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ABSTRACT 

One of the most widespread · and far-reaching human alterations to natural lotic 

systems is the construction of dams. The type and degree of the resulting downstream 

impact is dependent on the size, structure, and nature of the impoundment. The Narrows 

Dam is a hypolirnnic-release, peaking hydropower facility impounding the Little Missouri 

River in Pike County, Arkansas. Hypolimnic releases are typically cold, clear, and anoxic. 

Peaking hydropower generation is characterized by highly fluctuating flows. Evaluation of 

the benthic community below Narrows Dam in 1992 showed low overall abundances and 

diversity in the macroinvertebrate populations closest to the dam, with some recovery 

evident at the more downstream sites. This bioassessment of the Little Missouri River 

indicates that the impoundment is having an impact on the overall health of the aquatic 

system in the tailwaters. Effects of this impact were manifested at both the community 

level and the specific taxon level. An aggregation of physiochemical alterations related, in 

general, to impoundments, and specifically to hypolimnic release and peaking hydropower 

generation is the likely source of the impact observed. Disruption of nutrient pathways 

and temperature regimes, low dissolved oxygen, and highly fluctuating flows all contribute 

to the overall impact upon the instream biota. In addition to the spatial differences in 

benthic communities, differences between seasonal samples at the community and taxon 

level were also observed. 
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INTRODUCTION 

One of the most important natural features in a mesic landscape is the presence of 

rivers and streams. These lotic, or running, freshwater environments support an 

abundance of specialized plant and animal species. Running waters are also vital to human 

civilization, and many of the world 's great cities are located along the major rivers. 

Human uses of flowing surface waters include drinking and industrial water supply, 

irrigation, navigation, recreation, power generation, and waste disposal . Although the 

significance of the lotic environment is enormous, the magnitude is not, and at any given 

time only 0.0001% of the Earth 's water is in ri er channels. This is only one-tenth of the 

amount in the atmosphere, and 1/ 10,000 of that occurring in the groundwater. 

Nevertheless, the riverine environment still in ol e large olume annually carrying about 

37,000 cubic kilometers of water to the oceans. It ha been estimated that the amount of 

energy expended by running water in a ear is 101
' k hr, or about 100 times that 

produced by humans from all sources in 19 0 (Hyn , 1970). 

Human activity, both direct and indirect, has profoundly affected rivers and 

streams in all parts of the world . Twent -se en ears ago H.B. . Hynes (1970) declared 

" · · I d.ffi It to find an stream hich has not been in some way altered, .. . 1t 1s now extreme y I cu 

d b bl · · 'ble to find an such ri er." One of the most widespread of an pro a y quite 1mposs1 

· · h b n the construction of dams. The earliest known human impacts to lot1c systems as ee 

. d t 2759 BC The peak of dam-building occurred in 
dam at Sadd el Kafara m Egypt, ates o · 

' 
. 5 . h •ght being completed at a rate of over 200 per 

the late 1970s with dams over 1 m m ei 
' 



year in 
2 

orth America, and over 700 per year world-wide. It is estimated that, by the year 

2000, over 60% of the total streamflow in the world will be regulated (Petts, 1989, as 

cited in Allan, 1995). 

Dams are built for a variety of reasons, water storage, flood control, navigation, 

and power generation. Despite their popularity and possible economic benefits, dams have 

many negative and profound effects on rivers. The type and degree of impact is influenced 

by the size, purpose, and operation of the dam (Allan, 1995). However, a general suite ·of 

impacts have been documented below impoundments, resulting from fundamental changes 

in the physical and chemical properties of the tailwaters. These changes arise from the 

reduced mixing, increased sedimentation, and thermal stratification that occur in the 

introduced lentic reservoir environment (Gore et al., 1990), and can have a profound 

effect on the downstream biota. The natural stream system is characterized by an 

upstream-downstream connectivity and continuous gradient of physical conditions to 

which lotic biotic communities have become adapted (Vannote et al., 1980). This 

continuum is broken by the artificial introduction of impoundments. 

The diversity and abundance of the various organisms within an aquatic 

community is the result of the interaction of numerous factors, including flow, substrate, 

t t t hemt.stry aquatic and riparian vegetation, and food availability. empera ure, wa er c . , 

R I · f · 1 fr e flowing water-course may directly or indirectly affect all egu atton o a previous y e -

h I t. of the river's natural annual and daily flow cycles and 
t ese factors, however, a tera 10n 

t 
. th ught to have the greatest impact (Armitage, 1984). Again, the 

emperature regime are o 



3 
degree and nature of tailwater · · ·nfl · 

impact 1s I uenced by the nature of 1mpoundment and 

release. Biological expression of· t ffi · · 1mpac e ects may cease after Just a few kilometers, or 

continue up to 80 km downstream (Allan, 1995). Even the damming of small headwater 

streams to create recreational "lakes" can have profound impacts, affecting fauna more 

than two miles downstream (Hilsenhoff, 1971 ). 

The Narrows Dam in Pike County, Arkansas, was completed by the U.S . Army 

Corps of Engineers (COE) on June 15, 1951, forming the Lake Greeson reservoir by 

impounding the Little Missouri River. The Little Missouri 's headwaters lie within the 

southern margin of the Ouachita National Forest, and the upper and middle reaches of this 

stream were historically known for its natural beauty and excellent warmwater fishery. In 

1985 the Arkansas General Assembly passed an act placing the remaining 29-mile 

unregulated stretch of the Little Missouri, from the headwaters to Lake Greeson, into the 

Arkansas Natural and Scenic River System, one of only four river systems in the state so 

designated (Arkansas Natural Heritage Commission, 1997). 

The Narrows Dam is a so-called "deep-release" impoundment, a class of dams 

which have a profound effect on the downstream temperature regime. From its 

· I · 1953 through the time of this study the Narrows Dam released operatlona startup m ' 

d fr h I. ·c 1·ntake pipes located at 486 feet above sea level (Waylen water rawn om ypo 1mm , 

. . b D' t . t personal communication). Water to be discharged is Hill, 1997, COE Vicks urg ts nc, 

. d the bottom of the impoundment, in the hypolimnion, drawn from intakes locate near 

Hypolimnic releases affect both the natural die) and 
where the coldest water stratifies. 
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annual temperature cycles downstream. Th 

ere is considerable thermal inertia within a 

large volume reservoir, thus normal daily temperature fluctuations are much reduced 

below dams with a regular hypoli · I rnruc re ease (Allan, 1995). Seasonal cycles are also 

altered, with lower than normal s d hi ummer, an gher than normal winter temperatures 

downstream of the dam. The overall amplitude of the yearly thermal variation is 

dampened due to the regulating effect of the reservoir (Petts, 1984). Tailwaters of deep

release projects are often characterized by low biomass and diversity of fishes; although 

some warmwater organisms may be able to survive below the dam, they are unable to 

reproduce due to thermal and chemical conditions (Gore et al., 1990). 

Hypolimnic release may affect water quality downstream in other ways. The most 

serious effects, at least immediately below the dam, are often due to the release of oxygen

depleted water from the near-anaerobic hypolimnion (Allan, 1995). Low instream oxygen 

concentrations become especially devastating during periods of minimal flow between 

discharges (Trotzky and Gregory, 1974). A potential side effect of deoxygenation, and 

one that is seen below the Narrows Dam, is the increase solution and elevated 

concentrations of manganous and ferrous ions. This leads to the formation of black 

deposits downstream of the reservoir as re-oxidation occurs (Armitage, 1984). 

Many of the documented impacts associated with deep-release impoundments are 

known to affect the Little Missouri River below the Narrows Dam, and were su~arized 

in a 1986 COE Project Modification Report. These problems most strongly manifested 

h 
• 1 blic's perception in the precipitous deterioration of 

t emselves, at least m the genera pu ' 
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the downstream fishery Attempts to restock native fish were unsuccessful. Recreational 

fishing in the lower reach of the Littl Mi · · 
e ssoun now reltes upon the stocking of non-native 

coldwater trout by the Arkansas Game and p1·sh c · · 1- · d b ommiss1on, urute to Novem er to 

April due to minimum flow considerations during the rest of the year. 

A combination of dam-related physical alterations is thought to be responsible for 

the impact upon the pre-impoundment fish community. During summer stratification in 

the reservoir, release concentrations of iron and manganese are high (and must be treated 

for by the Murfreesboro drinking water plant 12 km downstream). Tailwater oxygen 

levels are typically I. 7 mg/L in summer, far below the EPA' s water quality 

recommendations of 6.0 mg/L for warmwater, and 9.5 mg/L for coldwater fishes' early 

life stages (US EPA, 1986). The deep release of the Narrows Dam also creates low 

summer temperatures, and an overall dampening of the annual thermal fluctuations. The 

magnitude of the effect of hypolimnic intake ports on the Little Missouri can be seen in 

comparison with an adjacent river basin, the Caddo River below DeGray Dam, a 

hydropower facility which has a multi-depth intake structure designed to moderate the 

discharge temperature (Figure I). The temperature regime, as well as other water quality 

parameters affected by deep-release (i .e. 0 2 , Fe, Mn), are less severely impacted below 

this dam, and this may be reflected in the downstream fisheries. The tailwater sportfish 

I · b I D G D was 43 2 lbs of fish per acre in 1983, almost four times popu at1on e ow e ray am · · 

greater than the 11.4 lbs. fish/acre supported below Narrows Dam (US COE, 1986). 
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In addition to the general ffi t f · · 

e ec s o 1mpoundment and the problems associated 

with hypolimnic release, the aquatic ecosystem of the Little Missouri is also subjected to 

severe flow manipulation. The N. D · h · 
arrows am 1s a ydropower-generating facility, 

operated by the COE. In 1968 a third turbine was added to the two originally on-line, 

each of these with an instantaneous generating capacity of 8500 kilowatts (Waylen Hill, 

1997, COE Vicksburg District, personal communication). The Narrows Dam is operated 

only for peaking hydropower production. Typically, peaking power operations are 

characterized by storage of water in the reservoir when electrical demand is low, then 

release through the turbines during increased demand. This results in one or two large and 

rapid releases each weekday, with little to no discharge at other times (Cushman, 1985). 

The Narrows Dam follows this same operational pattern, generating for only 1-2 hours per 

day, if at all. For each of the three turbines that is on-line and generating, just over 1,000 

cubic feet per second (cfs) of water is discharged through the dam into the Little Missouri. 

Except for these generational surges, the only water released is leakage from the dam 

(about 15 cfs) (Waylen Hill, 1997, COE Vicksburg District, personal communication). 

While all dams alter the natural hydrology of impounded streams, the greatest 

· d fi king hydropower production. The seasonal and impacts occur below dams use or pea 

· · I t d stream are determined primarily by precipitation daily flow patterns m an unregu a e 

fr very low (in late summer) to flood level, patterns within a watershed. Flows range om 

with most flows at an intermediate level, and usually with a gradual rate of change. These 

altered below peaking hydropower dams, with flows 
patterns are substantially 

. . d generational discharges. Generational flows are 
concentrated around the mirumum an 
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less than flood flows, but occur much more fr 1 ft . 

equent y, o en daily or weekly. Thus, the 

hydrology below peaking hydropower dams is one in which seasonal strearnflow variation 

is dampened, while daily flows can fluctuate wildly (Gore et al., 1990). 

This altered pattern historicall h b 'd · · · Y as een eVI ent m the hydraulic regime below the 

Narrows Dam. Figure 2 provides USGS-gauged daily mean flows for the Little Missouri, 

just below the dam, and the nearby unimpounded Muddy Fork for the 1958-59 water year 

(the last year data for the Muddy Fork was recorded). The natural hydrology of the 

Muddy Fork responds to a rain event, then the discharge level gradually declines until the 

next rainfall . The regulated hydrology of the Little Missouri is quite different, responding 

only to dam releases, and immediately dropping to the baseline leakage flow once 

generation ceases. These radical shifts in discharge are even more pronounced than is 

illustrated in this graph of daily means, since all the recorded flow actually occurs only 

within the few hours during power generation. For most of the year the Little Missouri 

near the dam receives only the baseline leakage release, while an unimpounded stream 

such as the Muddy Fork will only occasionally reach "low-flow" conditions in the late 

summer or early fall. The effect of the Narrows Dam upon the hydraulic regime of the 

Little Missouri is not limited to the area immediately below the dam, but continues far 

downstream (Figure 3). In between the gauging station on the Little Missouri River just 

below the dam, and the station just under 18 river kilometers downstream near 

M rfr b h I t d Muddy Fork enters the Little Missouri, as well as a few 
u ees ore, t e unregu a e 

· . d · nflux The resultant hydraulic regime at 
minor, intermittent tributanes and groun water 1 

· 

. (F' 38) is an amalgam of natural, precipitation-
the downstream Murfreesboro station igure 
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d . "nfl ·11 11 nven I ow, as I ustrated using the b 
near Y, unregulated Antoine River (Figure 3C), and 

the regulated, generational flows (Figure )A) As b ti h 
• e ore, t e many recurrent, short-term 

discharge surges recorded at the Murfreesbo t t· 
ro s a 10n may actually be of greater 

magnitude than is illustrated using a daily mean, alth h t · b I h oug no as extreme as Just e ow t e 

dam due to amplitude dampening during downstream passage. 

This pattern of alteration to the hydraulic regime may affect both stream 

morphology and biota. Long and frequent periods of minimal flow, the rapid onslaught of 

generational surges, and the continual short-term fluctuations in flow can all contribute to 

the total impact. The sudden change in flows can result in entrainment of organisms 

during high flows or stranding as waters recede. These rapid fluctuations also may 

stimulate downstream drift of invertebrates, depopulating the tailwater area, and eliminate 

suitable spawning grounds for fish species (Cushman, 1985). Repeated high flow surges 

can destabilize banks; scour the streambed near the dam, eliminating benthic fauna and 

plants; and subsequently increase sedimentation belo~ these areas of erosion (Armitage, 

1984). These and other changes in the physical habitat are most pronounced over the first 

several years of project operation, with the channel approaching a relatively stable 

equilibrium in later years (Gore et al. , 1990). 

· · h d 1· in the fishery below the Narrows Dam, there have Pnmanly due to t e ec me 

· • f" mpact mitigation, either through operational or 
penod1cally been calls for some type o 1 

. . p . to this survey, however, no improvements had 
structural mod1ficat1ons at the dam. nor 

, . f on in the 1950' s there has been an increased 
been implemented. Since the Narrows mcep 1 



understanding of the nature of impound . 12 

ment impacts and the effects upon the stream 

biota, as well as possible methods for im . . 
proVIng water quahty downstream. Using the 

latest information, in 1986 the Vickshur D" · 
g istnct of the COE initially proposed a package 

of mitigation projects designed to lessen the i t f h . mpac s o t e presence and operation of the 

Narrows Dam upon the Little Misso · Ri Thi · un ver. s proposal mcludes moving the intake 

point higher in the water column and the construct· f 1 · km , ion o ow wetrs over a 10 reach 

downstream of the dam. Theoretical improvements would be increased discharge 

temperature and dissolved oxygen, reduction of metal precipitation, additional habitat, and 

a moderation of water level fluctuations downstream of the dam (US COE, 1993). 

The current study originally began in association with these proposed COE 

projects. It was devised to evaluate the degree of improvement in the health of the Little 

Missouri effected by the implementation of the COE proposal. Specifically, the original 

design involved analysis of the benthic community at the proposed weir sites before and 

after construction. As a result of several factors, including a delay in the implementation 

of the COE project, the original focus of the study was altered to concentrate only on pre

mitigation conditions. The current study primarily examines the effect the presence and 

operation of the CO E's Narrows Dam has on the biological health of the Little Missouri 

River, through characterization of benthic macroinvertebrate communities at sites located 

progressively further downstream of the dam. A secondary aspect of this study is the 

· · · h b thic community within each site. charactenzat1on of temporal changes m t e en 
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Assessments of the degree of · 

impact to water quality and habitat, or the overall 

health of an aquatic system have in r t · • 
, ecen years rehed mcreasingly upon biological 

monitoring. "Biomonitoring" is the ·use of bt"ol · I · 1· · · ogica responses m 1vmg orgarusms, or 

communities of organisms, to evaluate the recent past or current condition of an 

environment. The organisms used for biomonitoring studies may be either native to the 

environment (i .e. bird counts), or may be introduced to the environment (i.e. canary in a 

coal mine). For freshwater systems, fish, macroinvertebrates, and algae are among the 

biota historically surveyed to diagnose ecological health. Currently, macroinvertebrates 

are by far the most commonly used group of organisms for assessing water quality 

(Rosenberg and Resh, 1993). They are ubiquitous, and therefore are available over a 

wide variety of aquatic habitats. Most species have a complex life cycle of one year or 

more; sensitive life stages will respond quickly to stress, while the overall community will 

respond more slowly. Macroinvertebrates have limited mobility, thus cannot avoid 

periodic "pulses" of a contaminant as many fish species can (Plafkin et al., 1989). Thus, 

macroinvertebrates act as continuous monitors of their environments, enabling long-term 

analysis of regular or intermittent impacts that simple chemical analyses often miss 

(Rosenberg and Resh, 1993). This study will characterize the instream benthic 

· b ·t fior use as an indicator of the overall impacts to the water macromverte rate com.mum y 

. f h L"ttl Missouri River below Narrows Dam. quality, physical habitat, and b10ta o t e 1 e 
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STUDY AREA 

This project involves a reach of the Little Mi . Ri 
ssoun ver, in Pike County, 

southwest Arkansas. The J genera area considered during this survey extends from the 

Narrows Dam downstream approximately 1 o 5 kil t (F" ) • ome ers 1gure 4 . The town of 

Murfreesboro lies about 3 .2 km south of the most d t d · owns ream stu y site. Lake Greeson, 

the impoundment formed by the Narrows Dam, has a minimum draw-down level of 504 

feet above mean sea level (ams!). At this level the lake has a surface area of 2510 acres. 

At the spillway level of 563 feet (amsl), the lake covers 9820 acres, and has 202,100 acre

feet of storage. The maximum power-generation level is 548 feet (amsl) (Waylen Hill, 

1997, COE Vicksburg District, personal communication). 

At the Narrows Dam, the Little Missouri River has a 614 km2 drainage area; a 

rugged, wooded, and sparsely populated terrain that includes the Caney Creek State 

Natural Area. Most of the watershed above Lake Greeson encompasses parts of the 

Caddo and Cossatot Mountains. The area immediately surrounding the tailwater reach 

considered in this study is also dissected and remote. A good portion of this region is 

managed by timber industry, displacing the native Oak-Hickory Association (Vankat, 

1979) with pine-dominated stands. Several other smaller streams, including the West 

Fork, Self Creek and Bear Creek, are also impounded by the Narrows Dam and form 

b f L k G Just west of Murfreesboro the Little Missouri is joined em ayment arms o a e reeson. 
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Figure 4. Topographic map of Lake Greeson and surrounding area. Contour interval= 20 
meters. Source: U.S. Geologic Survey. 1986. 30 x 60 minute map series: Arkadelphia, 

Arkansas. USGS, Reston, Virginia. 
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by the Muddy Fork, a major tributary. Much further downstream, after being joined by 

the Antoine River, the Little Missouri empties into the Ouachita River. 

The study region lies on the boundary between two ecologically distinct regions, as 

mapped and defined by the U.S. EPA (1995). The upper watershed and impoundment are 

situated in the Ouachita Mountain Ecoregion. The lower portion of the Little Missouri 

flows through the South Central Plains Ecoregion. The study reach lies within a transition 

area between the rugged Ouachita foothills and the more level Plains. Here the Little 

Missouri is a large fourth order stream, with a moderate gradient of about 1.5 m/km. 

Stream elevation drops from 400 feet (amsl) near the dam face to about 350 feet (amsl) at 

the most downstream survey site. Within the study reach, several small tributaries enter 

the Little Missouri, all designated as intermittent on USGS 7.5 minute topographic maps 

(Narrows Dam, Ark. and Murfreesboro, Ark. quadrangles). 

METHODOLOGY 

Data Collection 

A total of four sites along the Little Missouri study reach were sampled (Figure 5). 

. . re rovided in Table I in order of increasing The designation and location of these sites a P ' 

. Riffi habitat is similar at all sites, primarily cobble 
distance from the Narrows Dam. e 

d ·th an occasional boulder. Darkly stained substrate 
underlain by small gravel and san , wt 

. . I reater amounts at the Hinds Bluff site. 
are present at each site, but m seeming Y g 
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Figure 5. Map of sampling sites on the Little Missouri River below Narrows Dam, Pike County, 
Arkansas. Scale 1:43,750. Base map© 1993 DeLorme Mapping. 
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Table 1. Location of study sites L. 1 . 18 on 1tt e Mi · Ri 
County, Arkansas. Distances from d . . sso~n ver below Narrows Dam, Pike 

am are m nver kilometers. 

SITE NAME 

Hind's Bluff I 

Hind's Bluff II 

Old Factory 

Low Water Bridge 

Distance 
from dam 

2.96 TV km 

3.65 TV km 

8.12TVkm 

10.42 TV km 

Distance from Latitude / Longitude 
Murfreesboro 

7.2km 34°07'36" NI 93°42'03" W 

7.1 km 34°07'38" N / 93°41 '36" W 

4.9km 34°06'03" NI 93°42'56" W 

3.2 km 34°05'09" NI 93°42'29" W 

The stream is wide enough to receive direct sunlight despite a fairly intact riparian zone. 

Occasional macrophyte beds are located along the stream margins. 

All but the Hind' s Bluff II site were selected to align with the COE-proposed weir 

positions. The designation "Hind's Bluff' refers to the proximity of these two sites to a 

high, steep natural feature of the same name paralleling the right descending bank. Both 

of these sites are relatively inaccessible to the general public. The "Old Factory", a pre

Civil War garment factory, is reduced to foundation ruins, but the location is now an easily 

accessible COE-maintained picnic area, reportedly popular with local fishermen. The most 

downstream site was located just upstream of a county road crossing, and is designated 

for this "Low Water Bridge". 



Benthic macroinvertebrate sam 1 p es were collected from the designated sites on 

February 8, April 3, August 22, and· October 31 , 1992. 
Due to difficulties in securing 

access from the COE Rind's Bluff II d 
' was use on 2/8/92 and 10/31/92, and Hind's Bluff I 

was sampled on 4/3/92 and 8/22/92. The Old Fact d L w • · ory an ow ater Bndge sites were 

used every sampling event. Only data fr th A om e ugust and October dates are used in this 

research paper. 

A sampling event consisted of the collection of benthic macroinvertebrate samples, 

along with corollary data, from each of three study sites. At each site, five 0.1 m2 samples 

were collected from a riffle area using a modified Hess sampler, yielding a total of 15 

samples per date. Hess-type samplers allow for collection of all macroorganisms within a 

given surface area, and thus provide quantifiable benthic samples (see Merritt et al ., 1996, 

for a description of this type sampler and discussion of limitations). Stream habitats with 

larger, more heterogeneous, and stable substrate are known to support a higher diversity 

and biomass of invertebrates than other stream habitats (Minshall, 1984). In most streams, 

riffles provide this type of habitat, and are used in over 90% of lotic studies (Resh and 

McElravy, 1993). At each site, the placement of the individual samples within a riffle was 

quasi-randomly selected across a stream transect. 

. . .d 1 1 the Hess sampler was firmly embedded about 5 cm 
For each md1v1 ua samp e, 

1 ned with a small scrub brush, and the remaining 
into the substrate. Larger rocks were c ea 
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benthos within the sampler was thoroughly agitated to a depth of about 5 cm to dislodge 

all macroorganisms. The sample thus obtai·ned was pl d · · d' 'd I · d ace m an m IVI ua container an 

preserved in the field with 80% ethyl alcohol. The substrate of each sampling point was 

visually categorized as to particle sizes and relative abundances (i.e. "primarily medium 

cobble with some gravel"). The Hess sampler was removed and the water depth of the 

sampling point was measured, then, a point velocity was measured at 0.6 x depth from the 

surface using a Teledyne-Gurney pigmy flow meter. A point velocity taken at 0.6 depth 

provides an accurate and reliable approximation of the mean velocity of the water column, 

and is the U.S. Geological Survey's preferred method for measuring mean velocities in 

streams less than 2.5 feet deep (Buchanan and Somers, 1976). These procedures were 

repeated for the five samples collected from each study site during each sampling date. 

The individual benthic samples were returned to the laboratory and the preserved 

organisms were separated from inorganic debris using a dissecting microscope. All 

organisms collected were identified to the lowest practical taxon, using a variety of keys 

(Merritt and Cummins, 1984; Brigham et al. , 1982; Stewart and Stark, 1988; Pennak, 

1989). 

Data Reduction and Analysis. 

1 d and the benthic organisms identified, the 
Once the replicate samples were c eane 

d 
. using various biometrics. Biometrics attempt to 

raw data was subjected to re uction 

structure and composition of a biological 
quantify various aspects of the overall 



21 community. Resh and Jackson (I 993) and Plafkin et al. 
(I 989) provide a good overview 

of these community measures. Th · 
e metncs used for this study are some of those most 

commonly used in benthic stream stud· p · • 
ies. nmary metncs used include density, total taxa 

richness, EPT (mayfly, stonefly and cadd" fl ) · • 
, is Y taxa nchness, and Biotic Index. Density is 

simply an enumeration of the number of organisms per unit area (in this case 0. lm2). 

Measures of richness describe the number of distinct, specified taxonomic groups ( e.g. 

family, species). The number of taxa within the generally pollution-sensitive families 

Ephemeroptera (mayflies), Plecoptera ( stoneflies ), and Trichoptera ( caddisflies ), EPT taxa 

richness, is a often good indicator of the degree of impact at a particular site (Lenat, 

1988). The Biotic Index is a measure of the pollution-sensitivity of the benthic 

macroinvertebrates within a sample as a whole. It requires pre-established water-quality 

tolerance values (TV) assigned to the various taxa based on historical and experimental 

data. For this study, values based on North Carolina Department of Environmental 

Management (NC DEM) tolerance tables were used (Lenat, 1993). The lower a taxon's 

tolerance value, the more sensitive to pollution (zero minimum); the higher the value, the 

more tolerant (10 maximum). For a given sample, the individual taxa's tolerance values, 

· h d b h · b d are summed and divided by the total abundance to calculate we1g te y t eir a un ances, 

h B. · I d Th 1 a comrnuru·ty's Biotic Index, the more sensitive to pollution, t e 10t1c n ex. e ower 

and by inference, the higher the water quality is at that site. 

. . d . hi study include percentage of pollution sensitive 
Secondary b10metncs use m t s 

t" s of EPT/CO and Filter Feeders/Scrapers, 
taxa, analysis of functional feeding groups, ra 10 



22 and comparisons of dominants in comm d . . on an comm t · •i . urn Y Smu anty. Pollution sensitivity 
percentages of taxa examines a comm · . 

uruty charactenstic similar to the Biotic Index, 

except abundances are not a factor • Thi 11 fi 
· s a ows or the detection of the presence or 

absence of rare sensitive organisms. Taxa w · . . . . 
_ere assigned to pollution sens1t1V1ty categories 

based on their tolerance values in the followm· • 
' g manner: intolerant [TV= 0.00 - 3.50] ; 

facultative [TV = 3.5 I - 6.50] · tolerant [6 5 I _ 10 00] A · · ' · • . commonly used ratio 1s 

between the abundances of pollution-sensitive EPT t d b f h axa an mem ers o t e 

Chironomidae (midges) and Oligochatea (worms), or CO taxa. The latter groups are 

generally tolerant and opportunistic, with some species thriving in grossly polluted waters 

(Platkin et al., 1989). 

Functional feeding groups (FFG) measures are based on the morphological 

structures and behaviors responsible for food acquisition by benthic community taxa. 

Merritt and Cummins (1996) provides a good description of the various feeding-groups 

(Chapter 6), as well as designations for most genera. Feeding-group designations for 

individual taxa in this study follows NC DEM (Biological Assessment Group, Charlotte, 

NC, unpublished data) classification scheme. Changes in the proportions of these 

categories can indicate a community-wide shift in food availability or interference with one 

· · nI d metn·c based on functional groups is the or more feedmg strategies. One commo Y use 

t. b fil r. d (FF) and scrapers Filter feeders consume suspemded · fine ra 10 etween ter 1ee ers · 

d fr m the water column, while scrapers graze 
particulate organic matter (FPOM) screene O . 

on algae attached to mineral and organic surfaces. 
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The last two secondary metrics used . . . 
m this study differ from those previously 

described because they are comparisons f . 0 one sample population to another. For this 

study, the Hinds Bluff and Old Facto · · 
ry sites were compared to the downstream Low 

Water Bridge site. Dominants in common h compares t e five most abundant taxa at each 

site, an indication of similar community composition (Shackleford, 1988). Another index 

used for further comparison of the ove ti d f · · · · ra egree o snrulanty m structure between two 

communities is Percent Similarity, which examines individual taxa presences and 

abundances as a percentage of the whole benthic assemblage. 

The biometrics were applied to the data in two different forms. Primary metrics 

were applied to both individual replicates, and to pooled data ( combined raw data from all 

replicates for a given site and date). For replicate metrics, means were calculated and 

analyzed for significance. Secondary metrics were applied only to the pooled data, to 

reduce variability and ensure larger representation . in the various metric categories. 

Statistical tests for significance included two-way analysis of variance (ANOV A) for 

interval level data, and chi-square for categorical data. Statistical analyses were 

accomplished using computer statistic packages and textbooks (Ambrose and Ambrose, 

1987; Siegel and Castellan, 1988). 
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RESULTS 

Sampling on August 22, 1992. and October 31, 1992 resulted in the collection and 

identification of a total of 3 322 benthi · • , c macromvertebrates representing at least 49 

distinct taxa from the Little Missouri River below Narrows Dam. A complete taxa list 

with abundances for each replicate sample is provided in Appendix A. As stated 

previously, all organisms were identified to the lowest practical taxon; genus for most 

groups. One notable exception was the mayfly genus Stenonema, which was broken into 

individual species due to the significant contribution of this group to the overall benthic 

community and the author's experience in discriminating morphological differences within 

th.is genus. A brief description of these and other flat-headed mayfly taxa (Family 

Heptageniidae) is provided in Appendix B. 

The raw taxa data for the individual replicate samples was reduced using four main 

biometrics, described previously. Th.is data, with the associated physical micro habitat 

characteristics of water depth, velocity, and substrate is provided in Appendix C. One 

trend which may be quickly noticed is the amount of biometric variability, even within the 

same site and date. Several of these measurements have been shown to be highly variable 

. 11 1 ( ) and in the absence of any water quality impacts (Lenat 
spatially, even on a sma sea e cm 

1 d non-random aggregate) distribution of 
and Barbour, 1994). A "patchy" (or c umpe ' ' · 

. h b't ts and frequently results from the patchiness 
insects is a common feature of aquatic a 1 a ' 

(Mi hall 19g4). For this reason it is good 
of microhabitat factors, especially subStrate ns ' 



25 sampling design to collect replicate samples spread th · h d 1· · 
, over e varymg y rau 1c regimes 

present at the study site. 

Although a variety of hydraulic conditions were sampled within each site, no 

statistical differences were found in the water depths or velocities of the replicates chosen 

between either the sites or dates sampled during this study (see Appendix D). In addition, 

the substrate sampled was generally similar at each site. Therefore, although there may be 

variability between any two individual replicates, the mean biometric scores for one site 

should be very similar to the means at a different site, provided the two sites are 

supporting very similar benthic communities. Means of several biometrics for each 

sampling event are listed in Table 2. The previously mentioned replicate variability is 

Table 2. Biometric means for replicate sample data. 

SITE/ DATE BIOTIC INDEX TAXA EPTTAXA NO. OF 
RICHNESS INDIVIDUALS 

mean (s.d.) mean (s.d.) mean (s.d.) mean (s.d.) 

(2.9) 4.8 (l.9) 24.2 (10.2) Hinds Bluff 8/92 4.77 (l.65) 8.0 
(1.1) 109.8 (28.3) (2 .1) 8.4 Old Factory 8/92 3.76 (0. 18) 12.4 
(3 .1) 68.2 (20.0) (0.79) 13.2 (4 .8) 8.5 Low Bridge 8/92 4.50 

(2.2) 7.6 (1.3) 88.2 (29.1) Hinds Bluff 10/92 5.48 (1.06) 13.2 
(1.1) 236.4 (192.1) 18.8 (4 .6) 11.8 

(76.5) Old Factory 10/92 4.44 (0.29) 
(3 .4) 10.6 (2.1) 151.2 

Low Bridge I 0/92 4.93 (0.64) 16.6 

s.d. standard deviation 



evident in the elevated standard deviatio 26 
ns. ANOV As conducted for the biometric means 

showed statistical differences between th ·t 
e SJ es and between the seasons sampled in the 

number of individuals, total taxa and EPT t (AN 
' axa OVA tables are provided in 

Appendix D). 

A relatively consistent patt · em emerges m these mean biometric scores 

(Figures 6-9). The number of organisms collected from each O. lm2 is lowest at the Hinds 

Bluff site and highest at the Old Factory site on both dates (Figure 6). Average 

macroinvertebrate densities also more than double in October as compared to August for 

each site. Not only the abundance, but also the taxa richness is higher at the more 

downstream sites (Figure 7), with the Low Water Bridge site edging out Old Factory in 

the summer quarter. As with abundances, the taxa richness is higher throughout the reach 

in the autumn. The pattern of diversity within the EPT orders is almost identical (Figure 

8). Finally, although the differences were not statistically significant, the Hinds Bluff site 

seemed to have a slightly more pollution-tolerant community and Old Factory a more 

pollution-sensitive biota, according to Biotic Index scores (Figure 9). These scores 

changed only slightly between seasons. 

. . . d -1 and richness statistical differences between the In addition to community ens1 Y · , 

. 1 fi nd for specific taxa. Table 3 lists taxa exhibiting 
sites and dates sampled were a so ou 

. . 1 d temporal distributions. Taxa not listed were also 
significant patterns in their spat1a an 

. . 11 showed no differences between the three 
subjected to ANOV A analysis, but statiSttca y 



250 ------------------------------------------------

225 -1--------------------------t 

200 ■ Aug-92 i-------- -------------1 

□ Oct-92 e 115 -1---------------------------t 

.... 
~ 150 -1--------------------------i 
en 
"ii 
~ 125 -1------------ --------------t 
:~ 
"tJ 

.E 100 --------------------
0 z 

75 ----------------1 

50 -1-------~ 

25 -t---~ 

o----
Hinds Bluff Old Factory 

SITE 
Low Bridge 

Figure 6. Mean number of individuals per 0.1 square meter replicate sample. Samples collected August 22, 1992, and October 31 , 
1992, from the Little Missouri River below Narrows Dam, Pike Co., AR. 

Iv 
-.J 



1G 
)( 
1G .... 
0 z 

22 

20 

18 

16 

14 

12 

10 

8 

6 

4 

■ Aug-92 

□ Oct-92 

Hinds Bluff Old Factory 
SITE 

Low Bridge 

Figure 7. · Mean number of distinct taxa per 0. 1 square meter replicate sample. Samples collected August 22, 1992, and October 31, 
1992, from the Little Missouri River below Narrows Dam, Pike Co., AR 

N 
00 



14 -------------------------------------------------

■ Aug-92 

□ Oct-92 

10 -l---------- ---------------------1 

fll 
)( 

~ 8 -1-------- --------------
t-
0.. 
w 

6 -I-------~ 

4 -------

2_.,_ __ 

Hinds Bluff Old Factory 

SITE 
Low Bridge 

Figure 8. Mean number oftaxa per 0.1 square meter replicate sample belonging to the orders Ephemeroptera, Plecoptera, Trichoptera 
(EPT). Samples collected on Aug. 22, 1992 and Oct. 31, 1992, from the Little Missouri River below Narrows Dam, Pike Co., AR. 



7-------------------------------------------------
6 .5 -l----------------------------- ----------------------1 

6 
■ Aug-92 

□ Oct-92 

5.5 +---------.----.,------------ ----- - -----------------; 

X 5 ---------~ 
QI 

"'C 
C 
~4.5 +---
; 
0 

m 4 -----

3 . 5 -I-----

3 -t------

2 .5 +----

2....,. __ _ 

Hinds Bluff Old Factory 

SITE 
Low Bridge 

Figure 9. Mean Biotic Index scores for 0.1 square meter replicate samples. Samples collected August 22, 1992, and October 31 , 1992 
from the Little Missouri River below Narrows Dam, Pike Co., AR. 

w 
0 



Table J . Statistically significant patterns in the spatial and temporal distributions of specific taxa. 

TAXON Tolerance Feeding Guild Significant ANOVA Test Probability Overall Trend 
Value Variable Statistic (d.f.) 

Oligochaeta O mnivore DATE F (1) = 8 .97 p < 0 .01 All sites show increase in 
October 

Leucrocuta sp. 2.40 Scraper SITE F (2) = 12.83 p < 0.001 High abundance at Old 
DATE F (I)= 6.78 p < 0.05 Factory in October 

Interaction F (2) = 7.85 p < 0.01 

Ste none ma 7.18 Collect / Gather SITE F (2) = 6 .96 p < 0.01 More abundant nearer dam; 
femoratum DATE F (l) = 32.32 p < 0.001 Higher numbers in 

Interaction F (2) = 3.67 p < 0.05 October 

Stenonema sp. A 3.45 Collect / Gather SITE F (2) = 11.22 p < 0.001 Highest Abund at Old Factory, 
lowest at Hinds Bluff 

Stenonema sp. B 3.45 Collect / Gather SITE F (2) = 4.70 p < 0.05 Low abund at Hinds Bluff; 
DATE F (l) = 6.10 p < 0.05 Increase at all sites in Oct 

Stenonema sp. D 3.45 Collect I Gather SITE F (2) = 5.70 p < 0.01 Absent from Hinds Bluff; 
DATE F (I)= 4.69 p < 0.05 Increase at other 2 sites in Oct 

Neoperla sp. 1.49 Predator SITE F (2) = 4.77 p <0.05 Higher abund at Old Factory 

Stene/mis sp. 5.10 Scraper SITE F (2) = 14.01 p < 0.001 Very low abund at Hinds Bluff 

Cheumatopsyche sp. 6.22 Omnivore DATE F (l) = 7.81 p < 0.01 Very low abund at all sites in 
Aug; high # at OF, LB in Oct 

Chimarra sp. 2.76 Filter Feeder DATE F (1) = 7.89 p < 0.01 Absent in Aug, high # in some 
OF, LB samps in Oct w .... 



32 sites or either quarter. Trends expressed b h . 
Y eac taxon are hsted on the far right. In 

general when significance is found betw · . 
een sites, the particular organism is most abundant 

at Old Factory and/or least abundant at Hinds Bl ff 
u • Only Stenonema femoratum reverses 

this pattern. When significance is found b tw 
e een seasons, the organism is found in greater 

numbers in October. It should be noted that overall these trends correlate well with the 

general community trends shown in Figures 6-9. 

Analysis of pooled sample data yields additional infonnation. The pattern of the 

primary biometrics is nearly identical to the replicate means metric scores, with lower 

scores at the Hinds Bluff site and highest at Old Factory in general (Table 4). Many of the 

secondary biometrics in general also suggest the poorest benthic community at the Hinds 

Bluff site, while the scores for Old Factory and Low Bridge vary in top ranking. For both 

seasons, Hinds Bluff exhibits a lower EPT/CO ratio and a very low number of filter 

feeders (FF) which results in a low FF/Scraper ratio. The species composition of the 

benthic communities exhibit a longitudinal gradient. The Hinds Bluff community is less 

comparable with the most downstream Low Bridge site than is the Old Factory site in 

both dominant taxa and percent similarity. Percent similarity analysis indicates the most 

similar sites to be Old Factory and Low Bridge within a given season, in fact more similar 

than either of these sites compared to itself between seasons. 

varying sensitivities to pollution is also 
The percentages of taxa exhibiting 

. latively consistent between all sites and 
provided in Table 4B. These proportmns are re 
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Table 4. Analysis of pooled sample data. (A) Commonly used biometrics. EPT = members of 
orders Ephemeroptera, Plecoptera, Trichoptera. CO= members oftaxa Chironomidae and Oligochaeta 
Low Bridge site used as reference community (ref) for upstream sites in some metrics. (B) Pollution 
sensitivity of pooled community. (C) Proportions of functional feeding groups within site community. 

Date 8/22/92 10/31/92 

Site HB OF LB HB OF LB 

(A) Biometrics 
756 Number of Individuals 121 549 277 441 1182 

Total Taxa 14 23 22 25 34 27 

8 12 12 11 17 14 
EPT Taxa 

4.51 3.74 4.37 5.61 4.53 4.71 
Biotic Index 

5.2 18.2 11.4 
EPT / CO Individuals 11.9 19.9 28.7 

0 0.05 0.28 0.05 1.00 1.98 
FF I Scrapers 

ref 2/5 3/5 ref 
Dominants in Common 3/5 4/5 

ref 41 .2% 70.5% ref 
Community Similarity 50.2% 69.30% 

(B) Pollution Sensitivih'. 
36.4 40.0 35.3 40.7 

% Intolerant Taxa 35 .7 39.l 
40.9 32.0 38.2 37.0 

% Facultative 35 .7 34.8 
17.6 18.5 

21.4 17.4 18.2 24.0 
% Tolerant 

4.5 4.0 8.8 3.8 
7.2 8.7 

% Unknown 

(C) Feeding Groups 0 0 0.1 
0 0 0 

0 % Herbivores 0 0.1 
0.6 0 0 15.3 23 .5 % Detritivores 
1.6 7.6 0.9 

0 12.7 13.7 16.7 % Filter Feeders 
8.3 5.1 l.4 

42.3 
% Omnivores 44.8 59.4 47.4 

42 .2 46.l l l.9 
% Coll Gathers 27.4 17.9 15.3 

14.0 30.2 7.0 2.9 
% Scrapers 16.6 7.5 

33.9 15.7 
1.6 1.2 2.6 

% Predators 0.7 2.2 
1.6 

% Unknov.11 



dates, with most samples represented subequally 34 
by taxa which are intolerant and 

facultative to pollution, with a smaller percent f . 
age o pollut1on-tolerant organisms. This 

similarity in proportions among the shes correspond 11 . h h . 
s we wit t e trends reported earlier 

for the mean Biotic Index scores. 

Categorization of the benthic fauna by feedi'ng beha · al dd' · al · I VIors reve s a 1t1on spat1a 

and temporal functional dynamics within the communities (Table 4C). Shifts in the 

proportions of certain groups may indicate changes in the degree to which the biota is 

dependent upon a particular food resource. From these patterns of change, inferences 

concerning the water quality or habitat factors that influence the availability of food 

sources can be made. Chi-square analysis of the feeding group proportions indicate that 

the functional structure of the benthic community in the Little Missouri are not consistent 

spatially or temporally (see Appendix E for statistical tables). Significant differences were 

found in community composition, both between the sites and between the seasons. 

Although trends as regular as those seen in the primary biometrics are not evident, 

· · fi d a greater role in downstream sites, and are certam patterns emerge. Filter ee ers assume 

I. Collecting gatherers functionally the most more prevalent overall in the autumn samp mg. ' 

. . h Hinds Bluff site in October. The proportion of 
dominant group, sharply increase at t e 

. b t all sites Conversely, the ratio of predatory 
omnivores also increases m Octa er a · 

. . h I decreases in October. organisms to the commuruty as a w O e 
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DISCUSSION 

Evaluation of the benthic community in the L·ttl Mi . Ri b 1 1 e ssoun ver e ow Narrows 

Dam indicates that the impoundment is having an impact on the overall health of the 

aquatic system in the tailwaters. This bioassessment shows a reduction in overall 

abundances and richness in the macroinvertebrate populations closest to the dam, with 

some recovery evident at the more downstream sites. Effects were manifest at both the 

community level and the specific taxon level. Higher abundances and richness, especially 

of the sensitive EPT species, were evident at the sites further below the dam. These 

findings support the conclusion that a healthier, more productive lotic environment exists 

as one moves downstream of the Narrows Dam. 

As reported earlier, Biotic Index scores and the percentages of taxa exhibiting 

varying levels of pollution sensitivity failed to show significant differences between 

samples. Because the tolerance values used in these calculations were originally designed 

· b seful in discriminating impoundment-for organic pollution, these metncs may not e as u 

related impacts. 

. b d is an aggregation of the physiochemical 
The likely source of the impacts O serve 

. and its operation. These changes in water quality 
alterations related to the 1mpoundment 

f 1 . terns in general, and specifically to 
and habitat are related to the impoundment O otic sys 

Benthic communities in a dam 
. h dropower generation. 

hypolimnic release and peaking Y 



tailwater have been shown to suffier a d . . 36 
re uct1on 1n · · species nchness and in some cases 

show an increase in overall abundance of . b 
mverte rates, dominated by those few species 

favored by the altered conditions (Ward 1976) B . . . 
' · Y reducing the d1vers1ty and numbers of 

intolerant species, an impoundment may affi t th . . 
ec e commuruty structure m the same 

general way as does moderate organic pollution (S d H pence an ynes, 1971). 

One major effect of stream impoundment is the disruption of the upstream

downstream continuum. A major pathway thus disrupted concerns the input of organic 

material into the downstream environment. In most large streams, the energy base is 

allochthonous particulate organic matter such as leaves, bark, and detritus washed in from 

the watershed (Vannote et al., 1980). The settling out of this material in the reservoir 

represents a substantial loss to the food web downstream, and may cause a shift in the 

composition of benthic, or bottom-dwelling, macroinvertebrate community in the 

tailwaters (Gore et al., 1990). Since a biologically diverse ecosystem requires a supply of 

chemically diverse organic material, the low diversity of organic matter and near absence 

of terrestrial leaf-litter may affect biotic richness (Petts, 1984). Hypolimnic-release 

· d t · rt· l typi·cally discharge clear nutrient-rich water. Several studies 1mpoun men s m pa 1cu ar , 

of tailwaters below deep-release dams have found a stimulation of algal growth, increasing 

. f h · hyt n community (Armitage, 1984). 
the productivity and diversity o t e penp 0 

. rt nt ecological factor to aquatic insects, which 
Temperature may be the most impo a 

. . 1 ding seasonal and die! ranges, and the 
respond to the entire temperature regime, me u 



timing and duration of thermal eve t 3 7 
n s. Temperature affects distribution patterns, life-

cycles, behavior, and trophic relationshi . . . 
ps at the mdiVIdual to community levels. Life-

cycle relationships are particularly int rtwi d . 
e ne with thermal conditions, including egg 

diapause and hatching, induction and t · · 
ernunation of dormancy, growth rates, and 

emergence (Ward, 1992). Sig 'fi I 
ru cant a terations to natural temperature regime from 

reservoir thermal inertia, especially from hypo!· · I · · · 
1mruc re ease, can eliminate or reduce 

species thr0ugh reproductive failures or competitive disadvantages (Petts, 1984). Some 

studies conducted in hypolirnnic-release tailwaters have described a benthic community 

limited to species that do not appear to require a temperature stimulus for their normal 

life-cycle progression (e.g., amphipods, isopods, and oligochaetes) (Gore et al., 1990). 

The low levels of dissolved oxygen in the hypolimnic release can also have a 

negative effect on the instream biota. The dissolved oxygen ofunpolluted flowing water is 

usually near saturation and the fauna of running waters is highly dependent on available 

oxygen (Allan, 1995). This is especially true of organisms adapted to the normally well

oxygenated riffle habitat. However, through atmospheric diffusion and turbulence, the 

released water undergoes re-oxygenation as it moves downstream. It is unclear how far 

below the dam oxygen-poor conditions persist. It is worth noting that the riffle beetle 

S · h Hi d Bluff site as an adult utilizes a plastron for respiration tenelm1s, very scarce at t e n s , 

which limits it to oxygen-rich habitats (White and Brigham, 1996). 



Although all impoundments alter the tu al fl . . 
na r ow regtme, the drastic short-term 
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fluctuations characteristic of peaking hydropower dams have the greatest impact on 

Stream biota (Armitage 1984) Since·m b hi · · · any ent c macromvertebrates are highly adapted 

through their respiratory physiology or feeding behaviors to the natural flow conditions in 

an area, significant alterations in these patterns can be deleterious (Ward, 1976). In 

addition to physical habitat alteration and increased drift which may occur during the 

generational surge, inadequate minimal flows are an equally serious consequence of 

peaking hydropower flow manipulation. The year-round and daily oscillations between 

these two hydraulic extremes of very high and very low flows cannot be accommodated 

for by numerous organisms. Many species, through their respiratory, feeding, and refuge 

mechanisms, have evolved to tolerate, and indeed require, either torrential flows or low 

flows, but not both (Cushman, 1985). 

Indeed, from an ecological standpoint, the tailwaters of a peaking hydropower 

release can be considered essentially two different rivers (Trotzky and Gregory, 1974). 

Only organisms tolerant to a wide range of conditions will be able to survive and exploit 

. 1· d ecies are eliminated. Common species of the 
the niches from which more specia ize sp 

mayfly genus Stenacron are known to tolerate 
a wide range of both current and 

. H bb d nd Peters I 978). This taxa was distributed throughout 
temperature regimes ( u ar a ' . . 

known to be tolerant to pollution, inhabits 
the study region. Stenonema femoratum, 

Slight to fast currents, and is also 
• (lentic) or with 

habitats with standing water ' . . 

1978) This non-specific adaptivity 
) (H bbard and Peters, · 

meta thermal ( 5-15 °C range u 



may explain its dominance at the Hind Bl ff . 39 
s u site, perhaps utilizing niches normally filled 

by the three other Stenonema species 
more successful at the lower sites. One reason the 

latter species and other taxa are able to r fu 
ecover rther downstream is that effects of the 

two flow extremes are most pronounced ne th . 
ar e reservmr. With time and distance the , 

amplitude of the generation surge is dampened d h d . 
an t e uration of the rising and falling 

limbs of the surge lengthens (Gore et al., 1990). 

Effects of many of the impacts associated wt'th Narr D · · d ows am are rrut1gate to 

varying degrees as the Little Missouri travels downstream. This is reflected in the poorest 

benthic community's closer proximity to the dam. There is less clear distinction between 

the lower two sites, however. In fact, many of the biometrics appear better at the Old 

Factory site. The reason for this apparent lack of further improvement at the Low Water 

Bridge site, the most downstream site, is unclear. One hypothesis is that the communities 

of the two lower sites reflect a moderately impacted condition that remains relatively 

unchanged for some distance downstream. The biota may reflect some maximum level of 

recovery that persists until the introduction of higher-quality, precipitation-driven flow 

from a major tributary. The observed benthic populations even at the lower sites appeared 

th · · · b t d'rect comparison with an unimpounded regional reference ra er poor m my op1ruon, u 1 

location is necessary to support this observation. 

. . b the myn· ad physiochemical alterations related 
There is an interrelat10nshtp etween 

s Dam and the changes observed in the 
to the presence and operation of the Narrow 



benthic community over the longitudinal . 40 
scale of the study reach in the Little Missouri 

River. Ascribing specific biological ffi e ects to a specifi . c water quahty modification (e.g., 
reduced thennal maxima or rate of current vel . . 

ocity change) 1s very difficult because these 

impacts most likely do not act independe 1 nt Y of one another, but rather in complex 

combinations. Indeed ffi 
, some e ects may be additive, becoming significantly more 

deleterious in combination. For instance I · · , many otJc species can tolerate very low levels of 

dissolved oxygen, except in slow current A s. s an example, the stonefly Hesperoperla 

pacifica was shown to experience 100% mortality in low oxygen water with velocity of 

1.5 cm/sec, but no mortality at 7.6 cm/sec (Allan, 1995). 

The overall aggregation of the physiochemical alterations acts, either directly or 

indirectly, upon all levels of the instream biological community of the Little Missouri 

River, from the periphyton and plankton, through the macroinvertebrates, to the fish 

populations. Within the benthic community, impoundment-related impacts are expressed 

biologically at the physiological, individual, species, and community levels. Some of the 

dynamics concerning how effects working at the lower levels are expressed at the 

community level may be illustrated through examination of the differences observed in the 

functional feeding group composition at the study sites. 

· h rt' of feeding groups are primarily the result of changes in Changes m t e propo ions 

d · These changes in taxa dominance are the 
individual taxa abundances at the stu Y sites. . 

.b d b including changes in available food sources. 
result of the myriad impacts descn e a ove, 



The food web below deep-release dams 1 . 41 
no anger is based on allochthonous material such 

as leaves and bark input from upstream d h . 
' ue to t e break m the stream continuum. The 

altered food web is based on periphyton and th b hi . . 
' e ent c commuruty 1s often dominated by 

scrapers (grazing on periphyton) and collectors of th d . . . . 
e etntus associated with penphyton 

(Gore et al., I 990). One trend evident from th FFG d • 
e ata was the mcrease in filtering 

collector organisms downstream. The caddisfly Ch,·m hi h 'lk arra, w c constructs a s1 en net 

to capture fine particulate organic matter (FPOM), is a significant contributor to this 

trend . It is essentially absent near the darn due to a lack of FPOM in the clear discharge, 

as well as impacts of the flow regime. Current speeds that are too low reduce the 

effectiveness of food capture, and the high flows blast away the delicate mesh nets. The 

caddisfly Cheumatopsyche , although categorized as omnivore, also utilizes a silken net to 

capture slightly more coarse materials. It too is much more successful downstream. 

More food resources are likely available to these and other filterers at the downstream 

sites as the upstream periphyton is processed and drifts downstream as FPOM. 

Additionally, the reduced severity of flow fluctuations may facilitate food acquisition. 

Several studies have indicated that filterers in particular are affected by fluctuating 

discharges more than other, less-specialized feeding groups (TroelStrup and Hergenrader, 

I 990). 

ling dates at the community level is also 
The changes seen in FFG between samp 

f • fie taxa Numbers of Chiman-a and 
related to changes in the abundances O speci · 

· ffi ti'ng the proportions of filterers and . II ·n October a ec Cheumatopsyche rise dramat1ca Y 1 



omnivores, respectively. The significant ri . h . 42 
se m gat enng collectors at the Hinds Bluff site 

in October is directly related to a substantial in . 
crease m Stenonema femoratum abundance. 

The decrease in the percentage occupied b d . 
Y pre ators ts probably reflective of an increase 

in numbers for taxa within the other feed' 
mg groups, while the absolute numbers of 

predators remained steady. 

While the impoundment-related effects as a whole are primarily responsible for the 

observed differences in the benthic communities sampled along the study reach of the 

Little Missouri River, the source of the differences observed between the sampling seasons 

is not as clear. The overall density and diversity at each site was greater in October, 

functional feeding proportions changed, and numbers of certain taxa increased. Some 

factors that may have influenced these observations include differences in discharge 

patterns, seasonal allochthonous input, and timing of specific life-cycles. No water 

( except leakage) was released from the dam for at least a week prior to the August 22nd 

sampling, while a daily average of just over 600 cfs was discharged in the two days before 

the October 31st sampling (Waylen Hill, 1997, COE Vicksburg District, personal 

communication). No release during the hot, low-flow conditions of August may have 

affected the abundance of organisms. An increase in the input of allochthonous material 

through autumn leaf-fall in October may supply a richer food source for the benthic 

. . • rt · n taxa and feeding guilds. community resulting m increases m ce at . 



The large variation in the lifi hi · 43 
e- story patterns of aquatic invertebrates is known to 

be an important source of temporal va . f . . 
na 10n m b10logical monitoring. Sampling may be 

less effective for small early instars (and . 
certainly for egg stages), and seasonal 

emergences may substantially reduce the abund f . 
ance o a species (Stewart and Loar, 

1994). The timing of these life stages m d • 
ay pro uce differences in seasonal samples. For 

example, many Stenonema species including S fi · h . , • emoratum, ave a late spring/early 

summer emergence (Hubbard and Peters 1978) This m h 1 1 · h d d , • ay e p exp am t e re uce 

numbers of these taxa captured during the August sampling. 

In summary, because many lotic macroinvertebrates are well adapted to natural 

instream conditions, the aggregation of impoundment-related impacts places an enormous 

stress on the benthic community in the Little Missouri . Species must cope with severe 

fluxes in flow, creating conditions at times too fast for some taxa and at times too slow for 

others. Alterations in the temperature regime and food resources prevent other species 

from being able to survive, reproduce, or compete successfully. The diversity of available 

micro habitats is reduced due to a combination of these and other impacts. Highly variable 

fl · h d fish d1'vers1·ty by eliminating much of the ow regimes have been s own to re uce 

previously usable habitat, thus reducing niche heterogeneity. Fish populations become 

dominated by a few habitat generalists and lose community complexity (Bain et al. , 1988). 

. . 1 d Hergenrader 1990) suggested that the community 
Odum ( 198 5, as cited m Troe strup an , 

nu'ght change to reflect a higher percentage of r
structure of a stressed ecosystem 

l
.fi ) shorter food chains, decreased species 

strategists (small size and short I e-spans ' 



44 
diversity, reduction of specialized functional groups, and increased dominance of tolerant 

taxa Many of these trends are apparent in the benthic community at the most upstream 

Hinds Bluff site, and probably are continuing to a lesser degree through the lower two 

sites. The net result of the combined physiochemical alterations caused by Narrows Dam 

is that highly adapted, specialist taxa are replaced by generalist species, tolerant of 

disturbances in flow, habitat, food sources, oxygen levels, and temperature regime. The 

tailwater region of the Little Missouri River nearer the dam supports a less diverse, less 

dense, and more tolerant benthic community, and by inference, overall has poorer water 

quality, useable habitat, and instream biota. 
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APPENDIX A. Macroinvertcbrate taJca list and abundances for replic.ate bembic aamplea 
collected 11 lites on the Little Missouri River below Narrowi D1111, Pike County, AR. Samples 
are numbered in the order collected. (A) Summer Quarter. (8) Autumn Quarter. 

(A) __ __:,:A_::IIJllll:..:::.__21._;___199_2 _____ ==:-::=-:-----::-:--:--:-::----:-::--::=:----
'%AXA iUada llllltt I 

Old Factoty :i- lllridq,a (TV]• 

Ordar NA 
Faaily NA 

Oligoch•et• 
ordar Heterodonu 

Fuiily corhiculidae 
Corbicul• fll.lllline• 

Fui.ily Sphaeriicae 
Sphaeriidae 

Ordar Hydrocarin• 
Family NA 

Hydncarina 
Ordar I oopoda 

Family Jue l lidae 
A.sellus sp . 
Li rceus sp. 

Orclar Decopoda 

Family C&mharidae 
orconectes sp. 

Orclar Ephemeroptera 
Family Baetidae 

B•etis sp . 
Fud.l.y Heptagenidae 

Leucrocuta sp . 

I . 00! 

I 6. I I 

I 1. 6J 

I s. 51 

I 9. IJ 

I 1. 91 

I 2. 6) 

I s. •J 

I 2. 41 
stenacron sp . 13 · 61 
Stenone.ma femor•tum (7.~ 

Stenoneiu sp . 1 3· 51 
stenon...,.. sp . A 

stenoneaw sp. B 
Stenoneiu sp. D 

Filllily Isonychiadea 
Isonychi• sp . 

Order Odon a ta 
Fuu..l.y Coenagrionidae 

Argi • sp. 
Filllily Gomphidae 

Ariogomphus sp. 
Gomphid•e 

Order Plecoptera 

Fully Perlidu 

Acroneur.i• SF · 
Neoperl• sp. 
Perlid•e 

Order Hegd optera 

I 3 . SJ 

I 3 . 5J 

I 3 . SJ 

I B .2] 

I S. BJ 

I . 001 

11.51 
I I. 51 
I .Oil! 

Fully cor ydalidae I 5.~ 
Coryd•lus cornutus 
Nigroni• 

Order Coleoptera 

Fuil.y Umidae 

IUcrocylloepus 
stenelJll.is 5P· 

• TV • Tol e r i1nc e V~lue, 

I S.tl 

sp. I 2.11 
I s. I I 

I I 

l 0 2 2 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

s 0 l 4 3 13 
2 0 0 6 0 

0 2 0 2 0 

0 0 0 0 0 0 

0 0 0 1 0 s 
s 0 0 3 3 

0 l 7 2 8 0 

0 0 0 1 0 6 

4 2 0 0 l 32 

0 l 0 2 0 18 

0 0 0 0 0 l 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

12 12 1 9 2 23 

0 0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 0 

0 0 0 
0 0 0 

2 2 0 
0 0 0 

12 13 1' I S 10 

0 16 3 0 0 0 0 0 0 

0 0 0 0 0 3 2 3 4 

0 0 l 0 0 0 0 2 0 

0 0 0 0 0 0 0 0 

1 7 0 0 0 0 0 0 0 
0 0 0 0 16 0 6 9 3 

1 2 2 0 0 0 l 0 

1 0 0 0 0 0 0 0 0 

2 10 s 0 0 0 2 0 
4 10 11 41 12 0 1 10 8 
1 2 0 7 4 ·o 1 2 1 
4 3 10 1 0 0 9 4 2 

14 22 48 17 l 0 12 13 5 
10 10 22 0 0 0 15 s 9 

0 0 0 3 2 0 2 2 

3 0 s 0 0 0 3 0 

0 0 0 0 0 0 0 0 

2 0 4 2 0 0 0 0 0 

0 l 0 0 0 0 0 0 0 

0 0 0 1 0 0 0 1 0 
0 12 17 5 8 l 11 11 18 
0 0 0 0 0 0 l 0 0 

1 1 1 0 0 0 3 0 1 
0 0 1 0 ·o 0 0 0 0 

0 0 0 0 
0 0 0 0 

9 12 1 
0 7 9 7 6 5 2 

( continued) 
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APPENDIX A. (CGntinued) 

(A) Auprt ll, 19'1 

nv. lli.Dda IIJ:aff 1 Ol d Pactory i- llrid',19 

[TV] • 11 11 13 l< l~ 10 

Sten~lm.1s sp. I ~. 11 1 0 0 0 2 11 1 6 5 5 1 0 2 1 5 

orcla-r Trichopuu 

Faailf !lydrop• ychidae 
Cheww topsyche sp . I 6. 21 0 1 0 0 0 0 2 0 1 0 0 0 0 2 0 

r...Ur Polycentropodidae 
Cerno t in• sp. I . 0OJ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

Polycentropus sp . I 3. 51 2 l 0 1 1 0 0 1 0 0 1 0 0 2 0 

order Diptera 
Familf Chironomidae 

Chironomidae I ~- 71 1 0 0 l 0 0 0 0 2 0 2 0 2 

Familf Tipulidae 
Tipul• sp . I , .31 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 

( contiJlued) 

• TV • Toleance V•lue, t,,10r th cuol ina- b•sed 
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APPENDIX A (Coatiiaiecf) 

(B) October 31, 1992 

TAD. ll1Jldl al'llft n 
['NJ • ll 12 

Old l'aet,uy 1- az:idqa 
13 l ◄ 15 

ordar NA 10 

Fidlily NA 

Oligochaeta I . 00J 10 16 
Order Ba•om:natophora 

0 6 11 8 9 11 3 2 l l l1 5 
F..Uy Ancylidae 

Ferris sia sp . 16. 6J 0 
Family Planorbida• 

0 0 0 0 0 0 0 l 0 0 0 0 0 

Planorbid•e 15 . 21 0 0 0 0 0 
order Heterodonta 

0 0 l 0 0 0 0 0 0 0 

Fuu.ly Corb i cul i dae 

Corbi cul • flwninea 16.1] 0 0 
Family Sphaeriidae 

0 0 0 0 0 0 0 0 0 0 0 · 11 

Sphaeri id•e 
". 6] 0 0 0 0 0 0 0 0 0 0 

Order r.opoda 
0 0 0 

Family ~ellidae 
Asellus sp . 19 . 11 17 0 3 3 6 3 9 14 78 0 0 0 0 0 0 
Lirceus sp . " . 9] 3 0 2 11 61 3 0 3 0 16 28 5 17 14 

Or der Amphipoda 
Fuu.ly Talitridae 

Hyallela azteca 11 . BJ 0 0 l 0 0 0 0 0 0 0 0 0 0 0 0 
Order Decapoda 

Family c~aridae .. , 
Orconecte$ sp. 12 . 6J l 2 3 0 l 0 0 l 2 3 0 0 0 0 1' 

Order Ephemeroptera '~i 
Family Baet i dae 

Acentrell• sp . 13 . 6] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Baetis sp . 15 . 4] 0 0 0 0 0 0 0 0 0 0 l 0 0 l 

Fuu.ly Heptagenida• 

Cinygmula sp. I . 001 0 0 0 0 0 0 l 0 0 0 0 0 0 0 0 

Leucrocut• sp . 12. 4] 0 l 0 0 l 0 3 0 l 0 0 0 

Stenacron sp. 13 . 6J 18 22 6 7 17 21 0 3 5 45 9 l 1 0 1 0 

Stenonenw femor•tum 11 . 21 20 19 12 22 25 20 4 13 0 9 13 3 5 11 

Stenonema sp . 13. 51 7 3 3 0 l 3 6 24 5 l 3 0 7 24 

Stenonemd sp . A 13- 5) 2 2 2 0 15 8 57 68 13 13 2 7 19 23 

Stenonem., sp . B 13- 5) 7 9 11 4 0 3 34 56 79 l4 2 6 49 22 

Stenoneaw sp. D 13. 5) 0 0 0 0 0 6 0 5 2 0 3 3 3 7 

Family honychi adea 

lsonychi• sp . IJ . 5) 0 0 0 0 0 l 21 72 0 11 9 27 

Family Leptophlebiidae 0 0 0 

Paraleptophlebi& I . 94! 0 0 0 l 0 0 0 0 0 0 0 

Ordaz Od ona ta 

Family Coenagri onidae 0 0 0 0 0 2 l 

Argi• sp . [B .2) 0 0 0 0 0 7 l 0 

Family (;omphi dae 0 l 0 0 0 0 0 

Ariogomphus sp . [5 . 81 0 0 0 0 0 0 0 . l 

0 0 0 0 0 0 0 0 0 0 0 0 

Stylogomphus sp. 1• . 7) 0 0 2 

Ordaz Plecoptera 

haily Perlidae 0 0 0 l 0 0 0 0 0 

0 0 0 0 0 
Acroneur.i• sp . [ l.5) 0 5 11 6 26 4 1 0 3 1 

11 6 3 1 l 
Neoperl• sp . [1.51 

( contmued) 



54 

APPENDIX A 
(Contirued) 

(B) Odober 31, 1992 

~ till4a lllatt n 
Old hctory 1-llrid9e (TV]• 11 12 13 I< 15 

10 Perlinell• sp. fl.OJ 0 0 0 0 0 Faaily Taeniopterygidae 0 0 0 0 l 0 0 0 0 0 
T•eniopteryx Sp . 15 . • , 0 0 0 0 0 0 0 0 order Hegaloptera l 0 0 0 0 0 0 

Faaily Coryd&lidae 

Corydalus cornutu.s 15. : , 0 0 0 0 0 0 0 0 6 1 Nigroni• I: . OJ 0 0 2 0 4 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 Order Coleoptera 

Family Elmidae 

Hicrocylloepus sp. 12 . I I 0 0 0 0 0 0 4 l 0 0 0 0 0 0 Stenelmis Sp . 15 . I I 0 0 0 0 0 0 5 1 12 7 3 3 16 14 9 Stl!nelm1s sp. 15. I I 1 3 0 0 9 7 17 25 9 2 1 1 6 Family Psephenidae 

Ectopr i• sp . f <.2] 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 Psephenus herricki 12 . , , 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
Order Trichoptera 

Faaily Hydrop,ychidae 

Chewn. topsyche sp. f6 . 2] 2 0 0 1 0 4 1 31 79 6 32 2 21 20 24 
Hydropsyche sp. , •. 3] 0 0 2 0 0 0 0 1 0 2 0 0 0 l 0 

Faaily Hydroptilidae 
Hydroptilidae I . OOJ 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Filllily Philopota.midae 
Chilzurr• sp . 12. BJ 1 0 0 0 0 5 0 41 2 19 0 9 37 15 

Family Polycentropodidae . . 
Polycentropus sp . f3 . 51 2 2 0 0 0 1 1 0 3 0 0 0 0 0 I' 

Family Rhyacophilidae )I 
Rhya cophila I. 001 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 I 

Order Lepidoptera 
Faaily Pyralidae 

Petrophi l• sp. 12 . I] 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 

Order Diptera 
Family Chaoboridae 

0 0 0 0 0 0 0 Is. 51 0 0 0 0 1 0 0 Chaoborus sp. 
Faaily Chironomida.e 

Chironomidae f5 . , , 1 0 5 0 0 0 7 6 0 0 3 10 4 2 

Faaily Phagion1dae 
0 0 2 2 0 0 0 0 1 0 

Atherix lantha 1: . 11 0 0 2 0 1 

Faaily S1muliidae 
0 0 16 0 1 0 19 10 0 

0 0 0 0 Simulilllll sp . 14 . Of 0 
Faaily T&banidae 

0 0 l 0 0 0 0 0 
0 0 0 0 0 1 

ra~nus sp. I 9.21 0 

• TV • Tc-l erancE" Va lue, North Cu·olin•-b•sed 



APPE DlX B. Morphological descriptions c 1 55 . . ior se ected He ta .. d . 
stage (Ephemeroptera: Heptagenudae) . See Merritt and P . genu mayfly species, nymph 
anatomical diagrams . Cunuruns (1996) pp. 6,7, & 128 for 

LEUCROCVTA SP.: Gills of seventh abdominal se . . 
. . gment snrular to proceeding pairs, only smaller; 

dorsum of abdomen tan wtth hght lateral markings resemblin b k . . 
g a ro en longitudinal stripe, or series of 

spots; venter of abdomen pale, with dark "smudges" on lat al • . 
er margins of postenor segments; head 

appears disproportionally large compared to the rest of the bod . bd - • . . 
Y, a omen 1s acummate, narrowing 

towards the anterior segments. 

STENACRON SP. : This species, as well as the Stenonema spp. to follow, all have gills on 7th 

abdominal segments reduced to slender filaments; abdominal gills J -6 with apex pointed; light 

longitudinal "racing stripes" down dorsurn of abdomen; posteriolateral projections on abdominal 

segments relatively inconspicuous. 

STENONEMA FEMORA TUM: Abdominal gills 1-6 with apex rounded; irregular "X'' shaped light 

marking on tergites 6-9, smaller marking on tergite 5; dark round spots on lateral margins of posterior 

stemites; relatively prominant posteriolateral projections on abdominal segments. 

STENONEMA SP. A: This, and all remaining Stenonema spp. have abdominal gills with 

apex truncate; dorsum of abdomen with a mottled pattern; dark transverse bands across posterior 

stemites; prominant abdominal lateral projections. 

STENONEMA SP. B: Dorsum of abdomen a uniformly tan-color; venter of abdomen pale, 

· · 1 al bd · nal projections· caudal filaments and without markings; relatively inconspicuous posteno ater a orru ' 
· PVing an overall "hairy" apperance. femurs with especially dense and promrnant setae, convw; · 

___ ;r. rrnl tan color except for light "broken 
STENONEMA SP. D: Dorsum of abdomen a wwo Y ' . 

. ts· venter pale without markings; relatively 
stripe" or spots on the lateral margins of postenor scgmen · ' 
. . . . . etal length and densities unremarkable. 
mconspicuos postcriolateral abdorrunal proJections, s 



APPENDIX C. B;ometrics and nticrnhab;tat data for Ul<ti\idual sample rephcates. Lrtlle 
Missouri River below Narrows Dam, Pil<e Co., AR. (A) Summer Quarter. (B) Autumn Quarter 
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(A) 

AUGUST 22, 1992 
Sample Density Tua EPT Biotic Depth Velocity Substrate" 

# (# Ind /0.1 m2) Richness Tua Index (cm) (cm/ sec) 
Hinds Bluff II 

33 9 4 4.02 24.4 34.4 med.cob/grav 

HB 8-1 
HB 8-2 20 7 6 2.52 18.3 77.1 lg cob/grav 2 6.76 15.2 5.2 sm-med cob/grav 

HB 8-3 11 4 
36 12 7 4.69 22.9 29.6 sm-med cob/gtav 

HB 8-4 

sm-med cob/sand 

21 8 5 5.88 18.3 11.28 
HB 8-5 

Old Factory Site 

11 7 3.91 27.4 28.3 lg cob/grav 
OF 8-11 128 

15.2 69.2 med-lg cob/grav 
OF 8-12 72 15 10 3.74 

sm-med cob/grav 3.77 12.2 8.2 
103 12 8 

med cob/grav 

OF 8-13 

3.47 19.8 32.6 
146 14 8 

sm-med cob/grav 

OF8-14 

3. 91 18.3 18.3 
OF 8-15 100 10 9 

Low Water Bridge 

5.64 45.7 26.5 med cob/grav 
46 9 6 

48.8 sm-med cob/grav 

LB 8-6 

13 8 3.91 24.4 
sm-med cob/grav 

LB 8-8• 76 

16.8 26.5 20 13 4.05 
med cob/grav 

LB 8-9 92 

4.40 30.5 26.5 11 7 LB 8-10 59 

d due lo loss of some specimens • Low Bridge Sample 8-7 was not use . Jar e· sand, ~el, cobble 
" Substrate Terms: small, medium, - g ' -

(continued) 

I 
~ 
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AJ>PE DlX C. (Continued) 

(B) 
OCTOBER 31, 1992 

Sample# Density Taxa EPT Biotic 
(#Ind / 0.1 m1) Richness 

Depth Velocity Substrate" 
Taxa Index (cm) (cm/ sec) 

Hinds Bluff I 
HB 10-11 106 15 9 5.28 

HB 10-12 85 
15.2 2.1 sm cob/grav 

12 9 4.28 18.3 11.3 sm cob/grav/sand 

HB 10-13 63 16 7 4.76 18.3 35.7 med cob/grav 

HB 10-14 59 11 7 6.24 24.4 24.4 med cob/ 
grav/sand 

HB 10-15 128 12 6 6.84 30.5 ll.3 sm cob/grav 

Old Factory Site 
OF \0-6 122 15 10 4.78 24.4 17.4 sm cob/sand 

OF 10-7 94 14 10 4.24 33 .5 41.8 sm-med cob/sand 

OF 10-8 267 24 14 4.43 15.2 30.5 med cob/sand 

OF 10-9 559 18 10 4.68 19.8 55.8 med cob/grav 

OF 10-10 140 23 15 4.09 27.4 19.2 sm-medcob/ 
grav/sand • ,c 

~I 

Low Water Bridge 
LB 10-1 128 16 11 5.11 27.4 33 .5 lg cob/sand 

LB 10-2 65 14 9 5.95 39 .6 13.1 med cob/sand 

LB 10-3 102 13 8 4.76 21.3 80.2 lg cob/grav 

LB 10-4 245 21 12 4.32 18.3 39.6 sm-med cob/sand 

LB 10-5 216 19 13 4.50 30.5 44.8 lg cob/sm cob/ 
sand 

" Substrate Tenns: fil!!all , medium, large; sang, grnyel, cobble 



PENDlX D. Two-way analysis of variance tables for replicate sample biometric means and 
AP habitat hydrology. (A) lnctividuals per unit area (B) Number of taxa per sample. (C) 
llllCr~er of individuals in the orders Ephemeropte~a, Plecoptera, and Trichoptera. (D) Biotic 
Numd (E) Water depth at sample point. (F) Point Velocity. Bold probabilities indicate In ex . 

. 1. al sigru.ficance (a.= 0.05). statlS IC 

~ 

(A) INDIVIDUALS PER 0.1 m2 SAMPLE 

Source DF Sum of Mean 
Squares Squares 

SITE 2 69281.28 34640.64 
DATE 1 68354.16 68354.16 

Interaction 2 4867.25 2433 .63 
Within 24 182470.8 7602.95 

Total 29 324973.5 

(B) T AXA RI CH NESS 

Source OF Sum of Mean 
Squares Squares 

SITE 2 129.266 64.633 

DATE 1 240.834 240.834 

Interaction 2 2.067 1.033 

Within 24 350.800 14.617 

Total 29 722.967 

(C) EPT T AXA RI CH NESS 

Sum of Mean 
Source DF 

Squares Squares 

39.033 78 .067 SITE 2 
83.334 83.334 

DATE 1 
1.267 0.633 

Interaction 2 
) 56.000 6.500 

Within 24 

F - Value Prob. 

4.56 <0.05 
8.99 <0.01 
0.32 > 0.10 

F - Value Prob. 

4.42) <0.05 
16.476 < 0.001 
0.07 > 0.10 

f - Value Prob. 

6.005 <0.01 

12.82 <0.01 

0.097 > 0.10 

58 

Total 29 3 )8 .667 (continu~) 

.. ,1 
\j 



APPE DIX D. (Continued) 59 

(D) BIOTIC INDEX 

Source DF Sum of Mean 
Squares Squares 

F - Value Prob. 

SITE 2 5.463 2.732 
DATE 1 3.329 > 0.05 2.330 2.330 

Interaction 2 2.84 > 0.10 0.286 0.143 
Within 24 0.174 > 0.10 19.690 0.820 

Total 29 27.769 

(E) SAMPLE DEPTH 

Source DF Sum of Mean F - Value Prob. 
Squares Squares 

·• SITE 2 0.3645 0.1818 0.526 > 0.10 ,, 
DATE 1 0.0301 0.0301 3.181 > 0.05 11 

Interaction 2 0.0612 0.0306 0.535 > 0.10 ! 

Within 24 1.371 0.0571 

Total 29 1.8258 

{F) SAMPLE VELOCITY 

Source DF Sum of Mean F - Value Prob. 

Squares Squares 

0.9215 0.4607 I.046 > 0.10 
SITE 2 

0.0768 0.0768 0.017 > 0.10 
DATE 1 0.956 > 0.10 

Interaction 2 0.8425 0.4213 

Within 24 10.566 0.4402 

Total 29 12.337 



APPE DIX E. Chi-Square Tables for functional r, edin 
· e g group a J · 

5% in each category, feeding groups with very low p . ne ysis. To ensure et least 
. roportions wer 1 . 

cetcaory. Frequencies due not sum to 100% due to II e poo ed into "Other" 
e ·. a sma number f 

cornpensons for Summer Quarter. (B) Spatial compa . ,. 0 unknowns . (A) Spatial 
. nsons JOT Autumn "'·ft--comparisons for Hinds Bluff [HB] . (D) Temporal co . '<L141u:r. (C) Temporal 

. mpensons for Old F 
(E) Temporal compansons for Low Weter Bridge [LB]. actory [OF]. 
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(A) DATE 8/22/92 
SITE HB OF LB 

%Coll/Gath observed 42.2 46.1 44.8 
(expected) (44.32) (44.73) (44.05) 

% Scrapers observed 14.0 30.2 27.4 
(expected) (23.84) (24.06) (23.70) 

% Predators observed 33.9 15.7 16.6 
(expected) (22.04) (22.24) (21.91) 

% Other• observed 8.3 7.3 9.0 
(expected) (8.19) (8.27) (8.14) 

The calculated chi-square= 16.158 with 6 degrees of freedom. 
The critical chi-square value (p<0.05) is 12.59. ·• ,1 

11 

• (Other= Herbivores ,Detritivores, Filter Feeders, & Omnivores) ! 

(8) DATE 10/31/92 
SITE HB OF LB 

¾Coll/Gath observed 59.4 47.4 42.3 

(expected) (49.80) (50.00) (49.30) 

% Scrapers observed 17.9 15.3 11. 9 

(expected) (15.06) (15.12) (14.91) 

% Omnivores observed 12.7 13.7 16.7 

(expected) (14.40) (14.45) (14.24) 

% Other• observed 8.4 22.4 26.5 

(expected) (19.14) (I 9.22) (18.94) 

. 4 349 ·th 6 degrees of freedom. The calculated chi-square= 1 . WI 

The critical chi-square value (p<0.05) is 12.59. 

. . f'lt F eders & Predators) 
• (Other= Herbivores,Detnt1vores, 1 er e ' continued 



APPENDIX E. (Continued) 

(C) 

(D) 

SITE Hinds Bluff 
DATE 8/22/92 10/3 1/92 

%Coll/Gath observed 42.2 59.4 
(expected) (50.8) (50.8) 

% Scrapers observed 14 17.9 
(expected) (15.95) (15 .95) 

% Predators observed 33.9 7.5 
(expected) (20.7) (20.7) 

% Other• observed 8.3 13.6 
(expected) (10.95) (10.95) 

The calculated chi -square= 21.52 with 3 degrees of freedom. 
The critical chi-square value (p<0.05) is 7.82. 

• (Other= Filter Feeders, Omnivores, Herbivores & Detritivores) 

SITE Old Factory 
DATE 8/22/92 10/31/92 

% Coll/Gath observed 46.1 47.4 

(expected) (46.87) (46.63) 

% Scrapers observed 30.2 15.3 

(expected) (22.81) (22.69) 

% Predators observed 15.7 7 

(expected) (11.38) (11.32) 

% Other• observed 7.3 29.1 

(expected) (18.25) (18.15) 

The calculated chi-square = 21 .69 with 3 degrees of freedom. 

The critical chi-square value (p<0.05) is 7.82. 

. H b' & Detritivores) • (Other= Filter Feeders, Omruvores, er ivores 
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( continued) 



APPENDIX E. (Continued) 

(E) SITE Low Water Bridge 
DATE 8/22/92 10/31/92 

% Coll/Gath observed 44.8 42.3 
(expected) (43.64) (43.46) 

% Scrapers observed 27.4 11.9 
(expected) (19.69) (19.61) 

% Filter Feeders observed 7.6 23.5 
(expected) (15.58) (15.52) 

% Other• observed 18 19.7 
(expected) (18.89) (18.8)) 

The calculated chi-square= 14.38 with 3 degrees of freedom. 
The critical chi -square value (p<0.05) is 7.82. 

•(Other= Predators, Omnivores, Herbivores & Detritivores) 
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VITA 

James R. Smith, Jr. was born in Nashville Tennessee on N b 
1 ' ovem er 4, 1967. He 

attended grades 1-12, and graduated from the Clarksville (TN) Academy in June, 
1985

. 

The following autumn he entered Rhodes College in Memphis, Tennessee and in May 

19g9 received the degree of Bachelor of Science, with a major in Biology. In January, 

1991 he entered Austin Peay State University in Clarksville, Tennessee and in May 1997 

received a Master of Science degree in Biology. 

He is presently employed as an aquatic biologist with the State of Tennessee's 

Department of Environment and Conservation, in the Division of Water Pollution 

Control 's Nashville Field Office. 
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