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INTRODUCTION 

Aufwuch corrrnunities include all organisms attached to but 

not penetrating submerged substrates (Ruttner 1963). These include 

bacteria, algae, fungi, protozoa, and various micro- and macro-

invertebrates. Aufwuchs species assemblages have been given such 

names as periphyton, haptobenthos, and attached algae. This 

terminology has been reviewed by Round (1965) and Weitzel (1979). 

Stream Aufwuchs population dynamics and the patterns of 

Aufwuchs accumulation are governed by complex interactions of 

physicochemical factors with many biological processes such as 

colonization, attachment, reproduction, growth, competition, 

predation, and death. Important physical and chemical factors 

include: availability of light as a function of water turbidity, 

solar incidence, and shading; substrate type, conditions, 

availability, depth, and location; water movements and velocity; 

and water quality param~ters such as pH, alkalinity, hardness, 

macronutrients, micronutrients, temperature, salinity, dissolved 

gases, and toxic substances (Cholnoky 1968, Wetzel 1975, Lowe 1974, 

Blum 1956, Ruttner 1953, Patrick & Reimer 1966). Natural variation 

in these factors promotes continual change in stream Aufwuchs 

populations and hence affects community succession and overall 

Aufwuchs accumulation. 

1 
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Attached algae are of great importance to the energy and 

population dynamics of many lotic ecosystems (Whitton 1975). 

Submerged macrophytes are also major primary producers of many 

streams including the New River (Rodgers 1977, Hill 1981). 

Although energy flow in headwater streams is often dependent on 

allocthonous organic matter from the terrestrial watershed 

(Cummins 1977), autochthonous primary production may be substantial 

in headwater streams as well (McConnell and Sigler 1959, Minshall 

1978). 

Many algae in the Chlorophycophyta, Euglenophycophyta, 

Charophyta, Phaeophycophyta, Rhodophycophyta, and Chrysophycophyta 

are found in the Aufwuchs. The predominant algal group on stream 

substrates in my study, however, belonged to the Class Bacillario-

phyceae (diatoms). Taxonomic discussion will be limited almost 

entirely to these. 

Changes in diatom populations and Aufwuchs assemblages of 

stream ecosystems may be either intrinsic or extrinsic in nature. 

Hellawell (1977) has suggested three kinds of intrinsic changes: 

cyclical, successional,_and stochastic. Cyclical changes are 

involved in predator/prey relationships and are .often seasonal. 

Cyclical changes in Atifwuchs communities may correlate we11 with 

annual changes in temperature (Patrick 1963), light (Moore 1976), 

and seasons in general (Moore 1976, 1977; Green and Davies 1980). 
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Succession, independent of seasonal changes, has been 

recognized to be important in terrestrial plant communities since 

the 19th century (Odum 1969). A series of plant populations 

develop and in time modify their habitat aiding their own replace-

ment, possibly leading to a climax comnunity. Succession 

characterized by substrate modification in stream Aufwuchs 

communities also occurs, but specific details are poorly known 

(Patrick 1977). Initial colonizers apparently are opportunists 

and modify stream substrates by their growth habits rendering 

them suitable for further colonization by other taxa. 

In addition to cyclica1 and successional changes, stream 

ecosystems are frequently subjected to weather-induced stochastic 

phenomena (Patrick 1977). Occasional storms in a stream water-

shed may rapidly alter substrate environments by increasing 

water depth, velocity, and turbidity. These contribute to stream 

scouring which is an important regulator of Aufwuchs abundance 

(Hynes 1970). 

Man's activities produce additional changes or environ-

mental perturbations of varying magnitudes and frequencies which 

may influence Aufwuchs and alter succession by causing periodic 

population changes. Such man-induced changes interact with 

natural changes, outlined above, to yield a dynamic balance which 

may promote higher diversity in nonequilibrium stream communities 
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(Huston 1979). Elucidation of these interactions in natural 

streams is extremely complicated and is becoming an important 

area in stream ecology. 

An important tool in this study involves the use of 

model streams (Mcintire 1975). Model streams as with other 

models form a basis for thinking about and discussing phenomena 

which one can then isolate in time and space for experimentation. 

The study of stream Aufwuchs interactions have been enhanced 

by experimental manipulation of selected variables in model 

stream ecosystems. Many workers have used such model systems to 

measure the influence of particular ecological variables (e.g. 

light, current, temperature, toxicants) on stream·Aufwuchs 

(Mcintire et al. 1964, Kevern et al. 1966, Mcintire 1975, Rodgers 

1977, Clark et al. 1979, and Kaufman 1980). Model ecosystems 

have heuristic value somewhat comparable to mathematical models. 

They permit both isolation and manipulation of key variables that 

contribute to the functioning of complex systems. Levins (1968) 

has suggested that such models will lack either realism, precision, 

or generality. But in spite of this and other disadvantages 

of stream models (Warren and Davis 1971), I believe them to be 
valuable in hypothesis testing since they can eliminate many 

confounding factors and thus simplify Aufwuchs studies and 

increase their statistical power in both natural and model eco-

systems .. An important approach in this effort to simplify has 
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involved the use of artificial substrates. Naumann (1915) and 

Hentschel (1916) were among the first to study Aufwuchs using 

glass slides to avoid problems associated with natural substrates. 

In the ensuing years glass slides, polyurethane foam, and other 

artificial substrates have been used to assess water pollution 

and study aspects of biomass accumulation in natural stream 

ecosystems (Butcher 1932, Castenholz 1960, Hohn and Hellerman 

1963, Sladecek & Sladeckova 1964, King & Ball 1966, Cairns et al. 

1969, Cattaneo et al. 1975, Clark et al. 1979, Matthews 1981). 

Several workers have compared the use of artificial and 

natural substrates. Patrick et al. (1954) and Hohn and Heller-

man (1963) have validated the use of artificial substrates to 

represent natural diatom co111nunities in streams. They concluded 

that, although differences may occur, about 95% of diatom species 

will be found on both types. Cairns and Yongue (1977) summarized 

much previous research with the polyurethane foam unit concluding 

that these units permit adequate representation of protozoan 

conmunities found in nature. 

Despite efforts in recent years to understand stream 

ecology, scientific knowledge of ecological factors that control 

stream Aufwuchs is based to a very great extent on isolated field 

observations. Nearly all of the field studies still require 
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experimental proof, a situation basically unaltered since Hynes 

(1970) offered this opinion. 

My research included two phases and tested several 

hypotheses relating to Aufwuchs accumulation. Phase I utilized 

experimental streams to explore some poorly known factors 

contributing to the Aufwuchs biomass accumulation process. Phase 

II utilized a natural stream to simultaneously investigate the 

importance of several physical factors on the Aufwuchs accumula-

tion process. 

Phase I 

In phase I, I studied the importance of ecosystem depopula-

tion and disturbance frequency on Aufwuchs accumulation and 

population dynamics in experimental streams on the New River at 

Glen Lyn VA. Ecosystem depopulation or denudation is a poorly 

understood factor affecting Aufwuchs accumulation and, hence, 

stream biota recovery following a pollution episode. Depopula-

tion of stream substrates occurs frequently when toxic pollutants 

are introduced, as well as when stream velocity and turbidity 

greatly increase (Hynes 1970). 

I hypothesized that accumulation and colonization in 

denuded ecosystems are slower than in the reference ecosystems. 
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The importance of nearby colonizer sources to species accumula-

tion has been hypothesized by MacArthur & Wilson (1967) and 

confirmed by Simberloff & Wilson (1969) on oceanic islands and 

by Cairns et al. (1969) in freshwater. Colonization on glass 

slides, however, is not totally comparable to oceanic islands. 

In streams, if one can accept that rocks and other substrates 

are islands, the density of potential colonizers is much higher 

than for ocean islands. Potential stream Aufwuchs colonizers 

typically are abundant on rocks and adrift in river water. My 

research considers the importance of nearby colonized substrates 

to Aufwuchs biomass accumulation and is the first experimental 

study of the effects of ecosystem depopulation on the subsequent · 

stream Aufwuchs accumulation or recovery process. I tested the 

hypothesis that a catastrophic event which causes ecosystem 

depopulation significantly reduces the biomass accumulation rate. 

MY intent, however, was not to test the island colonization theory. 

Another aspect of my study measured changes in the influence 

of the initial ecosystem depopulation on Aufwuchs accumulation 

as the system recovers. Aufwuchs accumulation was compared in 

depopulated and reference streams startinq accumulation ~t 
different times after denudation~ I tested the hypothesis that 

as a stream recovers or repopulates, its influence on bare 

substrate accumulation becomes indistinguishable from the influence 

of undisturbed streams. 
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An additional problem I explored in the depopulation study 

was the influence- of length of submergence on 11within-stream 11 

variability. Several studies have reported that variability in 

biomass measurements, even using artificial substrates in 

experimental streams, is still a great problem (Odum et al. 

1958, Rodgers 1977). Rodgers (1977) measured no significant 

differences in ash-free dry weight, and extractable chlorophyll 

a (CHL), and adenosine triphosphate (ATP) on glass slides about 

90% of the time (my calculations) when he compared treated with 

untreated streams. He concluded that variability within streams 

was so great as to mask expected differences among stream treat-

ments when substrates were submerged for about two weeks. In 

my study, however, I tested the hypothesis that variability 

might be substantially lower after 1 or 2 days than 14 days. 

I also investigated the relationship between disturbance 

frequency and Aufwuchs accumulation in Phase I. Whereas many 

natural and maninduced disturbances occur in streams, the 

influence of disturbance frequency on Aufwuch accumulation has 

not been studied. I measured the influence of continuous vs 

intermittent disturbance by copper (Cu) dosing on the early 

stages (i.e., the first 10 days) 'Of the stream Aufwuchs accumula-

tion process. Kaufman (1980) reported the influence of a one-

time perturbation, physical denudation of stream substrates, on 

subsequent Aufwuchs accumulation. The absence of normally 
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populated natural substrates inhibited Aufwuchs accumulation on 

nearby clean glass slides during the initial week of submergence,· 

which suggests the importance of colonizer proximity and short-

distance drift to Aufwuchs accumulation. In the disturbance 

frequency work, I used multiple perturbations with Cu to determine 

their influence on biomass accumulation and diatom diversity. 

Loucks (1970), Grime (1973), Connell (1978), and Huston 

(1979) have observed or predicted that diversity in several 

ecosystems is minimized when population reductions are either 

very infrequent or very frequent and maximized when population 

reductions occur with intennediate frequency. My study tested 

the hypothesis that diatom species richness and equitability are 

influenced by disturbance frequency. 

I also explored two aspects of stability (resistance and 

resilience) from a biomass and taxonomic perspective. Ecological 

stability often indicates the tendency of a system to remain at 

or return to equilibrium after a disturbance (Orians 1975). The 

concept of stability, however, has generated much confusion 

especially concerning its meaning and measurement. Webster et 

al. (1975) addressed this question and defined resistance and 

resilience. Resistance is the ability to avoid displacement 

during an environmental disturbance or stress, and resilience is 
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the 'ability of a system to return to its former state following 

stress. My study is the first experimental investigation of 

stream Aufwuchs stress resistance and resilience and their 

dependence on the frequency of environmental disturbance. In 

addition, I tested for a possible inverse relationship between 

'stress resistance and ccmnuni ty age. 

Phase II 

The second portion of my research investigated a number of 

factors that I hypothesized to be important to Aufwuchs biomass 

accumulation and diatom succession in Stroubles Creek. Most 

previous Aufwuchs studies in natural streams have used a purely 

descriptive approach and have been concerned mainly with either 

diatom communities (Butcher 1947, Patrick 1949, Douglas 1958, 

Moore 1976, and many others). My research combined these approaches 

to elucidate the overall accumulation process. I studied 5 factors 

and systematically investigated their influence on Aufwuch bio-

mass accumulation and diatom succession. The factors included: 

·habitat (riffle vs pool), shadiness (wooded vs open), depopulation 

(reference vs depopulation), seasonality (early summer vs late 

sunmer/early fall), and location (upstream vs downstream). 

One problem in understanding stream Aufwuchs biomass and 

population dynamics is that stream habitats are rather hetero-
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geneous and may produce distinct species assemblages and standing 

crops on nearby substrates. Many factors probably contribute to 

these distribution patterns (Hynes 1970, Rodgers 1977), and it was 

several of these patterns that I attempted to isolate for experi-

mental verification. I also retested several hypotheses previously 

studied in Phase I. 

I selected two time periods in the annual cycle in which to 

carry out my experiments, early summer and early fall. Aufwuchs 

growth at these times is sufficiently rapid for a time-efficient 

study of accumulation. Both the anticipated and measured distinctions 

between the seasons were not great. Within each seasonal study I 

compared two adjacent portions of Stroubles Creek. In general the 

two portions were expected to be physically and chemically similar 

to each with no major factors distinguishing between them (e.g. 

tributaries, stream bank vegetation). Within the upstream and down-

stream portions, I selected heavily wooded (shady) and completely 

open (unshaded) locations. In each of these locations, I studied 

riffle and pool habitats. The final factor that I tested was the 

importance of depopulation, which I had previously studied in Phase I. 

Three of the expected key factors in this study were 

seasonality, light availability, and habitat. The literature 

available on stream attached algae indicates that seasonality may 
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be important to biomass and species changes (Backhaus 1968, 

Squires et al. 1973, Moore 1976, 1977, 1978). Hynes (1970) 

provides some general information on changes in attached stream 

algae. Diatoms, he states, are characteristic of these communities 

and are present the year round. Hydrurus, Ulothrix, and various 

cold water forms also appear in the spring. Winter and spring 

diatoms populations decrease as days increase in length and warmth. 

Simultaneously, various bluegreen and green algae may increase. 

Encrusting green algae and red algae also increase. As leaf cover 

increases, the algal flora may decline. Such successional changes 

are rarely reported for artificial substrates although they do occur 

given sufficient time (Hynes 1970). 

Since diatoms and other algae are photosynthetic organisms, 

it has been suggested that light availability should play a major 

role in detennining the conmunity structure of benthic diatoms 

(Williams 1964, Sullivan 1976). Godward (1934} and Whitton (1970} 

suggested that light may be reduced by submerged macrophyte cover 

so as to limit algae. Algal production in small streams, particularly 

those with substantial riparian vegetation (like Stroubles Creek) 

may be controlled by light (Mcintire 1973, Blum 1956). McConnell 

and Sigler (1959) noted that shading from riparian vegetation, 

mountain slopes, and turbidity affected CHL estimates on stream 

substrates. They correlated maximum CHL with lowest turbidity. 



13 

Munteanu and Maly (1981), however, have suggested that 1ight is not 

a major factor in determining habitat preference of diatoms in lotic 

environments. 

A third factor that I studied is the difference between 

riffles and pools which in any stream location is not limited to 

a single characteristic. The riffles that I studied had faster 

current velocities, more turbulent flow, larger substrates, and 

shallower depths relative to the pools. The most consistent 

differences between riffles and pools are current velocities and 

depths. Stream currents promote the renewa1 of essential growth 

conditions by resupplying nutrients and carrying off wastes (Hynes 

. 1970). Whitford {1960) reported that a zone of nutrient depletion 

occurs near actively metabolizing algae. Flowing water counters 

the nutrient depletion. 

Whitford and Schumacher (1964) reported that respiration 

rates increased 40-57% when velocity was increased from 0 to 15 

cm/sec in a model system. In a different recirculating model stream, 

Mcintire (1966) determined standing crops were similar when grown 

at velocities of 9 and 38 cm/sec. Rodgers and Harvey (1976) found 

that 14C accumulated to a greater extent at a higher ve1ocity. 

In one of the only other field studies involving current velocity 

and Aufwuchs, Ball et al. (1969) determined maximum algal standing 
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crops in the Red Cedar River, MI occurred at velocities ranging from 

30-61 cm/sec, and the minimum standing crop occurred at >100 cm/sec. 

Stream velocity also is known to select for and against 

certain species. Cholnoky (1968) suggested some streams and 

species were affected more by fluctuations in oxygen content 

than by mechanical water movement. Patrick and Reimer (1966) 

noted that certain diatoms growing in or attached by gelatinous 

cushions or stalks are better able to grow in a rapid current. 

Douglas (1958) reported that the densities of periphyton on a 

variety of substrates was a function of velocity and discharge. 

Very high velocities will scour substrates although 

not completely since various filamentous algae {particularly non-

branching) and other types of current-adapted algae grow best 

at higher velocities (Blum 1956). Abrasive action and turbidity 

caused by suspended sediments increase with increasing 

velocity. Furthermore, algae growning on sand and smaller rocks 

are particularly susceptible to flooding conditions (Duffer and 

Doris 1966, Douglas 1958). 

The influence of current is strongly dependent upon substrate 

type. Silty and sandy sediments, regardless of current, have mostly 
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motile taxa. In some small English streams, Round (1964) reported 

that epipelic taxa included Nitzschia dissipata, _!!. palea, _!!. 

angustata v acuta, _!!. tryblionella, Navicula viridula, !!· cuspidata, 

Caloneis amphisbaena, Gyrosigma acuminatum, Surirella ovata, and 

Cymatopleura solea. Epilithic and epiphytic taxa tend to be 

nonmotile, although motile forms may appear as the flora becomes 

dense. These species often have mucilage pads or stalks and 

include species of Achnanthes, Cymbella, and Gomphonema. Other 

diatoms have a mucilage coat that permits them to stick down flat 

(e.g. Cocconeis and Epithemia). There is a strong interaction 

between substrate type and current. 

Blum (1956) claimed that genuine river algae depend 

on stone substrates and flourish in fast currents. Patrick 

(1948) states that species occurrence on selected substrates was 

determined by adhesion properties of jelly-like and gelatinous 

substances. Nelson and Scott (1962) studied periphyton develop-

ment in turbid streams with a shifting sandy bottom, and 

determined that best algal development occurred on hard and stable 

substrates. Duffer and Dorris (1966) reported substantial variation 

in periphyton production in the Blue River, Oklahoma. They 

concluded the primary cause was the nature of the substrates 

and not light intensity. 



MATERIALS AND METHODS 

The accumulation of Aufwuchs biomass and diatom species were 

studied in a two phase research program from 1977-1979. Phase I used 

experimental streams located adjacent to the New River at Glen Lyn 

VA (June 1977 - October 1978). Phase II used Stroubles Creek, 

Blacksburg VA (June 1979 - November 1979). 

PHASE I 

Experimental Stream Ecosystems 

Six experimental stream ecosystems were established on the 

west bank of the New River at Glen Lyn, Giles County, Virginia 

(latitude 35°22 1 20 11 , longitude 80°51 1 45 11 ; 454 m above mean sea level). 

The streams were located at the Appalachian Power Company's Glen 

Lyn Plant (American Electric Power) which is coal-fired with 

generating capacity of 300 MW and a maximum of 340 MW. The streams 

were assembled and used by Jim Clark and John Rodgers of the 

Center for Environmental Studies at VPI & SU. The New River 

was the source of water and Aufwuchs colonizers. Water entered 

each stream at the rate of 0.5 t/sec (9 cm/sec) on a once-through 

basis. 

Each stream was a modified aluminum fish hatchery trough (4.5 m x 

16 
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0.4 m x 0.3 m), the inside of which was coated with an inert white 

epoxy paint {Figure 1). Each stream was divided into an anterior 

mixing portion (0.5 m in length} and a posterior experimental 

portion. An automobile jack at the stream's anterior end permitted 

control of stream slopes which were maintained at a pitch of 2 cm 

over the length of each stream. The six streams were arranged 

parallel to each other, and about 0.5 m apart (Figure 2). The bottom 

of each stream was covered with a combination of flattened and rounded 

stones of varying sizes with a maximum dimension of about 30 cm. 

Water depth was maintained at 12-15 cm. 

A box for housing a 20 i carboy with copper sulfate solution 

was situated above 2ach stream mixing box (Figure 1). Cu solutions 

were added to the streams in the disturbance frequency experiments 

using the Mariotte bottle dosing principle (Kubitschek 1970). 

Cu concentration in each stream was calculated from 

the equation: 

rate R-/min. 

Glass (Pyrex™) 20 i carboys were used for the stock solutions 

containing copper sulfate. The box for housing stock solutions 

was insulated and thermostatic heating tape maintained temperatures 

above freezing during cold weather. The stock solutions were fed 
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Figure 1. Profile of Glen Lyn experimental stream 
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Figure 2. Arrangement of six experimental streams at Glen Lyn 
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into mixing boxes {10.5 t) before water was released to the streams. 

Experimental Protocol 

A. Deeopulation Studies 

Accumulations of CHL, ash-free dry weight (AFlll), and AtP were 

measured during three seasonal depopulation experiments: Experiment 

1 (fall) in October 1977, Experiment 2 (spring) in April-May 1978, 

and Expe.riment 3 (summer} in August 1978. These one-month studies 

were conducted in two or three streams. 

In each depopulation experiment, after an initial two week 

period of accumulation, at least one experimental stream was 

depopulated by removing accumulated sediments with vigorous sub-

strate scraping and flushing. Reference streams were not disturbed. 

After depopulating the streams, Plexiglas holders with vertically 

·held glass slides {7.5 cm x 2.5 cm) were placed into the (depopulated 

and reference) streams at 2 m down from the inflow within a l m 

length to minimize within-stream-variability. The Plexi9lass holders 

were oriented so the slides were situated parallel to the current. 

Replicate slides were removed randomly after 1, 2, 4, 6, 9, or 13 

days of submergence. During spring and summer experiments, six sub-

experiments (three during each experiment) were conducted over a 

period of six days which started, respectively, 0, 5, and 10 days 
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after depopulation. In each subexperiment, 30 additional slides in 

Plexiglas holders were placed into one depopulated and one reference 

stream. Ten slides were removed from each stream after 1, 2, or 6 

days; CHL and ATP were extracted from five slides each (see be 1 ow). 

B. Disturbance Frequency Studies 

The importance of disturbance frequency was studied in 

Experiment 4 (August 1978) and Experiment 5 (September-October 1978). 

In each experiment four model streams developed without 

disturbance for 7 days, followed by an 18-day experimental regime 

of Cu perturbation. The four streams were dosed with either no Cu or 

relatively low concentrations (0.03 mg Cu/£) at predetermined 

frequencies for 10 days, followed by a 24-hr additional disturbance 

(0.06 mg Cu/£), and then a return to seven more days of no Cu or 

0.03 mg Cu/£ at the original frequencies (see Table 1). The streams 

receiving no Cu during the 10-day initial treatment were called 

"reference streams"; those treated every three days were 11 low 

frequency streams"; and the two groups together were called Low 

Stress Streams (LSS). Those streams receiving Cu daily were called 

"high frequency streams"; those treated continuously were referred 

to as "continuous streams"; and the two groups together were called 
High Stress Streams (HSS). 



Table 1. 

Stream 

Reference 

Lov Frequency 

High Frequency 

Continuous 

Glen Lyn Disturbance Frequency Experiment: Experimental Des igri. 

-7 

Stream 
Acclimation 

No treatment 

No treatment 

No treatment 

No treatment 

0 

Days 

Initial Sti·eam 
Treatments 

No treatment 

0.0J mg Cu/l for 
2 IJl'every 3 days 

0.0) mg Cu/t for 
2 hr every day 

0.03 mg Cu/! 
contin11ous)y 

10 

Additional 
Stream 

Treatments 

0.06 mg Cu/i 

0.06 mg Cu/t 

0.06 mg Cu/t 

0.06 mg Cu/l 

11 

Return To 
Initial Stream 

Treatments 

No treatment 

18 

0.03 mg Cu/t for 
2 hrevery 3 days 

0.03 mg Cu/t for 
2 hrevery day 

0.03 mg Cu/t 
continuously 
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Cu solutions were added to the streams using the Mariette 

bottle dosing principle for the continuous stream treatment, and a 

peristaltic pump for the short treatments. When the Cu dosing 

regime began, Plexiglas slide holders with 14 vertically-held glass 

slides were placed into each stream 2-3 m downstream from the inflow 

and Cu mixing box. 

Biomass accumulation of stream Aufwuchs on glass slides was 

estimated after submergence in each stream for 1, 2, 4, 10, 11, 15, 

or 18 days. ATP and CHL were extracted from four slides each on 

the seven sample days in each of the four streams. 

ATP Measurements 

ATP analyses have been used since the mid-1960's to estimate 

the biomass of microorganisms including planktonic algae (Holm-

Hansen 1970, 1973}. It has only recently been used to estimate the 

biomass of Aufwuchs (Clark et al. 1978}. ATP estimates are not 

directly biased by inorganic sediments and organic detritus as are 

various gravimetric methods. ATP is characteristic of living 

organisms only and degrades rapidly at death (Holm-Hansen and Booth 

1966). ATP is an indicator of Aufwuchs biomass because of the 

relative constancy of the ATP /organic carbon ratio for many 

microorganisms (Holm-Hansen and Booth 1966, Holm-Hansen 1973, 
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Weber 1973). More recently researchers have reported that these 

ratios may vary with nutrient conditions (Brezonik et al. 1975, 

Cavari 1976) or among taxonomic groups (Ausmus 1973, Weber 1973). 

The maximum ratio variabi 1 ity, however, is expected under comparatively 

extreme conditions (Clark et al. 1979). Problems with ATP conversions 

were not crucial to this study which aimed at using ATP for relative 

comparisons and not as a direct indicator of biomass. 

ATP extraction was begun in a streamside laboratory 

less than 60 sec following slide removal from the streams 

using eight slides at a time. ATP was extracted from whole slides 

submersed into boiling Tris (pH 7 .8) (Clark et al. 1978) in fall 1977 

and boiling Mcilvaine 1 s buffer (Bulleid 1978) in spring and summer 

1978. Direct transfer of each slide into boiling Tris was selected 

instead of scraping of slides because of the sma 11 amount of matter 

on slides which made complete scraping difficult. Moreover, 

the rapid slide transfer most likely minimized changes in the cellular 

ATP pool. Glass slides on being transferred to the boiling Tris 

lowered the temperature to 92°C, but the temperature had recovered 

to 99°C within 60 seconds. The ATP recovery efficiency was estimated for 

every 20th slide by recoverinq known additions of ATP salts. Recover.v 

efficiencies were 67% ± 14% (95% confidence intervals). In the 

laboratory at VPI & SU, ATP was measured using frozen samples with 

a Lab-Line ATP photometer Model 1940 (Clark et al. 1978). 
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Chlorophyll measurements 

CHL ( chlorophyll a) is a widely used, relatively simple, and 

inexpensive biomass indicator for the photosynthetic component of 

Aufwuchs (APHA 1976, Weber 1973). Because of various factors that 

are known to affect the relative quantity in a cell, CHL is not always 

a direct measure of algal biomass. CHL content of cells is a function 

of the algal species {Strickland and Parsons 1972, Sladecek and 

Sladeckova 1964), light adaptation (McConnell & Sigler 1959, Eppley 

1968, Ryther 1956), and nutrient depletion (Steele and Baird 1965). 

These potential variations with CHL (as with ATP) were not considered 

crucial in the present study which aimed at using CHL to obtain 

relative comparisons for describing the accumulation process. 

CHL was extracted from whole slides in 90% buffered acetone for 

24 hr at -20° C in the dark (APHA 1976). CHL (corrected for 

phaeopigments) was measured with a fluorometer (Turner Designs Model 

10) calibrated with a CHL primary standard and coproporphyrin 

secondary standard (Sigma Chemical Co.). Higher concentration ex-

tracts were diluted when necessary. 

A search of the Aufwuchs literature suggested this study was 

perhaps the first to use a fluorometer for measuring attached algal 
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CHL. Indeed, CHL measurement would have been impossible without a 

fluorometer since spectrophotometric methods are generally insensitive 

to CHL levels measured during the initial 2 days of accumulation. 

Gravimetric Measurements 

Ash-free dry weights (AFl:M) have been used as a biomass indicator 

in Aufwuchs studies, such as King and Ball (1966) and Mcintire and 

Phinney (1965) to indicate organic carbon. A major problem with the 

method is its inability to distinguish viable and nonviable material 

(Clark et al. 1979). 

AFl:M was measured using slides weighed prior to submergence (no 

weight loss on ignition). After removing slides from the stream and 

returning them to VPI & SU, each was placed into a preweighed 

crucible, dried for 24 hr at 75° C, weighed, ashed l hr at 550° C. 

rehydrated, dried again for 24 hr at 75° C, cooled in a desiccator 

1 hr, and reweighed (modified from APHA 1976). 

Diatom Studies 

Diatoms, which were the predominant algal component of Aufwuchs 

qrowing on glass slides in phases I and II, were studied in detail. 
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In phase I disturbance frequency studies, diatom taxonomic 

compo.sition, species number, and information theory diversity were 

estimated using two slides taken from each stream after submergence for 

4, 10, 11, or 18 days. In discussing the relative abundances of 

diatoms, a modified version of the scheme proposed by Green and 

Davies (1980) was used. I designated 5 categories: rare (<1%), 

occasional (1-5%), subdominant (6-10%), dominant (10-30%), and super-

dominant (>30%). Species counts were obtained from diatoms cleaned 

in boiling acid, mounted in Hyrax, identified, and enumerated at lOOOX 

magnification under oil (Patrick & Reimer 1966). One thousand 

valves were counted on each slide. Standard taxonomic works. were 

used, especially Hustedt (1930) and Patrick and Reimer (1966, 1975). 

Diversity Measurements 

Indices of species diversity are useful in ecological studies 

since they allow numerical comparisons of species assemblages (Patrick 

1963). I utilized the widely applied Shannon-Wiener information 

theory diversity index (Pielov 1966). H' is calculated to be 

-E Pi log2 Pi, where P; = ni/N, n; =abundance of the i th species 

and N =total.number of valves counted. 

The magnitude of H' depends on the number of species and the 

distribution of individuals among the species (Pielou 1966). H' is 
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more sensitive to species equitability than to species richness. 

Maximum H1 would occur if each species were represented by the same 

number of individuals. 

It is necessary to determine the minimum number of individuals 

necessary to provide a representative sample of the diatoms 

growing on each slide. This is particularly important in my study 

since I compared assemblages of diatoms that accumulated on slides 

submerged for different lengths of time. The assemblages 1 in phases I 

and II had an estimated range of cell numbers on each slide from about 

2 x 104 up to 8 x 10 7 . Hohn and Hellerman (1963} reported about 2.2 x 1oa 

cells on a slide submerged for a year. Various researchers with 

different goals have suggested that a representative sample should 

consist of several hundred to several thousand cells (Mcintire & 

Overton 1971, Patrick 1963). Mcintire & Overton (1971) stated that 

500 valves were adequate to determine the Shannon-Wiener diversity 

Index (H 1 ). 

Patrick (1963}, in recommending a sample size of 7000 valves, 

was particularly interested in knowing as many of the extremely rare 

species as possible. Patrick (1963) has determined through many 

exhaustive counts that attached diatom assemblages are well described 

by the truncated log normal distribution. Without extensive counts in 
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which many of the rarer species are identified, the species mode of 

the log nontial would not be exposed. Once the mode is exposed, the 

theoretical species number of the assemblage may be predicted. 

Patrick feels that knowledge of the numbers of species, particularly 

rare ones, provides the most valuable ecological infonnation. 

Patrick·and Reimer (1966) have discussed how comparison of log 

normal distributions from diatom assemblages in different environments 

provides a numerical basis for distinguishing between healthy and 

unhealthy environments. The distinction is based on deviations from 

predicted species distributions. In unhealthy environments the 

number of rare species is sharply depleted. 

Knowledge of the predominant species is certainly also 

important in distinguishing among diatom assemblages. The most abundant 

species after all dominate attached algal standing crops. 

There are many practical limits in research emphasizing rarer 

species. Taxonomic problems are often particularly critical for 

species represented by a single or a few individuals. Taxonomic 

details are hidden on particular cells, frequently obscured by debris 

or other cells. Another major problem is sampling error. Whereas 

rare species may actually be present in the complete assemblage, 
-

they may be absent from the particular sample. A third problem is 

the requirement for extensive cell counting which reduces the 

practicality of adequate replication. 
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To determine the minimum cell count that was necessary for 

estimating H' on glass slides submerged for different time periods, 

I made sequential estimates of H' as N increased for N = 100, 400, 

800, 1200, and 1600 (Figure 3) using 4 and 18 day-old slides. H' 

stabilized at valve counts of 800 or greater for both submergence 

times. 

Resistance and Resilience 

Aufwuchs community resistance, the ability to avoid displace-

ment during a disturbance (i.e., Cu), was estimated by ATP(day 11)/ 

ATP(day 10) and CHL(day 11)/CHL(day 10). The effect of community age 

on stress resistance also was estimated using additional glass slides 

submerged for 2, 4, and 7 days before the 24-hr additional disturbance. 

ATP was measured from half of the slides before the disturbance and 

from the other half after the disturbance. 

Resilience, the ability of Aufwuchs biomass to return to initial 

levels or recover from the additional 24-hr Cu disturbance was calculated 

for ATP and CHL. Resilience was estimated 4 days after the 24-hr 

disturbance by the ratios ATP(day 15)/ATP(day 10) and CHL(day 15)/ 

CHL(day 10); resilience was also estimated seven days after the 24-hr 

disturbance by the ratios ATP(day 18)/ATP(day 10) and CHL(day 18)/ 

CHL ( day 10) . 
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Statistics 

Statistical Analysis System {SAS) was used to summarize and 

analyze the data (Barr et al. 1976, Helwig 1977) using the VPI and SU 

IBM 370/158 computer. Since the data were not always normally 

distributed, comparisons of streams were made using a nonparametric 

Kruskal-Wallis one-way analysis of ranks (Lehmann 1975). Standard 

deviations and coefficients of variation were also computed for 

descriptive purposes. 

Physicochemical Measurements 

Personnel at the Glen Lyn Plant took daily measurements (0800} 

of pH (Beckman meter), turbidity (as NTU using a Hach Turbidimeter 

Model 2100 A), alkalinity (as mg/i CaC0 3 at pH 4.6, using Bromcresol 

green}, hardness (as mg/i CaC0 3 using EDTA},and temperature (°C). 

These were supplemented with measurements taken three times a 

week (1200) including temperature, pH (Markson pH meter) and 

alkalinity (APHA 1976). 

Phase II 

Site Description 

Stroubles Creek is 28 km long falling about 200 m from its 
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origin in Blacksburg VA before enterinq the New River. Stroubles 

Creek originates from springs within Blacksburg, flows through the 

Duck Pond on the VP! & SU campus, then through agricultural and 

wooded areas. Several tributaries feed Stroubles Creek, including 

Walls Branch and Slate Branch. The portion of $troubles Creek studied 

in Phase II was about 1.0 km long and ca. 1 km downstream from Walls 

Branch (latitude 37° 12', longitude 80° 29') (Figure 4). The creek 

bed is 8 to 15 m wide with depths ranging from <10 cm to about 80 cm. 

The bottom is rocky and gravelly. The maximum rock diameter is 85 cm 

but few rocks exceed 30 cm. 

Experimental Design 

I performed exreriments in Stroubles Creek from June through 

November 1979 (Table 2). The Stroubles Creek Multivariate Experiments 

were done in summer (July) and early fa11 (Sept. -Oct.). An upstream 

location and a downstream location in the study reach were chosen. 

Each was about 0.4 km long, not in sight of human habitation, and 

received no tributary flow. The two locations were generally similar 

in bank vegetation and stream widths. Each location had both a 

heavily wooded (i.e., completely shaded) and completely unwooded 

portion (i.e. no shade between 0900 and 1500). Within each shady and 

sunny portion I identified a riffle and a pool habitat. Rocky 

substrates from pools tended to be less than 3 cm in diameter and 
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Table Z, Stroubles Creek Multivariate Experiment: Oesi9n. 

Experimental factors Variables 

Location Season Shadiness Habitat Depopulation Days CHL ATP Species 
& di versit.l' 

Riffle Dep 
iiood Ref 

VI Prol ! Dep 
~ Ref 

Riffle Deo Open Ref = "O Pool Dep "' ,.. ... Ref 
~ 

~ Ri ff1 e Oep 
Wood Ref 

.,., Pool Dep "' Ref w "" 
Riffle Dep "' ~ ~ 

Open ... 
Ref Q. 0. o-... "' ~ -0 ~ . "' "' l'O c.. 

Pool ::l l'O 
Dep a:> "O "O . "' ~ .... -::> 
Ref .., .., -<'D ,.. ... 

:"' Q. Q. "' ... ... Q. 
'< '< 0 ... 

N ... "' 
::l '< ... 

Riffle ... ,... '< .. 
Oep ,.,. 

Wood Ref !!: !. !::. l'O c.. "' ,., 
Pool - "' "' ::r 

"' Oep .,,. -· = ::; ... 
"' Ref :J: • "' iii .., 

Riffle Dep 
Open Ref 

5' 
! Pool Dep 
"' Ref ... .., 
l'O 

Riffle Dep "' = Wood Ref 
.,., Pool Dep ... 

Ref 

Riffle Dep 
Open Ref 

Pool Dep 
Ref 
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from riffles were various sizes and shapes frequently flattened with 

one dimension at least 10 cm. Inside each riffle and pool I 

designated two areas in which I placed four slide holders. In the 

first of the two areas (reference area), I was careful not to 

disturb the natural substrates. In the second or depopulated area 

(trapezoidal shape: 0.5 m x 1.3 m x 2 m), I systematically disturbed 

the substrates by removing all of them and replacing them with other 

rocks previously scraped and dried. The reference area was always 

upstream of the depopulated area. 

In each reference and depopulated area, I placed a whole or 

fragmented concrete block (41 cm x 20 cm x 20 cm). I attached 4 

slide holders, each with 14 vertically-held glass slides {2.5 x 7.5 cm), 

to the concrete block using monofilament fishing line. 

The concrete blocks were placed so that the water depth above the 

slides was about 10 cm in the riffles and 40 cm in the pools. 

Thus a total of 32 environmental conditions were systematically 

compared for their influence on accumulation of Aufwuchs biomass and 

diatom conmunities. For each of the 32 test conditions., I measured 

the accumulation of CHL, ATP, and diatom species on slides submerged 

for 1, 2, 4, 8, 16, or 24 days. For each submergence time, the 

quantities of CHL and ATP were determined from 3 slides each using 

the laboratory methods described for Phase I. Extractions for CHL 



37 

and ATP were carried out as described for Phase I, except that in the 

Stroubles Creek study, the streamside laboratory was in the back of my 

vehicle, and the heat source for ATP extractions was a double-burner 

Coleman stove. 

I calculated H' with an TI 55 calculator for a total of 96 

slides representing the different experimenta1 conditions tested in 

Phase II using the same formula as in Phase I. 

Biomass Accumulation Rate 

The mean accumulation rates of CHL and ATP were estimated by the 

following ca1cu1ation: 

(Wilson & Bossert 1971) 

where t 1 and t 2 are lengths of submergence {i.e. days); r is the 

accumulation rate (in rate/day); Nt 1 and Nt 2 are the mean biomass 

estimates (i.e. CHL or ATP) at times 1 and 2, respectively. 

Phys i cochemica 1 Measurements 

Light 

One factor that I studied in Phase II was the importance of 

shading. In comparing open and heavily shaded sites. I recognize 
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that several factors influence the availability of solar energy 

to Aufwuchs communities such as daylength, latitude, altitude, cloud 

cover, tree shading, turbidity, and reflectivity. My purpose in 

comparing open and shaded sites was to indicate in general the degree 

of similarity of open and shaded sites but not to establish a dose 

response to light or to aid in productivity estimates. 

To estimate available light at each site, I used a Spectra 

Lumicon light meter. Simultaneous comparisons of all sites were 

impossible. However, I averaged light readings taken underwater 

adjacent to the slide holders at all sites on two partly cloudy 

days and two cloudless days in both July and September. Light 

(measured in foot-candles} at shaded sites averaged about 3 and 5% of 

light at open sites. 

Current 

I measured current velocities at each slide holder location 6 

times during each seasonal study using a pygmy current meter (Gurley 

Corp., Troy NY). I made each measurement approximately 0.5 rn up-

stream of the concrete block holding the slide holders at a depth a 

few centimeters above the slides. Current velocities (cm/sec) were 

calculated from the number of current meter revolutions per minute 

and are presented in Table 38. 
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Other Measurements 

I measured temperature and pH at each sample location six 

times during each seasonal study (Table 38). I also occasionally 

measured dissolved oxygen (APHA 1976) and hardness (as mg/t CaC0 3 

using EDTA). 



RESULTS AND DISCUSSION 

Phase I - Depopulation Studies 

Biomass accumulation patterns (CHL, ATP, and AFOW) of stream 

Aufwuchs were basically similar in fall, spring, and surrmer experiments 

(Table 3). Biomass accumulation was faster in earlier stages (first 

four days) than in later stages and was also faster in the reference 

streams than in depopulated streams. Mean biomass generally increased 

with time through all experiments. A major exception to the generally 

observed biomass increase with time occurred in fall when biomass 

sharply decreased between days 6 and 9. The decline was measured 

in both CHL and ATP and was clearly visible as a reduced buildup on 

the glass slides by day 7. Between days 6 and 7 a heavy rainfall 

in the upper watershed increased river turbidity from a mean of 3.86 

NTU (days l to 6) to 56.4 (day 7). Tett et al. (1978} proposed 

that periphyton biomass in a small Virginia river {Mechums River) is 

mainly controlled by flow. Mcintire and Phinney (1965), Mcintire 

(1966), and others have demonstrated that periphyton dislodgement 

is directly related to both biomass and current velocity. Turbidity 

is another factor they recognized in dislodgement and is generally 

associated with increased flow and velocity following rainfall in the 

New River watershed. In the fall experiment, however, stream flow and 

velocity were kept constant, while turbidity increased. The Aufwuchs 
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Table 3. Glen Lyn Depopulation Experiments: CHL, ATP, and AFDW (mean ± 
stamlar<l deviation) in mg/m2. Mean of separnte estimates of five 
slides (fall) or three slides (spring, summer). 

Experiment Number of days su!nnerged 
variRble St r<>am 2 4 6 9 

fall 1977 

Clll. l)ep l .109 + .014 .101. t .262 5.7} + 2.93 15.8 + lJ.4 12.1+7.72 
Ref 1 .136 + .OJI l. 24 + .70} 8. 4) + 4. 10 2'L7 t I J. 8 13.9 + 9.8J 
Ref 2 • 14 7 + .039 1.00 + .502 7.68 + ).89 32. 7 + 14.2 12.8 .± 9.91 

ATP Dep .0062 + .001 J4 .0946 . 0184 .766 ± .267 5.49 + l.15 2.09 + • 470 
Ref .0154 t .00)62 • I !l2 t .o H!6 l. 72 + .691 6.99 + ).46 l. 72 + .894 
I{.,( .OJ 69 _± .OOl79 . 195 + .01. 11 l.41 + .440 B.26 + 2.96 I. 54 + .64) 

Spring 1978 

CllJ. llep I .412 ± .022 l.17 + .192 6.55 + 2.46 42.9 + 17. 2 
u .... 2 .491 + .039 I. )6 t ,094 12.0 t 4.73 27.9 t 8.94 74 .8 + JO.O 
Ref .674 ., . I)} 2. 51 + .041 27.0 + 15.0 16.1 + 36. l 
l{ef . 712 t .284 l. 95 t .026 22.] ~ ~. 59 4 }.7 ± 15.0 92. I + 50.9 

ATP Uep . oz /0 + .00583 .10'1 t . 0110 l .49 + 1.2) ).77tl.22 JI. 2 ! 4. ll 
Oep .0216 + .OOS6) • 157 t .0165 1.4'.'i + .81 4.49 + 1.71 15.7 + l.89 
Ref .0420 .. .0112 • ) 11 + .ons 6.11 t 2.6) 6.90 + 2.84 ZJ.7 + ll.6 
Ref .OJS} t .0051 .191 + .0287 s.ss + J.74 J. 29 I ). 02 21. l + 15.9 

AFDll flL'"p 20. 7 + ).45 770 + 24.o 1460 .. 618 4 190 t 1690 
1)1•p 2 23.2 .. 6.65 . 241 t ttl.O 2740 + 989 J7l0 + I 6110 6170 :; 1710 
Rd 1 JO. S + 1.06 •'dl :£ H9.7 2280 + 1105 4170 + IJIO 
l<d 2 lB. I .. to. I 505 :!: 40.) 3290 :; 1211l llSO + 1090 4720 .t. )010 

13 

7J., + J7 .1 
94.) t JS. 9 
117 t 19.9 
118 !_ 75.2 

ll.O + 8.02 
46.7 + 10.6 
]4.9 t 21.7 
19.9 I 11.2 

7)10 + 2940 
0650 t 26!0 
7200 + )540 
9030 t 7070 

. 
---~- ---~ - ------ -

Summer 1978 59.5 + 22. I 101 + 67.9 124 + 51. 2 !Jep .97 + .12 3.46 + I.)) J0. 7 + 19.8· 
Clll. Rd l.62 + .l) 7.01 + l.80 58.4 + 35.9 l)J I 59.s 148 + 70. <) 175 I 64.2 

!Jcp .0062 t .0019 .479 + .206 J.23 + 2.01 7.15 + 2.11 21.9 + 5.55 27.6 + 4.68 

ATP R"t .Ill 52 + .OOll .954 + .217 9.6s I 2.n lO. SU I I 5. 60 54 • J + 21.9 62.8 I 21.1 

O..p 59.S + 22. l 214 + 75.6 1560 + 122 JlJO :!: 1160 4910 + 2423 79)0 + 1690 

At'l>l.I R"f 94.9 + 16.6 409 I 166 1119 I 1290 4760 :!: 2640 I040Cl I 48lS I 1100 I 80!0 

-----

.p;. ,_. 



Table 4. Glen Lyn Depopulation Experiments: River temperature (°C), alkalinity 
(mg/l), l1ardness (mg/l), turbidity (NTU) with mean and range (in 
parentheses) calculated from 22 daily measurements made by the water 
chemistry personnel at the Glen Lyn Power Plant, Va. 

Expt. Date Temperature Alkalinity Hardness pH Turbidity 

1 Fall 1977 12 (10-14) 51 (43-60) 62 (51-88) 7.8 (7.4-8.0) 6.2 (1.3-56.4) 
(October) 

2 Spr 1978 13 (11-16) 49 (44-65) 54 (50-68) 7 • 7 (7 • 5-7 • 9) 11.4 (6.5-34.0) 
(April-May) 

3 Sum 1978 24 (22-26} 55 (44-64) 61 (52-75) 7 • 9 (7 • 5-8 • 4 ) 8.9 (2.2-30.0) 
(August) 

.p 
N 
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decline is probably attributable to a combination of turbidity-

induced abrasion and reduced light penetration. In both spring and 

sunmer, smaller turbidity increases were occasionally measured, but 

influences on biomass accumulation were not detected. 

Of the five physicochemical factors reported in Table 4, only 

temperature exhibited substantial season differences. Summer tempera• 

tures were distinctly greater than fall or spring, while the latter 

two overlapped broadly. 

Biomass accumulated fastest in the summer and slowest in the fall. 

On most days of the three experiments, mean biomass measurements were 

greater in reference streams than in depopulated streams {Table 3). 

The differences, however, were not always significant. Significance 

depended on the particular biomass factor and the length of accumula-

tion (Table 5). In the three experiments ATP accumulations were all 

significantly greater in the reference streams than in the depopulated 

streams for early days 1, 2, and 4 (P ~ .05, Kruskal-Wallis Test). 

The early days' pattern for CHL was not consistent: fall P ~ .18 

(not significant), spring P = .01 (highly significant), and summer 

P = .05 to . 13 (marginally significant). The early days' pattern 

for AFDW in both spring and summer showed significant differences on 

the first day only (P ~ .05). Variability of the biomass measurements 

for 6, 9, and 13 days of CHL, AF!ll, and ATP was generally toolarge 
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Table S. Kruskal-Wallis test for significant 
difference of biomass accumulation 
between depopulated and reference 
streams in three experiments. 

Days + Expt. submerged CHL ATP AFDW 

Oct 1 P•.46 P•.03* -# 
1977 2 .21 .02* 

4 .18 .01* 
6 .33 .39 
9 .62 .S4 

Apr-May 1 P•.01* P•.05* P•.01* 
1978 2 .01* .01* .02* 

4 .Ol* .01 .26 
6 .82 .27 .20 
9 .27 .34 .33 

13 .42 .87 .75 

Aug 1 P•.05* P•.05* P•.05* 
1978 2 .OS* .OS* .13 

4 .13 .os* .56 
6 .OS* .OS* .43 
9 .28 .OS* .13 

13 .47 .13 .83 

+ Ch 1orophy11 a , adenosine triphosphate, ash-free 
dry weight. 

*Significant difference p ~ 0.05. 

#No data. 
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measure significant differences between depopulated and reference 

streams. 

Stream substrates begin to recolonize quickly after many stream 

depopulation episodes. Potential colonizers are abundantly present 

drifting with the river water as well as attached to substrates. In 

fact, 53% of algal taxa present on glass slides submerged for 10 days 

in May 1978 were present in three one-liter river samples obtained 

on the same day slides were removed from the stream. In six 

accumulation subexperiments conducted in spring and summer, differences 

in the effects of ecosystem depopulation on early stage accumulations 

disappear after about 10 days (Table 6). 

When accumulation began within one hr (0 days) after depopula-

tion, in both experiments CHL and ATP were each significantly 

greater in the reference stream than in the depopulated stream for days 

1 and 2 {.03 s P s .08) but not for days 6 (.19 ~ P ~ .60). When 

accumulation began on day 10, early stage differences between 

reference and depopulated streams were not significant for CHL 

(P ~ . 15 on day l) and were of borderline significance (i.e., P ~ 0.07) 

for ATP on day l only in spring. In summer after 10 days, effects of 

depopulation on early stages of accumulation were no longer significant 

(P ~ .12). 
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Table 6. Kruskal-Wallis one-way analysis by ranks 
measuring the significance of accumulation 
differences in reference and depopulated 
streams for accumulation sequences initiated 
0 days, 5 days~ or 10 days after depopulation 
in spring and summer 1978. 

Accumulation + Expt4 initiated Days CHL ATP 

Apr-May 0 1 P=. 05* P=. 05* 
1978 2 .07 .04* 

6 .29 .19 

5 1 P=.10 p ... 03* 
2 .09 .16 
6 .22 .27 

10 1 P=.15 P=.07* 
2 .49 .26 
6 .43 .62 

Aug 0 1 P=. 03* P=.04* 
1978 2 . 04* .08 

6 • 60 .22 

5 l P•.06 P=.04 
2 .07 .08 
6 .34 .92 

10 1 P=.19 P=.12 
2 .60 .18 
6 .60 .47 

+ Ch 1 orophyll a, adenosine triphosphate. 
*Significant difference P ~ 0.05. 
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In natural streams depopulation may occur because of catastrophic 

environmental changes (e.g. a one-time toxicant addition). If the 

toxicant flushes away, leaves an insignificant residual, and if 

upstream communities continue to provide colonists, these results 

suggest Aufwuchs accumulation may proceed at approximately pre-

toxi cant rates in fewer than two weeks after toxicant removal. 

A commonly cited Aufwuchs problem is the inherently natural 

variabi 1 ity, even in man-control1ed ecosystems (Warren & Davis 1971, 

Rodgers 1977, Hoffman & Horne 1978). Rodgers {1977) compared seven 

kinds of chemical stream treatments with untreated streams in the 

same experimental stream ecosystem reported here, albeit from 1975-7 

and with no intention to investigate early accumulation stages or 

depopulation effects. Using slides submerged for about two weeks, 

measurements of CHL, ATP, and- AFSW generally failed to show differences 

between treated and untreated streams. Rodgers' Kruskal-Wallis 

analyses for the three biomass variables and seven treatments measured 

significant differences (P = .05) between treated and untreated 

streams less than 10% of the time. Rodgers clearly recognized this 

problem of variability. Unlike Rodgers, I systematically investigated 

the relationship of variability to accumulation time and for the first 

time report a lower within-stream-variability with shorter accumula-

tion times. Early stage accumulations (days l and 2) exhibit reduced 

within-stream-variability compared with most later stage measurements 
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(Tables 3 and 7). This seems particularly true in the reference 

streams where coefficients of variation for ATP measurements are 

invariably greater than in the depopulated streams for days 6, 9, 

and 13 (Table 5). My measurements of within-stream-variability 

after longer accumulation times (i.e., 6-13 days) were too great 

to distinguish stream treatments and are thus similar to Rodgers 

(1977). CHL and AFDW data are not as clearcut. 

One observation consistent with the increased ATP variability 

is the timing of macroinvertebrate (Chironomidae, Ephemeroptera, 

and snails) appearance on glass slides. In the reference streams of 

the fall, spring, and summer experiments, macroinvertebrates were 

observed on slides first on days 3, 4, and 5, respectively. Marked 

increases in coefficients of variation in reference stream ATP data 

occurred between days 4 and 6. This trend is consistent with the 

observation that macroinvertebrate ATP beqins to contribute to Aufwuchs 

ATP on days 3, 4, and 5. ATP from decomposers is also increasing. 

Many authors have cited the confounding effects of invertebrates 

on periphyton studies (Mcintire 1975~ Hoffman & Horne 1978), which 

include patchy distribution of invertebrates and their grazing 

effects on CHL concentrations. While my study possibly detected 

the appearance of macroinvertebrate ATP in the form of increased 

coefficients of variation, it neither detected nor was it designed 

to detect invertebrate grazing effects. 



Table 7. Coefficients of variation ( .! standard deviation) in ATP accumulation from slides in depopulated (Dep) 
and reference {Ref) streams. n=S (fall} and n=3 (spring, sunmer). 

Number of days submerged 

Experiment Stream 2 4 6 9 13 

Fall (Oct. 1977) Oep 21.6 1 2.5 30.0 :! 3.6 37.4 1 2.8 20.9 :!: 2 .1 22.4 ! 2.5 

Ref 23.5 .! 3. l 21. 2 ± 2.4 40.2 :!: 2.9 49.4 ± 4.4 52.0 .! 6.7 

Ref 16.5 1 2.0 22.4 ! 1.9 31.8 :!: 4 .1 36 .1 1 4.6 41.7 :t 3.0 

Spring {April-May) Dep 21.6 ± 3.0 10. l ± 0.9 82.6 ! 6.9 32.4 :t 3.9 13.2 ± 1.2 24.3 ± 4.0 +>-
1978 \.0 

Oep 23.9 ± 1. 5 10.5 ± 1.1 56.6 ± 5.0 38.3 ± 3. l 24.8 ± 1.8 21.B ! 2.6 

Ref 26.7 ! 4.0 8.8 ! 0.8 42.6 ± 3.8 40.7 ± 3.3 57.4 ± 10.4 62.2 ± 7.3 

Ref 14.4 i l. 3 9.9 1 0.9 58.4 ! 7.5 91.8 ± 7.9 68.9 ! 8.7 43. l ± 2. l 

Sunmier (August 1978) Dep 23.2 l 1. 7 43.0 :t 5.4 64. 1 ! 5.9 30.3:!4.7 25.3 .t 2.2 17.7 :! 1.9 

Ref 20.4 t 2 .1 22. 7 ± 3 .1 23.7 ± 2.9 51. 1 ± 5.0 40.5 ± 3.2 43.2 ± 2.9 
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Aside from obvious physical differences, my study system differs 

from that of Mcintire {1966, 1975) in the early presence of macro-

invertebrates in my streams. In contrast, Mcintire determined that 

his periphyton assemblages developed in physical isolation from 

other components of the lotic communities (i.e. macroinvertebrates) 

for the initial months of accumulation. This research systematically 

examined the Aufwuchs accumulation process and determined that some 

of the commonly cited Aufwuchs variability problem (Rodgers 1977} 

may be overcome by short accumulation times and that ATP variability 

is possibly related to the time of macroinvertebrate invasion and 

increased decomposers. 
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Phase I - Disturbance Frequency Studies 

Stream Aufwuchs accumu1ation patterns depended on the frequency 

of Cu disturbance in the experimental stream ecosystems of this study. 

Similar accumulation patterns were measured in both experiments. 

During the initial 10-day-treatments, biomass accumulation was 

greater in the LSS than in the HSS {Table 8). Both ATP and CHL in 

the two experiments were significantly greater in LSS than in HSS in 

81% of comparisons after l, 2, 4, or 10 days submergence (P <,0.05, 

Kruskal-Wallis Test). 

Whereas Aufwuchs biomass accumulated faster in LSS, biomass , 

resistance to the 24-hr additional stress was consistently greater 

in the HSS (Table 9). A low resistance (<1) means that biomass is 

higher before rather than after the additional stress. Resistances 

were uniformly <l in all LSS. Growth conditions, excluding the Cu 

disturbance, were judged to be sufficiently good so that biomass 

should have increased between days 10 and 11 . 1 In contrast, 75% 

of HSS resistances were >l, and thus biomass did increase. 

Apparently, communities that developed at a higher Cu disturbance 

frequency were better able to resist stress. It is likely that only 

lThe determination of good growth conditions was based on a 
lack of significant change in any of the physicochemical parameters 
for a minimum of two days prior to and during the additional dis-
turbance, as well as subjective observations on sky conditions and 
water clarity. 
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Table 8. Glen Lyn Disturbance Frequency Experiments: CHL and ATP mean values (range in mg/rn2 ). 

Number of days submerged 

Variable StrealD 2 4 10 11 IS 18 

EXPl'H IHENT l, (Aug. 1978) 

CUL Reference I. 49 4. J3 41. 7 106 52.5 79.4 142 
(l . 33- l. 6 l) (4.06-4.61) (34 . 3-4 7. 6) (77-133) (39.3-60.1) (54.3-90.0) (119-171) 

Lov frequency l.43 5.04 31.2 69.7 47.2 63.6 88.4 
(l.36-1.48) (4. 93-5.17) (26.3-35.3 (52. 4-88. l) (31.9-51.S) (51.2-70.9) (61.7-119.) 

• High frequency 1.33 3.21 6.83 22.4 26.9 s l. 3 59.4 U1 
(I. 29-l. 40} (3.0)-J. 4 7) (4.92-9.02) (17. 3-26. I) (22.6-30.5) (40. 7-59.1) (41.9-74.3) N 

• Continuous 1.37 ),53 10.4 27.6 34.2 40.3 47 .8 
(l.27-1.41) {3.19-3.90} (8.6-12.6) (22.4-32.1) (31.6-36.4) (37.6-45.3) () l. 5-68. J) 

ATP Reference .0467 0.184 l.06 5.Jl 3.61 no data 7.86 
(.0439-.0489) (0.172-0.199} (-0. 88- I • 21) (4. 78-6.17) (3.37-l.99) (6.32-9.0l) 

• • Low frequency .0437 0.167 0.84 4.21 3.54 no data 6.40 
(.0423-.0451) (0.154-0. J79) {O. 69-l. 00) (). 75-4.84) (J .17-4. 27) (4.20-9.22) 

• High frequency . 0453 0.129 0.47 2.87 2.78 no data 6.08 
(.0447-.0462) (O. l 16-0.143) (0.34-0.54) (2.49-3.37) (l .62-3.02} (4.61-7.Jl) 

Continuoue .0426 0.137 0.51 2.44 2.95 no data 4.20 
(.04 l3- .0437) (0.119-0. 14.7) (0.22-0.57) ( l. 97-2. 84) (2.68-3.36) (J.78-5.06) 



Table 8. Continued 

Vari.able Stream 

CHL Reference 

Low frequency 

High frequency 

Continuoua 

ATP Reference 

, Low frequency 

High frequency 

Conttnuoua 

l.04 
(0.91-1.18) 

0.87 
(0. 79-0.93) 

o. 79 
(0.63-0.85) 

0.46 
(0.41-0.52) 

.0148 
(.0126-.0187) 

.0157 
( .Ol l l- .0190) 

.0151 
(.0141-.0161) 

.0139 
(.0123-.0156) 

2 

2.95 
(2. 77-3 .14) 

2.74 
(2.51-2.98) 

2.33 
(2.16-2.41) 

2.24 
(2.04-2.45) 

.0962 
( .0931-0.103) 

• llO 
(.098- .124) 

.0842 
(.0733-.0921) 

.0813 
(.0769- .0651) 

Number of days submerged 

4 10 l l 

EXPERIMENT 5 (Sep-Oct 1978) 

12.7 oo. 4-15 .6) 

8. 41 
(6.32-9.17) 

.. 
5.43 

(4.87-6.22) 

6.10 
(5.13-6.88) 

0.57 
(0.42-0.75) 

0,46 
(0.31~0.59) 

0.27 
(0.21-0.36) 

0. 22 
(0.17-0.28) 

25.4 
(21.6-27. 2) 

17 .3 
(14.2-19.7) 

12.6 
{IO. 3-14 .1) 

• 13. 7 
(ll.6-15.0) 

2. 71 
(l.83-3.64) 

2.39 
(l.67-3.04) 

l.07 
(0.67-1.53) 

l. 3~ 
(l.02-1.67} 

14.3 
(ll. 7-16.6) 

12.6 
(10.3-14. 7) 

12,.9 
(l l.6-14.8) 

15.2 
(13.0-17. 7) 

l.60 
(1. 09-2. 22) 

1.84 
(l.53-2.15) 

0.98 
(0. 76-1. 22) 

1.68 
( l. 24-2. 07) 

+Four fr<''lll<'llt'I'"'' (l.e., four stremns) of Cu exposure (0.01 mg Cu/O: re1erenee - no Cu, '""' freq11<'ncy -
2 hr/J •lays, high freq11enry - 2 hr/d;iv, crmtlnm'"" - 21• hr/day. /\dt!itlonal Cu (O.Of1 mg Co/O was ad<IP•I 
tn ,, 11 st l"P<llfl~~ f Ht .~!, In ht)twPcn <lavs 10. 4ilhf l 1. 

++Mean of separate estlmatrs of four (*three) slidef'. 

15 

19.l 
(14.3-24.8) 

18.2 
(16.1-20.2) 

15.3 
(13. 7-17. l) 

17 .4 
(15.9-18.4) 

2.36 
(1.28-3.07) 

2.40 
(2.0l-2.73) 

1.29 
{l.04-1.49) 

2.09 
(l. 79-2.63) 

18 

26.2 
(22.5-28.6) 

24.1 
(21.6-27.3) 

26.5 
(22.9-31.8) 

29.7 
(20.8-37 .6) 

4.61 
(3.49-5.69) 

J.87 
(3.01-4.41) 

2 .19 
{1.49-2.94) 

3.08 
(2.02-3.90) 

01 
w 
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:aole 9. Glen Lyr. Discu:~.ance Fre~uency !xper!ments: A!? stress resistance• 
and resilience+, 

Variable Stream Resistance Resilience Resilience 
(Day 15) (Day 18) 

EXP£Rl.'1ENT .:. 
Reference 0.50 0.75 l..34 
Low Frequency 0.68 Q.91 1.27 

High Frequem::y l.20 2.29 2.65 

Continuous l.24 l.46 l. 7:3 

ATP Reference 0.68 No data l.48 
Low Frequency 0.84 No dac.a l.52 
High Frequency 0.97 No data 2.12 
Continuous l.Zl No data l. 72 

EXP£RIMENT 5 
Reference C.56 0. 75 l.04 
Low Frequency o. 73 l.0.5 l..39 
Righ Ft'equency l.86 l.21 2.10 
Continuous l.58 1.27 2.17 

ATP Refe.rence O.S9 0.87 l. 70 
Lov Frequency o. 77 l.00 l.62 
High Frequency 0.92 l.20 2.05 
Concinuous l.21 l.50 2.22 

~Estimated by calc\l.lat.ing ATP(Day ll)/ATP(Day 10) or CK!..(Day ll)/CRL(Day 10). 

+ 'Estimated by calculating ATP(Day l.5)/ATP(Day 10) or CHl.(Day l5 ) I cm. (Day 10) 
and ATP(Day lS)/A!?(Day lO) or C".r:ll.(Day 18)/CHL(Day 10). 
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the most hardy species and individuals, out of the large pool of 

drifting organisms, actually colonized and grew under the higher 

disturbance frequencies. 

Another aspect of stress resistance explored in this study was 

the relationship between community age and resistance. Stress 

resistance tended to decrease with submergence time (Table 10). In 

all streams in both experiments, resistances of 2-day-old communities 

were uniformly greater than resistance of 10-day-old communities. 

The same inverse relationship between age and resistance, although 

less consistent, was observed in comparisons of 2- and 7-, 2- and 

4-, and 7- and 10-day-old communities. 

The inverse relationship between community age and stress 

resistance can be explained. The first colonizers on new islands 

(slides) are probably somewhat indifferent to substrate (Lund and 

Ta11ing 1957) and are likely to be opportunists. If they flourish, 

it is often because they may require relatively less accompanying 

structure than unsuccessful species (MacArthur and Wilson 1967}. 

As communities develop on glass slides, substrate heterogeneity 

increases which creates more niches and permits colonization and 

growth by additional species. As stream communities age or mature, 

they pass through a continuum of successive states, and their 

populations probably never achieve steady-state equilibria. Slide 
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Table 10. Glen Lyn Disturbance Frequency Experiments: ATP biomass 
resistance* influenced by community age+ and disturbance 
frequency,# 

Resistance 
Disturbance frequency 

(Stream) 
Community age 

(Days) EXPT 4 EXPT 5 

Reference 2 1.00 0.82 

4 0.43 0.53 
7 0.82 0.55 

10 0.68 0.59 

Low frequency 2 1.36 0.94 
4 0.67 0.93 
7 0.76 0.61 

10 0.84 o. 77 

High frequency 2 2.14 3.06 
4 1.03 1.33 

7 1.13 l.30 
10 0.97 0.92 

Continuous 2 1.57 2.16 

4 1.28 3.23 
7 1.69 1.37 

10 1.21 1.21 

*Estimated by calculating ATP (Day 11)/ATP (Day 10). 
+communities were permitted to develop on glass slides 2, 4, 7, and 10 days 
before 24 hr additional stress. 

#Four frequencies (i.e., four streams) of Cu exposure (0.03 mg Cu/£): 
reference - no Cu, low frequency - 2 hr/3 days, high frequency - 2 hr/day, 
continuous - 24 hr/day. Cu (0.06 mg Cu/£) added to all streams for 24 hr 
between days 10 and 11. 
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communities become more comp1ex and substantially increase their 

three-dimensional structure as accumulation continues (Patrick 1977). 

During this study, the number of diatom species (the dominant algae) 

increased from days 4 to 10 in LSS. Moreover, macroinvertebrates 

which were absent before three days were present after 10 days. 

Barring catastrophes, species interactions necessarily increase with 

time, and 10-day-old communities tend to be more complex than two-

day-old communities. Relatively complex systems, on the other 

hand, are dynamically fragile (May 1975). When these complex systems 

are exposed to man-induced perturbation (e.g., Cu) with which they 

have not co-evolved, they are likely to beless resistant than simpler 

systems (i.e., younger communities in this study). 

In the present study, stress resistance was generally greater 

in the HSS, regardless of community age (Table 10). These data 

again support the hypothesis that there is apparent selection for 

more tolerant communities in HSS. Autecologica1 information 

concerning select diatoms, presented below., also supports this 

conclusion. 

Resilience data suggested biomass recovered within a few days 

to levels measured before the additional disturbance (Table 9). 

Resiliences calculated from day 18 slides indicated that Aufwuchs 

biomass had recovered for all disturbance frequencies tested. On 
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the other hand, resiliences obtained from day 15 data did not 

consistently indicate recovery. 

The frequency of disturbance also influenced recovery. 

Resilience (day 18) was invariably lower in LSS than in HSS, again 

suggesting a true distinction between the two stream groups. 

Apparently, stream Aufwuchs communities which developed under low 

Cu disturbance were less resilient or slower to recover from an 

additional disturbance. Caution must be used in making this 

conclusion, however, since various factors may prevent initial 

values from ever being achieved again after disturbance ends. First, 

overall growth conditions frequently change dramatically in a few 

hrs although such did not occur in these experiments. In the 

depopulation studies, for example, there was a greater than 50% 

decrease in Aufwuchs biomass during one day following a sharp 

increase in stream turbidity. Second, Cu may possibly be tied up 

during the additional stress in natural stream sediments; if that Cu 

was subsequently released, Aufwuchs growth might be inhibited even 

after the additional disturbance has apparently ended. This unmeasured, 

confounding effect may be particularly significant in those streams 

receiving less Cu (LSS) although data are not avaialble. Third, 

differences in nearby natural substrates might cause variations in 

Aufwuchs accumulation rates on slides (as indicated in the depopula-

tion studies). This might be due to alterations in short-distance 
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drift among these nearby natural substrates that were affected by 

the copper disturbance. 

Accumulation differences apparently are not attributable to. 

changes in selected physicochemical variable which were very 

similar to each other in experiments 4 and 5 (Table 11). The ranges 

of alkalinity, hardness, pH, and turbidity in both experiments 

broadly overlapped. Temperatures, however, were substantially 

different ranging from 22° to 26° C (X = 24° C) in Experiment 

4 and from 14° to 23° (X = 18° C) in Experiment 5. 

Additiona 1 temperature and al ka 1 inity measurements { n = 10) 

varied slightly among streams on a particular day. Temperature 

differences on the same day were never more than 1° C different 

among the four streams. Similarly, a 1ka1 inity differences were 

sma 11 , i.e. , ~3 mg/ L 

Diatom species numbers, composition, dominance, and diversity 

also were influenced by Cu disturbance frequency. Slides from LSS 

had more species (Table 12), different species composition, and 

higher diversities (Table 13} than did slides from HSS. On all 

sample dates in both experiments, either the reference stream or low 

frequency stream had the most species (Table 12). When data from 

both experiments were combined, LSS had significantly more species 

than did HSS (P < 0.05, Kruskal-Wallis Test) on days 4, 10, and 18. 



Table 11. Glen Lyn Disturbance Frequency Experiments: River temperature (°C), alkalinity (mg/£), 
hardn·ess (mg/£), turbidity (NTU) with mean and range (in parentheses) calculated from 
20 daily measurements made by the water chemistry personnel at the Glen Lyn Power Plant, Va. 

Ex pt Date Temperature Alkalinity Hardness pH Turbidity 

4 August 1978 24 (22-26) 55 (44-64) 61 (52-75) 7.9 (7 .5-8.5) 8.9 (2.2-30.0) 

5 September- 18 (14-23) 52 (43-63) 61 (53-79)• 7.8 (7 .4-8.0) 7.3 (1.5-26.0) 
October 1978 

°' 0 
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Table 12. Glen Lyn Disturbance Frequency Exper:i.Ialuut~: Diatom species 
number* in stream Aufwuchs comml.lllities influenced by different 
frequencies+ of Cu disturbance. 

Disturbance frequency 
(Streams) 

Reference 
Low Frequency 
High Frequency 
Continuous . 

Reference 
Low Frequency 
High Frequency 
Continuous 

4 

27 
20 
14 
10 

23 
14 
14 
16 

Number of Days Submerged 

10 11 18 

EXPERIMENT 4 (Aug 1978) 

33 19 37 
24 22 34 

18 19 20 

14 15 12 

EXPERIMENT 5 (Sept-Oct 1978) 

29 21 31 
27 25 33 
13 17 17 
14 14 15 

* Mean number of species from duplicate slides; 1,000 cells counted 

+ 
per slide. 

Four frequencies (i.e., four streams) of Cu exposure (0.03 mg Cu/t): 
reference-no Cu; low frequency-2hr/3 days; high frequency--2hr/day; 
continuous--24hr/day. Cu (0.06 mg Cu/'l) was added to all streams for 
24 hr between Days 10 and 11. 
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Table 13. ~len Lyn Disturbance Frequency Experiments: Diatom diversity+ 
influenced by different frequencies* of Cu disturbance. 

Stream 

Reference 
Low Frequency 
Righ Frequency 
Continuous 

Reference 
Low Frequency 
High 'Frequency 
Continuous 

4 

2.32 
2.21 
l.14 
1.01 

2.06 
l.83 

1.49 
1.52 

Number of Days Submerged 

10 11 18 

EXPERIMENT .4 (Aug 1978) 

2.29 2.24 2.57 
2.34 2.18 2.33 
l.26 1.19 1.31 
0.94 1.03 1.12 

EXPERD1ENT 5 (Sept-Oct 1978) 

2.52 2.34 2.28 
2.36 2.19 2.26 
1.63 l.66 1.57 
1.41 1.62 l.49 

-fr.lean of diversity calculations from duplicate slides; H'=-r Pi log 2 Pi, 

where Pi = ni IN 

-+:Four frequencies (i.e., four streams) of Cu exposure (0.03 mg Cu/£): 
reference--no Cu; low frequency--2 hr/3 days; high frequency--2 hr/day; 
continuous--24 hr/day. Cu (0.06 mg Cu/t) was added for 24 hr between 
Days 10 and 11. 
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Only on day 11, irrmediately after the additional disturbance, was the 

difference between LSS and HSS not significant. Patrick {1963) 

and others have observed that relatively healthy streams have more 

species and lower population densities than unhealthy streams. 

·Species numbers in Table 11 support the first aspect of that 

observation. 

Another pattern observed in this study was an increase in 

number of species with time which has been reported for many island 

studies. Island colonization theory (MacArthur and Wilson 1967) 

predicts such increases. Simberloff and Wilson (1969}, Cairns et al. 

(1969), and other have observed such patterns. On slides from the 

LSS, species numbers clearly increased with time except immediately 

after the 24-hr disturbance. Substantial species reductions 

were measured between days 10 and 11 in the reference streams. 

The species lost from these slides were the comparatively unconmon 

ones with a combined relative abundance of <9% (on day 10 slides). 

Individuals of more abundant species were lost also, and these, 

presumably, contributed more to the biomass decrease.measured 

simultaneously (Table 8). In contrast, slides from HSS showed 

no consistent patterns of change in species numbers. 

Species dominance patterns were also different in HSS and LSS 

and repeated themselves in both experiments. The dominant diatoms 
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in LSS of both experiments were Achnanthes microcephala, Cocconeis 

p1acentula, Melosira varians, and Navicu1a bdesma. Invariably, 

the same four taxa comprised at 1east 57% of the subsample counted. 

Whereas three of the taxa maintained relative predominance through 

both experiments, M. varians decreased to relative insignificance 

by the end of Experiment 5. All four taxa were abundant, as well, 

in nearby New River habitats. With the exception of !i_. bdesma, 

the other three predominant taxa are reported to be of widespread 

occurrence in United States streams (Lowe 1974). 

In contrast with slides in the LSS, dominance in HSS was 

less balanced. Gomphonema parvulum was by far the single most 

abundant diatom in HSS of both experiments, exceeding 53% of total 

abundance on Days 10, 11, and 18. §. parvulum has been reported to 

be pollution tolerant (Patrick and Reimer 1966). Schroeder (1939), 

moreover, listed several diatoms from the Mulde River that apparently 

could tolerate substantially greater concentrations of Cu than those 

tested in this study (up to 1.5 mg Cu/i). Four of these, Achnanthes 

affinis, Cymbella ventricosa, §. parvulum, and Nitzschia palea were 

substantially more abundant is HSS than in LSS. 

In spite of the differences mentioned above, overall diatom 

species composition in both experiments shared several similarities. 

In both experiments, 17 of the 19 most abundant taxa were identical 
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(Table 14). Percent abundance, however, did shift substantially 

with experiment, stream, and length of submergence. These 17 taxa 

comprised at least 84% of all diatoms enumerated in separate 1,000-

cell counts. A ·tota 1 of 109 species were identified from all 64 

slides examined, including 88 and 93 taxa, respectively, in 

. Experiments 4 and 5. 

Williams (1964) sulllllarized voluminous data on diatoms of 

American streams and reported that no particular species dominated 

·every polluted environment. Patrick (1961) noted that dominant 

diatom species in stream Aufwuchs changed greatly with se.asons, 

regardless of pollution levels. For these reasons indicator 

species are not very va 1 uabl e descriptors of conmunity characteri sties, 

and other approaches have been required. One widely used approach 

has been to estimate diversity with the Shannon-Wiener Index, which 
considers two aspects of diversity: species richness and distribution. 

Species diversity apparently reflects multiple dynamic 

relationships in ecosystems. Thus, Patrick (1963} suggested that 

diatom diversity responds dramatically to changes in water quality. 

Patten (1962) and Williams (1964) also reported an inverse relation-

ship between diversity and stream pollution using diatom data. 

The inverse relationship of diatom diversity and copper 

disturbance is supported in this study. Diatom diversity was 
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Table 14. Glen Lyn Disturbance Frequency Experiments: 
Dominant diatom species. 

Achnanthes lanceolata Navicula bdesma 

A. linear is N. decussis 

A. microcephala !:! . minima 

Achnan t:h es s p N. muralis 

Amphora ovalis N. rhyncocephala 

Cocconeis placentula N. salinarum v. intermedia 

Cymbella sp Nitzschia denticula 

Gomphonema parvulum N. pale a 

Gomphonema s p Nitzschia sp 

Melosira varians 
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consistently greater in the LSS than in the HSS when compared by 

days (Table 13). Whereas Jacobs (1975) stated than an inverse 

relationship exists between stress (environmental disturbance) and 

diversity in many ecosystems, Osman (1977) reported that disturbance 

enhances species richness. My results do not support this 

conclusion. 

As a final comment, diatom diversity levels were quickly 

established in this study (often by day 4) and did not change 

consistently with time (Table 13). Diversity measurements were little 

affected by the 24-hr additional disturbance. This lack of response 

may have been legitimate or an artifact of the way the diatoms were 

cleaned. These diatom taxonomic studies were done by a standard 

method using acid-cleaned cells (Patrick and Reimer 1966). Therefore, 

no distinction was made among living, dying, or dead cells. Further-

more, a 24-hr disturbance period was probably insufficient to permit 

tolerant species to increase significantly which would then alter 

percent abundance and diversity. 
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Phase II 

Chlorophyll 

CHL accumulation in the Stroubles Creek Multivariate Experiment 

(SCME) shows a consistent pattern of increase with submergence time 

(Table 15). The pattern of CHL increase is consistent up through 

day 8 independent of the 32 experimental conditions. The pattern of 

increase continued to be generally true from days 8 to 16 (in 29 of 

32 experimental conditions) and from days 16 to 24 (in 27 of 32 

experimental conditions). Seven of the eight situations where CHL 

decreases were observed on sequential sample dates occurred in open 

as opposed to shaded areas. This trend is not demonstrably 

significant. In fact there is no indication that location; season, 

shadiness, habitat, or depopulation alter the expected CHL increase 

between sequential sample dates. 

Significant differences in the overall CHL accumulation patterns, 

did occur as a function of several experimental factors. Analysis 

of variance of the CHL accumulation data (r2 = 0.845) (Table 16) 

indicates significant F values for three experimental factors and 

submergence time. Significant factors and their F values in 

decreasing order are: submergence times (F = 936.9, P = 0.0001), 

seasons (F = 34.8, P = 0.0001), and habitat (F = 20.5, P = 0.0001), 



Table 15. Stroubles Creek Multivariate Experiment: Mean of separate estimates of three 
slides for chlorophyll a accumulation (mg/1112). 

Factors Days 

1 2 4 8 16 24 
t 

0 
ID 

Riffle Wood 0.141 0.505 4.03 20.2 36.2 52.2 "O 
0 
-0 Open 0.111 0.611 6.44 28.8 55.8 78. 7 c: _. 
Al .... Wood 0.212 2.67 3.49 16.0 38.0 46.3 ID Pool 0.. .. Open 0.182 0.916 7.30 30.0 20.9 43.2 

Vl 
c: t ~ ;;o Riffle Wood 0.199 0.822 6.00 20.5 40.1 70.1 
ID ID ., ...., 

Open 0.201 1.93 3.10 32.8 62.3 56.4 

l 
lb ., °' 11> \0 
:l Wood 0.584 1.45 9.81 19.8 29.8 37.8 n Pool ID 

... Open 0.513 2.53 10.2 32.4 21.1 34 .3 c 
"O t "' Riffle Wood 0.111 . 0.600 1.39 10.7 31.5 60.7 rt 0 
"1 11> 
ID "O Open 0.236 0.382 1.59 12.2 42.4 49.6 PJ 0 
3 'O 

c: ..... 
Wood 17.4 Al Pool 0.113 0.322 2.27 18 .2 23.1 rt 

ID Open 0.136 0.340 2.66 16.2 36.3 25.7 'f 
"Tl :t Riffle Wood 0. i 79 2 .81. . 2.82 12.2 31.4 37.3 Al 
_. fb Open 1.87 13.2 29.2 45. 7 

l 
...., 0.228 1.24 fb ., 
Cl) Wood 0.336 1.94 1.92 11.9 18.8 23.8 :l Pool n 
11> Open 0.185 3.03 5.68 23.0 28.9 22.4 .. 



Table 15. (cone l uded). 

Factors Days 

1 2 4 8 16 24 
t 

CJ 
l'D 

Riffle Wood 0.173 0.703 3.59 18. 5 44.6 63.7 "O 
0 

"O Open 0.179 0. 542 3.04 22.2 48.5 61. l c _. 
QI 
rt Wood 0.128 0.934 4.88 16.4 30.4 42.9 II> Pool 0.. .. Open 0.235 1.66 6.87 13.9 29.6 46.6 

Vl c t ~ :;o Riffle Wood 0.156 1.98 3.43 10.4 35.2 60.3 
ti> (I) .., ..... Open 0.221 1. 72 2.57 17.7 59 .1 54 .3 

l 
ro -...J .., 0 ro 
:J Wood 0.248 3.21 5.58 25.9 28.0 40.1 n Pool l"D 

0 .. Open 0.215 3.30 5.57 21. 7 34 .2 41.3 0 
~ ::;, t l/J 

Riffle Wood 0. 131 0. 510 1.42 9.46 27.6 53.4 rl 0 -s (I) 
ro u Open 0.131 0 .657 1.34 10. 7 35.8 50.1 QI 0 
3 "O c ...... 

Wood 0.361 1.22 1.48 9.81 21.6 25.0 QI Pool rt 
tU Open 0.464 2.33 8.41 21.2 29.6 't 

-n 
Riffle Wood 0.157 1.67 2 .46 9. IB 26 .5 29.7 QI :t ~ 

~ IT> Open 0.148 0.879 1.19 9.81 40.3 34 .2 

l 
..... 
l"D 
1 ro Wood 0.385 2 .41 1.63 9.98 18.8 24 .0 :::s Pool (') 
ti> Open 2.63 3.12 8.60 18 .1 40.0 + 



Table 16. Stroubles Creek Multivariate Experiment: ANOVA (GLM procedure) for mean chlorophyll accumulation. 

Source 

Model 

Error 

Corrected Total 

Source 

Sumner vs Fall 

Depopulated vs Reference 

Pool vs Riffle 

Upstream vs Downstream 

Wooded vs Open 

Day 

D.F. 

6 

183 

189 

D.F. 

l 

l 

1 

l 

l 

1 

s~s. 

55,386.7 

10,147.7. 

65,534.4 

S.S. (Type V) 

1,932.4 

26.2 

1,138.l 

89. l 

242.9 

51,957.9 

M.S. 

9231 . 1 

55.4 

F value 

166.5 

F value 

34.8 

0.47 

20.5 

l.61 

4.38 

936.9 

Prob>F. r 2 = 0.845 

0 .0001 

Prob>F 

0.0001 

0.4926 

0.0001 

0.2066 

0 .0377 

. 0.0001 

...., ...... 
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and shadiness (F = 4.38, P = 0.0377). The two nonsignificant 

factors are depopulation (F = 0.47, P = 0.493) and location (F = 1.61, 

P = 0.207). Using Ouncan 1 s Multiple Range Test at P = 0.05, CHL 

accumulation was significantly greater in summer (20.2 mg/m2) than in 

fall (11.5), in riffles (18.0) than in pools (14.1), and at open 

sites {17.7) than at wooded sites (14.4) (Table 17). On the other 

hand, CHL levels were not significantly different between upstream 

(16.5) and downstream (15.5) locations or between depopulated (16.4) 

and reference ( 15. 7) sites. 

Biomass accumulation on glass slides may show a sigmoid pattern 

and therefore a good fit to the logistic equation for population 

growth. 

Logistic equation: ~~ = r N {KKN) (Wilson & Bossert 1971) 

where N = population size 

r = rate of increase 

K = carrying capacity or upper bound of population size 

The logistic is derived from the exponential growth equation: 

dN = r N 
dt 
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Table 17. Stroubles Creek Multivariate Experiment: Duncan's New Multiple 
Range Test* for mean chlorophyll a accumulation. 

Factors Mean 
(mg/m 2 ) 

Groupingt 

Location: Upstream 16.6 A 

Downstream 15. 5 A 

Season: Summer 20.2 A 

Fall 11. 5 B 

Depopulation: Depopulated 16.4 A 

Reference 15.7 A 

Habitat: Riffle 18.0 A 

Pool 14. 1 B 

Shadiness: Wooded 14.4 A 

Open 17.7 B 

* r2=0.845, x ± S.D. = 16.1 ± 7.39 

P=0.05, OF = 183, Error MS = 55.4 

tA B indicates group means different at 0.05 level. 
A A indicates group means not different at 0.05 level. 
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Both of these models have been used to describe the growth of 

single populations. The former is typically applied in a restricted 

system and the latter in an unrestricted system. 

There are many differences between biomass accumulation on 

glass slides and the two models. The primary difference is that both 

models consider single populations, but the glass slide studies in 

natural streams involve many populations simultaneously growing at 

different rates. Moreover replicate slides are being compared rather. 

than the same slide through time. 

However, it is useful to compare rates of change in accumula-

tion for different environments as in the SCME. Because of the 

system's open nature, I fit my data to the exponential equation 

and calculated the r values. When growth conditions are good, as 

occurred throughout most of my study, the initial lag of the sigmoid 

curve is often absent, apparently because attachment and reproduction 

are so rapid. In some studies of phase I, the initial lag period 

was most apparent particularly at temperatures <l0°C and high 

turbidity. In both phases I and II, the 11 leveling off11 portion of 

the sigmoid curve also occurred, generally between days 8 and 24, · 

usually when water was warm and clear. 

It is likely that standing crop often does not reach its maximum 

potential on New River or Stroubles Creek substrates. Such a potential 
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may only be achieved in a particularly stable environment. Short 

term environmenta 1 i nstabi 1 ity in my study was observed to be associ.ated 

with changes in stream turbidity, velocity, and depth. Increases in 

all three factors accompanying storm events apparently contributed 

to biomass decreases throughout my study although the decreases were 

rarely measured. In addition to storm related events, rapid decreases 

in stream diatom biomass from natural substrates were frequently 

observed during summer and fall in the early afternoon. These 

decreases may be due to a 1ga1 11 1 i ft off" from substrates caused by 

oxygen bubbles, a phenomenon reported by several investigators 

(Moore 1976, Whitton 1975). 

CHL accumulation rates decreased inversely with submergence 

times {Table 18). The mean daily accumulation rates (.in rate per day 

±standard deviations) indicate a comparatively high initial rate: 

days l to 2 is 1.764 (±0.6065) which decreases rapidly. The rate 

for days 2 to 4 is 0.5046 (±0.7103), days 4 to 8 is 0.3978 (±0.1044), 

days 8 to 16 is 0.0870 (±0.0547), and days 16 to 24 is 0.0348 (±0.0335). 

For the comparison between days 1 and 2, replicates "' 30, while for 

all other comparisons n == 32. 

Accumulation rates were greater in summer than in fall between 

days 1 and 2 and days 2 and 4 but not between days 4 and 8, 8 and 16, 

16 and 24 (Table 18}. Differences in accumulation rates in general 



Tab 1 e 18. Stroubles Creek Multivariate Experiment: CHL accumulation rates ( rn rate 
per day) 

Factors Days 

1-2 2-4 4-8 8-16 16-24 
t 

CJ 
11> 

Riffle Wood l. 275 l. 038 0.402 0.072 0.045 u 
0 
-0 Open l. 705 l. l 77 0.374 0.082 0.042 c 
Pl 
rt- Wood 2.533 0 .133 0.380 0.108 0.024 11> Pool 0.. 

... Open l . 616 
Vl 

1. 037 0.353 -0.045 0.090 
c: t ~ ;;u Riffle Wood l.41£ 0.993 0.307 0.083 0.069 '-I fl) ro O"\ ., ..... Open 2.261 0.236 0.589 0.080 -0.012 l 

ro ., 
(1) 
:> Wood 0.909 0.955 0. 175 0.051 0.029 n Pool (0 c: .. Open 1.595 0.697 0.288 -0.053 0.060 -0 

I/) 
rt 
--s t 

Riffle Wood 1.687 0.420 0.510 0. 134 o.orn O> 0 o; '1> 3 u Open 0.481 0. 713 0.509 0.155 0.019 0 
"O c _, 

Wood 1. 04 7 0.976 0.520 -0.005 no Pool 0.035 
rt ro Open 0.916 l. 028 0.451 0.100 -0.043 't 

'"Tl Wood 2.753 0.001 0.366 0.118 0.021 no t Riffle ...... __. lb Open l .693 0.205 0.488 0.099 0.055 

l 
..... 
ro 
""'J 
fP Wood 1.753 -0.005 0.456 0.057 0.029 :> Pool 0 
(1) Open 2.795 0. 314 0.349 0.028 -0.031 ... 



Table 18. (continued} 

Factors Days 

1-2 2-4 4-8 8-16 16-24 
t 

CJ 
tD 

Riffle Wood 1.402 0.815 0.409 0.109 0.044 "CJ 
0 

"CJ Open 1.107 0.862 0.497 0.097 0.028 c -DI 
ri" Wood 1.987 0.826 0.303 0.077 0.043 fD Pool a. .. Open 1.954 0.710 0.176 0.094 0.056 U1 c: t ~ :;o Riffle Wood 2.540 0.274 0.277 0.152 0.067 fD f1) " ., ..... Open 2.051 0.200 0.482 0.150 -0.010 " 

1 

f1) 
"1 

'° ::s Wood 2.560 0.276 0.383 0.009 0.044 n Pool c ID 
"O .. Open 2. 731 0.261 0.339 0.056 0.023 Cl) 
ri" 
"1 t 

Riffle Wood 1. 359 0.512 0.474 0.133 0.082 '1) CJ 
DI tD a "O Open 1.612 0.356 0.519 0.150 0.042 0 

"CJ c - Wood 1. 217 0.096 0.472 0.098 0.018 DI Pool ri" 
ID Open 0.806 0.320 0.115 0. 04.1 't .,, 
t Riffle Wood 2.364 0.193 0.329 0.132 0.014 DI -- Rt Open 1.781 0.151 0.527 0.176 -0.020 

1 
..... 
f1) 
"1 
fD Wood 1.834 -0.195 0.453 0.079 0.030 :;:, Pool n 
ID Open 0.085 0.253 0.093 0.099 + • . '> ·~ 
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are not apparent for riffle vs pool habitats, depopulated vs 

reference sites, upstream vs downstream locations, and shaded 

vs open areas. 

The coefficients of variation (CV) for CHL accumulation 

are presented in Table 19 and summarized in Figure 5. As in 

phase I, there is a tendency for the CV values to be lower for 

days 1 and 2 in comparison with days 4, 8, 16' or 24 (Table 20). 

Thus in 30 comparisons each between days 1 and 8, l and 16, or 

1 and 24, CV values for day l were lower 90, 87, and 90% of the 

time, respectively. In 32 comparisons each between days 4 and 8, 

4 and 16, 4 and 24, 8 and 16, 8 and 24, and 16 and 24, only 

40 to 50% of the CV values were lower for the shorter submergence 

times. The experiments of phase II support the hypotheses tested 

in phase I, namely biomass variability on slides is reduced in 

early stages of accumulation. 

On the other hand, substantial variability in CHL CV values 

was measured for slides submerged for l day (x ± S.D. = 12 ± 18, 

range= 1.7-80.6%). Three CV values in particular are atypically 

high. In fact these values (80.6, 64.6, and 41 .9%), found in 

pool habitats are the first, second, and sixth highest of all 190 

CHL CV values (Table 19). Of 14 CV values from slides submerged 

for 1 day in pool habitats, three values are very high (41 .9 - 80.6%) 

and 11 are low values (2.6 - 15.9%). In contrast all 16 riffle CV 



Table 19. Stroubles Creek Multivariate Experiment: Coefficients of variation of 
separate estimates of three slides for CHL. 

Factors Days 

1 2 4 8 16 24 
t 

0 
11> 

Riffle Wood 2.96 9.52 12.7 8.24 4. 70 11.2 -0 
0 
-0 Open 7.58 22.7 15.3 10.9 12.4 11.5 c: -Ill 
rt Wood 3.86 5.59 27.6 33.5 23.5 28.7 fD Pool Q. 
... Open 4.60 7.98 22.6 16.4 30.4 26. 7 

Vl c: t a ::0 Riffle Wood 7.31 10.5 15.2 14 .4 10.3 18.0 
11> f1) .....,, ., ...., 

Open 4.72 5.81 8.89 14.3 23.4 ~ 

l 
f1) 25.2 ., 
f1) 
::J Wood 15.9 13.5 32.3 30.0 n Pool 31.4 33.3 
fD c .. Open 2.62 3.89 35.3 30.3 19.0 "O 18.5 

VI 
rt t ., 

Riffle Wood 5.91 4.95 11.5 14.3 23.6 tD CJ 15.8 
QI 11> 
3 -0 Open 1.69 15.5 5.09 5.00 . 9.07 0 11.5 

"O c: __. 
9.27 27.8 '1J Pool Wood 31.6 34.9 25.2 34.0 

rt 
f1) Open 6.97 5.35 10.8 48.2 18.1 18.3 'f" 

"Tl 
Riffle Wood 6.16 8.38 13 .1 6.59 12.2 '1J t 9.27 _. __. 11> 

1 

_., Open 3.12 13.1 11.3 6.43 18.6 8. 71 
'° ., 
'° Wood 5.28 11.3 29.8 57.0 38.1 ::I Pool 18.1 n 
fD. Open 5.41 7.75 24.5 35.6 23.3 17.6 .. 



Table 19. (concluded) 

factors Oays 

1 2 4 8 16 24 
t 

0 
(I) 

Riffle Wood 14.2 13 .3 7.09 6.83 9.60 19.0 -0 
0 
-0 Open 2.76 l l. 2 15.8 15.l 8.80 12.1 c: _. 
ll> 
rt Wood 6.38 14 .0 22.B 40.4 34.3 28.2 (1> Pool Q. 

+ Open 41.9 22.6 34.4 47.l 9.22 17.1 
(/) 
c t s :::0 Riffle Wood 4 .11 7 .87 6. 74 11.8 31.8 24 .6 
lb lD , -f\ Open 5.27 1. 21 16.2 16.3 10. 7 22.7 co 

j 
lD 0 , 
lD 
::I Wood 2.86 2.87 36.2 24.6 25.2 21.1 () Pool ro 

CJ + Open 5.03 9.53 32.5 52.6 26 .1 22.1 0 

3 

1 
t (/) 

Riffle Wood 4 .46 14 .4 8.38 8.28 13.2 13.9 rt CJ ., lD 
ro u Open 5.01 5.88 12.0 7.52 10.0 7.81 QI 0 
3 -0 c: ...... 80.6 2 .4 7 19.0 16.8 17.0 ll> Pool Wood 19.0 

rt 
Ill Open 30.5 25.4 19.l 26.4 21.1 'f --

.,, 
Riffle Wood 2 .87 12.3 8. 71 14. 7 9.27 10.5 CJ t __, 

-" ro 

1 

-f\ Open 4 .14 6 .49 9.32 6.84 20. l 9.09 ro , 
(I) Wood 64.4 3.96 12.6 23.4 25.5 11.2 ::I Pool n ro Open 8.58 15.3 35.9 23.3 22.1 --+ 
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Figure 5. Stroubles Creek Multivariate Experiment: CHL Coefficients of variation. 



Table 20. $troubles Creek Multivariate Experiment: Percentage 
comparisons of CHL coefficients of variation (CV) between 
consecutive sample days in which CV younger < CV older. 

Days 

1 2 4 8 16 24 

1 22/30 26/ 30 27 I 30 26/30 21/30 
()) 
N 

2 73 21+/32 . 25/ 32 20/32 25/ 32 

4 87 75 16/ 32 16/ 32 
en Pel". :::.., 

C::el1 IO 
Cl 8 90 78 50 

t,q 
15/ 32 13/ 32 _8e3 

16 87 63 50 47 16/ 32 

24 90 78 50 40 50 
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values were low (1.7 - 14.2%). My hypothesis of low initial 

variability is apparently less valid in pool habitats where CV values 

were typically greater than in riffles (Figure 6 and Table 19). Current 

velocity in my Stroubles Creek pools is slower than in riffles (Table 

38). This difference in velocity will affect the rate at which 

clumps of drifting Aufwuchs settle out. The settling out is more 

rapid in pools than in riffles. As a consequence accumulation on 

slides in pools can be faster than in riffles. Coefficients of 

variation on pool substrates also will be higher than on riffle sub-

strates reflecting the random nature of the settling phenomenon. 

The pattern of CHL accumulation is different for slides sub-

merged in Stroubles Creek pools than in riffles. The CHL pattern, 

moreover, changes with time. During the initial 8 days, accumulation 

is greater in pools than in riffles (Table 21). This trend is quite 

apparent in the riffle-pool comparisons for days l, 2, and 4. By day 

16 CHL levels had become greater in riffles than in pools. Riffle 

levels remained higher through day 24 (and for some occasional 

data through day 48). The generally high variability apparent in 

the comparison of mean values with their standard deviations is due 

to differences in experirrental factors like seasons and depopulation. 

Seasonal distinctions are particularly apparent for days 4, 8, 

16, and 24 (Table 22). CHL levels are clearly greater in summer than 
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Tab1e 21. Stroubles Creek Mu1tivariate Experiment: The 
effect of riffle vs pool habitats on CHL and ATP 
accumulation. 

Variable Days Riffle Pool 

CHL 0. 169 ± 0.040* 0.274 ± 0. 143 
2 1.10 ± 0.712 l. 81 ± l. 04 
4 2.89 ± 1. 57 4.67 ± 2.80 
8 16.2 ± 7.22 17. 6 ± 7. 43 

16 40.4 ± 11 . l 28.7 ± 8.52 
24 53.6 ± 12.8 34. 1 ± 9. 10 

ATP 
2 0.249 ± 0. 154 0.429 ± 0. 198 
4 0.626 ± 0.286 1.07 ± 0 .684 
8 6.70 ± 2.96 6.65 ± 3.05 

16 15.0 ± 4.80 10 .0 :!: 2 .44 
24 18. 9 :t 5.45 12.9 ± 4.02 

* mean ±standard deviation. 



Table 22. Stroubles Creek Multivariate Experiment: Differences in accumulation of CHL 
and ATP due to season and depopulation (mean ± standard deviation}. 

SUMMER FALL 

Variable Days Depopulated Reference Oepopula ted Reference 

CHL 1 0.170 ± 0.042 0.292 ± 0.161 0 .174 ± 0.093 0 .231 ± 0.093 
2 l.07 ± 0.746 2. 12 ± 0.853 0.562 ± 0. 291 2.08 ± 0. 773 
4 4.95 ± l .69 5.78 ± 2.90 1.81 ± 0.522 2.59 ± 1.40 00 

8 20.7 ± 5.93 22.6 ± 7.53 12.0 ± 3.46 12.2 
O"I 

± 4.63 
16 38.0 ± 11. 3 38.7 ± 14.7 29.2 ± 8.76 26.5 ± 7. 71 
24 54.3 ± 12.6 49.3 ± 12. 7 39.6 ± 15.2 32 .1 ± 8. 56 

ATP 1 
2 0.252 ± 0. 175 0 . 4 58 ± 0 . l 72 0.142 ± 0.068 0 .46 7 ± 0. 138 
4 1. 05 :!: 0.451 1. 28 ± 0.795 0.474 ± 0.086 0.595 ± 0.269 
8 8.55 ± 2.26 9.09 ± 2.26 4.75 ± 1 .96 4.32 ± l.84 

16 14.4 ± 5. 15 14. 1 ± 5.78 10.8 ± 2. 72 10.7 ± 2.83 
24 18. 4 ± 5.60 17. l ± 2.73 16.0 ± 8.12 11. 2 ± 1.84 
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in fall when slides from depopulated areas are compared with those 

from reference areas. For both seasons CHL values in reference 

areas exceeded those in depopulated on days l, 2, 4, and 8 although 

the differences are not always significant. 

ATP 

ATP accumulation as for CHL in the Stroubles Creek Multivariate 

Experiment {SCME} shows a consistent increase with submergence 

time (Table 23). The pattern of ATP increase is again consistent up 

through day 8 and independent of the 32 experimental conditions. 

The pattern of increase continued to be generally true from day 8 to 

day 16 (in 29 of 32 experimental conditions) and from day 16 to 24 

(in 24 of 32 experimental conditions). Seven of the 10 situations 

where ATP decreases were observed on sequential sample dates occurred 

in open as opposed to shaded areas. Again this relationship is not 

demonstrably significant and in fact is even more tentative than a 

similar one observed in CHL accumulation. There is no indication 

of any other experimental factor affecting the expected ATP increase 

between sequential sample dates. 

As with CHL data, significant differences in the overall 

patterns of ATP accumulation did occur as a function of three 

experimental factors. Analysis of variance of the CHL accumulation 



Table 23. Stroubles Creek Multivariate Experiment: Mean of separate estimates of three 
slides for ATP accumulation (mg/1112). 

Factors Days 

1 2 4 8 16 24 
t 

0 
n> 

Riffle Wood 0.115 0.829 8.37 12.2 23.9 -0 
0 
-0 Open 0.115 1.34 10.8 25.0 26 .1 c _, 
QI 
rt Wood 0.627 0.806 7.40 11.6 11.6 n> Pool 0. .. Open 0.255 

V\ 
1. 94 11.2 9.69 18.5 

c t ~ ;.o Riffle Wood 0.183 1.17 10.0 14 .1 19.3 
11> n> ex:> -s .... Open 0.488 0.578 10. 7 26 .1 18.7 ex:> 

l 
11> -s 
It) ::a Wood 0.127 0.347 2.49 5.41 10.7 IB.2 n Pool n> c Open 0.125 0.529 2.43 12.0 8.77 11.5 -0 .. 

"' rt -s t 
R if fl e Wood. 0.136 0.401 4 .47 11. 7 30.0 Cl> 0 

QI fl) 
3 -0 Open 0.103 0.441 13.3 22.B 0 

-0 c _, 
Wood Ill Pool rt 

0.110 0.578 8.70 6.60 7.93 
ti> Open 0.547 6.31 14. 5 10.5 'r-.,, 

Riffle Wood 0.575 0. 785 4.27 14 .8 14 .2 QI t _, ..... n> Open 0.339 0.459 4.61 

1 

.... 12.0 13.6 n> -s 
11> Wood 0.083 0.467 0.526 3.22 6.97 9.79 ::a Pool n 
fl) Open 0.667 1.17 8.71 10.75 10.1 ... 



Table 23. {concluded} 

Factors Days 

1 2 4 8 16 24 
t 

0 
lD 

Riffle Wood 0.154 0.703 9.00 17 .2 17 .0 'O 
0 
'O Open 0.131 0.506 10.44 17.1 22.9 c ..... 
Ill 
c-t Wood 0.257 1.05 4.86 9.81 15.5 tD Pool c. .. Open 0.365 1.20 6.30 13.2 17.6 

Vt c t s ::0 Riffle Wood 0.394 0.632 5.99 9.69 16.9 
ID lD .., -fl Open 0.365 0.496 9.37 18.5 16.7 .o:> 

1 
lD :!.!> , 
'° ::I Wood 0.672 1.62 . 9.81 10.8 16.0 n Pool 0 ID 

0 .. Open 0.690 0.891 9.41 14.3 20.0 
~ ::s 
CA t rt c Riffle Wood 0.110 0.522 3.87 11.8 22.5 
'"'I t1> Ill 
Ill 'O Open 0.142 0.344 3. 76 11.4 15.1 3 0 

'O c ..... Wood 0.680 0.294 0.412 3.46 7.84 9.84 Ill Pool rt 
tD Open 0.103 0.553 2.46 8.97 't 9.39 

"Tl 
Riffle Wood 0.394 Ill :t 0.491 3.39 11.0 11.1 ..... ..... t1> 

-fl Open 0.238 0.320 3.21 13.7 10.9 
lD .., 
lD Wood 0.057 0.507 0.420 3.69 ::I Pool 8.60 8.82 n 
tD Open 0.547 0.592 3.46 7.50 10.9 
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data (r2 = 0.807) (Tab1e 24) indicated significant F values for 3 of 

the 5 experimental factors and submergence times. Significant factors 

and their F values in decreasing order are: submergence times (F = 
539.3, P = 0.0001), seasons (F = 37.2, P =0.0001), and habitat 

(F = 11.9, P = 0.0007), and shadiness (F = 7.72, P = 0.0061). The 

two nonsignificant factors are depopulation (F = 2.04, P = 0.18) and 

location (F = 1.11, P = 0.33). 

Using Duncan's Multiple Range Test at P = 0.05, ATP accumula-

tion (mg/m2) was significantly greater in summer (8.32) than in fall 

(4.85), in riffles (7.64) than in pools (5.74), and at open sites 

(7.60) than at wooded sites (5.73) (Table 25). On the other hand, 

ATP levels were not significantly different between upstream (6.86} 

and downstream (6.46) locations or between depopulated (6.83) and 

reference (6.50) sites. 

As with CHL accumulation rates, ATP accumulation rates 

decreased with increasing submergence times (Table 26). The 

mean daily accumulation rates are comparatively high between 

days 1 and 2: 1.104(±1.167). The number of replicates, how-

ever, is low. The standard deviation is high relative to the 

mean. For the other accumulation rates, the number of replicates is 

higher (n = 31-32). The rate for days 2 to 4 is 0.5046 (:0.7103). The 

high variability for day 2 to 4 rates is explained by the pattern of 



Tab le 24. Stroub 1 es Creek Multivariate Experiment: ANOVA ( GlM procedure) for mean ATP accumulation. 

Source 

Model 

Error 

Corrected Total 

Source 

Summer vs Fall 

Depopulated vs Reference 

Pool vs Riffle 

Upstream vs Downs t rea111 

Wooded vs Open 

Day 

D. F. 

6 

148 

154 

D. F. 

1 

S.S. 

4048.6 

1332. 6 

5381 .2 

S.S. (Type V) 

333.9 

18.3 

107. l 

10.0 

69.4 

4842. 5 

M.S. 

674.8 

8.98 

F value 

75. 1 

F value 

37.2 

2.04 

11. 9 

l. 11 

7. 72 

539.3 

Prob>F r 2 ;:: 0.807 

0 .0001 

Prob>F 

0.0001 

0.18 

0.0007 

0.33 

0.0061 

0. 0001 

t.D ...... 
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Table 25. Stroubles Creek Multivariate Experiment: Duncan's New Multiple 
Range Test* for mean ATP accumulation. 

Factors Mean Grouping t 
(mg/m 2 ) 

Location: Upstream 6.86 A 
Downstream 6.46 A 

Season: Summer 8.32 A 
Fall 4.85 s· 

Depopulation: Depopulated 6.83 A 
Reference 6.50 A 

Habitat: Riffle 7.64 A 
Pool 5.74 B 

Shadiness: Wooded 5.73 A 
Open 7.60 B 

* r 2 = 0.807, P = 0.05, OF = 148 Error MS = 8.98 
• 'A B indicates group means significantly different at 0.05 level. 
A A indicates group means not significantly different at 0.05 level. 



Table 26. Stroubles Creek Multivariate Experiment: ATP accumulation rates ( .e.n rate per 
day}. 

Factors Days 

l :..2 2-4 4-8 8-16 16-24 
t 

0 
ID Riffle Wood 0.987 0.578 0.047 0.084 "'D 
0 

"'D Open 1.227 0.521 0.104 0.005 c -~ 
rt Wood 0.125 0.554 0.056 ID Pool Q. 

+ Open 1.014 0.438 -0.018 0.080 Vt c t ; :u Riffle Wood 0.927 0.536 0.042 0.039 "° ID ID .., ....., Open 0.084 0. 729 0.111 -0.041 w 

1 
11> . .., 
ID ::s Wood 1.005 0.971 0.201 0.085 n Pool 0.066 ID c ... Open 1.442 0.762 0.399 'O -0.039 0.033 en 

rt- + .., 
Riffle Wood 0.564 0.590 0.120 11> 0 0.117 ~ ID 3 "'D Open 0.703 0.618 0.122 0.067 0 

"'D c - Wood ., 
Pool 0.829 0.677 -0.034 0.022 rt 

ID Open 0.611 0.104 -0.040 't ..,, 
:t Riffle Wood 0.155 0.423 0.155 -0.005 ., -- ID 

1 
....., Open 0.151 0.576 0.119 0.015 ID .., 
f'D Wood l. 727 0.059 0.452 0.096 0.042 ::s Pool n 
f'D Open 0.280 0.501 0.026 -0.007 .. 



Table 26. (continued) 

Factors Days 

1-2 2-4 4-8 8-16 16-24 t 
a ro 

Riffle Wood 0.759 0.637 0.080 -0.001 'O 
0 
'O Open 0.675 0.756 0.061 0.036 c __. 
QI 
M' Wood 0. 703 0.383 0.087 0.057 CD Pool 0.. 
... Open 0.595 0.414 0.092 0.035 VI c: t ~ ;o Riffle Wood 0.236 0.562 0.060 0.069 It) CD \0 .... .... Open 0.153 0. 734 0.085 -0.012 ~ 

l 
(I) 
"1 
(I) 
:J Wood 0.439 0.450 0.012 0.049 n Pool fl) c .. Open 0.127 0.589 0.052 0.041 "O 

In 
rt t '"S Wood 0. 778 0.500 0.139 0.080 fl> 0 Riffle QI ft> 3 u Open 0.442 0.597 0.138 0.035 0 

u c 
Ill Pool Wood -0.838 0.168 0.532 0.102 0.028 rt 
11> Open 0.840 0.373 0. l 61 0.005 't 

"Tl 

t Wood 0.110 0.483 0.147 0.001 Ill 
Riffle _. - rt> Open 0 .148 0.576 0. 181 -0.028 

1 

...... 
fl) 
"1 
ft> Wood 2 .185 -0.094 0.543 0 .105 0.003 :;, 

Pool n 
11> Open 0.039 0.441 0.096 0.046 t 
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substantially higher accumulation rates in depopulated areas (0.694) 

than in reference areas (0.288). The mean rate for days 4 to 8 is 

0.530 (±0.118), for days 8 to 16 is 0.0842 (±0.0541), and for days 

16 to 24 is 0.0297 (±0.0379). 

Accumulation rates are greater in summer than in fall between 

days 2 and 4 but not between days 4 and 8, 8 and 16, or 16 and 24 

(Table 26). Differences in accumulation rates, considering the 

whole study, however, are not apparent for riffle vs pool habitats, 

depopulated vs reference sites, upstreams vs downstream locations, 

and shaded vs open areas. 

The CV values for ATP accumulation (Table 27 and Figure 7) 

indicate the same pattern of variability observed for CHL accumula-

tion and thus independently confirm the tendency for variability to 

be lower in the earlier stages of accumulation. CV data for day l 

are available for only five of the 32 experimental conditions. More-

over, day 1 variability is extreme with CV values ranging from 3.86 

to 168.1% with a mean (and standard deviation) of 52.6% (70.2). CV 

data for day 2, however, indicate particularly low variability ranging 

from 1.96 to 8.97 (x = 4.76 ± 2.00). CV data from days 2 to 

24 tend to increase with tirre (Figure 7). Thus mean CV values are 

13.5 ± 10.7 (day 4), 27.5 ± 13.6 (day 8), 24.5 ± 9.85 (day 16), and 

30.6 ± 15.3 (day 24). 

In general ATP CV values for day 2 and day 4 tend to be less 

than CV values for days 8, 16, or 24 (Table 28}. Thus in 29 comparisons 



Table 27. $troubles Creek Multivariate Experiment: Coefficients of variation for ATP. 

Factors Days 

l 2 4 8 16 24 
t 

0 m 
Riffle Wood 5.64 3.77 31.4 28.6 24 .3 -0 

0 
-0 Open 6.54 11.3 28.4 9.07 20.3 c: __. 

°' rt Wood 2.20 8.36 54 .0 19.2 67 .1 m Pool 0.. .. Open 5.33 21.4 14. 7 31.8 23.3 
Vl c: t ~ ;;o Riffle Wood 6.30 15.7 34.6 37.2 15.4 
fl) m l.D ., ...... Open 5.43 5.49 13.2 21.6 38.9 °' 

1 
Cl> , 
'1) . 
:::J Wood 7.51 4.27 12.6 18.3 15.8 24.4 n Pool R> 

c .. Open 12.3 2.37 10.5 23.6 46.0 21.4 
-0 
VI t rt Riffle Wood 6 .24 4.93 22.7 32.0 17.9 , CJ 
(I) m 
Ill -0 Open 7.26 65.1 19.4 45.7 3 0 

-0 c. __. 
41.0 15 .4 41.2 Ill Pool Wood 5.85 

rt-
fl) Open 16.8 57.1 24. 5 20.3 't 

'1 :t Riffle Wood 4.01 34.5 24.4 33.6 33.5 °' ...... ..... m 4.80 13.2 15.1 18 .1 

l 
...... Open 44.4 
fl) , 
Ill Wood 3.86 4 .13 6.47 25.8 17.3 15.6 :::J Pool n 
n> Open 3.31 12.4 25.8 7.23 17.4 .. 



Table 27. (concluded) 

Factors Days 

1 2 4 8 16 24 
t 

0 
lb 

Riffle Wood 4.86 2 .63 17 .8 22.1 45.1 "'O --
0 

"'O Open 7 .11 5 .67 25.5 32.1 43.8 c --__. 
ll> 
rt Wood 3.53 29.1 23.2 20.0 36.3 ro Pool --c.. 

* Open -- 2.24 16.6 40.4 30.8 36 .1 
Cft c t ~ ;o Riffle Wood -- 4. 71 7 .67 37.8 14 .3 35.3 
l'O 11> l..O -s ..... Open 3.50 4.94 47. 9 37.8 23.7 -.i 

l 
ro --, 
m ::s Wood 4.97 35.l 9 .87 33.7 25.0 n Pool --
CD 

CJ * Open 1.96 5 .19 12.3 22.0 28.5 0 --
~ 
VI l t 

Riffle Wood 5.45 35.5 23.8 8.67 6.91 rt CJ --.., ro 
ro "O Open 8.30 8. 76 29.5 31.0 58.7 Ill 0 --
3 "O c ...... 168.1 7.53 2.98 23.4 15.3 19.3 ll> Pool Wood 

rt 
ro Open 8.97 12.4 20.8 22.0 64.9 't --

.,, 
Riffle Wood 2.96 14.61 9.26 15.7 35.0 ll> t --...... _. 11> Open 7.36 34 .1 15.4 16.6 

l 
....... -- --ro , 
f'D Wood 71.2 1.38 3.25 35.1 29.2 24.9 ::s Pool 0 
n> Open 2.66 8.41 20.2 32.6 42.7 --t 



figtll'e 7. Stroubles Creek Hultivari.lle [xped111ent: ATP Coefficients of variation 



Table 28. Stroubles Creek Multivariate Experiment: Percentage 
comparisons of ATP coefficients of variation (CV} between 
consecutive sample days in which CV younger < CV older. 

Days 

l 2 4 8 16 24 

l / s 2/5 3 / 5 3/ 5 3 Is 
l.D 
l.D 

2 20 23hs 29/29 29/29 29/ 29 

4 40 82 2 s; 25 / 31 26/31 
fl r"'t· 31 

Vl ei-c .io.s 
>., el'}t 
n:l 

Cl 60 100 
iige 

l 5 / 32 14/ 8 81 - s 32 

16 60 100 81 47 

24 60 100 84 44 53 
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each between days 2 and 8, 2 and 16, and 2 and 24, 100% of the ATP CV 

values for day 2 were lower than for day 16. In 31 comparisons each 

between days 4 and 8, 4 and 16, and 4 and 24, ATP CV values for day 4 

were lower 81, 81, and 84% of the time, respectively. The lack of 

sufficient data for day l make it difficult to interpret comparisons 

between day 1 and longer submergences. 

The pattern of ATP accumulation as with CHL is different for 

pools and riffles. ATP accumulates faster on slides in pools than 

in riffles for days 2 and 4 (Table 22). As with CHL, ATP accumula-

tion by days 16 and 24 is greater in riffles than in pools. Much 

of the variability in each daily comparison of riffles and pools is 

attributable to seasonal differences. ATP accumulation in depopulated 

areas for each daily comparison is greater in summer than in fall. 

The same seasonal distinction is true in reference areas for days 

4, 8, 16, and 24. 

The pattern of change in the autotrophic ratio (CHL/ATP) tends 

to be an inverse function of submergence time (Table 29, Figure 8). 

This relationship in stream Aufwuchs, or anywhere else to my 

knowledge, has not been reported in the literature. Throughout 

the SCME the autotrophic ratio values ranged from 1.73 to 6.25. 

The mean autotrophic ratios (standard deviations) for days 2, 4, 

8, 16, and 24 are 4.35 (±0.511), 4.46 (±0.851), 2.62 (±0.482), 2.66 



Table 29. Stroubles Creek Multivariate Experiment: Chanqe in CHL/ATP with time (no units). 

Factors Oays 

l 2 4 8 16 24 
t 

0 m 
Riffle Wood 4.38 4.87 2. 41 2.96 2 .18 -0 

0 
-0 Open 5.33 4.81 2 .67 2.23 3.01 c ..... 
QI 
rt Wood 4. 26 4.33 2 .16 3.27 3. 76 fl) Pool 0.. 
.,. Open 3.59 3.76 2.68 2 .16 2.34 

Vl 
c: t ~ ;o Riffle Wood 4.50 5 .13 2.05 2 .85 3.64 
ro ro ,_. ..., -t. Open 3.96 5.36 3.08 2.39 3.01 0 

1 
ro ...... 
-s 
fl) 
::J Wood 4.59 4 .18 4.05 3 .65 2. 77 2.07 n Pool ro 

c: .,. Open 4 .11 4.78 4.21 2 .69 2.40 2.99 
-0 
l/l t rt Riffle Wood 4 .41 3.31 2 .40 2 .69 2.02 -s 0 
11> ro 
s:u -0 Open 3.71 3. 77 2 .45 3.20 2 .18 3 0 

"O c: 
--' 2.92 3.93 2.09 2 .63 2.91 Pl Pool Wood 
rt ro Open 4.87 2.57 2.51 2 .45 'f ..,, 

Riffle Hood 4 .89 3.58 2 .85 2. 12 2 .63 Cl.I t ...... __, ro 3 .67 4.07 2.87 2.44 3.35 

j 
-t. Open ro , 
fl) Wood 4.04 4 .16 3.64 3 .69 2.70 2 .43 ::J Pool n 
(J) Open 4.53 4.84 2.64 2.68 2.22 .,. 



Table 29. (concluded) 

Factors Days 

1 2 4 8 16 24 
t 

0 ro Riffle Wood 4.55 5.11 2.06 2.59 3.75 u --
0 
-0 Open 4 .14 6.01 2.12 2.84 2.67 c --_. 
ll> 
c-1" Wood 3.64 4.66 3.38 3.10 2. 77 ro Pool --
0.. 

f Open -- 4. 54 5.74 2.21 2.25 2.64 
Vl c t ~ ;;o Riffle Wood -- 5.02 5.42 1. 73 3.63 3. 56 
ro fD ........ .., -to 

1 
ro Open -- 4.70 5.18 1.89 3.19 3.24 0 , N 

rn 
::::> Wood 4. 77 3.45 2.64 2.59 2.50 n Pool --

C1 Cl> 
0 f Open -- 4.78 6.25 2.30 2.39 2.06 
~ 
:l 
Vl 

l t ...... 0 Riffle Wood -- 4.67 2. 72 2.44 2.33 2.37 , 
Ill rt> 

Ill -0 Open 4.63 3.89 2 .85 3.14 3.31 
3 0 --

-0 c ..... 
Wood 4.13 3.59 2.83 2. 76 2 .54 Ill --

rt Pool 
"' Open 4.52 4.21 3 .42 2.36 3.15 't --

' ..., 
Riffle Wood 4.24 5.00 2.71 2 .41 2.67 Ill :t --

-" ...... m ....., Open -- 3.69 3.71 3.05 2.93 3.12 
m .., 
fl) Wood 4 .13 4.75 3.88 2.70 2.19 2.72 ::::> Pool 0 
(1) Open 4.81 5.27 2.48 2.41 2.85 --



-L __ t____. ___ _ 

2 4 
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IJ 16 24 

Days 

figure 8. Stroubles Creek Multivariate Experiment: Clll I ATP vs time. 
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(±0.371), and 2.78 (±0.508), respectively (Figure 8). Observations 

made by naked eye on slides submerged for l, 2, or 4 days rarely 

indicated the presence of macroinvertebrates. Macroinvertebrates 

were noted on 12 of 281 slides (4.3%). On the other hand, slides 

submerged for 8, 16, or 24 days, were noted to have macroinvertebrates 

on 109 and 276 slides {39.4%). 

At the beginning of my study, I hypothesized that the CHL/ATP 

ratio would decrease as submergence time increased. 

This reflects an apparent slower accumulation of ATP than CHL. 

Major sources of ATP such as microbial heterotrophs (bacteria and 

fungi) do accumulate rapidly accompanied by algal autotrophs. Large 

sources of ATP (i.e. macroinvertebrates) are slower to colonize. When 

they do colonize, however, extractable ATP from slide Aufwuchs 

co11111unities increases. 

Analysis of variance indicated that submergence time had the 

most pronounced effect on the autotrophic ratio (Table 30, F = 27~1, 

P = 0.0001). However, the 5 experimental factors were not significant 

(a11 F values <l.16, P ~ 0.18). 

There is a consistent negative correlation between CHL/ATP 

and several variables which reflects the general inverse relation-

ship between CHL/ATP and the other variables (Table 31). Other 



Table 30. Stroubles Creek Multivariate Experiment: ANOVA (GLM procedure) for mean CHL/ATP. 

Source 

Model 

Error 

Corrected Total 

Source 

Summer vs Fall 

Depopulated vs Reference 

Pool vs Riffle 

Upstream vs Downstream 

Wooded vs Open 

Day 

D.F. 

6 

158 

164 

D.F. 

l 

l 

1 

l 

1 

1 

S.S. 

34.5 

156. 7 

191.2 

S . S . { Ty pe I V) 

1.14 

0.365 

0.373 

0.560 

0.179 

26.8 

M.S. 

5.75 

0.99 

F value 

5.80 

F value 

1.16 

0.37 

0.38 

0.57 

0.18 

27.1 

Prob>F r2 

0.0001 0.180 

Prob>F 

0.18 

0.54 

0.54 

0.45 

0.67 

0.0001 

...... 
0 
01 



Table 31. Stroubles Creek multivariate experiment: Kendall Tau B rank 
correlation coefficients (P<0.001) for six variables: day, 
species, diversity, CHL. ATP. and CHL/ATP. 

Day Species Diversity CHL ATP CHL/ATP 
·----,. 

Day 1. 00 0.73 0. 61 0.84 0.82 -0.53 ..... 
0 

Species 1. 00 0.65 0.64 0.63 -0.53 en 

Diversity l. 00 0.53 0.52 -0.46 

CHL 1. 00 0.91 -0.43 

ATP l.00 -0.53 

CHL/ATP l.00 
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prominent positive correlations exist among CHL, ATP, species, 

diversity, and submergence time (Table 31}. The conservative Kenda 11 

Tau B rank correlation coefficients (P < 0.001) were highest for the 

following variable pairs: ATP-CHL = 0.91, CHL-DAY = 0.84, and 

ATP-DAY = 0.82. The ATP-CHL correlation reflects the strong 

tendency for both biomass quantities to increase with time. This 

phenonomenon is apparent in the mean CHL data (Table 15) and ATP data 

{Table 23). The increase with time in chlorophyll was consistent 

in 84% of the experimental conditions (27/ 32 ), and in ATP was 

consistent in 75% of the conditions (24/ 32 ). 

As indicated earlier the strong relationship with time is 

particularly apparent for ATP and CHL. In the SCME the relation-

ship between mean ATP and submergence times is described by the 

regression: y = 0.74x - 0.74, r2 = 0.772, n = 164 

where y = mean ATP (mg/m2) 
x = days of submergence 

The linear regression of mean chlorophyll on submergence time 

is y = 2.0lx - 1.79, r2 = 0.757, n = 190 where y =mean CHL (mg/m2). 

Diatom studies 

Stream diatom communities have been studied infrequently in 

America and most often from a strictly descriptive point of view. 

The most prominent exceptions are experimental studies by Ruth 
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Patrick, C. David Mcintire, and a few colleagues throughout the 

l960's and 1970's. The Stroubles Creek study is the first systematic 

experimental effort to explore the importance of several key 

factors contributing to stream diatom dynamics. In the SCME, I 

tested the influence of seasonality, location, habitat, and depopula-

tion on diatom species numbers and diversities (H'). 

The developing glass slide communities typically undergo a 

three stage development process. Initially there is a period of 

accumulation in which various species are added to the substrate. 

Second, there is a period of reconstruction when the species change 

in abundance. Third, there is a period of stabilization when the 

community nature is stabilized. After several hours of submergence, 

various heterotrophic as well as autotrophic organisms have colonized 

the slides. Microscopic examination indicates the presence of 

unidentified filamentous bacteria and fungi. A1gal taxa are prominent 

as well. The number of diatom taxa is surprisingly large after one 

day of submergence; I have identified up to 20 taxa. Typically 

there is a great predominance of a single taxon. Diatom 

populations are released in clumps from upstream substrates and drift 

with the current until striking the glass slides. I present evidence 

in Phase I suggesting that short distance drift {<l m) may 

cause a measurably significant difference in Aufwuchs accumulation. 
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My observations agree with those of others indicating 

that microbial heterotrophs are a major component of the early 

Aufwuchs community succession (Jordan and Staley 1976). The 

autotrophs, however, are visibly the most important component in 

the early stages. After several days, macroscopic heterotrophs 

become visibly prominent and apparently influence the autotrophic 

ratio (Table 29). 

A total of 28 genera and 102 species of diatoms were counted 

in the Stroubles Creek study (Tab1e 32). There were 94 species in 

summer samples and 90 in fall samples with a great deal of seasonal 

overlap both in relative abundances and simple presence or absence. 

Stream Aufwuchs algae generally include mostly taxa of 

cosmopolitan distribution (Patrick 1963). Many species of diatoms 

in particular are present on the substrates with widely varying 

abundances. Those algae attached to hard surfaces in fast water 

are usually firmly anchored. Mobile species characteristically occur 

on softer sediments. The initial colonizers are opportunists and 

if biological succession continues uninterrupted by substantial 

abiotic changes, the species structure will be modified. A 

number of other adaptations for lotic environments are apparent 

(Hynes 1970): jelly pores or stalks for attachment, flattened 

thalli (e.g. Hildenbrandia, Gongrosira), a cushion-like clump of 
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Table 32. Strouoles Creek Multivariate Experiment: Diatom relative 
abundances" 

Taxa 

Achnanthes coarctata 
A. exigua 
j. f1exel1a 
!!· hungari ca 
!! . lanceo!ata 

~· linearis 

~· microcephala 

~· minutissima 

!!· pinna ta 

~- sp l 

~· Sp 2 

~· sp 3 

t!. sp 4 
~. sp 5 
~· SP 6 

~ inflata 
~· '..lVd] is 

Anon~eoneis vitrea 

Caloneis amphisbaena 
bac i 11 um 

Cocconeis pediculus 
i;.. ;ilacentula 

C1clatel la stelliqera 

Czmatopleura solea 

C;:moel la ~ 
f. m1croceoha1 a 
f. pros t ra ta 

f. ~ 
i;.. ·1en tr i cos a 

f. sp l 
c. sp 2 

£. SP 

~ h'iemale 
2· 1ulgare 

Eoithemia ~ 

~notia pectinal is ·1ar. minor 

~· ~i:! 

Early 
summer 

r 
r 
r 
0 

d (4)+ 

sd ( 5) 
d ( 7) 

d (6) 

r 

0 

r 

r 

r 
r 

r 

0 

0 

0 

sd ( 1) 

0 

0 

0 

0 

f ( 9) 

r 

r 

r 

a 

Late summer/ 
early fall 

0 

r 
0 

a 
d (4) 

d ( 3) 

d 
r.-\ 
1. 'J j 

r 
r 
0 

0 

r 

0 

r 

r 

r 

SQ (2) 

r 

0 

0 

f ( 1 5 i 

0 

0 



iable 32. (continuea) 

hxa 

;onstruens 
crotonensis 
·1aucneri ae 
SD 1 

frugul ia •rnlaaris 

Gomohonema anqustatum 
§. qraci le 

~· 

:ntriptum 
o l i vaceum 
par•iubm 

:·<,eriaion ci rculare 

111 

caonaca 1ar. hunoarica 

'I. 

:!.· 

c rzp toceona la ·1ar' in terme'l i a 
:lee ~s sis 

gre~aria 

nut i ca 

~ 
1· pelliculosa 

J.. ~ 
en yncocepna I a 
;Jlinarum ·1ar. intermedia 

~ 1u. ao1cul.ita 
.'f. ;em1 nu I um 

cr1 ounc :a ta 
n ri du la 

~itzscnia amohibia 

1· •:orrmun 1 s 
'.i· :lent~C·Jid 

·1. :iissioau 

:!.· ~ 
'I. 'ont1cold 
'I. nuncaricl 
.'I. ~nean-; 

Early 
summer 

r 

0 

t 
d (8) 

0 

0 

r 

r 

112) 

r 

; 13) 

,. 

0 

Sa ( 2) 

9 

Late summer/ 
Hrly'all 

,. 
0 

0 

0 

( 14) 

a 'ill 

~ 1 l2) 

? 

0 

? 

0 

0 

r 

') 



Table 32. (continued) 

Taxa 

Ii. pal ea 

i!. suotil is 

!!· sp l 

!! . SP 2 
i!. SP 3 

i!· sp 4 

Opephara martyi 

Pinnularia borealis 
P. braunii 
e_. giboa 

Rhoicosphenia curvata 

Stauroneis anceps 

Steonanodiscus ~ 

Suri re 1 la augusta ta 
S. oval is 

s. ~ 

Synedra caoi ta ta 
S. delicatissima 
?. rumpens 

~· socia 
ulna 

112 

Early 
surrmer 

" ( 11 ) 

r 

r 
r 
r 

r 

r 

f ( Hl) 

r 

0 

0 

Q 

r 

0 

sd ( 3) 

0 

·raxonr.mic authorities given in iable 37. 

Late summer/ 
early fall 

0 

r 

0 

r 

r 

0 

(' 

( 11) 

d ( 3) 

0 

( 101 

:~aximum measured abundances from ~ny slide (1000 ·1ah"!s ;;er slide). 

Frequencz 
Rare \.ri 
Occasional (ol 
Frequent (f) 
Oominant (d) 
Superdominanc (sa) 

~ 
d 

1<5 
5< 10 

10<30 
• 30 

~ihe 15 top ranked aounaances. 
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filaments which diverts current (e.g. Rivularia, Vaucheria), and 

rhizoid attachment (e.g. Cladophora, Oedogonium, Ulothrix, Stigeoclonium, 

Lemanea). A number of Stroubles Creek diatoms are attached to sub-

strates by gelatinous stalks or tubes (Figure 9 ). 

Diatoms dominated the Aufwuchs assemblages on glass slides 

both in biomass and number of taxa. On natural substrates near the 

slide holders, however, prominent growths of blue-green algae 

(Cyanochloronta) and green algae (Chlorophycophyta) were observed. 

Members of these two algal groups apparently are not early colonizers 

on glass slides in my study. In Hutchinson's (1967) terms they are 

probably not opportunists. 

Patrick (1963) and my studies indicate that filamentous 

blue-green and green algae do eventually appear on glass slides. 

Frequently after several weeks (and occasionally earlier in my 

studies), these fonns become the biomass dominants in the New 

River and Stroubles Creek. There is no information in available 

literature to indicate greens and blue-greens ever dominate stream 

Aufwuchs in number of species. 

Five frequency categories were defined in Table 32. The 

categories and number of species represented by each category, 

respectively, were: rare - 43, occasional - 28, frequent - 15, 
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----
Melosira Gamphonema Cymbella Cymbella Navicula 

Figure 9. Diatom attachment by gelatinous stalks and tubes. 
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dominant - 4, and superdominant - 4. For the 90 species in the fall 

samples, frequencies were: rare - 40, occasional - 32, frequent - 11, 

dominant - 6, and superdominant - 2. Nineteen species apparently · 

had restricted seasonal preferences. Eleven and 8 species, 

respectively, were identified only from su1T111er and fall samples. 

Each seasonal sample consisted of 48 slides with 1000 va1ves 

identified from each slide for a total of 48,000 counts per season. 

Thus it is quite possible that the species missing from each season 

were, in fact, present although they were not counted. 

The number of diatom species and the magnitude of diatom 

diversity increased with submergence time through the initial 16 

days of my study (Table 33). There was a continuous increase in 

mean species number from days 1 through 16 with a leveling off and 

slight decrease by day 24. The mean species numbers (x ± S.D.) for 

days 1, 2, 4, 8, 16, and 24 were 14.2 (± 2.5), 20.3 (± 2.4), 

23.6 (± 2.7), 32.8 (± 4.0}, 36.0 (± 3.4), and 35.1 (± 3.8), 

respectively. The pattern of species increase was generally apparent 

for each of the 16 experimental conditions. In fact for comparisons 

of consecutive sample dates (i.e. days l & 2, 2 & 4, 4 & 8, 8 & 16}, 

the number of species increase 83% ( 53/ 64 ) of the time. On the 

other hand, between the last 2 sample dates (16 & 24), species numbers 

increased only 25% of the time (4 / 16 ). 



Table 33. 

location 

Up 

Stroubles Creek Multivariate Experiment: Diatom species number and diversity (H'=-r 
pjlog2 pj) with time as a function of four experimental factors. 

hperlioenta 1 I actors 

Season Shadh•e5' Habil•l llepopul. 

l~l<'n Rlfrte 

Oven Pool 
Oep 

s ........ r 
Open Riffle 

°""" Pool 
Ref 

Open RI ffle 

Open Ponl 
Fall 

Open Rifrle 

Open Pool 
Ref 

Open Riffle 

Open Pool 

Open Riffle 

Open Pool 
Rer 

Open Riffle 

Open Pool llep 

Fall 
Oprn Rlfft<t 

Ref 

SPP 

14 

16 

11 

10 

12 

ll 

15 

17 

18 

12 

15 

16 

15 

14 

14 

18 

11' 

1.32 

1.49 

1. 29 

1.26 

1. )9 

1.17 

I. 39 

1.52 

1.45 

1.16 

1.61 

I. 35 

l.29 

1.34 

I. 11 

I. 39 

14.2 1.35 
2.5 0.13 

SPP 

20 

17 

18 

21 

ZS 

16 

19 

21 

17 

22 

l3 

20 

20.3 
2.4 

H' 

I. 72 

1.57 

I. 89 

I. 70 

l.56 

I. 82 

1.86 

1.47 

I.JS 

1.61 

1. 93 

1,66 

1.68 

1.57 

1.11 

1.61 

1.67 
0.16 

SPP 

24 

20 

19 

24 

24 

25 

21 

24 

lO 

22 

27 

26 

23 

25 

27 

28 

23.6 

2.7 

4 
Days 

H' 

l.96 

2 .04 

I. 76 

2 .25 

l.77 

2 .0ll 

1.43 

2.44 

1.89 

2 .01 

2 .21 

2. 31 

1.93 

2. 11 

2 .15 

2 .26 

2. 03 

0.25 

SPP 

32 

31 

3) 

32 

36 

40 

29 

39 

n 
26 

29 

35 

31 

34 

33 

37 

32.8 
4.0 

8 

2. ]) 

2.48 

2.44 

2.62 

2. 35 

1.89 

2.38 

2.50 

2. 39 

2.54 

2. 38 

2. 51 

2.28 

2.59 

2. 37 

2.26 

2.39 

O.H 

SPP 

36 

JI 

29 

32 

41 

39 

36 

35 

J9 

38 

35 

40 

37 

33 

38 

16 

II' 

2.46 

2. 30 

2.21 

2. 32 

2.50 

2.69 

2.26 

2.49 

2. 54 

l.65 

2.JS 

2.30 

2.27 

2 .44 

2.26 

2.6Z 

36.0 2.41 
3.C o.15 

SPP 

JS 

36 

31 

41 

32 

39 

40 

JO 

JZ 

42 

35 

33 

Jl 

37 

35.1 
3.8 

24 

II' 

2.20 

2.64 

2. 74 

2.47 

2.61 

2 .ZS 

2 .92 

2.37 

2.67 

2.99 

2.H 

Z.29 

2.77 

Z.86 

2.19 

z .49 

z .55 
0.26 
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Although significant differences in CHL and ATP accumulation 

were measured for the seasonal, habitat, and shadiness factors, 

no significant differences between species numbers could be attributed 

to any of the experimental factors. The mean species numbers for 

each of six sample days compared by experimental factor are given 

in Table 34. Analysis of variance (r2 = 0.635) also indicates 

that none of the five experimental factors had a significant effect 

on diatan species number (Table 35). 

Diversity measurements indicate that submergence time 

significantly affected diversity levels. Mean diatom diversity 

(H') increased continuously with submergence time: day l (1.35±0.13), 

day 2 (l.67±0.16}, day 4 (2.03 ± 0.25), day 8 (2.39±O.17), 

day 16 (2.41 ± 0.15), day 24 (2.55 ± 0.26). The differences between 

days l & 2, 2 & 4, and 4 & 8 are more significant than between 8 & 16 

and 16 & 24. In fact the overlap is so broad among diversities for 

days 8, 16, and 24 that the differences are clearly not significant. 

The pattern of increasing diversity as with diatom species number 

was generally true for each of the 16 experimental conditions 

(Table 33). For comparisons of the first four consecutive sample 

dates (i.e. 1 and 2, 2 and 4, 4 and 8, 90% of the comparisons 

(43/48 ) showed an increase in species number. Between days 8 and 16, 

and 16 and 24, species numbers increased only 50% of the time (16/ 32 ). 



Table 34. Stroubles Creek Hult ivariate Experiment: Hean nu111bers of diatom species (J.- standard dev.) 
conipared by seasons, habitat, and de1mpu1ation. · 



Table 35. Stroubles Creek Multivariate Experiment: ANOVA for diatom species number. 

Source O.F. S.S. M.S. F value Prob>F r2 

Model 6 4,700.2 783.3 25.8 0.001 0.635 

Error 89 2,696.6 30.3 

Corrected Total 95 7,396.8 

Source D.F. s.s {Type IV) F value Prob>F 
....... ....... 

Summer vs Fall 1 57.5 1. 96 0. 16 l.O 

. Riffle vs Pool 1 41. 3 1.41 0.23 

Upstream vs Downstream 1 4.40 0.15 0. 70 

Day l 4,604.9 157.1 0. 0001 

Depopulated vs Reference l 8.58 0.29 0.59 
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Analysis of variance {r2 = 0.447) also indicates no significant 

differences among species diversities could be attributed to seasonality, 

location, habitat, and depopulation (Table 36). 

In one of the only other studies in the literature reporting 

a change in diatom diversity correlated with submergence times and 

biomass increase, Brown (1973) reported that as biomass on slides 

increased, the diatom diversity (H') decreased. Aside from the broad 

difference between lentic and lotic habitats, factors contributing 

·to the difference between Brown•s and my study are not apparent. 

The pattern of increasing numbers of diatom taxa and increasing 

species diversity is consistent with the 11 diversity-stability 11 

theory which states that taxonomic diversity increases with time 

as long as the environment is reasonably stable {i.e. predictable). 

(May 1973, Pielou 1975}. My study, however, was not designed to 

define any thing as complex as environmental stability. 

Diatom corrmunities on glass slides in streams are controlled 

by numerous physical, chemical, and biological factors such as 

those discussed earlier. Various researchers have hypothesized on 

the relationship of diversity for the nature of environmental 

factors (Sanders 1968, Pielou 1975). These authors suggest that 



Table 36. Stroubles Creek Multivariate 

Source 

Model 

Error 

Corrected Total 

Source 

Summer vs Fall 

Upstream vs Downstream 

R1ffle vs Pool 

Depopulated vs Reference 

Days 

D.F. 

6 

89 

95 

D.F. 

l 

l 

l 

l 

1 

S.S. 

10.35 

12.80 

23. 15 

S.S. (Type 

0. 031 

0.041 

0.28 

0.052 

9.87 

Experiment: 

M.S. 

1. 72 

0. 14 

IV) 

ANOVA for diatom diversity. 

F value 

12.0 

F value 

0.23 

0.29 

2.04 

0.35 

70.23 

Prob>F 

0.001 

Prob>F 

0.636 

0.591 

0. 156 

0.554 

0.001 

r 2=0.447 

....... 
N ....... 
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diversity should be relatively high in more complex communities. 

As the number of taxa increases, the interaction among species 

necessarily increases, hence community complexity increases. 

Diversity is predicted to be high in these so-cal.led 11biologically 

accommodated" communities (Sanders 1968). In contrast, diversities 

in c01TD11unities controlled by abiotic factors are predicted to lower. 

Diatom succession on glass slides in streams is a complex 

function of many physical and biological factors which is partly 

consistent with ecological succession theory. Odum (1969, 1971) 

has characterized ecological succession as a biologically controlled 

process involving species accumulation and charges ultimately 

leading to changes in species abundance. Local habitats are modified · 

by successful colonizers which in turn create new niches for other 

species. The whole process of succession may lead to a functionally 

stable ecosystem in which biological interactions are maximized 

at limits imposed by the physical chemical environment. My 

study and Patrick (1977) indicate a developmental sequence on 

glass slides consistent with Odum's hypothesis. Diatom communities 

on glass slides initially are two dimensional associations that 

are transformed through colonization, selection, and growth into 

more complex three dimensional associations, generally with more 

species and higher diversity (H'}. Patrick (1977) hypothesized 

that the three dimensional pattern produces differences in light, 
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nutrients, and microcurrent patterns as well as cellular secretory 

patterns. All of these cl early may influence relative abundances. 

Huston {1979) developed an hypothesis of species diversity 

regulation. Diversity is determined by the rates of competitive 

displacement and not general competive abilities. In many habitats 

including glass substrates submerged for short periods, there is an 

apparent competitive nonequilibrium and interactions among species 

have not yet induced competitive exclusion of species. Huston 

considered that a nonequilibrium is maintained by density-independent 

factors such as changes in the abiotic environment which regulate 

the rates of population change. Such abiotic factors were apparent 

in streams that I studied. The rates of competitive displacement 

continually change, and Huston suggested that low displacement 

rates, involving factors such as low productivity and frequent 

abiotic perturbation, wi 11 produce higher diversities. In contrast, 

low diversity is the product of high rates of competitive displace-

ment, involving factors such as high productivity and infrequent 

abiotic perturbation. If population sizes are reduced infrequently, 

such as in a stable abiotic environment, diversity may be lowered 

as the community rapidly approaches equilibrium. High diversity, 

on the other hand, may result from infrequent reduction in population 

size. 
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Among the various workers who have used diversity indices to 

characterize Aufwuch diatom assemblages, Archibald (1972) has suggested 
a valid criticism in the blind application of such indices in 

pollution assessments. ·Namely, a low diversity is not always 

associated with polluted environments. In a study of South African 

streams Archibald determined that clean water sites had a broad 

range of diversities (H') from very low (<0.8) to high (>2.8). 

There were some clean water sites dominated by Achnanthes minutissima 
at 75% of the-assemblage with a correspondingly low H'. Other 

assemblages with more balanced distributions had higher diversities. 

Meanwhile, Archibald's polluted sites were characteristically low 

in diversity. ·In particular some organically polluted sites were 

over 85% Nitzschia palea. Archibald's conclusions was that diatom 

autecology is more powerful at distinguishing clean from polluted 

sites. 

By coincidence ~.· minutissima was very important in both 

the New River and Stroubles Creek assemblages, and!!· palea was· 

a dominant form in thermally polluted areas of the New River as well. 

as the copper-treated streams of the perturbation frequency 

experiments. 

The autecology of A_. minutissima and N. palea are rather 

well understood. Cholnoky (1968), Roff (1969), Lowe (1974), and 
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others have recognized the ~·· . minutissima to be characteristic of 

clean, well-aerated streams on several continents. N. palea, on 

the other hand, frequently becomes a superdominant in organically 

polluted streams (Lowe 1974) and is able to grow well using organic 

substances for its nitrogen source (Patrick and Reimer 1966). 

Selected autecological aspects of Stroubles Creek diatom 

species were extracted from the literature. Preferences for current 

velocity, 02 levels, nitrogen type, pH, and several other factors 

have been summarized from 14 major taxonomic and ecological works 

(Table 37). 

Selected site characteristics are presented in Table 38. In 

Stroubles Creek the current velocities were clearly greater in riffle 

than in pool habitats (Table 39}. Seasonal differences in current 

velocity are not apparent. Riffles and pools also differ substantially 

in depth regardless of season. The differences in current velocity 

and depth were in fact the key factors in my original designation 

of riffle and pool habitats. 

Of the 82 Stroubles Creek taxa which I identified to species, 

the current velocity preferences for 69 are listed in Table 37. 

Four are reported in the literature to be expected in lotic habitats 



Table 37. Stroubles Creek Multivariate Experiment: Diatom ecology from available literature 

Diatom taxa + Current preferences* References** Comments (References) 
Rhb. Rhp. Ind. Lim. 

Achnanthes coarctata (8reb.) Grun. ,I 2,9 Cosmopolitan (8); pH indifferent; aerophilous (lO) 
A. ~x igua Grun. ,I 2,3 Euryphotic (12); alkaliphilous (10) 

~· flexella (Kutz) firun. ,I 3 Needs hi~h oxygen {l); pH indifferent (10) 

1!· hungarica Grun. ,I 6 Needs high oxygen (l); alkaliphilous {10} 
A. lanceolata (Breb.) Grun. ,I 2,3 Early colonizer {11); alkaliphilous (10) 

~- linearis (W. Sm.) Grun. ,I 4 Abundant in mountains {5); grows well 
alkaliphilous (10) 

in high oxygen ( l); 

A. microcephala (Kutz.) Grun. I 2,3 Good indication of continuous high oxygen (l}; alkal iphilous {JO) 

~- minutissima Kiitz. I 4 Good indication of continuous high oxygen (l); pH indifferent (10) 
A. pinnata Hust. No data 
A. 6 uni dent. tax a 

__, 

Amphora inflata Kiitz. ,I 9 Grows well at hi9h oxygen levels (l); alkaliphilous (10} 
N 

°' A. ova 1 is Kutz . ,I 2,3 Cosmo po 1 ita n (8); alkaliphilous (10) 

Anomoeoneis vitrea (Grun.) Ross I 3 Cosmo po 1 itan (5); pH indifferent (10) 

Caloneis amphisbaena (Bory) Cl. ,t 2 Cosmopolitan (8); a 1ka1 iph ilous {10} 
c. baclllum {Grun.) Cl. ,I 2,3 Cosmopolitan (8); alkaliphilous (10) 

Cocconeis pediculus Ehr. ,I 2,3 Cosmo po 1 it an (8,9); a 1ka l i phil ous ( 10) ~ prefers hiqh Oc (14) 
f. placentula Ehr. I 4 Cosmopolitan (6.8); alkaliphilous ( 10}: closely appressed to rocks 

Cyclotella stelligera Cl. u. Grun. ; 2,3 Cosmopolitan (6.8); pH indifferent (10): euplanktonic (10) 

Cymatopleura solea (Breb.) W. Sm. ,I 2,3 Cosmopolitan (6,8}; alkaliphilous (10) 



Table 37. (Continued 

Diatom taxa + Current (!references* References** Colll!lents (References) 
Rhb. RhJ1. Ind . Lim. 

Cymbella affinis Kiitz. .; 2,3 Cosmopolitan (6,8); alkaliphilous {10} 
f. microce(!hala Grun. .; 2,3 Cosmopolitan (6,8); alkaliphilous {10) 
f. prostrata (Berk.) Cl. .; 2,3 Grows well at high oxygen levels (1); alkaliphilous (10) 
C. tumida (Breb.) V.H. .; 2,3,9 Cosmopolitan (6,8); alkaliphilous ( 10) 

f. ventricosa Kutz. .; 2,3 Cosmopolitan {6,8); pH indifferent (10} 
C. 3 unident. tax a 

Oiatoma ~~emale (Roth) Heib. Cosmopolitan (B); alkaliphilous ( 10) 
D. vulgare Bory I 2,3 Cosmo po 1 i tan (8); alkaliphilous (10) 

:£J:!ithemJ_~ ~ Kutz. I 3 Cosmopo l itan (6,8); alkaliphilous (10) 

Eunotia l!ectinalis var. minor (Kutz) Rabh. .; 3 Cosmopo l ita n (6); pH indifferent to acidophile { 10) N 
£:. praerupta Ehr. ~ountcin localities, circumneutral ( 12 ); acidophile (14) 

......, 

Fragilaria capucina Oesm. I 2,3 Cc,smopolitan (6); a Hal iphilous ( 10) 
f. construens Ehr. I 2,3 Cosmopo 1 ita n (6); alkaliphilous (10) 

F. crotonensis Kitton .; 2,3,5 Cosmopo 1 itan (8); alkal iphi lous ( lO); planktonic 
f. vaucheriae (Kutz) Peters I 6 Cosmopo 1 it an (8); alkal iphilous ( 10); prefers high O; ( 1 ) 
f. 1 unident. tax on 

Frustulia vul9aris {Thwaites) Oet. .. 2,3,5 Cosmopolitan (6,8); alkaliphilous (10) 

Gomphonema aogustatum (Kiitz} Rabh. .; 4 Alkaliphilous (10) 
§ 9racile Ehr. I 5 Cosmopo 1 itan (6,8); pH indifferent (10}; oligotrophic (14) 
§. intricatum Kutz. I 5 Cosmopolitan (6,B}: alkaliphilous ( lO); ol igotrophic { 14) 
§. olivaceum (Lyng.) Kutz. / 2,3 Cosmopo 1 it an { B); a 1ka1 iphilous ( 10) 
G. l!arvu l um Kutz • ,' 2,3 Tolerant of pollution (l}; pH indifferent { 10) 

§. 2 unident. taxa 



Diatom taxa + 

Gyrosigma acuminatum (Kutz) Rabh. 

Hannaea arcus (Ehr.) Pat. 

Melosira granulata (Ehr.) Ralfs 
!".f. varians Ag. 

Meridion circulare {Greve.) Ag. 

Navicula biconica Patr. 

Table 37. 

!_!. capitata var. hunqarica (Grun.) Ross 
N. crtptocephala var. intermedia Grun. 
N. decussis Ostr. 
N. exlgua Greg. ex. Grun. 
N. gregaria Oonk. 

!!· l).lllt ica Kutz. 
N. notha Wallace 
N. !:'ell iculosa (Breb. ex. Kutz.) Hilse 
N. £!.1£Y.12. Kutz. 
ti. rhxncocepha la Kutz. 
N. sa 1 in arum var. intermedia (Grun.) CL 
ff secreta var. ~iculata Patr. 
N. seminulum Grun. 
N. tripunctata (O.F. Mull.) Bory 
N. viridula Ki.itz. 
N. 4 unidentified taxa 

Continued 

Current preferences* 
Rhb. Rhp. Ind. Um. 

I 
f 

I 

I 
I 

I 

I 
I 
./ 

I 

I 

/ 

/ 

,1 

I 
/ 

References** Corrrnents (References) 

2,9 Cosl'l{)politan (7); alkaliphilous {10) 

5 Cosmopolitan (8); pH indifferent (10) 

2,3 Cosmopolitan (6,8); euplanktonic, alkaliphilous (10) 
4 Cosmopolitan {6); alkaliphilous, eutrophic (10) 

2,3,4 Cosmopolitan (6,8); indicates high oxygen (l); 

2,3 
2,3 

3 
2,3 

2,3 

2,3 
2,3 

2 
2.3 
2,3 

alkaliphilous (10); Sul11Tler only in shaded areas (14) 

pH indifferent {10) 
Cosmopolitan (6,8); alkaliphilous (10) 
Alkaliphilous {10); tolerant of pollution (14) 
Alkallphilous (10) 
Cosmopolitan (6,8); alkaliphllous (10) 
Prefers high mineral content (12); pollution tolerant (14) 
Cosmopolitan (6.8); pH indifferent (10) 
Prefers water low in minerals (12) 
Prefers water hioh in minerals (12) 
Cosmopolitan (6,8); pH indifferent (10}; tolerant (14) 
Cosmopolitan (6,8); alkaliphilous (JO) 
Prefers hiah minE'ral content (12) 
Prefers high mineral content (12) 
Cosmopolitan (8); pH indifferent (Hl) 
Cosmopolitan {8); alkaliphilous (10) 
Cosmopolitan (6,8}; alkaliphilous (10) 

~ 

N co 



----------------"'-Ta::.:b""l"'e'-37. Continued 

Diatom taxa+ 

Nitzschia amphibia Grun. 
N. communis Rabh. 
~· denticula Grun. 
N. dissipata (Kutz~ Grun. 
!j. dubia W.Sm. 
~- fonticola Grun. 
N. ~ungarica Grun. 
N. linearis W.51'1. 
N. palea {Kutzj W.51'1. 
~- subtilis Kutz. 
N. 4 unidentied taxa 

Opephora martyi Herib. 

Pinnularia borealis Ehr. 
£'. braunii (Grun.) Cl. 
P. gibba Ehr. 

Rhoicosphenia curvata {Kutz.) Grun. ex. Rabh. 

Stauroneis anceps Ehr. 

Stephanodfscus astraea Kutz. 

Surirella ~ustata Kutz. 
5. ova 1i s Breb. 
?· ovata Kutz. 

Current preferences* 
Rhb. Rhp. Ind. Lim. 

I 
/ 

I 

I 
I 

I 

I 

I 

I 

' 

I 

I 
I 

References** Comments (References) 

2,3 Cosmopolitan (6,8); alkaliphilous {10); N tolerant (14) 
2,3 

2,4 

2,3 
2 
2 

2,3 

2,3 

2,3 

2,3 

l '12 

2 

3 

2,3 
2 

2,3 

Cosmopolitan (6,8); alkaliphilous (10); requires organic N (l) 
Alkalinphilous {l); prefers high O; (14) 

Cosmopolitan [6,8); alkaliphilous (10) 

No data 
Cosmopo 1 ita n {6,8); a Hal iphilous ( 10); requires organic N ( 1} 
Cosmopolitan ( 6,8); a H:al iphilous ( 10) 
Cosmopo 1 itan (6,8); aikaliphilous (10h oiiqotrophic 0) 
Cosmopo 1 itan (6); pollution tolerant (11); pH indifferent ( 10) 

f'Jo data 

Alkaliphilous (10) 

Cosmopolitan ( 6, 8); pH indifferent (10); acidophile [I) 
Seems to prefer cool water of low mineral content { 13) 

Cosmo po 1 it an (6,8); planktonic (14) 

Cosmopolitan ( 5); prefer oxyqen rich waters ( 1) 

Cosmopolitan ( 5); pH indifferent (10) 

[up l anktonic ( 10) 

Cosmopo 1i tan { 6 ,8); alkaliphilous (10); prefers niqh o~ (l) 

Alka1iphilous (10) 

Alkaliphilous (10) 

~ 

N 
\0 



Table 37. Concluded 

~~~~~~~O~i~at~om""--~ta~x~a~+~~~~~~~~~-C~u~r~r~e~nt"--"p~r~e~fe~r~e~n~c~es~*~~--'-R~e~fe~r~e~n~ce~s~*-*~~~~~~~~~~C~orrmc.:;;;ents (References} 
Rhb. Rhp. Ind. Lim. 

Synedra capitata Ehr. 
~· del icatlssima Grun. 
?· rumpens Kutz. 
~· socia Wallace 
~- ulna (~itz.) Ehr. 

+Identified from Stroubles Creek. 

is based on Hustedt (1937). 

I 

*Current preference 
limnophilic (Lim}: characteristic nf lentic water; may occur in lotic water. 
Indifferent (Ind): 
Rheophilic (Rhp): 
Rheobiontic (Rhb): 

**References: 

regularly found in both lentic and lotic waters. 
characteristic of lotic water; may occur in lentic water. 
expected in lotic water only. 

2.3 
2,3 

2,3 

Widely distributed in slow water (12) 
pH indifferent (10) 
Cosmopolitan (6); pH indifferent (10) 
Prefers circumneutral water (12) 
Cosmopolitan (6,8); alkaliphilous {10); prefers hioh o7 (14) 

(1} Cholnoky 1968, (2) Faged 1948, (3} Fo9ed 1954, (4) Hornung 1959, (5) Hustedt 1930, (6) Hustedt 1937, (7) Hustedt 1942, 
(8) Hustedt 1949, (9), Hustedt 1957, (10) Lowe 1974, (11) Mcintire 1966, (12) Patrick and Reimer 1966, (13) Schroeder 1939 
(14) Schoeman 1973. 

w 
0 
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Table 38. Stroublu Creek multivariate expertlh!nt: Selected site characteristics. 

Experimental factors Sf te characteri sties 

Current• Oeptll" Temperature• 
range Substrate...,. range ranre pl!* 

Location Season Shadiness Habitat Oepopula t 1on (cny'sec sin (cm) ( •c range 

Riffle Dep. 32-42 CG 19-28 1!1-24 7.4-7.6 
wood Ref, 33-40 

"' Pool Oep. 3.5 GS 46-54 19-23 7.4-7.7 "' J Ref . 2-4 ., Oep. 29-37 Riffle CB 25-30 20-24 7.S-7.9 
Open Ref. 35-51 

.§' Pool Oep • 3-8 GC 39-51 21-25 7.4-7.9 .. Ref. 2-8 
~ 
"' ll Oep. 4-29 Riffle c 14-27 14-19 7.2-7.5 

Woo a Ref. 22-26 

Pool Oep. 3-5 GC 51-58 15· 18 7.4-7.7 .,, 
Ref. 4-o :!:. 

Riffle Dep. 25-29 c 11-26 14-19 7.3-7.6 
Open Ref. 28-34 

Pool Oep. 2-5 GC 45-49 15-20 7.3-7.6 
Ref. 3.5 

Riffle Oep. 18-26 c 18-23 2'·24 7.1-7.6 
Wood Ref. 21-29 

Pool Dep. 2-5 GS 32-48 21-23 7.2-7.5 
"' 
~ 

Ref. 3-6 

.., Riffle Dep. 18-25 26-28 23-26 7.4-7.9 
Open Ref. 19-24 

Pool Oep. 2-5 GC 40-46 22-26 7.4.7.S 

f Ref. 3-4 

~ Riff le Oep. 27-34 ca 16-25 13-19 7.2-7.6 .. 
" \lood Ref. 24-31 

Pool llep. 2-4 GC 39.43 14-18 7.3-7.S ..., Ref . J-4 .. 
Riff11 Oep. 32-35 c 19-24 14-19 1. 3.7 .5 

Open Ref. 29-Jl 

Pool Oep. 3. 7 GS 40-45 14-19 7.3-7.7 
Ref • 3-5 

. 
Sh llleasurement.s (every 4th day) about 0.5 m upHre•m of diatometers between 1200 and 1400 Murs . -Substrates subjectively classified. Sand \S): <0.2 cm, Gtavel (G): 0.2 • 2 cm, Cvbole (C): >2 - 2S cm, 3ouldar (B): ,z5 cm. 



Tabl~ 39. Stroubles Creek Multivariate Experiment: Effect of 
seasonality and habitat on current, depth, and temperature.* 

Current Depth Tempera tu re 
Season Habitat (cm/sec) {cm) ( oc) 

n=48 n=24 n=24 

Summer Riffle 30 ± 9+ 25 ± 4 23 ± 2 

Sumner Pool 4 ± 2 44 ± 7 23 ± 2 

Fa 11 Riffle 29 ± 4 20 ± 6 16 ± 3 

Fall Pool 4 ± 2 46 ± 6 17 ± 2 

* Measurements (every 4th day) about 0.5 m upstream of 
diatometers between 1200 and 1400 hr. 

+Mean ± standard deviation. 

..... 
w 
N 



133 

only, 27 are characteristic of lotic habitats but may occur in lentic 

ones, 31 are regularly found in both types, and 7 are characteristic 

of lentic but may occur in lotic habitats. No current preferences 

were found in the literature searched for 13 of the Stroubles Creek 

species. 

Of the 26 species which were designated as frequent or more 

abundant in Table 32 (i.e. >5% of the diatom assemblage on at least 

·one slide), two species are rheobiontic, fourteen rheophilic, 

seven indifferent, and zero limnophilic (Table 37). Current 

preferences for three species were not available in the literature. 



SUMMARY AND CON CL US IONS 

PHASE I 

Depopulation Studies 

1. Biomass accumulation patterns (CHL, ATP, and AFDW) were 

basically similar in fall, spring, and summer (Table 3}. 

My hypothesis that accumulation rate is greater in reference 

than in depopulated streams was supported in three experiments. 

2. The effects of depopulation on Aufwuchs accumulation in 

two experiments disappeared in less than two weeks which 

supports fl1.Y hypothesis that Aufwuchs communities may rapidly 

recover from short-term catastrophic events (Table 6). 

3. Variability among ATP replicates was ·reduced in early 

stages of accumulation (Table 7). These results support 

my hypothesis that the inability of Aufwuchs structural 

parameters (e.g. ATP) to distinguish between stream treat-

ments may be overcome by seeking differences in early stages 

of accumulation. 

Disturbance Frequency Studies 

134 
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4. Aufwuchs accumulation depended on the frequency of Cu 

disturbance, accumulating faster in the low stress 

streams than in the high stress streams (Table 8). 

5. Biomass resistance to the 24-hr additional Cu disturbance 

was greater in the HSS, and biomass resilience (i.e. 

·recovery) was consistently lower in the LSS than in the 

HSS (Table 9). 

6. Stress resistance decreased with submergence time, i.e. 

community age, and tended to be greater in HSS than in LSS 

regardless of submergence time (Table 10). 

7. LSS had more species (Table 12) and higher diversities 

(Table 13} than HSS. Species numbers increased with time 

more consistently in LSS than in HSS. These results support 

the hypotheses of Loucks (1970), Connell (1978) and others. 

8. The dominant taxa of LSS were Achnanthes microcephala, 

Cocconeis placentula, Melosira varians, and Navicula 

bdesma, whereas the pollution tolerant Gomphonema parvulum 

was the superdominant in the HSS. 

PHASE II 

9. In the Stroubles Creek Multivariate Experiment (SCME) CHL 
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accumulation was significantly greater (P < 0.05) in summer 

than in fall, in riffles than in pools, and in open than in 

shaded sites. Accumulation differences were not significant 

between upstream and downstream locations or between 

depopulated and reference areas (Table 17). A similar 

consistent pattern was observed for ATP (Table 25). 

10. Random decreases in biomass were associated with increased 

turbidity during storms as well "algal lift off 11 during 

sunny weather. 

11. CHL and ATP accumulation rates decreased inversely with 

submergence times (Tables 18 and 26). 

12. CHL and ATP variability were generally lower for the first 

two to four days of submergence than any longer times 

(Tables 20 and 28), which supports my variability hypothesis 

tested in Phase I. Variability in riffle samples is lower 

than in pool samples (Figure 6). 

13. CHL and ATP accumulations were higher in pools than in 

riffles during the initial week and lower during the 

second and third weeks (Table 22). 

14. My hypothesis that the CHL/ATP ratio decreases as submergence 

times increases was supported by the data (Tab1e 29 and Figure 8). 
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15. Diatoms were the dominant algae of the Stroubles Creek 

Aufwuchs assemblages and exhibited substantial overlap in 

distribution between summer and fall (Table 32). 

16. Diatom species number and diversity increased with increasing 

submergence time (Table 33}. These results support the 

diversity-stability hypothesis. 

17. None of the four tested experimental factors (location, season, 

habitat, depopulation) had a significant effect on species 

numbers (Table 35) or diversity {Table 36). 
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STREAM AUFWUCHS ACCUMULATION 

by 

Laurence Harvey Kaufman 
(ABSTRACT) 

I investigated the Aufwuchs accumulation process 

on glass slides (chlorophyll, adenosine triphosphate, and 

diatoms) in experimental streams near Glen Lyn VA (Phase I) 

and in Stroubles Creek near Blacksburg VA (Phase II). 

Depopulation experiments carried out during Phase I 

supported my hypothesis that accumulation rates are 

greater in reference than in depopulated streams. The 

effects of depopulation on Aufwuchs biomass accumulation 

disappeared in about two weeks indicating the rapidity of 

recovery from short-term catastrophic events. Variability 

anong replicate slides was generally lower after shorter 

submergence times than after longer times. 

In disturbance frequency experiments carried out 

during Phase I, Aufwuchs accumulation depended on the 

frequency of copper disturbance. Accumulation was faster 

in the low stress streams (LSS) than in the high stress 

streams (HSS) • Resistance of Aufwuchs conununities to an 

additional Cu disturbance was greater in HSS than in LSS. 

Resilience of Aufwuchs biomass to the additional disturbance 

was lower in the LSS than in HSS. Stress resistance tended 



to be an inverse function of community age and to be 

greater in HSS than in LSS. Diatom species and diversity 

were greater in LSS than in HSS. 

In Stroubles Creek I tested the effect 6f five 

factors on the Aufwuchs accumulation process and found 

biomass accumulation was greater in summer than in fall, 

in riffles than in pools, and in open than in shaded sites. 

Accumulation differences were not significantly different 

between upstream and downstream locations or between 

depopulated and reference areas. Biomass accumulation 

rates decreased inversely with submergence time. Biomass 

variability tended to be lower for shorter submergence 

times and in riffles than in pools. The autotrophic 

ratio decreased with submergence time. Diatom species 

number and diversities increased with submergence time. 
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