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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 stream 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 '"natural" algal stream
commwnities (Blum, 1957).

Due to the addition of an ever-increasing variety of domestic and
industrial pollutants to streams (farzwell 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 evaluating 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-
liable indicators (Palmer, 1956). It has been stated by Patrick (1965)
that "...certain species of blue-green algae, red algae, and diatoms may
be useful in qualitativcly indicating certain chemical and physical con-
ditions of the water as they arec related to pollution and that most of
these species are tolerant 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 discrete sites in Hiley Creck, located in Coles County,

I1linois. "The sites were sele-ted in relation to the location of a ljO-



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.

In this and similar 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 East-Central

T1linois, 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 0.3 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 L 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,



the flow rate is characterized as "slowmoving". There was vegetation in
the area consisting of grass on the banks of the stream, and some trees
upstream and downstream from the site, but not in the immediate area. There
was no visible attached vegetation (i.e., macrophytés and benthic algae)
established in the stream bottom.

The site which was selected as the downstream site (hereafter palled
site 2) was directly below the landfill and characteristically had a depth
of approximately 0.6 m and a width of approximately L m. The stream flow

rate and the vegetational characteristics described above for site 1

were also typical of site 2.
Sanitary Landfills

The landfill located on Riley Creek (Fig. 1) occupies LjO acres and has
been run by several personssince]BGKR.L. Dunn,personalcommunicationl
The landfill has been in continual operation since its inception in 1967,
and has been the subject of considerable controversy because of wind-
borne trash loss to adjacent fields and the accumulation of various
tire-piercing objects on the adjacent roadway. To the author's know-
ledge, there has been little public concern about the accumulation of
trash in Riley Creek (some of which appears to have been placed there
from the bridge adjacent to site 2, see Fig. 1) or the possible impact
of the landfill on the creek.

In general, it appears that sanitary landfills are preferable to
open dumps (Anon., 1972; Jeter, 1973). State officials recommend sani-
tary landfills as an alternative to open dumping (Anon., 1972). The
positive attributes of sanitary landfills include low operating cost

compared to other methods of solid waste disposal and reclamation of



otherwise unusable land (Anon., 1972).

vThe 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.%%, metal 8.6%, and glass 7.%.
Paper in various forms amounts to well over 50% 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 decomposition of the refuse; the
nature of the refuse and certain other factors influence the amount of
contamination (Hé, Boyle, and Ham, 197l).

To define precisely the nature of the leachates from solid waste
disposal sites is highly difficult. According to Boyle and Ham (197h);
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 (197&), due
to "...hydrogeology of the site, climate, season, age of the site,
height of refusé, and moisture routing through the refuse. Second...
many analytical techniques are in error because of interferences, and
results are not necessarily comparable. ZFinally...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 generated...is highly variable-
and depends on the designj...estimates indicate that from one-quarter to

one third of the incident rainfall may percolate through a midwestern

landfill site.”

<=



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 (197L ) indicates that 1egchates 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, 197l).

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,

Land Drainage

Land runoff has been cited as a non-point source for additions to



a watercourse and this runoff can contribute such pollutants as organ-
ics, sediment, pesticides, and nutrients, among others (Harms, Dornbush,
and Anderson, 197L). Agricultural land, in particular, is a source of
pollutants such as eroded soil, agricultural fertilizers, animal wastes,
and pesticides (e.p., Campbell and Vhitley, 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, 197L), 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 "Aature
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, 197L).

Another important feature of the runoff studied by Harms, Dorn-
bush, and Andersen 197L) 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 1qnd; 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 reéeiviﬁg waters is borne out by the fact that
land runoff apparently has had a much greater influence in lowering the
dissolved oxygen 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 agri-
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 fhe
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 ény 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 beén given the name potamoplankton by early in-

vestigators (see, e.g., Tiffany, 1958) and the attached algae have been



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 determ;ne to a large extent the fiora which will be found
therein. 1In swiftly-flowing waters, encrusting algae such as Hilden-

brandia, Chameaesiphonaceae, various diators, 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 & Encyonema) or by a mass of muci-
lage at one cnd, (e.g. Syncdra and Diatoma ).




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 downstream...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 ofganisms in a river whose nature was
determined by the pools, backwaters, and current strength.

The actual sources of potamoplankton 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 the system).

L, 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 potamoplankton have shovn considerably less resemblance to the ses-
sile algae.

Apparently the source of potamoplankton was of importance in de-
fining the term originally and because of this Butcher (1932) stated
that "Zacharias's conception of the potamoplankton should be enlafged"
to contgin 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 dominancevof diatoms in
streams is generally accepted and the green algae and blue-green algae
form the remnant 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 planktonic and capable of
reproduction in the rivers. In relation to this reproductive capability
it chould 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, 196l; 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 (loc. cit.) that "any measurement

made without the normal turbulent flow may be questioned on the grounds
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that production is a function of the current flow." Some work with

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
stream community which is free-floating, regardless of origin. Because
this paper deals only with that portion of the potamoplankton which is
algal in nature, algal potamoplankton 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 ﬁas been recog-
nized as the‘energy source used in photosynthesis to move electrons
against the thermochemical gradient (from Goldman, 1966). The amount
of 1light 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 wifh an increase in
the angle of incidence) (Hynes, 1970). A particulaf 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 (Hymes, 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 decreases 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 ratgs 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 10C according to the
van't Hoff rule. Klein (Loc. 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 =ffects 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 tﬂe winter (if one ig-
nores other factors). It should be emphasized, however, that oxy-
gen solubility in warmer water is much less than that of colder water
and, therefore, there would be generally less oxygen available in the
summer (and, consequently, lower purification rates); thus a heavy pol-
lutional load could deoxygenate a stream much more easily in the summer

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



increases in temperature; putrefaction is four times as great at 27C
as at 8 C (Klein, 1962).

Another important aspect of temperature in relation to étream com-
munities is that the temperatures of flowing waters fluctuate more dra-
matically than temperatures within still water of similar depth (Hynes,
1970). These fiﬁctuations 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 streamn.

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 increésed 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 Pactors

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

nutrient for primary producers (primarily phytoplankton and macrophytes).
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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 sdurces of nitrogen which contribute to aquatic eco-
systems., The following are soﬁrces for lakes (Brewonik, 1972);
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. Underground: natural groundwater, subsurface agricultural
and urban drainage, subsurface drainage from septic
tanks near lake shores (near streams)
L. 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 in 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 changed back into am-
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monia by organisms (bacteria, zooplankton, autolysis
of plant and animal material; bacteria and fungi in
bottom sediments)

3. Nitrification-oxidation of ammonia to nitrite and nitrate
(aerobic autotrophic bacteria, actinomycetes, and fun-
gi)

L. Denitrification-reduction of nitrate (via nitrite) to mo-
lecular nitrogen (N2) (facultatively anaerobic and
anaerobic bacteria in the absence of oxygen)

5. Nitrogen fixation-use of N, as a source for production
of organic nitrogen (blue-green algae, photosynthe-
tic bacteria, aerobic bacteria (e.g. Azotobacter),
anaerobic bacteria (e.g. Clostridium), and faculta-
tively anaerobic bacteria zonly under anoxic condi-
tions)

In a stream, it seems reasonable that many of these processes

would occur much as they do in a stratified lake. One difference .in

a stream would be that since continual mixing generally would occur

there would be no hypolimnion. Therefore some conditions present in the
hypolimnion would not be present. One of these would be the anaerobic
conditions commonly associated with the hypolimnion at certain times of
the year. This is supported by Holl's statement (1955, according to Hymes,
1970) that streams normally have an oxygen content at or above saturation;
certain stretches of streams, however, may have oxygen concentrations
which are very low,due to heavy organic pollution (Bartsch, 1967), which
would mean that denitrification could not occur to any significant de-
gree in organically unpolluted streams since denitrification is depen-
dent on anaerobic conditions. Therefore, the means for the return of
nitrogen to the atmosphere would be limited in a generally highly aerobic
stream. Following this line of reasoning, one can conclude that nitro-
gen fixed by blue-green algae in a stream would not return to the atmos-

phéere until the stream ran into an impoundment of sufficient depth to

allow anaerobic denitrification in the lower layers (unless anaerobic
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conditions existed elsewhere en route).

Several workers present the nitrogen requirements for growth of
algae. For example, Silver and Moore (1971) list 0.1 mg 1iter"1 as mini-
mal for growth while accelerated growth is possible when concentrations
exceed 1.0 mg liter.l. Sawyer (191,7, according to Harms, Dornbush, and Ander—
son, 197)) lists critical nitrogen levels to support algal blooms at

0.30 mg liter—i,

Phosphorus
Like nitrogen, phosphorus is another essential nutrient requifed for
aleal growth (see,e..,Bostwick, 195l) and is the second of the two most
frequent principal limiting nutrients (licCarty, 1970; Brezonik, 1972).
Phosphorus has been emphasized revneatedly as a critical factor in the eu-
trophication of lakes (e.g., Kramer, Herbes, 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, Herbes, 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
upon:

1. The net rate at which phosphorus in solution and in particulate
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matter enters the lake.

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

3. The morphometric properties of the lake which inélude vol-

ume, area, depth, thermal stratification, and photosynthe-
tic zone.

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 wusable
phosphorus is tied up in the sediments, an equal amount in organic phos-
phorus compounds, and about 9% is available as soluble inorganic phosphor-
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%) 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 0.0l mg liter-1 while accelerated growth of

various algae may occur at concentrations of 0.1 mg liter_l. Sawyer,(19h7,
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accarding to Harms, Dornbush, and Andersen, 197L) listed 0.01 mg liter-1
as the critical nutrient level for support of algal blooms by phosphorus.
Studies involving laboratory cultures of algae have shown that phosphate
may fail to stimulate growth and can in some cases prove inhibitory

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

pH

Hydrogen ion concentration, commonly referred to as pH (pH = -log [H+]),
is interrelated with many physical and chemical factors of an aquatic sy-
stem snd is of considerable importance to all biotic éastors, including
algae.

The pH variation in lakes with necrmal calcium content is commonly
within the range of 7 to 9 (Ruttner, 1953). The pH of natural waters is
variable, depending to 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 inorganic forams (total alkalinity) in
the system (seeMoore,l939, and since the biotic community is continually
adding 002 to the system (respiration of all organisms) and periodically
absorbing 002 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 COQ change within the system is calculable. By applying this concept dur-
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ing the daylight hours, one can estimate the primary production (CO? uptake)
of the system. This method is explained in some detail in a paper by Ry-

ther (1956) who gives some advantages and disadvantages of the proce-

dure.

Oxygen

The majority of living organisms require oxygen for life (Bartsch,
1967), and since stream life is no exception, it is necessary to examine
the factors which control oxygen levels in streams.

The importance of oxymen 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 stream and other microorganisms which arc dependent
on oxygen for the decomposition and purification process. DBecause of
this fact, it is of primary importance that the rate of photosynthetic pro-
duction of oxygen exceeds the requirements of bacteria and other microor-
ganisms (as well ag other aquatic life) involved in the decomposition of
organic materials (Klein, 1962). It has been noted by DBartsch (1967)
that when certain streams become organically overloaded (e.g., by sew-
age effluent), the stream becomes oxygen-depleted due to excessive up-
take by microorganisms (e.g., bacteria) which may select against "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 Iymes, 1970).

Since oxygen is a product of photosynthesis, its presence has beeh
utilized as a quantitative téol for deternining primaxy productiﬁity of
aquatic commmities (see Ryther, 1956); the procedure is adaptablé to
the study of stream commmities (Odun, 1956).

hccording to Odum (1956), four main processes occur during a daily



cycle which affect the oxygen concentration of a stream, as follows:

1. There is a release of oxygen into the water as a2 re-
sult of photosynthetic productivity during the day by
both benthic plants and phytoplankton.

2. There is an uptake of oxygen from the water as a re-
sult of the respiration of benthic organisms, plank-
ton communities, and somectimes chemical oxidation.

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

}i. There may be an influx of oxygen with accrual of ground
water and surface water along the stretch. In most of
the examples discussed, accrual is asswaed to be negli-
&ible 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
This would seem to give higher nightly concentrations of oxyzen in streams
than daylight 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 reswiring organisms, the daily oxygen
variation is actually reversed (from Hynes, 1970). The daily curve of

oxygen content in a "normal" stream might be like that of Figure L.

Biological Factors

Primary productivity

Primary production can be defined as the accumulation of certain
primary organic compounds of high potential chemical energy by means of
external energyv, both radiant and chemical (Vollcnweider, 197l;). Thus
primary production not only includes photosynthetic processes but also
chemoautotronhic processes.

There are many gaps in the knowledge concerning primary producers.

These gaps include such thines os Lhe Tlow of chemicals other 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, 197L).

The concept of the food pyramid emphasizes the actual importance
of the primary producers. The 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.préducers for these synthesized
substances; these 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 synthesized by the pri-
maxry producers.

At present, much work with primary production of aquatic environ-
ments is centered around photosynthetic primary producers (i.e. phytoplank-
ton, benthic algae, and macrophytes) 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 is 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., Oxygen production over time based on the photosynthetic
equation in which the oxygen produced approximates
the carbon dioxide assimilated.

light | o
CO, + H,0 SRlorephi” CH,0 + 0,

Methods of measurement include:

a. Light and dark bottle technique of Gaardner and
Gran (1927, according to Pratt and Berksen, 1959)



b. Use of upstream-downstream oxygen measurements

and the resultant oxygen (or carbon dioxide)
changes (Odum, 1956)

2. Carbon dioxide consumption based on the above equation
in which the number of moles of carbon dioxide assimilated

is equivalent to .the number of moles of carbohydrate syn-
thesized.

Methods of measurement include:

a. Change in pH using equations of Moore (1939) which
relate pH, temperature, and total carbonate alka-
linity (Ryther, 1956)

b. The uptake of lL‘C based on the following assump-
tion (Ryther, 1956) (K is the isotope effect)

Activity of, plankton (K) Total C assimilation

Activity of *”cog added ~ Total C available

3. Uptake of phosphorus

Methods include use of 32P and measurement of uptake
rates (from Ryther, 1956)

A1l of the methods mentioned above have advantages and shortcomings.
Many are not effective for use in a stream situation because of certain
drawbacks.

The light and dark bottle method, first described by Gaardner and
Gran (1927, according to Pratt and Berkson, 1959) has the advantage of
measuring not only net production of plant matter, but also gross produc-
tion and respiration. The method is easy to use and the requisite mater-
ials are inexpensive and common in laboratories. The limitations of the
method are: 1) The accuracy of measurement is reduced by the very re-
sult of primary productioh——that is, the community in the light bottle
increases with time and the rate of respiration, therefore, would not be
comparable to that in the dark bottle, which is receiving no sunlight--
thus no gréwth (Pratt and Berlkson, 1959) 2) The method is not appli-

cable to a stream community because of the reasons submitted by Odum
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(1956); the stream community is often benthic and heterogeneous; therefore,
a measure of stream productivity based on algal potamoplankton alone (float—
ing plankton) would exclude an important aspect of the primary produc-—
tion; in addition, primary production has been shown to be a function of
current (Olinger, 1968). As a result, the measurement of primary produc-
tion without turbulence would render the data questionable. In addition,
since some of the respiration of the light and dark bottles may be due

to bacteria, and bactefial growth has been known to be a function of sur-
face area (Zobell and Anderson, 1936 according to Pratt and Berkson, 1959),
a measurable growth in the light dnd/or dark bottles could produce in-
creases in respiration which would not be present in the outside environ-
ment (Pratt and Berkson, 1959). This would then result in an overesti-
mation of respiration and an underestimation of net photosynthesis (Pratt
and Berkson, 1959).

One further limitation of oxygen use for production estimates is
the assumption that oxygen is released 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 unity (Ryther, 1956).

The method of upstream-downstream measurements of oxygen is a method
for use in flbwing waters discussed by Odum (1956). It has the advantage
of measuring the stream community under completely natural conditions.

One disadvantage of this technique is that the actual rates of diffusion
of oxygen into and out of the stream are needed so that the influence of
this factor can be accounted for and subsequently deleted. In order to

do this, the diffusion coefficient for the particular stream in question

must be experimentally derived if it is unknowvn. Another disadvantage is
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that the methods described assume no accrual of ground water, which might
have a different oxygen content than that of the stream and thus be a sig-
nificant factor.

One advantage of the pH technique is that it also measures primary
production under completely natural conditions. The method is also con-
venient and requires little more equipment than is found in most lébora—
tories (pH meter, thermometer, and chemicals for alkalinity determinations).
A disadvantage of the pH technique is that because of the buffering capa-
cities of most fresh waters, a large uptake of 002 is necessary for an ob-
servable change in pH (Ryther, 1956). With the equipment available to
mqst laboratories, the lower limit of sensitivity of the method might‘be
0.1 pH unit (Ryther, 1956). This would be equal to an assimilation rate

of 0.1 to 0.5 mg CO, liter™t

depending upon the alkaliﬁity and in many
lakes of high alkalinity, and in seawater, this method would be useful on-
ly in areas of plankton blooms (Ryther, 1956).

The uptake of th is a more recently developed method for measuring
primary production. A distinct advantage of this method is that it is
the most sensitive (Ryther, 1956). Other advantages are that th is a
weak Beta emitter and thus hazard and safety problems are minimal and
th samples can be stored for long periods without a noticeable change
in their specific activity because their half-life is very long (44700
years) (from Vollenweider, 1974). One obvious disadvantage would be
the cost qf equipment for ﬁreparation and analysis of the samples (e.g.
a sample preparator, sample oxidizexr, and liquid scintillation counter).
Also, the cost of prepared ampoules containing a measured amount of 1hC

(e.g., approx. $125 for 100 ampoules in 1975) might be excessive were

sampling to be done on a large scale. Another disadvantage is that it is



not known whether th methods measure net or gross productivity due to

possible loss of photosynthesized th through concﬁrrent respiration (Fogg,
1974). A % loss in a lL-hour experiment was rather arbitrarily assumed
by Steeman Nielsen according to Ryther (1956).

The use of radioactive phosphorus has been cited as of limited value
due to the inability to relate 32P assimilation to organic production
(Ryther, 1956). This is due to the inconsistency of phosphorus content
in various plants which may be due to a large proportion of the phosphorus
1951 and Rice, 1953 according to Ryther, 1956). Even though the phosphorus
agsimilated may be measured , these neasurements cannot be directly re-
lated to specific uptake of various other nutrients (e,g., carbon).

The writer, after considering the possible methods for measurement
of primar& production, felt that, based on convenience and expense, the
light and dark bottle method described by Gaardner and Gran (1927, accord-
ing to Pratt and Berkson, 1959) would be used in this study. Although
the actual values obtained may be questioned on the basis of no current
flow within the bottles, the study was designed to give insight into pos-
sible differences in photosynthetic capabilities between algal potamo-
plankton at sites 1 and 2 and not to give results for comparison to other
stream environments. Also, this method allowed for enumeration of algal
potamoplankton populations within the light bottles after i day's growth,
which allowed for computation of growth coefficients of the total popula-
tion, specific groups (divisions), and/or individual taxa. Thus, if any
one group of algae were more inhibited or stimulated photosynthetically

than the other groups, this result could be measured,



MATERIALS AND METHODS

Water samples were collected from the two sampling sites noted ear-
lier'(Fig. 1) according to a schedule.of weekly sampling for the first
month (i.e., except week 2--no data) and a biweekly schedule for
the next 9 sampling periods. Unfiltered wa%er was collected in plastic
one-liter bottles which had been washed previously with a 5% solution of
"Liqui-Nox" in distilled water and then rinsed with distilled water. The
bottles containing the samples were then placed on ice in an insulated
chest. Samples of unfiltered water were then taken from the stream and
placed in light and darkened bottles (wrapped in black opaque tape) for
the measurement of primary production--the dissolved oxygen concentration
was then measured using a YSI Model 5l oxygen meter according to the manu-
facturer's specifications. The bottles were then placed in the stream at the
the edge of the Water at a depth of approximately 0.l meter. Air and water
temperatures were taken at both sites 1 and 2 with the Y31 meter.

The original samples taken and placed on ice were then immediately
transported to the laboratory for chemical analyses. The pH was measured
with a Fisher Accumet pH meter; subsequently, analyses for ammonia, nitrite,
and nitrate nitrogen, and orthophosphate were made with a Hach Kit
Model DR-EL 12 spectrophotometer, all within 2 hours after collection.

The methods used for these analyses were those described by the manufac-
turer in the methods book accompanying the liodel DR-EL 12 speptrophotometer.
Upon completion of the chemical analyses, 6 ml of Lugol's solution
(l part Iodine, 2 parts potassium iodide, 20 parts water, and 2 parts gla-
cial acetic acid) were added to the remainder of the water sample. These
samples were then stored in the dark at ;-8 C for later quantitative and

qualitative analysis.



Twenty-four hours after the placement of light and darlk bottles in
the stream at sites 1 and 2, the bottles were removed and their oxygen
concentration was measured. The light 5ott1es were then preserved using
6 ml of Lugol's solution and stored with the originél samples in the dark
at -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 (1973).

(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
0.5 micrometer Millipore filter of ;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 SO—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 analysis.

Upon examination of the slide at a later date, an oil immersion
objective (total magnification 1000x) was used to identify and enumerate
all algae within a visual strip between two grid markings on the filter
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 to no. liter_1 by the

following equation:

N = n 100 (wg) V., + 1
= - 7 7
Ve W i
where: N = the number of organisms liter_l original sample

the number of organisms tallied per strip



28

= the volume of water filtered in liters
= the volume of water left after chemical analyses
were run (before addition of preservative) in ml
the constant for the number of grid squares used for
filtering
the distance in microns between two parallel grid
markings
the distance in microns across the field of view using
the oil immersion objective (total mag. 1000x)
= the volume of preservative added in ml

Il

coefficients were calculated by the following formula:

the number of algae rnl_1 in the original water sample
the number of algae m.=L in the ligcht bottle after 1
day's growlh -

growth coefficient day

1l

1l
o+
=
%]
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RESULTS

The results of the physical, chemical, and biological analyses are
presented in Figures 5 through 17 and Tables 1 through 6. All 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 Background and Literature keview).

The trends observed from the results are as follows: The total al-
gal potamoplankton community concentrations at both sites showed a general
decrease through time as did gross primary production, growth coeffi-
cients, daylength, air temperature, and water temperature (Figs. 5, 6,

7, 15a, 15b, 16, 17, and Table 1). The community composition showed a
general dominance at both sites by members of the Bacillariophyta and
Chlorophyta throughout the sampling period withra distinct increase in
the dominance of members of the Cryptophyceae during week 12 which contin-
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 1l;; the values for the last 3 dates at site 2 were negative-—-
those values obtained for site 1 remained positive (Fig. 17 and Table

1). Table 3 shows the growth coefficients for the major groups at sites
1 and 2. Of importance is the high growth coefficient at site 2 for the
Chlorophyta during week 6 and the considerably lower éverall growth coef-
ficient for site 2 on that date (Tables 1 and 3). Other differences be-
tween the overall growth coefficients (Table 1) and growth coefficients
of major groups (Table 2) occurred during week 12. General ‘trends for
chemical and physical factors (excluding those mentioned above) were not

apparcent but there appearcd to be a close correlation betwcen sites
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through time for many of the factors (i.e., nitrite, nitrate, orthophos-
 phate, and dissolved oxygen) (Figs. 10, 11, 12, and 1, Table 1). A
close correlation between sites was evhibited by turbidity and by amzon-
ia through time’with the exceptions of weeks 6 and 8 (for turbidity) and
weeks 6, 12, 1l, 20, and 22 (for ammonia) (Figs. 8 and 9, Table 1).

The actual concentrationsof the algal potamoplankton populations at
sites 1 and 2 varied noticeably in concentration-from 68l; organisms ml—l
to 22960 organisms ml_;; the highest concentrations occurred generally
earlier in the sampling period and the lowest concentrations occurred la-
ter in the sampling period; notable exceptions were the low concentra-
tions of organisms found during week 6 and both sites (Figs. 15a and 15b,
Table 1).

The results of the primary production and growth coefficients show
values of gross primary production to range from 0.1 mg O2 produced liter

day ™l to 5.2 mg O, produced liter ! day~!

and growth coefficient values
to range from-0.L4L45 to +3.625. The highest 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 1540 organisms ml_l;
sites i and 2, respectively) in comparison to other populations of that
period (Table 1).

The concentrations of certain of the chemical factors were of impor-
tance duriné the sampling period; the concentration of ammonia on the var-
ious sampling dates was at or above0.0 mg liter—l for both sites on all
samplingldates with the exception of week 1 (Fig. 9 and Table 1), Nitrite
concentration dropped rather sharnly at site 2 during week 6 although dur-—

ing the rest of the sampling period, values ranged from 0.01l; ng liter—l

t00.20 mg liter_l. Nitrate concentrations never dropped below.90 mg li-

1
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ter"l at either site on any sampling date; however, values did reach as

high as 6.3 mg liter™t during week 1 at site 2 (Table 1). Orthophosphate

levels never dropped below(0.02 mg 11‘Lter—:L at either site during the entire-

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

The overall trends of decrease illustrated by daylength, air tempera-
ture, water temperature, gross primary production, growth coefficients, and
algal potamoplankton population levels illustrate a seasonal variation
which would be expected; there was a decrease in the 1:oximum possible in-
tensity of light and the daylength (Fig. 5) with a resultant decrease in
temperature (air and water) (Figs. 6 and 7, respectively), gross primary
production (Fig. 16), growth coefficients (Fig. 17, Tables 1 and 3), and
finally algal potamoplankton concentrations (Figs. 15a and 15b, Table 1).
Since it is commonly knowﬁ that the maximum possible light intensities
would decrease from week 1 through week 22 (in this study), the fact thét
laboratory stream research has shown primary production to be approximate-
ly linearly related to light intensity (at certain intensities) (McIntire,
et. al., 196l) would explain in part the reduced gross primary productivi-
ty rates through time as illustrated in Pig. 16 and Table 1. Also, the
angle of the sun with the water would decrease through time; this would
mean that less light would be able to enter the water (see Hynes, 1970)
and the reduced light intensities in the water would tend to lower photo-
synthetic rates further. Then too, the reduction in water temperatures
by more than 20 ¢ (from the beginning to the end of the sampling period)
would theoretically reduce biological reaction rates roughly by more than
75% (using the general biological rate change based on temperature change—-
see Klein, 1962). These three occurrences cduld then easily account
for the tremendous decrease in primary production seen at both sites (Fig.
16 and Table 1) ahdfor the decrease in growth coefficients at both sites
(Fig. 17 and Table 1).

The community composition showed a gencral dominance of members of

the Bacillariophyta and Chlorophyta throushout the sampling period; the



33

dominance of these two groups in streams is in agreement with the statement
“by Tiffany (1958) that diatoms (Bacillariophyta) were generally dominant,
with greens (Chlorophyta) and bluegreens (Cyanophyta) forming the other
major pertions of the algal flora. The bluegreen algae (Cyanophyta), how-
ever, did not form a major portion of the algal potamoplankton in this stu-
dy (Figs. 18 and 19). A group not mentioned by Tiffany (1958) which was

of considerable importance in the community composition in the latter half
of the study was the Cryptophyceae; this group composed a major portion

of the algal community from week 12 through week 22 (Figs. 18 and 19, Tables
2 and L). At least certain members of this group (e.g., Cryptomonas) ap-
parently may be indicativé of completion of decomposition of organic mat-
ter in water (Brinley, 1944,2) although certain members of this group may
also grow in waters rich in nitrogenous and organic materials (Smith, 1950).
According to the vélues obtained for ammonia, nitrite, and nitrate, Riley
Creek might best be characterized as rich in nitrogenous materials; mini-
mum values of nitrogen for accelerated growth by phytoplankton are listed
as being 1.0 mg liter_1 (Silver and Moore, 1971)—-the combined values for
nitrogen concentrations in Téble 1 show that inorganic nitrogen was in ex-
ess of 4.5 mg liter—l_at both sites during the appearance of the relatively
high concentrations of members of the Cryptophyceae (week 12) and remained
in excess of 2.0 mg 1iter_1 throughout the remainder of the sampling period.
Members of the Cryptophyceae continued to remain important in the communi-
ty composition at both sites 1 and 2 throughout the remainder of the sam-
pling period. It is quite possible, however, that an unknown factor or a
combination of several factors may be responsible for the appearance and
dominance of this group.

Differences between sites 1 and 2 in total numbers of algal potamo-
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plankton present are less obvious than those seasonal variations mentioned,
but one observable difference is that the total population at station 1
was higher than that found at station 2 in 8 out of 12 sampling weeks
(Figs. 15a and 15b). One possible reason for the higher populations at
station 1 on the majority of the occasions is that the dilution of the
population by incoming ground water en route downstream was greater than
the increase in population due to reproduction and additions from-the ben-
thic algae. This possibility ispartially borne out by the fact that the
size of the stream at station 2 was generally larger than at station 1

(see materials and methods) indicating additions of water en route (assum-
ing similar velocities at the two sites and absence of pooling). Other
possible explanations for the difference in populations betweeo sites are
the settling out of some organisms en route downstream or the disinte;ra-
tion of cells en route by contact with intolerable chemical or physical
conditions, or loss by other means. If cell disintegration did ocour, then
it seems logical that the preferential cell disintegration of certain taxa
of algae might occur since not all algae have the same tolerances 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 represent 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 while 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 Cryptomonadales as well as the other
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major groups (Bacillariophyta and Chlorophyta) showed overall similarities
between sites 1 and 2 through time but there are noticeable differences.
During the first 3 weeks of primary production measurement (weeks 3 through
6), the growth coefficients of the total algal potamoplankton population

at site 1 remained higher than those growth coefficients at site 2 (Fig.

17 and Table 1); this trend is not as well supported by the growth coeffi-
cients computed for each of the 3 dominant groups of algae encountered
(Table 3). In Table 3 it is seen that during week 6, growth coefficients
at site 2 for members of the Chlorophyta were considerably higher than

any of the values for the major groups at site 1 but the community compo-
sition was such that 88% of the population at site 2 was composed of dia-
toms and their growth coefficient was considerably lower than the Chloro-
phyta growth coefficient at site 2. Thus, even though the Chlorophyta at
site 2 had the highest growth coefficient of any group on that date at
either site, the predominance of diatoms in the population (site 2) and
their lower reproductive rates brought the growth coefficient for the entire
population below that of site 1.

The next L weeks (weeks 8 :through 1L) show that values of growth co-
efficients at site 2 were higher than those at site 1 (Figure 17 and Ta-
ble 1); the values in Table 3 for the 3 major groups encountered show
that during weeks 8, 10, and 1l the growth coefficients of the major groups
were almost unanimously higher at site 2 thanvat site 1. Dﬁring week 12,
however, the coefficients for the diatoms and greens at site 1 were actual-
ly noticeably higher than the values for those groups at site 2; these two
groups (diatoms andbgreens) were, however, overshadowed by the abundance
of the Cryptomonadales which showed a negative growth coefficient at site

1 and a distinctly positive growth coefficient at site 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 higher
than those values for site 2; the differences in growth coefficients be-
tween sites were most dramatic during 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 coefficients. The
growth coefficients for the 3 major groups (Table 3) wereigenerally in a-
greement with the overall growth coefficients of the total population.

Results of measurement of changes in population within light 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 1ight bottles were not able to
éuccessfully increase their population during lfday growth experiments but
diatom populations increased significantly over l1-to 2-day experiments
(growth coefficients per day ranged from 0.45 to 0.58). The flagellates
which were studied by Pratt and Berkson (1959) did show positive growth
coefficients but their growth was generally at slower rates than the rates
of diatoms. Fercent increase day_l of the flagellates studied by Pratt and
Berkson (1959) showed a range of -2l0 to +8%% (equivalent to growth coef-
ficients of —O.éh to +0.82) in the light primary production bottles;
these values show some similarities to the values obtained in this study
for the Cryptomonadales (which are flagellates); the lowest rate was -L2%.
In this study, however, the highest rates of increase day—l for this group
of flagellates was 310% (excluding week 6 at site 2 which was based on low
concentratiops of organisms),nearly Ly times the maximum value obtained for
flagellates by Pratt and Berkson (1959). Parcant increase day-l of the dia-

toms in this study ranged from -63% to +43l9%; these values compare favor-
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ably to those values obtained by Pratt and Berkson (1959) which ranged
from -36% to +523%.

The growth capabilities of the algal potamoplankton populations as
illustrated by Fig. 17 and Tables 1 and 3 clearly show that these organ-
isms aie capable of growth and reproduction. Whether the concen-
tration of. these organisms would increase or decrease en route downstream
would be dependent upon reproductive rates of the organisms, the additions
of organisms from other sources en route, the loss of organisms through
settling and predation (and other processes), and the rate of dilution
by additions of ground and surface water along the way.

General trends for chemical and physical factors (excluding those
discussed above) were not as apparent as those trends of the algal potamo-
plankton community but there appeared to be a close correlation between
sites 1 and 2 through time for several of the factors (i.e., nitrite, ni-
trate, ofthophosphate, and dissolved oxygen) (Figs. 10, 11, 12, and 1k,
Table 1). The generally close correlation between these factors would
be expected since the water which flows through site 1 would flow through
site 2 a short time later (see Fig. 1). Of interest is the fact that sev-
eral factors measured (i.e., orthophogphate, nitrite, and nitrate) showed
lower values at site 2 than at site 1 on a large majority of the sampling
dates. These values correlate well with the reduced concentrations of
algal potamoplankton seen at site 2 on a majority of the dates. Once a-
gain, one possible explanation seems to be that a dilution of these fac-
tors is occurring by additions of water along the way. A more likely ex-
planation is that the nutrients mentioned are absorbed by algae and macro-
phytes as they are flowing downstream, thus the cancentratioms were lowered.

Quick absorption of these nutrients by microorganisms in streams is in
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fact pointed out by Hynes (1970). The most likely reason for the higher
dissolved oxygen concentrations downstream on most of the earlier sampling
dates (Fig. 1), and Table 1) is that the 6xygen is produced by algae en
route dovnstream and by benthic algae and macrophytes in greater quantities
than it is being absorbed through respiration by the algal population and
all other organisms in the stream; thus, there would be a net increase in
the oxygen content of the stream--this increase in oxygen content down-
stream is noted by Odum (1956) and can be the basis for estimations of
primary production in streams. Other factors which would have an influence
on the degree of change in dissolved oxygen en route downstream Would be
diffusion rates out of or into the stream and the accrual of oxygen through
ground water along the stretch of the stream (Odum, 1956). The lower oxy-
gen concentrations observed at site 2 on the last 2 sampling dates would
seem to indicate that the respiration of organisms in the stream was ex-
ceeding the production of oxygen and the influx of oxygen by diffusion
and ground water accrual. It seems likely that there was a negative net
rate of primary production (during these last 2 sampling periods) consid-
ering the negative growth coefficients of the algal potamoplanlkton at site
2 during weeks 16 through 20 (Fig. 17 and Table 1). In order that there could
occur a lower dissolved oxygen concentration at site 2 than at site 1 dur-
ing these 2 weeks, the rate of respiration would not necessarily have to exceed
the rate of photosynthesis; since the temperature of the water might be ris-
ing during the day, the oxygen would be diffusing out of the water due to
the lowef solubility of oxygen in wéter at higher temperatures (Hynes, 1970).
The correlafion between sites 1 and 2 for ammonia and turbidity was
not as distinct as for those nutrierts mentioned above but on several

dates the values between sites were quite close (Figs. 8 and 9, Table 1).
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Turbidity values were quite similar between sites on all of the sampling
dates with the exception of weeks 6 and 8; the explanation for the con-
siderably higher values of 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 sité; water coming in from the semi-permanent
branch of the creek to the south (Fig. 1) could have been the source of

the added turbidity on the two dates at site 2. This possibility seems like-
1y since the turbidity is related to the discharge rate (Hynes, 1970)

and if the stream 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 occasions mentioned above gave turbidity readings of
higher than 25 JTU (Fig. 8 and Table 1). The low turbidity values commonly
observed in this study can be contrasted with the st.a.tement by Lockart (1971)
that the main source of water pollution in slower moving streams is silta-
tion. It is also noted by Smith (1969) that silt is one of the main water
pollutants associated with agriculture. Perhaps if Riley Creek 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 1; the
one single event which seems to follow the same pattern during that time

is the sudden increase in turbidity at site 2. There may be a relation-
ship between the increase in these two factors (ammonia and turbidity)

on those dates--possibly the rainfall to the south brought increased amounts

of ammonia into the semi-permanent tributary as well as increased tux-
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bidity. Considerable differences in concentration of ammonia were noted be-
tween sites during weeks 12, 1l, 20, and 22; each time the concentrations

at site 2 dropped considerably below those values obtained at site 1 (Fig.

9 and Table 1). These differences could be attributed to the assimilation
of ammonia en route downstream by the algae; since ammonia can be directly
assimilated by the algae (Brezonik, 1972), this would explain the large

drop in ammonia concentfation on these l; dates, although dilution and other
factors must be considered also.

The actual concentrations of the algal potamoplankton populations at
sites 1 and 2 varied between 68l organisms ml~! and 22960 organisms ml'l;
as would be expected, the higher concentrations generally occurred earlier
in the sampling period and lower concentrations generally occurred later
in the sampling period. One occasion which showed a low population early
in the sampling period was week 6 at both sites 1 and 2 (1277 and 1540 or-
ganisms ml_l, respectively). These relatively low concentrations of or-
ganisms were apparently not due to reduction of the population by toxic
effects of any substance or limitation by nutrients since sites 1 and 2
showed their highest values for growth coefficients during the entire sam-
pling period (3.625 and 2.398, respectively) (Figure 17 and Table 1).

One possible explanation could be the removal of many of the planktonic
population prior to the day of sampling by a spate, thus the algal potamo-
plankton population was in the process of reestablishing a higher popula-
tion concentration.

The actual concentrations of the nutrients measured in this study sug-
gest that both sites 1 and 2 were rich in nutrients; minimum values for
growth of phytoplankton presented by Silver and Moore (1971) were 0.l mg

liter"l for nitrogen and less than 0.01 mg liter"1 for phosphorus while
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excessive growth of algae may be observed if values for nitrogen are above
1.0 mg liter—1 and phosphorus concentrations are above 0.1 mg liter—l. Da~
ta from this study show that nitrogen values were always greater than 1.l
ng liter-l (Figs. 9, 10, and 11, Table 1) and phosphorus values (orthophos-
phate) were never pelow 0.02 mg 1iter—1 and were above 0.2 mg liter'1 on

all sampling dates except weeks 1 and 3 (Fig. 12 and Table 1). These high
values for nitrogen and phosphorus might be expected since Riley Creek

runs through agricultural land and agricultural uses of phosphorus are cited
by Kramer, Herbes, and Allen (1972) as one of the major contributors of
phosphorus to natural watefs.

The individual taxa identified in tﬁis study and listed in Table 6
show the predominance of members of the Bacillariophyta followed by mem-
bers of the Chlorophyta. Some insight into the water quality at sites 1
and 2 might be gained by an accurate know!edge of the tolerances and spe-
cific requirements of the various individual taxa listed. Certain trends
were noticed for some of the individual taxa and these are as follows:

The various taxa (see Table 1) which showed a definite decrease in concen-
tration and abundance seasonally were green flagellates, Scenedesmus spp.,

Stichococcus-like organisms, and Cyclotella spp. Seasonal increases in

abundance were observable for members of the Euglenophyta, the pennate dia-
toms, including Navicula spp. and Nitzschia spp., and the Cryptomonadales.
There may be a combination of factors which work to cause these seasonal
trends; the most obvious factors which might influence the seasonality of
these organisms would seem to be daylength, light intensity, and temperature.

Of interecst as a final note were certain of the taxa which were found

in Hiley Crecli—==Scenedesms anodricavde, liitwschia nalea, and the algal

gencra Hitzschia, llovienla, Tcenedeaims, and buclenn vere found with

in this study. Theoe bLovo oxe Listod by Palmer (JQUQ) D0 0TI sInG vory

tolerant. to orianic »nollonlion,
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SUMMARY AND CONCLUSIONS

There appeared to be a close correlation between seasonal trends ex-
- hibited by daylength, air temperature, water temperature, gross primary
productivity, growth coefficients, and total algal potamoplankton popula-
tion. The most obvious controlling factors for these trends seemed to be
light and temperature.

The community composition showed a predominance of diatoms, followed
by greens; members of the Cryptomonadales became dominant midway through
the samﬁling period and remained of importance through the end of sampling.

Many of the chemical factors did not show apparent'seasonal trends
but did show a close correlation between sites 1 and 2 (e.g. nitrite, ni-
trate, orthophosphate, and dissolved oxygen). Witrite, nitrate, and or-
thophosphate showed consistently lower values at site 2 than site 1, Pos-
sible explanations include dilutions of these chemicals by ground and sur-
face waters and absorption by the algal community while en route down-
stream; this latter explanation has been known to occur in flowing waters
(Hynes, 1970). A close correlation of dissolved oxygen occurred betwéen sites
but concentrations at site 2 were consistently higher than those concen-
trations found at site 1. This agrees with the idea that oxygen is con-
stantly being added to the water by algae while the water is in route
downstream (Odum, 1956); in this case, it seems logical that the rates of
oxygen production were greater than the rates of respiration by the stream
community at the times dissolved oxygen was measured on wost sampling dates.

Amm9nia concentrations were similar between sites through time with
several exceptions. Weeks 6 and 8 showed higher values at site 2; this
seems to be due to rainfall on a tributary branch between sites 1 and 2

which increased amounts of ammonia at site 2. The reasons for reduced
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ammonia concentrations at site 2 during weeks 12, 1L, 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 of 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 normal 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-l, respectively, while accelerated growth may be seen
with values of over 1.0 mg liter-1 and 0.1 mg liter_l, 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.l ng liter'l
and 0.2 mé liter_l, respectively, occurred at both sites continuously. There-
fore, it is spggested that nitrogen and phosphorus were most likely not
limiting throughout most if not all of the sampling period.

The various taxa showed general trends through time (Table h). 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 in abundance were seen for

Navicula spp. to a certain degree, Nitzschia sppn., members of the Eugleno-
phyta, and the Cryptomonadales. Tiie most evident factors for these trends

arc, once again, light and temperature.
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The differences noticed between sites 1 and 2 on various sampling
dates for many of the parameters which were measured cannot conclusive-
ly be attributed to the agricultural land surrounding the stream, the stream
tributarities and rainfall, or to the sanitary landfill, but this study may
have given enoush preliminary data to aid future studies of these specific
areas and allow a grasp of their roles and a better understanding of their
interrelationships with the physical, chemical, and biological factors of

Riley Creek.
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Fig. 1.

IlMap of the portion of Riley Creek studied and the sur-
rounding area: 1 and 2 represent sampling sites 1 and
2 respectively; SL represents the location of the sani-
tary landfill located on the creek; solid lines and dot-

ted lines represent permanent and semi-permanent por-
tions of the creek, respectively.
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Fig. 2.

The nitrogen cycle reactions in an idealized stratified lake.
Note that both aecrobic and anaerobic transformations are shown
in the hypolimnion, although in a real lake they would not oc-
cur simultaneously. Adapted from Kuznetsov (After Bre-
zonik, P. L. 1972. MNitrogen: sourcesrand transformations in
natural waters. In, Nutrients in Natural VWaters. J. VWiley
and Sons, New York. LS57p.).
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Fig. 3.

Phosphorus cycle of a hypothetical lake. Heavy solid lines
represent first occurring reactions, time in minutes. All
other times in days. Lighter solid lines- indicate reactions
occurring two to three times more slowly than the initial
one. Dashed line represents the inorganic release by mud,
slower yet. Top dotted lines are infinitely slow by com-
parison, too slow to measure. (After Hayes, F. R. and J. E.
Phillips. 1958. Lake water and sediment, IV. radiophos-
phorus equillibrium with mud, plants, and bacteria under
oxidized conditions. Limnol. Oceanog. 3:459-475.)
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Fig. L.

Typical oxygen curve for a stream with a long homogeneous
community. (After Odum, H. T. 1956. Primary production in
flowing waters. Limnol. Oceanog. 1:102-117.)
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Fig. S.

Daylength (hours) for the area of Riley Creek, Coles County,
Illinois, from 21 July, 197L to 15 December, 197L. (Daylength
estimated from sunrise and sunset times given in Times-Courier
newspaper, Charleston, Illinois)
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Fig. 6.

Air temperature (°C) at sampling sites 1 (dashed line) and 2
(solid line) on Riley Creek, Coles County, Illinois, from
21 July, 1974 to 15 December, 197L.
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Fig."17.

Vater temperature (OC) at sampling sites 1 (dashed line) and
2 (solid line) in Riley Creek from 21 July, 1974 to 15 Decem-
ber, 197L.



WATER TEMPERATURE IN ©C

Lo

8

1 1
10 12 1L 16
SAMPLING PERIOD Ti WEEKS

18

58



59

Fig. 8.

Turbidity (FTU) at sampling sitesl (dashed line) and 2
(solid line) in Riley Creek, Coles County, Illinois, from
21 July, 1974 to 15 December, 197L.
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Fig. 9.

Ammonia concentration (mg literﬁl) at sampling sites 1 (dashed
line) and 2 (solid line) in Riley Creek, Coles County, I1li-
nois, from 21 July, 197L4 to 15 December, 197l.
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Fig. 10. Nitrite concentration (mg 1iter_1) at sampling sites 1 (dotted
line) and 2 (solid line) in Riley Creek, Coles County, Illi-
nois, from 21 July, 1974 to 15 December, 197L.



6L

0.20

0.15

L

v
o
-

o

_I93TT 2T NI NOIIVALNIONOD

SAMPLING PERIOD IN WEEKXKS



65

Fig. 11.

Nitrate concentration (mg liter_l) at sampling sites 1
(dashed line) and 2 (solid line) in Riley Creek, Coles
County, Illinois, from 21 July, 1974 to 15 December, 197l.
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Fig. 12.

Orthophosphate concentration (mg lifer”l) at sampling sites
1 (dotted line) and 2 (solid line) in Riley Creek, Coles
County, Illinois, from 21 July, 1974 to 15 December, 197L.
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Fig. 13.

Hydrogen ion concentration (in pH units) at sampling sites
1 (dashed line) and 2 (solid line) in Riley Creek from 21
July, 1974 to 15 December, 197L.
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Fig. 14. Dissolved oxygen concentration (mg 1iter_1) at sampling sites
1 (dashed line) and 2 (solid line) in Riley Creek, Coles
County, Illinois, from 21 July, 197L to 15 December, 197l.
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Fig. 15a.

Algal potamoplankton concentration (# liter T x 106) at sampl-
ing sites 1 (solid bars represent initial concentration, clear
bars represent light bottle primary production concentration
after 1 day of growthK and 2 (left to right upward diagonal
bars represent initial concentration, left to right downward
diagonal bars represent concentration after 1 day of growth)
in Riley Creek, Coles County, Illinois, from 21 July, 1974 to
15 197L.
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Fig. 15b.

Algal potamoplankton concentration (# liter"1 X 106) at sam-
pling sites 1 (initial concentration represented by the sol-
id line, concentration after 1 day of growth represented by

the dotted line) and 2 (initial c ncentration represented by
dashed line, concentration after 1 day of growth represented
by dotted dash line) in Riley Creek, Coles County, Illinois

from 21 Julv. 197L 15 December. 197L.



CONCENTRATION IN # liter 1 x 10%

76

\J ¥ ¥
LI ;
1 3 4 6 8 10 12 14 16 18 20 22
SAMPLING PERIOD IN WELKS



77

Fig. 16, Primary productivity (mg 0. liter—l day—l) at sampling sites
1 (dashed line) and 2 (solid line) in Riley Creek, Coles
County, Illinois, from 21 July, 1974 to 15 December, 197.
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Fig. 17.

Growth coefficients (population increase day_l) at sampling

sites 1 (clear bars) and 2 (crossed bars) in Riley Creek,
Coles County, Illinois, from 3 August, 1974 to 15 December,
1974.
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Figure 18.

The percent composition of the major groups of organ-
isms in the algal potamoplankton population encoun-—
tered at site 1 from 21 July, 1974 through 15 Decem~
ber, 197 in Riley Creek, Coles County, Illinois.
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Figure 19.

Percentage composition of the major groups of organ-
isms in the algal potamoplankton population encoun-
tered at site 2 from 21 July, 197L through 15 Deccm-
ber, 197L in Riley Creek, Coles County, Illinois.
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Figure 20.

The percent composition of the major groups of organ-
isms encountered in the light primary production hot-

tles after 1 day's growth at site 1 from 21 July, 197L

through 15 December, 197l in Riley Creelz, Coles County,
I1linois.
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‘Figure 21.

The percent composition of the major groups of organ-
isms encountered in the light primary production bot-
tles after 1 day's growth at site 2 from 21 July, 197L

through 15 December, 1974 in Riley Creck, Coles County,
Illinois.



88

14

SYEM NI QOIYEd ONITANVS
0e 8T 91 T 2t ot 8 9

~>

o

VIXIJOTUVITIOVE

VLXHd0d0THO

SETVAVHOVOLIXYD

= mm ws e cme e aee  ome ame o

— cm—n am—— > o o -

~ 0T

.DON

= 0€

. 09

~ 0L

=03

~06

00T

TVIOL %



89

Table 1.-

Chemical, physical, and biological factors measured at sampling sites
1 and 2 in Riley Creek, Coles County, Illinois from 21 July, 197L to
15 December, 197.L. (continued on second page)
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Table 2.

Major algal groups encountered and their percentage of the algal
potamoplankton povoulation (both in the initial samples and after
1 day of growth in the light primary production bottle) at sites

1 and 2 in Riley Creek, Coles County, Illinois from 21 July, 197L
to 15 December, 197L.
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ahle 3.

Growth coefficients (net increase day-l) for the major groups
of algae (Bacillariophyta, Chlorophyta, Cryptomonadales)
found at sites 1 and 2 in Riley Creek, Coles County, Illinois
from 21 July, 1974 to 15 December, 197.L.

SITE

DATE
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Table L. Concentrations (/f ml_l) and relative abundance (% of the total
algal population) of dominant algas in the potamoplankton ob-
served at sampling sites 1 and 2 from 21 July, 1974 to 15 Decem-
ber, 197l in Riley Creek, Coles County, Illinois.
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-1
Table 5. Concentrations (# ml =) and relative abundance (% of the total
algal population) of dominant algae in the algal community after
one day's growth (light primary productivity bottle) at sampling

sites 1 and 2 from 21 July, 1974 to 15 December, 1974 in Riley
Creek, Coles County, Illinois.
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Table 6. Composite list of algal taxa observed at sampling sites 1 and 2
from 21 July, 1974 to 15 December, 197L in Riley Creek, Coles
County, Illinois showing sites of occurrence (x) and absence (-).
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TAXA SITES
1 2
I. Division Chlorophyta
unidentified coccoids p'd b'd
unidentified flagellates b'd b'd
unidentified fusiform cells X X

A, Class Chlorophyceae
1. Order Chlorococcales
a. Pamily Coelastraceae
Coelastrum spp. Nageli X X
b. Family Oocystaceae

Planktosphaeria sp. G. M. Smith b'd x

c. TFamily Scenedesmaceae

Actinastrum hantzschii Lagerheim b'e b'e
Scenedesmus abundans (Kirch.) Chodat X X
Scenedesmus bijuga v. alternans (Rein.)Hans. x -
Scenedesmus dimorphus (Turp.) Kuetzing X X
Scenedesmus opoliensis (Turp.) Kuetzing X X
Scenedesmus quadricauda (Turp.) de Brebisson x x
2. Order Zygnematales
a. Family Desmidiaceae
Closterium spp. Nitzsch X X
Staurastrum spp. Meyen X b'e
- Staurastrum cuspidatum X b'd
3. Order Ulotrichales
a. Family Ulotrichaceae
Stichococcus-like Nageli X X

ITI. Division Kuglenophyta
A, Class Euglenophyceae
1. Order Euglenales
a. Fémily Iluglenaceac

welena spp. shrenberg

I'rachelomonas volvocina threnboere
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TAXA

SITES

1

2

Division Bacillariophyta

Achnanthes lanceolata (Breb.) Grun.

Achnanthes minutissima Kutz.

Amphora ovalis Kutz.

Asterionella formosa Hass.

Cocconeis diminuta Pant

Cocconeis pediculus Ehr.

Cyclotella spp. Kutz.

Cyclotella atomus Hustedt

Cyclotella glomerata Bachmann

Cyclotella kutzingiana-like Thwaites

Cyclotella meneghiniana Kutz,

Cyclotella pseudostelligera

Cyclotella stelligera Cleve and Grun.

Cymbella cuspidata Kutz.

Cymbella prostrata {Berkeley) Cleve.

Cymbella ventricosa Kutz.

Diploneis sp. Lhr.

Epithemia sp. Brebisson

Gomphonema angustatum (Kutz.) Grun.

Gomphonema olivaceum (Lyngbye) Kutz.

Gomphonema parvulum (Kutz.) Grun.

Gomphonema sphaerophorum Ehr.

Gyrosigma scalproides (Rabenhorst) Cleve

Hantzschia amphyoxis (Bhr.) Grun.

Melosira binderana-like Kutz.

Navicula spp. Bory

Navicula capitata Ehr.

Navicula cryptocephala Kutz. var.
cryptocephala

Navicula cryptocephala var. vecneta
zKutzjijrun.

Navicula exigua-like Greg. ex Grun.

Navicula gracilis Ehr.

Navicula heufleri var. leptocephala
(Breb. ex Grun.) Patr.

Navicula lanceolata-like (Ag.) Kutz.

Navicula notha-like Wallace

Navicula protracta Grun.

Navicula rhyncocephala Kutz,

Navicula symmetrica Patr. var. s etrica

Navicula viridula var. rostellata %Kutz.i

Neidjum sp. Pfitzer

Nitzschia spp. Hassall

Nitzschia acicularis (Kutz.) Wm. Smith

Nitzschia angustata (Wm. Smith) Grun.

Nitzschia apiculata

Nitzschia filiformis (Wm. Smith) Hustedt

Nitzschia hungarica Grun.
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TAXA SITES

Nitzschia linearis (Agardh) Wm. Smith
fiitzschia palea (Kutz.) Wm. Smith
Nitzschia sigmoidea \Nitzsch) Wm. Smith
Nitzschia vermicularis (Kutz.) Hantzsch
Pinnularia brebissonii (Kutz.) Rabenhorst
Stephanodiscus hantzschii-like Grunow
Stephanodiscus invisitatus
Stephanodiscus tenuis Hustedt

Surirella angustata

Surirella ovalis Brebisson

Surirella splendida (Ehr.) Kutz.
Synedra sp. Ehrenberg

Synedra fasiculata (Ag.) Kutz.

P S T T i o (o
MWL MM KKK KK RKKIN

IV. Division Cryptophyta
A, Class Cryptophyceae
1. Order Cryptomonadales
unidentified cryptomonads X X
a. Family Cryptochrysidaceae
Chroomonas-like Hansgirg X X

b. Tamily Cryptomonadaceae

Cryptomonas spp. Ehrenberg X X
Cryptomonas ovata Ehrenberg X X

V. Division Cyanophyta

unidentified coccoids X X
unidentified filaments X X

VI. TUnclassified algae

non-green flagellates X X
non-green coccoids X X
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