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The role of autochthonous production in the formation 
of dissolved and fine particulate organic carbon (DOC and 
FPOC) was studied in simplified communities in six laboratory 
streams. Production of DOC and FPOC by laboratory stream 
conrrnunities exposed to low (170 ft-c) , intermediate (260 ft - c), 
and high (450 ft - c) light intensities was determined 
periodically under conditions where allochthonous inputs could 

· be carefully monitored. Possible relationships between DOC 
and FPOC production and community structure, primary 
production, and conrrnunity respiration were examined. 

The production of DOC by laboratory stream communities 
was approximately 4 to 53 percent of the total carbon fixed 
in photosynthesis. As light intensity, gross primary 
production, and periphyton standing crop decreased, the 
p-e-r-c-ent-a-g-e- o-f--B0€ r o-dtte-e-cl- :h1-e-r-e-a-s-e-cl-. - F-P8-G ·eneeR-1=-F-a-1=-i-0-n,.,..._ _____ _ 
were approximately 1/3 to l/9th DOC concentrations. 

The production of DOC and FPOC by the laboratory 
periphyton conrrnunities exposes the corrnnunities to concentrations 
similar to those found in natural streams .and suggests that the 
contribution of DOC and FPOC by periphyton communities to lotic 
ecosystems could be significant . Light intensity is the major 
factor controlling production of DOC and FPOC in the laboratory 
streams. Periphyton productivity and standing crop play a 
secondary role in the regulation of DOC and FPOC production . 
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INTRODUCTION 

The carbon contained in finely fragmented detritus 

(fine particulate organic carbon, FPOC) and in dissolved 

organic carbon (DOC) forms the bulk of the carbon pool in 

lotic ecosystems (Fisher and Likens, 1972) . The DOC and FPOC 

found in lotic ecosystems are derived from organic matter 

produced outside the system (allochthonous production) and 

fro~ energy fixed within the system by autotrophs 

(autochthonous production) . Studies of the production of DOC 

and FPOC by algal communities have been limited generally to 

freshwater (Fogg, 1962; Nalewajko, 1966) and marine 

phytoplankton (Hellebust, 1965, 1967; Anderson and Zeutschell, 

1970) . The production of DOC and FPOC by periphyton 

communities in lotic ecosystems has received comparatively 

-----:J:-itti.-e at t en t -±o,-n-----"'f-he- r e-s-e-a-r-e-h- 1:1:nde-r-1=-ak:-e F1.- l=i:e-Fe- w-a-s- E1.-i--r.-e-e-E-e-a-----

t owar d a_ be_tter understanding of the role_Q_f_ autbchthonous, __ _ 

production in the formation of DOC and FPOC in lotic ecysystems 

as follows: 1) determine the production of DOC and FPOC by 

laboratory stream communities where allochthonous inputs could 

be carefully monitored; 2) determine the role of light 

intensity in the regulation of DOC and FPOC in laboratory 

stream communities; and 3) determine whether periphyton 

productivity, standing crop, or species co~position is 

important in the regulation of DOC and FPOC production. 

1 
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The production of DOC by periphyton communities found 

in the effluent of hot springs has been investigated. Belly 

et al. (1973) studied the periphyton community growing in the 

outlet streams of acidic hot springs and found that the 

production of DOC by these communities represented two to six 

percent of the total carbon fixed in photosynthesis. Bauld 

and Brock (1974) found that periphytic blue- green algae , 

present in the effluent of alkaline hot springs , excreted 

between three and twelve percent of the total carbon fixed 

under--optimal--conditions f,or- --Photosynthesis. These __ .types_ of 

ecosystems were selected because of their stability in 

physical, chemical, and hydrological regimes, and because of 

the low species diversity. However , these conditions are not 

typical of most natural stream ecosystems . 

Studies of the production of DOC and FPOC by periphyton 

communities in natural lotic ecosystems are practically 

1mposs iole aue o: t )- i npu s of a r. ocntnonous organi c mat~t e 

to these- systems (allochthonous and autoch~honous DOC and FROC 

are similar in chemical composition and difficult to separate); 

2) the large size of · natural ecosystems; 3) the difficulties 

of experimental replication; and 4) the lack of control over 

variables. However, laboratory streams provide an opportunity 

for a study of this nature. With laboratory streams, certain 

advantages of spatial limitation , simplification, replication, 

and control of variables are gained .(Warren and Davis , 1971). 

The main disadvantage of laboratory streams is that 

they are frequently remote from conditions found in nature. 
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The influence of terrestrial ecosystems upon these systems is 

difficult to mimic. There is inadequate representation of 

herbivores and other animals, and the upstream-downstream 

successional change typically found in natural .streams does 

not exist. N~vertheless, these problems can be minimized or 

used to advantage. The role of autochthonous production in 

the formation of DOC and FPOC may be evaluated in artificial 

streams, since it is possible to control allochthonous inputs 

of organic matter. 



BACKGROUND 

The ratio of DOC to FPOC approximates 6:1 to 10:1 

almost universally in both lacustrine and lotic ecosystems 

(Wetzel and Rich, 1973; Manny and Wetzel, 1973). DOC includes 

truly dissolved material together with colloidal material 

passed by a filter. FPOC comprises both living organisms 

(mainly algae) and detritus; living FPOC constitutes a very 

small fraction of the total POC (Wetzel, 1975). All this 

organic matter must ultimately have been produced by living 

organisms, and the range of compounds it contains may 

therefore embrace the whole range of their cellular, metabolic, 

and decay products. These materials play a vital role in the 

ecology of aquatic ecosystems since they provide part of the 

energy, food, vitamin, and other requirements for bacteria, 

In aquatic ecosystems, organic matter may be derived 

from allochthonous inputs and from autochthonous inputs. 

Allochthonous inputs of organic matter consist of litter 

(leaves, branches, twigs, etc.) which falls or is blown Finto 

the stream bed or lake and organic matter transported to these 

systems in through-fall (Fisher and Likens, 1972). Through

fall is precipitation which has passed through the forest 

canopy. Foliage from trees and ground vegetation can provide 

very significant inputs of' organic matter to streams, both as 

4 



5 

POC and as leached DOC from the dead POC. Autumn-shed leaves 

can lose up to 40 percent of their dry weight by leaching in 

water for a few hours (Kaushik and Hynes, 1971; Cummins et al., 

1972; Lush and Hynes, 1973; Lock and Hynes, 1976). 

Autochthonous inputs of DOC and FPOC are of interest 

because the release of organic compounds by algae represents 

a significant loss of the carbon fixed in photosynthesis. It 

has been reported that rates of extracellular release of 

organic compounds range from those nearly equal to the rates 

of carbon fixation into ~ellular constituents (Hellebust, 

1965) down to less than one percent . of the rates of carbon 

fixation (Fogg and Horne, 1970). On the average, most values 

are less than 20 percent (Hellebust, 1965; Forsberg ·and Taube, 

1967; Nalewajko and Lean, 1972). The release of such organic 

compounds may be important in modifying the growth, the 

behavior of organisms, ·and the successional dynamics of algal 

populations. 

A- riumber o~~ people- (Fogg, 1962; Wright and Hobbie, ~~ 

1966; Wetzel, 1975) have pointed out that the organic matter 

produced by algal communities consists of a large, relatively 

stable fraction little affected by biological processes 

(refractory compounds), and a smaller fraction with a rapid 

turnover (labile compounds). Refractory compounds are the 

end products of metabolism, usually of high molecular weight. 

Included in this group are carbohydrates, peptides, aldehydes, 

ketones, enzymes, and a number of growth promoting and 

inhibiting substances. Labile compounds are metabolic 
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intermediate products of low molecular weight and include 

those compounds formed during active growth (glycolic acid, 

polysaccharides) and intermediate compounds of respiration 

(organic acids, organic phosphates, amino acids, peptides). 

Because of the rapid rates of utilization and turnover of 

labile compounds by heterotrophic organisms, the instantaneous 

concentrations of these substances in water are usually very 

low. Refractory compounds are relatively resistant to 

microbial degradation and tend to persist in aquatic ecosystems. 

It has been shown that rates of release of organic 

compounds by algal communities during photosynthesis are a 

function of the relative growth rate of the algal community, 

algal population density, light intensity, carbon dioxide 

concentration, as well as the physiological state of the cells 

(Fogg and Watt, 1965; Saunders and Storch, 1971; Saunders, 

1972). The proportion of extracellular organic compounds 

produced to me total carbon f-~}ced-in p-tI-<Ytc,syrrtrre-rts--r--ei:rcts-Lo------ ~-

increase as the population density decreases and becomes high 

when photosynthesis is inhibited by high light intensity. 

Fogg and Watt (1965) have also shown that carbon dioxide 

deficiency causes high rates of release of organic compounds. 

The release of labile compounds by actively growing algal 

cells probably occurs as diffusion through the cell membrane 

(Watt, 1969; Hellebust, 1974; Wetzel, 1975), while refractory 

compounds are probably leached away from the surface of the 

cell (Watt, 1969). Although active excretion of organic 

compounds is also possible, no convincing evidence for such 



I. 

7 

processes in algae exists. 

Dissolved organic matter may exert its effects on 

aquatic organisms in four basic ways (Saunders, 1957; Fogg, 

1962): 1) it may supply compounds utilized as energy sources 

or which contain the basic elements essential to the building 

of protoplasm; 2) it may supply accessory growth factors which 

are required for or merely stimulate the growth of organisms; 

3) it may be in the form of toxic substances which inhibit the 

activities or cause the death of other aquatic organisms; and 

4) it may form organic complexes with trace metals., the effects 

of which may be beneficial or detrimental ; depending on the 

circumstances . 

. Much of the present literature stresses the energetic 

importance of allochthonous sources of DOC and FPOC in lotic 

ecosystems and generally discounts the importance of 

autochthonous sources (Hynes, 1963; Fisher and Likens , 1972). 

rluw~er~----a:ueo-c-htlromnr I'lt) a:ti-d- Ff'C·e-may-b-e ':mp-oTtant--i-n h-e 

en erg e tic.s_ o_f_ lo t .i .c eco_s }[S_t.ems_, The hio_chemi_cal_ t ran.sf o_rma.:t_i _o.n __ 

of particulate and dissolved organic matter by microbial 

metabolism is fundamental to the dynamics of nutrient cycling 

and energy flux within aquatic ecosystems . The metabolic flux 

rates of processing DOC are rapid (days) in comparison to 

those of FPOC (leaves in weeks, woody material in years) 

(Cummins et al . , 1972). The labile components of DOC are 

decomposed rapidly while the more refractory components either 

flocculate to the particulate phase , or are exported in the 

dissolved phase to downstream ecosystems (Lush and Hynes, 
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1973; Wetzel, 1975). Coarse POC is decomposed slowly and has 

a longer retention time within a particular reach of a 

stream. 

The ability of bacteria to utilize DOC and FPOC 

produced by algal communities has been clearly established 

(Saunders and Storch, 1971; Nalewajko and Lean, 1972; Bauld 

and Brock, 1974; Nalewajko et . al., 1976). Wood and Chua 

(1973) have shown that organic substrates having less energy 

per mole are found in higher concentration in aquatic 

ecosystems than those having more energy per mole because of 

the ability of the microbial community to selectively take up 

the labile organic substrates having greater energy content. 

It has also been shown that the uptake of DOC by aquatic 

invertebrates can compensate for up to 25 percent of the 

material and energy expended in respiration in some freshwater 

mollusks and water fleas (Krogh, 1931) and between 30 and 50 

_ ___ .( s_tephens,-L9-6-7-;- E.r-0_khin_,--L9-7__Li._)_., __ ~--------------

I tis likely that measured concentrations of DOC and 

POC are apparent or net values, representing only substances 

not immediately utilized by bacteria. Most techniques for 

organic matter analysis are based on the measurements of 

carbon dioxide produced from the organic matter by one of 

thre·e methods: · 1) wet chemical oxidation; 2) high temperature 

combustion; and 3) photolytic oxidation by ultra violet (U . V. ) 

radiation . The distinction between DOC and· POC is that the 

latter is retained on filters of known porosity . Precombusted 



glass fiber filters with 0.25 to 1.0 mm pore size are the 

types most commonly used . 

Maciolek (1962) and MacKereth (1963) have published 

methods of organic matter analysis based on wet oxidation 

techniques. Both methods give accurate results over a wide 

range of organic matter concentrations. Wet oxidation 

techniques involve measuring the quantity of CO2 evolved by 

chromic acid oxidation either by acid-base or colorometric 

titration with quantitative results. Another method of 

organic carbon analysis is based on the high temperature 

combustion of a sample in an oxygenated atmosphere (Menzel 

and Vaccaro, 1964). This method has a precision of 

±o . 1 mg liter-1 in a range of 0.1-20 mg liter - 1. 

Observations on the use of U.V. oxidation as a means 

for detecting levels of organic materials in water were 

published by Beatie et al. (1961). Armstrong et al. (1966) 

ohs-e-rve-cl-th---- cump-1-ere- ox±da L i orr o-f-organi.-c- car bon-to- carho 

9 

~ ~~~-,fri0K-i ae- tlB-G:-~F----~RB- a fr~--0R- e ----f-H--;----V-. - Faa--i-a~ieR-. ~ ~&~~h~~~~~~~~~~

ihvestigations of the oxidation of organic matter by U.V. 

radiation .have demonstrated that photo-oxidation in the 

presence of oxygen is at least as efficient as chemical 

oxidations (Armstrong and Tibbitts, 1968; Manny et al., 

1971; Baker et al., 1974). 



MATERIALS AND METHODS 

Laboratory Streams 

The six laboratory streams (Fig. l} used in this study 

were similar in design to those described by McIntire et al . 

(1964). The sides and ends of the streams were constructed 

of 0.6 cm plexiglass . . The bottoms and center boards were 

1.9 cm plywood. Each channel was 2.4 m long, 0.6 m wide, and 

0.3 m deep. The plywood was finished with nontoxic, 

waterproof white epoxy paint. Clean, water-worn gravel 

(1-5 cm in diameter) was placed in each stream to form a 

substrate 13 cm deep. 

Tapwater was used as the source of water for the -

laboratory streams. The water was filtered through a charcoal 

filter (Calgon, Model AC 16FF) to remove chlorine and organic 

:att~ -e-for e- st onrg-e--i-n-a- J:-trtr-titerptex±gr mrs-m:-a-ct 

_ ___ E_r_o_m_t he_h_ea_d_tank, the_w:ater _ p ass e_cl_thr_o_ugh_p_o_l ye-thy 1 ene ____ _ 

pipes to the streams. Flow rate was regulated by a gate 

valve placed in the water line to each stream. The exchange 

rate of water was maintained at 1 liter per minute. At this 

exchange rate, each stream (capacity approximately 256 liters) 

had a 90 percent renewal of the circulating water every 3 

hours. An overflow standpipe in each stream maintained water 

depth at 14 cm. Circulation and mixing of the water in the 

streams was accomplished by paddle wheels driven by an 

10 
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Fig. 1. The laboratory streams used in this study. 



electric motor. The current velocity in each stream was 

maintained at 22 cm sec-1. 

12 

Illumination for each stream was provided by four 1.2 m 

warm white, fluorescent tubes mounted in fixtures that could 

be raised or lowered to control the light intensity at stream 

level . In this study, the light intensity reaching the 

surface of Streams 1 and 2 was 170 ft-c (low); Streams 3 and 

4, 260 ft - c (intermediate); and Streams 5 and 6, 450 ft-c 

(high) . Measurements of light intensity were made with a 

Gossen Lunasix light meter. The lights were controlled by a 

time clock set to provide a photoperiod of 15.5 hours. 

Species of algae were seeded in the laboratory streams 

(May 3, 1976) by introducing several periphyton-covered 

stones collected from a local warm-water stream. Colonization 

required a few weeks and was accelerated by turning off the 

exchange water for five days to prevent washout of algal 

ce r--1 s. 

Ge-ne-r--a.-l- P-h-¥S-i.G-O-=-G-h-@miG a-1- da-t-a- wa-S-g-a-t-h-e-:i;.e-d- on- t-h .,,_ _____ _ 

water leaving each stream just after introducing the algae 

and after completion of this study (Table 1) . Alkalinity and 

hardness were measured by the methods outlined in Standard 

Methods (APHA, 1971). Temperature was measured with a 

standard field thermometer, conductivity with a Delta 

Scientific conductivity meter (Model 1114), and pH with a 

Beckman Expandomatic pH meter . 
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Table 1. Physico-chemical data for six laboratory streams, 
May 12, 1976 and September 13, 1976. 

Stream Numbers 
Parameter 1 & 2 3 & 4 s & 6 Measured 

5/12 9/13 5/12 9/13 . 5/12 9/13 

Light Intensity 
(ft-c) 170 170 260 260 450 450 

Specific 
Conductance 
(umhos@ 25°c) 308 297 308 297 308 297 

pH 6.8 7.2 6.8 7.2 7.0 7.2 

Temperature (°C) 18 20 18 20 18 20 

Alkalinity (mg/1 
as CaC03) 72 89 74 86 74 86 

Hardness (mg/1 
as CaC03) 144 142 142 136 140 134 
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Measurement of the Export of DOC and FPOC 

Export of dissolved and fine particulate organic 

matter from the laboratory streams was measured by the 

micromethod for the wet oxidation of organic matter by 

dichromate (Maciolek, 1962). Approximately 300 ml of water 

sample was filtered through a precombusted glass fiber filter 

(Reeve Angel 984H, 0.3 um porosity). Two 50 ml aliquots 

were removed from the filtrate for measurement of DOC. For 

measurement of FPOC, the filter plus collected material was 

analyzed for organic content. 

Measurement of Primary Production, Periphyton 
.Standing Crop, and Species Composition 

Rates of primary production were estimated by 

measuring changes in dissolved oxygen (D.O.) concentration 

over a 24-hour interval in a photosynthesis-respiration 

chamber (P-R chamber). The P-R chamber (Fig. 2) was a 

-e-ctangu-1-ar-;-p+exigl a-s tank-;-me:a-suri-rrg--3-~- cm- l-on-g-;-2:-3--:-8 

cm__wide ,_ and--2 L._O_ cm__d_e_e..p_._ Th_e_ b_o_t_t_om_p_o_r_t _i_a_n_ o f_ t_he_ P--=-R. ____ _ 

chamber (31. 6 cm x 23. 8 cm x 8. 0 cm) was placed in the 

· substrate of each stream so that the periphyton could 

colonize the gravel within the tray. When measurements of 

primary production were needed, the top portion of the P-R 

chamber (31.6 cm x 23.8 cm x 13.0 cm) was placed over the 

tray allowing for in situ measurements of D.O. changes. 

Water was circulated within the P-R chamber by a paddle, 

connected to a gear reducer motor outside of the P-R chamber, 

turning at 27 RPM. Changes in D.O. were measured over a 
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Fig. 2. The photosynthesis-respiration chamber with 
dissolved oxygen probe and paddle connected. 

15 
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24-hour interval with a Delta oxygen meter equipped with a 

Rustrak Model 192 DO/Temp Recorder . 

16 

In cases where the water within the P-R chamber 

approached oxygen saturation before the illumination period 

had ended, approximately 3 liters of deoxygenated water was 

added through a port on the side of the chamber. Water was 

taken from the stream and deoxygenated using a vacuum pump. 

By adding the deoxygenated water to the P-R chamber, the D.0. 

was lowered approximately 1-2 ppm within the chamber. 

The rate of gross primary production and net primary 

production was calculated from the following equations: 

1) GPP = (R + DR) T 

2) NPP = GPP - R (24) 

R = respiration rate, slope of D.O. curve during dark 
period 

DR= daytime rate, slope of D.O. curve during 
illumination period 

T = total l engtli o 1l-i:um1nat i on per100 

NPP = net primary production 

GPP = gross primary production 

Results were expressed as mg-C m-2day-l and were converted 

in the following manner: 

mg-C m-2day-l = 0.35 V (mg 02 liter-lday-1)/A 

V = volume of P-R chamber with gravel (12.3 liter) 

A= surface area of P-R chamber (0 . 075 m2) 

This method requires the assumption that rates of respiration 

determined during dark periods are satisfactory estimates of 

respiratory rates during periods of illumination. 
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Periphyton samples were taken by scraping the walls 

and substrate of each stream at regular intervals to determine 

relative abundance of algal genera. The algal samples were 

preserved in Transeau's solution (6H20 : 3 alcohol: 

1 formaldehyde) and were identified to genus under high power 

(450x) and oil (970x). 

After the final measurement of primary production was 

made in each stream, the bottom tray was removed for 

quantitative measurements of biomass, organic matter, pigment 

concentrations, and species composition of periphyton. Each 

' 
rock removed from the tray was scoured free of organisms with 

a plastic brush . All of the water and suspended material was 

thoroughly mixed in a blender, and aliquots were removed for 

measurements of biomass, organic content, pigment 

concentrations, and species composition. Measurement of the 

biomass was expressed as dry weight and organic content was 

a e ermi ne 

550°c . 

Estimates of the pigment concentrations were made by 

the spectrophotometric method described by Richards and 

Thompson (1952) and Strickland and Parsons (1972) with the 

following modifications : 1) absorbance values at wavelengths 

of 480 , 630, 645, 665, and 750 millimicrons were taken; and. 

2) absorbances were corrected for phaeophytin pigments and 

turbidity . Chlorophyll~. E_, and c concentrations and the 

concentration of total carotenoids were calculated by 

inserting the corrected absorbances in the equations given 



by Strickland and Parsons (1972). 

When the concentration of pigment in the extract had 

been determined, the amount of pigment per unit area of 

sample was calculated as follows: 

mg Chl ~.Q,or £ m-2 = L (mg Chl ~.Q,Or £ liter-1)/A 

L = total volume of suspension in liters 

A= surface area of tray (0.075 m2) 

18 

The aliquot of suspension taken for algal identification 

and enumeration was preserved with acid Lugol's solution. 

Algal . abundance and -species composition. was obtained by 

counting a 1 ml aliquot in a Sedgewick-Rafter cell, under 

lOOx magnification. Individual cells were counted, but only 

the larger organisms could be identified because high 

magnification (above lOOx) was not possible using the 

Sedgewick-Rafter cell. 

Estimation of Bacterial Densities 

Estimates of bacteria in the substrate of the 

laboratory streams were made by drawing one 10 ml water 

sample from the substrate of the stream each time a water 

sample was collected for DOC analysis. The estimates of 

bacteria in the substrate (cells m1-l) were based upon serial 

dilutions of the water sample on plate count agar (APHA, 1971) 

and incubation at 20°c. 

Experimental Methods 

The six laboratory streams were monitored periodically 

from July to September, 1976 for concentrations of DOC and 
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POC, primary productivity, and bacterial densities . Two sets 

of experiments were used in this study: 1) ten 24-hour 

assays (Experiment l); and 2) one cumulative 24-hour assay 

(Experiment 2). 

Experiment 1 

The principal objectives of Experiment 1 were to 

determine: 1) whether or not a diel pattern in DOC production 

existed; 2) the effects of periphyton production on DOC 

production; and 3) the effects of bacterial densities on DOC 

produc-t-i--on. -- On each- sampl--e- date, - a- sing-1--e--l-aboratory st-ream

was chosen for measurement of DOC . Water samples were 

collected from the drainpipe of that stream at J;..hour 

intervals for a period of 24 hours. In addition to 

measurements of DOC exported from the stream, the amounts 

imported from the water line were. monitored. The difference 

between the two was considered to be that amount which was 

produced within the laboratory stream by the periphyton 

communities. During each 24-hour period, measurements of 

primary production and estimates of bacterial densities were 

also made. 

The total DOC exported from a stream during a 24-hour 

period was determined by plotting DOC concentration at each 

. 3-hour interval against the total volume of water exported 

from the stream up to that sampling interval. By measuring 

the area under the curve, it was possible to determine the 

daily amount of DOC exported from the stream. 
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Experiment 2 

The principal objectives of Experiment 2 were to: 

1) compare DOC production with FPOC production; and 2) 

determine the effects of periphyton standing crop and species 

composition on DOC and FPOC production. 

This experiment was similar to Experiment 1 except 

that it also included measurements of FPOC and was conducted 

on all the laboratory streams at the same time. Two 100 ml 

water samples were collected from the drainpipes of each 

stream at 3-hour intervals and stored in dark plastic bottles 

at 4°c. At the end of the 24-hour period, measurements of 

DOC and FPOC were made on a portion of the accumulated water 

sample . Measured concentrations of DOC and FPOC exported 

from the laboratory streams during Experiment 2 were average 

hourly values . By multiplying these values by the total 

volume of water exported from a stream in 24 hours (1440 

1.ter, t ai y amoun o YO~ expor e rom eac 

stream was determined. 



RESULTS 

Export of DOC and FPOC 

The amounts of DOC exported from the laboratory stream 

connnunities exposed to low (170 ft-c), intermediate (260 

ft-c), and high light intensities (450 ft-c) were highly 

variable throughout most of the 24 - hour sampling intervals; 

no consistent diel pattern in DOC production was found . 

Typica1~ 24 -, hour DOC expor-t _ curves _for the low, __ intermediate, __ 

and high light intensities are shown in Fig . 3 . 

When comparisons of the 24-hour total export values 

were made, DOC export was generally greater at the low and 

intermediate light intensities (Tables 2 and 3) . . A few of the 

values at the high light intensity were greater than those at 

the low and intermediate levels, but in general, most values 

were l ower. ne maxi mum aa i-l y expor or n-o-c-:--f'rom - e 

connnunities developing at the low, intermediate, and high 

light intensities were 1083, 2054, and 1415 mg- C, respectively. 

The total amount of FPOC exported from the laboratory 

connnunities was determined from samples collected September 1 

(Table 3) . The export of FPOC was less variable than DOC and 

very similar at the different light intensities. The ratio 

of DOC to POC was approximately ·3:l in Streams 1, 5, and 6, 

and varied from 6:1 to 9 : 1 in Streams 2 , 3, and 4 . 

To interpret the results of the DOC and FPOC 
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Fig. 3. Diurnal fluctuations in DOC exported from laboratory 
streams developing under low, intermediate, and high 
light intensities. 
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Table 2. Total dissolved organic carbon exported (TDOCX) in 
24 hours from six laboratory stream communities 
from July to August, 1976. 

Stream -No. Light Intensity Date TDOCX 
(ft-c) (mg-C day-1) 

1 170 8/19 1083 

3 260 8/1 1045 
8/7 1074 

4 260 8/13 1442 
8/23 2054 

5 450 7/15 984 
7/21 1415 - -- -

6 450 7/23 698 
7/29 608 
8/4 505 



24 

Table 3. Total DOC (TDOCX) and total FPOC (TFPOCX) exported 
in 24 hours from six laboratory .stream conrrnunities 
on September 1, 1976. 

Stream Light Intensity TDOCX TFPOCX DOC:FPOC 
No. (ft-c) (mg-C day-1) . . (mg-C ciay-1) 

1 170 202 72 3:1 

2 170 317 58 6:1 

3 260 446 58 8:1 

4 260 490 58 9:1 

5 450 187 58 3:1 

6 450 475 173 3:1 



measurements, possible relationships between DOC and FPOC 

export and community structure, primary production, and 

community respiration were examined. Each of these topics 
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and their relationship to DOC and FPOC production is presented 

below. 

Community Structure 

Algal composition of the periphyton communities. To 

establish relative abundance of the algal genera, periphyton 

samples were collected at regular intervals ·and examined to 

determine whether certain algae were abundant (A), common (C), 

or rare (R). The taxonomic composition of the periphyton 

communities was surprisingly similar and only varied in 

respect to the relative abundance of the different genera of 

algae (Table 4). The first group of algae to become 

established was the diatoms (Table 4, July 16). The 

periphyton communities were very similar at this time and 

were almost identical in algal composition. By mid-August, 

the diatom community had given way to two dominant green 

algae, Mougeotia and Ulothrix. Oedegoniurn and Spirogyra were 

particularly common in the communities .developing at the high 

light intensity and a green alga, Cylindrocapsa, was common 

in the communities that developed at the low intensity. The 

intermediate communities contained algae found in both the 

high and low communities. Phorrnidiurn, a blue- green, was 

common in all the communities and was found growing on the 

sides of the streams as well as on the rocks: 
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Table 4 . List of periphyton collected from the substrate and 
walls of six laboratory streams (Abundant-A; 
Cornrnon-C; Rare - R). 

Str·eani Numbers 

Taxa 1 2 3 4 5 6 

170 ft-c 260 ft-c 450 ft-c 

Sample Date: July 16 

Chlorophyceae 

Mougeotia R R R R 
Stigeocloniurn R R -

Bacillariophyceae 

Synedra A A A A - A A 
Tabellaria A A A A A A 
Navicula A A A A A A 
Meridion R 
SED* C C C C C C 

Myxophyceae 

Phormidium C R C C R R 
------------------------------ -------------------------------

amf}-l.-e----0&1;.e-: - A-1=1-g-Y-s-t-l. 

Chlorophyceae 

Mougeotia A A A A A A 
Ulothrix C C C C C 
Cladophora R 
Oedegoniurn R R 

Bacillariophyceae 

Synedra R 
Tabellaria R 
SED C C C C C 
Fragilaria R 

Myxophyceae 

Phormidiurn C C C C C C 
-- ------- --------- -- -- ---- ---- ---------- ----- --- ----- ----- ---
*SED, small epiphytic diatoms 
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Table 4 - (Continued). 

Stream Numbers 

Taxa 1 2 3 4 5 6 

170 ft-c 260 ft-c 450 ft-c 

SamEle Date: August 17 

Chlorophyceae 

Mougeotia A A A A A A 
Ulothrix C C C C C 
Cladophora R 
Stigeoclonium R R R 
Cylindrocapsa C 
Oedegonium - -- R R R 
Spirogyra R R 

Bacillariophyceae 

SED C C C C C 
Tabellaria C C C C 
Synedra R 

Myxophyceae 

Phormidium C C C C C C 
-------------------------------------------------------------

SamEle Date: August 25 

Chlorophyceae 

Mougeotia A A A A A A 
Ulothrix C C C C C 
Oedegonium R R R C C 
Cylindrocapsa R C 
Cladophora R 
Stigeoclonium R C 
Spirogyra C 

Bacillariophyceae 

SED C C C C C 
Tabellaria C C C 
Synedra C 

Myxophyceae 

Phormidium C C C C C C 
------------------------------------------- ·-----------------
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Table 4 - (Continued). 

Stream Numbers 

Taxa 1 2 3 4 5 6 

170 ft - c 260 ft-c 450 ft - c 

Sample Date : September 1 

Chlorophyceae 

Mougeotia A A A A A A 
Ulothrix C R A C C A 
Oedegoniurn R R R R R C 
Cylindrocapsa A R 
Spirogyra R R 

Bacillariophyceae 

Synedra R R R A R 
SED R R R R R 

Myxophyceae 

Phormidiurn C A C C C C 
• 
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To determine the percent composition of the periphyton 

communities, quantitative counts were made from samples 

collected September 1 (Table 5). Periphyton standing crop 

(cell numbers) increased with increasing light intensity. 

The maximum cell density at the low, intermediate, and high 

light intensities was 159 x 103, 374 x io3, and 1930 x 103 

cells per sampling area, respectively. 

The species composition of the periphyton communities 

could be divided into three principal groups: · Greens 

(Mougeotia, Ulothrix), Diatoms (Synedra), and Blue-greens 

(Phormidiurn). In general, the greens were the dominant group 

and made up more than 70 percent of a11 the communities. 

Stream 5 was an exception with the greens making up only 

45 percent of the community. The diatoms made up 48 percent 

of the community in Stream 5 and the blue-greens made up 

28 percent of the community in Stream 2. These two groups of 

a gae ma e up ess nan percen o o a composi ion 

in the other communities. The communities developing at the 

intermediate light intensity were very similar in composition. 

llowever, there was a great deal of variability in relative 

abundance and species composition among the communities grown 

at low and high light intensities. This was probably due to 

the initial seeding process of the streams with algae in May 

and not a result of variations in light intensity. 

Biomass and organic matter. Biomass of the six 

periphyton communities was determined from samples collected 



Table 5. Relative abundance of the algae making up periphyton communities in six 
I I 

laboratory streams . ,_. 

Stream Numbers 

Taxa 1 12 3 4 · 5 6 

No ] 
--

No. % % No . % . No . % No . % No. % 
I 

Chlorophyceae 

Mougeotia 109 68 15 32 186 49 117 67 499 26 342 37 
I 

Ulothrix 40 26 ] 5 153 41 40 23 298 15 306 33 
Oedegonium 4 2 i 1 5 1 3 2 77 4 166 18 
Cylindrocapsa - - 1 6, 34 6 2 
Spirogyra - - l - 2 1 - - - - 26 3 I 

Bacillariophyceae 

Synedra 3 2 I l - 11 3 6 3 928 48 62 7 I 

Myxophyceae 

Phormidium"o'_.. 2 2 
l i 

28 11 3 8 4 129 7 19 2 

*Numbers of cells reported must be J ultiplied by 103 for total pupulation of a 0.075-m2 
sampling area . 

**Only numbers of filaments were couJ ted for this genus. 

l.,..) 

0 
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September 1 (Table 6). Biomass of the corrrrnunities developing 

at the high light intensity was considerably greater than the 

biomass of either the low or intermediate communities. 

However, one must be careful when comparing the biomass 

estimates because the measurements of dry weight may also 

include inorganic sediments. 

Organic matter (ash free dry weight) was also greatest 

in the communities grown at the high light intensity 

(Table 6). The percentage of organic matter contained in the 

biomass ranged from 15 to 33 ~ercent. in the low lighi 

communities, 31 to 37 percent in the intermediate communities, 

and 45 to 51 percent in the high light communities. 

Chlorophyll . Chlorophyll concentrations in the six 

periphyton communities were determined from biomass samples 

collected September 1 and were used as an estimate of 

periphyton standing crop (Table 6). The corrrrnunities that 

developed at the high light intensity had chlorophyll 

concentrations much greater than the concentrations of either 

the low or intermediate light communities. The composition 

of the total chlorophyll was similar in all the communities. 

Chlorophyll a made up 22 to 27 percent of the total; 

chlorophyll b made up 20 to 24 percent; chlorophyll c made 

up 36 to 41 percent; and the carotenoids made up 13 to 17 

percent of the total chlorophyll . . 

Heterotrophic organisms. Bacterial densities in the 

substrate of the laboratory streams were estimated each time 
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Table 6. Biomass and chlorophyll in six laboratory stream 
conrrnunities, September 1, 1976. 

Stream Numbers 

1 2 3 4 5. 6 

Light Intensity 
(ft ~c) 170 170 260 260 450 450 

Biomass 
(g m-2) 240 116 139 121 1380 994 

Organic Content. 
(g rn - 2) . 78 19 51 37 616 501 
% of Biomass 33 16 37 31 45 51 

Total ~hlorophyll 
(mg m- ) 53 . 7 23.7 368.8 232.7 907.4 646.5 

Chlorophyll a 12.9 6.0 82.7 63.9 199.9 142.1 
% of Total - 24 25 22 27 22 22 

Chlorophyll b 10.8 4.7 76 . 6 53 . 8 213.7 148.8 
% of Total 20 20 21 23 24 23 

Chlorophyll C 21. 3 8. 7 150 . 4 84.1 372.4 254 . 5 
lo of Total . - 40 38 41 36 41 39 

Total Carotenoids 8.7 4.3 59 . 1 30 . 9 121. 5 101.1 
% Lf___T_ot 6 _6 
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DOC concentrations were measured to determine if bacterial 

numbers fluctuated with fluctuations in DOC. The total number 

of bacteria present in the substrate was determined from plate 

counts (Table 7). During a 24-hour interval, bacterial 

numbers were relatively constant (Fig. 4). There were, 

however, greater differences in bacterial numbers between 

sampling dates and between communities. 

In addition to the bicteria mentioned above, the 

periphyton communities also included genera of animals which 

were introduced accidentally when the algae were seeded in 

the laboratory streams. Midge larvae were found in Streams 

1 and 2, but they emerged before samples could be collected 

and counted. Snails .(Physa and Lymnaea) were common in 

Streams 2, 3, and 4 . Their numbers (Stream 2, 34; Stream 3 ' 

10; Stream 4, 27; per sampling area, 0.075 m2) were very low. 

Therefore, their contributions of DOC and FPOC to these 

sys ems were cons1oere 

and small oligoch~etes were also minor constituents of all 

the communities. 

Community structure and the export of DOC and FPOC. 

Throughout the major portion of this study, the taxonomic 

composition of the periphyton cormnunities was similar. Only 

at the completion of this study did we see differences in 

periphyton species composition. These differences did not 

~ppear to affect the export of DOC and FPOC from the laboratory 

communities. For example, Streams 1 and 4 had similar 
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Table 7 . Mean numbers of bacteria in the substrate of six 
laboratory stream communities estimated from 
samples collected at 3-hour intervals for 24 hours. 

Stream Light Intensity Date Mean No. Range S.E. 
No. (ft-c) (m1-l) 

1 170 8/19 5.0 X 102 2.0 - 8.0 0.9 

3 260 8/1 2 . 1 X 103 0.3 - 6.0 0.7 
8/7 4 . 4 X 103 0.3 -19.0 1. 9 

4 260 8/13 1. 8 X 102 0.7 - 4 . 3 0.5 
8/23 2.6 X 104 0.3 -11. 8 1.1 

5 450 7/21 2.0 X 103 0 . 3 - 8.5 0.8 

6 450 7/23 7.1 X 102 1. 0 -20. 0 2.0 
7/29 1. 7 X 104 0 , 03- 5.0 1. 0 
8/4 1. 3 X 103 0.8 - 1. 6 2.3 
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periphyton composition but different export of DOC, and 

Streams 3 and 4 had different periphyton composition but 

similar export of DOC (Tables 3 and 5). In addition, there 

were no clear relationships between the total amounts of DOC 

and FPOC exported from the connnunities and periphyton standing 

crop, biomass, or chlorophyll concentration. Also, diel 

fluctuations in numbers of bacteria did not correlate with 

daily fluctuations in DOC. 

Primary Production and Community Respiration 

Estimates __ of primary production and community 

respiration were based ?n measurements of oxygen released 

by photosynthesis and the amounts utilized by respiration. 

A typical D.0. curve was characterized by a decrease of 

oxygen during the dark period of 1.5 to 2 . 5 mg-02 liter-1 and 

a rate of increase in D.0. during the illumination period of 

up to 0. 7 mg-02 liter-lhour-1 (Fig. 5). In certain streams, 

especially those at the intermediate and high light 

intensities, it was necessary to add deoxygenated water to 

the P-R chamber at regular intervals to prevent supersaturation 

of oxygen within the chamber. The addition of water to the 

chamber also served to dilute metabolites that may have 

accumulated within the chamber during the 24-hour experiment. 

The communities that developed at the high light 

intensity had gross primary production rates consistently 

higher than those that developed at the low light intensity 

(Table 8). A few of the values at the intermediate light 
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Table 8. Primary production (GPP, NPP), community respiration 
(CR), and P/R ratios in six laboratory streams. 

Stream Light Intensity Date GPP NPP CR P/R 
No. (ft-c) (mg-C m-2day-l) 

1 170 8/19 229.5 -0.5 230.0 1. 0 
9/1 104.1 -171. 4 275.5 0.4 

2 170 9/1 74.7 -122.3 197.0 0.4 

3 260 8/1 278.3 31. 9 246.4 1.1 
8/7 397.2 150.8 246.4 1. 6 
9/1 518.6 174.3 344.3 1. 5 

4 260 8/13 ___ -507. 4 ___ _ 235. 2_ 254. 2 __ _ 2. 0 
8/23 741. 0 282.3 458.6 1. 6 
9/1 474.1 196.7 265.5 1. 8 

5 450 . 7/15 667.1 372.0 295.1 2.3 
7/21 714.8 345.9 368.9 1. 9 
9/1 741. 0 282.3 458.6 1. 6 

6 450 7/23 397.2 150.8 246.4 1. 6 
7/29 714.8 345.9 368.9 1. 9 
8/4 829.1 534.0 295.1 2.8 
9/1 741. 0 282.3 458.6 1. 6 
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intensity were greater than those at the high intensity, but 

in general, they fell in an intermediate position between 

the high and the low intensities. The maximum daily rates of 

gross primary production at the low, intermediate, and high 

light intensities were 229.5, 741.0, and 829.1 mg-C m-2, 

respectively. 

Rates of respiration were similar in all the 

communities (Table 8). In general, community respiration 

increased with increases in periphyton standing crop (Table 9) . 

Respiration rates in most periphyton communities increased 

from each previous sampling date, indicating an increase in 

community metabolism as the periphyton communities became 

more mature. Daily rates of respiration varied from 197.0 

to 275.5 mg-C m-2 at the low intensity and from 246.4 to 

458.6 mg-C m-2 at the intermediate and high intensities . 

. The ratio of the daily rate of gross primary production 

o- trre- da±-1-y-rate- o-f-re-sp±ratio EP-fR.-ratio7--wa- h-±-gher-±n 

the communities developing at the high light intensity 

(Table 8). The communities developing at the intermediate 

or high light intensities could be classified as autotrophic 

systems with P/R ratios varying from 1.1 to 2.0 and 1.6 to 

2.8, respectively. The P/R ratio dropped below 1.0 in the 

communities developing at the low light intensity indicating 

that these systems were heterotrophic. 

Net primary production rates were considerably lower 

than the rates of gross primary · production, but followed a 

similar pattern with respect to light intensity (Table 8). 
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Table 9. Comparisons of community respiration with periphyton 
biomass and total chlorophyll concentration in six 
laboratory stream communities, September 1, 1976 . 

Stream Light Respiration Biomass Chloroph211 
No . . ·· Intensity (mg-C m-2day-l) (g m-2dry wt . ) · (mg m- ) 

(ft-c) 

1 170 275 . 5 240 53.7 

2 170 197 . 0 116 23.7 

3 260 344.3 139 368 . 8 

4 260 265.5 121 232. 7 

5 450 458.6 1380 907.4 

6 .450 458 . 6 994 646.5 
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The maximum daily rates of net primary production at low, 

intermediate, and high light intensity were -0.5, 282.3, and 

534.0 mg~C m-2, respectively. Minimum daily rates attained 

at low, intermediate, and high light intensity were -171.4, 

31. 9, and 150. 8 mg-C m-2, respectively. 

Primary production and DOC. If the DOC exported from 

the laboratory streams is formed by the periphyton communities, 

it is important, then, to determine how much DOC is actually 

produced by one square meter of periphyton. To convert TDOCX 

to DOC m-2 the following conversion is made: 

DOC m-2 = (TDOCX/L)V/A 

I 
L = volume of water exported from stream in 24 hours 

(1440 liters) 

V = stream volume (256 liters) 

A= total surface area of stream (1.44 m2) 

Production of DOC m-2 was generally greater at the intermediate 

DOC by the periphyton communities at low, intermediate, and 

high light intensity was 133.7, 253.6, and 174.7 mg-C m-2, 

respectively. 

When the production of DOC is expressed as a percentage 

of the total carbon fixed in photosynthesis (gross primary 

production), a negative linear relationship is shown between 

carbon fixation and DOC production (Fig. 6). For example, 

in Stream 1 on August 19, gross production was 229.5 mg-C 

m-2day-l and DOC production was 133.7 mg-C m-2day-l, or 58.3 

percent of gross production (Table 10). In Stream 6 on 



Table 10. Daily production of DOC m-2 of periphyton in six 
laboratory streams. 

Stream Light GPP DOC DOC 
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No. Intensity Date (mg-C m=2day-l) (% of GPP) (ft-c) 

1 170 8/19 229.5 133. 7 58.3 
9/1 104.1 24.9 23.9 

2 170 9/1 74. 7 39.1 52.3 

3 260 8/1 278.3 129.0 46.4 
8/7 397.2 132.6 33.4 
9/1 518.6 55.1 10.6 

4 260 8/13 507.4 178.1 35.1 
8/23 741. 0 253.6 34.2 
9/1 474.1 60.4 12.8 

5 450 7/15 667.1 121.5 18.2 
7/21 714.8 174.7 24.4 
9/1 741. 0 23.1 3.1 

6 450 7/23 397.2 86.2 21. 7 
7/29 714.8 75.1 10.5 
8/4 829.1 62.4 7.5 
9/1 741.0 58.7 7.9 
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y = -0.048x + 49.539 
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Fig. 6. Changes in amounts of DOC (expressed as a percentage 
of gross primary production) with changes in gross 
primary production. 



August 4, gross production was 829.1 mg-C m-2day-l and DOC 

production was 62.4 mg-C m-2day-l, or 7 . 5 percent of gross 

production. Results from the other communities show a 

similar relationship. 

Only when DOC is expressed as a percent of gross 

primary production do we see a relationship with periphyton 

standing crop. There appears to be an inverse relationship 

between cell density and production of DOC (Fig . 7) . As 

cell density decreases, the relative amount of DOC produced 

increases. Chlorophyll determinations were also used as an 

estimate of periphyton standing crop and a similar inverse 

relationship was also found (Fig. 8). 

' 
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y = -0.039x + 31.112 

r2 = 0.58 n = 4 (Total Chlorophyll) 

Chlorophylls a and b (mg m-2) 
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Fig. 8. Changes in amounts of DOC (expressed as a percentage 
of gross primary production) with changes in 
chlorophyll concentrations. 



DISCUSSION 

In this study, I found that the DOC produced by the 

laboratory stream communities was appro x imately 4 to 58 

percent of the total carbon fixed during photosynthesis under 

varying light intensities and at cell densities similar to 

those found in natural stream corrrrnunities. It appears that 

the production of DOC is controlled by light intensity with 

a greater percentage of DOC produced at the low light 

intensity (Fig . 9). Similar results have been reported for 

natural populations of phytoplankton (Watt, 1966; Nalewajko, 

1966), cultures of freshwater diatoms (Watt, 1969), and 

natural periphyton connnunities in thermal springs (Belly et 

al., 1973; Bauld and Brock, 1974). 

The percentage of DOC produced by the laboratory 

____ _ oJilillllnLtLe_s_ als_o~ c_r__e.Rs_e as __ __sj:_a_nding :.r.._o_p_......d__e_c.r....e.__as__e.__~ - - -------

s imi l ar increase in production of DOC in response to 

decreasing standing crop has been observed for periphyton 

corrrrnunities (Bauld and Brock, 1974) and for phytoplankton 

populations (Fogg and Watt, 1965) (Table 11). In contrast 

though, Nalewajko (1966) reported that excretion increased 

at high cell densities, but this was attributed to indirect 

effects caused by a decrease in available CO2. 

In order to explain the relative increase in DOC with 

decreases in standing crop, Watt (1966) suggested that the 

47 
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Fig. 9. Changes in amounts of DOC (expressed as a percentage 
of gross primary production) with changes in light 
intensity. 
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Table 11. Comparisons of the effect of standing crop on the 
production of DOC by algal populations. 

Connnunity Cell Chlorophyll DOC Reference 
Density a (% of GPP) -

1) Laboratory 46 X 103 6.0 mg/m2 52.3 
periphyton 159 12 . 9 23.9 
communities 174 63.9 12.8 
(cells/

2 
374 82.7 10.6 

0.075 m) 922 142 . 1 7.9 
1930 199.9 3.1 

2) Natural 1. 2 X 106 0.05 ug/ml 52 ; 5 
periphyton 1. 2 X 107 0.40 20.7 Bauld and 
connnunities 2.4 X 107 0.97 16.4 Brock 
(cells/ml) 6 . 0 X 107 2 . 31 7.7 (1974) 

1. 2 X 108 4-, 73 7.9 

3) Phytoplankton 25 mg/m3 7.5 
populations 200 4.0 Fogg and 

200 1. 0 Watt 
600 0.3 (1965) 



percentage of DOC produced was not affected by decreases in 

standing crop, but rather the rate of uptake of DOC was 

reduced in proportion to the decreases. However, in 

subsequent studies, Watt (1969) found that the increase in 

so 

the percentage of DOC was actually a function of light 

intensity . Under suboptimal light intensities for 

photosynthesis it was observed that the products of carbon 

fixation were not high molecular weight compounds, such as 

proteins and carbohydrates, but low molecular weight compounds, 

primarily glycollates and amino acids, which might readily 

diffuse through the algal membrane. 

The DOC concentrations found in the laboratory streams 

are similar to concentrations reported for natural streams 

which also receive allochthonous inputs of organic matter in 

addition to contributions from autochthonous production 

(Table 12). However, comparisons of laboratory concentrations 

----e-f-BGG-a-n-cl-F.P-GG-wi-1=-h- fl--at-ttr-a--1 r-eam-eee-s-y-s-c-em-s-a-r-e-e-f -:i:-1=-1=-1---------

\ -

value because concentrations are influenced by stream 

discharge , by tributary and allochthonous dilutions and 

additions, and by community utilization . Concentrations are 

useful, though, · because they do reveal the range of 

concentrations to which a stream community is exposed. 

In hardwater streams, FPOC concentrations were 

approx imately 1/3 to 1/lOth DOC concentrations (Manny and 

Wetzel, 1973; Baker et al., 1974). The FPOC concentrations 

in the laboratory streams were 1/3 to l/9th DOC concentrations. 

It is interesting that the ratios of POC to DOC in the 
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Comparisons of DOC and POC with laboratory streams 
and natural streams. 

Water 

1) Laboratory 
streams 

2) Small hardwater 
stream during 
period of autumn 
leaf-fall (Mich.) 

3) Spring fed chalk 
stream (Gr. Brit.) 

4) Polluted chalk 
stream 

5) Speed R., Ontario 

DOC . POC Reference 
(mg-C liter-1) (mg-C liter-1) 

0.02- 4.4 0.02-0.13 

4.0 - 5.0 0.3 -1.8 

0.7 - 2.8 0.03-0.9 

1.9 - 5.1 

15.0 -25.0 

Manny and 
Wetzel 
(1973) 

Baker et 
al. (1974) 

Baker et 
al. (1974) 

Lock and 
Hynes 
(1976) 



laboratory streams were similar to ratios reported for 

natural lotic ecosystems even though the laboratory streams 

did not receive inputs of allochthonous organic matter . 
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Concentrations of DOC in this study are about l/8th 

the concentrations of DOC generated in recent leaf leachate 

experiments using recycling indoor streams (Cummins et . al . , 

1972; Wetzel and Manny, 1972A) . In these laboratory streams, 

reactions of the coIIIlllunities to inputs of DOC were clearly 

catabolic resulting in rapid reduction of DOC . At these 

higher experimental concentrations, one measurable effect was 

the increase in the density of the bacteria. An attempt was 

made in this study to correlate bacterial numbers to 

concentrations of DOC . However, the numbers of bacteria in 

the substrate did not show a direct correlation with DOC 

concentrations . Fungal numbers were not considered in this 

study and, furthermore, the nutrient agar may have selected 

against o h er ac eri~ 'Etfat' were respond ing Eo ch anges i n 

concentrations of D~~~~-

The similarities in DOC and FPOC production between 

the laboratory streams and natural lotic ecosystems suggest 

that, although the laboratory streams are simplified 

ecosystems , they still maintai n some of the structure and 

function of more complex natural ecosystems. The light 

intensities obtained at the surface of the laboratory streams 

by the fluorescent tubes were relatively low as compared to 

intensities at full sunlight . However, they were not atypical 

of intensities reaching periphyton coIIIlllunities in many small 
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streams, since dense canopies of terrestrial vegetation 

usually reduce incident radiation. McIntire and Phinney 

(1965) found that illumination intensities reaching the 

riffles in shaded sections of a natural stream were not 

greater than 365 ft - c, and on a cloudy day, even the exposed 

sections had intensities less than 1000 ft-c. 

Odum (1956, 1957) estimated gross primary production 

for a number of lotic communities and concluded that primary 

production in flowing waters was very high as compared to 

other types of ecosystems. Gross primary production varied 

from 0.12 g-C m-2day - l in a section of the White River in 

Indiana to 30 g-C m-2day-l in one of the Florida Springs. 

In laboratory streams similar to those described here, gross 

production varied from 0.8 to 3 . 0 g - C m- 2day- l (McIntire and 

Phinney, 1965). Gross production for the laboratory 

periphyton communities that I studied varied from 0.1 to 0.8 

·-

g- c-m--2u-ay-4 . · h e ates gm-p-ri."1lffiTJ-PTO-duc t i on ·:n- tlTe ·~ -------< 

laboratory streams-are well within the range of values found 

in natural lotic ecosystems and, in general, are more 

characteristic of the less productive lotic ecosystems . 

P/R ratios have frequently been used to characterize 

aquatic corrrrnunities and to classify them as autotrophic and 

heterotrophic types (Odum, 1956). The periphyton communities 

in this study that developed at intermediate and high light 

intensities could be classified as autotrophic cormnunities 

with P/R ratios varying from 1.1 to 2.8, while the communities 

under low intensities could be classified as heterotrophic 
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systems with P/R ratios of 0.4 . Odum (1956) tabulated P/R 

ratios determined for autotrophic lotic communities in nature 

· and showed that the ratio was usually between 1 ·. 0 and 3 . 0. 

Odum and Hoskin (1957) found that communities developing in 

a laboratory stream microcosm had P/R ratios varying between 

0.6 and 1.3 and McIntire and Phinney (1965) reported that 

P/R ratios, for periphyton communities growing in laboratory 

streams, varied from 0.7 to 3.2. 

The periphyton standing crop, as indicated by 

chlorophyll~ concentration, in the laboratory streams was 

slightly lower than those reported for the majority of 

shallow, flowing water environments.. Chlorophyll · ~ ranged 

from 0 . 006 to 0.2 g m-2. In laboratory periphyton communities 

studied by McIntire and Phinney (1965), chlorophyll~ varied 

from 0.14 to 2.01 g m- 2 . Chlorophyll a content of a number 

of natural aquatic communities listed by Odum et al. (1958) 

gm 2. 

The production of DOC and FPOC by laboratory periphyton 

communities exposes these stream communities to concentrations 

similar to those found in natural streams . It is likely that 

these concentrations are net values which do not include DOC 

that has been utilized by the communities. McIntire and 

Phinney (1965) estimated that the periphyton communities in 

their laboratory streams contributed approximately 32.5 mg-C 

m- 2day- 1 (DOC+FPOC) to the systems. They felt that these 

were minimum estimates. However, their results are in close 

agreement to my findings and suggest that the contribution of 



DOC and POC by periphyton communities to lotic ecosystems 

could be significant. 
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It has been demonstrated recently that the production 

of DOC by aquatic macrophytes in hardwater lakes was a 

significant portion of the photosynthetically fixed carbon 

(Allen, 1969; Wetzel and Manny, 1972B). Wetzel and Manny 

(1972B) suggest that the littoral flora can function as a 

potential major source of dissolved organic matter in many 

aquatic ecosystems, especially in low nutrient waters. 

Presumably the dissolved organic matter produced by the 

aquatic macrophytes would first become available (as carbon 

and energy sources) to epiphytic algae and bacteria, which 

in turn utilize or transform this material prior to its 

release in the littoral and pelagial regions (Allen, 1969). 
-

According to Wetzel and Manny (1972B), if bacteria are substrate 

limited in low nutrient waters, increased production of 

macrophytes would accelerate nutrient regeneration cycles . 

Over extended periods, high sustained production of organic 

matter by the littoral flora could therefore accelerate rates 

of lake eutrophication. 

In lotic ecosystems, nutrient enrichment due to the 

production of DOC and FPOC by periphyton communities probably 

would not occur because dissolved and particulate organic 

materials generally do not accumulate in any one section of 

a stream but are continually exported downstream. However, 

the potential significance of dissolved organic materials as 
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an energy source would still be important in these systems. 

It has been demonstrated that the bacterial and fungal 

components of lotic periphyton utilize the DOC produced by 

the periphytic algae (Belly et al., 1973; Bauld and Brock, 

1974). Furthermore, it has been shown that freshwater and 

marine invertebrates can also utilize the DOC produced by 

algae to compensate for a portion of the material and energy 

expended on respiration (Krogh, 1931; Stephens, 1967; 

Erokhin, 1974). If this is the case, the uptake of organic 

material from solution by aquatic invertebrates may serve the 

organism in several ways (Stephens, 1967) : 1) organic 

material derived from the process of uptake from solution may 

quantitatively spare other feeding mechanisms; 2) it may 

provide a qualitative supplement to food derived from other 

sources by providing compounds not normally present in the 

diet; and 3) it may increase the survival time during periods 

---- -· -f-s-c-a-rcity-o~ ther-f-o-od--ma:t--eria-:·- . ------------------

Alt hough the r esults of the labor atory S_tudies maj not 

be directly applied to natural systems, they do provide some 

insight into the probable role of periphyton communities in 

the production of dissolved and particulate organics in lotic 

ecosystems . The laboratory periphyton communities exhibited 

striking similarities with natural periphyton communities and 

phytoplankton populations . Under conditions similar to those 

found in natural stream communities, the laboratory periphyton 

communities contributed significant amounts of DOC and FPOC 

to the systems . It appears that light intensity is the major 
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factor controlling the production of DOC and FPOC in the 

laboratory streams. Periphyton productivity and standing 

crop play a secondary role in the regulation of DOC and FPOC 

production because they are directly controlled by the light 

intensities set up in the laboratory. · 
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