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INTRODUCTION 

The study of the algal flora of aquatic habitats has been ra-

ther extensive in the past. The early studies of stre am habitats, how

ever. were less frequent than studies on larger bodies of water such as 

oceans, lakes, and ponds (Butcher, 1940) and studies on "polluted" 

streams were even less common than those on "na.tural " algal stream 

communities (Blum, 1957). 

Due to the addition of an ever-increasing variety of domes tic and 

industrial pollutants to streams (Tarzwell and Gaufin, 1953), the re

sulting effect on the biotic communities therein has become of increas

ing concern and, therefore, a cause for intensified scientific investi

gation. 

One tool which has become recognized as important in recent years 

as a means for evaJuating aquatic environments is that of community 

structure. It has been noted that individual genera or species of al

gae, when considered alone, are not necessarily reliable indicators of 

organic enrichment; however, entire algal communities do serve as re

liab le indic ators (Palmer, 1956). It has been stated by Patrick (1965) 

that " • . •  c ertain spu:ies of blue -green algae, red algae, and diatoms may 

be useful in qualitatively indicating certain chemical and physfoal con

ditions of the water as they are related to pollution and that most of 

these speC"ies are tol erant to various types of pollution rather than 

indigenous to them . " 

It is, therefore, the intent of this study to characterize the al

gal flora of two d.iccrete sites in Hiley Creek, located in Coles County, 

lllinoiu. 'l'h1: nite:; \·1ure ce]o· tc·d iu relation to the lo::ation of a l�O-



acre sanitary landfill along part of the stream (Fig. 1) and the pur

pose was to determine the effect of the landfill and of the surround

ing land on the nature of the stream algal flora. 
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In this and siillilar studies, there are numerous physical, chemical, 

and biological factors which affect the stream communities under con

sideration. The following introductory discussion, supported, where 

possible, with literature citations, is intended to provide a background 

on Riley Creek, the nature of the>·algal flora of streams in general, and 

the possible roles of the various factors influencing such communities. 

BACKGROUND AND LITERATURE REVIEW 

Riley Creek, a stream located in an agricultural area in Fast-Central 

Illinois, has been the site of two biological studies in recent years. 

One such study was undertaken as part of a county-wide stream survey 

in which numerous biological, physical, and chemical parameters of streams 

were measured in conjunction with the Water Pollution Control Research 

Series (Durham and Whitley, 1971). The other study of Riley Creek in

volved the effluents received by the creek from the Anaconda American 

Brass Company in Mattoon, Illinois and the toxicity of those effluents 

to various fish (Conlin, 1970). 
In the present study, the site which was selected as the upstream 

site {hereafter called site 1) characteristically had a depth of approxi

mately 0.2 to O.J m throughout most of the study period, although there 

was considerable variation from this estimate due to the presence of 

large rocks and some pools in the area. The width of the stream at 

site 1 was approximately 3 to 4 m although this width was also variable 

throughout the area. The rate of flow was not precisely determined, but 

due to the presence of pooling and the absence of any steep gradient, 



3 

the flo w  rate is charac terized as "slo \\.L-movi n_g". 'l'here was . vege tation in 

the area consisting of  grass on t he banks of the stre am, and some trees 

upstream and downstream from the si te, but not in the i mmedi ate area.  The re 

was no  vi si ble att ached vege tation (i .e ., macrophytes and benth ic al gae) 

e stabli she d i n  the stream bottom. 

The sit e  whi ch was selec ted as the do wnst ream site (hereafter call ed 

site 2 ) was directl y below  the l andfill and charac t eri stic ally had a depth 

of approximately 0.6 m and a wi dth of approximately � m. The stream flow 

rate and the ve getational charact eristics described above for site 1 
were also typical of site 2. 

S anitary Landfills  

T he landfill located on Ril ey Creek ( Fig.  1 )  o ccupie s  L10 aeres and has 

been run by several persons since 1967(Il.L. Durm, pers onal communication ) . 

T he landfill has been in continual operation since its incepti on in 1967, 

and has been t he s ubj ect o f  considerab le controversy becaus e  of wi nd 

bo rne tras h los s  to adj acent fie lds and the accumulation o f  vario us 

tire-piercing obj ects  on the adjacent roadway . To the author's know

ledge ,  there has been little p ublic conce rn about t he accumulat ion o f  

tras h  in Ri ley Cree k ( some o f  whi c h appe ars to have been p lace d t here 

from t he bridge adj acent to site  2 ,  see Fig .  1 )  or the possible impact 

o f  the landfill on the cree k. 

In general , i t  appears that sanitary landfill s are preferable to 

open dumps ( Ano n. , 1972 ; Jeter, 1973) . State official s  recommend s ani 

tary landfill s as an alte rnative to open dumping (Anon . , 1972)• The 

po sit ive attributes  o f  sanitary landfills  include lo w o pe rating cost 

compared to other metho ds of  solid waste dis po sal and recl amat ion o f  



otherwise unusable land ( Anon., 1972 ). 

The composition of the refuse within landfills has been investi

gated to some degree. According to Fonrie ( 1972), data studied indicate 

that landfill refuse is composed of the following: " • • •  rags, leather, 

and rubber 3.8%, other organic waste 80.9'/o, metal 8.6%, and glass 7.'CJ/o. 

Paper in various forms amounts to well over S<Y/o of the gross total." 

One problem associated with landfills is the water which passes 

through them; the resulting liquid is termed leachate. This leachate 

may become highly contaminated due to decomposit ion of the refuse; the 

nature of the refuse and certain other factors influence the amount of 

contamination ( Ho, Boyle ,  and Ham, 1974) .  

To define precisely the nature of the leachates from solid waste 

disposal sites is highly difficult. According to Boyle and Ham ( 1974) , 

the composition of leachates from landfills is so variable that any at

tempt to describe the typical leachate would include such wide concen

tration ranges that the description would be virtually meaningless. 

Variations in leachates are, according to Boyle and Ham (197h), due 

to " • • • hydrogeology of the site, climate, season, age of the site, 

height of refuse, and moisture routing through the refuse. Second • • • 

many analytical techniques are in error because of interferences, and 

results are not necessarily comparable. Finally • • •  the apparent leaching 

quality may be changed ( by) • • •  dilution with ground or surface waters, 

ponding within the refuse, or removal of contaminants during passage 

through soils • • •  The quantity of leachate generat.-'d • • • is highly variable· 

and depends on the design; • • •  estimates indicate that from one-quarter to 

one third of the incident rainfall may percolate through a midwestern 

landfill site. 11 
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Although specific concentrations of certain contaminants in lea-

chate are variable, there are certain characteristics of leachate sub-

stances produced by sanitary landfills which may be common to a great 

majority of landfills. Cursory examination of data on landfill leachates 

as presented by Boyle and Ham ( 1974) indicates that leachates which have 

been analyzed may have high concentrations of such chemicals as sodium, 

potassium, sulfate, chloride, nitrate, ammonia nitrogen , iron, and or-

ganic nitrogen . Data also show that COD (chemical oxygen demand) and 

BOD (biochemical oxygen demand) values may be high. Certain types of 

gas production have been associated with landfills and include methane, 

carbon dioxide, nitrogen, and hydrogen sulfide (Anon . ,  1972). 

At least certain types of landfill leachates were quite successful-

ly treated by biological means (Boyle and Ham, 1974) and while chemical 

treatment was not as successful, such treatment might well be effective

ly used as a supplement to biological treatment of the leachate (Ho, 

Boyle , and Ham, 197i�). 
The degree to which natural communities of microorganisms in the 

soil and water surrounding a given landfill might change leachate and 

decontaminate it has not been studied intensively. Zanoni ( 1972) stated 

that leachates are highly pollutional in character but dilution , adsorp-

tion, and microbial degradation in the surrounding soil tended to re-

duce the impact on the underground water supply. Zanoni also stated 
' 

that little new research on the pollutional characteristics of landfills 

was underway . 

I.and Drainage 

Land runoff has been cited as a non-point source for additions to 
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a watercourse and this runoff can contribute s�ch pollutants as organ

ics, sediment, pesticides, and nutrients, among others (Harms, Dornbush, 

and Anderson, 1974). Agricultural land, in particular, is a source of 

pollutants such as eroded soil, agricultural fertilizers, animal wastes, 

and pesticides (e .c;., Campbell and v111itle;v, 1970). 
One of the most important losses due to runoff from agricultural 

land is that of phosphorus . It was stated by Kramer, Herbes, and Allen 

( 1972) that, of the phosphorus used in the U.S ., 76% is used in agri

cultural fertilizers ; these workers suggest that the major influx of 

phosphorus into natural waters is from detergents and agricultural uses . 

The effects of these additions of phosphorus to waters and its relation 

. to eutrophication of them has been well documented (Kramer, Herbes, 

and Allen, 1974), particularly since phosphorus has been long known as 

one of the principal limiting nutrients in aquatic ecosystems ( Brezon

ik, 1972). 

The factors which affect the loss of phosphorus from agricultural 

land to streams are cited by Englebrecht and Morgan ( 1956) as the "nature 

and amounts of phosphorus in the soil, mode of drainage, topography, 

intensity and distribution of rainfall, rates of infiltration and per

colation, and probably others ." One factor which seems to have major 

importance in the contribution of nutrients ( both nitrogen and phosphor

us ) to receiving waters studied was snowmelt runoff, a large percentage 

of which was soluble (Harms, Dornbush, and Andersen, 1974). 

Another important feature of the nmoff studied by Harms, Dorn
bush, and Andersen 1974) was soil loss, primarily from cultivated 

fields . This loss was greatest during short rainstorms of high inten

sity . 



Dissolved oxygen concentration in receiving waters also seems to 

'be affected by runoff from agricultural land; lowered dissolved oxygen 

concentrations have been observed during periods of high flow (Wallace 

and Dague, 1973). The importance of runoff in lowering dissolved oxy

gen concentrations of receiving waters is borne out by the fact that 
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land runoff apparently has had a much greater influence in lowering the 

dissolved �xygen content in the Iowa River than did wastewater discharges 

(Wallace and Dague, 1973). 

Another matter of concern has been the possible effects of pesti

cides on the ecosystem since these are pollutants associated with agTi

cultural land runoff. It has been shown that algae are particularly 

resistant to the effects of DDT, up to concentrations of 100 mg/liter, 

but there is no appreciable degradation of the pesticide by the algae 

( Christie, 1969). The resistance of algae to the toxic effects of pesti

cides has also been noted by Vance and Drummond ( 1969). The problem 

of pesticides lies, therefore, not in their effects on algae but in the 

concentration of these pesticides in tissues of animals higher in the 

food chain (Vance and Drummond, 1969); these organisms are not as resis

tant as the algae to their toxic effects (Vance and Drummond, 1969). 

Stream Algal Communities 

The algal flora of any given stream is well described by Butcher 

( 1932) who divided the algae into two components, those that are float

ing freely in the water and those algae which are sessile--either at

tached to the riverbed or to any plant or object in the water. The free

ly floating algae have been given the name potamopla.nkton by early in

vesti�ators (see, e.g., Tiffany, 1958) and the attached algae have been 
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subdivided according to the various substrates ( e .g. epipelic, epilithic, 

epiphytic, etc . ) and according to their growth type (Butcher, 1932). 

Certain sessile algae commonly associated with flowing waters are 

discussed by G .  M. Smith ( 1950 ) who states that the flow rate of a given 

stream will determine to a large extent the flora which will be found 

therein . In swiftly-flowing waters, encrusting algae such as Hilden-

bra.ndia, Chamaesiphonaceae, various diatons, Gongrosira, Fridaea, and 

Rivularia are typically found . Trailing thallus types such as Lemanea, 

Audouinella, Batrachospermum, and Hydrurus are also found. In more 

slowly-moving waters, filamentous algae such as Ulothrix, Stigeoclonium, 

Draparnaldia, Cladophora, Vaucheria, Zygnemataceae, and Oedogoniaceae 

are common. Filamentous sessile algae are also discussed by Tiffany 

(1958) who states that probably the most common green filamentous alga 

in streams of temperate regions is Cladophora . 

Sessile algae of streams are discussed in more detail by Butcher 

(1932) who cites growth types of sessile algae as follows: 

a. The 'thalloid' type comprises those algae that are 
closely appressed and firmly attach by mucilage or 
other means along.a large part of their surface . 
They are multicellular or colonial forms, e.g., Ul
vella, Stigeoclonium farctum, Oncobyrsa . 

b. The 'Cocconeis' type comprises those diatoms, that 
are attached to the substratum by the whole of one 
surface, e . g ., Cocconeis and possibly some species 
of Amphora and Cymbella . 

c .  The 'filamentous' type comprises those filamentous 
algae that are attached to the substratum by a hold
fast, e . g ., Ulothrix or by a mucilaginous film, e . g ., 
Phormidium . 

· 

d. The 'stalked' diatom type includes many genera of 
diatoms all of which are loosely attached to the 
substratum by a branched or unbranched mucilagin
ous pedicel (e.g.,Gomphomema), a mucilaginous tube' ( e .g., Cymbella & Encyonerna) or by a mass of muci
lage at one chd, (e.g. Syncdra and Dia torna ) • 



e. The 'unattached ' type comprises a tremendous num
ber of colonial Chlorophyceae and Myxophyceae, des
mids and diatoms that have no obvious method of 
attachment, e.g., Cyclotella, Scenedesmus, Closter
ium. 

f. The 'motile' type includes all those algae that are 
obviously adapted to a free-swimming existence be
cause they possess cilia ( sic ) or flagellae ( sic ) .  

The relation of sessile algae in streams to potamoplankton is 

discussed by Butcher ( 1932),  who states that the sessile algae 

are an important source of the potamoplankton because "The contin-

ual movement of the current over these growths will wash away a 

certain number of individuals or portions of individuals which will 

float downstrea.m • • •  These sessile algae are thus an important source 

of supply for the river plankton, and in small streams probably a 

far more important source than any of those mentioned by Krieger 

( see below) ."  

The potamoplankton, or free-floating river algae, is a term 

originally established by Zacharias ( according to Butcher, 1932) and 

included those free-floating organisms in a river whose nature was 

determined by the pools, backwaters, and current strength. 

9 

The actual sources of pota.moplankton were listed by Krieger (1927, 

according to Butcher� 1932) as follows: 

1 .  The districts adjoining the source. 

2. The heleoplankton ( i. e. , from pools on the system) .  

3. The limnoplankton ( i. e. , from lakes on tlB system ) .  

4. Drains and tributaries. 

To those sources Butcher ( 1932 ) added a fifth, which has already 

been discussed to·some degree, that of the "algal vegetation on the 

river-bed". The importance of this source was greatly stressed by 

Butcher (1932) who, however, ( 1940 ) indicates that in other studies, 
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the pota.moplankton have shovm considerably less resemblance to the ses-

sile algae. 

Apparently the source of potamoplankton was of importance in de

fining the tenn originally and because of this Butcher (1932) stated 

that "Zacharias's conception of the potamoplankton should be enlarged" 

to contain all those organisms that are "floating freely in the water" 

( of rivers) evidently disregarding their source. 

Tiffany (1958 ) mentions that "the truly autopotamic planktons 

are generally diatoms" ( in streams) . The dominance of diatoms in 

streams is generally accepted and the green algae and blue- green algae 

fonn the renmant major portions of the algal flora (Tiffany, 1958) .  

Tiffany also mentions that these plankters are evidently capable of 

multiplication en route downstream and, therefore, the slower a stream 

moves, the greater will be the number of individuals in the stream. 

This is mentioned by Hynes ( 1970) who also states that many of the or� 

ganisms comprising river plankton are truly planktoRic and capable of 

reproduction in the rivers. In relation to this reproductive capability 

it should be noted that the measurement of production in flowing waters 

( i. e. streams ) had not received much attention until the last twenty 

years ( Odum, 1956). Since then (1956 ) ,  however, there have been sever-

al studies involving production in flowing waters (e�g.,Doyle, 1971; 

Brigham, 1972; Brock, 1967; Cushing, 1964; and many others ) using peri

phyton ( attached algae) as the tool. 

Use of the planktonic (potamoplankton) algae of streams for mea-

surement of the production has seldom been applicable because "much of 

the community is benthic and heterogeneous rather than planktonic" (Odum, 

1956). It was also stated by Odum ( lac. dt.) that "any measurement -- --

made without the nonnal turbulent flow may be questioned on the grounds 



that production is a function of the current flow. " Some work with 
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the resultant community change within light and dark bottles has been 

done by Smayda (1957) and by Pratt and Berkson (1959) but these investi

gations were not undertaken in stream environments. 
Potamoplankton is then understood to mean that portion of the 

strEaID conununi ty which is free-floating, regardless of origin. Because 

this paper deals only with that portion of the pota.moplankton which is 

algal in nature, algal pota.moplankton will therefore be used to mean 

the free-floating algal community of the stream studied (Riley Creek ). 

Physical Factors 

Light 

Light is a basic requirement for the growth of primary producers 

(including algae and photosynthetic bacteria). Light has been recog

nized as the energy source used in photosynthesis to move electrons 

against the thermochemical gradient ( from Goldman, 1966). The a.mount 

.of light which reaches a given depth in aquatic ecosystems is inverse

ly related to turbidity and fluctuates according to the angle of the 

sun with the water (more light enters the water with an increase in 

the angle of incidence ) (Hynes, 1970). A particular factor important 

to streams is that the ruffled surfaces of flowing water allow more 

light to enter than does still.water and this tends to offset the effect 

of the generally higher turbidity associated with flowing water and con

sequent shallower light penetration (Hynes, 1970). Another factor which 

influences light intensity in streams and rivers is the vegetation along 

the banks ( e. g . ,trees ) ; light available to small unaltered streams for 

photosynthesis may be considerably less than that available to an open 
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aquatic habitat due to the stream being "roofed over by branches" (Hynes, 

1970 ) . 

Temperature 

One of the axioms associated with temperature and microorganisms 

is that of an optimum temperature for growth,with de creas e s in growth 

rates associated with temperature fluctuations on either side of the 

optimum. Therefore, temperature is known to govern not only rates of 

growth and reproduction ( Smith, 1950 ) but also death rates ( Gainey 

and Lord, 1952). 

It is common knowledge that chemical reaction rates are gener

ally increased with an increase in temperature. It is noted by Klein. 

(1962) that the speed of a chemical or biochemical reaction is approxi

mately doubled by an increase in temperature of 10 C according to the 

van't Hoff rule. Klein ( Loe. cit. ) also states that the validity of 

the rule is often limited in biochemical or biological processes to 

temperatures in the neighborhood of 20 C. 

Klein ( 1962) mentions the 0:Hfects of stream temperatures on the 

organisms therein; of importance is the fact that microorganisms re

sponsible for breakdown of organic matter are more active at higher 

than at lower temperatures, which means that stream self-purification 

will be much more rapid in the summer than in the winter ( if one ig

nores other factors ). It should be emphasized, however, that oxy-

gen solubi lity in warmer water is much less than that of colder water 

and, therefore, there would be generally less oxygen available in the 

summer ( and, consequentJ.y, lower purification rates ) ; thus a heavy pol

lutional load could deoxygenate a stream much more easily in the summer 

(Klein, 1962) . Also, anaerobic processes are greatly increased with 



increases in temperature ; putrefaction is four times as great at 27C 

as at 8 C ( Klein, 1962). 

Another import�t aspect of temperature in relation to stream com-

munities is that the temperatures of flowing waters fluctuate more dra-

matically than temperatures within still water of similar depth ( Hynes, 

1970 ).  These fluctuations may amount to as much as 6 C in the summer-

time ( Hynes, 1970) during the diurnal cycle and this variation could 

then have a great influence on rates of production and respiration of 

the communities located in a given stream. 

Turbidity 

The relationship of turbidity to algal community productivity is, 

in general, inverse, i.e., higher turbidities allow less light to enter 

and as a result photosynthesis is reduced ( Klein, 1962) . In some cases, 

plant life is made impossible by very high turbidity (Klein, 1962). 

Streams generally have higher turbidities than still waters but gener-

ally have low turbidity when the water level is low ( Hynes, 1970). Tur-

bidity can be increased in times of low flow merely by the production 

of more plankton ( Shelomov and Spichak, 1960, according to Hynes, 1970) .  

It  has been suggested that any river with continually turbid water 

will carry little true plankton and rivers which are known to be sea-

sonally highly turbid ( i.e. ,  the Volga) may carry limited amounts of 

plankton during those seasons ( Hynes, 1970 ).  

Chemical Factors 

Nitrogen 

The primary value of nitrogen in aquatic habitats is as a macro-

nutrient for primary producers ( primarily phytoplankton and macrophytes ) . 



Nitrogen is recognized as one of the absolute requirements of phyto-

plankton (Bostwick, 1954) and in this respect it is often stated that 

nitrogen is one of the two ( the other is phosphorus) most frequent prin-

cipal limiting nutrients ( McCarty, 1970; Brezonik, 1972). 
There are many sources of nitrogen which contribute to aquatic eco-

systems . The following are sources for lakes (Bre:�onik, 197�) . · 

but these would also probably apply as possible sources for a stream: 

1. Airborne: rainwater, aerosols and dust, leaves and miscel
laneous debris 

2. Surface: agricultural ( cropland) and drainage, animal 
waste runoff, marsh drainage, runoff from uncultivated 
and forest land, urban storm water runoff, domestic 
waste effluent 

3. Undergrormd: natural groundwater, subsurface a�icultural 
and urban drainage, subsurface drainage from septic 
tanks near lake shores (near streams) 

4. In situ: nitrogen fixation, sediment leaching 

The basic forms of nitrogen and their transformations in aquatic 

ecosystems are best understood (or explained) by the concept of the 

nitrogen cycle. In this cycle inorganic nitrogen in the environment is 

incorporated into living systems and then is subsequently released, 

primarily in inorganic forms, back into the environment ( Brezonik, 1972).  

The operation of the nitrogen cycle is portrayed i n  detail by Figure 

2 )  • It should pointed out that except for ammonia exchange with se-

diments, all reactions in Fig . 2 are the result of biological processes 

( Brezonik, 1972) . 

The basic processes which operate in the nitrogen cycle are as fol-

lows (Brezonik, 1972): 

1. Assimilation-the change of nitrate and ammonia into or
ganic nitrogen via organisms ( primarily phytoplank
ton and macrophytes) 

2. Ammonification-organic nitrogen is chan8'ed back into run-



3 . 

4. 

5. 

moni a b y  organisms ( b acteria ,  zooplan.kton , autol ys is 
of  plant and animal mate rial ; bacteria and fungi in 
bottom s ediments ) 

Ni tri fi cation -o xidation of ammonia to ni trit e an d  ni trat e 
( aerobi c auto trophi c bacteria,  actinomycetes, and fun
gi ) 

Deni trifi ca tion -re duction of  nitrate (via nitri te) to mo 
lecular n itro gen ( N2 ) ( facul tative;t.y anaerobi c an d  
anaerobi c bacteria i n  the ab sence o f  o xygen ) 

Nitro gen fixation-use o f  N2 as a source for pro duction 
of  organi c  ni tro gen ( b lue-green al gae , p ho tos ynthe 
ti c bacteri a, aerobi c  bacteri a ( e . g. Azotobacter) , 
anaerobi c  bacteri a ( e . g. Clo s tri di um) , and f acul ta
t 'ivel y an aerobi c bacteria ( onl y under anoxi c con di 
tions ) 

In a stream , i t  s eems reasonabl e that man y o f  these  pro cess es 

would o ccur much as the y do in a s trati fi e d  l ake .  One di fference ,in 

a stream would be that sin ce continual mixing gen eral ly wo uld o ccur 

there wou ld b e  no hypolimnion . Therefore so me con di tions present in the 

hypoli mnion woul d no t be pres ent . One o f  thes e would b e  the anaerobi c 

con ditions co mmonl y asso ciat ed wi th th e hypol imn ion at  certain times o f  

the ye ar. This i s  supported b y  Hall's s tatemen t  (1955, according to Hynes, 

1970) that streams no rmal ly have an o xygen con ten t at or above saturation ;  

ce rtain stre t ches o f  s tre ams ,  howeve r, may h ave o xygen con cen trations 

whi ch are ve ry low, due to heaVY organi c pollution ( Barts ch ,  1967), whi ch 

would mean that denitrifi cation could no t o ccur to an y  si gnifi can t  de-

gree in organi cal ly unpolluted s treams since d eni trifi cat ion is  dep en-

dent on anaerob ic condi tions .  Th ere fore , the means for the re turn of  

nitro gen to the atmos phere would be li mi ted i n  a general ly highly aerobi c 

stream. Followin g this line of  reasoning, one can con clude that  ni tro � 

gen fixed b y  blue- green algae in a s tre am would no t re turn to the atmos -

phere un til th e s tream ran in to an impo undmen t of suffi cient depth to 

allow anaerobic deni trification in the lower layer:-; ( lmless anae rob ic 
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conditions existed else�here en route). 

Several workers present the nitrogen requirements for growth of 

algae. For.example, Silver and Moore (1971) list 0.1 mg liter-1 as mini-

mal for growth while accelerated growth is possible when concentrations 

-1 exceed 1.0 mg liter • Sawyer (19h7, according to Harms, Dornbush, and AndAr-

son, 1974) lists critical nitrogen levels to support algal blooms at 

0.30 mg liter-1. 

Phosphorus 

Like nitrogen, phosphorus is another es s ential nutrient required for 

aleal growth (see,e.g.,Bostwick, 1954) and is the second of the two most 

frequent principal limiting nutrients (McCarty, 1970; Brezonik, 1972). 

Phosphorus has been emphasized repeatedly as a critical factor in the eu-

trophication of lakes (e.g., Kramer, Berbes, and Allen, 1972). 

The major supply of phosphorus to natural waters is said to be de-

tergents, agricultural sources, the atmosphere, and industrial effluents 

(Kramer, Berbes, and Allen, 1972). The importance of agricultural lands 

as a source for phosphorus to streams is stressed by Engelbrecht and 

Morgan ( 1959). 

Phosphorus may be present in natural waters in dissolved, colloidal, 

or particulate forms and may exist as orthophosphate, polyphosphate, or 

in organic compounds (Kramer, Herbes, and Allen , 1972). The cycling of 

phosphorus in a lake is shown in Fig. 3. The fact that zooplankton are 

of limited abundance in flowing water (Hynes, 1970) could affect their 

importance in the phosphorus cycle in a stream. According to Hayes and 

Phillips (1958), exchangeable phosphorus present in a lake is dependent 

u,pon: 

1. The net rate at which phosphorus in solution and in particulate 



matter enters the lake. 

2. The rate at which phosphorus is lost in inorganic precipi
tates and undecaying organic matter to the lake bottom. 

}. The morphometric properties of the lake which include vol
ume, area, depth, thermal stratification, and photosynthe
tic zone. 
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These writers further state that the amounts of precipitated inor-

ganic phosphorus in the sediments, the soluble organic phosphorus in the 

water, and the soluble inorganic phosphorus in the water are in a ratio 

of 5:5:1, respectively. This means that almost half of the uaable 

phosphorus is tied up in the sediments, an equal amount in organic phos-

phorus compounds, and about CJ'/o is availabl� as soluble inorganic phosp�or-

us. This is of primary importance since the ability of higher plants to 

utilize organic phosphorus, if possible at all, is very limited; phyto-

plankton are able to utilize organic phosphorus to a certain extent, de-

pending on the organisms and the particular organic phosphate present; 

bacteria are apparently able to utilize almost all (92=>/o) of certain organ-

ic phosphates (Kramer, Herbes, and Allen, 1972) .  

The reason many algae are able to utilize some organic phosphorus 

is that they produce phosphatase enzymes. It should be emphasized that 

only certain algae are capable of producing such phosphatases; if ortho-

phosphate becomes limiting, those algae capable of producing phosphatases 

will have a distinct advantage in competition for phosphorus (Kramer, 

Herbes, and Allen, 1972). 

In view of the growing concern regarding eutrophication in natural 

waters, values of possible eutrophying levels of phosphorus are of sig-

nificance. Silver and Moore (1971) point out that the minimum phosphate 

needed for growth is below 0.01 mg liter-l while accelerated growth of 

various algae may occur at concentrations of 0.1 mg liter-1• Sawyer,(19117, 



accariling to Harms , Dornbush ,  and Andersen , 1974) listed O.Ol mg liter-1 

as the critical nutrient level for support o f  algal blooms by phosphorus . 

Studies  involving laboratory cultures of algae have shoYIIl that phosphate 

may fail to stimulate growth and can in some cases  prove inhibitory 

(Smith.and Bold, 1966; Hamilton, 1969). 

pH 

Hydrogen ion concentration , commonly referred to as pH ( pH= -log [1r]J, 
is  interrelated with many physical and chemical factors of  an aquatic sy

stem and i s  of  considerable importance to all biotic factors , including 

algae . 

The pH variation in lakes with normal' calcium content is commonly 

within the range of 7 to 9 (Ruttner , 1953) . The pH of natural waters i s  

variable ,  depending t o  a great degree upon the influence of  the plant and 

animal community therein , and may be a useful tool for study of  the biotic 

community . 

The relationship of  pH to the biotic community is  due to the production 

and uptake of co2 by the community . Since the pH is dependent upon the 

amounts of carbon present in all its inorc;anic forms (total alkalinity) ;in 

the system (seeMoore, 1939), and since the biotic community i s  continually 

adding co2 to the system (respiration of  all organisms) and periodically 

absorbing co2 from the system (photosynthesis by phytoplankton) , it is evi

dent that pH is  directly related to the biological processes  of  the biotic 

community . 

By using the relationships between pH , co2, photosynthesis , and respir

ation one can , in fact , measure the pH change in water over a period of  

time , and if  the temperature and carbonate alkalinity are known , the amount 

of co2 change within the system i:J cal culnblc. By applying this concept dur-
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ing the daylight hours, one can estimate t'he primary production ( co2 upta_V;:e) 

of the system. This method is explained. in some detail in a paper by Ily

ther (1956) who eives some advantages and disadwmtages of the proce-

dure. 

Ox-yc;en 

The ma.j ori ty of living organisms require oxygen for life ( 13artsch, 

1967), and since stream life is no exception, it is necessary· to exrnnine 

the factors Hhich control oxygen levels in streams. 

The importance of oxyc;en in stream ecosystems often lies in the re

lationship of the dissolved gas to the self-purification of the stream 

( Klein , 1962 ) . Oxygen is, therefore, a key link between the oxy;;en-pro

ducing plants of a strearn and other microorganisms which arc dependent 

on oxygen for the decomposition and purification !)rocess. J3ecause of 

this fact, it is of primary importance that the rate of photosynthetic pro

duction of OX'Jgen exceeds the requirements of bacteria and other microor

ganisms (as well as· other aquatic life) involved in the decomposition of 

organic materials (Klein, 1962). It has been noted by Bartsch (1967) 
that when certa.in streams become or8,'a!lically overloaded ( e.g., by sew-

ae;e effluent), the stream becomes oxycen-depleted due to excessive up-

take by microorganisms (e.g., bacteria) which may select ac;a.inst "more de

sirable animals. It also has been stated that the oxygen content of small. 

turbulent streams is at or above saturation ( Holl, according to Hynes, 1970). 
Since oxygen is a product of photos:ynthesis, its presence has been 

utilized as a quantitative tool for determinirt(; primaX'IJ productivity of 

aquati c comlllmities (see Ryther, 19.56); the procedure is adaptable to 

the study of stream cormmmi ties (Odum, 19 56) • 

Accordinrr, to Odum (1956), four ma:in pr0ccssoc1 occur durinc; a daily 



cycle which affect the Q}._'Ygen concentration of a stream, as follows: 

1 .  There is a release of oxyc;cn into the water as a re
sult of photosynthetic productivity durinc; the day by 
bo th bonthic plants and phytoplankton. 

2. r.rhere is an upta..lre of oxygen from the water as a rc
sul t of the respiration of benthic or[�anisms, plank
ton communities, and sometimes chcrnico.l oxidrition. 

3. There is an exchange of oxygen with the air depend
ing upon the saturation gradient. 

Li. There may be an influx of oxygen with accrual of e,-rom1d 
water and surface water along the stretch. In most of 
the examples discussed, accrual is asswned to be nec;li
gible relative to the other influences. 

One factor which affects the solubility of oxygen in the water 

is temperature: the solubility varies inversely with the temperature
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This would seem to c;ive hir;her nightly concentrations of oxygen in streams 

than daylieht concentrations. However, due to-the photosynthetic produc-

tion of oxygen during daylight hours and the lack thereof at night, com-

bined with oxygen consumption by res�)iring organisms, the daily oxygen 

variation is actually reversed ( from Hynes, 1970). The daily curve of 

oxygen content in a 11normal" stream might be like that of Ji'icure 4 .  

Biological Factors 

Primary productivity 

Primary production can be defined as the accumulation of certain 

primarJ organic compounds of high potential chemical ener{S'J by means of 

external ener&Y, both radiant and chemical (Vollem:cider, 1971�). 'l'hus 

primary production not only includes photosynthetic processes but also 

chemoautotrophic processes. 

There are mrui.y r;aps in the knowledce concerninc; primary producers. 

'l'hose e·apn :inclndf� m1r.h thin{·::J ns Lhr' flow of ch•)rnic<tln othr•r than car-
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bon in the system , an appropriate theoretical framework of the struc""' 

ture and dynamics of the plant communities , and the inability to mea-

sure direct energy flow (Vollenweider , 1974) . 
The concept of the food pyramid emphasi z e s  the actual importance 

of the primary producers. Tho basic idea is that the primary producers 

( i.e. ,  algae and certain bacteria ) synthesize the materials needed for 

life from certain inorganic chemicals. All other organisms are directly 

or indirectly · dependent upon the primary producers for these synthesized 

substances; tnese other organisms cannot synthesize their own organic 

compounds from inorganic compounds and gain energy in the process; they 

must utilize energy stored in organic compounds aynthe s i z e d  by the pri-

mary producers . 
At present, much work with primary production of aquatic environ-

ments is centered around photosynthetic primary producers ( i . e .  ph.,ytoplank-

ton, benthic algae , and macroph.,ytes) since they comprise the majority of 

producers in most aquatic environments ; the production by chemosynthetic 

autotrophs is minimal in comparison ( Frey, 1956 ) . 

Since the production of organic matter in water i s  primarily a result 

of photosynthesis, the measurement of  primary production then becomes a 

matter of measuring the rate of photosynthesis ( Ryther, 1956 ) . The mea-

surement of photosynthetic rates may be accomplished by the following 

means: 

1 .  OA-ygen production over time based on the photosynthetic 
equation in which the oxy{1'en produced approximates 
the carbon dioxide a s s imil ated . 

co2 + II 0 _ 
l:iglyt ·- --·> CH 0 + 02 2 chloroph . 2 

Methods of measurement include: 

a. Light and dark bottle technique of . Gaardner and 
Gran ( 1927 , accord inp; to Pratt ;md 13c rlr n cn ,  1959 )  



b .  U s e  o f  up s t ream-downs tream oxygen measurements 
and the resul tant oxygen ( o r  carbon dioxide ) 
change s ( Odum ,  1956 ) 

2 2  

2 .  C arbon dioxide consumption bas e d  on the above e quati on 
in whi ch the number o f  mol e s  o f  carbon di oxide ass imilated 
is e quival ent t o  -the number of mol e s  of carbohydrat e syn
the s i z e d . 

Me thods o f  measurement include : 

a .  Change in pH us ing e quati ons o f  Moore ( 1939 )  whi ch 
relat e ·  pH , temperature , and to tal carbonat e alka
l ini ty ( Ryther , 1956 ) 

b .  The up take o f  l4c bas ed on the fol lowing as sump
t i on ( Ryther ,  1956 ) (K i s  the i s o tope e ffe c t ) 

Ac ti vi ty of !llankton (K)  _ To tal C as s imi lation 
- To tal C avail abl e 

All o f  the me tho ds mentioned above have advantage s and shortcomings . 

Many are no t effec tive for us e in a s tream s i tuat i on b e caus e o f  certain 

drawbacks .  

The l i ght and dark bottle me tho d , firs t de s cribed by Gaardner and 

Gran ( 19 27 , according ' to Pratt and Berkson , 1959 ) has the advantage o f  

measuring no t only net pro duc t i on o f  plant mat te r ,  but al s o  gro s s  pro duc-

tion and respiration . The me thod i s  easy to us e and the requi s i t e  mat er-

ial s  are inexpens ive and common in l aborato ri e s .  The l imi tati ons o f  the 

method are : 1 )  '11he ac curacy o f  measurement i s  reduc e d  by the very re-

sul t o f  primary production--that i s , the communi ty in the l ight bo t tl e  

increas e s  wi th time and the rat e o f  resp irat i on , there fo re , woul d no t be 

comparabl e to that in the dark bottl e , whi ch i s  re c e iving no sunl i ght--

thus no growth ( Pratt and Berk s on , 1959 ) 2) The me tho d i s  no t appl i-

cab l e  to a s tream communi ty b e caus e of the reasons submitted by Odum 
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( 1956 ) ; the stream communi ty is often benthic and heterogeneous_; therefore , 

a measure of stream produc tivity based on algal potamoplankton alone ( float

ing plankton) would exclude an important aspect of the primary pro duc-

tion ; in addition , primary produc tion has been shmm to be a function of

current ( Olinger , 1968 ) . As a resul t , the measurement of primary produc 

tion without turbulence would render the data que s t i onabl e .  In addi tion , 

since some of the respiration of the l i ght and dark bottl es may be due 

to bacteria ,  and bacterial growth has been known to be a function of  sur

face area ( Zobell and And erson , 1 936 according to Pratt and :B erkson , 1959) ,  

a measurable growth in the light a:n.d/o r  dark bottles co uld produc e in

creases in respiration which would not be present in the outside environ 

ment (Pratt and Berkson , 1959 ) . Thi s would then resul t  in a.n overesti

mation of  re spirati on and an underestimation of  net pho tosynthesis  (Pratt 

and Berkson ,  1959 ) .  

One further l imi tation of  oxygen use for pro duc tion e s t imat e s  i s  

the assump tion that oxygen i s  re leased in a one-to-one ratio as  carbon is  

assimilated . Due to production of  growth products  ( e . g . , fats , proteins ) 
other than carbohydrates the oxygen : carbon dioxide ratio has been shown 

to vary significantly from lmity (Ryther ,  1956 ) . 

The method o f  ups tream-downstream measurements of oxygen i s  a method 

for use in flowing waters dis cussed  by Odum ( 1956 ) . It has the advantage 

of measuring the stream community under completely natural conditions . 

One di s advantage of  this technique is  that the actual rates  o f  diffusion 

of oxygen into and out of the s tream are needed so that the influence of 

this factor can be accounted for and subsequently dele ted . In order to 

do thi s , the diffusion coeffi cient for the particul ar stream in question 

must be experimentally derived if  it  is  unknovm. Another di sadvantage is  



that th e m ethods d escrib ed assume no a ccrual o f  ground wat er , which mi ght 

hav e  a diff er ent oxygen cont ent than th at of th e str eam and thus b e  a s ig-

nificant factor . 

One advantag e of th e pH t e chni qu e  is that it also m e asures prima ry 

produ ct ion under complet ely natural condi tions . Th e m ethod i s  also con-

veni ent and r e quir es littl e mor e e qu ipment than i s  found in most l abora-

tori es ( pH m et er , the rmom et er , and chemi cals for alkal inity d et erminations) . 

A disadvantage of th e pH t e chni qu e  is that be caus e o f  th e buff er ing- capa-

c iti es of most fresh wat ers , a large up take of co2 is nec essary for an ob

s e rvable chang e in pH ( Ryth er , 1956). With th e e quipm ent availabl e  to 

most l aborator i es ,  th e lower limit of s ens itivity o f  th e method might b e  

0 . 1  pH unit ( Ryth er , 1956 ) . This would b e  e qu al to an assimila tion rat e 

of 0 . 1  to 0. 5 mg co2 lit er-1 
d ep ending upon th e a lkal inity and in many 

lakes of high alkalinity , and in s eawat er , this m etho d woul d be us eful on-

ly in ar eas of plankton blooms ( Ryth er ,  1956). 

The uptake of 
l4c is a mor e r ec ently d eveloped m ethod f or m e asuring 

p rimary p roduction . A distinct advantag e of this m ethod is that it i s  

the most s ensitive (Ryth er , 1956 ) .  
14 Other a dvantages ar e that C is a 

weak B eta em itt er and thus hazar� and saf ety probl ems ar e minimal and 

14c sampl es can be stor ed for long p eriods without a notic eabl e change 

in th eir sp eci fic activity b ecaus e th eir half-lif e  is very long ( 4700 
years ) (from Vollenweid er , 1974) .  On e obviou s disadvantage would b e  

the cost of e quipment for pr eparat ion and analys i s  of  the samples ( e . g . 
a sample pr eparator , s ampl e  oxi d i z e:r: , and l i qui d s c intillation counter) . 
Also , th e cost o f  pr epar ed ampoul e s  c ontaining a measured amount o f  14c 
( e . g . , approx . $125 for 100 ampoul e s  in 1975) might b e  excessiv e were 

s ampling to b e  done on a large s c al e . Another disadvant age is that i t  is 
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no t kno'Wil whe ther l4c me tho ds measure ne t or gro s s  pro duc tivi ty due to 

po s s ibl e loss o f  pho to synthe s i z ed 14c through concurrent respirat i on ( Fogg ,

1974). A 4% l o s s  in a 4-hour experiment was rather arb i t rari ly as sumed 

by S t e eman N i e l s en ac cording to Rythe r (19.56). 

The use o f  radioactive pho sphorus has b e en c i t e d  as o f  l imi t e d  value 

due to the inabil i ty to rel at e  32P as s imil ati on to organic pro duc tion 

( Ryther , 1956) . Thi s i s  due to the incon s i s t ency o f  pho sphorus content 

in vari ous plants whi ch may be due to a l arge proportion o f  the pho sphorus 

that may be loos ely bound and freely bound ( Gol dberg s \falker , and 1:ihi s engnd , 

19.51 and Rice , 1953 acco rding to Ryther, 19SE1 . Even though the phospho rus 

aasimi l ated may be measured , t h e s e  .neasurement s canno t be dire c t l y  re

lated to specifi c  uptake of vari ous o ther nutri ent s ( e . g . , carbon) . 

The wri ter , aft er consi dering the po s s ible methods fo r measurement 

of primary produc t i on , fel t  that, bas e d  on c onveni ence and exp ens e ,  the 

l i ght and dark bottl e metho d des cribed by Gaardner and Gran (1927, ac cord

ing to Pratt and Berkson , 1959 ) woul d be us ed in thi s s tudy . Although 

the actual value s obtained may be que s t i oned on the bas i s  of no current 

fl ow wi thin the bottl e s , the s tudy was d e s i gne d  to give ins i ght into p o s 

s ibl e di fferenc e s  i n  pho to synthe t i c  capabil i t i e s  b e tween algal po tamo

pla.nkton at s i t e s  1 and 2 and no t to give resul t s  for compari son to o ther 

s tream envi ronment s .  Al s o , thi s me tho d al lowe d  for enumeration o f  al gal 

potamoplankton populations wi thin the l ight bottl e s  after 1 day ' s growth , 

whi ch al l owed for computation o f  growth c o e ffi c i ents o f  the to tal popul a

tion , spe c i fi c  group s ( divi s i ons ) , and/o r  indivi dual taxa . Thus, i f  any 

one group o f  al gae were mo re inhibited or s t imulated pho to synthetically 

than the o ther group s , thi s re sul t coul d be measured . 



26 

HATERIALS AND HETHODS 

Wat er s amp l e s  were c o l l e c t e d  from the two sampl ing s i t e s  no ted e ar-

l i e r  ( Fig .  1 )  ac cording to a s chedul e . o f we ekly samp ling for the firs t 

month ( i . e . , except week 2-- no data) and a biwe ekly s chedule fo r 

the next 9 sampl ing periods . Unfi l t ere d  wate r  was c o l l e c ted in plas t i c  

one-liter b o t t l e s  whi ch had b e en washed previous ly with a 9}6 soluti on o f  

" L i qui-lfox" i n  di s t i l l ed wat e r  and then rin s e d  wi th di s ti l l e d  wat e r . The 

bo t t l e s  containing the sampl e s  were then placed on i c e  in an insul at e d  

che s t . Sampl e s  o f  unfi l tered wat er were then taken from the s tream and 

placed in l ight and dark ened bo t t l e s  ( wrapp ed in black opaque tap e ) fo r 

the measurement o f  primary pro duc t ion--the di s s o lved oxygen concentrat i on 

was then measured using a YSI Hodel 51-i oxygen me t er according to the ma.nu

fac turer ' s speci fi cat i ons . The bo t t l e s  were then plac e d  in the s tream at the 

the edge of the wate r  at a depth of approximately 0 . 1  meter . Air and water 

temperature s were taken at both sites 1 and 2 with the YSI meter.  
The o riginal samp l e s  taken an d  placed o n  i c e  were then immediately 

transported to the laborato ry  fo r chemi cal analys e s . The pH was measured 

wi th a Fi sher Ac cum et pH meter ; sub s e quently , analys e s  fo r ammonia , ni tri te , 

and ni trate ni tro gen , and o rthopho sphat e we re made 1..ri th a Hach Kit 

Mo del DR-EL 1 2  spectropho tometer , al l wi thin 2 hours after c o l l e c tion . 

The me thods us ed fo r the s e  analy s e s  were tho s e  des cribed by the manufac

turer in the metho ds b o ok accompanying the Hodel DR-EL 1 2  s p e c tropho tome t e r . 

Upon comp l e tion o f  the chemi cal analyses , 6 ml o f  Lugol ' s  s olut i on 

( 1  part I odine , 2 part s po tas s ium i o dide , 20 part s wat er , and 2 part s gla

cial ace t i c  acid) were added to the remainder o f  the wat er s ampl e .  The s e  

samp l e s  were then s to red i n  the dark a t  4-8 C for later quanti tative and 

qual i tative analysi s .  
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Twenty-four hours after the placement of  light and dark bottles  in 

the stream at sites 1 and 2 ,  the bottles  were removed and their oxygen 

concentration was measured .  The light bottles were then preserved using 

6 ml of  Lugol ' s  solution and stored with the original samples in the dark

at 4-8 C ;  the dark bottle samples were discarded and the bottles  cleaned 

for reuse . 

Phytoplankton quantification was carried out utilizing the membrane 

filter method as described by McNabb ( 1960 )  and suggested by Weber ( 1.973 ) .  

( This method was chosen because of  its  convenience and the semi-permanency 

of the slides  made which allows for quick future reference . )  In this 

method , a known volume of water ( usually 25  ml) was filtered through a 

O.lt-5 micrometer Millipore fil ter of  L�7-mm diameter marked with a grid net-

work . The filter disk was allowed to dry and then a strip was cut such 

that it would fit under a 22 x 50-mm cover slip ; the strip was placed in 

immersion oil over which was placed the cover slip on a standard glass 

slide . All such slides  were stored horizontally in the dark until analysi s .  

Upon examination of the slide at a later date , an oil immersion 

obj ective ( totai magni fi cation lOOOx) was used to identify and enumerate 

all algae within a visual s trip between two grid markings on the fil ter 

disk . Two of  these  strips were examined on each filter disk and if a 

total of  200 organisms had not been tallied in the combined total of these  

two strips , then more strips were examined until either ( 1 )  at  least  200 

organisms were tallied or ( 2 ) a total of ten such strips had been examined .  

The organisms counted by this method were converted t o  no . liter-1 by the 

following equation :  

N 
n 100 ( wg:} v .  + 1<1 

= wf vf V ·  l 

where : N :: the number o f  organisms litcr-1 ori ginal sampl e 
n = the number o f  orc-ani mns tal l i ed p e r  s trip 



vf = the volume o f  wate r  fil t ered in l i t ers 
vi = the volume of water l e ft after chemi cal analys e s  

were run ( be fore addi t ion o f  pre s e rvat ive ) i n  ml 
100 = the cons tant for the number o f  grid s quare s us e d  for 

fil tering 
wg = the di s tance in mi crons b e twe en two paral l el gri d 

markings 
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w f  = the di s tance i n  mi crons acro s s  the fi e l d  o f  v i e w  us ing 
the o il immers ion obj e c t ive ( to tal mag. l OOOx ) 

F = the vo lume o f  pre s e rvat ive added in ml 

'l'he growth c o e ffi c i ents were cal culated by the fol l owing formul a :  

K c� 
= Ci 

C ·  ]_ 

c f  
K 

= the 
= the 

= the 

-1 number o f  al gae ml in the ori c-inal wat er smnple munbcr o f  al ea.e mi-1 in the 1 i�ht bottl e after 1 
day '  s [.,Towth 
g-:rovrth c o e ffici ent da�r-l 
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RESULTS 

The results  of  the physical , chemi cal , and biologi cal analyses  are 

presented in Figures 5 through 17 and 'l'ables  1 through 6 .  Al l values gi

ven are the result of  laboratory and field measurements and computations 

except for those  values in Figure 5 which were obtained from another source  

( see Backcround and Li terature Heview) . 

The trends observed from the resul t s  are as follows : The total al

gal potamoplankton community concentrations at both sites  showed a general 

decrease through time as did gros s  primary production , growth coeffi

cients , daylength , air temperature , and water temperature ( Figs . 5 ,  6 ,  

7 ,  1 5a ,  15b ,  16 , 1 7 , and Table 1 ) . The community compo sition showed a 

general dominance at both sites  by members of  the Bacillariophyta and 

Chlorophyta throughout the sampling period with a distinct increase in 

the dominance of members of the Cryptophyceae during week 12 whi ch C ·.)ritin

ued through week 22 ( Figs . 18 and 19 ) at both sites . The growth coeffi

cients computed show that site  1 had higher growth coefficients for 

the total population than site  2 during the first 3 sampling dates  and

the last 3 sampling dates while site  2 had higher values for weeks 8 

through 14 ;  the values for the last 3 dates at site  2 were negative-

those  values obtained for site  1 remained posi tive ( Fig.  17 and Tabl e 

1 ) . Table 3 shows the growth coefficients for the maj or groups at sites  

1 and 2.  Of importance i s  the high growth coefficient at site 2 for the 

Chlorophyta during w�ek 6 and the considerably lower overall growth coef

fici ent for site  2 on that date ( Tabl es 1 and J ) . Other differences  be

tween the overall growth coefficients ( Table  1 ) and growth coefficients 

of maj or groups (Table 3) occurred during week 12 . General ·trends for 

chemical and physi cal factors ( excludinc those  ment ioned above ) were no t 

appar0nt but there a p p e ared to b e  a close  correl a t i on be tween n i t e o  



30 

through time for many of the factors ( i . e . , nitri te , ni trate , orthophos-

phate , and dissolved oxygen ) ( Figs . 10 , 11 , 12 , and 14 , Tabl e 1 ) . A 

close correlation between sites was eY.hibited by turb i di ty and by amr:.on-

ia throue;h time with the exceptions o f  weeks 6 and 8 ( fo r  turb i di ty) and 

week s 6 ,  12 , l L� ,  20, and 2 2  ( for ammoni a )  ( Fic;s . 8 and 9 , 'l'able 1 ) . 
The actual conc entration o  o f  the algal potamopla.nkton populations at 

sites 1 and 2 varied noticeably in concentration-from 68L� organisms ml -l 

to 22960 organi sms ml -l ; the highe s t  concentrations occurred generally 

earlier in the sampling period and the lowest  concentrations occurred la-

ter in the sampling period ; notci,ble exceptions were the l ow c onc entra-

tions o f  orc,-anisms found durine week 6 .  and both si te s ( Ji'ic,s . l Sa and. l Sb ,  

Table 1 ) .  

The results of  the primary production and growth coefficients show 

values of gro ss primary production to range from 0 . 1 mg o2 produced liter-l 

day-l to s . 2  mg 02 produced liter-1 
day-1 and growth coefficient values 

to range from -0 . !i4S to + 3 .  62S . The highe st growth coefficients for sites  

1 and 2 ( 3 . 625  and 2 . 398 , respectively) were during week 6 when initial 

algal potamoplankton populations were low ( 1277  and 1 540 organi sms ml-1 ; 

sites 1 and 2 ,  respectively) in comparison to other populations of  that 

period. ( Table 1 ) .  
The concentrations of  certain of  the chemical factors were of  impor-

ta.nee during the sampling period ; the concentration of  ammonia on the var

ious sampling dates was at or above 0. 40 mg liter-1 for both sites  on all 

sampling dates with the exception of week 1 ( Fig.  9 and 'I'ab 1- f :  1 ) . Nitrite 

concentration dropp ed rather sharply at site 2 durinc; week 6 al though dur

ing the rest  o f  the sa.mpline period , value s raneed from O . Ol!� me; li  ter-1 

to 0. 20 mg liter-1 • Nitrate concentrations never dropped below 0. 90 mg li-
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ter-1 at  either site on  any sampling date ; however ,  values did reach as 

high as 6 . 3  mg liter-l during week 1 at site 2 ( Table  1 ) .  Orthophosphate 

-1 l evels  never dropped below 0. 02 mg liter at either site during the entire · 

sampling period ; values were typically much higher ( Tabl e 1 ) . 
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DISCUSSION 

The overall trends o f  decrease illustrated by daylength , air tempera

ture , water temperature , gros s  primary production , growth coefficients , and 

algal potamoplankton population l evel s illustrate  a seasonal variation 

which would be expected ; there was a decrease in the i ·::r.ximuro pos sible in

tensity of  light and the daylength ( Fig.  5 )  with a resultant decrease in 

temperature ( air and water) ( Figs . 6 and 7 ,  respectively) , gros s  primary 

production ( Fig .  1 6 ) , growth coefficients ( Fig.  1 7 , Table s  1 and 3 ) , and 

finally algal potamoplankton concentrations ( Figs . 1 5a and 1 5b ,  Table 1 ) . 

Since i t  i s  commonly lmown that the maximum pos s ible light intensities 

would decrease from week 1 through week 22  ( in this s tudy) , the fact that 

laboratory s tream re search has shown primary production to be approximate

ly l inearly related to light intensity ( at certain intensiti e s )  (Mcintire , 

et . al . , · 1964) would explain in part the reduced gro s s  primary productivi

ty rates through time as illustrated in Fig .  16 and Tabl e 1 .  Al so , the 

angle of the sun with the water would decrease through time ; this would 

mean that less  l�ght would be abl e  to enter the water ( se e  Hynes ,  1970 )  

and the reduced light intensities in the water would tend t o  lower photo

synthetic rates further . Then too , the reduction in water temperatures 

by more than 20 c ( from the beginning to the end o f  the sampl ing period) 

would theoretically reduce biological reaction rates roughly by more than 

7 �/o ( using the general biological rate change based on temperature change-

see  Klein , 1962) . The s e  t-hree occurrences could then easily account 

for the tremendous decrease in primary production seen at both sites ( Fig.  

16  and Table 1)  and for the decrease in growth coefficients at both sites  

( Fie .  17 an d  Table 1 ) . 

'l'he c ornrmm i ty compo s i t i on showed a /jcncral d ominance o f  members o f  

the Dac i l l ari o phy ta ond C h l o ro ph_y t a  thro ur�hou t  the n ampl inc- p n r i o d ; the 
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dominance of  these  two groups in s treams is  in a greement wi th the s tatement 

· b y Tiffan y ( 1958 )  that diatoms ( Bacillariophy ta) were generall y  dominant , 

with greens ( Chlorophy ta) an d  bluegreens ( Cyano phyta) forming the o ther 

maj or pQr �ions of the al gal flora . The b lue green algae ( C yano phyta) , how

ever ,  did not form a maj or  portion o f  the algal po tamo plank ton in this  s tu-

. dy ( Fi gs .  18 an d  19 ) .  A group no t mentioned by Ti ffany ( 1958 )  which was 

of  considerabl e  importance in the communi ty composi tion in the latter half 

of  the s tud y was the Cryp to phyceae ; thi s  group composed a maj or portion 

of  the algal communi t y  from week 12  through week 22  ( Fi gs .  18  and 19 , Tables 

2 and 4) .  At least certain members of  this  group ( e . g. ,  Cryptomonas ) ap

paren tl y  may be in dicative of  comple tion o f  decomposi tion o f  organic mat

ter in water ( Brinle y, 1942 ) al though certain members o f  this group ma y 

al so grow in waters rich in nitrogenous and organic materials ( Smi th ,  1950 ) . 

Accordin g to the values obtained for ammonia ,  nitrite , and ni trate , Rile y  

Creek might  best b e  charac teri zed as rich in nitrogenous material s ;  mini-

mum values o f  ni trogen for accelera ted growth b y  phy to plankton are li sted 

as being 1 . 0  mg  liter-l ( Silver and Moore , 1971 ) -- the combin ed values for 

ni tro gen concentrations in Table 1 show that inorganic nitrogen was in ex 

ess of  4 . 5 mg  li ter- l at  both si tes  dur ing the appearance o f  the relativel y 

high concentrations o f  members of the Cryptophyceae ( w eek 1 2 )  and remained 

in excess  o f  2 . 0  mg  liter-l throughout the remainder o f  the sampling period . 

Members of  the Crypto phyceae con tinued to remain important in the co mmuni

ty composition at bo th sites  1 and 2 throughout the remainder of the sam

pling period . I t  i s  qui te possible , however ,  that an unYJlown factor or a 

combination o f  several factors may be res ponsibl e  for the appearance an d  

dominance of  thi s group . 

Differences between si tes 1 and 2 in to tal numbe rs o f  algal po tamo-
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plankton present are less  obvious than those  seasonal variations mentioned , 

but one observable difference i s  that the total population at station 1 

was higher than that found at stat ion 2 in 8 out of  12  sampling weeks 

( Figs . 15a and 15b) . One possible reason for the higher populations at 

station 1 on the maj ority of the occasions i s  that the dilution of the 

population: by incoming ground water en route downstream was t,Teater than 

th;e increase in population due to reproduction and additions from · the ben

thic algae . Thi s possibility is  partially borne out by the fact  that the 

size of the stream at station 2 was generally larger than at station 1 

( see material s and methods ) indicating addi tions of  water en route ( as sum

ing similar velocities at the two sites  and abs ence of pool ing) . Other 

possibl e explanations for the difference in populations between sites are 

the settling out of some organisms en route downstream or the disinte:_:.Ta

tion o f  cells  en route by contac t with intol erable  chemical or physical 

conditions , or loss  by other means . If cell di sintegration did occur , then 

it seems logical that the preferential cell disintegration of certain taxa 

of algae might occur since not all algae have the same tol erances to 

environmental conditions ; this is in part supported by the fact that the 

community composition showed that members of the Cryptomonadales  comprised 

a lower percentage of  the total population at site 2 than at site 1 on 

11 out of 12 sampling dates ( Table 2 ) . This may repres ent an influx of  

greater numbers of  other groups ( i . e . , diatoms and greens ) , however ,  from 

other sources  and/or a greater reproductive capability of the greens and 

diatoms whil e  en route downstream ( which might tend to offset the ·dilution 

effect of incoming ground waters--while  the Cryptomonadales  were inhibited 

or more limited and could not maintain their percentage of the population) . 

The growth coefficients of  the Cryptomonadal es as well  as the other 
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maj or group s ( Bac i l l ari ophyta and Chl o rophyta) showe d overal l simi l ari t i e s  

be tween s i t e s  1 an d  2 through t ime but there are no t i c eab l e  di fferenc e s . 

During the firs t 3 we eks o f  primary produc t i on measurement ( weeks 3 through 

6 ) , the growth c o e ffi c i ents o f  the total al gal potamoplankton popul at i on 

at s i t e  1 remained higher than tho s e  growth c o e ffi c i ent s at s i t e  2 ( Fig.  

17 an d  Tabl e l ) ; thi s trend i s  no t a s  wel l  supported by the growth c o e ffi

c i ents compute d  fo r each of the 3 dominant group s of algae encountere d  

( Table 3 ) . In T ab l e  3 i t  i s  s e en that during we ek 6 , growth c o e ffi c i ent s 

at s i t e  2 for memb ers o f  the Chl o rophyta were cons i d e rably hi gher than 

any o f  the value s for the maj o r  group s at s i t e  1 but the communi ty compo

si t i on was such that 88J/o of the population at s i t e  2 was c ompo s e d  of di a

toms and the i r  growth c o e ffi c i ent was cons iderably l ower than the Chl oro

phyta growth c o e ffi c i ent at s i t e  2 .  Thus , even though the Chlorophyta at 

s i t e  2 had the highe s t  growth c o e f fi c i ent of any group on that dat e  at 

ei ther s i t e , the predominance o f  di atoms in the popul ation ( s i t e  2 )  and 

the ir l ower reproduc tive rat e s  brought the growth co e ffi c i ent for the enti re 

population b e l ow that o f  s i t e  1 .  

The next 4 weeks ( we eks 8 , through 14) show that value s o f  growth co

e ffi ci ent s at s i te 2 were higher than tho s e  at site 1 ( Figure 17 and Ta

bl e l ) ; the value s in T abl e 3 for the 3 maj o r  gToup s  encountered show 

that during weeks 8 ,  10 , and 14 the growth c o e ffi c i ents of the maj or groups 

were al�o s t  unanimously higher at s i t e  2 than at s i t e  1 .  During we ek 1 2 , 

however ,  the c o e ffi c i ents for the di atoms and greens at s i t e  1 were ac tual

ly no t i c e ably higher than the value s for tho s e  group s at s i t e  2 ;  the s e  two 

groups ( diatoms and greens ) were , however ,  overshadowed by the abundance 

of the Cryp tomonadal e s  whi ch showed a negative growth c o e ffi c i ent at s i t e  

1 and a di s tinc tly po s i tive growth co e ffi c i ent a t  s i t e  2 .  
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The final 3 weeks of  data for growth coefficients of  the total popu-

lation showed that those growth coefficient values for site 1 were high�r 

than those  values for site 2 ;  the differences  in growth coefficients be-

tween sites were mos t  dramatic durine these  last 3 weeks ( Fig.  17  and Ta-

ble 1 ) . Site 1 algal growth was shown to be positive by the growth coef-

ficients while  site 2 showed distinctly negative growth coeffi cients . The 

growth coefficients for the 3 maj or groups ( T able 3 )  were generally in a-

greement with the overall growth coefficients o f  the total po�ulation . 

Results of  measurement of  changes in population within l ight primary 

production bottles are available for marine environments ( Smayda ,  1957 ; 

Pratt and Berkson , 1959 ) . The values for growth obtained by Smayda ( 1957 )  

show that the flagellates present in the light bottles were not abl e  to 

successfully increase their population during 1-day growth experiments .but 

diatom populations increased signifi cantly over 1 -to 2-day experiments 

( growth coefficients per day ranged from 0 . 45 to 0 . 58 ) . The flagellates 

whi ch were s tudied by Pratt and Berkson ( 1959 )  did show positive growth 

coefficients but their growth was generally at slower rates than the rates 

f d .  t . -l f fl p d o 1a oms . Turcent 1ncrease day o the agellates studied by ratt an 

Berkson ( 19 59 )  showed a range of  -24% to +8�/o ( equivalent to growth coef-

ficients of  -0 . 24 to +0 . 82 )  in the light primary production bottles ; 

these values show some similarities to the values obtained in this s tudy 

for the Cryptomonadales ( which are flagellates ) ; the lowest  rate was -4�/o .  

In this study , however ,  the highest  rates of  increase day-l for this group 

of  flagellates was 31CY/o ( excluding week 6 at site  2 which was based on low 

concentrations of  organisms ) ,  nearly 4 times the maximum value obtained for 

flagellates . by Pratt and Berkson ( 1959 ) . P?rcE!lt increase day-l of  the dia-

toms in thi s study raneed from -6Jj{, to +43!1% ; these  values c ompare favor-
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from -36% to +52]& .  
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The growth capabilities  o f  the algal potamoplankton populations as 

illustrated by Fig .  17  and Tables  1 and 3 clearly show that these  organ-

isms are capable o f growth and reproduction . Whether the concen-

tration o f. these  organi sms would increase or decreas e en route downstream 

would be dependent upon reproductive rates of the organisms , the ad ditions 

o f  organi sms from other sources en route , the loss  of  organi sms through 

settling and predation ( and other processes ) , and the rate o f  dilution 

by addi tions o f  ground and surface water along the way . · 

General trends for chemical and phys i cal factors ( excluding tho se  

di s cussed above ) were not as  apparent as  those trends o f  the algal potamo

plankton community but there appeared to be a clo s e  correlation between 

sites  1 and 2 through time for s everal of the factors ( i . e . , nitrite , ni

trate , orthophosphate ,  and dissolved oxygen) ( Fi gs . 10, 1 1 ,  1 2 ,  and 1 4 , 

Table 1 ) . The generally clos e correlation between these  factors would 

be expected since the water which flows through s ite 1 would flow through 

s i t e  2 a short time later ( see  Fig .  1 ) . Of  intere s t  i s  the fact that s ev

e ral factors me asured ( i . e . , orthophosphate , nitrite , and ni trate)  showed 

lower values at s i te 2 than at s i t e  1 on a larg.e maj ori ty of the sampling 

dates . The s e  values correlat e  well  wi th the reduced conc entrati ons of 

algal pota.moplankton seen at s ite 2 on a maj ority o f  the dates . Once a

gain , one po s s ible explanation s e ems to be that a dilution o f  thes e  fac

tors is occurring by additions of water along the way . A more likely ex

planation i s  that the nutri ents mentioned are absorbed by alG"ae and macro-

phytes as they are flowing downstream , thus ·th::: cmcmtratims were lowered . 

Quick absorption o f  the se nutri ent s by microorgani sms in s treams i s in 
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fac t p o int e d  out b y  Hyne s ( 1970 ) . The mo s t  l ikely re ason for . the hi gher 

di s s o lved oxygen concentrati ons down s tream on mo s t  o f  the earl i e r  s ampl ing 

dat e s  ( Fig .  14 and 1rabl e 1 )  i s  that the oxygen i s  produc ed bJr al gae en 

rout e do\.m s tream and by b enthi c algae and macrophyte s in great e r ·  quant i t i e s  

than i t  i s  being absorbed throueh re spiration by the al gal popul ation and 

al l o ther o rgani sms in the s tream ; thus, there woul d be a ne t incre a s e  in 

the oxygen c ontent of the s t rea.m--thi s increase in oxygen cont ent down

s tream i·s no t e d  by Odum ( 1956 )  and can be the bas i s  for e s timat ions o f  

primary produc tion i n  s treams . O ther fac tors whi c h  woul d have an in fluence 

on the degre e o f  change in di s so lved oxygen en route downs tream woul d be 

diffusion rate s  out of o r  into the s tream and the accrual of oxygen throueh 

ground wat er al ong the s tre t ch o f  the s tream ( O dum, 1956 ) . The l ower oxy

gen conc entrat i ons ob s e rved at s i t e  2 on the l a s t  2 s ampl ing dat e s  woul d 

s e em to indi cate that the re spiration o f  o rgani sms in the s tream �ras ex

c e eding the produc t i on of oxygen and the influx of oxygen by d i f fus ion 

and ground wate r  accrual . I t  s e ems l ikely that there was a n e gat ive ne t 

rat e  o f  primary produc tion ( during the s e  las t 2 s ampl ing p e ri o d s ) c ons i d

e ring the negative growth c o e ffi c i ent s o f  the al gal po tamopl ankton at s i t e  

2 duri�g weeks 16 through 20 ( Fi g .  17 an d  Table 1 ) .  In o rder that there could 

occur a l o we r  d i s s o lved oxygen concentration at s i t e 2 than at s i t e  1 dur-

ing the s e  2 we eks, the rate o f  re s p i ration would. not ne c e s s arily have to exc eed 

the rate o f  pho t o synthe s i s ; s ince the temperature o f  the wat er might be ri s

ing during the day, the oxygen woul d b e  di ffus ing out o f  the water due to 

the l ower solub i l i ty o f  oxygen in wat er at hi gher t empe rature s ( Hyne s ,  1970) . 
The correl ation be tween s i t e s  1 and 2 for ammoni a  and turbidity was 

no t as di s t inct as for those nutri ents menti oned above but on s everal 

dat e s  the value s b e twe en s i t e s  were qui te c l o s e  ( Figs . 8 and 9 ,  T abl e 1 ) .  
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Turbidity values were quite similar between sites on all of the sampling 

date s  with the exception o f  weeks 6 and 8 ;  the explanation for the con

siderably higher values o f  turbidity seen at site 2 on those dates might 

be explained by the fact that two :rainstorms passed to the south of sam

pling sites 1 and 2 on the days of sampling for weeks 6 and 8 ,  although 

no rain occurred at either site ; water coming in from the semi-pennanent 

branch of the creek to the south (Fig. 1) could have been the source o f  

the added turbidity o n  the two dates at site 2.  This possibility seems like

ly since the· turbidity is related to the discharge rate (Hynes ,  1970) 
and if the s tream flow were increased, there would be a resultant increase 

in turbidity. The values for turbidity were generally quite low at both 

sites ; only the two o ccasions mentioned above gave turbidity readings o f  

higher than 25 JTU (Fig . 8 and Table 1) . The low turbidity values common ly 

observed in this study can be contrasted with the statement by Lockart ( 1971) 
that the main s ource o f  water pollution in slower moving streams i s  silta

tion . It is also noted by Smith ( 1969) that silt is one o f  the main water 

i>ollutants associated with agriculture . Perhaps if Riley C reek had been 

sampled frequently during rainfall and shortly afterward. , more values such 

as those at site 2 during weeks 6 and 8 would have been observed . Ammonia 

seemed to give the most erratic results between sites during the sampling 

period (Fig. 9 and Table 1) . In particular , values during weeks 6 and 8 
at site 2 showed definite increases over those values found at site l ;  the 

one single event whi ch seems to follow the same pattern during that time 

is the sudden increase in turbidity at site 2 .  There may b e  a relation

ship between the increase in these two factors ( ammonia and turbidity) 
on those dates--pos sibly the rainfall to the south brought increased amounts 

of ammonia into the s emi-permanent tributary as well as increas.ed tur-
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bidi ty . Cons i d e rabl e  di fferences in eonc .3ntrat ion o f  amr:Loni a were notccl be-

tween s i t e s  during weeks 12 , 1 4 , 20 , and 22 ; each t ime the conc entrations 

at s i t e  2 droppe d  con s i de rably below tho s e  value s obtaine d at site 1 ( Fie.
9 an d  Tabl e 1 ) . The s e  di fferenc e s  coul d  be at tri buted to the as s imi lation 

o f  ammonia en rout e downs tream by the algae ; s ince ammoni a  can be directly 

as s imi lated by the al gae ( Bre z onik , 1 9 7 2 ) , thi s  would explain the l arge 

drop in ammonia conc entrat i on on the s e  4 dat e s , al though di lution and o ther 

factors mus t be cons i dered al s o . 

The ac tual conc entrati ons o f  the algal po tamopl ankton popul at ions at 

s i t e s  1 and 2 vari e d  be tween 684 organi sms ml-1 and 22960 organi sms ml -1 ; 

as woul d be exp e c t e d , the higher conc entrat i ons general ly o c curred earl i er 

in the sampl ing period and l ower concentrations general ly o c curred l ater 

in the sampling period . One occasion whi ch showed a l ow popul ation e arly 

in the sampl ing period was week 6 at both s i t e s  1 and 2 ( 1277 and 1 540 or

-1 
gani sms ml , re spe c t ively ) . The s e  rel at ively low conc entrat ions o f  or-

gani sms were apparently no t due to reduc t i on o f  the popul ation by toxi c 

effe c t s  o f  any sub s tanc e or l imi tation by nutri ent s s ince s i t e s  1 and 2 

showed the i r  highe s t  value s for growth co e ffi c i ent s during the enti re s am-

pl ing period ( 3 . 6 2 5  and 2 . 398 , re spe c t ively ) ( Figure 17  and Tab l e  1 ) . 

One po s s ibl e explanation c oul d b e  the removal o f  many o f  the p l anktoni c 

population prior to the day o f  s ampl ing by a spate , thus the al e-al potamo-

plankton popul at ion was in the p ro c e s s  of re e s tabli shing a hi gher popul a-

t i on conc entration . 

The actual conc entrations o f  the nutri ent s measured in thi s s tuciy sug-

ge s t  that both s i t e s  1 and 2 were rich in nutrien t s ; minimum value s for 

growth o f  phytoplankton pre s ented by S i lver and Moore ( 1971 ) were 0 . 1  mg 

l i ter-l for nitrogen and l e s s  than 0 . 0 1  mg l i ter-l for pho sphorus whi l e  
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exc e s s ive growth o f  algae may be obs erved i f  values for ni trogen are above 

-1 
. 

-1 1 . 0  mg l i ter and pho sphorus concentrations are above 0 . 1  me l i ter • Da-

ta from thi s s tudy show that ni trogen values were always [.,'Teat er than l . l� 

mg l i ter
-l 

( Figs . 9 ,  10 , and 1 1 , Table 1 )  and pho sphorus value s  ( orthopho s

phate ) were never below 0 . 02 m� li ter-1 and were above 0 . 2  mg l i ter-1 on 

al l sampl ing date s  except weeks 1 and 3 ( l!'ig .  1 2  and Tabl e 1 ) . Thes e  high 

values for ni trogen and pho sphorus might be exp ected s ince Ril ey C re ek 

runs through agri cul tural land and agri cul tural use s  o f  pho sphorus are cited 

by Kramer ,  Herbe� , and All en ( 19 7 2 )  as one o f  the maj or contributors o f  

phosphorus to natural waters . 

The individual taxa identi fi ed in thi s s tudy and listed in Table 6 

show the predominance o f  members o f  the Bacillariophyta foll owed by mem-

bers o f  the Chlorophyta .  Some insight into the water quali ty at s i t e s  1 

and 2 might be gained by an ac curate know1edge o f  the tol erance s  and spe-

cifi c  re quirements of the various individual taxa l i s ted . Certain trends 

were noti ce d for some of the individual taxa and thes e  are as follows : 

The various taxa ( s e e  Table h) whi ch showed a defini t e decrease in concen-

tration and abundance s easonally were g-reen flagel l at e s , S cenede smus spp . , 

Sticho coccus-like o rgani sms , and .Q;yclotel1a spp . S easonal increas e s  in 

abundance were observabl e for members of the Eu.e;lenophyta. ,  the penna.te dia.-

toms , including Na.vicul_§! spp . and Ni t z schi a. spp . , and the Cryptomonada.l es . 

'.!:'here may be a combination. o f  factors whi ch work to ca.us e the s e s easonal 

tI:ends ; the mo s t  obvious fac tors whi ch might influence the s ea.sona.l i  ty o f  

thes e  o reani sms would s e em t o  be  da.yl ength , light in t en s i ty , an d  t emperature . 

O f  intere s t  as a final note were c ertain o f  the tci�'{a Hh:i ch lTcre found 
in Hiley Crecl:--S cene c� e sJT11 1s qn2.ch�i canda. , lTi t �r n chi a .1!2,lea , and the al t,'8,l 

cencra Hi t z s chi ?. ,  Ho.vi cnl n. ,  � : � onc> 0 o rn i 1Uf3 ' ru1Cl :u:ur·l o!C': \ :' O TC' foun cl yj_ th 

to l c· rn.nf . t o  o r,"_an i c  p o l l 1 1 "!, i o n . 
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S'ID-'iMARY AND CONCLUSIONS 

There appeare d to be a c l o s e  correl ation b e twe en s easonal trends ex-

hib ited by dayl ength , air temperature , water t emp erature , gro s s  primary 

pro duc t ivi ty , erowth coe ffi c i ent s , and to tal al gal potamoplankton popul a-

tion . The mo s t  obvi ous c ontroll ing fac tors fo r the s e  trends s e emed to b e  

light and temperature . 

The communi ty comp o s i t i on showed a predominan c e  o f  diatoms , foll owed 

by gre ens ; members of the C ryp tomonadal e s  b ecame dominant midway through 

the s ampl ing p e ri o d  and remained o f  importanc e through the end o f  s ampl ing . 

}1any o f  the chemi cal fac tors di d no t show apparent s easonal trends 

but did show a c l o s e  correlat i on b e twe en s i t e s  1 and 2 ( e . g . nitri t e , ni-

trate , orthopho sphat e ,  and di s s olved oxygen) . N i t ri t e , ni trat e , and or-

thopho sphate showed cons i s t ently l ower value s at s i t e  2 than s i t e  1 .  Po s-

sibl e explanations include di lut i ons of the s e  chemi cal s  by ground and sur-

fac e waters and ab s o rp t i on by the al gal community whi l e  en route down-

s tream ; thi s latter explanation has b e en known to o c cur in flowing wat ers 

( Hyne s , 1970 ) . A c lo s e  corre l ation of di s s olved oxygen o c curred between s i t e s  

but concentrati ons a t  s i t e  2 were cons i s t ently higher than tho s e  conc en-

trations found at s i t e  1 .  Thi s agre e s  wi th the i dea that oxygen i s  con-

stantly being added to the water by algae while the water is in route 

downs tream ( Odum ,  19.56 } ;  in thi s cas e , it s e ems l o gi cal that the rate s  o f  

oxygen produc tion were greater than the rat e s  o f  respiration by the s tream 

community at the time s di s s o lved oxygen was measured on rc.o s t  s 31Ilpl inc; de,t e s . 

AillJlonia conc �ntrations 1-!eJ'.'e s imilar between s i t e s  through time ui th 
, 

s everal excep t i ons . Weeks 6 and 8 showed higher value s at s i t e  2 ;  thi s 

s e ems to b e  due to rainfal l on a tributary branch b e twe en s i t e s  1 and 2 

whi ch incre ased amount s  o f  ammonia at s i te 2 .  The reasons fo r reduced 



43 

ammonia concentrations at site 2 during weeks 12 , 14 ,  20 , and 22  could 

be the direct assimilation of  ammonia by algae and macrophytes as the 

water flows from site 1 to site 2 .  

Turbidity values were similar between sites 1 and 2 with the excep-

tion of  weeks 6 and 8 which were presumably higher at site - 2  due to rain-

fall on a tributary of  Riley creek located between sites 1 and 2 to the 

south . The general overall lower turbidity values undoubtedly  increased 

rates of  primary production and o f  reproduction ( growth coefficients ) . 

The results of primary production and growth coefficient calculations 

showed considerable  variability with general decreases  in values through 

time, which might be a nonnal seasonal trend . 

The concentrations of  certain chemical factors ( i . e . , nitrogen and 

phosphorus ) were of  significance ; minimal requirements of  nitrogen and phos-

phorus for growth of algae have been stated to be 0 . 1  mg liter-l and less  

than 0 . 01 mg liter-1
, respectively , whil e  accelerated growth may be seen 

with values of  over 1 . 0 mg liter-l
and 0 . 1  mg liter-1 , respectively , ( Sil-

ver and Moore , 1971 ) . Values for nitrogen and phosphorus obtained for Ri

ley Creek in this study have shown that values of  more than 1 . 4  mg liter-l 

and 0 . 2  me liter-1 , respectively , occurred at both sites continuously. There-

·fore , it is suggested that nitrogen and phosphorus were mo st likely not 

limiting throughout most  if  not all of  the sampling period . 

The various taxa showed general trends through time ( Table  4) . The 

green flagellates showed a definite decrease in concentration and abun-

dance seasonally as did Cyclotella spp . , Scenedesmus spp . , and to a lesser 

extent , Stichococcus-like organisms . Increases  i n  abundance were seen for 

Navi cula spp . to a certain degree , Nitzschia spp . , members of  the Eugleno-

phyta , and the Cryptomonadales . The most evident factors for these  trends 

are, o n c e  ac;ain, l i c;ht and temperature . 
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IJ.1he di fferenc e s  no t i c ed b e twe en s i t e s  1 and 2 on vari ous s ampl ing 

dat e s  for many o f  the parame ters whi ch were measured canno t  conclusive-

ly be attribute d  to the agri cul tural l and surrounding the stream , the s tream 

tributari t i e s  and rainfal l , o r  to the sani tary landfi l l , but thi s s tudy may 

have given enough prel iminary data to aid future s tud i e s  o f  the s e  sp e c i fi c  

areas and al low a grasp o f  the i r  ro l e s  and a be tter unders tanding o f  the i r  

int errelati onshi p s  wi th the phys i cal , chemi cal , an d  b i o l o gi c al fac tors o f  

Ril ey Cre ek . 
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. Fig . 1 .  Map o f  the porti on o f  R i l ey Creek s tudi ed and the sur
rounding area : 1 and 2 repres ent s amp l ing s i t e s  1 and 
2 resp e c tively ; SL repre s ents the l o c at i on o f  the sani
tary l and fill l o cated on the cre ek ; s o l i d  line s and dot
ted l ines repre s ent permanent and semi-perm.anent por

t i ons o f  the cre.ek , re spe c t ively . 
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Fi g .  2 .  The ni trogen cyc l e  reac t i ons in an ideal i z e d  s trat i f i e d  l ak e . 

No t e  that b o th aerobic and anae rob i c  transformations are shmm 

in the hypol imnion , al though in a real l ak e  they would not o c -
cur s imul taneou s ly . Adapted from Kuzn e t sov ( Aft e r  Bre -
z onik , P .  1 .  1972 . Nitrogen : sourc e s : and tran s fo rmat ions in 

natural wat ers . In , Nutri ent s in Natural Hat ers . J .  W i l e y  
and Sons , New York . 457p . ) .  
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Fig.  J .  Pho sphorus cycle o f  a hypo the t i cal l ake . He avy s o l i d  l ine s 
repre s ent first o c curring re ac tions , t ime in minut e s . Al l 

other t ime s in days . Light e r  s o l i d  l ine s indi c at e  reac t i ons 
o c curring two to  thre e time s more s l owly than the ini t ial 
one . Dashe d line repre sents the ino rgan i c  re l ease by mud ,  
s l ower ye t . Top dot t e d  l ine s are infini tely slow by com
pari son ,  too s low to me asure . (After Haye s ,  F .  R .  and J .  E .  
Phi l l ip s . 1958 . Lake wat e r  an d  s e diment , I V .  radiopho s
pho rus e qui l l i brium with mud ,  p l ant s , a.'1d bac teria under 
oxidi z e d  c ondi t i on s . Limno l . Oc e ano g .  J : 459-1-175 . )  
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Fi g .  4 .  Typical oxygen curve for a s tream w i t h  a long homo geneous 
communi ty . ( Aft e r  Odum , IL T .  1956 .  Primary produc tion in 
flowint; wat e r s . Lirnnol . Oc e ano g .  1 : 102-117 . )  
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Fig .  5 .  Dayl ength ( hours ) for the are a of Riley Creek , Col e s County , 
Il l ino i s ,  from 21  July , 1974 to 15 Dec ember ,  197!� . ( Dayl ength 
e s t imat e d  from sunri s e  and sunset time s given in Time s-Couri er 
newspaper , Charl e s t on ,  I l l ino i s )  
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Fig .  6 .  Air t empe rature ( 0c )  at s ampling s i t e s  1 ( dashed l ine ) and 2 
( so l i d  l ine ) on Ril ey Creek , C o l e s  County , I l l ino i s , from 
21 July , 1974 to 15 De c emb e r , 1974 . 
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Fig . · 7 .  Water temperature ( 0c )  at sampling sites 1 ( dashed l ine ) and 
2 ( so l i d  l ine ) in Ril ey Cre ek from 2 1  July , 1 97!� to 1 5  Dec em
ber , 1974 . 
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Fig .  8 .  Turbidity ( FrU ) at s ampl ing s i t e s  1 ( dashed l ine ) and 2 
( s o l i d  l ine ) in Ri l ey C r e ek , C o l e s  C ounty , I l l ino i s ,  from 
21 July , 1974 to 15 December,  1974 . 
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Fig .  9 .  Ammonia c oncentration (mg liter-1 ) at s ampling s ite s 1 ( dashed l ine ) and 2 ( solid  line ) in Ril ey Creek , Co l e s  County , Ill i
no i s ,  from 21 July , 1974 to 15 Dec ember , 1974 . 
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Fi g .  10 . Ni t ri t e  c onc entrat i on (mg l i t e r
- 1 ) at sampling s i t e s  1 ( dotted line ) and 2 ( solid line ) in Ril ey C r e ek , C o l e s  County , Illinoi s ,  from 21  July , 1974 to 15 De c emb e r , 1 974 . 
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Fi g .  11 . Nitrate c onc entrat ion (mg l i ter- 1 ) at sampling s i t e s  1 
( dashe d l ine ) and 2 ( solid l ine ) in Ri l ey Creek , Col e s  
County , I l l ino i s , from 2 1  July , 1974 t o  15 Dec ember , 1974 . 
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Fig . 12 . Orthopho sphate c oncentration (mg l i t er- 1 ) at s ampling sites  
1 ( dotted line ) and 2 ( solid l ine ) i n  Hiley C i· e ek , Co l e s 
County , Illinois , from 2 1  July , 1974 �o 1 5  December ,  1974 . 
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Fig .  lJ , Hydrogen ion c on c entration ( in pH unit s )  at sampling sites  
1 ( dashe d line ) an d  2 ( solid  line ) in  Hil ey Creek from 21 
July , 1974 to 15 De c emb e r , 1974 . 
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Fig.  14 . Di s solved oxygen concentration (mg liter- 1 ) at sampl ing si te s  
1 ( dashed line ) and 2 ( solid line ) i n  Riley Creek , Coles 
County , Illinois , from 21  July , 1974 to 15 December , 1974 . 
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Fig . lSa.  Algal po tamopl ank t on c oncentration (/I l i t e r  - l  x io6 ) a t  s ampl 
ing s i t e s  1 ( s o l i d  b ars repre s en t  initial c on e entrat i on , c l e p.r 
bars re pre s en t  l i i;i;ht bottle primary pro duc t i on c onc entrati o1 1  
aft e r  1 day o f  growth:. ·  an d  2 ( le ft t o  right upward di agonal 

bars repre s ent ini t i al c onc entrat i on , l e ft to r i gh t  clovmward 
d iagonal bars repre s en t  c on c entrat i on aft e r  1 d ay of growth ) 
in Ri l ey C r e ek , C o l e s  County , I l lino i s , from 21 July , 1974 to 
15  1974 . 
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Fi g .  15b . Algal po tamo p l a.nk t on c onc entration (# l i t e r- l x 1 0 6 ) at sam
pl ing s i t e s  1 ( in i t i al c onc entration repre sente d by the s o l 
i d  l ine , � onc entrat i on aft e r  1 day o f  growth re pre s en t e d  by 
the do t t e d  line ) and 2 ( in i t i al c n c e n t ration repre s en t e d  by 
dashed l ine , c onc entrati on aft e r  1 day of growth repre s en t e d  
b y  do t t e d  dash l ine ) in · Ri l ey Cre ek ,  C o l e s  C ounty , I l l i n o i s  
from 2 1  July , 1 9 7 4  15 December,  1 9 7 4 . 
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Primary produc tivi ty ( mg o? li�e r-l day-1
) at  sampling sites

1 ( dashed l ine ) and 2 ( solid  l ine ) in Ri l ey Creek , Co l e s  
County , Illino i s , from 2 1  July , 1974 to 15 Dec emb e r ,  1974 . 
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Fig .  17 . ·Growth c o e ffic i ents ( :population increas e  day-1
) at sampl ing 

s i t e s  1 ( c l e ar bars ) and 2 ( c ro s se d  bars ) in Ri l ey Creek , 
C o l e s  County , I l l ino i s , from 3 August ,  1974 to 15 December , 
1974 . 
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Fi gure 18 . The percent compo siti on o f  the maj o r  groups o f  organ

i sms in the algal po tamopl ankton popul ati on encoun
t ere d  at s i t e  1 from 21 July , 1974 through 15  Dec em
ber , 197L� in Riley Creek , C o l e s  C ounty , I l l ino i s .  
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Figure 19 . Percentage comp o s i ti on o f  the maj or group s o f  o rgan
i sms in the aleal potamopla.nkton popul ation en coun
tered at s i t e  2 from 21 July , 1974 through 1 5  D e c em
b e r ,  1974 in Riley Creek , Col e s  County , I l l ino i s . 
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Figure 20 . The percent composition o f  the maj or group s o f  organ
i sms encountered in the l i ght primary production bot
tl e s  aft er 1 day ' s growth at s i t e  1 from 21 July , 197L� 
through 1 5  D e c emb er , 1 9 7 Li in Hiley C re el: , C o l e s  C01mty , 
I l l ino i s . 
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· Jngure 21 . The percent compo sition o f  the maj or [,Toup s  o f  organ
isms encountered in the light primary produc tion bot
tles after 1 day ' s growth at si te 2 from 21 July , 197L� 
through 1 5  December,  1974 in Riley C reek , C o l e s  County, 
I l l inoi s .  
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Tab l e  1 .  Chemi c al , phy s i c a.l , and b i o l o gi c al fac t ors measured at sampl ing s i t e s  
1 an d  2 i n  Ri l ey Cre ek , Co l e s  C ounty , I l l in o i s  from 2 1  July ,  1974 t o  
1 5  De c emb e r , 1 9 7 4 . ( continued on s e c ond page ) 
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Tab l e  2 .  Ma j o r  algal group s encountered and the ir perc ent age o f the algal 
p o t amoplankton popul at ion (b o th in the ini ti al sample s  and aft er 

1 day o f  growth in the l i ght primary produc t i on bo t t l e ) at s i t e s  
1 and 2 i n  Ri l ey C re ek , C o l e s  C ounty , I l l ino i s  from 21 Jul y ,  1 9 7 4  
to 15 De c emb e r ,  1 9 74 . 
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able 3 .  Growth coefficients (net increase day-1 ) for the major groups 
o f  algae ( Bacillariophyta ,  Chlorophyta,  Cr,Yptomonadales ) 
found at sites 1 and 2 in Riley Creek , Cole s County , Illinois 
from 21 July , 1974 to 15 December,  1 974 . 
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Table 4 .  C onc entrat i ons (if ml
-1

) and re lative abundanc e (% o f  the to tal 

al gal popu l at i on ) of dominant al gae in the p o t amoplankton observed at sampling s i t e s  1 and 2 from 21 July , 1974 to 15 De c em
ber , 197L� in Ri l ey Creek , Col e s  County , I l l ino i s . 
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Table 5 .  
-1 

C onc entrat i ons (ff ml ) and re l at ive abundanc e {% of the t o t al 
al gal populati on ) o f  dominant al gae in the algal c ommunity after 
one day ' s growth ( l i ght primary produc tivi ty bottle ) at sampling 
s i t e s  1 and 2 from 21 July , 1974 to 15 Dec ember , 1974 in Ril ey 
Creek , C o l e s  County , Illinoi s .  
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Tab l e  6 . Compo s i t e  l ist of al gal taxa obse rved at s ampling s i t e s  1 and 2 
from 2 1  July , 1 9 74 to 15 Dec ember , 1 974 in Ril ey Cre ek , C oles 
C ounty ,  I l linois shm·d ng sites of o c currenc e (x ) and absence ( - ) . 



T.AXA 

I .  Divi s ion Chl orophyta 

uniden t i f i e d  c o c c o i d s  
uniden t i f i e d  fl age l l at e s  

unident i f i e d  fus i form c e ll s 

A .  Clas s  Chl orophyc e ae 

1 .  Order Chlorococ c ales  

a .  Family Co el as trac eae 

Coelastrum spp . Nageli 

b.  Family Oo cys t ac e ae 

Plankto sphaeria sp . G.  M.  Smi th 

c .  Family Scenedesmac eae 

Ac t inas trum hant z s chi i Lagerhe im 
Sc enede smus abundans (Kirch . )  Cho dat 

Sc enede smus bi ,jug:a v .  al t ernans ( R e in . ) Hans .  ( 'furp. ) Kue t z ing Sc ene de smus dimor12hus 
Sc enede smus O:Qo l i ens i s  ( Turp . ) Kue t z ing 
Sc enede smus guadri c auda ( Turp . ) 

2 .  Order Zygnematal e s  

a .  Family De smi diac e ae 

C l o s t e rium spp . Ni t z s ch 
S t aurastrum spp . Meyen 

· Stauras trum cus12idatum 

3 .  Order Ulotrichal e s  

a .  Family Ul o t ric hac e ae 

S t i c ho c o c cu s - l ik e  Nageli 

I I . Divi s i o n  E�gl enophyt a 

A .  Class Euglenophyceae 

1 .  Orde r  b'u.glenales  

a .  Fami ly EUgl enac e ae 

1:.,\wli:na npp . J • :hr<m bc:rc 

de Breb i s son 

'J 'raf' h r. l  o m o n a n  vol vo c i n a  i : :hrc n h c rg 

SITES 

1 2 

x 
x 
x 

x 

x 

x 
x 
x 
x 
x 
x 

x 
x 
x 

x 

x 
x 

x 
x 
x 

x 

x 

x 
x 

x 
x 
x 

x 
x 
x 

x 

x 
x 
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T.AXA 

I I I . Divi s i on Bac ill a.ri ophyta 

Ac hnanthe s  l anc e o l at a  ( Breb . )  Grun. 
A,clmanthos minuti s s ima Kut z .  
Amphora oval i s  Kut z . 
A s t erion e l l a  forrno s a  Has s . 
C o c c on e i s  diminuta Pant 
C o c conei s pediculus l<ihr. 
Cyc l o t e l l a  spp . Kut z . 
Cyc l o te l l a  at omus Hus t e dt 
Cyc l o tell a glome rata Bachmann 
Cyc l o t e l l a kut z ingiana- l ike Thwai t e s  
Cyclotella meneghiniana Kut z . 
Cyc l o t e l l a  ps eudo s t e l l igera 
Cyc lo t e lla stelligera Cl eve and Grun . 
Cymb e l l a  cuspidata Kut z . 
Cymb e l l a  pro s trat a (Berkel ey ) Cl eve . 
Cymb el l a ventrico sa Kutz . 
Dipl one i s  sp . Ehr. 
Epi themia sp . Breb i s son 
Gomphonema angus t atum (Kutz . )  Grun . 
Gomphonema o l ivac eum (Lyngbye ) Kut z . ,9omphonema uarvulurn (Kut z . ) Grun . 
Gomphonema sphaerophorum Ehr. 
Gyro s i p,ma sc alpro ide s (Rabenhor s t ) C l eve 
Hant z s chia amph.yoxi s  (Ehr . ) Grun. 
Mel o s ira b inderana-like Kutz . 
Navicul a s pp .  Bory 
Navicul a c aoi tata Ehr. 
Navi cul a  cryptoc ephal a Kut z .  var . 

crypt o c ephal a 
Navicula c)Yat o c ephal a var . veneta (Kut z .  Grun . 
Navi cul a exigua- l ike Greg . ex Grun. 
Navicul a grac i l i s  Ehr. 
Navicul a heufl eri var . leptoc ephal a (Breb . ex Grun. ) Pat r .  
Navi cul a l an c e o l at a- l ike (Ag. ) Kutz .  
Navicul a no tha-like Wal l ac e  
Navicul a pro t rac t a  Grun . 
Navicul a rhyncoc ephal a Kut z .  
Navicul a symme t ri c a  Patr . var . s�etrica 
Navi cul a viridula var . ro st ellat� Kutz . ) 
Neidium sp . Pfi t z e r  
Ni t z schia spp . Has s all 
Ni t z s chia ac icul ari s (Kutz . ) Wm . Smi th 

Ni t z s chia. angus tata (Wm .  Smi th) 'Grun . 
Nitzschia apiculata 
Ni t z s r.hia fi l i form i s  ( Hm .  Snri th) Hu n t 0dt 
N i t z schia hungaric a  Grun . 
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TAXA 

Ni t 7. s chi a linearis ( At:,ra.rdh) Wm . Smi th 
Ni tz s chia palea (Kutz . )  \;1m . Smi th 

Nitz s chia s igmoidea � Ni t z s ch ) Wm . Smi th 
Nit z s chia vermi cul ari s (Ku t z . ) Ha.ntzsch 
Pinnul aria breb i s s on i i  (Kutz . )  Rabenhorst 
S t ephanod i s cus hant z s c hii-lik e  Grunow 
Stephanodi s cus invi s i tatus 
St ephanodi scus t enui s  Hus t edt 
Surire l l a  angus tata 
Surire l l a  oval i s  Breb i s s on 
Surirel l a  spl endida ( l�hr . ) Kutz . 
Syne dra sp . Ehrenb erg 
Synedra fas i culata (Ag. ) K� tz . 

IV. Divi s i on Cr<JPtopbyta 
A .  C l as s  Crypt ophyc e ae 

1 • Order Crypt omonadale s 

unident ified crypt omonads 

a. Family Crypto chrys idac eae 

Chroomonas-l ike Hans girg 

b .  Family Cryptomonadac eae 

Crypt omonas spp . Ehrenberg 
Crypt omonas ovata Ehrenb erg 

v.  Divi s i on Cyanophyta 

unident i f i e d  c o c c o ids 
uni dentified fil ament s 

VI .  Unc l as s i fied algae 

non- gr e en fl agell at e s 
non-gre en c oc co ids 
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