capabilities and aggressive growth 

patterns, hydrill a is capab le of altering the abiotic and biotic facto rs of freshwater 

ecosystems (Langeland, 1996). Although submersed aq uatic vegetation can be beneficial 

and necessary for the eco ystem runctionality, H. verrici/lara can negati ve ly affect 

ecosystem processes during and arter aggress ive growth and development (Bates and 

Hentges, 1976; Lange land, 1996). Once estab li hed in an aquat ic nvironment, hydrilla is 

capab le or phys icall y shad ing and outcompet ing native submersed aquat ic vegetation due 

to its exponent ial prolireration, although interspecilic compet ition among macrophyte 

spec ies is poorl y understood ( Wetzel, 200 I). This adds to the homogeni zation of 

macrophyte com po it ion, potentiall y al tering the balance or the ecosystem (Langeland, 

1996). Other than aquati c plant biodiversity loss, ho\\'ever, hydrill a has not been observed 

to dimini sh the biod iversity ot· other aq uati c com muniti es, such as macroin vertebrates, 

ep iphytic algae, fi sh, and \\'aterfc)\\-1. In fac t, increased aquatic vegetation may be 

ecologicall y beneficia l to some communities and has been demonstrated to encourage the 

abundance and spec ies richness of macroin\'ertebrates by increas ing the amount of 



ava il ab le hab itats and food, which in turn increases populations of fi sh species (Mox ley 

and Landfo rd , 1982; Newman, 199 1; Thorp et al. , 1997). 
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Because submersed aquati c vegetation is also impo1tant in providing epiphytic 

algae with a substrate for growth , hydrilla is likely responsible fo r the support and 

productivity of epiphytic algae in aq uatic habi tats. Although hydrilla may suppo1t 

ep iphytic algae, compet ition fo r similar resources such as ava ilable light and nutrients has 

been shown to prevent successfu l deve lopment of other macrophytes (Dunn et al. , 2008). 

Takashi et al. (2004) demonstrated that epiphytic algae were responsible for low light 

penetra ti on on the leaf surfaces of the submersed aquati c macrophyte, Potamogeton 

perfo liatus . Low light leve ls in turn reduced the amount of growth and production, and 

in terrupted the phys iological ab il ity of P. pe1fo liat11s 10 photosynthesize. Most submersed 

aq uatic vegetat ion i dependen t on high light levels for development, but hyd rill a has 

been fou nd to be capable or adapting to ex tremely low light levels by exhib iting greater 

shade tolerance and deve loping in deep \\'aler " ·here limited light i avai lab le (Bowes et 

al. , 1977). Thi s demonstrates hydrilla · ab ility lo compete with other aquatic plants for 

limi ted di sso lved carbon in \\·ater and perhap photosynthesize earlier in the daytime 

where high li ght levels arc not suffici ent (Langeland. 1996). Although epiphyt ic algae are 

li kely 10 deve lop on the canopy or hydrill a. the IO\\ ' li ght levels that may occur fro m the 

growth of the algae \\·ill probabl y not ha\·e any effec t on hydri ll a's phys io logy. 

Add itionall y, since hydr il la is capable of developing under low light conditions (Bowes 

et al. , 1977), ep iphytic algae may not be abl e to de ve lop due to the lim ited amount of 

light, espec iall y in deeper \\'aters or in the understo ry of the hydrill a canopy. 



Johnson and Montalbano ( 1987) noted that hydrill a prov ides an ideal hab itat for 

wintering waterfow l. Because waterfowl potentiall y feed upon hydrilla beds, there are 

concerns that waterfowl may in turn transport and di sperse propagules. Joyce et al. 
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( 1980) demonstrated that tubers and turions are spread through the digesti ve tracts of 

some waterfow l and are able to survive ingestion and regurgitation. It is also possible that 

waterfowl may transport stem fragments from monoecious hydrill a or seeds from 

dioecious types via attachment to body parts ( e.g., feet, feathers), but this has not yet been 

definiti vely established (J ohnson and Montalbano, 1987). Langeland ( 1996) stated that 

the passing of viable seeds through waterfowl digestive tracts could be impo11ant in 

"natural, long di stance di spersal. " 

Environmental fac tors such as light, water temperature, sediment composition, 

and the presence of carbon and other nutrients, play a key ro le in influencing the 

producti vity and di stribution of submersed aquati c vegetation (Barko et al. , 1986). In 

addition to prov iding habitat fo r aquatic species, submersed aquati c vegetation is also 

important in the alteration or the stabiliziation of phys ical and chemical properties in 

freshwater ecosystems (Barko et al. , 199 1 ). Although submersed aquati c vegetation 

influences several aspects of fres hwater environments during normal plant development 

and metabolic act ivity (Zimba et al. , 200 I), hydrill a may have adverse effects on the 

environmental facto rs of a balanced aquati c hab itat. The aggress ive growth and 

development exhibited by hydrilla, in whi ch it densely co lonizes aquati c habitats, may 

alter the natural chemical and physica l environment. 

Lentic and loti c environments may exhibit markedl y different phys ical and 

chemi cal characteri sti cs; therefore, the presence of specific types of macrophytes and its 
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abundance and biomass will inlluence the ecosystems differently. The development or 

hydrilla may be simil ar in both types of habitats, although di spersal and propagati on 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, fo1111ing 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 rnacrophyte 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. Furthennore, 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 Smai1 ( 1981) demonstrated that hydrilla is capable of altering 

photosynthetic capacity over a large range of light availability and can remain 

metabol ical I y active even at temperatures as high as l 6°C. Because photosynthetic 

capacity positively con-elates with light availability and temperature increases as light 

penetrates the surface of the aquatic environment, increased growth and development of 
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the hydrilla canopy may also encourage increases in water surface temperatures. 

However, li ght 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 

di ssolved oxygen (DO) and pH . egati ve effect on fish and macro in vertebrates are 

likel y to occur if DO le els fall well b lo Sm L ( araco and Cole, 2002). During the 

day, beds of aquatic macrophyte relea large amount ox gen, increa ing DO (Kaenal 

et al., 2000). Howe er during lo light p riod , typical) at night aquatic plant 

cont inue to re pire taking up large amount n from th at r. Becau hydrilla 

dev lop den ly throughout the\ at r lumn nighttim re pirati n lo r di ol d 

o ygen I 

deer a 

pirat r uptak 

, it ma 

tlo and turbul n of\: at r \! hi h ntrain 

ubm r d aquatic 

co y t m . Ith 

dio ' id i quick) u d fi r ph t 

Bu k ( 19 5) d mon trat d that in 

Ith u h h drilla oft n ignifi antly 

t m du to the continuou 

th at r (W tz 12001). 

dify ar ing le f pH in fre h ater 

impact on pH I I , fre carbon 

Ra n I 70· an t al. 1976). Reddy and 

g tation ma cau e declines in 

nitrogen and pho ph ru I of nutri nt nriched ater , \ here hydrogen ions are 

remo ed from the ater column through a imilation, ubsequently causing an increase 

in pH levels. Furthermore, metaboli m 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 expec ted to maximize ca rbon, nitrogen, and phosphorus uptake during peri ods or 

deve lopment. Conversely, during senescence of shoots, a large release or di sso lved 

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., 200 l ), and decreasing phytoplankton populations by filtering nutrients, 

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

Study Objective 

The establi shment 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-flowin g streams that are protected under the National 

Wild and Scenic Ri ver System . Since hydrilla is characterized as an invasive species, its 

establi shment in the OWSR can potentially have detrimental effects on the structure and 

functi on of macro invertebrate communities. The objective of this project was to 
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dctcnnin ' poss ibl e impact of hydrilla on macroin vertebrate communities in the ERW by 

comparing macro in vertebrate communities co llected from hydrill a- in fes ted and non­

infested stream reaches. Metrics of community structure and functi on such as di versity, 

eveness, community similarity, and fun ctional feeding group composition were compared 

in riffle and poo l habitats which are either infested with hydrilla or not infested. This 

study attempts to detennine poss ible ecosystem-level consequences of hydrilla in thi s 

lotic environment. Thus, the null hypothes is of this thesis research is: 

H0 : There is no difference in metrics of macro invertebrate community structure 

and function between hydrilla-infes ted and non-infested riffl e communities or hydrilla­

in fested and non-infes ted pool communities. 

Significance of the Study 

Understanding the community-level impacts of increased macrophyte biomass on 

macroinvertebrates in the ER W can provide additional in fo m1ation on bioti c interactions 

that occur in lotic systems, spec ificall y between macroinvertebrates and submersed 

macrophytes. Additionall y, it will provide insight on the responses of macroinve11ebrate 

communities to invas ive aquati c plant species in stream ecosystems, which could 

fac ilitate the development of long-term monitoring protocols as an initial step in invasive 

species management. Furthermore, thi s study will aid in prov iding information to the 

Nati onal Park Service and other agencies for the protecti on of natural resources in a time 

of environmental and human-induced change, emphas izing the need for the conservation 

of biodi versity in stream ecosystems. 
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CHAPTER II 

STU DY AREA 

Location and Background 

The Emory Ri ver Water hed (ER W) con i t of a network of cool, clear, deeply 

incised treams in the Cum berland Plateau ph iographic province of ea t Tenne ee 

(F ig. I). Thi ri ver y tern in lude everal nearl y pri tine and undi turbed free-flowing 

stream admin istered by the ati nal Park er ice a the Obed Wild and Scenic 

Ri ver (OWS R). The OW R ha remained in lree- nm,·ing condition ince the Wi ld and 

Scenic Ri ver . y tern ct in 196 , \\'hich \\·a c tab li hed by ongre to maintain loti c 

systems of the ni ted tatc that are .. cenic and \\' ild" \\"ith "out tandingly remarkab le 

cenic, recrea tional. geologic. Ii h and ,,·ildli fe. hi tori c. cultu ra l or other imilar values 

(W il d and Scenic Ri,-crs ct. 196 : lntcragcnc Wild and . cenic Ri\'er Counc il , 1998)." 

Approx imately 20 ha or the ER W arc protected " ·ithin the OW R, " ·hich cov rs 73 km 

or streams including port ions 01· Daddy·s Creek. Clear Creek. Obed Rin:r and Emory 

Ri ver in Cum berland. Morgan and Fentress Count ies (TDEC 2002: TVA. 1998; Fig. I). 

The ERW also includes one designated state atural Area (Frozen Head State Park) 

compri sing -+ 806 ha or undi sturbed rorest located to the cast of the OWSR. Add itionall y, 

the Catoosa Wil dlile Management Area. located at the ,, estem and southern periphery of 

the OWS R, coYers 32.37-+ ha of the ERW. Much of the su1Totmding landscape 
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encompass ing the ER W is dec iduous fo rest (> 72%), but includes some agri culture and 

coa l mining acti vities, although onl y agri culture practices are conducted on pri vate lands 

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

Figure I. Tennessee map hi ghli ghting the location of the Emory Ri ,,er Watershed, the 
majori ty in Morga n, Cumberl and and Roane cou nties (small port ion of Fentress 
and Bl edsoe counties also shaded). including the major tributaries of Daddy 's 
Creek. Obed Ri\'cr, Clea r Creek and Emory Ri ,,er. (Map courtesy of Jerrod W. 
Mann ing, 20 I I) . 
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Physiography and Geology 

The phys iographic 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 te1i-ain 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, l 954; 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 ER W is made up of sandstone, shale, siltstone, 

conglomerate, limestone and coal all covered by well-drained acidic so il s. The initial 

underlying sandstone is of Pennsylvani an age, occurring in thickness of approximately 

460 meters. Beneath the Pennsylvanian bedrock occurs the Pennington formation , a 

transition from the elastic sandstones and conglomerates to Mississippian-age carbonates. 

These calcareous limestones occur in thicknesses greater than 305 m. The primary 

transition to limestone from the elast ic sedim entary rocks provides a less stable terrain for 

the high-ve locity streams running through the ERW, leading to di ssolution 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 angul ar slabs of sandstone eroded. This 

process resulted in a separation of deep, verti ca l 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; TD EC, 2002; TDEC, 2008; TVA, 1998; Wilson et al. , 1956). 
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Hydrology 

The fo ur major trea rn of the ER W drain approximate I 1,593 km~ include the 

Obed Ri ver, Clear Creek, Daddy' ·reek, and the Emor Ri ,-er to it con fluence with the 

Clinch Ri ver (TD C. 2002; . G. , _0 11 ). The teepe ·t tream gradient are pr ent in 

down trcam- mo t reache . with dr p · a,-craging .6 to 6.5 m pt:r km . . ome or the mo t 

rugged land cape found in the -R i: lo at ' d in the head" ater. or the mory Ri,-er in 

Morgan Coun ty, " hi ch drains an area or" __ "6 km 2 
( r . I 99l). Onl y a short reach or 

the Emor Ri, er from it:-. c rn ll ucnce "ith the ( bed Ri, er to 1emo Bridge is included 

\\'it hin the O . R bou ndarie:-. (TV,\ . 199c: Fi g. I). 

The Obed Ri, cr is the large t trihutar) )r the l·mor) Ri,cr. draining an 

approximate total area nr I .~95 quar · h.111 . It-- head,, ater-. arc located out. idc or the 

0 SR boundaries a Ii.:" kilt)mctcr~ north\\c t t)f Cm-,-., ill ·. I cnnc. ~cc . Daddy"s 'reek 

and ·1car Creek arc the major 1ribu1arie-.. "hich join the Obed Ri, er nnl) a Ii.:" 

ki lometers upstream or i1 -. umlluence "ith lhl· l·mor~ Rl\cr (l· ig. I) . Clear Creek drains 

apprmimately -1-1 / km: in the 11onlrne-..1 pn111on nf the FR \\ ·. llo,,ing nonhea:-, t fro m it 

Sl)L11-cc out si tk oi" thl· () \\ .· R hnundarie~ 10 1i... _ju 11ct inn \\Ith Obed Ri,er. 6.-1 km aboYc 

the Obed Ri,e r and 1-"11Hlr~ Ri,er conlluencc. l h · la rge-..11nhu1ar) oi"Obcd Ri,er. 

Daddy's Creek. drain~ appro , imal ·I~ -1 _-3 ~quar · h.m. Ill)\\ ing nonhca~t 10 its juncti on 

\\ilh Obed Ri, er 1-1 .5 km aht)\ · the ( )bed Ri, er and Fnwr~ Ri, er con llucncc (TVA, 

1998: Fig. I ). 
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The llow or waler in Lhc ERW is heav il y influenced by seasonal prccipilalion , 

ru noff pa tterns, ground water recharge and fl ow alterations such Lhal water levels and 

ve loci ty can change quickl y (TV A, 1998). Therefore, the stream conditions within the 

OWS R change dramaticall y with weather conditions and seasons. During the summer 

months when prec ipitation is generally lower, the streams reflect more of a di scontinuous 

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 di scharge 

has been measured up to 190,000 cfs in the Emory River (TV A, 1998; USGS, 20 I I). 



CHAPTER 111 

METHODS & MATERIALS 

National Park Service Research Permit 

In compliance with the Nati onal 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 20 IO when the permit was approved through 

the Research Permit and Reporting system for the OWSR. 

Site Selection 
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Macroinvertebrates were co ll ected from 9 si tes on three major tributaries of the 

Emory Ri ver that fl ow into and th ro ugh the OWSR, including Daddy's Creek, Clear 

Creek, and the Obed Ri ver. Four sites were infested with hydrill a and 5 were not infested 

with hydrill a, des ignated as ''hydrill a-in fes ted" or ' 'non-infested," respecti ve ly. Due to the 

steep and rocky tetTain that su1Tounds the deepl y incised treams within the OWSR and 

the challenges this presents fo r carrying sampli ng eq ui pment and instruments to remote 

stream sites, all areas sampled within the park were established at des ignated access 

points used to support recreational ac ti viti es such as fi shing, kayaking and hiking. 

Sampling sites outside the OWS R were estab li shed upstream of highway bridge 
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cross ings. 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 outs ide of the park boundary. Potter's 

Ford at Obed Ri ver, Obed Junction upstream of the confluence of Obed Ri ver and 

Daddy's Creek, Barnett Bridge at Clear Creek, and Lil y Bridge at Clear Creek were all 

non-infe ted stream sites sampled v ithin the OW R. One additional ite, U.S . Highway 

68 bridge at Dadd y' Creek, wa 2.4 km up tream of the ource pond fo r the hydrilla 

infestati on, and therefore out ide of the OWSR boundary (F ig. 2). 

Hydrilla-in fe ted tream ite inc luded Devil' Breakfa t Table at Dadd y' Creek, 

Obed Juncti on downstream of the confluence of Obed River and Dadd ' reek, and 

up trca rn or emo Bridge at Obed River. On additional h drilla-infi ted ite, ntioch 

Bridge at Daddy's Creek, wa out idc of th O . Rb undar located up tream of 

Dev il 's Brcakla t Table, approximate! 2-l-32 km do,,n trcam of the ource of the 

hydrill a inl'csta tion (Fig. 2). 
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Figure 2. Sample sites within the Emory River Watershed, including the source pond of 
Hydrilfa verticillata. Red dots indicate hydrilla-infested sites; green dots indicate 
non-infested sites. (Map courtesy of Jerrod W. Manning, 2011 ). 

Macroinvertebrate Collections 

Macroinvertebrates were co llected from both rifne and pool habitats (Fig. 3) on 

September 18, 19 and 25, 20 I 0. ln addition to co ll ecti on of riffle and pool samples, 

physical and descripti ve data including physiocochemisty readings and substrate 

assessments were also taken . 

The riffle hab itats sampled at al I sites were downstream of sampled pool habitats. 

Macroi nvertebrates were co ll ected from riffles using a Surber sampler (Fig. 4). This 
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device consists of a 30.5 cm by 30.5 cm horizontal and vertical fo lding frame set at right 

angles to one another, enclosing a 929 cm2 area from which the sample is col lected. The 

vertical frame is attached to a trailing 500 µm mesh net approximately 61 cm long, which 

all ows for the capture of debris and organisms. Because hydrilla is easi ly distributed via 

fragmentation, separate Surber samplers were used at infested si tes to avoid introduction 

of hydrilla into non-infested site . 

Co llect ion sites were approximately 50 m up tream of access areas. Riffles that 

were sampled were immediately down tream from pools. Four Surber samples were 

collected at each riffle ite. The urber ampler wa placed in a representative po11ion of 

the rifne with the frame firmly again t the ub trate, the net open ing faci ng into the 

current and the net trailing dov n tream. The ub trate enclo cd within the frame, 

including the mineral sub tratc, vegetation and organic matter. \\'ere di turbed and 

crubbed with a coar e bru h to loo en attached irwcnebratc ,,·hich are carTied by the 

current into the net (Fig. Sa). The ub trate ,,·a agi tated until it ,,·a likel y that mo t of 

loose debri and organi m ,,·ithin the enclo ed area had been di lodged. rter co llecting 

each rinl e sample, the content or the net ,,-ere emptied into a I L algcne bottle over a 

white plastic pan (46 cm x 36 cm) and the net \\'a in pcctcd for clinging 

macro irwertebrates to en ·ure no macroim-cncbratc ,,·er-e lo t in the tran ler process (Fig. 

Sb). Each ol' the four sample \\We kept separa te, preserYed in 10% forma lin and labeled 

by site and sampk type (e.g .. De, il's Breaklast Table. rime I: Fig. Sc). 

Macroirnertebrates ,,·ere collected only from pools ,,ith sufficient submersed 

,·egetation, i.e ., nati,·e species in ··non-infested" site and hyd rilla in the •'infested" sites. 

All four intested sites ,,here densely Yegetated ,,·ith hydrilla. However, onl y 2 of the S 
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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 guadalupens is. in significant 

amounts. Pool sites that were intended for sampling in the Obed Ri ver at Potter's Ford 

and Obed Junction and Daddy' Creek at Highway 68 were not ampled due to absence 

of sufficient submersed vegetation in the e area . Pool were amp led utili zing a 30.5 cm 

wide triangle dip-net with 00/900 µm me h iz , an in trument d igned for emi­

quantita ti ve and qua li tative ampling of hal low pond and tr am and area with h avy 

weeds (W ildlife Suppl y ompany " lnde tructibl et;' Fig. 6). Four dip-nets , re used 

for pool co ll ecti on ; 2 \ ere mark d "h drilla-infi ted" and the other_ ··n n-in fe ted" to 

avo id contamination of non-infi t d ite . tea h of the 6 po I ite , a t\\'o-co ll ct r 

team sa mpled \'egctation ·imultaneou I \\'ith the dip-net ror approxi mate! ten ,0.5 cm 

long '"jabs," for a total or arrroximatel 9"00 crn ~ area or combined collected \'cgetation. 

A ""jab" is a term to describe the net entering the stream. humring or di . rurting the 

bottom in the rooted area or , egetation to lo 1sen the . ubmersed macrorhyte ,,·hile 

avo iding bottom sediment.. and ,, i rtl bringing the net hack ur to the . urface of the 

wa ter ( Fig. 7). teach pool si te. all material ·ollected h) the t,, o-collector team wa 

combined and placed in one or more I L al gene container. pre. crwd " ·ith I 0% formalin 

and labeled by . ite and sa mple type (e.g .. De, il's Break fa ·t 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 with in riffle habitats, (b) emptying 
of contents of net into algene containers, and (c) rinsing pan into container. 
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Figure 6. Photograph exampl e of a tri angular di p-net used fo r sampling in pool habitats. 

Figure 7. Example of a "two-co llector team" sampling with tri angle dip-nets in 
pools. 



Macroinvertebrate Processing and Identification 

Macroinvertebrate processing and identification was conducted in the Aquatic 

Macroin vertebrate Laboratory of the Center of Excellence for Field Biology at Austin 

Peay State University, with assistance from undergraduate and graduate laboratory 

ass istants. Macroinvertebrates samples were removed from fonnalin in the laboratory 

under a fum e hood, soaked in water fo r 24 hours, and then placed in 70% isopropanol 

(Fig. 8a). 

34 

Macroinve11ebrates 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 spec imens were identified to genus with the exception of a few in vertebrate 

groups. Aquatic annelids (phylum Annelida), including leeches and aquati c earthwonns, 

were not identified below classes Hirudinea and Oligochaeta, respecti vely. Aquatic mites 

were identifi ed to suborder Hydracarina and fl atwonns to fa mily Planariidae. Snail s 

(class Gastropoda) and bi va lves (class Biva lvia) were identified to famil y. Additionall y, 

immature spec imens or those in poor phys ical condition that prevented identification 

were identifi ed to the lowest poss ible leve l. All identifiab le macro invertebrates except 

non-biting midges (Diptera: Chi ronomidae) , were identified using publi shed taxonomic 

keys (Thorp and Covich, 199 1; Epler, 1996; and Merritt et al. , 2008). 

Chironomidae larvae were initiall y sorted by sub fa mily or tribe (Chironominae: 

Chi ronomini or Tanytarsini , Orthoc ladiinae, Tanypodinae). These were then mounted 

under glass cover slips on microscope slides with CMC-10 mounting media (Masters 

Company, Inc., Wood Dale, IL) fo r generi c identi fica ti on using taxonomic keys 
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(Wicdcrholrn . I 983; Epler, 200 I; and Ferrington c l al. , 2008). Meiji MZS and Ol ympus 

. ZH and G I OX stereo-zoom di ssecting mi croscopes with magnification ranges of7 -64X 

\\'ere used for sorting and identifying of most macro in vertebrates. SI ide mounted non-

bi ting midges (Chironomidae) were identified to genus using Olympus BH2 and CH30 

compound microscopes with a magnifi cation range of 40-1 000X. identified taxa were 

entered into a Microsoft Excel spreadsheet for stati stical 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 proj ect 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 fo rmalin for isopropanol 

replacement and (b) macro invertebrate sorting. 



Data Analysis 

Metri cs of macroinvertebrate community structure, the number of taxa and 

species di stribution among taxa, obtained from the enumerated macroinvertebrtate 

samples included taxa richness, Shannon-Weaver Diversity Index, and Pielou's 
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Evenness. Taxa ri chness 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 fro m O (no di versity) to approximately 3.5 

(high di versity). The fun cti on describing H' is: 

H' = - I (Pi In Pi), 

where p1 is the proporti on of the total number of indi viduals that belong to taxa i. 

Pielou's Evenness (.I' ) measures how eq uall y di stributed indi viduals are among 

taxonomi c groups in the sample using Shannon-Weaver in fo rmation (Pielou, I 966, 

Brower et al. , 1998; Ludwig and Reynolds, 1988). The functi on describing J' is: 

J' = H'IH11111x' , 

where H' is the Shannon-Weaver Diversity Index of the sample and H,,wx' is the natural 

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

Both richness and evenness were ca lculated in a Microsoft Excel. Utilizing JMP'F 

version 9.0, One-Way Analys is of Variance (ANOYA) was used to test if H' di ffe red 
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bct,,·ccn hydrilla -inlcsted and non-infested rirlle and infested and non-in l'csted pool 

habitats (SAS Institute. Inc., 20 I 0) . 

Di versity and evenness indices are insensitive to community spec ies compositi on; 

similar diversity and/or evenness indices could be obtained from samples sharing all the 

same spec ies or not sharing any species. Therefore, Morisita 's Index of Community 

Similarity (IM) 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 tax on relative to selecting a pair of the 

same taxon from another community (Brower et al., l 998). Mori sita's Index of 

Community Similarity is: 

'1vt = 2LXiY_i _, 
(11 + b)N ,N2 

where 11 and 12 is the Simpson's dominance index (I) of the two samples being compared 

calculated as: 

1, = ~ itKi:.lL 
N1(N1-l) 

and b = Iv.r":.l.Li - _ =:!..,J_{ l..J_{ ' 

N2(Nr l) 

where xi and NI are the number of individuals in tax a i and total number of individuals in 

community I, respectively. Likewise, Yi is the abundances of taxa i in community 2 and 

N2 is the sum of all individual s in that community. Morisita's index ranges from O (no 

similarity = no shared taxa) to I (identical= all taxa shared in equal proportions). A One­

way ANOV A was used to determine ifthere was an overall difference between the means 

of IM calcu lated among all non-infested and hydrilla-infested riffle sites and hydrill a­

infcsted and non-infested pool sites. 
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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

in fes ted riffl e and pool site which were then di splayed in bar graphs using Microsoft 

Excel. To evaluate relati onships of taxa abundance among hydrilla-infested and non­

infested riffl e and among infested and non-in fe ted pool com munities, a principal 

components analys is (PCA) was executed on a con-elat ion matrix using SYSTA T version 

8.0 (SYSTAT, Inc). Principa l components analys is is a method of reducing data into a 

few linear combinations (a. k.a ., principal components) based on extraction of max imum 

variance from the data et (Tabachnick and Fide ll , 200 I). It provides a two-dimensional 

visuali za ti on of relat ionship among samples ia components whi le capturi ng a much of 

the variabi lity in the original va ri ance a po ible and allowing for complete tructuring 

of the data set by al o reducing the dim nsionality of the data ct. Excluded from this 

ana lysis were taxa that occurred in le than 3 ample or tho e repre en ted by 5 or fewer 

organi ms per riffle or pool ample. 

Macroinvertebratc taxa \\·ere cla sitied to functional feeding groups (FFG), a 

description of trophic strategy - col lcctor -gatherer . collector -Ii lterers, hredders, 

grazers/ crapers, predators or pierccr-herbirnrc ( e1Titt et al, 2008) . This wa the onl y 

metric of community !'unction c\'3l uatcd. Functional reeding group compo ition of 

hydrilla-infested site \\'ere compared to non-in le tcd sites u ing a categorical Multi-way 

Contingency Analysis \'i a .JMP R \·ersion 9.0 to determine irth re \\'as a significant 

associa ti on in the distribution or FFG \\'ith respect to the pre ence of hydrilla in riffl e and 

pool habitats (SAS In titute, Inc, 20 I 0). Frequencies of functiona l feeding groups were 

di spl ayed in a mosaic plot to compare proportions of FFG with respect to presence or 
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absence or hydri I la. Probabilities of FFG for each hydrilla-in fested and non-infested ri rnc 

and poo l site were also di splayed using pie-charts with Microso ft Exce l. 

Abiotic Data Collection and Analysis 

Abiotic vari ables including water physicocherni stry readings such as temperature 

(°C), di sso lved oxygen (% saturation and mg/I), specific conductivity (rnS/crn ), total 

di ssolved so lids (mg/L) and pH (SU), were measured from each riffle and pool habitat 

before rnacroinvertebrate co llections using a YSI 600QS multiparameter meter. Prior to 

entering the fi eld, the YSI was calibrated fo llowing the manufac turer's instructions. 

Notes regarding environmental or physical conditions of riffle and pool habitats were 

recorded. Appendix B includes table compari sons of inorganic and organic substrate 

present in riffl e and pool habitats, in addition to bar graphs of all abiotic data of vari ables 

measured at each sampling site. 
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CHAPTER IV 

RESULTS 

Evaluation of Macroinvertebrates 

A total of 32,244 individual macro invertebrates comprising 132 unique taxa were 

collected from riffle and pool communities in hydrilla-infested and non-infested sites, 

122 different taxa from riffles and 84 from pools. Forty-four taxa were unique to riffles, 

whereas 11 were only collected in pool habitats. Total individual s 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 hydrill a-infested and non-infested riffle and pool habitats 

varied among sites. For riffl e 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 hydrill a- infested and non-infested sites above 50 taxa (Table 1). One­

way ANOVA of taxa richness between hyd rill a-infested and non-infested riffles yielded 

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

upstream from sampled riffl es (p-value > 0.05, N.S.). 
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Within poo l hab itats, ri chness ranged between a high of 53 at Lil y Bridge (non­

hydrilla site) to a low of 23 taxa at Dev il ' s Breakfast Table (hydrilla site, Table 2). There 

was no significant di ffe rence in the taxa richness between hydrilla-infested and non­

in fes ted pools, as detennined 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 I). Figure 9 depicts "means diamonds" fo r the one-way ANOV A comparing H' 

values between hydrilla-infested and non-infested ri ffle 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 Di versity of sampled pools ranged from a low of2.08 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-infes ted and 

non-infested pool samples are depi cted in Figure I 0. There was no significant di fference 

in the means of the H' va luies between hydrilla and non-hydrilla pool samples (p > 0.05, 

N.S.). 
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Figure 9. JMP-R One-Way Analysis of Variance depicting Shannon-Weaver Diversity 
values and variab le means between hydrilla-infested and non-infested riffle sites. 
Plotted diamonds indicate no significant di ffe rence between mean diversity values 
acq uired from hydrilla-infes ted and non-infested riffle habitats (p-value: 0.82). 
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Figure JO. JMP " One-Way Analysis of Variance depicting Shannon-Weaver Diversi_ty 
va lues and va riable means between hydrilla-infested and non-111 fes ted poo l sites. 
Pl otted dia111 onds indi cate no significant difference between 111 ean diversity ,·alues 
acquired fro111 hydrill a-i nfes ted and non-infested poo l habitats (p-va luc: 0.23). 
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Evenness 

Pielou 's Evenness (J') ranged from a low of0.50 at Highway 68 (non-hydri lla 

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 hydrill a-infested and 

non-infested riffl e hab itats (p-value > 0.05 , .S .). 

Evenness va lues in sampled poo l ranged from a low of0.56 at Obed Junction 

(hydrilla site) to a hi gh or0.79 at nti och Bridge (hydrill a site) (Tab le 2). One-way 

ANOVA indicated no significant difference in J' between hydrill a-infested and non­

infested poo ls (p-va lue > 0.05 , . . ). 

Table I. Shan non-Wea\'er Di ver it y, Pielou· s ,·cnncs . taxa richne and total 
number or indi vidual or riflle habitat ample from hydrilla-infested and 
non-infc ted itc . (DBT=Dc\'i l' Brcaklin Table) . 

Sa mple Site 

Barnett 13r idge 

Lily 13r idge 

Ohed Junction' 

Potter's Ford 

ll \\y6R' 

Obed .I unction 

Antioch Bridge 

Nemo Bridge 

Total 

. hannon-
\,\leave r 

Dive rsity 
(H') 

3. ➔ 6 

2 90 

2.78 

2.56 

2.12 

2.7 2 

2.76 

3.11 

2. 71 

Pielou 
Eve nnc 

(.I' ) 

0.8 ➔ 

0. 0 

0.65 

0. I 

0.50 

0.65 

0. 70 

0. 76 

0.66 

Taxa Richnc 
(s) 

62 

62 

72 

37 

71 

66 

51 

60 

59 

Total # of 
Individuals ( 

2269 

➔ 3 0 7 

3 ➔ 1 7 

169 -

25➔ 8 

3862 

15 75 

I I 07 

5 ➔ 65 

1 61 45 

· hydri I la-in k stecl sites . . . _ . 
· I 1- I . -·1·11 •. \ I ,1-,, ll Llt , ·1mpk d due to lad: ol s1u111 !1cant submersed \ ·eg etat1 0 11 poo s upstream mm t 1esc 11 D L ~ • ' -



Table 2. Shannon-Weaver Diversity, Pielou 's Evenness, taxa richness and total 
number of ind! viduals of pool habitat samples from hydrilla-infested and 
non-infested sites. (DBT=Devil 's Breakfast Table) . 

Shannon-
Weaver Pielou's 

Taxa Richness Sample Site Evenness 
Total# of 

Diversity 
(J') 

(s) Individuals (N) 
(H ') 

Barnett Bridge 2.67 0.72 -n 813 

Lil y Bridge 3.07 0.77 53 816 

Obed Juncti on 2.08 0.56 -W 2390 

Anti och Bridge 2.87 0.79 38 5 ➔ 5 

oBr 2.3 0 0.73 1' _., ➔38 

Ncmo 8ridgc 2.61 0.7 1 ➔O 997 

Total 5999 

· hydrilla- inlcsted sites 

Morisita's Index of Community Overlap 
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Mori ita's Index alu v r u d to compare taxa imil arity between hydrilla­

infested and non-in~ t d it . Thi m tric con idcr relati \'c abundance or the 

propo11ion of har d ta a am ng th t ta! number of indi,·idual ampled. For rime 

habitat , alu rang from a lo of0.4_ in the compari n of Pott r' Ford and Obed 

Junction (hydrilla ite) to a high of 0. 5 between Barn tt Bridg and D ii ' Break fa t 

Table. omparing non-hydrilla infe t d riffl ite , alue ranged from a 10\ of 0.25 

between Highway 68 and Barn tt Bridg to a hi gh ofO. 1 b tv e n Lily Bridge and Obed 

Junction. Hydrilla-infe t d riffl ite ranged from a lov of 0.74 between Antioch Bridge 

and Nemo Bridoe and a hi oh ofO. 2 between De il ' Breakfa t Table and Antioch 
b, O 

Bridge (Table 3). When comparing all ite , one-way A OVA detected a significant 

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

comparisons (Fig. I 1 ). 



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 
0.74 Obed 

Bridge Junct ion 

Obed 
0.73 0.8 1 Potter's 

Junction Ford 

Potter's 
0.42 0.40 0.4 1 H '''Y 68 Ford 

0.3 1 0.26 
Obed Hwy 68 0.25 0.28 

Junction 

Obed 
0.58 

Anti och 
0.70 0.81 0.84 0.42 

Bridge -Junct ion 

Antioch 
0.63 0.53 0.53 0.50 0.77 0.77 D.B.T. -

Bridge 

emo 
D.B .T. · 0.85 0.70 0.74 0.--1 5 0.47 0.82 0.82 

Bridge 

Nemo 
0.69 0.73 0.63 0.67 0.-+-+ 0.81 0. 7➔ 0.78 

Bridge 
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0.7 
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R e Site Comp son 

Figure 11 . .IMP k One- a nal ·i · or arianec dcpi ·ting 1ori ·ita· Communit 
. imi larity value. bct\\'een h drilla-infe. ted and non-infested rirtle itc . Plotted 
diamond indicate a significant dillcrcn ·c bet\\een mean compari on \'aluc 
acquired from rirlles. (p-\'aluc: 0.000 : inf infested sites: 11011 = n n-infi ted 
site ). 

Bct,,·ccn hydrilla-infcsti.:d and non-infrsted pool . itc . . . imilarity , alue ranged 

from a lo\\' oro.0c bet,, ei.:n Barnett Bridge and Obed Junction. and a high oro. < 

bi.:t,,·een Barnett Bridge and De, ii": Breakfast Tahlc. ,, ith Lil) Bridge and De\'il' s 

13reakfast Table rollo,,in g closely with a :imilarit) ,alue nl'0 .7 (Tahlc -l) . When 

e,·aluating non-hydrilla infested I ools from Barnett Bridge and Lily Bridge. on ·na 

Index \\'as high ,, ith a similarit~ ,alue ol'O. . ll ~drilla-inksted sites. ho\\c,er, had \'ery 

k)\\' ,·al ucs, ranging from a lo,,· oro . 11 between De, ii' . 8reakfast Table and Obed 

Junction. and a high l)ro.50 bet,, een cmo Bridge and Antioch Bridge. One-\\'ay 

A OVA detected a significant di !Terence among similarity, alucs acquired among all 

hydrill a-infested and non-infested pool sites (Fig . 12). 



Table 4. Mori sita's Index of Community Overl ap ~ • I d · c d h d -
11 

· . . . . or samp e non-mteste vs. 
Y n a-mfes ted pool sites md1 cat111g community similarity based on relative 

abundances of taxa. 

Sample Site 
(Poo ls) 

Barnett 
Bridge 

Li ly Bridge 

Obed 
Juncti on 

Ant ioch 
Bridge 

D.B .T. · 

ClllO 

Bridge 

Barnett 
Bridge 

Li ly Bridge 

0.77 Obed 
Junction · 

0.08 Antioch 0.18 
Bridge · 

0.37 0.45 0.12 D.B .T.· 

0.7 0.77 0.11 0.32 
Nemo 

Bridge 

0...10 0.53 0.20 o.: 0...1 3 

0.8,------------------.....---- : 

0.7 

0.6 

0.2 

0.1 

0-'-----------.-------------~-__J 
Inf vs. inf non vs. inf 

Pool Site Comparison 

non vs. non 

47 

Figure 12. JM PK One-Way Analysis or Variance depicting. Mori si1a·s Commun ity 
Similarity \·alues bet\\Wn hydrill a-i nk< ted and non-inl'csted poo l sites. Plotted diamonds 
indicate a signi ti cant di !Terence betm~en mean compari son \ alues acq uired from pools. 
(p-\'a lue: 0.039; inf= infested sites: non = non-infe ted sites). 



Contingency Analysis of Functional Feeding Group Relationships 

Functional feeding group (FFG) distributions in hydrilla vs. non-hydrilla riffle 

hab itats were evaluated using Contingency Analysis (Fig, 13). There was a significant 

association between frequencies of FFG and the presence of hydrilla (p-value <0.00 I) . 

48 

Among non-infes ted sites propo11ions of FFG varied, although the majority of 

taxa were consistently collector-filterers and collector-gatherers (Fig. 14). Highway 68 

riffle samples consisted of65% collector-filterers and 18% collector-gatherers (F ig. 14). 

Obed Junction riffle samples were 46% collector-gatherers and 23% collector-filterers 

(F ig. 14). Lily Bridge riffle samples were 44% collector filterers and 33% collector­

gatherers (Fig. 14). At Barnett Bridge 36% were co llector-gatherers and 21 % collector­

filterers , while 27% were scrapers and grazers (Fig. 14). Indi viduals from Potter's Ford 

were 43 % collector-filterers, 19% co llector-gatherers, and 21 % scraper and grazers (Fig. 

14). 

Individuals from hydrilla-infested sampled riffles were also mostl y co llector­

gatherers and collector-filterers, although proportions vari ed between sites (F ig. 15). The 

majority of indi viduals at Nemo Bridge were represented by co ll ector-filterers (60%) and 

collector-gatherers (27%; Fig. 15). Obed Junction fo ll owed with 47% co ll ector-filterers 

and 34% co llector-gatherers (Fig. 15). Antioch Bridge had 45% co ll ector-filterers and 

21 % collector-gatherers, and Devil 's Breakfast Table had 37% co ll ector-gatherers and 

34% collector-filterers (Fi g. 15). 
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I 

i 

Figure 13 . JMP t Multi-way Contingency Analysis depicting di stributions of functional 
feeding groups evaluated from hydrill a-infested and non-infested riffle sites. 
Mosaic plot indicates a significant assoc iation between functional feeding groups 
and hydrilla presence in riffle communities (p-value < 0.00 I). 
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Figure 14. Proportion of functional feeding gro~ps in ri ffl e 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 fun ctional feeding groups in riffl e habi tats at hydrilla-infes ted 
sites: Obed Junction, Antioch Bridge, Devil 's Breakfas t Table, and Nemo Bridge. 

Figure 16 depi cts a mosaic plot of FFG distri butions in hydrilla vs. non-hydrilla 

poo ls habitats. There was a significant assoc iation between frequencies of fun ctional 

feeding groups and the presence of hydrilla (p-va lue <0.00 I). 

Proportions of FFG vari ed with in all hydrill a-infes ted and non-in fes ted pool sites 

(F igs. 17 and 18). At both Barnett Bridge and Lil y Bridge, non-h ydrilla sites, the majority 

of indi viduals were-co llector-gatherers, 27% and 43%, respective ly. There were also a 

higher percentage of scrapers/grazers at Barnett Bridge than Li ly Bridge with 34% and 

17%, respecti ve ly (F ig. 17). 
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Obed Junction had highest percentage of col lector-gatherers of any hydrill a­

in fested pool , with this FFG representing 77% of all indi viduals (Fi g. 18). Antioch Bridge 

(Fig. 18) had 33% of all indi viduals were collector-gatherer , 17% co llector-filterer , and 

an unusuall y high 25% predator ·. At Dev il 's Breakfa t Table. 30% of the invertebrates 

were co ll ector-gatherer , 24% co ll ector-filterer , and 23% craper /grazers (Fig. 18). At 

emo Bridge, the macroinvertebratc \\'ere mo ti collector-gatherer (-l9%), with 

another 20% a collector-filterer (Fig. 18). 
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Fit?.ure 16 . .I p K ~ulti-\\·ay Contingency nal: sis dericting di~trihutions or l"unctiona l 
~ feeding group · ernluated from hydrilla-inksted and non_-ink_sted P?ol ~Ile . 

Mosaic riot indicates a significant a . ociation hct\\ccn lu11c11onal feeding group 
and hydrilla presence in pool communities ( p-, alue 0.00 I). 
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■ Collector-fi lterer 

■ Shredder 
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Figure 17. Proportion of fun ctional feeding groups in pool habitats at non-hydrilla sites: 
Barnett Bridge and Lil y Bridge. 
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Figure 18. Proportion of ft11Nemo Bridge l ing groups in pool habitats at hydrilla in fes ted 
sites: Obed Junc tion, Antioch [-jr idge, De\·il 's Breakfast Tab le, 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 

Microcyfloepus sp. (Coleoptera: Elmidae) at Barnett Bridge, Lily Bridge and Obed 

Junction (Fig. 19, 20 and 21 , respectively), Cheumatops_vche sp. (Trichoptera: 

Hydropsychidae) at Potter's Ford (Fig. 22), and Rheotanytarsus sp. (Diptera: 

Chironomidae) at Highway 68 Bridge (F ig. 23). Taxa most abundant in hydrilla-infested 

riffl e sites included Rheotanytarsus sp. at Obed Junction, Anti och Bridge and Devil 's 

Breakfast Table (Fig. 24, 25 , and 26, respecti ve ly), and Cheu111atopsyche sp. at Nemo 

Bridge (Fig. 27). 

The most abundant taxa for all non-infested pool ites were aquatic earthworms 

(class Oligochaeta) at Barnett Bridge (Fig. 28) and planorbid snail s (fami ly Planorbidae) 

at Lil y Bridge (Fig. 29). Taxa mo t abundant in hydrill a-infested pool si tes included 

Poraranvtarsus sp. (Diptera: Chironomidae) at Obed Junction (F ig. 30), both Corbic11/a 

fl 11111inea (Veneroida: Corbiculidae) and Tanrrarsus sp. (Diptera: Chironomidae) at 

Antioch Bridge (Fig. 31 ), planorbid nail s and aq uati c cartll\\·onns at Dev il 's Breakfast 

Table (Fig. 32) and Tanytarsus sp. at emo Bridge (Fig. 33 ). 



54 

450 
413 

400 

350 
"' ii 300 ::, 

268 .,, 
'i:i 250 .5 
'S 200 188 ... 170 
11 150 E 
::, 103 
z 100 90 79 

so 
0 

Taxa 

Figure 19. Bar graph depict ing 20 most abundant taxa fo und withi n riffle hab itats of 

Barnett Bridge (non-hydri lla site) . Number above each bar indicates total number 
of tax a. 
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Figure 20. Bar graph depicting 20 most abundant taxa found within riffle habitats of Lily 
Bridge (non-hydril la site). Number above each bar ind icated total number of taxa. 
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Figure 21 . Bar graph depicting 20 most 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 abundant taxa found within riffle habitats of 
Potter's Ford (non-hydri lla site). Number above each bar indicated total number 

of taxa. 
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Figure 23. Bar graph depicting 20 most abundant taxa fo und 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 with in riffle habitats of 
Obed Junction (hydril la site). Number above each bar indicated tota l number of 

taxa. 
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Figure 25. Bar graph depicting 20 mo t abundant taxa round \\'ithin riffle habitat of 
An tioch Bridge (hydrilla itc) . umber abo\'e each bar indicated total number of 
taxa. 
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Figure 26. Bar graph depicting 20 most abu ndant taxa fo und,, ithin riffle habi tats of 
De,·il' s Breakfast Table (hydrilla site). umber abo,·e each bar ind icated total 

number of taxa. 
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Figure 27. Bar graph depicting 20 mo t abundant taxa found" ithin rime habitat or 
cmo Bridge (h drilla itc) . umber abO\ e each bar indicated total number or 

taxa. 
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Figure 28. Bar graph depicting 20 most abundant taxa round,, ithin pool hab itat of 
Barnett Bridge (11011 -hydrilla -ite). umber abo,e each bar indicated total number 

of tax a. 
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Figure 29. Bar graph depicting 20 most abundant taxa found within pool habitats of Lily 
Bridge (non-hydrill a site) . Number above each bar indicated total number of taxa. 
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Figure 30. Bar graph depicting 20 most abundant taxa fo und within pool habitats at Obed 
Junction (hydrill a site) . Number above each bar indicated total number of taxa. 
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Figure 3 I. Bar graph depicting 20 most abundant taxa fo und within pool habi tats 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 !" d . h. l . N B · d · . ioun wit m poo habitats at 

t 
emo n ge (hydnlla site). Number above each bar indicated total number of 

axa. 

Principal Components Analysis 

Principal Components Analys is (PCA) revealed a relationship between taxa 

composition within sampled hydrilla-infes ted and non-in fested ri ffles. There was no 

separation along component l or component 2 although component load ings varied (Fig. 

34). Component I accounted fo r 23% of the total variation. Organisms with high pos iti ve 

loadings included Ganie/mis sp., and Microcvlloep11s sp. (Coleoptera : Elmidae), fo llowed 

by Tvetenia sp. (Diptera: Chironomidae) and Ceratopsyche sp. (Tri choptera; 

Hydropsychidae) . Taxa with high negati ve loadings included Optioservus sp. (Coleptera: 

Elmidae) and Afabesmyia sp. (Diptera: Chi ronomidae) . Component 2 accounted fo r 

approx imately 19% of the total variation. Taxa with high pos iti ve loadings included 



Ni/otm1_1 p 11s sp. and Thienamannimyia sp. group (Diptera: Chironomidae). Organisms 

with high negati ve loadings included Dicrotendipes and Orthocladius (Diptera: 

62 

Chironomidae) fo llowed by Psephenus herricki (Coleoptera : Psephenidae) and 

Hvdroptila sp. (Trichoptera: Hydroptilidae) . Graphing of component I versus 2 revealed 

no di stinction of taxa abundance among riffl e 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). 
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Although PCA among riffles wa h . · 
s c a1 actenzed by poor separation, for samples 

from hydrilla-infested and non-infested pool s, separation did occur (Fig. 35). Component 

I accounted for nearly 31 % of the total variation in pool samples. Organisms with high 

positive loadings included Neurocordulia sp. (Odonata: Corduliidae), Parachironomus 

sp. (Diptera: Chironomidae), and Macronychus sp. (Coleoptera: Elmidae) . Taxa with 

high negative loadings were Triaenodes sp. (Trichoptera: Leptoceridae), Hyalella azteca 

(A mphipoda: 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 Po~ypedilum sp. and Parakieferella sp. 

(Diptera: Chironomidae). Taxa with high negative loadings included Corbiculafluminea, 

Dromogomphus sp. (Odonata: Gomphidae), and Hydraca rina (water mites). Graphing of 

component I and 2 revealed a di stinct separation between hydri lla-in fested and non­

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

35). 
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CHAPTER V 

DI SCUSS ION 

Macroin vertebrate and Macro phyte Assemblages in Strea ms 

Streams are temporall y and pat.a ll · bl · · · · 1 Y ana e en 1ronrnent . ha 111g maJor 11npact 

on the structure and function of lotic comrnunitie that inhabi t them (M in hall 1988). The 

Ri ver Continuum Concept (RCC) i a conceptual framework for characterizino the 
0 

biological and chemical properti es of loti c y tern . The RCC hypothe i eek to explain 

how the change in phy ical attribute of tream from the headwater 10 the mouth , 

including sources of organic matter, relate to change in tructure and functi on of it 

biological communitie (Vannote et al. . 19 0). ccording to thi . conceptual frame work , 

rnacro invertebrate functi onal feeding group (FF ) compo ition change in re pon c to 

stream ize and geomorphology, which i correlated \,·ith \'ariou ource of organic 

matter that provide energy to the macroi n\'ertebratc communi tic, . Therefore, the 

st ructure. fun ction and abundance of taxa may \'ary according to the limiting condit ions 

presented within hab itat based on the accumulation or both allochthonou and 

autochthonous materi al (Heino et al. , 200~: annote et al. . 19 0). 

Most small head\\'ater streams in easte rn deciduou biomc are heav il y shaded 

· · ·ated in the stream as a result. The and litt le autochthonous orga111 c matter is genet 

- - · II head\\·ater streams contai n relati ve ly fevv 
macroinvertebrate commun1t1es ot these sma 

_ . d by shredder macro ill\·ertebrates speciali zed for 
grazing species and are mostl y do111111ate 
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consuming all ochthonous coarse parti culate . · C . . . , 
0 1 gan,c matter ( POM) ong111 at111 g lrom the 

fo re t d watershed and breaking it d fi • 
own to me particulate organic matter (FPOM). The 

FPOM is consumed in turn by co llector-gatherers and c II t filt p · II h d d o ec or- 1 erers. artia y s a e 

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

on periphyton that thri ve on the surface of aquatic macrophytes and other substrates, 

where co llector-filterers and co llector-gatherers are also found in response to the input of 

FPOM from local and upstream reaches. Large (high-order) ri vers, being deep and 

completely open to sunlight, are dominated by detriti vores, mostly collector-gatherers, 

consuming FPOM; aquatic macrophytes and associated epiphytic organisms are restricted 

to the littoral zone. Overall , these morpho-behav ioral adaptations of macroinve1tebrates 

refl ect 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 di stribution and abundance along a stream gradient is 

influenced by a large number of environmental fac tors within a stream's physical 

environment, including human-induced disturbances (A llan, 2004), natura lly-induced 

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

· · · (B ?00" · Erman and Erm an, 1984; Vannote et material, and habitat heterogeneity oyero, - -' , 

I k . les in the physical environment by stabilizing al. , 1980). Macrophytes p ay ey IO 

. . . eity mediatino di ssolved oxygen levels, 
sediment dynamics, addmg to habitat hetewgen ' 0 

. ms such as epiphytic algae, fi sh and hydrophyte­
and serving as substrate fo r other orgams 

. . . and Lodge, 1986; Rii s and Biggs, 2003). They 
dwellmg macromve1iebrates (Carpentet 

1 environment in aquatic ecosystems, 
encourage a physically and chemically comp ex 
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includ ing the addi tion of structural feat f . 

ures O a habitat, which in turn influences 

macro invertebrate di versity, density and d' t .b . 
is n ution (Carpenter and Lodge, 1986). 

Macrophytes are genera ll y fo und from the ·d h . 
1111 -reac es of mid-order streams to the 

margins of large ri vers (Vannote et al 1980) h . . . . .. 
·, , w e1 e factors such as flow vanab1 lity (R11 s 

and Biggs, 200J ), degree of substrate availability (Barko and Sma1t, 1986), and light 

ava ilability (Barko and Smart, 198 I· Canfield and Hoye J 1988) h · , r r. , support t e1r 

co lonization, which, in turn , can have significant impacts on spati al distribution of 

macroinvertebrates. 

The objecti ve of this study was to detennine influences of the invas ive aquatic 

macrophyte Hydrifla verticiflata (hydrilla) on macro invertebrate communities inhabitino 
b 

riffl e and pool habitats within the Emory Ri ver Watershed (ERW ). As mentioned above, 

aquatic vegetation mediates important ecological processes of streams, producing 

autochthonous carbon and providing habitat and refugia fo r many aquati c organisms. The 

predictions incorporated in the structura l framework of the RCC highlights habitat 

heterogeneity as a primary component in many fres hwater environments. Habitat 

heterogeneity encourages macro in vertebrate abundance and di versity (Vannote et al. , 

1980), which in turn can improve the compl ex ity of the ecosystem and foo d web 

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

bioti c interactions depends on their biomass and producti vity within a freshwater 

· · h b. t h t ·ooeneity where present. Excessive environment, which encourages a 1ta e ei o 

d 
. t d by invas ive species such as hydrilla, however, can macrophyte growth as emonst1 a e 

. b d eas ing habitat heterogeneity, therefore 
alter the stability of the ri ver ecosystem Y ecr · 

. . , d. · s of the RCC (Theel et al. , 2008; Van not et 
poss ibly disrupt111g the fun damental pre iction 
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al. , 1980). In vas ive plant species such h d . _ 

as Y nlla have degraded lent1c communities by 

lowering oxygen levels due to increased · h · . . 
ntg ttnne respiration and decompositional 

respiration of senescent biomass result" · . 
' mg in mo11alny of fish and macroin vertebrates 

(Carpenter and Lodge, 1986). As a result of , · 
exce s1ve macrophyte growth , changes in 

spec ies abundances also have the potential to alter ~ood \\·eb 
and eco ystem proces e in 

lot ic environments. 

Macroinvertebrate nal 

Taxa Composition 

Taxa richnes , evenne and diver it value \\ ere metric. u ed to C\ aluate taxa 

compo iti on and community lructure within amr,lcd hydrilla-inlc ' tcd and 11011-inlc ted 

rime and pool sites. On average, non-infe ted rinle ·ite. had higher richne \'alue than 

hydrilla-inle ted riffle , although ,·alue from hydrilla-intc ted area, did not de\'iate 

ignilicantly from non-in le ted area . The majority or ritlk . ite: had grea ter than 50 

different taxa, with the exception or Poller· Ford at Obed Ri\er. \\·here only 37 taxa 

were co llected (Fig. 9). 

Pielou's e,·enness rnluc. al o rnried in riflle . . \\here hydrilla-inle. ted si te had 

I · I · 1·, -1,d ,·1e (Table I) The lo\,c I evenne 11gher evenn ess \'a lue on a\'crage 11an non-111 cs c · 

·o -o 11 I ,·1 \\aS econd hi 0 hcsl for total occurred at Hi gh\rny 68 \\'ith a rnlue ol .) . a I wug 1 - · ::::-

b t. II d Tl . . dLte 10 I 3 3 Rheof(lnrf(lr.rns (Ch ironomidae) in the num er o taxa co ecte . 11 s 1 · 

. 1 oid 1170 1 abundant taxon (Coleoptera: ample, which exceeds by >6 11111es t 1e ec 1 

. 1 f h other o taxa combined ( 1175) from this site. 
Elm1dae: Optioser\'11s) and the rota o t e 
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To account fo r both richness a d d. .b . 

n 1stn ut1on of individuals among the taxa 

(evenness) at each site, Shannon-Weaver Ind (H') 
ex was calculated. Although H' values 

vari ed between sites, there was no overall sign i ft cant difference observed between the 

means of H' between hydrill a-infested and non-in .. ested ·ftl ·t d · d · h 
11 n e s1 es, as etennme wit 

one-way analys is of vari ance (ANOVA; Fig. 11 ). 

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

in fes ted sites, although the di ffe rences were not igni ft cant. The majority of sampled 

pools had over 40 taxa, with the exception of Antioch Bridge and Dev il ' Breakfast Table 

where onl y 23 and 38 taxa were co ll ected, respect ive ly (Fig. I 0). Evenne va lues al o 

vari ed between pool sites. Pools not in fe ted with hydrill a had higher e enne on 

average than pools in fe ted with hydrill a, although ntioch Bridge, a hydril la-infe ted 

site, had the highest evenness with a va lue oro.79 (Tab! 2). There was no ignificant 

difference in means of H' between hydrilla-infe ted and non-infe ted pool ite (F ig. 12). 

Shannon-Weaver Index i a metric \videl u ed in communi ty ecology to measure 

community di versity. The metri c wa de eloped in infonnation theor to mea ure the 

uncertainty of encountering a symbol in a mes age. App li ed to community ecology, it i 

analogous to the uncerta inty of sampling a given pec ie occu1Ting in a comm unity. The 

uncertainty of encountering a giv n species in a community of lo\\' diversi ty is le than it 

· · · I d. · ·t (Lud\\'i o and Reynold 1988). Shannon-would be in a commu111 ty ot h1 g 1 1ve1 s1 Y c • 

· · · b ti ti e taxa richnes and the di tri but ion of Weaver Index is useful 111 summanz111g o 1 1 · 

. . . ) in the community, reaching its max imum 111d1 v1duals among those tax a ( evenness 

. I le are evenl y distributed among the taxa (Ludwig 
(Hn1 ax ') when the indi viduals Ill tie samp 

. d ten-estri al environments, spec ies di versity 
and Reynolds, 1988). Within both aquati c an 
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in a community reflects habitat diversit . thu , 

Y, s, H can also be used as a proxy measure of 

hab itat structure (Brower et al., 1997). 

Although there was no sign·fi d·f:c . 1 icant 1 1erence m mean H' values between hydrilla-

infested and non-infested riffle and between h d ·11 · c d - -
Y n a-m1este and non-mfested pool sites, 

the variability in diversity patterns may still be attr,·b t d t th d. · h · 1 d u e o e 1stmct p ys1ca an 

chemical attributes within habitats that influence the distribution and abundance of 

macroinvei1ebrates. Generally, riffle habitats are more diverse than pool habitats, 

although habitat diversity and suitabi lity 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 Ri ver and Highway 68 

at Daddy's Creek, exhibited the lowest riffle di versity va lues (Table I), most likely due to 

differences in physical and chemical characteristics from riffle sites located fu1ther 

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 increas ing 

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, 

b h. I b ·b t bl t minute differences in physical characteristics between ut t 1s a so may e attn u a e o 

. d f •c and inorganic material can vary. For instance, 
sites, where the abun ance o orgam 

. .t had visually higher composition of inorganic 
based on visual assessments, some s1 es 

or anic substrate such as leaf litter and 
substrate such as cobble and boulder, than g 
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submersed vegetation (see Appendix B) Wh - . 

· en comparing pool s, however, both non-

infested sites including Lily Bridge and Ba - tt B ·d 1 ne n ge at Clear Creek exhibited higher 

di versity than most hydrilla-infested pools alth h A · h · · 
, oug nt1oc Bndge was second highest 

in di versity (Table 2). 

Because macroinvertebrate assemblages are largely influenced by habitat 

availability, suitability and heterogeneity of streams (Brooks et al 2005· H · t \ ., , emo e a., 

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 unifonnity 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 

h I · t· L streams with larae seasonal amplitude in discharge in winter macrop yte co ornza 1011. n b 

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

. h (S d J sen et al 1989) whereas streams with constant extensive macrophyte growt an - en ., ' 

· . hyt s to persist year-round (Dawson, 1978; di scharge allow for the presence of maci op e 

h H d , .11 verticillata is a perennial aquatic plant, the 
Sand-Jensen, 1998). Althoug Y 11 .a 

. b' e die back in the winter, concu1Tently during 
subm ersed shoots of the monoec1ous iotyp 
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the time in which flow within the ERW · . 

increases dramat1call y. This sudden change in 

macrophyte biomass may alter the co1111 ·t · · , . 
nuni Y compos1t1on ot macromvertebrates, where 

different macroinvertebrate taxa are present be"oi·e and aft f h I 
1

1 er presence o s oots. n 

particular, the senescence of hydrilla shoots during its seasonal transition into becoming 

metabolically active only through its tubers may result in large ecosy tern response to the 

decomposition of hydri Il a, where trapped organ ic matter and di ol ed substance can be 

released, resulting in high nutrient flux (Carpenter and Lodge, 1986). Alternati ve ly, the 

increase in macrophytic biomass during the formation and grO\ th of new hoot in pring 

may result in large macro invertebrate community re pon e, particularly from epiphytic 

organisms that depend on vegetation for habitat, a , ell a aquatic herbivore important 

to food web interaction (Carpenter and Lodge, 19 6) . Con equentl , the e lluctuati on 

in biomass may trigger change in macroinvertebrat diver it in re pon e to hift in 

food resources and the phy ical n ironment, which pre umabl did not occur or were 

not as large before the hydrilla introduction . 

Associating Functional Feeding Group , ith Pre ence of H drilla 

As a result of the heterog n it of a tr am en ir nm nt, macroirwertebrates 

· t I t' to finding food and acquiring have been presented with interacting con tram r a 1 

h . 1, fi eding m hani 111 r lati to the phy ical food through specific 'morpho-b a 10ura 

d eb ter, 1996). Functional feedi ng groups environment in which they live (Wallace an 

. . t which the arious specie that make up the 
(FFG) are categories of feeding strategte Ill 0 

. 1 feeding !Zfoups are only categorizations 
stream community may be classified. Functwna 0 

f fi d eaten because most methods of feeding 
of feedino mechanisms rather than type O 00 

b 
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can result in the consumption of all food t . 

ype resources, which therefore means most 

macroinvertebrates are omnivorous (Cu · d 
mmtns an Klug, 1979; Merritt et al., 2008; 

Wal lace and Webster, 1996). Different FFG c· 
1.e. predators, grazers [scraper], shredders, 

co ll ector-gatherers, and collector-filter ) h · . 
ers ave important roles tn ecosystem processes, 

particularly on energy flow and nutrient cyclino th h .c d b · · 
r::, roug 100 we tnteract1ons. In turn, 

conditions within stream systems incl d. c d · · , u tng 100 resources such as detritus, penphyton, 

macrophytes, and animals influence FFG composition (Cummin 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 hydrill a-infe ted si tes. 

Contingency analysis (CA) allows for the te ting between two or more categorical 

variables to determine if one variable is "contingent" on the other, or tests fo r association 

between variables. Frequencies of different va lues of one categorical vari ab le are 

displayed in contingency tables to see how they depend on the va lue of another 

categorical variable (Whitlock and Schluter, 2009). Multi-way contingency ana lysis 

(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 pre ence of 

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

visually identify the variabi lity 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 

h · t (Fig 24) These associations between 
corresponding sampled pools from eac si e · · 

f hydrilla indicate a possible change in the 
proportions of FFG and the presence o 
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111acroi n\'l~rtebra te community structure of· Fi . d ' ffl . 111 este n e and pool habitats. Furthermore, 

1he vari ab ili ty in proportions of FFG betwee h d -·11 · c • · 
n Y 11 a-111,ested and non-111fested sites 

may al o signify the unpredictability in strean, dyn · I · h d·rc · h am,cs re at1 ve tot e 1 1erences 111 t e 

Phys ical and chemical characteri stics of riffles and pool b t I d · N I s e ween samp e sites. ot on y 

does the dependence of FFG on the pre f h d ·11 · d' · · · sence o y n a 111 1cate the di vergence 111 habitat 

between infested and non-infested riffl es 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-infes ted and non­

infes ted poo ls. However, there was a higher percentage of co ll ector-gatherer species in 

infested pools, which refl ects the increase in fine particulate organic matter (FPOM) that 

may have accumulated in the dense beds of hydrill a. ot onl y does this signi fy 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 

macroinve11ebrates and other aquatic fa una. 

C II fil h. h wei·e the most abundant FFG present in hydrilla-in fes ted o ector- 1 terers, w 1c 

. ffl . h . c t d .· ffl es refl ect the abundant FPOM that is passing through n e sites t an non-1111 es e 11 , 

riffl e 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 

. h downstream, are removing the large amount of 
transport of suspended pa111cles furt er 

therers in upstream reaches (Wallace and 
suspended FPOM not consumed by collector-ga 
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We bster, 1996). Furth ermore co ll ecto . fil 

' ,_ 
1 terers are responding to animal drift from 

li ving and decomposing macro invet1ebrat d . 
es an °ther aquatic communities from adjacent 

upstream habitats. Bes ides significantly sl · d 
owmg ownstream transport of nutrients and 

organic matter in hydrilla-infested riffles coll t . fil . . . 
' ec 01 - 1 te1 ers are al so contnbutmg to 

downstream export of organic matter via drifting c. I · 
1 

. . . 
1eca part1c es, which will result m a 

considerable response from downstream deposit-ceed· d t ·· · (C • 
11 mg e I It1vores ummms 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, respecti vely, refl ects the alteration of 

energy sources caused by hydrill a. The differences in FFG proportions between hydrilla­

infested and non-infested riffle and pool sites indicate the important interactions that 

occur between macrophytes and macroinve1iebrates, such as the cycling of nutrients, on 

both a temporal and spatial scale. Furthermore, at the time the study was conducted, 

hydrilla beds were we ll developed, which implies that FFG compos ition will change 

when senescence occurs. Therefore, the changes caused by the seasonal fluctuations in 

hydrilla biomass may have major consequences on ecosystem processes within the ERW, 

including changes in functional feeding group compos itions, food web functionality, 

. . . · 1 d"t" (Carpenter and Lod0 e 1986). nutrient cyclmg, and ph ys1ochem1 ca con I ions ::, ' 

. . C nity Similarities Analyzing Macromvertebrate ommu 

. s· .1 ··ty Morisita's index of community 
Morisita's Index of Commumty 11111 at 1 - · 

. f Sim son's dominance (Ds), or the 
similarity (MICS) is based on a measure O P 

d · ffe rent taxa. This analysis makes 
concentration of the number of indi viduals among 

1 



76 
pairwise compari son of communi ties ind· · .. 

' icating the probability that a pair of individuals 

randomly sampled from both communities will b 1 0 e ono 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 ·t 11 • . 
s1 es, a non-mfe ted sites, as well as all 

hydrilla-infested sites. Morisita 's similarity among all pa· f h d -11 · fi d ·ffl 1rs o y n a-111 este n es 

had a mean of 0.79 with all val ues hioher than O 7.,, 1·ndi·cat· h. h · I o • , mg 1g community over ap 

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

infested riffles indicated variab ility in community imilarity between hydrill a-infested 

and non-infested riffles with mean imilarity of 0.64 and probability value ranging from 

a low of0.45 to a high of 0.85 (Table 3). In fact, many non-infe ted riffle hared higher 

community overlap with hydrilla-infe ted riffle than with other non-infe ted ite . Paired 

comparisons between non-infested ites had am an imilarity of on ly 0.46. This variation 

in community overlap among hydrill a- infested and non-infe ted ite not only implie 

possible differences in taxa di tributions between compared riffle , but al o that hydrilla 

may not be the only factor influencing the di ffi rent di tribution of macroinvertebrate 

communities. This can also be attributed to the igniticant difference bet\\'een MICS in 

riffle comparisons when ana lyzin g with one-way OV (Fig. 11 ). Additiona ll y, 

· · I · h d -· 11 · '-'e ted and non-infested pools demon trated variab ility comparisons 1n vo vmg y 11 a-m,, 

. . 1 . .1 ·ty ot·o 44 and ranoing from 0.08. near total amono sites wit 1 a mean s1m1 an · = ~ b , 

· · . a I drilla-infe ted pool sites, overl ap va lues 
dissimilarity, to 0.78. When comparing amon= 1Y 

· 1 mean similarity of0.28 (Table 4). Onl y one 
were low ranoino from 0.1 I to 0.50 wit 1 a 

, b 0 

. fi t d ools due to lack of vegetation for 
comparison could be made between non-m es e p 

B ··doe and Lil y Bridae had a MICS va lue . . Tl ·tes Barnett 11 = = ' samplmg at other poo l sites. 1e si , 
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of 0.77. However, similar to riffle habit t h 

a s, t ere was also a significant difference 

between MICS calculated in pool compa · ( 
nsons ANOV A, Fig. 12). Perhaps this means 

that hydrilla-infested pools are different th . -
an non-mtested pools, although, the sample 

size for comparing non-infested sites is much s 11 h c . . 
ma er t an 1or hydnlla-mfested sites. 

Nevertheless, hydril la is contributing to a unique hab·t t t . . 1 a s ructure 111 pools smce the 

existing substrate (i .e. boulder/bedrock/cobble) doe not t · 11 1 b d f yp1ca y upport arge e s o 

native submersed vegetation. Most likely, hydrilla may be extending habitat in some 

areas; likewise, it can be homogenizing habitat due to its inva ive and per asive 

character. As with riffle habitats, the variability in community imilarity encountered 

between sites not on ly signifies difference in taxa di tribution , but al o that hydrilla 

may not be the only factor contributing to the incon i tency among ite . For example, 

inorganic substrate in infested pools ranged from predominance of and and gravel in 

some to mostly cobble and boulders in other . 

The phys ical environment of stream , e pecially fluctuation in hydraulic 

conditions contributes sionificantly to macroin ertebrate di tribution (Brook et al., 
, 0 

2005). Di stinct patterns of heterogeneity in stream are ba ed primarily on the physical 

· · I d. c I as flo,,· deptl1 method of formation. and variability environment me u 111 0 1actors sue 1 , · , 0 

· · · d B. k ] 991) The abiotic cn,·ironrnent of most 
111 substrate compos1t1on (Brown an 1u soc , · 

. d. ·b ces such a t1 oodin2: or drought, which 
streams can be characteri zed by natural 1sru1 an ~ 

. . 00) w ·thin the ERW. seasonal ,,·ater movement 
111 tum affects lotic inhab itants (Lake, 20 · 1 

. reci itation patterns. ground,,·ater recharge 
and flow volume are largely mfluenced by P P 

I ditions of the stream system across a 
and flo w alterations, which can drastically a ter con 

A 1998). This variab ility can also have a major 
range of spati al to temporal scales (TW R ' 
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illlpact on ecological structure and fun f . 

c ion 111 streams, where habitat patches can be 
altered during changeable flow condition L . 

s. arge vo lumes of rapidly moving water can 

alter the structure of inorganic and organic b . . 
su strate 111 riffles, runs and pools by 

redistributing sediments and shiftino detritus Th 
b • e return of stable flow conditions 

following flo w-generated disturbance can form ne h b't h . 
w a I ats t at are colornzed by 

inhabiting macroinvertebrates and other aquatic fauna (Lake 2000· M · I 2008) , , erntt et a ., . 

The large and small-scale variability in the hydraulic environment of streams results in a 

"patchy" distribution of macro invertebrates (Brooks et al., 2005) making it difficult to 

compare di versity, structure, and community structure among tream reaches. 

Additionally, the availability of suitable habitat is important when considering 

assemblages of macroinvertebrate communities because most hab itat types are colonized 

and exploited in different ways due to differences in life history, trophic eco logy and 

behav ior (Brown and Brussock, 1991 ; Mackay, 1992; Merritt et al. , 2008). Although 

important for some macro invertebrates, the presence or lack of submersed vegetat ion 

(i. e. , Hydrilla verticiffata or Najas guadalupensis) in the ERW may not be the only 

factors affecting similarity comparisons among hydrill a- in fes ted and non-in fe ted sites. 

B · b t loi·t di.verse habitat types their di stribution in the ER W ecause macrornverte ra es exp , 

may be due to other physica l, chemical or biological attributes. 

. . A 1 . Principal components analysis (PCA) based on Pnnc1pal Components na ys1s. 

. . . s used to measure overa ll similariti es in correlation coefficient for data sm1pl1fication wa 

. . d d non-infested riffle and pool sites. 
taxa abundance between hydnlla-111feste an 

. . efficient as a measure of similarity between 
Unfortunate ly, PCA based on con elation co 

. r: . looical data. This is because distances . d . ·opnate ,01 eco o samples has been cons1dere 111 app1 
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between samples, or essentiall y the compo 

I 
d. 

nent oa tngs, are based on extractions of 

linear combinations of data, although based . . 
on max imum variance possible (Tabachnick 

and Fidell, 2001 ). [n ecology, rarely do linear relat· 
1 

· . . 
ions 11 ps exist, so the distances 

between taxa abundances of samples are often oiven d. . · . h 
e, 1 p1 oport1onate we1g t that can 

poorl y represent the relati onshi ps among ampling unit (Lud, ig and Reynold , l 988). 

This unsuitability, however, onl y applie to a broad range or erwironmental and 

compositional va ri ation where linear relation hip cannot exi t. hen eeking clu ters, 

PCA has an advantage, although the component on l highlight di tance bet\\'een natural 

groupings whil e sacrifi ci ng di tance b tween ample \\'ithin the grouping (Ro enbcrg 

and Resh, 1993). Other mu lti-vari ate m thod have been pr po ed. in luding non-metric 

multi dimensional sca ling (NMD ). which eek the rank order r di . ·imilari ti e bL:t,,·een 

samples to identify simil ariti e among group . Ho\\'C\'er. the dimcn ·ion or the olution 

must be prov ided be fore th analy i i operated (c\'cn i r the dim en. ion may not be 

ev ident in the data et), indicating the need for e,-cral .. trial run:" hdorc the ana l i 

I 199,) · d 111.ttak•' r(l9 )di. cu .. olution · complete (Rosenberg and Re 1, . o - cir an .. 

10 the increas ing concern s raised by PC u er by ugge. ting the u. c or data obtai ned 

. . . I . . · bl in "hich the linear model most likel y tram a narrow ra nge ot e1w1ronmenta ' a11a e. 

. . . I" ·d 10 l,l\: a abundances that ,,ere influenced by \\'ould app ly. For thi s study. PC A ,, as app 11.: • 

. bl (h ·drilla-inkstcd, -. non-ink tcd . itc. ). a narro\\· range of env ironmental \'ari a c ) < • 

1 , t appropriate to c,·alua te similaritic . 
although thi s analys is may not ha ,·e been t l e mo. < 

. b.l.t , ta \ '! that ,,-ere in le s than three 
H . . . . -· 11u11n·ana II) . . < owever, to aid m acqum ng m a.\ I I 

_ . ns ,,-ere remo,·ed from the ana lys is. 
b t- . . te,,·er orn.a n1 s1 samples and represented y 1, e 01 -
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\1 1111 OIH.: 111 loadings for rime habitat 

va ri ed due to differences in loadings of 

1:1 :-.: a ahu ndancc'" on-in rested and in fested . m . . 
n e rdenti fi ed overl ap in tax a abundance, 

in \\'hich all hydrilla-in fe ted ites fo rmed . . 
a narrower cluster wrthm the non-infested 

ite . Thi s overlap not onl y indicates simil · · 
anty 111 overall taxa abundance and di stribution 

among hydrill a-in fested and non-infes ted riffles b t I h -
, u a so t at macromvertebrates are 

assembling in a similar manner (F ig. 33) The analysi·s h d d h · · . , owever, etecte eav1er 

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 di stributed among the total number of individuals in a different way 

that separates them fro m clustering with the other sites. At Barnett Bridge and Obed 

Junct ion, 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, (F ig. 22 

and Fig 25 , respective ly) had more representatives of these taxa than many of the non­

in fested sites. Principal components analysis not only recogni zed overall similariti es 

among taxa in riffl es, but also the slight variability in di stributions among taxa between 

each sampling site. 

- c . I also variable. Principal components analys is Component Ioadmgs 101 poo s were 

. . era ll taxa abundances between hydrill a-
fo r poo l habitats detected a clear separation 111 ov 

_ _ . ,, ) This indicates that there are differences in taxa 
mfested and non-infested sites (F ig. J3 · 

_ . . . . the assemblages of macro in vertebrates between 
abundance and di stribut ion, 111 add ition to 

. because hydrill a is influencing the 
h . . h h . d I fferences are t csc sites . It is poss ible t at t ese 
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spatial arrangement of macroin vertebrates · · c: 

m miested pools and the much more 

homogenous substrate available in thi ck beds of hydrilla. 

Macroinvertebrate colonization is both d. ti d . . . 
1rec y an indirec tl y influenced by 

habitat heterogeneity and complex ity (Theel et al 2008) th f' h h 
•, , ere ore t e more omogenous 

nvironment prov ided by dense bed of h d · 11 b · · · · 
e Y n a may e contnbutrng to alterat ions 111 the 

natura l habitats structure within the ERW, particu larl y in pool habitat . In contra t, the 

native macrophyte Najas guadalupensis i most likely contributing to the heterogeneity 

of non-infes ted pools due to its patchy di tribution, where abundant amoun t or inorganic 

and organic substrate are more haphazardly di tribut d. The inva ive character or H. 

vertici/lata means it ha the potential toe tabli h in all area orthe RW dmrn trcam or 

it pre ent di stribution where it ha the capaci t too cup all avai lable habitat . 

Consequentl y, based on lhi data, hydrilla i mo t lik I contributing to the homogeneity 

of pool hab itats, which in tum i influencing the di tributi on and abundance or 

macro invertebrates. Although macroin ertebratc di\'cr it within h drilla-inlc tcd ite 

did not diffe r signi fica ntly from non -infe ted ite . there Jiould be concern . The hirt 

· d. · · ··ou ly exi tin Q in the ERW. to a more lrom the natura l, heterogeneous con 1t1ons pr e\ 1 · ~ 

. . . ,db thee tab Ii hment or hydrilla. may ha\·e urn fo nn and completely altered hab itat cause Y 

ar)' for the more complex. balanced st ructuring reduced pati al complex ity that i nece 

_ . . . . .. b . imunitie. (Theel et al. . 200 ). and fun ct1 on111g ot macro111 ve1te tale con 
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Comparison of Substrate Com . . . . 

position with in Riffle and Pool Habitats 

The composition of assorted inor . . 
game and organic substrates throughout the high-

aradient streams in the ER W offers a wide va · t f • . 
o ne Yo m1crohab1tats for many aquatic 

organisms. The unique physical environment withi·n th ERW · •b 
e 1s attn uted to the 

fundamental geologic processes that have influenced the h d I b II · c- h y ro ogy y a owmg 1or t e 

fonnation of deeply incised streams (Steams, 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-in fested and non-infested 

riffle and pool sites sampled for thi s study. These images indicate the diverse substrate 

that composes the hydrosoi I of the ER W, including the nearl y homogenous composition 

in many pools that are now attributable to hydrilla. 

At the majority of riffle sites there was an abundant mi xture of substrate ava il ab le 

including detritus, cobble and gravel, although exact composition at each site vari ed 

(Appendix 8 , Table 8-3). Hydrilla-infested sites did not have any estab li shed populations 

. . drifted fraaments from upstream pool of hydrilla within riffl es, although the1e weie => 

. b t ·ate The majority of hydrilla-infes ted 
habitats that composed much of the orgamc su s 1 · 

. . bstrate dominated mainly by asso11ed 
sites included both organic and 111orgamc su ' 

d d where hydrill a was present in 
all ochthonous leaf debris, cobble and gravel, an san ' 

h d -· 11a-infested sites, however, had large 
sand-fi ll ed crevices between cobbles. Some y 

11 



boul ders surro unding the riflle habitats It! 
' a 1ough those were not present in areas that 
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were sampled from. Non-in fes ted stream site . . . . . 
s, similai to the hydnlla-mfested sites, had 

an abundant mixture of substrate available· 
1 

ct · . 
me u mg detritus, cobble and gravel. 

Substrate types varied between all sites but the t b d 
, mos a un ant at all sampled riffle 

habitats were detritus, gravel and cobble. 

Substrate also varied between pool sites but the · ·t d f I t1 , maJon y compose o arge, at 

cobble slabs, fine grave l, 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. Lil y Bridge had extensive areas of bedrock and cobble, in which N. 

guadalupensis was growing from sand-filled crev ices. Many of the hydrilla-in fes ted pool 

sites had large cobble slabs with hydrilla in the sand- fi ll ed crevices. emo Bridge and 

Antioch Bridge also had a mixture of cobble with extensive areas of bedrock, in which 

hydrilla could only establi sh in the sand-fi lled inter tices. Therefore, some of the hydrilla­

in fested pool sites more dense beds of hydrilla than others due to the variation in 

avai lability of finer substrates in which it can grow. The degree to which hydrilla can 

fl ourish in various portions of the ERW may ex plain some of the di ffe rences in 

· · · b t en non-in fes ted and hydrill a- in fes ted macroin vertebrate commu111ty compos 1t1on e we 

pools and riffles. 
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Future Considerations 

Based on thi s study, it is difficult to ·ud . . . . 
J ge if hydnlla is ecolog1call y benefici al to 

the ER W or is exhibiting the negative impact • h . . . 
s wit which it 1s often associated. 

Regardless, its establishment provides insight • . . 
on aquatic weed mvas1ons in streams as , 

well as supplementary infonnation on macroinvert b t h . . . 
e ra e-macrop yte relat1 onsh1ps m 

streams. 

There is little infonnation published about subineroed · · h · o mvas1ve macrop ytes m 

loti c 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 fi sh 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 foc used on Hydrilla ver ficillata in 

lentic systems or reservoirs because it is rarely found in fast fl owing water (Cook and 

LUond, 1982; Langeland, 1996; Pieterse, 198 1; Yeo et al. , 1984). Long-term monitoring 

within the ER w is needed to understand the possible repercuss ions that could occur as 

h d ·11 · · · bl . h t and alters the natura l fl ow patterns of the OWS R. ls y n a mamtams its esta 1s men 

· · " " t 11 properti es within the ER W? To what 
It poss ible hydrill a is provokmg new ecosys ei 

. . rt' such as ecosystem process ing and 
extent will hydrilla maintain funct10nal p1 ope ies, 

. natura l conditi ons within the ER W? There 
nutrient turnover, fo r example, with respect to 

. of the riffle habitats within the ERW, which do 
may be fun ctional redundancy, 111 the case 

. ·tebrate di versity and distribution. . t to macromve1 not seem to have changed with respec 
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I l\dnlla llltl) also be enhancing or i I ·b· . . . 

• l1 11 ll111g CX ISllll · · 
g pi opcrli es lo pool habilals, such as 

1 ri 11 iar I rmluc1i , it and nut rient rclc l. 
0 11 ion. n lhe olh · h- d · · . e, an , It 1s poss ible hydrill a may 

aL·o h ' addi ng new propcrtie lo the e areas that h . 
ave never experienced vegetati on 

(since ubmersed macrophytes do not natural! , . . 
Y exist 111 the lower stream reaches of the 

OW R) by introducing a monotypic habitat • . . 
or creatmg a new, d1st111ctive habitat for 

macro 1nv rtebrate as emblages Altha h b . 
· ug su mersed aquatic vegetation may be 

eco logicall y beneficial , hydrilla may be producing · • . 
an environment w1th111 the ER W 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 suppo1i the distribution of the rare and endemic spotfin chub, 

Erimonax monachus (Kanno et al., 20 I 2) are now occupied by hydrilla, which may have 

effects on seasonal migration patterns and habitat use by this fish species. Further 

in ves tigations of the aquatic communities in conjunction with abiotic aspects of the ER W 

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

Of th . N th I the establishment of hydrilla has generated high macrophyte 1s system. ever e ess, 

b. . . . . . t d -1 will contribute to significant fluctuations in 
1omass 111 the ER W, and 1t ,s ant1c1pa e 1 

ecosyslem processes. 

. . . . d th t these findin gs and assumptions only apply lo 
It 1s important to keep 111 min a 

. d bove hydrilla may have recurrent 
th . . . 

1 
. d As ment1one a , c '>am pl1 ng peri od !or t 11s slu Y· 
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effects on the functionality of the ERW b c 

eiore and afters f . . enescence o shoots, result111g 111 
ecosystem responses that were not assessed · h. 111 t is study. Furthermore, hydrilla may not 
be the only factor contributing to the functio I"t d . 

na I Y an spatial arrangement of 

macroinvertebrates within the ERW. This system · h. hi . fl 
1s 1g y 111 uenced by flow 

disturbances and varying hydraulic conditions that could impact the distribution and 

abundance of macro invertebrates, which needs to be assessed in the future. 

The establishment of H. verticillata in the ER W is un fortunate, yet unique. It has 

provided insight into the potential impacts of submersed invas ive macrophyte in high­

gradient stream ecosystems. Although the ERW is characterized by variable easonal 

hydrology, these varying physical conditions have not prevented hydrilla from invading. 

This not only reveals that these physical condition are undemanding to hydrill a, but also 

shows the ability and success that hydrilla has had in overcoming limitation in 

maintaining its di spersal and estab li shment since it introduction to 011h America. A 

demonstrated by its establi shment in the ERW, it can be anticipated that no fre hwater 

· t · fi f O n tl, e estab li.shment of Hvdrilla verricillata. the ultimate aquatic env1ronmen 1s sa e r 1 . 

weed. 
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Figure A-1. Riffle habitat sampled from Barnett Bridge at Clear Creek, Obed Wild and 
Scenic River, Morgan County, Tennessee. 

Brid eat Clear Creek, Obed Wild and Scenic 
Figure A-2. A pool sampled from Barnett g 

Ri ver, Morgan County, Tennessee. 



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. 

f L·l y Bt·idae Obed Wild and Scenic Ri ver, 
. t' CI . Creek rom I b , Figure A-4. Photograph o eat 

Morgan County, Tennessee. 



Figure A-5. Riffle sampled from 1·1 B .d · 1 Y n ge at Cle C k River, Moroan County Te ar ree , Obed Wild and Scenic 
o , nnessee. 

Figure A-6. Photograph of Najas guadalupensis present within a pool sampled from Lily 
Bridge at Clear Creek, Obed Wild and Scenic River, Morgan County, Tennessee. 



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

I 7 

. . a 68 at Daddy's Creek, Emory Ri ver Watershed, 
Figure A-8. Riffle sampled from Highw Y 

·umberl and ·ounty, Tennessee. 



Figure A-9 . A view of Obed River at Ob d J . 
Morgan County, Tennessee. e unction, Obed Wild and Scenic River, 

Figure A- I 0. Riffle sampled from Obed Junction (hydrilla site) at Obed Wild and Scenic 

Ri ver, Morgan County, Tennessee. 
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Figure A- l l. A hydrilla-infested pool sampled at Obed Junction on Obed River, Obed 
Wild and Scenic River, Morgan County, Tennessee. 

. . ch Bridge located on Daddy's, Emory River 
Figure A-12. Riffle sampled from Ant10 Tennessee. 

Watershed, Cumberland County, 
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Figure A-13. Pool sampled from Antioch Bridge located on Daddy's Creek, Emory River 
Watershed, Cumberland County, Tennessee. 

. k;:, t Table located on Daddy's Creek, . fi Devil 's Brea ias 
Figure A-14. Riffle sampled ro~ berland County, Tennessee. 

Obed Wild and Scenic Ri ver, Cum 



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

. 1 ae cobble and boulder substrate at . . . l wing between ar o . . 
Figure A-16 Hydrilla vert1cd ata gro C k Obed Wild and Scenic River, 

· D ddy's ree , Devil's Breakfast Table, a 
Cumberland County, Tennessee. 
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Figure A-17. Riffle sampled from Nemo Bridge located on Obed River, Obed Wild and 
Scenic River, Morgan County, Tennessee. 

. fi the interstices of the bedrock substrate 
. . ·11 t growing rom . R. M Figure A-18 . Hydrilla vert1c1 a a . Ob d Wild and Scenic 1ver, organ 

from a pool sampled at Nemo Bndge, e 

County, Tennessee. 
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Figure A-19. Triaenodes sp. (Trichoptera: Leptoceridae) with a case constructed of 

hydrilla leaves 

. . a· H droptilidae) and associated case attached to 
Figure A-19. Oxyethira sp. (Tnchopter · Y. 

1 hydnlla eaves 
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Table B-1. Locat_ion and substrate assessment of riffle habitats at various sampling sites, 
Emory Ri ver Watershed, Cumberland and Morgan counties, Tennessee (CPOM= 
course particulate organic matter, DBT= Devil 's Breakfast Table). 

Stream Latitude; Inorganic 
% Organic 

Sample Site Substrate 
Name Longitude Substrate (CPOM)2 

Clear Creek 
36.12281 ° 

' 
Boulder-cobble- < 20% Barnett Bridge 84.79482°W gravel 

36.10198°N; Boulder- - 30% 
Lily Bridge Clear Creek 84 .71 728°W bedrock-cobble 

. 36.079766° Boulder-gravel- - 30% 
Obed Junction Obed Ri ver 84.766989°W sand 

36.07288° ' 
Cobble-bolder- - 40% 

Potter' s Ford' Obed River 84.90265°W gravel 

Daddy's 35 .89025° ' 
Cobble-grave\- - 70% 

I • 
84.93800°W sand Hi ghway 68 Creek 

36.079 16° ' 
Boulder-cobble- - 30% 

Obed Junction - Obed River 84.76288°W gravel 

Daddy's 35.99786° ' 
Boulder-cobble- - 30% 

I • 84.8233 1°W gravel 
Antioch Bridge Creek 

36.05865° ' 
Boulder-cobble- < 20% 

Daddy's 
84 .79289°W gravel 

DBT+ Creek 

36 .06865° 
Boulder-cobble- - 30% 

' gravel 
Nemo Bridge 

+ Obed River 84.66230°W 

. f OWSR boundary 
Found outside o . . 1 i e leaf litter 

, d oanic matena , · · 
-includes un-roote or O 

I 
k of vegetation 

• Pools not sampled due to ac 
• hydri\\a-in fested site 
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Table B-2. Loca~ion and substrate assessment of pool habitats at various sampling sites, 
Emory Ri ver Watershed, Cumberland and Morgan counties, Tennessee (CPOM= 
course particulate organic matter, DBT== Devil 's Breakfast Table). 

Stream Na me Latitude; Inorganic % Organic Substrate 
Sample Site 

Longitude Substrate (CPOM) 

36.12281 °N; 
Cobble-sand >50% (N. 

Barnett Bridge Clear Creek 
84.79482°w 

guadalupensis) 

36.10198°N; Bedrock-boulder- >70% (N. Lily Bridge Clear Creek 
84.71728°W cobble guadalupensis 

36.07916° 
' Boulder-cobble-

>75% hydrilla 
Obed Junct ion 

+ 

Obed Ri ver 
84.76288°W sand 

35.99786 °N; Boulder-bedrock-
>75% hydrilla 

Antioch Bridge I+ Daddy's Creek 
84.8233 1°w cobble 

36.05865° , Boulder-cobble-
>80% hydrilla DBT Daddy's Creek 

84.79289°W and 

36.06865°N; Boulder-bedrock-
>50% hydrilla Nemo Bridge + Obed Ri ver 

84.66230°W cobble 

I Found outside of OWSR boundary 
" hydrilla-infested si te 
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Nemo Bridge 

Devil's Breakfast Table 

Antioch Bridge 

Hwy68 

Potter' s ford 

Obed Junction 

Barnett Bridge 

Lily Bridge 

0 5 10 15 20 25 30 

Figure 8 -1 9. Water temperatures (0 C) of riffles at each sampling site, Emory River 
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate 
hydrilla-infested site. 

Obed Junction 

Nemo Bridge 

Devil's Breakfast Table 

Antioch Bridge 

Hwy68 

Potter's ford 

Obed Junction 

Barnett Bridge 

Lily Bridge 
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0.175 

0.213 

0.219 
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- f ·mes at each sampling site, Emory River 
Figure B-20 Specific conductivity (mS/cm) o n (es Tennessee. Red bars indicate 

Wat~rshed, Cumberland and Morgan coun I ' 

hydri ll a- infested sites. 
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Obed Junction 

Nemo Bridge 

Devil 's Brea kfast Table 

Antioch Bridge 

Hwy68 

Potter's ford 

Obed Junction 

Barnett Bridge 

Lily Bridge 

0 

0.143 

0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 

Figure B-21. Total di ssolved solids (mg/L) of ri ffles at each sampli ng site, Emory Ri ver 
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate 
hydrilla-infested sites. 

Obed Junction 

Nemo Bridge 

Devil 's Breakfast Table 

Antioch Bridge 

Hwy68 

Potter's fo rd 

Obed Junction 

Barnett Bridge 

Lily Bri dge 

0 2 4 

10.15 

10.24 

9.54 

10 12 

. h sampling site, Emory Ri ver 
. ( a IL) of nffles at eac . d' 

Figure B-22 . Disso lved oxygen miS' t'es Tennessee. Red bars m icate 
d d Morgan coun 1 , 

Watershed, Cumberlan an 
hydrill a-infes ted sites. 
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Obed Junct ion 

Nemo Bridge 

Devil's Breakfast Table 

Antioch Bridge 

Hwy68 

Potter's ford 

Obed Junction 

Barnett Bridge 

Lily Bridge 

0 20 40 

126.1 

60 80 100 120 140 

Figure 8-23. Percent saturation of riffle di ssolved oxygen percent saturation at sampling 
site, Emory River Watershed, Cumberland and Morgan counti es, Tennessee. Red 
bars indicate hydrilla-infested sites. 

Obed Junction 

Nemo Bridge 

Devil ' s Breakfast Table 

Antioch Bridge 

Hwy68 

Potter's ford 

Obed Junction 

Barnett Bridge 

Lily Bridge 

0 1 2 3 4 

7.41 

5 6 7 8 

. t cl1 samplina site in the Emory Ri ver 
Su ') f nftlesa ea o . d' Figure 8 -24. The pH levels ( 5 0 t' 5 Tennessee. Red bars m icate 

d d Moraan coun 1e , 
Watershed, Cumberlan an ° 
hydrill a-infes ted sites. 

9 



Hwy68 * 

Potter's Ford * 

Obed Junction * 

Barnett Bridge 

Lily Bridge 

Obed Junction 
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Devil 's Breakfast Table 

Antioch Bridge 
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120 

10 20 30 

Figure 8-25. Temperature (oC) of 1 
C b 

poo s at each amp!" 0 · E 
um erland and Morgan co t. T mo tte mory Ri ver Water hed 

· . . un te , enne ee R d b · • ' 
sites(* md1cates pools not sampled). . e ar md1 cate hydrilla-infe ted 

Hwy 68 * 

Potter's Ford * 

Obed Junction * 
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Figure 8-26. Specific conductivity (mS/cm) of pools at each sampling site, Emory Ri ver 
Watershed, Cumberland and Morgan counties, Tennessee. Red bars indicate 

hydrilla-infested sites(* indicates pools not sampled). 
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121 
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0.122 
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0.12 0.14 0 .16 

Figure B-27. Total dissolved solids (mg/L) of pool at each am piing ite, Emory River 
Watershed, Cumberland and Morgan countie , Tenne ee. Red bar indicate 
hydrilla-infes ted sites(* indicate pool not ampled). 
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Figure B-29. Percent saturation of pool dissolved oxygen levels at each sampling site, 
Emory Ri ver Watershed, Cumberland and Morgan counties, Tennessee. Red bars 
indicate hydrilla-infested sites(* indicates pools not sampled). 
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Figure B-30 The pH levels (SU s) of p t1·es Tennessee. Red bars indicate 
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APPENDIXC 

Taxonomic Data Sheets and Functional Feeding Group Characterizations 



124 -Functional TAXA 
Barnett Bridge (Clear Creek) Feeding Group -Riffle I Riffle 2 Riffle 3 AM PHIPODA - Riffle 4 Riffle Total Pool 

Gammaricl ae 

Gammarus collector-gatherer 

Hyalelliclae 

Hya/ella a:::teca collector-gatherer 

BIVA LVlA 

Corbiculidae 

Corbicula jluminea filter- feeder 4 19 32 2 S7 23 
COLEOPTERA 

Psephenidae 

Psephenus scraper 

Ectopria scraper I 10 10 10 31 6 
Dryopidae 

He/ichus scraper 

Elmidae 

pupae 

Anc1J1nonyx 
co llector-gatherer 

varie);atus(adul t) 5 

Dubimphia (adult) co ll ector-gatherer 1 
Macronychus g/abratus 

collector-gatherer 2 
(adult) 

Microcylloep11s (adult) co I lector-gatherer 38 9 4 51 

Optioservus (adult) co llector-gatherer I I 

Oulimnius (adult) co llector-gatherer I I 2 

Promoresia (adult) co llector-gatherer 2 I 2 5 

Stene/mis (adult) co llector-gatherer 6 41 9 4 60 

Ancyronyx variegatus co llector-gatherer 
(larvae) 

Dubiraphia (larvae) co llector-gatherer 
29 

Ganie/mis ditrichi co llector-gatherer I 21 25 11 58 I 

(larvae) 
lvlacronychus 12 I 3 16 2 

glabratus(larvae) 
co I lector-gatherer 

83 43 362 21 
Microcvlloepus (larvae) collector-gatherer 17 219 

5 22 18 7 52 
Optioservus (larvae) scraper 

Promoresia (larvae) co llector-gatherer 
12 208 

? ' 11 0 63 
Stene/mis (larvae) scraper _J 

Haliplidae 

Ha/iplus shredder 

~ 
Hydrophilidae 

- Berosus (adu lt) co ll ector-gatherer 8 

Berosus (larvae) shredder 



~ 
l25 

B:1rnct1 Bridge, cont 'd -
E11ochms (larvae) 

Riffle l Riffle 2 Riffle 3 predator - Riffle 4 Riffle Total Pool 

Scfrtidac -
cirres (larvae) shredder 

DECA PODA 

Cambaridae 

Cambaru co ll ector-gatherer 
(omni vorous) 

DIPTERA 

pupae 
12 8 5 17 Athericidac 

Atherix predator 

Ceratopogonidac 

Atrichopogon co llector-gatherer I I 
Culicoides predator 

Dasyhe/ea collector-gatherer 

Forcipomyia collector-gatherer 

Monohelea predator 

Palpomyia predator 

Chironomidae 

(Chironominae) 

Dicrotendipes co llector-gatherer 14 

Endochironomus shredder 2 

Endotribelos co llector-gatherer I 

Microtendipes co llector-filterer 

Nilothauna collector-gatherer 

Parachironomus predator 3 

Paratendipes co llector-gatherer 

Po(vpedium shredder 2 54 42 5 103 I 

Pseudochironomus co ll ector-gatherer 

Stenochironomus co llector-gatherer 2 I 3 

(Orthoc ladiinae) 

5 I 2 2 10 
Co1ynoneura co llector-gatherer 

lopescladius co llector-gatherer 
2 I 3 8 

Nanoc/adius co llector-gatherer 
2 I 8 21 

Orthoc/adius co llector-gatherer 5 
5 

Parakieferella co llector-gatherer I 

Psectrocladius co J lector-gatherer 22 
I 9 3 

Rheocricotopus co llector-gatherer 
I I 4 

Synorthocladius co ll ector-gatherer 2 
I 12 

7 4 
Thienamanniel/a co l Jector-gatherer 
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Harnett llridgc, cont'd 

Riffle I Riffle 2 Riffle 3 Riffle 4 Tvere11ia co llector-gatherer Riffle Total Pool - (Tanypodinae) 4 I 5 

Alabesmyia predator - I 
I 8 labrundinia predator 

Nilotanypus predator 
3 2 5 Pentaneura predator 

2 3 2 7 Procladius predator 
Thinemannimyia group I 

sp. predator 
2 2 I 5 

Tanypus predator 

(Tanytarsini ) 

Cladotanytarsus collector-gatherer I I 2 
Neozavrelia collector-gatherer 

Paratanytarsus collector-gatherer 

Rheolanytarsus co llector-filterer 24 83 47 16 170 
Tanytarsus collector-gatherer I 3 7 11 73 
Culicidae 

Anopheles co llector-filterer 

Ephydridae 

Hydrellia shredder 

Empididae 

Chel/fera predator 

Hemerodromia predator 3 4 2 9 

Simulidae 

Simu/ium co llector- filterer 7 10 19 2 3 

Tipulidae 

Antocha co llector-gatherer 

Erioptera co lector-gatherer 

Tipu/a shredder 

EPHEMEROPTERA 

Baetidae 
41 ?' 17 

co llector-gatherer I _ J 
Ace1pen11a 

11 17 55 
Baeris co I Jector-gatherer 27 

I I 
Centropti/11111 co J lector-gatherer 

24 188 
5 82 77 

Heterocleon scraper 
14 4 24 

I 5 
Plauditus collector-gatherer 

Caenidae 2 2 

Caenis co llector-gatherer 

Ephemerellidae 

Eury/ophe//a co I lector-gatherer 



1111 ncll ll ri rl iic, ·nnl'cl 
Riffle I Riftle2 Riffle 3 I rpr oh~ phicluc Riffle 4 Riftlc Total Pool 

i-- - Tn.-llorrtllodc. rnl lcctor-gathcrer 
I - I I 32 I 45 4 lso n~·chiiclac 
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- /so11ychiu co ll ec tor- Ii lterer 
6 26 ,...--

3 2 37 llcptugcniidac 
,---

Lc11aoc111a co llector-gatherer 
- .\/accq{Jer1i11111 scraper I 28 11 40 
,---

1enacro11 scraper 
~ 

,e,wne111afe11101·a1un1 scraper 
7 7 -

GASTROPODA 
-

Ancylidae grazer 2 4 3 9 135 
Planorbidae grazer 21 9 2 32 134 

Physidae grazer 18 
C 

2 I 21 
Pleu roccridae grazer 

Lymnacidae grazer 

HEM IPTERA 

M esoveliidac 

Mesovelia predator 

Sa ldiclae 

Pemacora predator 

Hydrocarina predator 3 25 15 11 54 8 

ISO PODA 

Asellidae 

Lirceus co ll ector-gatherer 

LEPIDOPTERA 

Crambidae 

Elophila shredder 
I 

Petrophila shredder 

MEGALOPTERA 

Corydalidae 
I 8 

2 4 1 
Co,ydalus cornurus predator 

I 1 

Nigronia predator 

ODONATA 

Aeshnidac - 1 I 1 

Boyeria vino.1·a predator -
Cocnagionidae I - I -

8 Argia predator -
/;·11C1l!C1gmC1 predator -

-- ( 'aloptcrygidac -
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BarneU Bridge, cont'd 

Calopre,yx dimidiara 
Riffle I Riffle 2 Riffle 3 predator Riffle 4 Riffle Total Pool - Calopre,:vx 111aculara predator 

Heraerina americana predator 

Corduliidae 
I 

I 

Epirheca predator 

Neurocordulia predator 

Somatochlora predator 2 

Go mpbiclae 

Dromogo111phus predator 

Gomphus predator 
5 

Haegenius brevistylus predator 
I I 2 

Stylogomphus predator 4 20 11 I_ 47 
Libell ulidae 

Erythemis predator 
I 

Libel/11/a predator 

Macromiidae 

J'v/acromia predator 6 

Oligocbaeta co llector-filterer 7 11 6 29 IS_ 

PLATY HELM I THES 

Planaridae omnivorou 'O 

PLECOPTERA 

Perlidae 

Acroneuria predator 2 2 

Agnetina predator I I 

Neoperla predator 

TRICHOPTERA 

- 2 
pupae 

Bracbycentridae 

!'vlicrase111a shredder 4 'O 2 9 3 

Helicopsycbidae 
33 I 6 9 I 

Helicopwche scraper 

Hydropsychidae 
90 63 14 2 

Che11 111atopsJ'Cl1e co llector-fi lterer 11 

2 3 
C eratops_, ·che collector-filterer I 

,o 22 

Hrdropwche co ll ector-fi lterer 2 

Macrosre1111111·1 co l lector-fi I terer 

Hydroptilidae 3 

Hydropri/a piercer-herbi vore 60 

O.,yerhira piercer-herbi vore 

Orrhorrichia piercer-herb ivore 



129 -Barnell Bridge, cont'd Riffle I 
L---- Riffle 2 Ri ffle 3 

Lepidostomatidae Riffle 4 Riffle Total Pool 

..-
Lepidosroma shredder 

i---
2 14 16 

Leptoceridae 

- Ceraclea collector-gatherer 
<----

Mystacides collector-gatherer 
1 1 

- 2 
Nectopsyche shredder 

- Oecetis predator 13 3 5 21 7 
Triaenodes shredder 

9 - Limn ephilidae 

Pycnopsyche shredder 

Philopotamidae 

Chimarra collector-filterer 1 23 6 'O 

Ph rygancidae 

Ptilosromis shredder 

Polycentropodidac 

Neureclipsis collector-Ii I terer 3 1 -t 

N,1 ·c1ioph,1'iax predator 

Polycentropus predator 



-TAXA F11nctionat ~ 130 
Feeding Group r--- Lily Brid 

~MPHIPODA 
_ Riffle 1 ~ ~~ar Creek) 

r------:-:-:.__~ r Riffle~ _Riffle 4 

L.----Gammaridae -r-- Riffle Total Pool 
r-----i-----

L.---- Ga111111arus col lector-gathere-;- r---r----1---
L--Hyallelidae i------
L------!{vale/la a::teca co llector-gatherer -~ 
L----

BIVALVIA I 
i---

Corbiculidae 
....-

Corbicula_fluminea filter-feeder -- COLEOPTERA 
I I - 6 - Psephenidae 

Psephenus scraper 
- Ectopria scraper 2 10 

0 ryopidae 
12 

~ 

Helic/111s scraper 

Elmidae 

pupae I 6 
Anc1Jnonvx 

co I lector-gatherer 
variegarus(adult ) I 

Dubiraphia (adult) co llector-gatherer I I :! 

,\lacronvchus glabratus 
co ll ector-gatherer I I 

(adult) -
,\licroci•lloepus (adult) co ll ector-gatherer 95 191 ' II . 1 I 

Oprioservus (adult ) co ll ector-gatherer 

011/i111ni11s (ad ult) co llector-gatherer ' 3 

Pro111oresia (adult) co llector-gatherer 4 4 15 

Ste11e/111is (adult) co llector-gatherer 5 9 ' 10 2 4 

A11c_1rom·x variegarus 
co I lector-gatherer 

(larvae) 
I 

Dubiraphia (larvae) co ll ecto r-gatherer 
3 5 9{} 

Conie/111is dirricl,i (larvae) co I lector-gatherer _6 

.\ facronychus collector-gatherer - .e.labrarus( larvae) I 50- I 

....... \ficroc_i ·lloepus (larvae) co llector-gatherer 179 I 4 
I 

Oprioservus (larvae) scraper I 
I -

_Promoresia (larvae) 
I 

I co I lector-gatherer 
I 

,_ 1 

i-----Srenelmis (larvae) 
13 -

scraper 

Haliplidae 
6 

r--

r----- Ha/ip/us shredder 

~ydrophilidae 

Berosus (adult) co llector-gatherer L----



Lil~' Bridge, cont'd -r-- 131 
t----;;;,s11s (larvae) 

_ Riffle l ~r--
shredder r-------.:-~ Riffle 3 r-:---

i----;;;ochms (larvae) 
t-------:.-:... Riffle 4 Riffl 

predator - r---i------_ t-----...:... ~ e Total Pool 

~ Scirticlae -r--- t---L 5 -~ 
r--i------L 

~irtes (larvae) shredder -r-- -~ ---~ECAPODA - --
---Cambaridae 

I 

L--- co ll ector-gatherer Cambarus 
(omni vorous) 

L------
DIPTERA 

i.--- pupae -
14 

c--
Athericidae 7 14 35 14 

~ 

Atherix predator 
c--

Ceratopogonidae - Atrichopogon collector-gatherer 

- I C11/icoides predator 

Dasyhelea collector-gatherer 

Forcipomyia collector-gatherer 

Monohe/ea predator 

Palpomyia predator I I 

Chironomidae 

(Chironom inae) 

Dicrotendipes co I lector-gatherer I I 7 

Endochironomus shredder 

Endorribelos co I lector-gatherer 

Micro tendipes collector-filterer I 

Nilotha11na collector-gatherer 
I 

2 
Parachironomus predator 

2 
Paratendipes co ll ector-gatherer 

182 144 67 '6 449 37 
Po/ypedium shredder 

~ 
Pseudochironomus co ll ector-gatherer 

31 
Stenochironomus co I lector-gatherer 18 9 4 

~ 

....._ (011hocladi inae) 0 5 I 
28 20 I - Co,ynoneura collector-gatherer 

Lopesc/adius co 1 lector-gatherer 2 -
Nanocladius co llector-gatherer I I 24 , - 22 

4 5 
Orthocladius collector-gatherer 71 -

r-- Parakiefere/la collector-gatherer 
12 

r----- Psectrocladius co llecto r-gatherer I 3 
I 

~eocricotopus co I lector-gatherer 
I -

Synorthocladius col lector-gathere~ ~ 
1.---~ 



Lily Bridge, l'o nt 'd r-- 132 _ Riffle I r--:-----r--
~ 11a111mmie/la co ll ector-gathe i--------:-:.__~ Riffl 3 r-:----
~ fretenia 

~ 14 ~ Riffle 4 Riffle Total co ll ector-gathere · r--~ 12 t----.:......:. Pool 
I 3 r-- 5 

~ nypod i nae) -r--- 1-------_ 36 4 r-- I 2 
i-----;/abesmyia 

- r----~ 6 
predator r---r--

r..----Labmndinia 
r----~ 

predator r---r--r---_ 

i__--Ni/01anyp11s -- 22 
predator 

2 
i---- Pentaneura predator I 

3 s 
i---Procladius predator 

,;;;;;mannimyia group sp. predator 2 - Tanvpus predator 
2 2 4 

c.-----
(Tanytarsi ni) - C!adotanytarsus co llector-gatherer 

~ 

Neozavrelia co llector-gatherer 

Paratanytars us co I lector-gatherer 
6 6 

~ r 
Rheotanytarsus co llector-filterer 76 164 67 106 41' 

Tanytarsus co ll ector-gatherer 2 I 3 I 
Culicidae 

Anopheles co ll ector-filterer 

Ephydriclae 

Hydrellia shredder 

Empiclidae 

Chelifera predator 

Hemerodromia predator 9 I 2 12 

Simuliclae 

Si11111liu111 co llector- filterer 207 93 57 13 495 

Tipuliclae 

Antocha co llector-gatherer 

Erioptera colector-gatherer 

Tipula shredder 

EPHEMEROPTERA 
~ 

- Baetidae I 116 
10 21 4 

- Ace1penna co llector-gatherer 
24 

105 
39 -

co ll ector-gatherer 14 3 - Baetis 

t---- Centroptilwn co llector-gatherer 
I I 42 76 

8 I 5 
-- Heterocleon scraper 

:----- Pla11dit11s co ll ector-gatherer 

r---_ Caenidae --L---

Caenis co llector-gatherer L----r-- --
Ephemerellidae 

L---L------



.1 Uridgc. ro nl 'd - r---
133 l_,1 ~ _ Rifnc I ~r--

l-----i,11 :1 •/01 ,he/ la co llector-gatherer i--------:.... ~ Rirne 3 ~~ 

~ JI oh~· µhid a c 
r----- r-- r------.:... Riffle Total -r----- I ,_____ Pool 

~chon ·t hades co ll ector-gatherer 
r---- t""--- I - ~ r-----

t---;011ychiiclae 
20 6 r---- r----

- 3 -- 29 
t----- /son_l'chia co llector-filterer 

2 
31 -

L-- "cl 
61 17 Heptagenu ae 4 I 13 

i--- Leucrocuta co ll ector-gatherer 6 9 
~accaffertium scraper 24 43 

15 
i----- 7 16 Stenacron scraper 90 -- }' Stenonema emoratum scraper 
.....- 9 

9 GASTROPODA - Ancy lidae grazer 
2 - s 7 

Planorbidae grazer I 
23 

~ I 105 Physidae grazer 
I I 9 

Pleuroceridae grazer 

Lymnaeidae grazer 

HEMIPTERA 

Mesoveliidae 

Mesove/ia predator 

Saldidae 

Pentacora predator 

HYDROCARINA predator 34 7 17 8 66 9 

ISOPODA 

Asellidae 

lirceus 
co I lector-gatherer 

(scavenger) 

LEPIDOPTERA 

Crambidae 
I 

E/ophila shredder 

Petrophila shredder 

MEGALOPTERA -- Co,ydalidae I I 3 
,.____ Coryc/a/us cornutus predator 4 4 

- Nigronia predator 

t----- ODONATA 

r---- Aes bnidae I 

r----Boyeria vinosa 
I 

predator ~ 

~ oenagionidae 2 . 

2 14 
i----._ Argia predator 

Enal/agma predator 



Liiv Bridge. cont'd r---,-_ 134 
i---Cnloptcrygiclac -- Riffle l Riffle 2 r--:-- -

r---------=-:._r-------:.... ~ Riffle 4 
~ ,lop1e1:n di111 idia1C1 predat;;--

Riffle Total Pool r---r---
~a/ople!YX 11/GClliala - t-----_ 

predator r--- r-------_ - . -Hewerina amencana predator r--- t-----_ - - I Corcluliidae - -~ 
I - Epitheca predator - Ne11rocord11lia predator 2 - Somatochlora 2 predator 2 4 - Gomphidae - Dromogomphus predator - Gomph11s 

I 
I predator 

Haegenius brevistylus predator 4 

- Srylogomphus 2 predator 3 3 I 7 Libelluliclae 

£1J1fhemis predator 

Libellula predator 

Macromiidae 

Macromia predator 

Oligochaeta co llector-filterer 6 6 90 

PLATYHELMINTHES 

Planariidae omnivorous 32 

PLECOPTERA 

Perlidae 

Acroneuria predator 5 3 

Agnetina predator 20 14 3 I 
, 

Neoperla predator 

TRICHOPTERA 

pupae 

Brachycentridae 3 
31 61 6 126 

1\1/icrasema shredder 28 

Helicopsychidae 
6 6 2 

~ 
He/icopsyche scraper 

- Hydropsychidae 
I 5 25 122 

49 33 - Cheumatopsyche co llector-filterer 
46 47 323 

71 159 
Cermopsyche co llector-filterer 

27 44 295 - 169 
Hydropsyche co llector-filterer 55 -

,._ __ }4acrostemum co I lector-fi lterer 

,.__ Hydroptilidae 
5 7 - ~ I 4 82 

f-fydroptila piercer-herbivore ----r-----

O>..ye1hira 
. L---L----

piercer-herbi vore_ --



Lily Bridge, cont 'd - 135 
Riffle I 

L.----Orthotrichia piercer-herbi vor;;- Riffle 2 Riffle 3 Riffle 4 Riffle Total Pool 
~ piclostomaticlae --
V- Lepidostoma shredder 
~ ·c1 Leptocen ae 

~ Ceraclea coll ector-gatherer 
2 

l-,-- J'vfystacides co llector-gatherer 
I 

3 
l-,--

Necwpsyche shredder 1 
l.----- Oecelis predator 9 12 
i..-- 14 1 36 7 Triaenodes shredder 
i----

Limnephiliclae 12 

......... 
Pycnopsyche shredder 

- Philopotamidae 

- Chimarra co llector-filterer 17 18 1 3 39 - Phrygaoeidae 

Ptilostomis shredder 
1 -

Polycentropodidae 

Neureclipsis co llector-ft lterer 7 37 14 7 6' 2 

Nyctiophylax predator 2 3 5 

Polrcenrropus predator 2 



-
TAXA 

Functional ~ 
L----

Feeding Group r-:--- Obed Junction (0 -- Rime I r-:-------=- bed River)* 
AM PHIPODA r--- Rime 2 Rim -r------- e 3 Rime .i Rime Total - Gammaridae - ,...._ 

r--- ,____ 

136 

L----

Gammarus - -
co llector-gatherer --- Hyalellidae -~ 

- Hyalel/a a::teca collector-gatherer--- 2 
BIVALVIA I 10 29 

Corbiculidae ~ 

- Corbic11/ajlu111inea filter-feeder 
~ 

2 
COLEOPTERA 3 12 

Psephenidae 

Psephenus craper I L +l 
Ectopria scraper -

- 2 
Oryopidae 

,l 

Helichus craper 

Elmidae 

pupae 

Ancr\'nonyx 
collector-gatherer rurie~atus(adul t) 

Duhiraphia (adult) collector-gatherer 

,\lacronn·hus glahratus 
collector-gatherer 

(ad ult) 

,\/icrocl'lloepus (adult) co I lector-gathcrer _, 6 I q 

Op1ioserv11s (adult) co llector-gatherer I 

011/imnius (ad ult ) collector-gatherer 

Promoresia (adu lt) collector-gatherer I 5 2 ('l 

1ene/111is (adult) collector-gatherer I I 

Anc_irom·x variegatus col lector-gatherer 
( larvael 

I I 
Dubimphia (larvae) col lector-gatherer 

Go 11ie/111is ditrichi 'I 6 15 2 ({)Q 

(larvae) 
collector-gatherer 

2 
,\facroll\'Cl111s col lector-gatherer - . 

rzlabmtus( larvae) 
I 4 I 9 .11 35 

.\ficrocylloepus (larvae) collector-gatherer 161 
6 I. 

Op1ioser\'/1S (larvae) scraper 

Promoresia (larvae) collector-gatherer I 6 
~ I 4 

~ 
S1ene/111is (larvae) scraper 

~ 
Haliplidae 

Ha/iplus shredder ,___ 

Hydrophilidae -~ 
f---_ 

Berosus (adult) co I lector-gatherer _1..---



- Olll'd .l1111clion , co nt 'd r--
Bero.,·n,· ( larvae) ~ Riffle t r--_---r--

sh, edder r-----:-:-. Riffle 2 R· ffl 
£11ochrns (la rvae) pre~ 

I r------....::._ ~3 Riffle 4 Riffle Total r-- I 

Scirtidae -- I --i-.._ I 3 r---_ 
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Scirtes (larvae) 
- +--.... I - t---shredder L 

+---- -DECA PODA ,.._____ 

Cambaridae -~ 
~ 

Cambarus co llector-gathere;.-~ 

(omni vorous) _ 
~ 

DIPTERA 

-pupae 
9 II 9 Athericidae 12 41 

Atherix predator 

Ceratopogonidae 

Atrichopogon co ll ector-gatherer 

C11licoides predator 

Dasyhelea co llector-gatherer 

Forcipomyia co II ector-gatherer 

Monohe/ea predator 

Palpomyia predator 

Chironomidae 

(Chironomi nae) 

Dicrotendipes co llector-gatherer I 2 

Endochironomus shredder 

Endotribelos co llector-gatherer 

Microtendipes co ll ector-fil terer I I 

Nilothauna co ll ector-gatherer 

Parachironomus predator 

Paratendipes co llector-gatherer 

Po~vpedium shredder 66 61 108 IO 343 

L 
Pseudochironomus co llector-gatherer 

s I 7 

Stenochironomus co llector-gatherer I 
~ 

(Orthocladiinae) 5 
~ 

Co,ynoneura co llector-gatherer 3 2 
,.._____ 

lopesc/adius co llector-gatherer .....___ 

--- Nanoc/adius co llector-gatherer 68 38 216 
58 52 

_ Orthocladius co llector-gatherer 

__ Parakieferella collector-gatherer 

1---__Psectrocladius co llector-gatherer - I 
I 

Rheocricotopus co llector-gatherer L..--



OIJrd .Junction, cont'd 

~---z:=0ic0t-;;;;~-7-::-;-;:=- -:-- ---+~R~i~fl1~e:__t_l Riffle 2 
Srnonl,oc/ad i 11.1· co I lector-gatherer 

1 
1

_ ~ _ 1 _R_i-:fll:-e~3~-:.:'..:Ri f~fl::c_e_:4~ ~Ri~~·m~~eT~o~I a~I_J 
3 T!,ie11a111a11niel/a co llector-gatherer 1 

Tvetenia 

(Ta nypodinae) 

Alabes111yia 

Labrundinia 

.Vilotampus 

Pemaneura 

Procladius 

Thine11wnni111_1 ·ia group 
SJ]. 

Tanypus 

(Tanytars in i) 

Cladowm·tarsus 

,\'eo::avrelia 

Paratoni ·tarsus 

RheoWnJ ·tors us 

Ta11_1wrs11s 

Culicidae 

Anopl,e/es 

Ephydridae 

Hrdrcl/ia 

Empididac 

Cl,c/1/'eru 

He11u:rodro111ia 

Simulidae 

Si11111/i11111 

Tipulidac 

.-lmoclw 

Erioptl!l'a 

Ti;mlu 

EPH Ei\ l EROPT ERA 

Bactidae 

.-Jcerpe1111a 

Cuenis 

co llector-gatherer 

predator 

predator 

predator 

predator 

predator 

predator 

predator 

col lector-gatherer 

col lector-gatherer 

co llector-gatherer 

co l lector-li lterer 

col lector-gatherer 

col lector-li ltercr 

shredder 

predator 

predator 

col kc tor-Ii ltercr 

co llector-gatherer 

col lcctor-gathcrcr 

slm:ddcr 

col lcctor-gathcrcr 

col lec101·-gathcrcr 

47 20 9 

2 

2 

69 127 

Plo11di111s 
I 

col kctor-ga1here1~ ----, f--_ __:__:.:__:_ __ -t __ _ 
L_ ___ .=Ca~e__:_n__:_il::_la::_e ___ ___J. ___ _ 

8 
31 

2 6 

10-

12 

138 



Obed Junction, cont'd -~ 13 9 
Riffle I e-- Riffle 2 Riffle 3 Ephemerellidae - - Riffle 4 Riffle Total - £i11J'lophel/a co ll ector-gatherer -- Leptohyphidae -~ I I .... 

Tricho1ythodes co ll ector-gatherer 
14 .... 49 7 6 lsonychiidae 

6 
/sonychia collector-filterer I .... 

Heptageniidae 2 ' 
.... 

Leucrornta co I lector-gatherer I 
MacCC!{fert i l/111 I scraper I 

16 40 l
12 Stenacron scraper 14 

2 16 Stenonema j e111ora111111 scraper 

GASTROPODA 

Ancylidae grazer 3 -; 
Planorbidae grazer 2 2 -I 

Ph ys id ae grazer 2 2 ➔ 

Plcu roceridac grazer I I 

Lymnacidae grazer 

HEM IPTERA 

i\ I esoveliidac 

,\/esm·elio predator 

Sa ldidac 

' ' -Pentucom predator -
H~·drocarina predator I (j 2 12 

ISOPODA 
I 

I Asc llidac 

I col lcctor-gathen:r 
Lirceus (sea, c11 ger) 

LEPIDOPTERA 

Crambidac 

Elophilu shn:ddcr 
I I 

shrt'ddcr I 
I I Perrophilo 

I 
i\l EGALOPTER..\ - I - I I -

I 
I Corydalidae _,___ I 

Con du/us C0/'111/(IIS 
predator 

-f--- I I 

.\'igroniu predator ---L 



Obed Jun ctio n, co nt ' d 

ODONATA 

r\csh nidae 

Boreriu 1·ino1a 

Cocnagionidac 

f-:11i1/llll;lllll 

('a loptcr:·g ida c 

( ·c1to111en 1 111uc11/u1u 

I /dc1< ·n11u u111,·n, e111u 

( ·orduliida l' 

1'p11ht'n1 

Cn111phid al' 

I >n11111,g,11111•h1,, 

( 111/ll/'l/111 

I .ih l' lllllid tll' 

/ 11 lilt 1111 1 

I il•, ·/111 /, 1 

\l arrn 111ii1I ll' 

Oli i:nr h nl' l :1 

1'1 \ I\ IIFI \II'\ IIH" 

l'l :rn :1riid :H' 

l'IHOl'IFI-{\ 

l'a lid :ll' 

l'RIC'IIOI' J'FI{ \ 

Br:1dl\ l"<' III rid :1,· 

predator 

pn:dator 

pr~dator 

pr~dator 

pr~dator 

pn:dator 

prcd.uor 

predator 

prcd.1111r 

prcd,11l11 

prcJ.11t1r 

prcd.11t1r 

Ir ·,l.1h•r 

pr· i.111 •1 

_., lk 111r -til tc rcr 

Rime 1 
Rim 2 Rim 

Rim .i 

-- . 

Rim 0 1:1I 

_j 
_J 

i .. rn 



()bed Junclion, cont 'd I 41 
Riffle t ~ Riffle 2 Riffle 3 Helicops1'C/1e scraper --- Riffle 4 Riffle Total - 2 7 Hyclropsychiclae I 

10 - Che11111atops)'Cl1e co llector-fj I terer 
37 - 10 Ceratopsyche co ll ector-fi lterer 7 60 11-l - 3 7 39 Hidropsyche co llector-fi lterer -l l 90 4 - 17 6 36 Macros te11111111 co llector-filterer 12~ -

Hyclroptiliclae 
- I-IJdroptila piercer-herbivore 47 50 ~ 13 I 12 I y.J C) Oxyethira piercer-herbi vore 

Or1ho1richia pierce r-herbivore 
-

111/.l' ll/'e ? piercer-herbivore 

Lepiclostoma ticlae 

Lepidos10111a shredder -I 
~ I~ 

Leptocericlae 

Cernclea co ll ector-gatherer 9 16 
,\/rstocidc.1· co llector-gatherer 2 2 

i\'eCIOfiS\'che shredder 16 I 1-

Oecc1i.1· predator ' 20 ' ' ' J - _, 

Trioenodes shredder 

Limn eph ilid ae 

Pi ·rno11s_1 die shredder 

Philopotamidac 

Chi111orm col lector-tilterer ' I I -l 
-

Phrrna ncidac I I 

P1ilos10111is shredder 

Polycc nl ro podidac 
' I I ; I .\ ·curcclip.1·is co l lcctor-li ltercr 

S1 ·c1ioJJln·lux predato r I 

I I I 

Po!i ·ce111m1n1s predator 

. . . " . i tic-1111 submer,ed , cgct :1 11 0 11 
*pool not s:1111plcd due to lack 01 s1=11 ' · 



TAXA Fun ctional ~ Feeding Group 
Riffle I ~~bed River)* v- - r--- Riffle 2 R· -

,\i\ lPHIPODA --~ Riflle -t Riffl e Total 

142 

--- Ga mmaridae - r--------- Ga11111wrus co l lector-gatherer-r----
i.---

Hya lellidae - Hra/e/la a::teca co l lector-gatherer -
BIVA LVIA 

- Corbic ulidae 

- Corhic11/a.f/11111inea fi I ter- feeder 2 I 
:; 

COLEOPTE RA 

~ 

Pse phenid ae 

Psephenus scraper 26 6 12 41 .'5 
Euopria scraper 

Dryo pidae 

/ leliclt11s sc raper 

Elmidac 

pupae 

.·I ncri ·11nm -x 
co 11 ector-gat hercr 

,·w·ie',!,at11s(adu It ) 

011hirn11hia (adu lt ) collector-gatherer 

.\/11cro11_1d111s glahmtus 
co l lector-gathen:r I (adu lt ) 

.\licrocrlloe1111s (adu lt) co l lcctor-gatherer 5 ~ 

Optioserrns (adult) co llector-gatherer 3 I I I ' I 
' 

011/i11111i11s (adu lt ) co l lector-gathcrer 2 -

Pm11wresiu (adult) co l lcctor-gatherer 

31 () (, I I 5 t,( 

Ste11e/111is (adu lt ) co llector-gatherer 

:lnn ·ronn \'(/riegu111s 
col lector-gatherer I 

( lar\ ae) 

Duhiruphia (lanae) co l lector-gathercr 

Gonie/mis ditriclt i col lector-gathen:r I 
(larrne) 

2 I 
; 

I .\fucn111_1d111s collector-gatherer 
I 

- ~luhrutus( lan ae) I 
~ I) 

.....:_1ficroc_1//uep11s ( larq 1c) co I kctor-gathercr 20 
I 

-
" 

(l 

., 6 18 -- -
.___ Op1io.,·e1T11s ( larrae) scraper I 1 

,_ Pro111oresiu ( larvae) collector-gatherer 
I 

I 5-; 
I 5 (1 

"') 
Stene/mis ( lar\ ae) scraper 



po1tcr's ford, cont 'd r--
L---- Haliplidae -- Rime I r--:---r--

r----:..._ Rime 2 R·m r-----_ r---=-::--. I e 3 Rim 
L.---- Haliplus - i------..::.... f-....___ e -I Rime To1al 

shredder r---i---
~ yclrophiliclae - i--- r---..__ 

i---t------_ 
~ erosus (adult) co ll ector-gath~ r---r---~ 

143 

~erosus (larvae) - ......_ 
shredder -~ 

i..---Enochrns (larvae) predator 

---- Scirticlae - Scirtes (larvae) shredder - DECA PODA 

- Cambaricl ac 

- col lector-gatherer Cambarus 
(omni vorous) 

I I -
DIPTERA 

pupae I 
' -I 10 

Ath cri ciclac 

.-I 1/u:ri.r predator -

Ccratopogo nidac 

,l1riclwpogo11 collector-gatherer I ~ I 
-( 11/icuides predator 

I 

D(/.\yheleo col kctor-gathercr --+-F11rcifio11n ·io col lcctor-gatherer I 

.\/0110/,c/eu predator I I I 

f>o /f/0111_\ 'ill pn,:dator -
Chironomid ae 

(Chironrnninae) , 

Oicm1e111/ipes col lcctor-gathcn:r I 
I 

-1 

/:'ll(/ochiro1u111111s shredder 
I 

C111!01rihelus i:ol lcctnr-gatherer 
I I 

.\ lit·m1e11cli11es ml Ice tor-Ii ltercr 

.\'i/0!11u1111u co I lci:tor-gathen:r 
_,; 

--P11 r11chiro11011111s predator 
I --

Pc1r111c111li11es rn I lcc tor-gat herer 

"' :,"' - - -I ~ I, 
I , I - Po/1pcdi11111 shredder I 

_ Psl'1u/ochiro1w11111s co l lcctor-gatherer - .... 
_ s,e11ochiro11011111s co l kctor-gatherer 

r-----JOnhoc ladi inae) I: 
' ; 

I I I 
-

-1 
(, I 

r---Corrno11e11ra col kc tor-gatherer L---

,......._ Lopesclaclius col kctor-gatllerer__ L----- I 

.\'a11oc/adi11s co l lecto r-gather~L------



potter's Ford, cont'd ---r--
lliffle 1 r;--

~,.1;,ocladi us co ll ector-gathe --~ Rime 3 
r---

~ rer 4 - Rim 
"' Rim ~arakie(erella ) I - Tor I co I lector-gatherer --r-- 19 

6 
~ sec1rocladius ~ 

co llector-gatherer - r---
l-,----- -

co llector-gatherer -~ I Rheocncolopus 

-s:,-northocladius co l lcctor-gathercr -
-Thiena111a1111ie//a col lector-gatherer I I~ I i--- Tve1enia co l lcctor-gatherer 

::!::! 19 p 
t>h .--

(Tanypodinae) I 
.-- -:llahes111_1 ·ia predator 

I -,---
f.ohrumlinia predator I ,----- Silowm pu 1 rm.:dator 

I -- l'enl//llL'llr<t predator 

i /'mclud111., preda1or 
I 

r f /,11/L'lll/ /1/11/lllriu gm/I/I 
predator I -♦ ,,, 

r 
/i llH/1/11 predator . 

I 
I f Jan~tar,ini) ♦ . 

( ·1otl111um 1un111 col lcctor-gathercr -. 
\ l 'll:(/\Tc/ll/ c,11 Ice tor-gatherer 

j 

I 
. 

!'uru1u11111 1n 11 1 col lcc1or-gJthl·rer 

' ~ 

I 
-- •- . 

Rh<'111,1111 111n 111 co l lcctor- tiltcrl·r ~q ,( 1 ( I , l . . 
I um 11 1n1/\ co l lcl'tor-gathc:rc:r ' h I ( . . 

! . ,_ . 
C11lirid:tl' 

>-- - -- . 
l1101•hd,·, c(1lk ·11,r-lillc:rcr I . . . 

Eph~ drid:t l' . . . 
/ Ii drd/1 t1 ,hrcdder 

4 . . 
I 

Empididnl' ! . 
( 'hd11<T,1 rred.llnr . 

I lt ·111,·/'/ '"f'I )////( I r red.ll Pr 
I I . . 

~ 

' Si 11111titl :n' . . . 
~ 

I I 
c,1lkct11r-lil1rn:r I .. . 

S11 11 11 /111111 -~ 

I .. . 
l'ipulida r 

I .. . 
111/o,·h,, c,,1 kl't11r-g.11 hrn:r -~ I . .. 

1-:ri111,1c·rt1 c,, I 'l' tnr-g.11hcn:r - ~ 

, hrl·ddc r l . . 
Ti!'ulu 

El' II E\I EROPT EH.-\ . . 
I -
1 . 

13:irtitlal' -- . - .. 
c,1lkc1,1r-g:ll h • ·r -

:--....._ . lce1pc1111<1 .. 
Bu,·1is colkcwr-g.llh 'r ·r -- -

I 
-

c·,·,11rop1i/11111 l'L1lkct11 r-g.llh 'fl'f 



I .:--~ Fonl , ro nt'll r---
('111, ·----------t- ---- p·,·n r-----__ -,..... __ 

- - , 1 e1 Rim -
I---- // ,•1,·roc/co11 scraper -~===~--r----- e 2 Riffle 3 Riffle 4 ~ --+--...:__ ~ Riffle Total 

/'/audi111s co lkctor-gatherer -i---- i---+---.:..:::___:__:_..:.:.'.__J 

~ - 1~---+-----J C:1cnid:1c -----+----_I 
l---c:-=,-o,-::.,~,i--s ---7--;:co-;:l~le::c:-:-t::-o-r--g-at-:-h-e-re-r-l---- ..........._ - -

~ cmcrcllidae --~------------1------------------ft-----------------~+_-__-_-__-__-__-_-__-__-JJ 
L------ f un -/011/Jella co llector-gatherer r---~1---+-+-_J i---Leptohyphiclae 

i------ Tricho1;rthodes 
c.---

Isonychiidae 

fsonrchia 

Heptageniidae 

Leucrocuta 

,\/accaj fertiwn 

s ,enacron 

Srenone111a.femorat111n 

GAST ROPODA 

Ancylidae 

Planorbidae 

Phys idae 

Pleuroceridae 

Lymnaeidae 

HEMIPTERA 

Mesoveliidae 

A!fesovelia 

Salclidae 

Pe111acora 

Hydrocarina 

ISOPO DA 

Asellidae 

collector-gatherer 

co ll ector-ti lterer 

co ll ector-gatherer 

scraper 

scraper 

scraper 

grazer 

grazer 

grazer 

grazer 

grazer 

predator 

predator 

predato r 

81 

5 

48 

14 

I 

22 11 
I 14 

2 10 
21 27 96 

32 46 

3 3 

-
--~~~ ___ J_:co:l~le~c~t~o;r-~g;at~h;e:re~r~----+---+ ---t---1 ----7 

_ Lirceus (scavenger) l---+---t-----l 
LEPIDOPTERA '----1----

------------l-------i L-+---t--1 
Crambidae 1---+---L--+--r--7 r-------:::.:...::..:.:.::..:.::..:.::._-+------1 -

E/ophila shredder l ____ f-____ L----l----t----7 - -----:::~'._'_______.j. ___ 7 -
shredder r-- Petrophila _L....---

l----r--:'vJEGALOPTERA L.---1------
r---... _ _____ +--------1 L--~ 

Corydal id ae _L---.::..:.:.:..:==.-:. _ __1 ___ _ 

145 



potter's Ford , cont 'd r=--
v;;;;:dalus cornu1us predator -

Riffle 1 ~ r--
i----:.-.~ Rime 3 ~ ,.__ 

L----Nigro11ia - r-------------. ' e-' R· -
predator t--- i----..:.....:. 1me T Ola ) r-- t----

L---- r-- r--r---
o oONATA r-- - -r---~ 

146 

_._ 
L.----- Aes hnidae I 

--~ 
l,---- . 

Boyeria v111usa predator - - ,- -
~ . ·c1 I -Coenagioni ae I -
~ 

Arg ia predator ~ I I-
L..--

F11allag1110 predator 
L--

Caloptcryg idac 

c--Clllop1err.r c/i111 idiow pri.:dator -(llili/! l('r\ X }}/(/C/llllW predator 

- / /e1aerinu 111ner1c1mo predator 

- Conluliid ac 

l:j1i //1ern pn:dator 

\rnmcnrc/11 /iu predator 
" 

S, 11110111c/1l11r11 predator -
(;omphid ar '==i I )ru11111g11 11111l111 ,. predator ·--

(iu111;1!,11, pr..-dator 
-◄ 

llu<'g, ·11 i11., hrcrisn 1111 pr..-dator 

S11/11g1111111h11., predator 

l. ihcl111lid ae I . 
l .rr1hl'111i , predator I I 

I 1h,·/l11/u prl·datnr I I I 

\l acrn miid at· --
\facm111iu predat11r 

-
Oli god1 ar ta co l kc tor-Ii lterer ~ 5 -

l'L\ TY II EL\11 '.'I T I I ES I - - --
I ; • 

- l'l anariid at· ll lllll i \ Of'llli' 

l'LECO l'TF R-\ I I __. -
---1'1•rlidar I : 

:,. ; I I 
. lcru11,·11riu pr..-datPr 

. 
. lg11,·1i11a predat,, r ~ -
.\ ·,•0;1erlu prl·1btM 

TRJ O tOPTE RA 
-- ---

- -
I 

~ 

T· -l 
nchopt era pupae -

Brac hycentridae I 



i•o t1cr's Ford, co nt 'd r:-:----
Riffl e I --------r--~ \ f; cruse III o shredd-;--r--- Riffle 2 Ri ffl r-----

r---::......~ Riffle -1 
~ licopsychidae --r--- r----- Riffle Total 

i---r---
~e/icop.1'.l ·che --scraper r---- r------- r---
~ ydropsychid ae -- .............. r- - r---
i...----Cliei1111atopsJ die collector-filter~ r------

325 - r-----53 ~ Ceratop.syche co ll ector-fi lte rer 
- r----. 19 

I 39 v-- H,i drop.SJ die co ll ector-filterer 
I 

I 2 
~ 

Macroste111u111 co ll ector-filterer I 

147 

---- Hycl roptilidae 
c--

HJ ·droptilo piercer-herbivore I I ....... 
0.\rethira piercer-herbivore 2 

~ 

Onhotrichia piercer-herbivore 
....... 

Lepiclostomatidae 

Lepidosto111a shredder 

Leptoceridae 

Cernclea co ll ector-gatherer 

\ln tacides co ll ector-gatherer 

.\'ectopsyche shredder 

Oecetis p1·edator 

li'iaenocles shredder I 
Limn cphi li cl ae 

P1 ·rnops1d1e shredder 

Philopotamiclae 

Chilllll/'/'(/ co l lector-11 lterer 5-l I (, ~ 

Phrygancidac 

P1ilosw111is shredder 

Po l~·cl'nl ro poclid ac 

.\'e11recli11.1·is co l lcctor-li ltcrer 
I 

Y1'l'/iopln·/o.r predator 
i 

~ 
Poh·ce111r111n1s predator 

* . . . _ l 1 ·r~ed , c11c1 a11011 pool not sampled due to lack ol s1g.n1 l1 ca11t su 111 l · -



TAXA Functional 
Feeding Gro up 

~ pH I POD A - Rime I ~~dy Creek)• 
r----:-.:._ ~ Rifne 3 ~ 

~ ammaricl ae - r--- r----.::...:...~ e -I Rime To1a1 
r----

~Ga 111 ma rn s co llector-gath~ 
r-- r--.__ 

r---i---~ -
t..--- Hyalelliclae r----r----r---__ 

148 

L.--- -
co llector-gatherer r---H,ralella cu eca ,___ 

L.----
BIVALVIA I 

L.----Corbic11licl ae 

~ fl ' Corhic11/a 11 111 111ea filter-feeder I - 6 
I 

coLEOPTE RA (, 

I .__..-

Psephcnidac - Psephen11s scraper 

f.ctopria scraper I 
I I I 

Dryopidae ---
I /e/ich11s scraper -: ' -
Elmidae -

pupae 5 ---
5 

:l11cn ·1111m:r 
col lcctor-gathcrcr 

---
1·uricga111.1( adult) I I 

---!)11hiruphiu (adult ) co l lcctor-gathcrcr 

. \luaon1d111s gluhrn111s 
I 

• 
(adult) 

co l lcctor-gathcrcr 

\licroc1'ilocp11s (adult) col lcctor-gathcrcr I . 
0;11io.l'['/'\'lls (adult ) col lcctor-gathcrcr 51 2 ' _. 

◄ 

011/i 11111i11s (adu lt ) ml lcctor-gathcn:r I I . 
l'm111orcsiu (adult ) col lcctor-gathcrcr -

' 
St<'ll l'i111 is (adult ) col lcctnr-g:ithcrcr 2 -

· l11rrro11r.r rnriegot11s I 
I 

( lal'\ac) 
col lcctnr-gathcn:r 

' ; 

nuhiru;1hiu ( lal'\ ac) ml lcctor-g:ithcrcr I 
. 

I ◄ 

0011il'lmis ditrichi 
col lcctor-gathcrcr ~ 

( lar1 ac) 
I - -

.\fucro111d111s ' I I I '" col lcctor-ga1hcrcr 12 - . 
~ !!,/uhru111s( lal'\ ac) 

I - \ficroc1 'i/oe1J//.1 (larYac) 
. . 

col lcctor-g:i1hcrcr I ' ,, 
r--5_!; )(ioser\'/1s ( kil'\ :ie) scraper I 12 

- . 
,__Promorcsia ( lal'\·ac) co l lcc1or-g:ithcn:r t, 

' 
.j . 

-
r---5}_<'11(•/111is ( l:11Yae) scr:ipcr --
r--- Haliplidae I 

r---- Ha/iµ/11 s shredder - -
Hycl rophil idae 

L-----



Highway 68, cont'd r--
L----'ijerosus (ad ul t) - R.iffiet r--r--

co l lector-gath r--------::...: R.iffie 2 R·m r---erer r----:.... 1 e 3 R·m 
i----;ie,-osus (larvae) - r--- •4 R.iffie Tot I shredder r---r--- '---
~ochrus (larvae) - r------ r---_ 

predator i---
t---- Scirtidae - r------ r---r---,.__ I 
~cirtes (larvae) shredder r--r--- I 7 

l -l9 

i--- I OECA PODA --
~ 

Ca mbaridac -~ 
i.--- co l lcctor-gathcrer - - -(u111 har11s 

~ 

(omn ivorous) I -- DIPTERA 

I 
-

- pupae 22 ~2 i -
~ 

,.\lhcri cidac I ~ ; 
I - ... -- . lthcn\ predator I 

( ·cra topogo n id ac --
. ltric/11111ngo11 m l lector-gatherer .. 

( ·,t1imit!c.1 predator I 
I /)11\_l'/,('/('{I ml Ice tor-gatherer ~-- ~ ,~ 

I I 
f, i1rci1111111_1 ·iu rn I lcctor-gathacr -- . 

I I .. . 
\/()/1/1/,('/L'll predator . 
f'af/Hllll_l'iU rrcdator I I I 

( 'hironomidac 
◄ ◄ 

1( 'him110 111i11ac) I .. 
/)/('/'11/t'llcfi/lt ' I c11l lcctor-gathcrcr I I .. . 

/- 11c/()chin 111u11111., ,hn:ddcr I I I 
t 

F11cl()trihd,1, nil Ice tor-gatherer ... . 
\ ftt '/'( I/( 'llcf i/ll' \ col icclor-li ltcrcr I I . 

~ 

\ tl/)tlt,11111,1 colb:tnr-gath ·n:r 4 

l'c1r11t ·lt in1111111111, predJtor . 
I 

l'.1r,11c11di/1t·1 nil lcc111r-ga1hacr . 
. 

I 
. :• 

I 10 11 . 
l'e1hp,·cli11111 shredder h . 

l's,·11cl,1t ·ltin111111 11 11., collecwr-gath ·rcr I - . 
'-- I I 

S1,·11oc/1in1111111111s ctil kctnr-g,11111:rcr I . 
~ 

. -
I . . 

I Orthnc lad i inac) . ~ 

I 
I . 

I 1n . 
Ce1n ·11011l'11ra cnllec111r-gath ·n:r - . -- . . 

! . 
l.1111,·sclw/i 11s n1llccl\l r-g:11 haer 

. 
; I) -- I 

J 
-l 

; 1 . . 
.\ ·,ll/,1c/acli11s col lcctor-g.11 hen:r - I 

• I . , 
r-- I () . - . 
r---- Onhoclacli11s c11I kctor-gathen:r 

I~ --
I 

. 
' . 

' -
r----!"ru k i c/i,,-c/ lu cnl lcctnr-gathcr ·r -, __ 

I -
Psenro(·/wli11s l·ollccto r-gathcr ·_r:__L----



trohwaY 68, cont'd r::--1., . 
Riffle 1 r-:-:----r--

------;iieocricotop11s co ll ector-ga~ r---:...... Riffle 2 R·rn r--

~ 1orthocladius col lector-gat~ 
I I r---.:__~ Rime 4 Rime Total i--- 17 9- r--
3 r---r--=-_ 10 

----niienamanniella col lector-gath~ r--- 1 ,- 133 
r--- .) -

---- Tvetenia 18 19 ---
~ 

co llector-gather;-r---r--_ 20 

150 

t..---(Tanypodinae) - r---r---
....-- Aiabesmyia predator - -
-- Labrundinia predator 

42 
~ -1-1 

i..-- I 
Nilotanypus predator l 

i----- I I Pentaneura predator 2 - Procladius predator 

-Thine111a11ni111J ·ia gmup 3 ' .l'/J. 
predator I 

~ I ~ Tam pus predator '9 
(Tanytarsini ) 

,11 
-- ('/udo w11_1 ·tarsus co ll ector-gatherer I 

.\'eo::mrelill co llector-gatherer 
(\ 

2 2 
Plll"(l/(l//_\'tarsus collec tor-gatherer -
Rheown,·tarsus co ll ector- filterer 1006 _19 -; 

I 6 2 ,,-, .. 
Ton1wr.1·11s col lector-gathercr I 12 'i 'i 

Culicid ac 

:l110;1/ieles co l lcc1or-fi ltcrer ~ 2 

F.ph~·dridac 

I ll'llrelliu shredder -
Empididac 

C'hdikru rrcda1nr I - ... 

I lc111('/'0drrm1ia rn:dalnr 6 I I ... 

Simulidac ----, 
'i 

; 

Si11111/i11111 collcclor-lilterer 
I 

Tipulidac ◄ 

. lntoclw co l lector-gathen:r --
' 

( 

' ! 
. I -- l-_"ri0/1/('l"ll co lec1or-ga1herer 1 I 

I -◄ 
T1jJ//lu shredder I -

F.PHDI EROPTEIU -
I -- Bactidac --

r-- :lce1pe11na col lccrnr-ga1ln:n:r 
.; I --< 

' 
Bueti.,· 1:olkctor-ga1h.:n:r -- -

Cenrropri/11111 co l lec10r-gathcrer I 
I --- I 

-- 1-fereroc/eon scraper - - I 

Plaudiws rnl kctor-gaiherer_ ~ ~ ---- Caenidae -~--



l(igln, u~· Ml. cont'd -------=---
~ ('acnis 

_ Riffle 1 --::--:----__ 
co ll ec tor-gathere· ---=-....~ Rirne 3 ~ 

~ ll'mcrcl lidac 
1 

I ---=- Rime 4 Riffle Total --- ,............_ --~ un ·lophella co ll ector-gal~------r---- I 

~ ptoh~·phidae I ---------- I 2 
--Trichor, ·thodes collector-gather;;--___ -

15 I 

-- lsonych iidae ---L...----
/sonychia co l lector-fi Iterer 

5 
L----

Heptageniidae 
2 28 

35 
i....-

co I lecto r-gatherer Leucrocuta - ,\faccajfertium scraper 4 4 ,_..... 27 
Stenacron scraper 35 

-Srenone111a.fe111oratz1m scraper 

Gastropoda 

Ancylidae grazer 

Planorbidae grazer I 
I 

Phys idae grazer 

Pleu roceridae grazer 

Lymnaeidae grazer 

HEM IPTERA 

M esoveliidae 

lv/esove/ia predator 

Saldidae 

Pentacora predator 

Hydroca ri na predator 51 11 -I 66 

ISOPODA 

Ase ll idae 

co llector-gatherer 2 2 
Lirceus (scavenger) 

LEPIDOPTERA 

~ 
Crambidae 

Elophila shredder -
- Petrophila shredder 

MEGALOPTERA 
I--

Corydalidae 2 -
r--.!:_01Jda/11s corn111us predator 

'.?. -I - - -I 

Nigronia predator L-----r--.--. 

O0ONATA _L-----



HighW!I)' 68, cont'd r--
i...--Acs hnidae - Riffle 1 r:--r--

r------=-:....~ Riffle 3 r-----:---
~ _reria 1•inosa - r-----.=..... R1rne 4 Rime Total predator r--t--- i---------..:.. -
i------::- . . d - i---- r----_ Coenagiom ae t---
L..----- Argia predator -

r-- r----~ 
r--

L..-----£nallag111a predator -
i---- r---~ 

t--- I 
L-,--- .d r------ I 

Calopteryg1 ae -i-----

152 

Q/opte1J:, dimidiata predator - I--

Calopten·x 111ac11/ata predator ,..___ 

L.--
Hetaerina americana predator 

I - I 
c--

Corcl uli id ae -
i..------

Epitheca predator -
- ,\'ewocordulia predator 
~ 

Soma10chlom predator 

Go mphid ac 
~ 

Dromogomph11s predator 
:; J 

Go111ph11s predator 

' :; 
//11ege11i11s hrevistrlus predator 

' ' S11 ·/ogo111phus predator I :; 4 

Libell ulidae 

Err1he111is predator 

Lihe//11/a predator 

lacromi idac 

.\/acro111ia prcd;:i tor I I 

Oligochaeta co I lector-li lterer 73 6 '.i l h~ 

PLATY HELM INTHES 

Plana ri idae omni\'orous 

l' LECOPTE RA 

Perlidac 
I ' 

I I 
. 

:kro11e11ri11 rredator 

.·lgnerino predato r 

- .\ ·eo;1er/a rredator 

TRI CHOPTERA - ---1 - pu pae J 

~ rac hyce nt ridae I I 
l 

r---- .\ficrose111a shredder 

~ icopsyc h iclae - - J , __ 
r---!!.:I i cops 1 die - 1..----

scraper I 

.L--

Hydropsychiclac 
L--- i...---

_ L-----



Higfnray 68, cont'd ----Rifne1 r-::--:----
~ e II II ,a /0 JJS \ 'Cf1e collector-filterer -- R1flle 2 R·rn 3 r----:-:._ - I e 3 Rime -1 
~ ero1ops_1-c/1e co ll ector-filterer Rime Total - r--- 6 I 7 10 L---H,1 ·drops_, -c/1e coll ec tor-filterer - r--- -

17 ~ 

~ \/acros1em11111 co ll ector-filterer - 3 
6 t---

~6 
~ydroptilidac - r---- I 
i-- I piercer-h erbi vo re -/-!rdropI1 a -

153 

v-
pierce r-herbivore 

I 
I Oxreth ira 

I 
v-

Qr//wtr ichia piercer-herbivore I 
~ 

Lcpidostomatidac 
.--

LepidosIoma shredder 
c----

Lcptoccriclac I 
- Ceraclea co l lector-gathercr 

.\h ·swcicles co I lcc tor-gathcrer 7 
- .\ 'ecI11ps1 die shredder l 

I ---, 
OeceIi.1 predator -I I 

I -, 
~ 

hioe1111des shredder ---~ 
' . 

Limncphilidac 

!'1 ·c1u1ps1-c/1e shredder - --
I I 

Philopotamidac 
I 

( "l, i11wrro co l lcc tor-lilten:r J ~1 :h 
Phr~·gancidac 

P1i/11s10111i1· shredder . 
l'o l~Tcn I ropodidac .. 

\ c11n•cli11sis ml Ice tor-ti ltcrcr I 1 I ~ 

., :, "['/ i, If 1h_, ·lc IX pn:dator I 
I 

!', 1h °C(' /1/ /"( 1/11/S predator l 

' pntil 11 01 sampled due 10 lad, of ~igni tic;1111 •;uhmer-cd I cgctauon 



TAXA Functional 15-4 
Feeding Group 

--- - Rifne I R· ~t1on (Obed R· . 
I 

AMPHIPODA -----=- •ffie 2 R·m ~ l\ er) ---=--~ Rime .i Rim l - Total Pool 
v-Gammaridae - ---- l 

I 

~ 

col lector-gath~ --- I Ga111111aru.1· ---- I 
I l --- --- 5 --Hya lellidae - -~ 5 I i---

HJalella a::.teca co llector-gatherer -- I I 
i---

I BI VA LVIA I 1•r 
I 

- Corbiculidac 
~ 

Corhiculo /l11111 i11eu lil ter-leeder -
......- \ - ---

COLEOPTERA ,-

-
Pscphcnidac 

~ 

/\ephe1111.1 ~craper .j I' - ~ . 
' 

Fc1011riu 
. 

,craper I I 1 -I ~ 

Dryo pida c . 
/ lelich11.1 scraper -
Elntidac - • -

I 

I i- . . 
pupac 

i 

. fll(T\'110 11_\'\' I 
. . 

col Ice tor-gatherer 
1·, ,rin:u111s{ adult ) I . . 

/)11h1m11hiu (adult ) ml Ice tor-gatherer " . 
I 

\lucru11rc/1111 glllh/'Ulll\ 
rnllcctnr-gathacr I (adult ) . . 

I 
\ ficmn-/loc11111· (adult l rnllcctnr-gathcn:r .n ,- ( I II ~ 

I . . . 
I 0111w ,,-r,·111 (adult ) cul lcchir-gathal·r I 
I . . . 

0 11/i111 11 i11.1 (adult ) rn llcc tnr-gathcrcr . . . 
l'r"111"rnill (adult ) col lcct11r-gathcra I 

~ 
. ~ 

I 

' - ' 
Stl'11d111 i1 (adult ) cnl lcctor-gathcn:r 

; . . . - -
11/l'\'1'/JII_\'\ \'lll'iCgll fl/1 

cn llcctnr-gathcn:r I I . . 
(lan ac) - I 

cnl lcctor-gathcrer I . . . 
/l11h1ru1ihiu ( Ian ac) 

I - 1 ; 

(;11 ,1ic/111 i., ditricl,i ' 
, -

Ct1 l k-:1nr-gathcrcr 15 I - I - .. . . 
( !;11·\ ac ) --

I 
\/ucrt l/1 1·c/111., ,l,I lcct11r-gathcrcr I ~ 

. 
1!, luhruru.,·( l:1n ac) I S ,, -: - I ;, 2- ~ . . 

.}}_icrocr/loc1111s ( Ian :1c ) -:nllcct nr-gat hcr ·r :1 0 
' ; . 

' . 
r---!_l111io.,·,,n ·11.,· ( Ian ac ) 

- - --- I sc r;1pcr 
I - . 

~·0111orcsiu ( Ian :ll') cnl lcc t11r-ga thcrcr - II : I 
- ' . - . 

I - -
r----5_1t·11cl,11 is ( Ian al') , cr:1pcr - ~-

~ - · 
Haliplidac --- I --- Hu/ip/us shredder -~ 

Hydrophilidac - ~ 



-
r---__r:--()hl·d .1t111l'linn. rn 111 't1 155 

/l, ·ro., 11., (adult) -- Rif'llc I r--:--r------.._ ..:n llcctor-g·ul i---------:-:.. R1tl1e 2 R. I'll ,......._ 
....... ' 1erer r-----.::.... 1 e 3 R"ftl 

11<.,-o.,w (lanai:) 
~ t--------.....: I C 4 Riflle Total 
shredder t---r------ r----

Pool 

- f:'11od1rus (lanac) -- 2 I t----_ predator r--r-------,._ I 

- I 

Scirlidac -- - 4 5 I r--t----
~ -Scirl<'S //orrne; shredder r----i----- r------

OECAPODA 

Cambaridae 

Ca111harus co llector-gatherer -
(omn ivorous) 

DIPTERA -
pupae 

9 22 9 31 
Athericidae 

.rltherix predator 

Ceratopogonidae 

.~trichopogon co I lector-gatherer 

Cu/icoides predator 
2 

Das_rhe/ea co ll ector-gatherer 

Forcipomyia co I lector-gatherer 

Monohelea predator 

Palpomyia predator 

Chironomidae 

(C hironominae) 

Dicrotendipes co ll ector-gatherer I 2 3 69 

Endochironomus shredder 

Endotribelos co ll ector-gatherer 

:vticrotendipes collector-filterer 
I 

.Vilothauna co llector-gatherer 

Parachironomus predator 

Paratendipes co ll ecto r-gatherer 
7 101 19 188 10 

Po/ypedium shredder 61 

Pse11clochironom11s col lector-gatherer 9 I I 

Stenochironomus col lector-gatherer 7 

(Onhocladi inae) 3 ➔ 

Co1ynuneuro co I lector-gatherer I 
~ 

Lopescladius co llector-gatherer 5 

Nanoc!aclius co ll ecto r-gatherer 47 127 309 
~ 8 37 

Orthoclaclius co ll ector-gatherer __ 35 I 

~ 

f'arakie/erella co ll ector-gather~-
----



-~ 

()ht·d J1111l'lion . cnnl'd r--,___ 156 
~ '.H'<'fr<)( ·/11</i11s Riffle I R'ffl - -col lccto r-gatherer-r--~ e2 Riffle 3 

~iffle4 
i---RlrL'l>('l'i< 'O/<)fJ /1,\' - RifneTotal Pool co I lector-gatherer - -~ ')i·r111r1/wcl<rdi11s 

I - 2 
co ll ector-gatherer - -I I 

]1rie1111111w111ie//a co I lector-gatherer - - I 
9 2 2 ~ 

h e1e11ia co ll ector-gatherer 
I 6 -- 7 23 I 26 i----

(Tanypodinae) I 2 - Alahe.s·m,·ia predator 
2 - Labrundinia I 

3 predator 5 
Ni/01anvpus predator 

Pen1a11e11ra predator I 
~ 2 

3 I Procladius predator 
Thine111anni111yia group 

predator 
S f} . 

Tanypus predator 

(Tanytarsini ) 

Cladolan; ·tars11s collector-gatherer 

Neo::.avrelia co I lector-gatherer 

Paratan;'larsu co I lector-gatherer 2 2 11 2 
Rheotan; ·tarsus co llector-filterer 158 34 548 107 -1 7 15 

Tanylarsus co ll ector-gatherer 2 2 5 

Culicidae 

Anopheles co llector-filterer 

Ephydridae 

Hydrellia shredder 

Empididae 

Chelifera predator 

/-le111erodro111ia predator 

Simulidae 
11 I 3 .j 

Si111uliwn co ll ector-filterer 3 

Tipulidae 

Antocha co llector-gatherer 

Erioptera colector-gatherer 

Tipula shredder 

EPHEMEROPTERA 

Baetidae - - 10 -
10 

Ace,penna co ll ector-gatherer - 63 160 - 7 ' 37 - I 37 
_ _, 

co llector-gathe~ Bae1is - -- " co I lector-gathe~ ~ J.) 

Centrop1il11m L---- II 10 - 4 
scraper _ L----J...--

Neterocleon --
Plauditu.1· co ll ector-gatherer L----------L----

.___ 



Obed Juncti on, cont 'd ---,.........._ 15 e-----
Caenidae Rifne I R·m ---~ e 2 Rime 3 

- Rime 4 c------- - Rim Toca! Pool Caenis col lector-gatherer - ,-......_ 
i--- . I 

Ephemerelhdae - ,-.._ 
I - £ /II J1ophella co llector-gatherer - -i...----------

Leptohyphidae I -
I - Trichor_1 •1hodes co llector-gatherer - lsonychiid ae 5 ~ -

I I~ - /som-c/1io co l lector-filtercr :! I I 9 I 5 I Hcpt ageniidae i I 
/,e11croc111a co llector-gatherer 

I ' I I 
--,- -.\fucca[fi_,r1i11111 ~ scraper 11 1- I ---- i II Y: S1e11acro11 scraper ·-

Sic111111e111a _!e11111ru111111 sc raper - _j 
C.-\ ST ROPODA ,~ 

Ancy lidae gr:vcr I ~ I I Planorh idae gra, cr ~ • I I ~ I" 
Ph~·sidac grn7cr 1 --

I J ((I~ 

l'lcuruceridac gra, cr I n ~ Q - -L, mnacidac gra1a Q y 

~ 

111·: :\ tl PTE IU 

• :\ lcsovc liidac 
j • 

\fnorcliu pn:dator 
j 

Su ldid ac -· • 
l 'l ·111ucoru pn:dalll r 

~ • 
Q I: ' h 

prl·d:i tor i . .. ll ~·drocari na . . 
I 

ISOl'OD.-\ . . 
Ascllid t1l' I . . 

/_irc,·11., 
en! Jcctor-g:ithcrcr 

I . .. 
( ,CJ \ l' ll l!l' r\ ~ 

~ 
. . 

LEl' IDOPTER .-\ I 

I .... . 
I Cra mh idac . . -Uo11hilu ,h rcddcr . . .... 

l'L·1ro11hi lc1 shrcddcr ----
:\ IECALO PTE ll.-\ - __. .. 

•I Co r~·dali dac - - . -' . -
c ·,1rn/u/11s cor1111111s pn:dator -- --- I -

predator I 
.\"igro11 iu --

ODON .-\ T.-\ _l--- --
.-\ cshnidae l---L--



-Oh••d ,lunclion. conl'd r-- 158 R'f r----- ---- • Ile I Riffle 2 ~r--------Horaia l' i110.,·11 
predator r--r---~ Riffle 4 - Cocuagionidae -- t----- Rifne Tolal Pool r----- - i---_ - .·lrgio predato-;--

,.........__ -c-- -E11ullag111a predato;:--r--- - -c--
Calopterygidae - r----

- [a/opteri•.r dimidiata 
43 

predator 
-r--

- Calopte1:1 '.r maculata predator 
I -Hetaerina mnericana predator 

Co rduliidae 3 
3 - Epitheca predator 

Neurocorc/11/ia predator 2 

Somatochlom predator 

Gomphidae 

Dro111ogo111phus predator 

Gomphus predator 

Haegenius brevistylus predator 

Sf) 1ogomphus predator 
➔ 4 

Libellulidae 

Ervthemis predator 

libel/11/a predator 9 

Macromiidae 

Macromia predator 

Oligochaeta co ll ector-filterer 7 7 T2 

PLATYHELMINTHES 

Planariidae omn ivorous 4 2 6 

PL ECO PTERA 

Perlidae 

5 3 I 
Acroneuria predator 

6 14 16 ➔➔ 

Agnetina predator 8 

I I 

Neoperla predator 

TRICHOPTERA 2 
I I 

pupae -
~ 

Brachycentridae - u 1 

8 - I I 
3 

Micrasema shredder -~ 

I 3 
r---Helicopsychidae - I 

2 
I le/icupsvche scraper _i.....---..----~ ,__ 

118 i.....---..----~ 40 
t-- Hydropsychidae _i.....-- '6 65 77 ) l....-----

Cheu111utops1 ·che co ll ec tor-filterer L---L---



Obed .Junction, cont'd 

i---- Ceratopsr che 

~ Hydrop\ 1·che 

....--- ,'v/acrostem11111 co ll ector-filterer 

Oecet is predator 6 'l 

----::::-:----:----r----::~ :;;-----7--+--,--_:...__J_ _ _ j __ ,~ 
li-ioe111//les shredder 

~ - - ---:-:---:----T-------t---1----~---l-- - -Limncphilidac 
~ -------,-~--:-:---t----t----i----+--------- ·-

h "Cil/Jfl.\TChc ~hn:d<lcr 

' l'hilopotarnidac I ♦-- - 1-

~----------r-- - ----;-----t----+---- ..--- . 
('l,i11111rr11 co lkc lor-liltcrcr 

/'1 i/n1 10111 i1 
L--------t------t----t---r-~-· 

I 
_ _:l_:'<:_:>I::._~ c::_:· c:_:·•:_:11.:._r .::_u .'..:_p .::_o _:::d .:_:i<.:_:l :.:_:1c:._' - +--------t---:---r--

7
---;:-:-+ 

,hrc<ldcr 

>- ' (I ,·,·11n.·c/1j1sis 1:11 I lc-:11 ir-li I tcrcr 

predator 

pr-:dator I I I 

111 
.... 



TAXA Functional ~ 160 
Feed ' o . . 

in., G1 oup -:-- Antioch B ·d --- - Rifne I ~~ (Daddv's Creek) -...::...:_ e2 • -.........:. 
AM PHIPO0A -- R1ffie3 R·m r------:-~ e -I Rime T Ola I Pool 

- Ga mmaridae -----r----- Ca111111arns col lector-gathe;; --i--- Hya lell idae r---- Hyalella azteca co ll ector-gatherer -
BIVALVIA 5 

- Corbicu lidae 
~ 

Corhic11/ajl11111ineo filter-feeder -
COLEOPTERA 

\X) 

Psephenidac 

Psephe1111s scraper 2 9 I 20 
Ec!Opriu scraper 3 , -

·' I I 
0ryopidac 

I /elich11s scraper 

Elmidac 

pupae I I 
..lncn·nom ·.r 

co ll ector-gatherer 
\'(/rief!,at11s(adult) 

IJ11himphia (adult) co I k c tor-gatherer q 

- - >-- -
.\lucrmnd111s g/ahmtll.1' 

col kctor-gathcrcr ' : 
(adu lt ) I 

.\ficmcrllol:'p11s (adult) co l lector-gathcrer 9 I 2 ~,, 
- --

01,1 iosen ·us ( ad u It ) co llector-gatherer 
I 2 

Ouli11111i11s (adult ) co llector-gatherer 2 I -

I I 
I 

Pm11({)resia (adult ) co llec tor-ga therer 

21 I I 2, 
I 

I 
Ste11e/111is (adult) co l lector-gathcrer 2 

:l11nro1nx w1riegot11s col k c tor-gatherer 
(l:1r\'ac) I 

D11hirophia ( lan·ae) co ll ec tor-gatherer 
I 

Gonif, f111 is ditrichi (l ar\'ae) col lec tor-gathercr 
, - -

.\facrom-c//1/s 
, 

j --
- glahru111s(la rrne) 

co l lector-ga thercr 
II 101, I 11 

75 12 I 

_}!_crocrllol:'p11s (larrne) collector-gatherer L 

- fl , 
I ~ 

26 -
Optin.1·er1·11s (lan ·ae) scraper I - ---~11nresio (larvae) co ll ector-gatherer ~ ,- I 16, -- q 

:;o I I 2 

r---!!_e11e/111 is (larvae) L-----scraper L--

Haliplidae 
L----L-------

_L---



_Antioch Bridge, cont'd r=--- 161 
~ Haliplus - Riffle t r-:--r---

shredder i----------:-.. RI fl1 e 2 R. rn r----_ 

~ydrophilidae - r-----=-:... ~ Ri ffie -1 Rime Total I r-- ~ Pool r------
L-----Berosus (adult) - r--- r--.__ I 

col lector-gatherer r---t---__ 
I I ~ erosus (larvae) shredder - r---..___ 
I -~ I 

~ . -[nochrus (la1vae) predator i---r--__ 

i-----
Scirtidae 

~Q -~ I 
i-----

Seines (/ww1e/ I 
I 

hredder I - DECA PODA i 
.......... 

Cambaridac I - col lcctor-gathcrer Cu111hom.1· 
(omnivorous) I ·-

DIPTERA 
- I . --

pupae 
I' 

Athrricidac 1; (l . -
.- lt lterix predator - ~ -

Crra topogonidac I 
. . ~ 

. ltriclt111)(Jgrm col lcctor-gathcrcr ~ • .. 
' -

( "11/icnides predator . . 
I 

nus1hdrn m l lcctor-gathcrcr ---- . ♦ 

Forci;n1111_1 ·iu ml lcctor-gathcrcr - . . 
\/u1111ltdcu 

I ♦ . 
predator 

I 

l 
. .. 

l'ule11111riu predator I . . 
Chiro11 0111idac 

I ... _. 

(( "hin111nminac1 _. 

/)1cr11/e11di;1t'.1 cnllcctor-gathi:ri:r 
; . . 

/-."1u!t1( ·/tin111011111, ,hrcddcr I - . 
I 

/-."11cl1,1r ihd,1, .' col lcctnr-gathcrcr ♦ 

I 
I ft, .,., }/(' I/di; ll'S uil Ice tor-Ii llcrcr I . . 

I 

\"i/11 1ltu1111u col lccwr-g:ithcn:r ♦ 
♦ 

l'un 1t-l1in11u111111., pn:dator ♦ 
. ◄ 

l'urutt'11cl1j1t·, u1 I icl:tor-g:ithcrcr ♦ 
. 1 

I .; 1 - -
l'o/\pedi11111 ,hrcdd ·r -; ♦ 

~ 1 • · . 1 
l'st·111l11(·hin1111111111., L·ti I lcctor-gathcrcr 1 -- . , 

♦ 

.\/l't/O('hir,11u1111w ,: 111 lcctnr-g:ithcn:r I -- • -♦ 

( Orthn..:ladii naL') ' 1 
,, 

1 - , ~ - . 
( 'on 'l/(///l'/1/"// nil lcctor-gathcrcr -- ♦ 

Lo;1l'st·!1uli11s col lc..:tor-g:ithcrcr 
1 

r-- -

col lcctor-g:ithcrcr ' 1' 
.\'11110(·/wli11s _ c...- 1; I : -

t--- 1 -

,-.._ Onltoc!wlius col kc tor-gatherer ---I---

Purukir.fere/lu col lcctor-gath<.'re~ L--L---



Antioch Bridge, cont 'd -r-=-- 162 
---------;;;ec I roe! ad i us _ Riffle I ~ r--

co llector-gatherer r-------:-~ Rime 3 
Rime 4 

~eocricotopus 
c-----_ Rime Total Pool co llector-gath;;; t--- - r-----

,.___-Synorthocladius co l lector-gathe-;; r--------- I 
2 - --Thienan1anniella co ll ector-gather;;-t---

I -- I 
i---- Tvetenia co l lector-gathere~ r----- 6 4 - I , ' i.---

(Tanypod in aeJ 
L--" 

Alahe.rnn·ia predator 
.....----

Lahrundinia predator 
(, 

c----
,\'ilawmpus predator I 

I 
~ -- Penwne11ra predator \ 

I 
Pmclacli11s predator I 

-Tl,inemi11mim_ria group sp. predator 
I 

Tam1ms predator I 

- (Tan~·tarsini ) 

( '/(l(/(){(lll_l '{l//',\'1/,\ col lcctor-gathen:r I 
.\'m:::urrelia collector-gatherer 3 ' I I 

( -
I l'uraw11_1·1w·s11s col lcctor-gatherer I . 

Rheowm ·tar.1·11s col lector-lilten:r , 
lOI -u (1 ~ ( 

I . To11_1 ·1urs11s co l lector-ga1herer I ' I 

C11li cid ac 

:l11011hc/es ml leclor-li lterer . 
Eph ~·drid ac 

--
I lrdrelliu ~hredder 

Empidid ac i 
c·t,di/eru pri.:dator I -

' 
I 

I h·111cmdmmiu predator ; ---· 
Simulid:t l' . ~ 

I ' . 
Si11111liw11 col lector-li l1crer - .. -

I . 
Tipulicl ac -

. l11tochu rnllec tnr-gatherer I ~ --
- -cnlector-gatherer I -

~ 
Frio111au 

- . 
, hredder 

-

Ti1111/u 
-

~ 
EPII E:\l [ ROPTE RA 

Bac tidae - . -
col lec1or-ga1herer ' =ll ' Acc1pe11110 - -JQ - - . - ' ; . 

Bueti.1· col lector-g:11hen:r - I - -r----- - lo collector-gatherer ; ,...._ Ce111ro1){i/11m - I ' {l - I .:; 
r---- f-le1erocleo11 scr:iper __:..--- I 

collector-gai here_i:_i....---~ !.---r------- Plu11di111s 

Caenid ae _1....---L--



\nfiorh Britl l(r, rn nt 'd - ~ 163 - Riffle 1 ~r--c·.,,.,,, , colb.: tor-g·Hh r-------=-:- Riflle 2 R'fll r---' ere r r-----.:.-:.... 1 c 3 . 
~ phl'llll' n·l lid lll' -J---- I r--=-.~ Riffle Total Pool 

i--- /:'ur\'IO/lhcl/o 
- r---r-- I 2 

co llcctor-ga1herer J----r--- t-----

~ .rpt oh~·phidac -i--- r---_ 
r---r---

L---Triclwn ·t hod es co l lector-gathere;r--r----- -
e--- lso n~·chiidae 

I r--------~ 2 -- 3 v- 2 
/somd1ia col lector-fil terer - -- 19 47 

Hcptageniidae - 8 
74 - co llector-gatherer -Le11Cl'oc111a 

13 
............. 

,\/occafjenium 
10 5 

scraper 10 
4 32 - I I 2 5 S1e11acron scraper - 28 

- Stenonema jemoratum 
I 

scraper 10 I 
21 10 6 GAST ROPODA 47 

Ancylidae grazer 

Planorbidae grazer I 

15 
Phys idae grazer 

11 
Pleuroceridae grazer I 3 4 13 
Lymnaeidae grazer 

HE MIPTERA 

Mesoveliidae 

.'vfesovelia predator 

Salclidae 

Pentacora predator 

Hydrocarina predator 7 48 45 10 II 0 36 

ISOPODA 

Asellidae 

lirceus 
co ll ector-gatherer 3 3 

(scavenger) 

LEPIDOPTERA 

Crambidae 

Elophila shredder 2 

Petrophila shredder I I 

-
- MEGA LOPTERA 

- Corydal idae 2 
6 

4 
,..__ Co,ydalus corm11Us predator I 

I 

t---- .\'igronia predator 

t---- ODO NATA 

r--- Acshnidae 

----!}_oyeria vinosa predator - c------Cocnagiunidac -_L.....-----



·-
\ur iorh llridgl', rnn f'd --=-- 164 _ Riftle1 r-:-:--r---

/rgI,I prcd:uor --..::....:_~ Riftle 3 - R. 
1:,,11/log1110 

_ --........:_ •f'lle4 Riftle Total Pool pn:dator --r--- I -
i--- . I --- --- I 2 (':ilo pl l'l'_\·g u :ll' r---
(c1/opl<'IT.\' di111 it!iu1u predato r --- --- 41 r---__ 
----:•,ifoptcn'.\' 11wc11lu1u predator ---i----
~ 

I h'fc/L'!'illll (/1//Cl'/C{l/l(/ predator --~ - Corduliidae - Epitheca predator 
>-" 

\ ewocord11/io predator - So111awch/om predator 3 - Gomphidae 

Dro111ogo111ph11s predator 
~ 

Go111ph11s predator 30 

Haegeni11s brevisrylus predator 9 

5 Sn·logomphus predator 6 I 3 10 
Libellulidae 

En •themis predator 

Libe/111 /a predator 

Macromiidae 

,\,facro111ia predator 3 

Oligochaeta co I lector-fi lterer I 20 2 I 24 

PLATYHELMINTHES 

Planariidae omn ivorous I 

PLECOPTERA 

Perlidae 

Acroneuria predator 3 3 2 8 

Agnerina predator 

2 6 8 
Neoperla predator 

TRI CHOPT ERA 

pupae 

Brachycentridae 11 I 
4 3 4 

.\,/icrasema shredder 

~ 
Hclicopsychidae I I 

- Helicop.1) 'che sc raper 

1---- Hydropsychidac 5 9 92 
44 

r----- Cheu111atop.1yche co ll ector- fi lterer 34 
I 14 

5 2 
6 12 

-.._ Ceroropsyche co ll ecto r-ti lterer - - 12 

- I lydr111J.1yche col lector-ti lterer ---L.-----

co ll ector-ti ltere~ L----__ .vfocr1, , /e11111111 l---

ll ydroptilidac 
L---L-------

_L----



Antioch Bridge, cont'd 
Riffle t r-- 165 

L----- Hrdroprila piercer-herbivore -- Riffle 2 
Rime 3 ----=--- Riffle ~ Riffle Total L.---- o.,rerhira piercer-herbi vore Pool - r------ I 

i.-- Orrhorrichia I I piercer-herbi vore - r---_ 
L...-- "d _r 

Lepidostomatl ae - ,_ 
I I i.-- t --Lept~ osroma shredder 

I 
i-----

Lcptoceridac I 
i-----

Ceraclea co I lector-gatherer I 
L------ ~ I .\/rsracides co I lector-gatherer II 
c..------

.,·ec10ps1-c/1e shredder 
c..--

Oeceris predator - Triae11odes sh redder 

- Limn ephilidac . ' 
/>\ 'Cll//fJ\\-c/lt: hreddcr 

- Philopotamitlac ,_ 

col lector-fi lleri:r I ·-Chi111wru I~ ~~ -. 
I -~ Phryga ncidac I 

~ -
/'11/0\'l(J/1/is shredder - ~ -

Pol~ cc ntropoditlac -- ~ 

.\ rnrecli11si1 col kc tor-Ii lti:rer I I ~ . 
\ _\ 'Cl in11ln ·/u.r predator I I 

l'11h n •llf r11p11s predator 
-



TAXA Functional 166 Feeding Grou11 

---- - Riffle I ~~able (Daddy's C k r-----:_ 1 e 2 R· ffl ,-............. ree ) 
AiVIPHIPODA --=- I eJ Riffl 

r---~_Riffle Total Pool 
-

~ ammaridae ----...---Gam111arus ---co llector-gatherer r------- Hya lellidae --~ ----~ 
Hyalella azteca 

-~ 
collector-gatherer 

...--
BIVALVIA 

- Corbiculidae - Corbic11/a.f1u 111inea fi lter-feeder I -
CO LEOPTERA 

Psephenidae 

- Psephenus scraper I 6 2 16 
Ectopria scraper 

6 6 
Dryo pidae 

/-felic/111s scraper 

Elmidae 

pupae I .j 

-~ ncn '/1011)'.\" 
co llector-gatherer 

rnriegatus(a dult) 

Duhiraphia (adult ) co llector-gatherer I 

.\/11cm11rch 11s glahrctt11s 
co llector-gatherer 

(adult) 

.\licrocrlloep11s (ad ult ) col lector-gatherer 6 5 11 

Optioserv11s (adult ) co ll ector-gatherer I I 

011/imnius (adult ) co llector-gatherer I I ~ 

Pro111oresia (adult ) co llector-gatherer 
6 6 

2 9 I I~ 
Stene/111is (adu lt ) co llector-gatherer 

-~lllyronr.r rnriegm11s 
co llec tor-gatherer 

( larvae) 

D11biraphia ( larvae) co llec tor-gatherer ~o 
_Gonie/111is clitrichi ( larvae) 5 9 6 

co llec tor-gatherer 

.\-facronJ dllls 
co llec tor-gatherer - glob rm us( larvae) 

11 7 155 

~'OCr/loepus (larvae) 39 27 
co llec tor-gatherer 

2 10 ~5 -
~ tioservus ( larvae) 3 10 

scraper 

~111oresia ( larvae) co ll ector-gatherer 7 90 -
_}}:__nelmis ( larvae) 

83 
scraper -

--Haliplidae - -
1-!a/iplus shredder 



•i•s Breakfast Table, -r--uer1 
co nt 'd Riffle I r;;-r-- 16 

~ drophilidae - i--- I e 2 · r:-=--r r--- Rime 3 Rime -I . 

L----ierosus (adu lt) II - r-- r------ RiffieTotal Pool co ector-gatherer r--- ~ 
L---- I -r-- r------~ Beras us (larvae) s 1redder r--- -
i-- - i--- i------~ 

£nochms (larvae) predator I r---r----... 
L--- I Scirtidae ---r-
L--- ~ 

Scirtes (lar vae) shredder -
i---- -~ 

DECAPODA I 

I 

i---
Cambarid ae -- co l lcc tor-gatherer -

c·o111ham .1· 
(omn i\ orous) - I --

DIPTEIU I -
pupae - -

,\ t hcri cid ac 
h 

" 
. 

- . 
: lt/11.:r ir predator I .. ~ ~ . I 

Ccra topogonidac 
I 

. . 
. ltricho1)(1go11 col lcctor-gatherer . ~ 

c ·1t1icoic/('s predator . 
I 

/)(I.I_ 1 ·heh·" co l Ice tor-gatherer 
. . 

- . . 
I 

F,,n·i1u1111_1 ·iu co l lcctor-gatherer 

I \/011ohe/('u predator 
I _. . 

l'ul1111111_rll1 predator . . 
( 'hironn mitlar . . . 
1('him110111i11ac) I . . 
I >1cn11e11cli11e, n1I lccll1 r-g.1thcrcr ' 

' I • :~ . . • . 
F11d,1,-/1ir111111111111 ,hrcddcr I . . 

I • 
J·:11d,11r ihd1 11 c, ,I lcctor-gathcrt·r . . 

I 

\ /,c/'/1/('llcfi/h'' cn llcctnr-ti ltacr - . . 

I \ 1/01'11111 11 <1 c11l lcctnr-g.1thcrcr I 
~ 

. . 
. 

l'uruch im 111111111 1 prcd.1t11 r - . 
. 

I 'uru1t•111 Ii/ ,,., n1llcctor-g.1thcrcr ~ 
. 

I 
. . 

,- . . . . 
l'nlipccli11 111 ,hrcddcr -

~ I . 
I 

. 
l\ ,·11,i, 1Ch i rt11 11 111111., cul I ·ct11r-g.1thc n: r 

~ 

◄ 

S1t·1111,-/1in 111,m1 11., n,1 Jccll1r-g.11hcr ·r .. . 
- ' . . I 

tOnlwcladiinac) ·- ......... . . 
I 

I - . - Con ·11011('uru t·,,liccll1r-gathacr . . 
. ~ ; 

r---- Lopesc!C1cli11s collcc tor-g:11hcrcr 
. - . -

I - :11 .:,, 
r---......._ .\'u11oc/ll(/i11s col lccto r-gathcn:r :11 - ___, 

c- It> -
' 

Onhoclc1cli11s n1l lcctor-gatht'r ~ L..---



:rs Breakfast Table, --i---l)CI I · 168 cont'd 
Riftlet ~----~arakie/erella II ~r--- e2 R' -co ector-gather -- •file 3 R·m . 

er -- 1 e 4 Rim T 
~sec1rocladi11s -r-- - e otal Pool co llector-gatherer ----- ' co l lector-gathe;; r-- r--t--- 10 Rheocn co10p11s - r--~ 
~'/10f'lhocladi11s co ll ector-gatherer 

r-----

I - r----
i.---Thienamannie/la co ll ector-gatherer I 

I I 3 -- Tvetenia co ll ector-gatherer 
2 I I 
I 2 

~ 
(Tanypodinae) 

I 
~ 

;J/abesmyia predator 
e---

Labmndinia predator 
L-----

Ni/ownypus predator - Pemaneura predator 2 - Procladius predator 2 

Thi11e11wn11i111yia group sp. predator 
I - J ~ 

Tam'/)11.1· predator 

(Tanytarsin i) 

C/(l(/01amwrs11s co ll ector-gatherer 

.\'eo::.m ·rel ia co ll ector-gatherer 

Pa/'/1wm·wrs11s collector-gatherer 
I 

Rheolwn '/(l/'S/1,\' collector-Ii lterer 10 3 5 I IC,'l 
-

Tu1n ·1urs11s co ll ector-gatherer I 'l 2 (, 

-
Culicidac 

.-lnofiheles col lector-li ltcrcr 

Ephydridac -
//1'(/rellia shredder 

Empididac -
C/1e/ifera predator I 

I le111erodro111iu predator ! 

I 
Simulidac 

I , ; I t, 
I 

Silll11/i11111 co l lector-li lterer - -
j 

Tipulidae 
I I 

.-lllloclw col lector-gathcrer 
~ 

I 

.._ EriOfilcra co lector-gatherer 
' 

~ 
Tit}//la shredder -

EPH Ei\ lOPTERA --
Baetidac - -- collector-gatherer c....-- ,~ 106 - . .Jcerpe1111a - q :1 

collector-gatherer 
13 ~ 

t--- Bue1is L...-- . ' 
collector-gatherer ~ l---~ ~ -

t---Ce111rop1il11lll - - I ;I L----

He1eroc/eon scraper _L..---L--



'l's Breakfast Table, 
r--~_ 169 De"' cont 'd Riffle I 

Riffle 2 r---_ 
t----- Pla11di111s col lector-gatherer -- Riffle 3 r--- Riffle .i Riffle Total i------ r------- Pool Caenidae - r---
v- -~ Caenis co llector-gatherer - r------
~ ph emerellidae - c----_ 2 2 :..---

£wJ·lophella co ll ector-gatherer - r----
I - Leptohyphidae -~ I 

e---Trichor1"//10des co ll ector-gatherer 3 
~ 

lsonyc hiidac I ' - /sonychia col lector-li lterer 
13 c--- I 

~ I Hepta ge niidae 

- Leucrncuw co ll ec tor-gatherer I I I - I I .\/acca//i!r1i11m scraper 
I - " S {(: 11UC/'OII scraper 

' ' S!l.'/l/) / /('/11// f<! IIIO/'(////I/I scraper I 5 )(I lh 
GASTROPODA 

,\nc~·lidac graLer 

Planorhidae I --graLcr 
I 10, 

l'h~·sidac gr,w:r 

l'lcuroccridac gra1er I ~ : 
Lymnacidac gra1cr I 

II Ei\ llPTERA 

:'llcsonliidac -~ • -~ 
I ' .\lc.\/n·elia pn:d:i tor I . -

Saldidae . 
I Pc111ucora pn:dator I I--- ~ 

" - I 
.; ' I --predator 5 - ~ -I I~ clrocarina 

I 

ISO POD.-\ I 
-+ -

- ..\scllidac .; 

rnl kctnr-gathcrcr 5 I 

Lirceus I -

(SGII t:11 !.!t: r) I 

LEPIDOPTER..\ I -
- -

J_ 
Crambidac - --

shn:ddcr 
,, 

r--- E!o11hilu 
5 ~ 

Pc1rophila shredder 

~ - --
\I EG..\ LOPTER.-\ L--r---- - .; 

' r---C'oryd::i lid:ie _L--- , -
I ~ 

Con-du/us com11111s predator L---



. . _ llrl':,kf:is t Tahlc, -r--
peril ~ . 

Riftl e I r;;-r--------. 170 ro nt d 

~ ign111i<1 predator r--- • e 2 R· ~ 
i---- •file 3 Riffle 4 r-:-- -

~ -- i--------.._ ~ Riffle Total Pool 
ooONATA i----r-- r----

i----------
-

---------;csh n idae - -r---r--
-----;;;·erio rinusa predator - r--- i------~ ' 'cl 

i---
Coenagioni ae ----- --- i-------------

Argw predator -~ 
-- £11a/lag11w predator - 4 -l 
L---- . I Calopteryg1c ae 5 

C alopienx di111idia1a predator -
i--

Calopte1y.r 111aculata predator 

-Heiaerina a111ericana predator - Co rd ul iidae 

Epitheca predator 

.\·e11roco1·d11/ia predator 
. I 

S0111atochlom predator I I 
Gomp hidae 

Dro111ogo111phus predator I I 

Go111phus predator 

Haege11i11s hrel'ist1'l11s predator I I 

S1ylugu111ph 11s predator 3 ~ 5 

Libell ulidae 

E1ythe11 1is predator 

Libel Iulo predator 

Macrom iidae 

,\/acro11 1io predator 

16 8 ~-l 100 
Oligochaeta co l lec tor-li lte1·er 

i'LATY HELM INT H ES 

Planari idae omni vorous 

PLECOPTERA 
~ 

,..__ Perlidae I 
9 

' 3 
,lcroneuriu predato r I I 

r---.... I 

1---. .-lgne1ina predator 

r-----. .\ eoper/a predator --
TRI CHOPTERA L---- ~ -

---- -- 1 

T · L-=--'-r---..':.'_choptera pupae L--

Brach ycentridae 
L---~ 

L--



l)c,·il's Breakfast Table, -......_ 
171 r-----_ cont 'd 

RifOe 1 I--
.\!icruse111a shredder - - Riffle 2 RifOe 3 Riffle ➔ Riffle Total Pool - Hclicopsychidae - ,-......__ 

10 
IC L---

f-{e/icops,1 die -~ 
scraper 

I--
Hydropsychidae -~ 2 I 

I--
Che11 111ato/J.\1·che co ll ector- ti lterer 

5 L---
C eratop.n ·che 31 2 co ll ector-filterer ➔ ➔ 2 I 13 I--
/h ·drops1du: collector-fi lterer 3 5 " I--- 9 I 2 .\/acroste11111111 co llec tor-fi lterer 12 

I---

Hydroptilidae 
I 

I---

Jlnlroptila piercer-herb ivore 
2 I--- I 

' On-ethiru piercer-herbivore - Orthntrichio piercer-herbi 1·ore 20 - Lrpidostomatidac - /.epillr>sto11w shredder 
I ~ 

Lcptoccridac 
~ 

col lcctor-gathi:rer Cerucleo 2 10 I 1, 
.\ In we ides col lector-ga therer 

, \ 'cctopsl die shri:dder 

Oecetis pri:dator , I 

- ; 5 I 

Triae11ndes shrccldi:r I q 
-

l.imncphilidac I 
I 

!11·c11o;is1d1e sh ri:dd i:r I 
l'hilopotamidac I -

col Ice tor-Ii lt1.:rcr ' 51 ; "' I Chi111arru -
l'hr~·i!ancidac -

P1i/os10111is shri:dckr I -
I Polyccnlropodidac -
I 

, ' co l lcctor-li lteri:r I - -.\ '('llrecli11sis , I ' I I - -X1 ·ctio11ln ·la.r pri:dJtor 
I 

f>r1/i 'C('/1/)'(Jfl/lS pri:dator I 



-
T.-\:\:\ Functiona l ~ 

17 
Feed ing Croup 

i----- - Riftle I ~~~iver) 
AI\IPHll'ODA 

r---,.:....:._ I e 2 R. ft1 -
t-----::....~ Riffle 4 R ·m 

r------L I e Total Pool 

2 

- Ga111111aridac - --L----- - r----_ 

(j(ll / /1//(//'l/.\' co ll ector-gatherer--- --- H~•alellidac r------ ~ 

- -Hrulello (CleCll co I lector-gatherer 

BI VA LVIA 

Corbiculidae -
- Corbicu!a fluminea filter-feeder -

38 13 2 3 56 
COLEOPTERA 

Psephenidac 

Psephenus scraper 
I I 

Ec!Opria scraper I 
I 

Dryopidae 

/-lelic/111s scraper 

Elmidae 

pupae 

Ancrvnonyx 
co ll ector-gatherer 

rariega111s(adult) 

Dubirnphia (adu lt) co I lector-gatherer I 

.\facrom d ws glabrarus 
co I lector-gatherer I 

(adult) 

.\Jicroc,1·/loepus (adult ) co I lector-gatherer 129 15 35 56 235 

Oplioservus (ad ul t) co I lector-gatherer 2 2 

011/i11111ius (adult) co I lector-gatherer 

Pro111oresio (adult) co I lector-gatherer I I 2 I 

5 
p I 

S1e11e/111is (ad ult) co llector-gatherer 7 3 _ ) 

.-lnc)'l'ony.,· variegatus I I 
co llector-gatherer 

(larvae) 

Dubirnphia (la rvae) co I lector-gathe1·er 

Gonie/111is ditrichi 9 1.1 102 2 

co I lector-gatherer 3-t -t6 
(larvae) 

Macromdws col lector-gatherer 
glabrotus( larvae) 36 76 6-lO 5 

Micrnc) -floepus (larvae) co ll ector-ga therer 37? 156 
-l II 

3 -+ 
Op1ioservus ( larvae) sc raper 

Promoresio (larvae) co llecto r-gatherer 61 77 213 
51 2-+ 

~ 

S1ene/111is (l arvae) scraper 

~ 
Ha liplidac 

I !u/iplus shredder .___ -



~,•11111 llrid 1,:c. rnnl'd 
~ r-:---r--- 173 .____ 

II~ drophilidac - i---------::-:. Riffle 2 R·rn r--
i--

//,'ros11s (adu lt ) co l lcc tor-g~ 
r---~ Riffle 4 Riffle Total r-- r----- Pool 

......- i----
/Jeros11s ( larrnc) shredde,-r-- i---~ 

I r---1----c-----
/:'11ochms (larvae) 2 

predator r-- -r---~ - Scirlidae - r-- I 18 -- Scir1es rlarme) shredder -
OECA PODA 

~ 

Cambaridae -
- co l lector-galherer -Ca111bams 

- (omnivorous) 

DIPTERA 

pupae 24 5 3 4 36 69 Athericidae 

Atherix predator 

Ceratopogo nidae 

A1richopogon co I lector-gatherer 

Culicoides predator 

Das)-helea co llector-gatherer 

Forcipo111_1·ia collector-gatherer 

.\t/onohelea predator 

Palpom1•ia predator 

Chironomidae 

(C hironominae) 

Dicrotendipes col lector-gatherer 3 

Endochirono11111s shredder 

Endotribelos co ll ector gatherer 

.vlicrotendipes collector-filterer 
I 

.Vi/01ha11na co I lector-gatherer 

Parachirono11111s predator 

Para1endipes co I lector-gatherer 99 n 
11 27 9 

Po!;pedil/111 shredder 51 
2 2 

~ 

Pseudochironom11s co ll ecto r-gatherer 
I 3 2-1 

19 I 
S1enochirono111us co ll ector gatherer 

(Orthoc ladi i nae) 10 I 

4 -I 

Corynoneurn co I lector-gatherer 2 

lopesclac!ius col lector-gatherer 3 I 

- 3 

col lecto r-gatherer 77 53 

- .Vonoc/uc!i11.1· 64 9 
4 20 

- Or1h,1cluclius co ll ecto r-ga therer 

co l lcctor-gathere_r:_~ -
i'urukie{erello 



i\l t•rno Hridgc, cont'd 

~c I roe/ od i us 

~eoc1·ico1op11s 

~or1hocladi11s 

~ iena11,anniel/a 

,,__-Tve1enia 

(Tanypodinae) 

i.-------------4/ubesmyia 

Labrundinia 

- .\'i/0 1C111J p 11s 

Pe111ane11ra 

r----- 174 - Riffle I R'rn r----__ -r __ 
co ll ector-gatherer r---~~rne 3 Rift1e -;i-Rirne Total Pool 
co ll ector-gat~-

2 
_r----.... -~-----+-=-

co llector-gathere,:--
2 

-,-......_ --j---f---:-
2
--+--- _J 

,-+-~_j 
~ i-~--r --.--+- -=-2----1--_J col lector-gathere~~ 

co I lector-gatherer 

predator 

predator 

predator 

I 
l 10 

6 

10 

predator 
1 

.........-;,-;-;~P~1~·1;>~c;·/-;;a;c;/i1~·1;1:s;;;;;=t====~p~1~·;e~d~a~to~1~·~---~--t1--_~-~C--_-_-it_~---~~~~-f~-----~~---Jt ~-----_~~1~_-_-_-_~~l =~~~f~~==j 
~ne111c11111i111_\'io group 

predator 6 
2 sv. 

fon\JJIIS predator 

(Ta nytarsini ) 

Clado1am wrsus collector-gatherer 

.\'eo:oirelio co ll ector-gatherer 

Parow11_1·wrs11s collector-gatherer 

/lheo1c111_1 wrsus co I lector-li I terer 5 0 119 71./ 

To11_1'!Clrs11s co l lector-gathercr 13 6 I '5 

Culicidac 

.-l11011heles co ll ec tor-ti ltcrer 

Eph~ dridac 

I /\'tlre/lio shredder 

Empididac 

Cheli(era predator 

I le111emt!ro111 io predator 

Simulidac 

Si11111/i11111 co l lector-li ltercr 65 (, 9(1 16, 

Tipulidac 

.·l111oclw col kc tor-gatherer 

Erio11rern co lcctor-gathcn:r 

shredder 

EPH Ei\ l EROPTERA 



N,,11111 Bridge, cont'd 

~ '/i111{/i /ll.l' 

~ Cacnidac 

i--- Cae11is 

~ hemerellidae 

i----Eurrlophella 

~ l to h y p h i cl a e 

~ichon ·rhodes 
~ '' tsonyc huclae 

i------ /sonychia 

- H eptageniidae 

Leucrocuta 

Macca/Jer1i11111 

s ,enacron 

~ s,enone111a ,/e11101·atun1 

GASTROPODA 

Ancyliclae 

Planorbidae 

Physidae 

Pleuroceridae 

Lymnaeidae 

HEMIPTERA 

Mesoveliidae 

,\ fesove/ia 

Sa ldidae 

Pentacora 

Hydrocarina 

ISO PODA 

Asellidae 

Lirceus 

LEPIDOPTERA 

r-:----r-- 175 R1ftle I R·rn ,...__ __ 'T"---__ 

co ll cctor-gath-e,·e,· ~-----.L--1 
e 2 __!liffle 3 R·r -r----..::---.-----

~ 28 · - 1 Ile 4 Rifll T -~ 22 -~ e otal Pool 

co ll ector-gatherer 

co ll ector-gatherer 

co I lector-gatherer 

co ll ector-filterer 

co ll ector-gatherer 

scraper 

scraper 

scraper 

grazer 

grazer 

grazer 

grazer 

grazer 

predator 

predator 

predator 

co l Jector-ga therer· 
(scavenger) 

2 

21 

53 

8 

17 

10 

--
2 

52 __ -,--~___::__-L'---' J 
,---t---L_J 

----,--t- _:._2_ -i----.:)~-J 
----r--+---k_J 

12 
42 169 

33 16 102 

16 

12 79 26 13.J 

22 

20 

f--~--.:::C:.:_r:·am=bi'._'.'.d:_a::_e ---1------,-=J----+--:➔-_-_-l-_-_-_-_-_i------~➔:::J;~~~~ 
Elophila shredder 

Pe1rophila shredder 

MEG ALOPT ERA 

--+---- 8 ---- , [ ___ L-~-.-J---,_ _ _::C~o~r)~'d~a~l~id~a~e----1------:----- I 4 I ~ 
predator _ L--__ Con'da/11 1· corn11111s ...._ ., . 



~ 1,1110 llritlg,·. conl'tl --- 176 ~ iflle ,-r---i--- \ 1gn1111<1 pn:dator ~ Rift1e 2 Riffle 3 --:---r------
-- Rtftle 4 Rifll T ----- -- --~ e otal Pool 

ODONATA - t---- ----- Ac~hnidac -- -~ i------
/Jor l'riu 1·ino.\'(I predator -~ ---- (ocnagionidae 

c--
.-lrgio predator 

4 I <--
£110/lag111a predator s 3 - Calopterygidae 12 -Calop1en:r di111idic11a predator 

- Calop1errx maculma predator 
- Hewerina americana predator 2 
~ 

Conluliidae 2 I 

Epitheca predator 

,\ ·e11rocord11/ia predator 

Somatochlora predator 
I 

Gomphidae 

Dro111ogo111phus predator 

Comphus predator 

Haegenius brevistylus predator 

Srrlogomphus predator 3 3 

Libellu lidae 

£1)'the111is predator 

libellula predator 

Macromiidae 

.\lfacro111ia predator 
I 

13 12 13 12 so 59 
Oligochaeta co ll ector-filterer 

PLATYHELM INTHES 

7 
7 

Planariidae omni voro us 

PLECOPTERA 

Perlidae 2 
I 

I 

Acroneuria predator 
9 29 51 

6 7 
Agnetina predator -

~ 
.\'enperlu predator -

TRI CHOPT ERA I 

~ 

I 
pupae --~ 

15 
_ Brac hyccntridae ---~ I 

shredder 
8 L--------

.'v!icruseow L--



.-
~,, 1110 llridg,·. co nt'd --------- 177 Rifl1et R' :---

~ ,•lintp~~Thidac --- - •file 2 R · ffl r------
---- I C 3 Rime 4 ~ --- //dico11s1't'i1e - r------r-----~e Total Pool scraper --r----- -

~yd rops~'ch id ae --r-----------
-r---------_ -

i--
Che1111111rops1 'Ci1e co ll ector-fi lterer 

616 - r--------- ~ -- C eroro11s1 die collector-fi lterer 
72 

~ 228 
93 - 174 1090 

i--
t-h-drops, ·che 

19 77 2 
co l lector-tilterer 34 155 344 

-

i------ 7 14 2 
,\/acroste11111111 co llector-fi I terer 26 71 126 -

.....-
Hydroptilidae 40 41 107 - H1drop1i/a piercer-herb ivore - O.rre1hira piercer-herbivore 22 - Orthotrichia piercer-herbi vore 3 107 - Lepidostomatidae 3 6 

Lepidos10111u shredder 2 
Lcptoccridae 2 4 

Ceraclea co ll ector-gatherer I 2 3 6 
.\1/rstacides co ll ector-gatherer 

.\'ectopsrche shredder 

Oecetis predator 2 4 6 19 
Triaenodes shredder 2 2 5: 

Limnephilidae 

P; ·c1111p.1)'Ci1e shredder 

Philopotamidae 

Chi111arra co I lector-ti I terer 27 74 103 204 40 

Ph~-gancidae 

Prilos10111is shredder 

Polyccntropodiclac 

,\'eureclipsis co llector-fi lterer 

X,·ctioph)'iux predator 

Poh·cemropus predator 
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;\n!..'.c li11 a Domini que "Angel" Fowl 
- er was born in K·1 

I een Tex t , . , . . ' as o parents 
R. ·lrird ( . FO \\ lei and Susanne Gllbeit-Fo I S 

1c , w er he h h 
. as t ree younger brothers, one of 

hi ch \\·as bo rn to the same mother BenJ· am · C 
1 

11 
' 

111 ar Fowler d 
. ' an two half-brothers, Caleb 

Richard FO\\·ler and Trav is John Fowler, born to th . 
1 eir ate mother Teresa M . F ane owler. 

An2:e l was a member of a military family where sh t · 
1 

. 

~ e iave ed to vanous destinations, but 

raised most of her life in Oak Grove, Kentucky where h h . 
er mot er res ides. She attended 

Ch ri stian County Hi gh School in Hopkinsville Kentucky = d t· . ,., 
' , s• a ua mg m 200J where she 

hort ly began Austin Peay State University (APS U) Throuohout coll I 
· o ege, s 1e was a 

sen er at the local Red Lobster, providing people with a smile and fantastic serv ice every 

time she wo rked. She also interned at the Nashville Zoo where she had a chance to work 

11·ith giraffes and other hoofstock. Once her undergraduate degree in Biology was 

conferred in summer 2009, Angel began graduate school that fa ll at APSU under the 

direction of Steven W. Hamilton, concurrentl y beginning her position as a Research 

Ass istant fo r the Center of Excellence for Field Biology. 

d rious mettin os including Tennessee During graduate schoo l, Angel presente at va 0 

. ·et and Society for Freshwater 
Academy of Sc ience, Tennessee Entomological Soci Y 

. . ) She has won a few awards 
S · , . B tholoa1cal Soc iety • c1ence (tonn erly orth American en ° 

. . I and had the opportunity to present her 
fo r presenting, was apart of an APSU commeicia' 

I I d her fellow graduate 
. S .· s She also 1e pe 

research at the 20 I 1-20 12 Provost Lectw e elle · 
. . . well-rounded knowledge of 

st d . fi Id tec h111 c1an to ga111 
· LI ents on numero us projects as a ie • ·11o her 

. • by continu1 o 
. f · hwater biodi versity 

fl" I . 1· nserv111 0 i es 10 ogy. Ange l hopes to be a part o co 0 
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. --1rchinl! invas, c macrophytes in freshwater ecosystems D ct· 
i .. ,1 it)l1 rc::-1.:, - . epen mg on 

,o\ll• 

_ iti cs ari se, however, will ultimately determine her future 
I 

' \ O\)pOI tun . 
,,· 1,\ 

\ 
-
5 

n-, arried to Jerrod W. Manning and they have 5 cats: Conan Roxy 
Ange , , ' 

. and Mitzi, and one dog: Whiskey. The couple anticipates continuing their 
oood\es, Pete1 

1 
\"fe foss i \ hunting, nature treasure collecting, and frolicking in the 

journey throug 1 , . . 

. h love in their hearts and sm1 \es on the1r faces. 
,,·i\derness wit 
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