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PLANT PRODUCTION IN A WOODLAND STREAM
UNDER CONTROLLED CONDITIONS

INTRODUCTION

This investigation was designed to determine the ef-

fects upon productivity in a woodland stream when illumina-

tion and the concentration of soluble carbohydrates are

controlled. Production, as defined here, is limited to

primary production, or the photosynthetic activity of the

autotrophic community in direct response to illumination

with visible light. The goal of these and associated in-

vestigations was to achieve a better understanding of

changes that may occur in the composition and utilization

of the food chain of a stream community subsequent to the

alteration of certain environmental factors.

The study of primary production has become important

in ecological investigations in recent years. Although

much emphasis has been placed upon the determination of

concrete values for primary productivity, such distinguish-

ed workers as Lindeman (5, p. 399-418) and Ivlev (4, p. 98-

120) have considered philosophically the theoretical im-

portance of production as it applies to the transfer of

energy between the various levels of the food chain.
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Lindeman describes the food chain in terms of trophic

levels in which any one group of organisms represents the

energy source for the next higher level. Accordingly, he

assigned organisms to specific trophic levels depending on

their being producers, i.e., plants; or consumers, herbi-

vores and carnivores. This study has been concerned with

the rates of photosynthetic production, or primary trophic

level according to Lindeman's scheme. Autotrophic plants

occupy this initial level because of the simplicity of

their nutritional requirements; i.e., they rely almost en-

tirely on solar radiation and inorganic substrates for the

synthesis of materials needed for growth and development.

Ivlev provides an exceptionally good discussion of the

evolution of the ideologies that have led to the present

concepts of dynamic relations in ecosystems. Salient

points in his paper include a review of Thienemann's appli-

cation of productivity studies in pond-fish cultures to

similar work in natural waters; and a critical evaluation

of the works of Hutchinson and Lindeman. The most signifi-

cant feature, however, is his comments on the importance of

the efficiency of energy transfer in ecosystems. Ivlev

suggests that the total amount of energy assimilated by the

organisms of a trophic level is dissipated along four dif-

ferent pathways: (1) the energy consumed and incorporated

as metabolites by the predator; (2) the energy consumed,
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but not incorporated into the predator; (3) the energy re-

used by the organisms themselves in respiration; and (4)

the energy released when decay follows death. Only the

energy represented by the first category is actually in-

volved in the energy relations of the two trophic levels

involved. The importance of trophic dynamics, according to

Ivlev, lies not in measuring the productive capacity of the

various levels alone, but more critically concerns the per-

centage of that production that is readily available to the

next level.

Investigations of primary production at the community

level have been greatly advanced by studies of Ryther (16,

p. 72-84) and Odum (7,8, 9, 10, 11 and 12), involving pro-

duction measurements in aquatic environments. These studies

concerned lacustrine or marine communities. McConnell and

Sigler (6, p. 335-351) modified Odum's methods and applied

production measurements to communities in the rapidly mov-

ing waters of the Logan River in Utah.

The physical limitations inherent in applying produc-

tion measurements, of the type made by McConnell and by

Odum, to a much smaller and shallower stream required

further modifications of techniques. Berry Creek, the ex- /
perimental stream, is a small woodland stream having its

origin in the low Coast Range foothills adjacent to the

central Willamette Valley. The stream bed is composed
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almost entirely of basaltic rock, with limited exposures

of clay hard pan.

A 1500-foot section of the stream was brought under

controlled flow by installation of a diversion dam and a

ditch to carry the excess water during peak flows. A flow

of 0.5 c.f.s. was maintained except during late summer and

early fall when the total flow of the stream frequently

fell to 0.15 - 0.25 c.f.s.

A portion of this controlled flow unit was subdivided

into four experimental sections, each composed of a riffle

and a pool. A riffle is a shallow, rock bottom area of a

stream characterized by rapid, turbulent flowing water.

Adjustments were made in these units to obtain comparable

currents, surface areas, and bottom characteristics. The

deciduous tree canopy was removed from the 2nd and 4th

sections to increase the total amount of radiation falling

on these areas to a range of 40 to 60 per cent of full sun-

light. Radiation reaching the riffles in the 1st and 3rd

sections where the canopy was left at natural density,

ranged from 2 to 8 per cent of full sunlight. These meas-

urements were made during July and August when the trees

possessed full foliage.

In addition to controlling the amount of radiation re-

ceived by the experimental sections, an enrichment program

was initiated in order to investigate the effects of
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pollutants on productivity. A concentrate containing ap-

proximately 60 grams of sucrose per liter (the actual con-

centration was adjusted to stream flow) was prepared daily'

and metered into section 3 at a rate of 1, 2, or 4 ppm,

depending on the concentration required to maintain a con-

tinuous growth of the bacterium Sphaerotilus natans in

sections 3 and 4. This filamentous member of the Eubacteria

is an organism common to some streams of the Northwest that

receive a high sugar content from pulp and canning wastes.

Various combinations of these controlled factors pro-

vided four different environmental conditions by which

community production might be influenced: section no. 1

was shaded and unenriched; section no. 2 was "light" and

unenriched; section no. 3 was shaded, enriched; and section

no. 4 was "light" enriched.

A preliminary investigation was undertaken to deter-

mine the structure of the autotrophic community under these

environmental conditions. Subsequently, measurements of

the relative productivity of these communities were made.

Future studies will enable the correlation of the energy

potential of these communities with the higher trophic

levels of the entire ecosystem.

Since the stock sucrose solution was prepared daily, any

change in the actual concentration due to fermentation

could be considered negligible, or even within the realm

of error due to the diurnal fluctuation of stream flow.



METHODS AND MATERIALS

Autotrophic Community Structure

Glass slides were suspended in the stream by spring

clothespins supported just above the water. The slides

were oriented with their surfaces parallel to the stream

flow to minimize superficial eddying that might create un-

natural conditions and thus effect community growth. The

pins were adjusted to allow the lower edges of the slides

to rest just above, but not touching, the stream bottom.

It was possible, due to the shallowness of the stream, to

obtain the distribution of organisms from the surface to

the stream bed without the accumulation of sediment around

the slides.

Series of slides were left submerged for one, two, or

three-week intervals. Previous observations had shown that

a three-week period represented a maximum period, because

slides left longer were subject to a general decrease of

organisms due to sloughing. Three-week-old slides repre-

sented a standing crop condition.

When removed from the stream for laboratory analysis,

a slide was transferred to a water-filled jar submerged in

the stream in order to minimize handling time and loss of

biomass by aloughing. The jars were placed in darkness at

a temperature just above 0° C. to prevent change in the



community on the slide when counts could not be made im-

mediately. Counts were made within 24 to 48 hours after

removal of the slides from the stream. Ten fields on each

slide were counted and the counts recorded as organisms

per square millimeter (3). This procedure was followed for

each of the four experimental sections so that a compara-

tive study could be made of the community structure under

the various environmental conditions.

Measurement of Primary Plant Production

The conventional methods for determining production

as described by Odum (8, p. 102-117) were not adaptable to

the conditions present ifl Berry Creek. The shallowness,

rapid flow, and rocky nature of the riffle areas presented

a reaeration factor which rendered the light-dark bottle

technique inoperable. The upstream-downstream method was

inadequate because of the shortness of the Piffles. These

difficulties involved in direct stream production measure-

Lents led to the development of a special PhotosynthesIs-

Fespiration chamber described in detail by C. D. McIntire,

R. L. Garrison, H. K. Phinney, and C. E. Warren in a paper

presently being prepared for publication. The 55-liter

chamber was designed with an instrument port and apertures

through which water and nutrients could be added, circulated

and discharged. A 3/4 inch thick plexiglass cover permitted
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illumination and eliminated the danger of a glass cover's

breaking because of slight pressures developed within the

chamber. A piece of 1/8-inch flashed opal glass was placed

upon the plexiglass cover to diffuse the light evenly

throughout the chamber. A water bath helped to maintain

a fairly constant temperature within the chamber, even

during periods of illumination. A predictability flowmeter

was incorporated into the water supply line to maintain a

constant flow through the chamber, and centrifugal pumps

provided circulation to allow thorough mixing and prevent

uneven exhaustion of nutrients.

Illumination was supplied by a 1500 watt, 125 volt

Sylvania incandescent lamp. According to Rabinowitz (14,

vol. 2, pt. 1, p. 837-839), only about 9-10 per cent of the

radiation from such a lamp lies in the visible spectrum,

and may be considered photosynthetically active. Since the

wave lengths above 700 millimicrons are filtered out on

passing through the water, it may be assumed that the in-

tensity of light recorded by placing a photocell inside the

chamber at the same depth as the community represents only

that portion of the spectrum in the visible range that

actually reaches the community and is available for photo-

synthesis. A series of screens and a device to raise and

lower the lamp were combined to permit regulation of light

intensity at any desired level between 0 and 3000 foot
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candles, Light intensities were measured with a hermeti-

cally sealed International Rectifier. Selenium photocell,

model DP-3. The current produced through activation of the

selenium element was measured on a Monarch MT 102 Precision

Resistors Circuit Tester attached to the photocell. The

photocell was frequently calibrated against a Weston Sun-

light Illumination Meter, model 756.

Porcelain enameled steel trays (16 x 18i" x 1") were

utilized to hold portions of the stream bed that were to be

removed to the chamber for production measurements. The

stream bed material was reconstructed upon these trays to

conform as nearly as possible to rock sizes and volume in

the natural stream bottom. An area, the size of the tray,

was cleared on the stream bed and the tray set flush with

the clay hard pan to eliminate artificial flow patterns.

Four trays, each with comparable volumes and sizes of rock,

were placed in each of the four experimental sections.

When productivity measurements were made, a tray con-

taining the community that had developed was removed from

the stream and placed in the chamber. The chamber was then

filled with water and covered with the plexiglass lid. A

rubber gasket was fitted between the lid and the chamber

and fastened with screw clamps. Any residual air was with-

drawn from the chamber by a syringe mounted in the rubber

gasket. The system was allowed to come to equilibrium in
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total darkness for a period of at least 8 hours, usually

overnight.

During experiments samples of the incoming and out-

going water were obtained hourly in 300-milliliter dis-

solved oxygen bottles placed conveniently in the water

influent and effluent lines. Exchange of water was main-

tained at 300 ml/Min. during all experiments.

A light level of approximately 1800 to 2200 foot

candles was selected for comparative analysis of the pro-

duction potential of the four experimental sections.

Preliminary experiments indicated that this was a range

that avoided inhibitory effects. It was assumed that

production measurements at lower light intensities would

actually measure the community's ability to adapt to a

specific light level and would not be indicative of its

maximum productive capabilities. Light levels in excess

of 2500 foot candles were avoided to eliminate solariza-

tion.

Estimation of production was based on the oxygen ex-

change between the water and the plant community. Dis-

solved oxygen was determined by the unmodified Winkler

method (1, p. 252-255). No attempt was made to measure

the carbon dioxide exchange because of the neutral charac-

ter of the water. Its buffering capacity masked any slight

changes. The difficulties in carbon dioxide measurements
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were further compounded by the limited size of the communi-

ty involved and the accuracy of the available instruments.

Community respiration values were obtained by covering

the chamber with an opaque, black polyethylene curtain to

exclude all light. An average respiration rate was obtain-

ed by measuring the rate of uptake of oxygen from the water

both before and after the chamber was illuminated for the

measurement, of production. This procedure was adopted to

compensate for increased respiratory activity induced by

increased temperature arising from illumination.

The net production of oxygen was computed by first de-

termining the concentration of dissolved oxygen in the in-

fluent and effluent water and, from these data, determining

the total oxygen entering and leaving the chamber for a

specific period of time. The total amount of oxygen in the

influent water was subtracted from that in the effluent

water, and to this value was added the amount of oxygen

stored in the chamber. Gross production was calculated by

adding community respiration to net production. Correction

for a diffusion factor was unnecessary since the samples

were taken in a closed system in which gas exchange with

the atmosphere was eliminated. Production was expressed

on the basis of area rather than being related to the bio-

mass of the trays. This procedure appeared to he more

accurate because the encrusting nature of the predominantly
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diatomaceous community made complete harvesting difficult,

time consuming, and grossly unreliable.

An attempt to correlate production with chlorophyll

content of the community was made, utilizing the methods

described by Richards (15, p. 156-172). Chlorophyll assays

were made on communities from the dark and light, unenrich-

ed experimental riffles after production estimates had been

determined at light intensities ranging from 90 to 2400 ft.

candles. The biomass was harvested by scrubhinE the rocks

thoroughly with non-metallic scouring pads, and the water

was then drained from the chamber through a No. 20 mesh

plankton net. Aliquots of the biomes- were treated over-

night with 90 per cent re-distilled acetone in a cold room.

The optical densities of these extracts were neasured at

655, 545 and 630 millimicrons to determine the concentra-

tion of chlorophyll a, h and c, respectively. The measure-

ments were made with a :Beckman Model DU spectrophotometer.

Formulae given by Richards (15, p. 156-172) were used to

calculate the concentrations of the photosynthetic pig-

ments. The assimilation number, or photosynthetic effi-

ciency of the community was calculated as the volume of

oxygen evolved per unit of chlorophyll a.



13

RESULTS

Autotrophic Community Structure

Analysis of the communities that developed on glass

slides indicated several significant differences in the

growth patterns of the four communities. The periphyton

counts from these slides, for the twelve-month period of

August 1960 to July 1961, were used to construct the growth

curves that appear in figures 1 through 4. The monthly

values that appear in these figures represent averages of

the counts on four separate slides in the case of one

week's growth, and two separate slides for the other growth

periods.

The only obvious similarity between the communities

in the different riffles resided in the fact that each sus-

tained two peak periphyton growths: the first during the

spring, and the second during the summer. Closer inspec-

tion indicated that, of the two maximum growth periods, the

spring peak was the greater in the shaded riffles, while

the summer peak reached a far greater magnitude in the

"light" riffles.

To illustrate better the effects of environmental fac-

tors upon the various communities, composite growth curves

were prepared from the data in figures 1-4 to show the

population trends in the riffles during comparable periods
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of growth. Figures 5, 6 and 7 show the comparative abun-

dance of organisms for 1, 2 and 3-week growth periods,

respectively.

In general, the number of autotrophic organisms per

unit area increased when more sunlight was available to the

stream and the introduction of organic enrichment, with the

consequent growth of 4haerotilus, tended to limit the size

the autotrophic community.

The spring growth peaks in the two unenriched riffles

were quite comparable. During the summer, however, the

"light unenriched riffle developed a maximum growth of

much greater magnitude than did the dark, unenriched sec-

tion.

Although present, the spring and summer peaks of the

shaded, enriched riffle could hardly be considered signifi-

cant. Rather, this community appears to have been charac-

terized by a consistently sparse growth throughout the

year. In fact, the growth by the end of three weeks barely

exceeded that obtained during the first week in the shaded,

unenriched riffle. Although distinct and significant

growth peaks existed in the "light", enriched riffle, this

community never attained the magnitude of that in the

"light", unenriched riffle.

A difference in the duration of the period of maximum

growth was also observed. The summer maximum in the
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Table 1

Summary of the Generic Composition of Algal Flora of Berry Creed

Organism 1 2 3 4 Organism 1 2 3 4

BACILLARIOPHYCEAE CHLOROPHYTA

Achnanthes A A SC F Bulbochaete I 0 0 0

Amphipleura I I 0 I Chlamydomonas SA SA SC F

Caloneis 0 I 0 I Closterium 0 SF 0 0

Cocconeis A A C A Microspora 0 0 0 I

Cymatopleura 0 F I I Mougeotia 0 0 I I

Cymbella I F 0 0 Oedogonium 0 SF I 0

Epithemia I 0 I 0 Phytoconis 0 SF I 0

Eunotia I I 0 0 Stigeoclonium I SA I F

Fragilaria C-F A-C I C Tetraspora 0 I 0 0

Frustulia 0 I 0 I CYANOPHYTA

Gomphonema C A-C F C Anaboena 0 SF 0 0

Gyrosigma 0 I I 0 Chroococcus I 0 0 0

Melosira SA SA SF F Oscillatoria 0 0 SF I

Meridion I SF 0 0 Synechocystis 0 SF SF I

Navicula C A-C C C EUGLENOPHYTA

Nitzschia C A-C F C Euglena 0 I 0 0

Pinnularia 0 I I I RHODOPHYTA

Rhoicosphenia F C F F Batrachospermum SF SF SI 0

Surirella 0 C I I CHRYSOPHYCEAE

Synedra I F 0 I Gleobotrys 0 SF SI 0

Tabellaria C A F F Tribonema 0 0 SI 0

Key:
1. Shaded, unenriched riffle 3. Shaded, enriched riffle

2. Light, unenriched riffle 4. Light, enriched riffle

A Abundant; C Common; F Frequent; I Infrequent; 0 Absent; S Seasonal

This table represents a generalize
Appendix tables 1 through 8.

d summary of the data compiled in
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Enrichment with sugar resulted in an increase in the

prominence of the Cyanophyta. Also in the enriched, riffles

a marked decrease in the only red alga present, Batracho-

spermurn, was noted, and one member of the Xanthophyceae

appeared in a small amount.

Measurement of Primary Plant Production

A preliminary investigation was made to determine

whether there were any differences in the photosynthetic

efficiencies of the communities at various light intensi-

ties. It was reported by Odum et al. (7, p. 78-82) that

communities accustomed to low levels of light exhibited

great adaptive ability and became quite efficient in uti-

lizing available light at those levels. Such a response

of the shaded and "light" communities of Berry Creek to

various levels of illumination is illustrated in fip:ure 12.

At light levels up to approximately 500 foot candles, pro-

duction in the shaded community proceeded at a rate higher

than that of the light-adapted community. Both communities

appeared to reach maximum productive capacity at light

levels between 600 and 700 foot candles. Illumination

above these levels permitted the light-adapted community

to exceed the production of the shade-adapted community.

During the summer and fall of 1961, productivity meas-

urements were made on each of the experimental sections
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(table 2).

Although lack of replication in some of this Tork

precludes complete reliance in the data, the resulte are

worthy of consideration. A very striking difference is

observed between the unenriched and enriched riffles. In

several instances, the autotrophic community could not

achieve the compensation point even after hours of steady

illumination.

To ascertain whether it was feasible to consider pro-

duction on the basis of chlorophyll content, analyses were

run in conjunction with a productivity investigation.

Estimates were made of chlorophylls a, b, and c, and the

Carotinoids (table 3).

The method described by Richards (15, p. 157-159) had

to be modified only in the amount of water used. Since he

dealt with planktonic forms, he used the material contained

in one liter of water. It was necessary to use more than

one liter to collect all of the harvested material from

the respirometer and adjust the results a cordingly.

Using Richard's conversion, the total amount of

chlorophyll a per tray was calculated by multiplyin7 the

concentration of chlorophyll a by the quantity of acetone

used in the extraction/aliquot of the sample, and dividing

by the area from which the periphyton was harvested. The

tray from the shaded, unenriched riffle yielded 11.36 mg.



Table 2

A Comparison of Primary Production and Respiration in the Experimental Communities

Riffle Season
Range of
Gross
Production
mg/ m2/ hr

Average Gross
Production
mg/ m2/ hr

Range of
Community
Respiration
mg/ m2/ hr

Average
Community
Respiration
mg/ m2/ hr

P/R

Shaded,
unenriched

11 Jul-1 Aug
18 Oct-13 Dec

116.4*
32.2 -- 97.4

116.4
67.4

44.7*
22.2 - 44.2

44.7
34.2

2.60
1.73

Light,
unenriched

11 Jul-1 Aug
18 Oct-13 Dec

105.8--128.2
39.8-134.1

117.0
93.5

30.9 - 39.0
21.2 - 60.1

34.9
45.3

3.22
1.87

Shaded,
enriched

11 Jul-1 Aug
19 Oct-13 Dec

23.6*
-4.4-- -4.6

23.6
-4.5

170.1*
31.2 - 51.2

170.1
41.2

0.14
0

Light,
enriched

11 Jul-1 Aug
18 Oct-13 Dec

-20.0-- 44.8
4.8-- 24.6

12.8
16.7

63.6 -110.3
32.5 - 61.6

87.0
48.1

0.15
0.32

* These data represent the results of one experiment for each respective riffle.



Table 3

Chlorophyll and Carotinoid Analyses of Two
Berry Creek Communities in Late Fall

Pigment

32

Shaded, Unenriched Light, Unenriched
Riffle Riffle

Chlorophyll a 2.84 mg/1

Chlorophyll b 2.15 mg/1

Chlorophyll c 4.53 MSPU/1*

Carotinoids 1.75 MSPU/1

2.94 mg/1

2.26 mg/1

6.81 msPu/1

2.01 MSPU/1

MSPU /1 A thousandth of a Specified Pigment Unit. Be-

cause the specific absorption coefficient of
90 per cent acetone solutions of chlorophyll c
and the carotinoids are unknown, the relative
concentrations of these compounds are measured
with SPU or MSPU as defined by Richards (15,

p. 160-161).
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of chlorophyll a, while the tray from the "light", unen-

riched riffle yielded ll.7L, mg. When the productions of

these two respective communities were compared on the basis

of chlorophyll a, results as shown in figure 13 were ob-

tained. The assimilation number (which is an expression of

production/unit of chlorophyll) increased with additional

light intensities up to 600 foot candies in both communi-

ties. Both communities reached maximum efficiency at this

light level. Additional light yielded no further increase

in oxygen production per unit of chlorophyll a. At the

lower light levels, the ratio of oxygen production to

chlorophyll a was greater in the shade-adapted community

than in the "lightn-adapted community. When the maximum

rate of production was reached, however, the "light commu-

nity out-produced the shaded one.



FIGURE 13.
THE EFFECT OF LIGHT ON ASSIMILATION RATIOS
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DISCUSSION

Autotrophic Community Structure

It was quite obvious that variations in both light and

enrichment exerted many effects, some of which were immedi-

ately apparent; and others were so obscure as to preclude

complete interpretation eased on the present data.

In Berry Creek, the maximum periphyton growth was nor-

mally attained during the spring when the period of solar

radiation was lengthening, and when the increased stream

flow, due to the rain, provided an increased supply of

mineral nutrients (table 4). It should be remembered, when

interpreting the data on this table, that higher stream

flows during the spring months could actually make a great-

er total of nutrients available to the community even

though the concentrations of elements were slightly lower

than were found during later seasons. During this season,

the leaf canopy had not yet developed. With the increase

in density of foliage as the summer months approached, a

decline in the periphyton was observed, although a second

growth peak did appear again during the latter part of the

summer.

Assuming that the two unenriched riffles were identi-

cal before the canopy was removed from one of them, specific

effects were observed as a result of increased light.



36

Table 4

Water Analyses Summary for Berry Creek

Experimental Stream1,2

Characteristic February May -

or Constituent - March June August November

(PPm)

Silica 21 22 24 23

Iron 0.16 0.16 0.25 0.13

Calcium 7.5 9.2 12.5 11.3

Magnesium 2.8 3.5 5.5 4.9

Sodium 3.8 4.5 6.3 5.8

Potassium 0.3 0.2 0.3 0.5

Bicarbonate 41 53 75 64

Carbonate 0 0 0 0

Sulfate 1.7 0.5 0.9 1.3

Chloride 3.7 3.3 4.4 6.0

Fluoride 0.07 0.03 0 0.07

Nitrate 0.17 0.07 0.2 0.2

Phosphate 0.03 0.04 0.04 0.03

pH 7.3 7.4 7.7 7.4

1 These analyses were prepared by the United States De-

partment of Interior, Geological Survey.

2 The values expressed in this table represent the average
concentrations (in parts per million) for water samples

tested during the period 1959 to 1962.
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During the spring growth peak, the periphyton in the shaded

and "light" riffles closely approximated each other in

numbers, but a significant difference was observed during

the summer. In the shaded riffle, periphyton growth was

less than half that sustained during the spring, while the

maximum growth in the "light" riffle during the summer was

at least double that occurring in the spring. After three

weeks' growth during the summer peak, the periphyton commu-

nity of the "light" riffle showed as much as eighteen- to

sixty-fold increase in numbers over that in the shaded

riffle. At first it appeared reasonable to assume that the

nutritional balance of the stream was a factor in control-

ling the peak growths. A spring peak would be expected to

follow the degradation of the autumn leaf fall and an in-

crease in ground runoff water during the rainy season. It

proved difficult to justify this assumption, however, be-

cause of the relative constancy in amount of the essential

inorganic constituents throughout the year. Further evi-

dence to support the viewpoint that nutrients were not

limiting factors was provided by the different responses

of the communities in the two unenriched riffles. The

periphyton populations in the "light" riffle showed a

growth peak much greater in magnitude than that observed

during the spring. Simultaneously, and with the same

nutrient supply, the shaded riffle was unable to maintain
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a growth peak equal to that in the spring. The fact that

these communities (quite similar through the spring) re-

sponded so differently during the summer to a common en-

vironmental factor would appear to eliminate inorganic

nutrients as a limiting factor. Similar trends were ex-

perienced in the two organically enriched riffles, although

the populations involved were smaller.

At only one period during the year was there any evi-

dence that an inorganic nutrient might have been a limiting

factor. During May and June the nitrate level (table 4)

declined to approximately one half the concentration found

throughout the remainder of the year. This reduction in

the concentration of nitrate appeared coincidentally with

a significant depression of growth which interrupted the

steady increase and produced two distinct peaks.

It appeared quite justifiable to assume that light

alone was the significant limiting factor involved in con-

trolling growth of the periphyton community in the two un-

enriched riffles throughout the entire year. When shading

was removed, periphyton growth increased during seasons of

maximum radiation when the angle of incidence was minimal,

and decreased as the sun moved lower on the horizon.

Qualitative, as well as quantitative, effects on the

periphyton were observed to result from increased illumina-

tion. The requirement that green algae show for more
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intense illumination was observed in Berry Creek for, where

the canopy had been removed, there was a noticeable in-

crease in the numbers of the Chlorophyta. More significant,

perhaps, was the fact that the increase was specifically

among members of the Ulotrichales and Zygnematales. Prob-

ably the most salient effect arising from increased light

was in creating an environment favorable to extended

periods of growth of these groups. The fact that green

algae persisted throughout the year, except in the mid-

summer months of June, July and August, and for longer

periods of time in the "light" riffle, was an indication

that light was the significant environmental factor deter-

mining not only the density but also the type of community

that became established.

The response of members of the Cyanophyta to light was

similar. Much larger numbers of the blue-greens were main-

tained in the "light" riffle. Although the duration of

maximum growth of Cyanophytes occurred on the slides only

during the first weeks, they did not completely disappear

from the community after two weeks, as was characteristic

in the shaded riffle. It seemed, however, that the blue-

green population was more dependent on the interaction of

several factors than were the other groups. The optimal

growing season corresponded to periods of intermediate tem-

peratures and when a maximum concentration of calcium was
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present in the water. The blue-greens were absent from the

community during the warmest and coldest months.

There appeared to be no significant effect of increas-

ed light on the populations of diatoms and red algae, indi-

cating a wider tolerance of these groups toward this en-

vironmerita 1 factor.

Effects of Organic Enrichment

Enrichment of the stream with sugar produced a marked

effect upon the autotrophic communities. The densities of

the autotrophic populations within the communities were

greatly reduced, and growth trends appeared to be more

erratic. This was especially true of the shaded, enriched

riffle. Except for the appearance of Gleobotrys and the

apparent reduction of Batrachospermum, however, no signifi-

cant change was noted in the generic composition of the

community during the initial three weeks of growth.

At least a. part of the instability existing in the en-

riched riffles depended upon the fluctuation in size of the

Sphaerotilus population. It was extremely difficult to

maintain a steady growth of the bacterium because of its

sensitivity to environmental factors. Sphaerotilus was

never found solidly attached to the substrate, and any

physical factor such as change in the rate of flow of the

stream could have induced mass sloughing. The organism was
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quite sensitive to sugar concentration and a significant

change in density of the Sphaerotilus population would

occur within 24 hours if increased stream flow resulted in

a lower concentration of sugar being delivered to the com-

munity.

One other situation militated against maintenance of a

constant bacterial population. Sugar was introduced into

the stream only at one point. As a result, the sugar con-

centration reaching the lower of the two enriched riffles

was not necessarily the same as that concentration in the

riffle immediately below the point of introduction. During

the warmer seasons of the year, the Sphaerotilus population

was heaviest in the uppermost enriched riffle. When colder

temperatures persisted, there was an increase in the

Sphaerotilus population in the lower riffle location. It

is impossible, at this time, to interpret the significance

of this response. Temperature, most assuredly, appeared to

be a significant factor in maintenance of the Sphaerotilus

population, but so little is known about the physiology of

the organism that any hypothesis would be hazardous. The

importance of this variability in the bacterial population

is that at present we cannot analyze its effect on the

autotrophic community in a quantitative way.

Any explanation of the effect of sugar enrichment on

the autotrophic community will he, at best, an extremely
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complicated one. There appeared to be thrc,, factos in

addition to light that could have collectively accounted

for the extremely small autotrophic communities. The en-

riched sections of the stream supported a much le,rer pro-

tozoan population than the unenriched sections and, in ad-

dition, investigations by other members of the project

(personal communication) indicated that the plumes of

Sphaerotilus provided a most favorable niche for an In-

creased number of aquatic insects. Although the increased

numbers of herbivores could hardly be considered the sole

factor, it certainly could have cont.cibued significantly

to the overall decline of the producer community.

1-tother, obvious possibility would be that the hetero-

trophic community competed with the autotropha for nutrient

minerals, and thus limited, the maximum development of the

latter. If this assumption were true, it could be antici-

pated that communities in each riffle would initially have

possessed similar growth rates and, where nutritional com-

petition was a factor, growth rates would have leveled off

much more rapidly. The opposite situation was observed,

however, as the communities on the slides acquired their

characteristic differences during the first two weeks in

the stream. At certain times during peak growth in the

third week, the growth rates in the enriched riffles great-

ly exceeded those in the unenriched. This could hardly
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support the interpretation of nutritional competition.

It appears that some factor retarded initial develop-

ment of the organisms, and this, most probably, was compe-

tition for space. The organic enrichment encouraged a

rapid growth of Sphaerotilus. It did not take long for

these filamentous bacteria to develop into extensive, slimy

plumes which covered large areas of the stream bottom and

of the detritus which was present. This rapid bacterial

growth lessened the surface area available to serve as

points of attachment for the autotrophs, and thus fewer

individuals could get started. The result was simply an

effect of crowding by the faster-growing organisms.

Additionally, if one thinks in terms of micro-

environments, it is not difficult to realize that the large

bacterial plumes could screen light from the rock surfaces

very effectively, thus creating still another unfavorable

condition that impeded normal development of an autotrophic

community.

There is little doubt that all these factors may have

been involved in the gross changes observed in the enriched

riffles, but the effect of crowding and shading by the

Sphaerotilus plumes must be considered as the significant

reason for this transformation.
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Primary Productivity

An awareness of the limitations that the type of com-

munities developed and of the methods of production measure-

ments enforced is necessary for critical analysis of the

results of these measurements.

All of the measurements must be considered in a rela-

tive sense, because the necessarily unnatural conditions

produced in the respirometer precluded the collection of

absolute data. It was impossible to reconstruct flows and

currents in the chamber identical to those in the stream.

Productivity measurements were purposely made at a light

level considerably higher than that found in the stream; in

order to assure that all communities were operating at a

maximum rate.

The sparse character of the communities made it ex-

tremely difficult to distinguish subtle differences between

the communities. Therefore, significant differences in

community structure as indicated by population analysis are

at times associated with insignificant differences in pro-

duction resulting from limitations in the method of obtain-

ing the latter data. A more precise comparison of pro-

ductivity based on biomass instead of riffle area was

impractical because of the difficulty in harvesting the

entire community from the tray. There was seldom more than

a thin diatomaceous film covering the rocks, and this was
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extremely difficult to collect completely for quantitative

measurement.

However, several prominent characteristics of the

several different communities were observed by productivity

measurements.

An adaptation developed in the shaded community simi-

lar to that reported by Odum et al. (7, P. 77-82). Table 3

indicates that during the fall season chlorophyll a content

of the two unenriched riffles was quite comparable. How-

ever, when these communities were exposed to light intensi-

ties below 600 foot candles, the shaded community out-

produced the "light" community by as much as 15 to 25 per

cent. The relative efficiency of a community is based on

the assimilation number. Thus shaded communities (figure

13) display greater efficiency in utilizing the available

sunlight than communities developed in brighter light.

The production measurements demonstrated the effect

of organic enrichment upon the community. The results

tabulated in table 2 show that production in the enriched

riffles was only 10 to 25 per cent of that in the unenriched

riffles. The variability in the data from the two enriched

riffles can be accounted for by the changing mass of

Sphaerotilus as previously discussed. The significance

lies in the tremendous decrease of primary productivity in

these riffles from that normally found in the stream.



The possibility of bacterial growth increasing to the

extent that the small amount of autotrophic growth present

cannot produce enough to maintain the supply of oxygen at

the level of compensations is demonstrated.

This effect presumably accounts for the negative pro-

duction reported in the shaded, enriched riffle during the

period between October and December.

It should be remembered that the communities found in

the trays represent the final static situation in the

stream, rather than do the communities on the glass slides.

Because of this difference in the time element involved, a

direct correlation between the slide and tray communities

should not be attempted. For this reason, production data

based on the older established communities on the trays

should be regarded as more accurate indication of the over-

all environmental effects upon the communities.

The similarity of production in the two unenriched

riffles during July and August emphasizes the fact that

while light appears to be a significant factor in control-

ling the differential rate of colonization in these riffles,

the actual climax communities may really become similar in

density over a long period of time. Population analyses

indicate that during these months, both communities are

composed almost entirely of diatoms. This fact, coupled

with the similar productive capabilities indicate that



there oroL013z., was not much difference in community density

after they became stabilized.

This reasoning could he extended to explain the 28 per

cent difference between the productivity of these two

riffles during the fall season. The "light" riffle has

been shown to possess altered composition during these

months. While the community on the shaded riffle was com-

posed primarily of diatoms, a significant population of

green algae developed in response to added light. The dif-

ferent productive capacity of these greens, even assuming

comparable density in both communities, could account for

the increased production.

The real effect of increased light on stream produc-

tivity may be to change the composition of the communities;

and may have only a secondary influence on the density of

the populations within the climax community.

Two major conclusions may be drawn from these investi-

gations. Increased sunlight, at least during parts of the

year, appears to improve the productive capacity of the

stream by altering the composition of the communities.

Higher levels of light intensity appear favorable for more

productive aquatic plants.

Secondly, the addition of very low concentrations of

organic substrate in the form of sucrose caused an abrupt

change from an autotrophic to a heterotrophic community.



The P/A ratios (table 2) may be used as indication of Just

how profound an influence was achieved.

These investigations have shown that light and organic

enrichment exerted two diverse effects upon the importance

of the autotrophic community to the rest of the food chain.

Increased illumination induced greater production which, in

turn, represented more energy which would be potentially

available to the organisms of the higher trophic levels.

The development of Sphaerotilus, as a result of in-

creased sugar concentrations, drastically reduced the

number of autotrophic organisms. The associated reduction

in the productive capacities of the polluted areas meant

that a much smaller consumer population would be supported

on the energy obtained from the primary trophic level.



SUMMARY

Determinations were made of the effect of increased

illumination and enrichment with soluble carbohydrates up-

on the productive capacities of the autotrophic communities

in a fresh water stream, and to interpret the results of

these changes in terms of the energy relationships between

these communities (representing the primary trophic level)

and the consumer organisms of the higher trophic levels.

Normally, the maximum growth of the autotrophic com-

munity occurred during the spring season before the trees

attained their foliage. A second peak developed during

the summer, but did not reach the magnitude of the spring

peak because full foliage, shading the riffles, offset the

increased radiation associated with summer. In an adja-

cent riffle, where the tree cover had been removed, the

summer growth peak achieved greatest prominence. During

the spring when the illumination was nearly the same in

both riffles, the densities of the autotrophic communities

closely approximated each other.

A qualitative change in the community composition was

induced by increased illumination. Analyses of the peri-

phyton on the glass slides indicated that the pennate

diatoms were predominant throughout most of the year.

Additional illumination created conditions more favorable
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for the development of populations of Chlorophyta and

Cyanophyta, especially during the spring and fall.

The organic enrichment, through addition of sucrose to

the stream, stimulated the abundant growth of the filamen-

tous bacterium Sphaerotilus natans, which, in turn, caused

a marked decrease in the density of the autotrophic popula-

tions. The Sphaerotilus grew in large plumes loosely

attached to detritus and rubble on the stream bed. It ap-

peared that the reduction in the number of autotrophs was

primarily a matter of competition for space for attachment,

and shading. The Sphaerotilus plumes grew rapidly and

covered large areas of the stream bed which ordinarily

served as attachment surfaces for the autotrophs.

The addition of sugar stimulated a larger population

of protozoans whose grazing habits could have accounted for

a part of the reduction in the producer community.

The supply of inorganic nutrients was not considered

to be a limiting factor, primarily because of the relative

stability of the concentrations of the essential elements

in the water throughout the year. No significant changes

in the availability of these elements could be correlated

to the increased growth during the spring and summer. It

seems improbable that the presence of Sphaerotilus created

a critical problem in mineral nutrition, since it was ob-

served that a large autotrophic community could exist along



51

with the bacteria when sufficient light was available.

Investigations of the primary production indicated

the development of communities adapted to either a light

or a shaded environment. A community accustomed to a

shaded riffle was more efficient in utilization of light

up to 600 foot candles. Maximum efficiency was achieved

at this light level, and further increases of illumination

did not stimulate an increase in production. Although a

community adapted to a "light" environment was not as

efficient when exposed to intensities below 600 foot

candles, its maximum productive capacity in response to

higher light levels exceeded that of the shade-adapted

community.

The amount of light had a lesser effect upon the

density of the climax community than it had on the initial

rate of colonization. Once a community became stabilized,

the effect of additional light was to encourage develop-

ment of a wider variety of organisms, especially the

Chlorophyta and the Cyanophyta. During the fall, when

those forms were commonly abundant, the production in the

"light" riffle showed a significant increase over the pro-

duction in the shaded riffle where the community was en-

tirely composed of diatoms. During the summer, when both

riffles supported only diatom populations, production

values were comparable.



Organic enrichment reduced primary production of the

communities through the limitation in density of the popu-

lations. The P/R ratios indicate a complete change in the

character from primary autotrophic metabolism in the unen-

riched riffles to heterotrophic in the enriched riffles.

Increased illumination, then, served to augment the

importance of the primary trophic level in respect to the

rest of the food chain; but sugar enrichment, and the sub-

sequent development of the Sphaerotilus population, reduced

the primary productive potential so greatly that the pri-

mary trophic level became ineffective, and often negli-

gible.
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Appendix Table 1

The Generic Composition of the Per1r.hyton on a Shaded,
UnenricheS Riffle after 1 West's Growth

Organisms/min'

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

BACILLARTOPHYCEAE
Achnsnthes 1.34 2.00 1.56 3.72 2.45 .39 .79 1.32 .17 .85 .53

Amphipleura -- -- -- -- -- .26 --

Amphiprora -- -- -- -- -- .13 -- -- --

Colonels .22 -- .18 -- -- -- -- -- -- __ __

Cocconeis .22 .45 .67 .36 1.56 1.55 5.26 8.55 5.72 2.49 1.11 .53

Cymatopleura -- -- -- -- -- .13 -- -- -- --

Cymbella .22 .22 -- -- -- -- .14 --

Denticola -- -- --

Epithemia -- -- -- -- -- --

Eunotia .22 -- -- -- -- -- -- -- --

Fragilarla -- 4.01 -- .71 .39 .13 -- .35 -- .22 --

Frustulia -- -- -- -- -- -- --

Gomphonema 1.34 1.34 .67 2.32 .61 1.58 1.32 .52 .18 -- .18

Gyrosigma -- -- -- -- .13 -- -- -- --

Melosira .45 23.39 5.34 2.14 -- -- 1.44 -- __ -- --

Meridion -- .67 .45 -- -- -- -- .36

Navicula .b7 .67 .89 .71 .67 .22 .79 .99 1.73 .36 -- .36

Nitzschia .89 .45 .22 2.67 1.11 .45 .39 .99 .17 --

Pinnularia -- -- -- -- -- .13 -- .17 .18

Rhoicosphenia .89 1.11 .45 .89 .22 .39 1.58 .33 1.56 .45 .45 .18

Surirella -- -- -- .22 --

Synedra -- -- -- --

Tabellarin .22 -- -- .18 -- .39

CHLOROPHYTA
Apiocystis -- --

Bulbochaete -- -- .45 1.31

Chaetophora -- -- -- -- --

Chlamydomonas 6.04 3.78 7.79 11.58 7.13 -- .53 .45

Chlorococcus -- -- -- -- .18 --

Closterium --

Cosmarium .33

Hormidium
Microspora
Mougotia --

Oedogonium --

Palmella 2.67

Phytoconis --

Stigeoclonium .45 .79

Tetraspora
Ulothrix .79

CYANOPHYTA
Anaboena

2.45 --

Anacystis .35

Calothrix
Chroococcus --

Oscillstoria --

Synechocystis .45 .89 --

EUGLENOPHYTA
Euglena

.22 ,36

Trachelomonas
.22

HHODOPHYTA
Batrachospermum -- 7.66 .45 --

CHRYSOPHYCEAE
Gleohotrys
Tribonema



56

Appendix Table 2

The Generic Composition of the Periphyton on a Shaded,
Unenriched Riffle after 3 Weeks' Growth

Organisms/mm2

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes 16.93 31.19 138.14 122.99 45.00 .89 1.97 -- 1.38 .35 -- 6.68

Amphipleura -- -- .89 -- -- -- -- -- -- -- -- --

Amphiprora -- -- -- -- __

Caloneis -- -- -- -- -- -- -- -- __ __ __ __

Cocconeis 3.56 16.93 6.68 16.93 43.88 16.93 50.32 217.45 65.09 4.60 3.56 3.56

Cymatopleura -- -- -- -- -- -- -- -- -- -- -- --

Cymbella -- -- -- __ .69 -- -- --

Denticula -- -- --

Epithemia -- -- -- -- -- -- -- .89 --

Eunotia -- .45 -- -- -- -- --

Fragilaria -- .89 10.25 13.36 1.78 -- -- 1.38 1.38 .45 -- .45

Frustulia -- -- -- -- -- -- -- -- -- -- -- --

Gomphonema 2.67 10.69 14.26 12.47 2.67 1.78 4.27 .69 1.38 -- -- 1.78

Gyrosigma -- -- -- -- -- -- -- -- -- -- -- --

Melosira -- 53.92 34.77 15.15 -- 3.95 __ __ __

Meridion 7.12 -- 2.67 1.78 -- -- -- -- -- .89

Navicula -- -- .89 -- .89 .89 .66 4.85 4.15 3.56 --

Nitzschia 1.78 3.56 4.45 -- .89 -- .66 -- 1.38 __ __

Pinnularia -- -- -- -- -- --

Rhoicosphenia .89 -- 1.34 -- -- 1.31 -- 2.07 .89 --

Surirella -- -- -- -- -- --

Synedra 1.78 -- -- .33 __ __ __ __

Tabellaria 3.56 10.69 26.29 .89 1.64 4.15

CHLOROPHYTA
Apiocystis __

Bulbochaete -- .45 --

Chaetophora -- -- -- --

Chlamydomonas 12.47 8.01 24.95 423.35 22.72

Chlorococcus -- -- -- -- __

Closterium -- -- -- -- __

Cosmarium
Hormidium
Microspora
Mougeotta
Oedogonium
Palmella
Phytoconis --

Stigeoclonium 3.56

Tetraspora --

Ulothrix --

CYANOPHYTA
Anaboena
Anacystis
Calothrix
Chroococcus

1.33 --

Oscillatoria
Synechocystis

EUGLENOPHYTA
Euglena

RHODOPHYTA
Batrachospermum 25.00

CHRYSOPHYCEAE
Gleobotrys
Tribonema
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Appendix Table 3

The Generic Composition of the Periphyton on a Light,
Unenriched Riffle after 1 Week's Growth

Organisms/mm2

Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes .89 2.45 5.78 4.10 3.12 2.49 1.85 1.98 .69 .36 .89 .36

Amphipleura -- -- -- -- .45 -- .13 -- -- -- __

Amphiprora -- -- -- -- -- --

Caloneis -- -- .22 .18 -- .22 -- --

Cocconeis .22 2.00 2.67 2.67 2.67 6.72 41.84 82.89 32.72 6.33 .89 2.85

Cymatopleura -- .22 -- -- -- -- .13 --

Cymbella .22 .22 .33 --

Denticula -- -- -- -- --

Epithemia -- -- -- --

Eunotia -- -- -- -- -- -- __ __

Fragilaria -- 2.45 2.00 1.78 3.34 1.05 .79 9.21 .17 .32 .45 .53

Frustulia -- .45 -- __ -- -- __ -- __

Gomphonema 1.56 2.22 1.11 1.07 1.11 3.09 3.94 8.55 1.04 .14 -- .53

Gyrosigma -- -- -- -- __ -_

Melosira 5.35 10.47 11.58 4.90 1.34 5.65 42.43 -- .77

Meridion -- -- -- -- -_ -_

Navicula .89 .67 1.56 1.25 .67 .72 .79 8.88 1.21 .63 2.00 .36

Nitzschia .67 .89 1.56 3.20 4.23 3.05 2.10 8.88 1.90 .85 -- .18

Pinnularia -- -- -- .35 -- __

Rhoicosphenia 1.61 .89 .36 1.11 1.33 .66 .33 -- .18 -- .18

Surirella -- .22 .33 .13 1.32 -- -- -- --

Synedra -- -- -- __ -- .22 .18

Tabellaria 3.12 1.11 .71 .89 .45 1.44 .99 2.08 .67 --

CHLOROPHYTA
Apiocystis 1.42 --

Bulbochaete -- .89 -- __

Chaetophora -- -- -- -- -- -- -- -- -_

Chlamydomonas .22 .89 1.11 4.63 .67 7.58 .39 .17 .14 .22 --

Chlorococcus -- -_ -- __ __

Closterium .18 .22 -- -- .18

Cosmarium -- -- -- -- --

Hormidium
.45 --

Microspora -- -- --

Mougeotia
__

Oedogonium 3.12
Palmella 2.00 -- --

Phytoconis -- -- --

Stigeoclonium .89 1.96 2.47 2.96 3.16 11.88 .87

Tetraspora -- -- -- -- -- --

Ulothrix -- .67 --

CYANOPHYTA
Anaboena -- 2.23
Anacystis

-- -- 4.09
Calothrix -- 2.67 -- -- --

Chroococcus -- -- 3.46 __ -- --

Oscillatoria 1.78 -- -- 7.13

Synechocystis -- -- 1.42 1.35 --

EUGLENOPHYTA
Euglena .18 -- .22 .13 .66

Trachelomonas

RHODOPHYTA
Batrachospermum .71 2.45 .67

CHRYSOPHYCEAE
Gleobotrys .89 --
Tribonema
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Appendix Table 4

The Generic Composition of the Periphyton on a Light,
Unenriched Riffle after 3 Weeks' Growth

Organisms/mm2

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes 52.58 106.06 426.26 135.47 280.74 24.06 294.40 67.86 1(.(6 1.78 60.15

Amphipleura -- 1.78 5.35 -- -- -- -- __ __ --

Amphiprora -- -- -- -- -- -- -- -- -- --

Caloneis -- -- .45 -- -- -- -- -- .89 .89

Cocconeis 6.23 14.26 12.02 10.69 66.84 279.53 3886.51 4102,49 2026,92 876.98 7.12 23.17

Cymatopleura -- .89 .45 -- -- -- -- -- -- .45 .89 .89

Cymbella -- .89 .89 -- .89 -- -- 4.15 -- -- .89 __

Denticula -- -- -- -- -- -- --

Epithemia __ -- -- -- -- -- -- --

Eunotia --

Fragilaria 9.00
--

8.91
--
7.12

--
16.93

--
18.71 -5:6 80 -.33

-_

3-.06

__

2.b7
1.34
2.22

Frustulia -- -- .45 -- .45 -- -- -_ __ --

Gomphonema 16.93 13.36 32.08 55.25 8.91 .89 98 6.92 -- 17.81

Gyrosigma -- -- -- -- .35
.89
-- __

Melosira 10.69 51.69 116.31 76.64 38.77 -- -- 24.03 1.78 --

Meridion -- 10.69 9.80 .89 -- -- -- __ -- -- 12.02

Navicula 1.78 .89 2.67 .89 2.22 -- .33 47.09 10.64 3.56 4.45

Nitzachia 5.34 22.28 18.27 74.86 3.56 1.78 -- -- .35 .89 11.58

Pinnularia --

Rhoicosphenia .89 .8' 9

--
3.56

--
1.78

--
--

1.78
.89

--
.98

--
.69

--
__

--
.45

--
2.67

--
1.34

Surirella .89 9.80 5.34 .89 .89 -- -- 3.46 .69 __ --

Synedra -- .89 .89 1.78 -- -- -- -- -- .35 .45

Tabellaria 6.23 2.67 17.82 8.91 79.77 3.56 19.94 83.10 9.00 6.73 -- 1.34

CHLOROPHYTA
Apiocystis

--

Bulbochaete -- -- -- -- --

Chdetophora -- -- -- --

Chlamydomonas 22.28 23.17 184.93 34.77 1.34
20.05

Chlorococcus -- -- -- -- --

Closterium .89 .89 1.78 .89 2.22 --

Cosmarium -- -- -- -- --

Hormidium
Microspora

-- --

Mougeotia
Oedogonium

6-.6-8
__

Palmella -- -_ -- -- -- --

Phytoconis -- -- -- 85.18

Stigeoclonium 28:52 17.82 87.34 81.10 966:57 8.91 4,16 41.88

Tetraspora -- -- -- 80.21 -- --

Ulothrix -- -- -- --

'YANOPHYTA
Anaboena 29.86

Anacystis --

Calothrix --

Chroococcus --

Oscillatoria
Synechocystis

9.8o 35.65

EUGLENOPHYTA
Euglena 2.67

RHODOPHYTA
Batrachospermum

CHRYSOPHYCEAE
Gleobotrys
Tribonema

44.56 65,79

5,34
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Appendix Table 5

The Generic Composition of the Periphyton on a Shaded,
Enriched Riffle after 1 Week's Growth

Organisms/mm2

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes .89 2.45 1.78 2.14 1.34 1.11 .26 .17 .18 .22 .16

Amphipleura 22 22 -- --

Amphiprora -- -- -- -- -- -- -- -- --

Caloneis
__ -- -- .22 -- -- __ -- -- -- __

Cocconeis 1.11 .67 .22 .53 .89 2.15 2.24 1,64 5.19 1.70 1.11 1.25

Cymatopleura -- -- -- .22 -- -- -- -- .22 --

Cymbella
-- .22 -- -- -- -- --

Denticula
-- .13 -- --

Epithemia
-- -- --

--

Eunotia
-- -- .22 -- -- --

Fragilarla -- -- 1.78 1.07 .22 -- .35 .45 ,18

Frustulia -- -- -- -- -- -- -- -- .18

Gomphonema .22 2.00 .89 .71 .89 1.34 .79 .52 .22 .18

Gyrosigma -- -- -- -- .22 -- -- -- -- -- --

Melosira -- .89 5.80 .18 1.78 .45 1.05 .66 .69 .22 --

Meridion
-- -- -- -- -- .18

Navicula -- .45 -- .71 .45 .22 .26 -- .86 .28 --

Nitzschia -- .89 .45 1.07 .22 -- .17 .18

Pinnularia -- -- -- -- -- -- -- -- --

Rhoicosphenia .45 .45 1.11 .89 .67 .67 .39 .86 .18 -- .71

Surirella -- .45 .45 -- .22 -- -- .35

Synedra -- -- -- -- -- __ --

Tabellaria .45 .71 .22 .22 .26

CHLOROPHYTA
Apiocystis --

Bulbochaete
Chaetophora

--

Chlamydomonas .89 .67 -- .18 1.34

Chlorococcus
--

Closterium
Cosmarium
Hormidium

--

Microspora
-- 1,34 --

Mougeotia
.45 --

Oedogonium
--

Palmella
Phytoconis
Stigeoclonium
Tetraspora
Ulothrix

CYANOPHYTA
Anaboena

1.78 --
.45 --

Anacystis
Calothr1x
Chroococcus

.17

Oscillatoria
.45 --

Synechocystis
1.11

EUGLENOPHYTA
Euglena

1.34

Trachelomonas

RHODOPHYTA
Batrachospermum

CHRYSOPHYCEAE
Gleobotrys
Tribonema

.33
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Appendix Table 6

The Generic Composition of the Periphyton on a Shaded,
Enriched Riffle after 3 Weeks' Growth

Organisms/mm2

Jan. Feb. March April May June July Aug. Sep. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes 1.78 .89 5.34 1.78 2.67 1.78 .89 --

Amphipleura -- -- -- -- -- -- --

Amphiprora -- -- -- -- -- -- -- -- -- -- -- --

Caloneis -- -- -- -- -- -_ --

Cocconeis 1.78 3.56 2.67 2.67 1.78 1.78 1.97 28.39 4.84 10.14 1.78 1.34

Cymatopleura -- -- -- -- .45 -- -- -- -- -- -- __

Cymbella -- --

Denticula
__ __

Epithemia -- .45 --

Eunotia -- -- -- -- -- -- __

Fragilaria -- 4.90 -- .89 .89 -- -- .69 __

Frustulia -- -- -- -- -- -- --

Gomphonema .89 2.23 -- .89 .33 .69 -- .45

Gyrosigma -- -- -- -- -- -- .69 -- __

Melosira -- 23.07 1.78 2.23 3.56 .66 .69 1.38 __ --

Meridian -- -- -- -- -- -- -- -- -- -- --

Navicula .89 2.23 -- 1.78 -- -- 6.23 3.46 .45 .89 --

Nitzschia -- -- .89 -- .45 -- .33 -- .69 -- -- --

Pinnularia -- -- -- .45 -- -- -- .69 -- --

Rhoicosphenia .89 -- 1.78 .45 1.78 .66 .69 .69 .45 --

Surirella -- 4.45 -- -- .33 -- -- -- --

Synedra
Tabellaria

--
.45

--
1.78

--
.89

-_

1.78

--

--
--
.69

--
--

--
.89

CHLOROPHYTA
Apiocystis
Bulbochaete -- -- -- __

Chaetophora -- -- -- -- -- --

Chlamydomonas .89 -- 7.12 7.12 4.45 --

Chlorococcus -- -- -- -- -- --

Closterium
Cosmarium
Hormidium --

Microspora -- -- --

Mougeotia -- 1.78 --

Oedogonium 1.34 -- --

Palmella -- -- --

Phytoconis -- -- --

Stigeoclonium 6.68 1.34 --

Tetraapora -- -- --

Ulothrix

CYANOPHYTA
Anaboena
Anacystis
Calothrix
Chroococcus
Oscillatoria 14.26 --

Synechocystis 21.39 3.56 -- 2.23 --

EUGLENOPHYTA
Euglena

RHODOPHYTA
Batrachospermum -- 3.56 --

CHRYSOPHYCEAE
Gledbotrys 7.12

Tribonema -- 3.12
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Appendix Table

The Generic Composition of the Periphyton on a Light,
Enriched Riffle after 1 Week's Growth

Organisms/mm2

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec.

BACILLARIOPHYCEAE
Achnanthes .45 .89 1.33 .89 .67 .22 .13 .33 .17 -- .45 .71

Amphipleura -- .22 -- -- -- -- -- --

Amphiprora -- -- -- -- -- -- -- -- --

Caloneis -- .22 -- -- -- -- -- --

Cocconeis .22 .89 .45 -- 1.35 1.36 1.90 .99 8.14 1.50 .45 .53

Cymatopleura -- -- -- -- -- -- -- -- -- --

Cymbella .45 .22 .18 -- -- --

Denticula -- -- -- -- .33 -- __

Epithemia -- -- -- -- -- --

Eunotia -- -- .18 .22 -- -- --

Fragilaria .45 -- .36 -- .22 .13 .33 -- -- .36

Frustulia -- -- -- -- -- --

Gomphonema .67 .45 .67 .53 1.56 .22 .26 .33 -- .18 .67 .18

Gyrosigma -- -- -- -- -- -- --

Melosira -- 1.34 2.33 .66 .35

Meridion -- -- -- -- -- -- -- --

Navicula .45 .45 .36 .67 .45 .13 .33 .69 .32

Nitzschia .22 -- 2.31 -- .67 .13 -- .35 .14 --

Pinnularia -- -- -- -- -- .22 -- .52 .22 --

Rhoicosphenia .22 .22 .22 .18 .22 .45 .33 1.73 .32 .45 --

Surirella -- .22 .22 .18 .22 -- -- .17 -- -- --

Synedra -- -- -- __

Tabellaria .36 .45 .49

CHLOROPHYTA
Aplocystis
Bulbochaete -- --

Chaetophora -- 1.11 --

Chlamydomonas 1.34 1.56 .71 .22 -- .32 --

Chlorococcus -- -- -- -- .53

Closterium
--

Cosmarium
--

Hormidium
-- --

Microspora
-- -- 2.45 --

Mougeotia
1.11 .66 -- -- --

Oedogonium
--

Palmella
Phytoconis
Stigeoclonium .36 --

Tetraspora
Ulothrix

CYANOPHYTA
Anaboena

3.79

Anacystis
Calothrix
Chroococcus
Oscillatoria

2.45 --

Synechocystis
.45 --

EUGLENOPHYTA
Euglena

.45 -- .22

Trachelomonas

RHODOPHYTA
Batrachospermum

CHRYSOPHYCEAE
Gleobotrys
Tribonema

.36
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Appendix Table 8

The Generic Composition of the Periphyton on a Light,
Enriched Riffle after 3 Weeks' Growth

Organisms/mm2

Jan. Feb. Mar. Apr, May June July Aug. Sept. Oct. Nov. Dec.

BACILLARIOPHYCEAF
Achnanthes 1.78 2.21 2.67 --

Amph1pleura -- .45 -- .... __

Amphiprora -- -- -- -- -- -- -- -- -- -- --

Caloneis -- -- -- -- .89 -- -- -- -- -- __

Cocconeis 1.78 3.12 1.78 4.00 3.56 12.83 3103.87 402.35 17.06 6.23 .89

Cymatopleura -- .45 -- -- -- -- -- -- -- .89 --

Cymbella -- -- -- -- -- __

Denticula
Eplthem1a -- -- -- -- -- --

Eunot1a -- -- -- -- -- --

Fragilarla -- .89 .89 -- 1.78 .66 13.85 6.23 -- 1.78 .45

Frustulia -- -- -- -- -- -- -- .89 =-

Gomphonema 3.56 3.12 -- .45 .89 -- 37.39 4.84 -- 1.78 --

Gyros1gma -- -- -- -- -- __ -- -- -- --

Melosira -- 3.56 4.00 -- 9.35 1,32 -- -- .45 4.45 --

Mer1dion -- -- -- -- -- -- -- -- -- -- --

Navicula .89 -- .45 .89 3.56 -- 24.93 4.15 3.86 4.45 --

Nltzschia .89 .89 .89 -- .45 .66 -- 15.92 1.38 1.78 --

P1nnular1a -- -- -- -- -- -- -- .45 -- --

Rho1cosphen1a .89 .45 .89 -- .69 7.61 -- -- .89

Sur1rella -- -- -- -- -- -- -- .89 --

Synedra -- -- .69 -- --

Tabellarla .45 1.64 94.87 .89 --

CHLOROPHYTA
Apiocystis
Bulbochaete --

Chaetophora --

Chlamydomonas -- 9.80 .89 -- .89 --

Chlorococcus --

Closterlum
Cosmarium
Hormidium
Microspora

-- 5.34

Mougeotia
.98

Oedogon1um
Palmella --

1.78

Phytoconis --

St1geoclonium -- 8.47 6.23 13.85
Tetraspora --

Ulothrix

CYANOPHYTA
Anaboena
Anacyst1s
Calothr1x
Chroococcus
Oscillator1a -- 2.23 --

Synechocystis -- 8.01 --
8.oa

EUGLENOPHYTA
Euglena

RHODOPHYTA
Batrachospermum

CHRYSOPHYCBAE
Gleobotrys
Tr1bonema


