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Robert lMitchell Stokes
ABSTRACT

the effccts of growti:.-limiting nitrogen concentrations

)
upon lotilc primary prodvction wore studicd under the con-
trolled enviromment of an artificial stream. Thie strcam
water contaired an crxcess of all mejor nutricnts cxeopt
nitrogen., Effects of varisble wator velocity (riffle and
pool arces) and light iatensity were also examined.

Threce successive additions of this element (1 mg 1°°
cach) brouvght about the establishment of an attached algal
cormmunity followed by increased levels of phytopigment, or-
ganic nitrogen, and total dry weight. The concentration of
all major rutrients whicl: were ncasurcd decrcascd with
srow:lh of reriphyton. The reduction of cack new suyrly of
nitrosen was inverscly prorortional to o risc in celluvler
chloropliyll. Aftcr nitratc reduction the cinlororhyll con-
tent deccreased.

correlation coefficients indicated thut btiie relation-
ship of pigment concentration to total dry wcight and pig-

ment to organic&were nigne The cellular nitrogen conte..t
approxiriated two percent on a dry weight basis.

The producticon of orzanic matter (measured as %total
dry weight), phytopigmernt, and organic nitrosen was siz-
nificantly diffecrent bstween riffle and pool areas. LEarly
in the project pool values were higher than riffle values.

Later the converse of thls situation occurred. Similar






fluctuations occurred in the percent of cellular nitrogen.
Tiiis difference between arecs could have been produced by
thirzc factors: variable incident radiation, varilable water
velocity, and competition.

The ircident radiation on pool and rifflc surfaces
approxirmated daylight. This radiation along with limiting
nitrogen concentration accounted for a rrimary production
of 250.2 and 201.4 1y dry wt m2day'in the riffle and pool
respectively. In diminishing light intensities phytopig-

rent production decrcased, but cven in ikis arca prodvetion

’.}o

increased with nitrogen additions.
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INTRODUCTION

In rocent ycars the rapid exrarsion of thie Inman pop=-

troaes

ulation haos crected nany problems waich offcet our st £Se
e of the mojor probloms rosults fronn ¢ need for increased
sport a.:d food rish production while poaradoxicolly an ine
crroege OF pollutiorn 1s unfavorably alteriny miczy of the
preascnt environments.

Many limnologists have looled to primary groduction,
wiicl: hes direct beuring on basic strzam ecoloygy, for the
answer to this poerplexitye. Priivary production is tlic reate
at which orrenic notter is formied by piluotosgrniinniice ~nd
chcriosyuthetic sctivity of producere Tro: birogic row e
terisls (Odw: 1953, Ruttncr 10¢Z3), If the cofficiorcy ol
thils procosc cou be inereesad end o opplizd in a practical
erd suctiscoful manner, a broader hoce wold be provided
for the production of coumswicrs sivcel co fiske Vurictlion in
rrincry production rates and the corosition of tie peri-
phytorn coiumity mey ¢lso provicde ¢ uvseftl method of detecte
ing sube=lotiiel £ad chrornic pollutior,

crtificis) stecoen

)

Kecping thiese probleoms i: iiind, ai
wos constructed I which cormunities of periphytor could
be growm under conxtrolled envirommental conditionis, The

prescnt study included investigations of community growth

patterns wider liniting concentrstions of nitro;en with
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variatices of 1i ht irntensity =nd current, All other physi=-
c2l and chenical conditions were held constant.

Althouzh there have bzer numerous stvdies on tho
subjects of yrimery production, photosyntlhiesis, and nutrient
metcbolism i both natural waters ond lcboratory vossel
culturzs, few have incorporst:d the use of &n artificicl
strearts Odum and Hoskin (1957) studied the metabolism of
algal coriimitics under artificial streem conditions in a
recirculating cpperatus which consistsd primarily of clcar
plastic tubi.y;e. Several other projects employing artificial
streams arc now being conducted throughout the country which
indicatcs this approach is now receiving consideratior,

This study was undertaken to determine the effects of
limiting concentrations of nitrogen upon the growth patterns
and composition of an artificial stream algal community under

variable light intensity and current.
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HMETHODS
Equipment

The recirculating mechanism employed for this project
was designed with the following requirements in mind: sime
prle, sturdy, light-welght construction; ample stream bottom
for extensive sampling procedures; elimination of contami-
nation; high degree of flexibility; an area for efficient
bacterial decomposition; maintalnence of desired fluid
temperature; source of controlled light; and economy. This
apparatus is illustrated in figures 1 and 2.

An aluminum trough 2 feet X 1l inches X 10 inches
formed the stream bed. This length was a product of join-
ing six sections each L feet in lengthe. These were held
together by small c-clamps. Flexibillty of section con-
struction allowed an 8 inch variation in depth at each
Junction, Pools or variations in gradient might then be
formed as desired. Contamination from the aluminum was
prevented by lining the stream with 4 mil, clear polyethyl=
ene sheets,

The trough was supported by a % inch steel frame of
channeling and bent pieces under each joint, Adjustments
for the desired depth were located upon the steel struce

ture., Coarse adjustment of 1 inch or more was made by
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moving the horizontal cross beams supporting the stream
Joint, Fine adjustments, consisting of two adjacent bolts
vertically movable within a 1.5 inch range, were located on
each cross beam. Metal plates were welded to each bolt
head for stream support,

Water was pumped into the stream from a reservoir lo=-
cated benecath the trough by a Model 259.481 Homart sump
pump. The plumbing into the stream consisted of 1.5 inch
polyethylene pipe containing a valve which regulated the
flow,

A centrifugal pump best suited the requirements for
recirculating a relatively high volume of 50 gallons per
minute under low pressure and a 5 foot head. Any pump,
classified as "noncontaminating® and meeting the require-
ments above, would have been expensive and difficult to
obtain, The 1nexpensive sump pump used met all requirements
except contamination, and this was reduced by using a bronze
intake. A constant pump discharge was possible by adjuste
ment of the inlet valve and maintainence of a relatively
even water depth in the reservoir,

Originally a wooden baffle had been constructed to
decrease turbulence of inflowing water. Since there might
have been a possible release of harmful resins from the
wood, this baffle was replaced by one of plexi-glass con=
struction.

The stream outlet included a 1.5 inch sink fitting and
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drain connected to 1l.75 inch polyethylene tubing. Maximum
filtering surface was obtained by entering this stream out-
let into the bottom of a 10 gallon milk can filter. Upon
entrance the solution upwelled through rocks, coarse gravel,
and aquarium sand separated by layers of fiberglass. The
liquid then spilled over the can lip into the reservoir
return. This return consisted of galvanized esaves trough
lined and covered with polyethylene. This filter was so
designed because maximum drop from outlet to the reservoir
was only 9 inches, and a trickle type might provide in-
sufficient filtering depth.

The first operation of the filter proved ineffective
in that the force of upwelling water was so great that
amounts of sand from the filter were carried into the
reservoir, This problem was flnally solved by placing two
layers of fiber glass screen over the filtering material
surface, Stiff wire was used to hold the screen edges
solidly against the can sides,

The inner surface of the filter was painted with
Krylon plastic paint to prevent rust and iron contamination,
Black paint was used to insure that all parts had received
paint, This inert paint was highly 1insoluble in water and
remained intact during the entire experiment, All filter-
ing materials were soaked overnight in one percent hydro-
chloric acid solution and rinsed before use,

The reservoir was a 3 feet X 3 feet X 14 inches wooden



JHES!S




box lined and covered with clear polyethylene sheeting.
It had a2 capacity of 298 liters which was in excess of the
circulating fluid.

Before each operation all polyethylene pipes were
cleaned of all mineral and algal deposits by circulating a
dilute formalin = HCl solution for a pcriod of 24 hours,

To control the corrosive action of HC1l upon the brass pump
intake the pH of the cleaning solution was kept within a
range of 6 to 7.

The polyethylene sheeting seems to be the most versa-
tile component of the stream. It was used to line the
stream bed, reservoir, and return. Only the brass pump
intake and valve could contribute heavy metal contamination,
Also the lined parts need not be watertight. When an ex-
periment has terminated, the polyethylene can be easily
removed, discarded, and the system relined.

During preliminary operations of the stream 1t was
noted that large amounts of water were being lost via evap-
oration, Since plans had been made to cilrculate distilled
water, this loss, amounting to 38 liters per day, was im=
portant because the demand exceeded the water supply. The
polyethylene covering of exposed surfaces reduced the loss
to 4 1liters per day. Excessive amounts of alr contamination
also were eliminated by this covering,

A cooler, containing a movable cooling unit of stain-

less steel coils, was desligned and constructed by the






college for wide range temperature control. The cooling
unit was immersed into the reservoir and only used in this
project to hold temperatures constant at 70° ¢ 2°F. The

4o variability was due to the fact that the temperature
oontrol of the cooler operated within a 2,5°F range. Res-
ervolir temperatures were recorded upon a Taylor Recording
Thermometer.

Illumination for the stream was provided by a rack of
nine 100 watt incandescent bulbs, each with a 1l inch shade
reflector suspended 1lli inches sbove the stream bottom. Al=-
though a great deal of heat was created by the incandescent
bulbs, 1t was considered unimportant in this system pro-
vided with circulation and a cooler., To reduce the number
of variables constant 1llumination was maintained.

The artificial stream was set up for experimentation
in the following manner., It was adjusted to contain an 8
feet X 1l inches pool with a maximum depth of 6 inches,
This pool was preceded by a riffle arca 12 feet X 1l inches
X one inche The pump was valved to deliver a flow of 25
gallons per minute. This produced a velocity of approxi-
mately 1 foot per second in the riffle, The velocity in
the pool was not measured with acceptable accuracy. Veloc=
ity was measured by a Micro Gurly Current Meter, The total
stream fall from origin to outfall was set at 1 inch per
2, feet. This is the equivalent of a stream with a gradi-

ent of 18 feet per mile. This represcnts a fast-flowing
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stream,
Nutrient Medium

A nutrient medium B with A5 microelements was selected
from several media employed by Kratz and Meyer (1955) in
the culturing of blue=green algae (Table 1l). Such a medi-
un (plus initial elimination of nitrogen) with various
minor modifications would insure the presence of excessive
amounts of all major elements necessary for culture of
algae except nitrogen. This view must be taken although
excessive quantities might themselves be limiting to algal
production,

The following modifications of medium B were made,
Nitrogen sources, both KNO3 and Ca(N03)2°4320, Were removed.
Calcium nitrate was then added to the stream at regular two-
week intervals. A total of three additions were made with'
each addition introducing one milligrem per liter of nitro-
gen,

Silica, not included in the orginal medium, was added
in the form of silica gel. Since the entrance and growth
of any organism was of interest in this project, the silica
inclusion provided a possible basis for establishment of
diatom communities,

Ethylene diamine tetra=-acetic acid (EDTA) was substi-
tuted for sodium citrate., Either of these chelating agents

can be used to form soluble complexes with various insoluble,
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TABLE 1

COIICELTRATIOLS OF MAJOR SALTS ( g 1), IMAJOR
ELZHELTS ( mg 1), ALD MICROELAMENTS IN
LUZAIESD MADIUM B CONTAINIIG Ag
MICROZLEMLLTS STOCK SOLUTIOL
ILCLUDILG MODIFICATIVLSH .

Salt Concentration1 Ion Concentretion
MgSO), « TH20 0.250 Mg 2l.3
KHpPO), 1.000 K 287.0
NepC03 , 0.700 lia 303.84°
Fe (S0}, ) 3+ 6H20 0.00k Si 63.6
Nap0qeS10,% 0.350 Fe 0.l
EDTA% ' 0.050 F 228.0
Microelements Ag® 1.0 ml ¢03 395.2
------- - - - SOy, 98.2

lAConcentration in 1 liter distilled water

“ Stock solution micronutrients ( g 1°):

4 BO') - - - 2.86 (I\T ) }10702}.‘}_'}4—}:20 - 0018':"
M%Clﬁ-uﬁzo - 1.81 cﬁgg 6 ek ITIE T ot
Zns0), * 70 - 0,22 CO(N83)2°6H20 - = = 0,49

3 Sodiwnm from sodium silicate not accounted for
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thus unavailasble, nutrients and maintain a precipitate-free
alkaline medium (Kratz and Meyer 1955).

The micronutrient modifications included the substitu-
tions.of (NHu)6Mb702u-hﬂéo for 85% MoO3 as a source of
molybdenum, and anhydrous Cusou for CuSOu°5H20 « The Ag
micronutrients were also supplemented with cobzlt nitrate.

Calcium initially was absent from the medium except as
an impurity by the excluslion of calcium nitrate; but each
addition of the nitrate salt introduced elemental calcium
in a moleculer concentration higher than that of the nitroe-
gen, i.e. 25 mgl™ Ca(NO3),4Hp0 conteined 4.2 end 3.0 ngd”
of calcium end nitrogen respectively. In general, calcium
is required in minor emounts by orgenisms. Most nutrient
media contein only traces except when the nitrogen source
is calcium nitrate; a fow such as that used by Warburg and
Burk (1950) contain none. Bold (1942) reports that calcium
is unnecessary for certain algae such as Chlorella. Allison,
Hoover, and Morris (1937) found calcium to be essential for

nitrogen~-fixation by Nostoc musorum but unimportant for

growthe Media with higher magnesium content often reduées
any requirement (Chu 1942). Still others found eny limiting
concentration to be fer below that of nitrogen (Gerloff,
Fitzgerald, Skoog 1950, Kratz and Meyer 1955).

All nutrients were placed into the sfream channel
source gs a solution or suspension, This prevented settling

out in the reservior and faciliteted solution of undissolved.
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salts,
Weter Chemistry

A sampling program set vp for this project included
analysis of 2lizalinity, pH, and conductivity at weekly
intervals and analysis of total available nitrozen, armonis
nitrogen, and total phosphorus at two-day intervals. Total
availeble nitrogen was also doterr:incd immediately before
and one hour ofter each aoddition of colcivm nitrate. All
samples were coll:cted from trne pocl goiie of the strecm,

elkalinity

Phenolphthalein and methyl orange £liielinity were
deternined by titration ricthods describod ic Welch (1S40).
Results were exprescsed in riilligrams ver liter of calecium
carbonate,
pE

Hydrogen ion concentretion wes determined oa a Beck=-
man Model H pE ucter,

conductivity

Electricel resistance wos measurcd with an Industrial
Instrument Company Model RC-7 portable conductivity meter,
All readinzs were corrected to 18°C and expressed in units
of specific concductance as micfsmohs per centimeter

(Industrial Instruments Operating Manual)e

hardness

Values of hardness in milligrams per liter were
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obtained by the vecrsonate method (Catalog No. L4, EHach
Chemical Company). Determinations were made only before
EDTA had been added to the stream as EDTA was the titrent
used In the versonate method,
silics

Three deterainations of silica were made: at the begine
ning, middle, and end of the experiment. A gravimetric
method taken from the Chemical Laboratory Manual of the

American Cast Iron Pipe Company, Birmingham, Alabama, was
employed. Results were expressed in milligrams per liter,

8odium and potassium

Concentrations of these cations in wmilligrams per
liter were deternined from samples removed for silica deter-
minations. Values wcre obtained from a Perkine-Elmer Flame
Photometer,

total phosphorus

Values of total phosphorus wecre resolved by a color-
imetric method described by King (1932). A Beckman Model B
Spectrophotometer at wavelength 860 mu was used in the pro-
cedure, Results were obtained in milligrams per liter.

total available nitrogen

Total available nitrogen included 21l inorganic forms
except atmospheric nitrogen., Determinations were made by

using the reduction method described in Standard Methods

for the Examinetion 2£ Water, Sewage, and Industrial Wastes

(APHA, AWWA, FSIWA, 1955). These determinations were made
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immediately after collecting the sample to prevent loss of
ammonlia. All results are expressed in milligrams per liter,

armionia nitrogen

Armonia nitrogen in milligrams per liter was measured
by the distillation method described in "Standard Methods"
(APHA, AWWA, FSIWA, 1955). Detcrminztions were begun on
April 25,

Periphyton Analysis

sampling procedure

Artificial plexi-glass substrates 7 rm thick with an
exposed area of 150 cm? were employed to sample the cormun=
ity of periphyton. These plates were held stationary in
the stream by plastic coated wire racise.

A total of 54 shingles received usc in this project
(Fig. 3a)e The riffle and pool arcas each contained 2,
and the remaining 6 were placed into =zn unlighted zonc
preceding the riffle. The 24 shingless per arca were sube-
divided into 8 sets of 3 shingles‘each, 7 of which were
incorporatcd into a l2eday overlap sempling system with one
set remaining to be used as an extra.

The 1l2-~day sampling system was devised to obtain an
approcsch to the measurement of instantaneous primary pro-
duction. To help visualize this procedure figure 3b is
provided with the 5 two-week nitrogen periods labled. Each

of the 7 shingle sects was exposed to two weelis of strecam
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conditions, but overlapped in a manner which allowed each
set to sample two days longer than the preceding set,
Before the first addition of nitrogen on April 12, two weeks
were required to set up the operation; sct one being added
13 days before adding nitrogen; set two 11 days before; ...
set seven one day before. Therefore, sct onc was removed
after one cay of cxposure to nitrogen, sct two after three
days, .. and set seven after 13 days. This process was
zept in motion throughout the project by rcrmoval and re=-
placenent of the designated sct of shingles every two days
from both riffle =zxd pool zones, All lizht shingles w.rc
collected zf*er exposure to periods 2 throuzh 5.

After the substraztc set had becn removed from the
stream, shinzles I and II w:ore analyzed for phytopigment
concentration and organic nitrozen content. BEach shingle
was divided laterally with organic aitrogen and chlorophyll
being determined from the upstrecam and downstream halves
respectivelye Shingle III was reserved &s an extra,

phytopigmcnt

The growth on the entire surface including bottom and
sides was removed to obtain maximum material in periods of
low productiorn, his meterial was scraped and washed with
95 percent ethasnol into 250 ml beaxers. Remaining shirn:le
halves were stored in the freezer. Complete chlorophyll
extraction was insured by soaxing the material for a period

exceeding 2l hours in complete darkness. Tests indicate
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that samples can be stored in this manner for as long as
30 days without =z loss of phytopigment due to decomposition
(Brelmer, PhD Thesis). Alchol was used s a solvent in
preference to scetone since the latter dissolves plexi-
glasse,

After sogking, the samples werec filtered through glass
wool, and the extract volume wes adjusted to 50 ml by dilu=-
tion or cevaporation. Phytopigricnt concentretion wes deter=
mined in a Klett=Swmmecrson colorimeter using a 6..0=700 ru
red filter.

Brehmer and Grzenda (in press) have shown thet the
ebsorbancy (640=700 mu) of 95 percent ethanol pigment
extracts is not linerally related to the concentration
except at low valuss. Hence, they have provided a graph
(Fige L) for convertiig the mcasured absorbancy into “he
theoretical absorbancy which follows th. Lamberte«Bcer Law,
The necessery corrections wore nmade by locating mcasurczd
absorbancy on the ordinate and following this value to o
point of iuterception on the experimental line. A vertical
extension of this point will intercept the LamberteBecr
line, and the absorbancy unit directly opposite this inter-
cept represents the corrccted absorbancy rcading. The unilt
of adjusted absorbancy is termed (AA) and is multiplied by
103 to avoid use of the decimal.

Shingles in the area of diminished light wcre measurced

only for their chlorophyll content. For corparison purposes



Figure L.

Correccion Grepn for Adjusting
Meesvred Piiytopiaiient Absorboncy
Valuzs to Lnits Related to Con-

cerntration
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half of ecach shingle was analyzed.

orgenic nitrogen

The remaining shingle halves, which had becn frozen
after chlorophyll dcterminations, wcre rimoved, thawed,
scraped, =nd the aufwuchs was washcd into 250 1l beelers with
distilled wateres Each wes analyzed by the s.mi-micro
Kjeldahl procedure described in "Standard Metihcds" (APHA,
AWWA, FSIWA 1955). Results are expressed ia milligroms
organic nitrogen per 75 cm® (area of half shingle).
total dry weight

An estinatz2 of the toteal dry weight of periphyton which

accumulated within two wees was obtalnecd by renoving the
growth from a 37.5 cm? section of shingle III, These deter=
ninations were made after completion of the project and only
certain shi-ugles were availeble 2t that time,

The chlorophyll wss cxtracted upon removal as described

in the secction on Phytopigment, except that gooch crucibles
were uscd to collect the algal residuc. This was :ecissary
for wecight anclysise The residue was dried overnight in an
oven =%t 559C then pleced iato a dessicotor to cool, Succes-
sive weight mecasuremzrts w.re conducted upor en enalytical
balance until a constent weight of # 5 mg was reachned,

The total dry wcight valuves will tend to undercstimate
the actual wvalucs sincc chlorophyll end lipids wore removed

Wwith the filtratec,
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Light

Measurem:nts of 1light intensity wcre obtaired by using
a PR-1l Generel Electric Exposure Meter. Tnis instruncont
was calibratcd by direct compecrison with an Eppley pyr-
hellometer rnecintained «t the Michigon Hydrologic Rescarch
Station on thic Michaigen State University cesmpus. T.iz cali-
bration was conducted on a clear sumter aftcernoon from

00 PM until suidown. Light metor recdings werc taken at
15 nminute intcervalse.

The intcensities recorded by the pyrheliometer were
convertad to grom-calorics per square centimcter per minute
by dividing tke direct measursmsnt which was recorded in
millivolts by a constant, le7l. A straignt line relation-
ship wes obtained by plovhiug the exposure meter readlngs
egainst gm-cal cn~*min=' on semi-log scale., Tuae linc of
best it was adjusted Ty eyve and extrapolat:d to zive au
estimate of the cenergy recelved ot lower lipght intensities,
Two lincs are indiceted whichh represent the adjustmert of

the sxposure to rcad at Lizk ¢nd low light intensities,



Fizure 5. Correction Graph for Coanv:rti..:
Exrosure Meter Readings to Gran-
calories per Square Cortineter
per Minute
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RESULTS
Species Composition

The first attcermpt to establish an algal community in
the artificial stream was successful using tep water en-
richzd with smeall amouvuts of weter from beth the Red Cedar
River and the fish tanizs in the laboretory. A few stones
from thec Red Cedar, well encrusted with aufwuchs, were
introduced to seed the system, Digtoms were the dominant

organism in this msterial with Navicula and Gomphonema as

the major spcciese.

The stream was in continuous operation two weceks before
new growth appeared on the seed rocks and stream bottom,

This growth, primarily Chroococcus, first appeared in the

pOOl.
During the third week a commercial fertilizer rated

17-17-17 (NH3-P205-K) was added to the reservoir., Within
three days a dense 2lgal bloom of Chlorella ond Navicula
had begun, Navicula scemed to dominate the riffle area
while Chlorella was more abundent in the pool. This phase
of the project indicated that a reproducing algal commuaity
could be establishcd under atypical lotic conditions,

On March 28 the quantitative experimental program
described inn "Methods" was begun. Seed material scraped

from Red Ccdar River stones wes added on March 29,
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The first grecen cells appesred in the pool on April 15,
three days after the first addition of nitrogen. No growth
was noted in period l. The pioneer coimunity was essential-
ly comrosed of diatoms although represertatives of green
and blue-grecn slgae wWere present.

From April 15 to 25 unidentified unicellular blue-greens
and diatoms dominated the pool area while a lcsser popula-
tion of dictoms existed in the riffle. The distom Navicula

was most abundant. Filaments of Stigeoclonium and Ulothrix

also entered both zones about April 19 and remained until
early Maye.
After April 25 o major community change took placc as

colonies of Anabaena oscillarioides (identified by

Dr. Francis Drouet) appeared. Thercafter this species of
blue-green algae complctely domincted the hebitast, and
eventually it formed a spongy mat of cells about one-fourth
of an inch thick. By June 6 the mat had bezun to brecak loose
from the stresm bottom. This wss nost likely due to death
of the c2lls adjacent to the bottom and formation of gas
bubbles under the material, Moreover, the community appesar-
ed to be senile; but production, described in later sec=-
tions, was still great and was visually evident by the
repopulation of areas left bare after sloughinge

Initially it secmed that Anasbsena succession had eluine-
ated other organisms, but careful examination found a large

cormmunity of Navicula living within the bluc-green mat.
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Other species of algae such as Stichococcus bacillaris and

Schizochalamys delicatula were minor constituients of the

community for a short time after April 25. About June 12

filaments of Stigeoclonium again entcred the area at the

pool head.
Throughout most of the experiment there was little

cvidence of an invertebrate community. However, toward

the snd a population of midges wes beginning to develope.

Water Chemistry

alkalinity
Weekly determinations indicated that high levels of

both phenolphthalein and methyl orangec alkalinities were
maintained throughout the experirient (Fig. 6). Initial
high values werc cxpccted since the proportions of mono=
basic potassium phosrhate and sodium carbonated used buffere
ed medium B in the alkaline range (kratz =nd Meyer 1955).

It was also calculated thot approximetely 40O mgl™ of
carbonate ion would exist in the system upon comrlete solu=-
tion of sodium csrbonate (Table 1), Conversion of this ion
to bicarbonate would be enhanced by exposure of carbonate
ion to carbon dioxide in the air resulting from the turbu-
lent conditions and shallow depths of this stream.

With the acerual of algal cells the concentrations of
;0 mgl™ bicarbonate ion and 96 mgl~' monocarbonate ion were

reduced to lows of 257 and 50 mgl™, respectively. A gradual



TABLE 2

WATER CHIMISTRY

PO
O

Alkalinity (mg 1)

Recistance

Conductiﬁity

Date  pH  pptn. "H.0. (onms) (micromhos)
L=6 3alt 75 375 1150 1610
L= 6.4 <6 110 - - - - - -
4=-16 8.4 650 3386 1300 125
-23 3.5 2o 370 1320 1403
=29  G.7 75 358 1380 1342
5=5 Ca7 77 366 1250 17
5-6 Ce9 68 290 1630 1136
5=17 3.9 72 261 1670 1109
5-22 8.9 66 257 1950 G50
5-29 8.7 56 26l 2000 ¢26
6-6 8.8 58 278 1550 950
6=-12 8.6 £o0 250 - - - - - -
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rise in bicarbonate which occurred after May 23 plus con=
tinued monocarbonate reduction might indicate that the
latter was being converted to the former by presence of
increased carbon dloxide from organic decomposition,
pH

The hydrogen ion concentration increased from a value
of 8.4 at the beginning of the project to 8.9, which rec-
mained for some time after the third addition of nitrogen.
A decrcase again occurrsd toward the project terminstion
(Fig. 6).

The slight fluctuation in pH seemed to follow produc-
tion levels and possible nitrate assimilstion, On May 29
production drorped i both riffle and pool aress after a
gencral increase prior to this date (Fig. 1ll). A produc-
tion rise again occurred after this daté to correspond with
pH risec. In certein vessel cultures the cssimiletion of
nitrote by growing cells was uwuccomparizsd by an increase in
pH (Rodhe 1948, Kratz and Meyer 1955).

It is evident from figure 6 that pH was inversely
related to the bicarbonate alkalirity. This effect could be
e product of many factors since alkalinity results from the
solution of NaZCOB, and pH results from solution of both
buffer salts plus the presence of sodium silicate which was
not included in the medium used by Kratz ani Meyer. Sodium
silicate and sodium carbonaste are often combined to main-

tain an alkaline bufforing capacity (Gerloff, Fitzgerald,
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xoog 1950).

The pH and alkalinity, no doubt, hsve played an impore
tant role in decterriining the presence of Anabeena and
Navicula. Using a modified Chu 10 mcdium Gerloff,
Fitzgerald, and Skoog (1952) noted optirmum growth of Micro-

8ystis acruginosa wes at pH 1C. Cells of Anebacna vari-

abillis experienced maximum growth at pH 6.9 to $.0 (Kratz
end Meyer 1955). Bold (1942) cites Gietler es findirg it
neccssary to grow Navicula on agar of pE ¢ in order to
securs formztion of auxosyores,.

conductivity

Values of specific conductance, plotted in figure 7,
implied that a constaunt decrease in total ionized constie
tucents in the water took place. As expccted, diminution
followed aufwuchs incrcese, It is intercsting to rnote thet
conductivity varistions followed closely to those of bi-
carbonate alkalinity.

The alterations in alkslinity, pH, conductivity, and
other specific ion concentrations were in rert due to an
irrepsrable leak which developed at the filter 1lip on or
about May L. The exact cdote it begen was unknown but was
estimcted from obscrvations of stending weter wider the
filter, Corrections for this loss were madc by collecting
end meesuring the liquid from the lea't for 2 period of
threce weeks, The determined average lea'tege rate Indicated

thot approximately 38 liters of solution would Lave bcen
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lost in 20 days==a lecngth of time known to exceed the
actual days of leakage,
hardness

Calcium hardness (EDTA) was determined on April 8 to
confirm the fact that alkalinlty was not due to calcium
cerbonate.s Results incdicated tlhiat calciuwm was present in
amour:ts too small to be detectede On April 13 total hard-
ness (EDTA) was measurcd twice end found to be 08 mg-”.
Since the total herdnsss 1s lower than the alialinity, 1t
appeered that most hardncess was due to magnesiwn carbonate.
The calcilum hardness wcs rechecked on April 13, but results
remained negative,

totel phosphorus

The phosphorus levels were extremely high throughout
the experiment, rangirg from 100 to 170 mgl“, with only one
exceptiorn which occurred on April 15 (Fige. 8). A4n even
grecier concentration of phosphorus would have occurred if
comyplete solution of hH2P04 had teken %laco (Teble 1),
Thereforz, the gradual risc from the minimel to nexinsal
corcentration from April 11 to 21 probably was due to iin-
creesed disintegration ccd mixing of the undissolved salt,

After April 21 it appecrzd thet plant production began
gradually to reduce the phosphate level to a low on Mey 25.
Trroughout this rcduction severel pulses of lncreuse were
observed, These purlses might stem from liquification of

undlssolved rhosphote salt or regeneration and recycling of
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TA3BLE 3

KITROGZL AND PiOSPHORUS DETERMILATIONS
IN MILLIGRAMS PER LITER

Total Available Total

Date Nitrogen Armrionia Phosphorus
L4-10 043, - - - - - -
l=12 .130; - - - 100

« 340 - - - - - -
y=13 «310 - - - 120
4-15 . 370 - - - 60
L-17 570 - - - 140
4=19 260 - - - 160
=21 .015 - - - 170
=23 . 090 - - = 16!
L=25 .0LO « 000 150
L =20 080" - - - - - -

02500 - - - - -
L=27 .20 .000 150
L=29 .085 . 000 170
5-1 0G0 « 000 1590
5=3 140 .015 1,0
5-5 .330 060 160
S=6 « 090 - - - - - -
5=7 .105 025 120
5-9 .150 .0C5 120
5=-10 .2107 - - - - - -

.570° - - - - - -
5=11 «180 .025 120
5=13 120 .010 130
5=-15 «120 120 120
C=17 .150 «000 125
S=19 .160 .020 118
5=21 «110 .015 1.2
5=23 «105 «C00 110
5=25 .150 000 100
5=27 100 . 050 104
5=26 «140 000 100
6=-2 «110 . 000 122
6-4 «105 . 085 126
6=6 070 000 120
6-8 «300 «090 130
6=10 .185 .030 136
6=-1 «110 060 124

* Sample taken lrmediately before nitrogen addition
O sample taken one hour after nitrogen addition



Fizure 8.

Total Phosphorus in Artificial
Strcam Weter
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this nutrient in the plaat mat:riszl.

Total phosphorus levels began to rise sgain efter
May 25. This seenied io coincidz with the éloughin; of
large algcl fragments from the aged mat. If bacterisl de-
composition took rplace in the filter, phnosphorus in organic
form would be recirculated through the system.

Losses of phosphorus duc to lcakuz were estimated to
be approximctely 16 mgi'k

As was mentioned earlier, certain elements in the orti-
ficial streezm might be detrimental to growth as a result of
their cnormous co:mxcentrations, Phosvhorus is one such
element; acd sliuce it plays a vitel role in plant nutrition,
the large stream supply uceds considerction. Chu (1942)
noted that strong phosphorus concentrations inhibited growth
of certein diatomws and green algae, but it varied with the
speciecs. Later he found less inhibition when nitrate=
nitrogen was used as a nitrogen supply (Chu 1943).
Osterlind (1947) mentions thot use of phosphate buffers in
high concentrctions zre often injurious to algae. I direct
conflict with these findings Kratz end Meyer (1955) varied
KoHPO), from .25 to 1.5 gl without effect on growth of
Angbacna, Anacystis, aad Nostoc. Other nutrient media uscd
by Ketchum, Lillick, and Redfield (1S49); Warburg and Burk
(1950); and Harris (1941) to grow many algal species also
contained phosphate in similar or even higher amounts than

those occurring in the artificial stream. Views on this
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subject conflict, but it secems much depends on tolerance
ranges of the particular algae speciles and the phosphate
conncentretion range with which one works.
silica

The deplction of silica was of interest since the
ubiquitous diatoms remained throughout this study. Data
from three determinations (Table L) indicated that only
about one half of the added silica gel went into solution
(Table 1), This provided an initial concentration of
34 mg 1", which sccording to krauss (1958) is about optirum
for dense culturcs of Navicula. Certain zrcens and dlatoms
exhibit an optimum growth in nutrisnt solutions conteaining
30 mz 17 of silicon dioxide (Chu 1942).

The concentration of silica was reduccd 6 mg 17 during
the experimental period, although lzokage accounted for
about two-thirds of this loss. Moreover, thc probeble solue=
tion of salts, yct undissolved, complicatcd the picture,

potassium and sodium

The relative concentrations of 58,7 mg K 17" and LlL..6
mg Na 1! gave cvidence that monobasic potassiivm phosphate
was more solublec than sodium ccrbonate at the beginning of
the experimeat (Tadble L). In table 1 it shounld be otzd
thet complete solution of the two salts would insure a
high pH. In vicw of this, pH should have been rmch lower
than it actually was. The actuel high pH volue wes rrobebly

a rroduct of sodium silicate,



TA3LE U4

POTASSIUM, SODIUM, AKD SILICA ION CONCENIRATIOLS
Ay CORRECTED TOTAL REDUCTION OF mACH
IN MILLIGRAMS PER LITER

Date Fotassium Sodium Silica
=6 58.3 45.0 oo
L-6 53.8 L5 34.0
5-5 35.0 35.8 32.0
6-16 31.3 25.0 25.0
Concentration )
Reduction 27.2 15.8 6.0
Leakage Loss L.75 L.9 L.3
Corrected 22.145 1.9 1.7

Reduction




Figure ¢. Potassiwn, Sodium, and Silica Ion
Concentrations of the Artificial
Stream
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As plant growth incrcised both rotassium :nd sodiivm
were significantly reduced (Fige 9)e Whe compored to
8ilica their respective losses dve to lecalicge were milior,
The total corrccted r:duction of potassium wos the largest,
but an2lysis indicoted thot sodivm depletion was relstively

greater when th> cormunity wos dominet d by Aucbaena

{e

ogcillerioidzs, Potcssivm ion 1s found almost wi.iversally

as the principle inorganic cation of cells, whereas the
sodiwm ion is known to be dispensabl: for riost plants witha
the exccption of blue=-grcen clgac (Friton aid Simonds 1959%),
It is necess~ry to point out that few co:iclusionrs can be

awnt gbout tiiese io:iiic reduction.s wnen guantitles of un-
dissolved salts in the system provided & contiruous sovrce
for nutrient replenisiment.

total availablc niftrogen

The concentrutions of total aveilsble itro cn in the
artificiel stroan are illustre: ted in fizre 10, Successive
calcium altrete cdditions, cech iatrodueiig 1 x 1 oof
nitrogen, causcd an irmcdicte rise in the totc-l cvailable
aitrogen., These high initial levels were siga2ificantly
rcducced by the growing algal commnity. Tie olgel rroduce
tion pecazs in figure 11 followed each initial pcaiz of in-
organic unitrozcn. It also sho:ld be roted that the fzll of
initial levels was rnore rapld as the stoaandiag crop develorped,
A total of nine days pasced before the April 12 nitrogea

supply f211 to trace amounts (April 21), whereoas tre



Figure 10. Total Available Kitrogen
and Armonia Nitrogen in
the Artificial Strecem
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period L suppleront on May 10 dropped from .¢7 nz 17 to
e1l8 mg 1% in ornc daye. A strict two day smapling would have
missed this risc and fall,

After the ew supplies of ritrogen hed been daplctad
th- "normal" strcam coucentration rcmained in the vicinity
of 1 mg 1'e In periods L and 5 this is rarticularly notice
able, Many avthors worklng om the subject of nitrogen cs
a limiting factor «nd uvsiig mony veri-ctics of z2lgee fourd
that thie lower 1linmit of this elcoment for optimum growth
occurs well above the velue of .1 ng 1 (Gerloff, Fitzsorald,
and Skoog 1950; Rodhe 1¢L8; Chu 1¢43). Morcover, Z2rchmer
(PnD thesis) hes irtcrpreted nitrocen to be the limiting
factor of the Rzd Cecdor River where m-en velucs of inorganic
nitrocen cre o7 mg 17 cbove the sswcge outfall. Riley (1940)
also iudic:tted thet the plankton of Linsley Fo:.d bHeconmes
doriirated by diatons and blus=green ol -ae 1 the surmoer
months when the nitrate ranges betwsen 01 and JO4 1o -,
These populations cnl concentrations conpare sonewh:t to
thosz of the artificial siroome. I cojiuctlon with low
levels of nitrogen th- presence of Anasbacna .d diatoms in
the ertificicl strcom gives furtlier cvide::ce thut nitrogen
was the linitirg factor.

It wes noted =rrlier thst the salts of the nutrient med-
ium Adid not dissolve campletely, Calcium nitrcte wes no
cxception to the rirle. Less thaﬁ 35 percent of the period 2

eddition went into solution; and ulien algal growth bLegan to
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affect a rcduction ou April 17, only 55 percent had been
dissolved. Since these undissolvcd solts might always be
present, the nutri-nt could be irmediotely assimilated upon
rcleasc into solution. The solution of undissolved salts
plus orgenic breakdown, nitrogen fixation, and rcleasc from
living plents mizht clso accouvnt for thwe fact thot soe
nitrogen was prescnt et 2ll times iu the strear.

free ammonia

Free armonia dsterminations woaire begw. after sone
growth had accumulstced in hopes that pulscs of this product
would be indicative of organic decomrosition by hetero=-
trophic bactsria. The values renged betueen .12 and O
milligrams per liter for the eontire pericd (Fig. 10), ond
it apreared there misht be o teidency for the concentration

to rise foward tho end of the cxporiment, Plant motorial

was breriting locos: a~d being washed i.to tie filter ot



Periphyton Analysis

phytopioment

Relative rat:s of primery ~rodvction werc obtal.cd by
comparisown. of the phytopigment corcentration »2r ! 217
shingle. The meair phytorigrient uvuaitz ar: plotted versus
time in figure 11,

The first detectoble shingle growth occurred six days
after the first nitrogen had bsen cdded. No growtn wes
noted iz period le In vicw of these fects the i:troduction
of nitrogen becams a riechaaism for triggering the rcproduce-
tion of cells which hed lein dorrant for aliwost threec weelise

Figurecs 11 end 12 illustrate that successive additions
of calcivn nitrate brought about an increase in the reclative
production rates i1 211 lighted arcas of the crtificisl
strcom, Within periods 2, 3, and L pignent coucentration
dropped after the assinilation of ncw nitraie (Fig. 10),
This drop niight be an actual decrease of pipgrent. Yertsch
and Vaccaro (1958) report thet .iitroge:r deficiency produces
a decrease 1n chlorophyll which rmay be ettributad to the
decomposition of the pignent protcin comiylex

Anothesr possible rcason for redvction of chlorophyll
night merely be a result of the vhysicel coudition of the
shirgle. For examyle, the s rfuce of a tuo-wsex substrate
rerioved on April 1¢ could have been altored by the cavirone
ment to accept adiicring cells. Cells throughout the stream

at this timoe would be cntering o period of repid division,



L3

0°2 2L € 6 *6€ 8951 899 ot9 0 0 091 09T
8 8i9 B9 Nmm 21-9 7 969 12-§ 09T 62-%
fe2h o091 0s9 029 2°te osh g29  oh9 s*g 2L htt  got
089 0T1-9 019 6T-5 o2t l2-%
€€z ths 26 QoS €*g2 008 059 0.9 1°LT 262 @2 o
st g9 o€ L1-§ 91  Se-h
1°L 0S5 S09 009 €°gz 009 9€S 955 et 2 LE g€
019 9-9 1S S1-8 of g2t
9°Llb 2256 109 25 g*hl 0095 HSh wOm Tt 2 L6 96
0l -9 oy  €1-§ 96 12-4
0 0 1% 14 €9 oY goh 21 gt o2z e £2
s*h hat Léh mm 9 2€ 9S0T 18T mmm s v 2 S e
*het 1 .
¢ mm ow 1€-S M ’ " . mm 6=5 0z g o1 w L1-Y
0°62 0 25€ 1€ ‘G2 8 02 022 .
’ € mNm be-5 6 w Loz Mmﬁ L2 2°6 Mg 6T mw ST
‘2 9 ‘9z 22 0 9 ’
° & @Nm L2-S K 922 s=S 21 £1-4
6 *05 2692 o2 19 L* 691 ooggz ohe 021 0 0 0 0
q q2-9 . ) 09€ €= o o . w 2t-%
1°09 219¢ @S5 00 0°2 11 Q1T
? e 8st sth  €e2-s STt 1-S 0 ot-h
cAeqd *AQQ *AQ(d

*¥3S "JEA UGN (OTXVV 939Q °®3S °JIP) UK (OTXVV €380 °‘¥3S °‘JEA USeN (OTIXVY 93%Q

AINSOIXT SHTAM OML HALAY
(,MOSL) YUY LINN MEd XONVEYOSEV INTWHTIJOLXHd ATJITY

S A19YL



g 2L ¢thz Lg2 1°L - 05 ogh  ssh 1°61 thot €2 €S2
6 21-9 soft  12-9 mmw 62-14
€°g2 008 9Lt 9s¢€ €9 o gofy €of €°99 2ihL 90¢€ €
g6t  ©T1=9 2th 61-5 S Le2-1
€°g2 oog =ih 2t g*ht o222  9gh Sy g2 @ 2L he
el 8-9 96% Li=5 oL se-t
g2 @ ottt e s°g 2l 99¢€ O L*21 291 16 00T
m3m 9-9 cle St-S 28 ge-t
T°19 2L99 S8t 26¢ g°fit oz2 LY Mo: 1°H1 o002z 9ot 91t
Ll2 -9 mm €1~-9 96 12-4
T°2L 2028 Set LE 0 0 tot 19 hegt 9€€ 69T 9L1
WNN -9 g€ 11-9 202  61-h
oz % sge g2 ge6tT  26f glz 192 1°ft ooz 2t 2
962 1€-§ 682 6-9 22 L1-1
et 2 ohe  she €11 Q21 g€se  9Me 0 0 2t 2t
pwm 62=9 192 L-S§ et s1-h
2*'h gt 1€ hee 9°st 2he €IT 20T g*2 8 0€ 2€
2¢ le-S A ST Q2 €1-h
9°10T 99£0T Mot L2 T°Ht ooz Gl 9 0 0 ) 0
. h ¢ QT §2=9 ¢ of q €=-9 - . m 21-h
*28 99 01 8 2*2€ ohot 21T 2Lt . o
? Hmm - €2=9 16 -5 0 ot~
‘aeq *A0( *A9(q

"¥3S °JBA USSR OTIXVY ©3I®Q VIS °JI®\ UBOR OTXVV ©38q °¥IS I8\ UWOR OTIXVV 938(

THNSOAXT SYAAM OMI MALAY
VYaYNY LINN MEd XONYEHOSHY INTPFHIJOLAHd TOOd

9 F19VL



Figuwre 11.

Mean Phytopigacnt Absorbaiicy Units
per Unit Area After Two Weeks Expo-
sure. Arrows Indicatec Bi-wcekly
Nitrogen Additions
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L6
thus reducing the available nitrogen coxntciite At this time
ths shingles which wsre to be removed on April 25 werc not
conditioned for growth ond only becamc couditiloncd durirg
the reduced nitrogen concentrations, tihcrefore lowering the
cumilative cell production to that date,.

A two-woy anelysis of the variance wes uscd to ana-
lyze the variability of phytopigment concentrations between
riffle and pool zones (location) cnd betwesn periods 2, 3,
L, and 5. The "F" values obtzined fror this t:st show that
there was a significent differeince betwoon locatio.s:, beciween
poriods, cad th~e interactlos bLetween locatlon atd periods
at the c.e porccat lovel (Table 7)e The relative produvction
diffcreuniccs betwecen the rifflc and pool zoncs can de narrove
cd to one of thrce factors or the int:ractiocns betucen the
sincz other variablcs are asswned constente These three
factors wore voaristions in water velocity, variable light
intensity striizing “he streom bottom, «id competition
effcctse Although ell lights wire placed squidistant from
the bottom, the varictions in light inteasity cre mentioned
bccausc light waves rust pess throush c¢ifferent depths of
weter.

The effects of competition scem very pleousible whoen
consldering the differences between locations and botween
nitrogen periods. Briefly, seed materlal settlzss cut in
the pool znd begins to grow. Rifflc areas lag in cell

esteblishme::t due to thie physical effects of thie current,
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TABL= 7

ANALYSIS OrF VARIALC3Z OF RIFFLS AND FOOL AREAS
FOR FOUR PERIODS OF SiINGLE EXPOSURE

Phytopignent
Sum of Degrees of
Variation Squares Frzedom lean Square "F"
Within 257,135 L6 5,357 - - -
Cells 1,696,478 - - - - - - - -
Location L6,633 1l 16,633 8.705
Feriod 1,538,663 3 51,288 9.574
Interaction 110,982 3 36,994 6.906
Organic Nitrogen
Variation Sum of Degrees of Mean Square “Ep
Squares Freedaom
Within 5.5140 L8 1149 - -
Cells 11.5851 - o= - e - - e e
Location 0.6343 1 6343 5.521
Period 9.7683 3 3.2561 284339
Interaction 1.1825 3 3942 3.431

Total 17.'0(;’91 - = - e o - e




TA3LE 8

MeAN PIIYTOPIGMENT ABSORBANCY UNILS
AND MILLIGRAMS ORGANIC
NITROGEN PER PERIOD

Mean Mean
Period Fhytoplgment Organic Nitrogen
) Riffle Pool Riffle Pool
1 33 73 0.02 0.11
2 174 196 0427 C.31
3 543 o2 1.17 0.77

n 1,68 316 1.32 0.73




o2 Phytopigment Abcorbe:cy
its per Feriod
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Figure 11 shows that growth began czrlicr in the pool; and
the histogrim In figure 12, which contains period averszes,
1llustrates thet growth was greater in the pool duri:ig ini-
tial colonization.

Eventually the riffle growth beceme cequal to and ex-
cececded thet of the pool because tris crca hed the first
opportunity to =zxtroct nutrients coming from the rescrvoir.
It is also inzteresting to note that pool pigrent concentra-
tion pealrs preccded pea’ss in the riffle vntil the middle of
period 3 (Fi-. 11).

The stixndard deviatioans of two rhytopigment sanples
renoved on the s:me date arc listed i: tables 5 and 6 along
with means and voriances, FPigment variability betweciy these

inrlss mizkt be a resvlt of slouzhing algel cells
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at certain tines, highly verlables srowth on the shingle
bottoms, =nd i..itial colonial growth of Anabscna. Single
larce Anabaena.colonics wers:s roted on one of the two April 27
rool and May 3 riffle samples., It should be mentioned that
variable growth on the shingle bottoms misht have been a
product of upper surfacs shadi:g and/or adherciicc of cells
which were torn loosc from the streom nate.

organic nitrogen

The mean values of organic aitrogen in milligrams per
half shingle (each exposecd two wecks) are plotted versus
the time exposcd in figure 13. In conjunction with pigment

production as increase 1. orgeonic nitrogen followed each
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Fizvre 13. liec:. Crpaaic Litroren yor Unit Arca
Lfter Two Jeells EXposure. Arrows
LI:dici:te Bi=-wcelkly Ilitrosen AdditiIons
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Fizure 1lli. Mean Millicreaus of Organdc
Iiitrozern yor Period
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calcium nitrate ~dditior. Erormous fluctuations were also
noted in yeriods L znd 5.

Figure 1L, which consists of values averaged for
periods 1, 2, 3, and L4, illustrates the most profound in-
crement of organic nitrogen, which occured after period 2.
The averages of periods lf and 5 indicate that cellulsr
nitrogen content may have reach:d a leveling off point, but
thlis 1s only an assumption es cenormous fluctuations occurred
in these latter periods (Fig. 13). The point of change,
Just discussed, rourhly corresponds to the catrance of
Anabaena which later dominated the awfwuchs cormunity.

A two-way crnalysis of the varlance indicated thot there

were significaent differences between the locatio:n mecans ond
between the interaction of location and periods at the 5
percent 1level (Tanle 7). Means betwsen nitrosen periods
are significant ot the one percent level, The levels of
significance siow thct the differences batwee: perilods ucre
greater than differcnces betwcen locations. The five per-
cent 1lovel for loceation also indicotes thet differences
betwecen mean vcolucs of organic nitrogen were not as Zrect
as those between meon pnytopigment units 1o the riffle and
rool areas. As with pigment th: differcnce in riffle and
pool ercas wos probebly a product of currcent, lizht, ond
compctition. Notz thot the trend zgalin follows that of
phytopizment in that the carly coicentrotion:s of orjeiric

nitrogen, Li-~hest in the pool, w-re cventually oveortalzen
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and suvccecded by a Liicher concoartr tion in the riffle,

Q

Tl.e diffcrerce i :itrosen periods, which resultad
from an increase cof lieci: orginic nltrosen coneuntro!ions
rer perliod, aprerrs to ve a rproduct of ..itrcte additions,
althoush soic increasa could haove occurred fron nitrozen
fixetioc. by A-ghcoona,

withiz o porticulor two-shiinle sople tio vericbility
was often quite lurze (Iablos ¢ -nd 10). The swime focotors

et wre respornsible for voriahilis; withiin chloropih;ll
sariples sre bclizved to b lergrl

Iowsver, the verichility doss ot
stroy the value of this :roc:di re sicce the Incrccscs and
decreases in cveroesed period velucc of orsuric nitrosen and
phytopligrienit are closely relcted.

~hyrtornirmert=-or~anic nitrosen recletionshin

i und & s & Rt ol )

ment corcentraiion--organic ritrojern relatiornship (Fize 15).

Tris re ressio.r Is given by the formiule:

o
[

A

Y = + bX

W

wheore Y 1s the predicted valuc of orziitic nitrogen; X is the
xnowvm phytorigmoat corncentroetion; b is the slope of the

regression 1li c; and a is the Y intercept.

(S

The slope is fow:d by the ccuation:

Xy - AEX)(EY)

b = _ 1
X" - (ZX)<

e

o

a:G the Y i:itercert is calculzted by the formule:



Firvrs 15, Regression Liros Expressi:iz tlic Re=-

1ationsn1p Bct sen Fhytopicme .t Absorb-
ancy Units cnd hilll:rrm: of Orcanic
liitrogen ;or Rifflzs ond Pool Zorcs
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IY - bEX
n

a =

In the riffle z:d pool zones Y = =.089 4+ .0027X and Y =
-.023 4 .00215X, respectively. Although not determined, the
variance of points about the regression appcared to be
large.

The coefficient of correlation between phytopigment

and organic nitrogen is given by the formula:

ZTXY - (£X)(EY)
r = n

[(::XE - _(;%f) (zyz . %QL)]‘

The calculated correlztion coefficients for riffle and rool
rezions cre .73 and .63 respectively.

It can be seen that a foirly good corrclation was obe-
tained, which rrobably was due to each variabletls relation=-
ship to cellular woisht. The hizsher correlation in the
riffle indicates Lthet for a gilven unit of chlorophyll the
riffle community contains slightly more organic nitrogen.
This might mean that nitrogen pumped from the rescrvoir
first becomes available to the riffle crea,.

total dry welsht=-pigmsnt relationship

The results of total dry weighte-pignent analysis are
listed in teble 1lle. The relationship of these data is
expressed by a linear regression of Y = 3.47 - .0719X
(Fig. 16). Most of thcse data came from the Anabacna com=-

munity. Only the lowest points on the slope w:re reprcsen=-



TA3LE 11

PHYTOPIGHELKT FER UNIT DRY WEIGHT PER UNIT
AREA AFTER TWO WEEKS OF EXFOSURE

Date iiif%% A£§3%3 mg?igﬁéewt. mg.P3;§ wt.
L-13 12 12 0.5 0.8
L=21 c6 68 .6 22.8
L-23 32 6l G2 21.6
L-29 200 132 18.0 12.h
-3 238 16l 29.0 21.6
5=6 252 352 37.8 276
5-11 - - 510 - - TG e
5-17 554 510 L1.2 Liuy
5=-23 SilL 2006 35.6 21.6
5=25 8l 486 6.6 3.5
5=-31 - - 67L - - - 52.0
6-6 1112 1478 92.8 37.04
6-8 Loy 6L6 30.6 47.0




Fi-vre 1l6. Rer ression Expressi..” tlie Relation-
sliip of Piytopigment Absorbaicy and
Milligrams of Totcl Dry Welight for
All Artificiel Stream cownunities
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tative of th: diatom-grcen zlgae pionrneecrs since growth was
slight during thelr presence. The calculation of scparate
slopes did not secem justifiable,

The coefficient of corrclation wss calculated to be
«8%¢ A lower corrclation of 616 between orzenic weight and
chlorophyll wos givsn by Riley (1640). However, in cecrtain
Red Cedar River dictom cormmunities Peters (M. S.) found that
a cormon zorrelotion of 93 occurred using orgaric weight
versus etlanol piguiciit 2xtrects. If it is assumed that
total dry wecight minus ethanol solnble compow:ds apiroaches
Poters orcenic wel hts which wore corrected for the loss of
soluble compounds, then the correlotlon coefficicnt for
blue=-greoen elgece 1s slightly less than that for diatoms.
Riley (1940) indicstes thot pertizl correlations are slight-
1y lower for thec blue=-grecns,

In viow of the statements cbove, it is still intcrest-
ing to note that two such diverse gjroups of algae with
different pirment characteristics are so closcly comparsble.
This might in pert be why deviatlors of all points from the
cormon calculctzd slope gave no trend to justify computation
of scparalc slopese

orgenic nitrogen==-total dry weisht rclationship

The relatiornship between orgenic nitrogzen and total
dry weirht is exprecsed as percent orranic nitrogen (Table
12). Only two shingles were znalyzed psr period in ques-

tion., Of the two shinglecs one was removed near thc beginning



TABLE 12

PERCELT CELLULAR NITROGEN PER UNIT AXiA
AF;ER TWO WEEKS EXPOSURE AT il
BiGINNINGS AND ENDS OF
PERIODS 2, 3, AND 4

Date Pool Riffle

Mg ¥ Mz Dry % N g & Mg Dry % N

Wt Wt

L=-13 trace 0.8 trace trace 0.8 trace
)-,'.-23 030 21.6 1.Y4. 005 (/.2 O.6
L =25 «31 12.0 2.5 12 18.h 0.8
5-9 059 2706 201 076 37.8 2.1
5"’17 .85 Ll—o.)-‘. 2.1 .97 )..‘.1.2 2.]4.
5-23 .L'-Z 21.6 2.0 1075 35.6 )4..9
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and onc ncar the end of the pcriod. This analysis was only
onducted to obtain further iasisht into the nitrogen retabe
olism within periods of nitrogen addition, Data for periods
2, 3, and 4 are illustrat=d in fi:ure 17.
It is evident that the cellular nitrogen content remaine
ed below 2.5 rercent most of tue timc. Only on May 23 irn
th2 riffle creca wos this velue excecded. Fojz (1S4L4) states
that nitrogen fixing blve-green al:cce contain a ratlhier high
orpanic nitrocan cortent recr 7 or 8 percent., Gerloff and

Skoog (19ElL) have rointed out that an internal con:zentration

of nitrogen above four percent in cells of Microcystis is

luxury consumption, whereas growin below this amount 1is
P P g
proportioncl to thie svpyly of the element.

The organic nitrosen in the pool zone incrsrsed til

I_JO

thie boginn of roriod 3. Thercalter a slight drop in the

(8
4L

("\

G')

level occurred, In the rifflc area the percent of nitrogen
rose consistertly throughout the experimcnt., This rise
might be cccounted for by the vroximity of the riffle to the
incoming nitrogenr from the rescrvoir iufluent, with the
riffle community deplecting most of the :itro ea 1n soluvtion
before it rcaches the pool. This sxplanation would account
for the stabilization or dror of psrcent orjanic nitrozen
in the pool after veriod 2. However, since Ancbaena domine-
ated the stream cormuiity from the middle of period 3 until
the end of the zroject, altrozen fixatio:m i:ay 1Ia pert be

regponsible for increcscs within periods 3 cad Lo It is



Fizure 17. Ferceirt of Cellular Litroson
¢t the Beginaala~s annd Ends of

Feriods 2, 3, aind It



Riffle

Pool &
Addition Addition Addition
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Period 2 Period 3 Period 4
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intcresting to note that the vercent nitroger rclationship
between pool 21d riffle comparcs clos=ly to initan period

organic nitrogen aond thritorim:z t velues (Fizures 12 cnad 14).

]

strcam primery production

Up to fhis time only relative rctis of prinary rroduc-
tion have been montioned. The calculation of absolute rates
trecating data from all somples would be difficult if not
Impossible since thiere was considzrable overlap of shingle
exposure., It was nccessary to use only one zet which was
rerioved and rcplaced ot two wesii intervals for the absolute
estimate. Thilis jsroui chosen, set 1 of both riffle cnd pool,
samrled eaclh nitrogen period in entirety cud thus roprosconts
the accum:lotion of slgae during that period. Thes voluos
sihould ~ive a close avproxina*ion to acivel prinary produvc=
tion sincec consuiers were not noted to exist i the dzel
met viotil skortly before the e xperiient termincted., All
chlororhyll valuns were coaverted to total dry weigsht by
employin~ the rcgrescion in figure 1€¢. Results of calcula-
tioas are listed in table 13,

An incrcase in absolute production yecr veriod followed
the cumulative additions of nitratc with a meen daily produce
tion based on 8 wecelrs of 25C.2 and 201l.L milligranms dry
weight per square meter per day for riffle ciid pool respec-
tively. The higher rifflec prodvction was dvue tHo a greatly
accelerated rsaste during periods L and 5 (Figures 18 and

1¢). This more than nrade up for nhigher pool ra“es in the
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preceding ods 2 ard 3. These calculations se~m to sub=-
stantiate ecrli cgeuriptiors b: £-d vpon relotive reotes,

When comporcd to other works, thie crtificial stroom is
relatively unproductive wi*h rates approximetin: those of
sterile syprin.s and ocearic wicrs, Odum (1956) states
trhet gross prodvrctiorn of ten Florida sprin-s dirirg July

P

and August rcnged between 600 o2d 5¢,000 mg m™ day™'s  He

3

also guotes Riley in saying oceanic wilcrs ronze boetween
170 end 1,600 ng m“’day“. Althooch production wos low, the
stcnding crop became quite hizh, forming a thick spoagy mat
of cells wi:ich cventuclly bega to breock loose from the
streom bottoms This at;picol situation was probrmbly due to
lack of graczing comnsumers, In swmary 1t secems that lack
of nitrogen hos significantly decreas:d the overall produc=
tion of the crtificicl str~em with svceessive nitrate addi-
tions determining the zticimment of hislicr production ratese
It is intcresting to note thaot pool production rates
for periods 2, 3, and L. wore closely grouped, whereas those
of thc riffle were mor: widelry separated. Thils misht indi-
cate thct o stzedr-state comrnr ity wos nocarly rcoclhied in

the pool,

Licht

the

A coantinuous iuflux of cnergy was suppnlied to
artificisl stream community by incandzscent lamps. To

review, all lightod cubstroies were 36 centimeters from



Fimure 18. Prinary Prodvetion of Riffle Area in
Gr:ms por Square leter After Two weeks
Exgosure to Periods 2, 3, L, cnd 5
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Fi-ure 1¢. Primary I'roductiocn of Pool Arca in
2 .
Graias per Scuare NMeter Aftcr Two Weeus
Exposure to Periods 2, 3, L4, a:d 5



SHIIM

€ po!4sd
Y
S Polay

T © ~
4943\y 240nbg 43d swpi¢

)

1)




70
and dircctly bercsth tho lamys in order to obtcin eqgu:l and
raximel perperdicular radictio:. However, the equal condi-
tions wsrz only ayproximat~d since li~ht hcd fo poss through
a srecter depth of weteor ia the pool.

The cverce rioxirmva radiont ensroy =tritio;

[
12
}

;—\.J
®
e}
o

=

sirfecs war meacired ot 1,0 3 o05 gm-cal em**nin!'y  In the

rifflc region the enersy strikirg was aporoximated st .63
ogri-cal e ¥min', The Lizher pool volus stoms Ifrom the fact
Ttlhiet the o>l surface was closest to the light source since
liglits followed the cortour of tii: siream bottoins An sctusl
value of energy reaching the bottom could not be obtained
due to the position of the ecxposure meter window.

In nature thec total radicticn ot tlie water surface
(tamporate zones) seldom cxc:cds l.5 gri-cal co*imind, ond
only ebovrt hall is used in plotosynticcis (Eduondson 1¢956).
Except for grality of liznt the ensriy enfericg the celifi-
cial streom compcred closely to natural sunlisht, This
assumption cen b rade since tihe exposurce meter wes colie

brated directly from a pyrhcliomcteor wiilich is ccaelly scnsie

tive to 51l wavelsngths (Strickland 1958). Pringsiieim (19E50)

e

ndicates that i compurison to luninscent tudbes, incandes=
cent i1lluwninction has a spectrcl ewvoction that is ..ore in
conformit; to the ebsorption of 2lgal pigneats,

In view of the quantity of constint enersy suprlied to
thc ertificial system, Photosynthetic inl:iibition could have
affected the cormiunity composition as a whole, Ryth:r (1956)

woriing th marinc phytoplanitton groups fou:d thcot growth
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of the group Chlorophiyte wos irkiibit:-d belforc that of diatous
(1

[&]

Oy increcsing lighte Meyor cnl Bun ¢L0) report thoi at
1li-ht intansitiscs of 12,000 foot=c:indles (rov hly .2 gm-cal
cr?in') comyplete inliibition of Chlorella occurred. Fure

thot mixed populctions of :ncrine phyto-

O

ther studies stat
plan’zton hacome 1nliibited ot chout o5 gmecol cm*iain!
(Stric.le:@ 1¢59). DMoreovor, floating forms of blue-zr-en
alsoe arrzer to hove thelr maxnimri rhotosynthetic rate near
the water s rfoce (Davis 1955 rerorted by Verduin). There-
for», i% ci nocrs "hat 1isht inte zitles i1 the artificial
stroan could be execlu:ding suci: alzze as Chlorophyta, but
rercitiing dletos and blue-grecn formis to flourish,

The effects of reduced lizht intensities uwere studie
by compari-y the chloroplirll content of illw.cted shirnsles

a

with those in the urlighted crza rrocedd the rifflec, As

o

gy
-

cxpectad, o decrease i 1lisht inte..sity significartly re-
duccd the primary production (Fige 20). Edmozdson (1956)
foirrnd little or no correlaticn betwnen 1i:ht income an

rote of photosynthesis in surface weiers due to surface
inhibition of srowth and ranse of sa’rravion Intexnsity for
prhotosynthesis, but =t six msters or more = correlation of
the two variables becams evident, The lowost light inten-
sity to which shisgles wire exgos.d was 3.4X107% gm-cal cm-2
min-!, This value correspoads to the compensation intensity

of many 2lzcl forms which ccaters around 3X10°2 grni-cal cm-%

min-! (Stricikland 1658).,



TABLE 14

MZAN ABSOR3ANCY URITS (AAX103) OF PHYTOF IGMENT
PER ULII ARTA AFTHR ZXPOSURE 70 FOUR PERIODS
OF NITROGEN AT DECREASING IKTENSITIES
OF LIGIT ELERGY (g=cal cm™*mind’)

Shingle Energy Period Period Period Period

Nunber 2 3 L 5
Al +6300 11 103 1,20 L2
A0l 0110 85 202 253 180
AO2 0040 45 110 27 122

AO3 .003L 27 88 22 L6




. ~
imvre 20,

Fean Fiptopigrent Absorbaiicy Units
per Uit Ar-a ot Deccercasi..; Inten-

sitiecs of Light diersy for Feriods
2, 3, 4, and 5
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It can also be scen that factors other *han light
affectcd production i the vnlizht:d zonce The succsssive
additions of :itroen in genersl aprpecred to ircrocsc phytoe
rigment production here as in fully lightzd arcas. The
change 1s perticularly noticecabl: from period 2 to the other
pericds. Howecver, uat cnergies telow o011 sm-cal em-2min-!
this eff2ct 1s not well defined.,

Nitrogen Fixation

Throv-lzout tliis paper refere-ces have becn made to the
poscibilitics of nitrogen fixatlon being partially respon=
gible for i.crccscd period producticn., Thereforec, it secms
uscful to swamicrize both pros a:d cons of this occursnce.

First of 211 Anabaena oscillarioides dominnted the

ertificial strsan during the latter two-thirds of the jro-
joets Seven specles of Anabscna have been iowm to fix

nitroren (Fogg 1947); however, A. oscillerioides was not

listedo
The crtificisl streem ricdia was condrcive to fixation

. . |
since the nitrosen concentrstion never cxcccded 1 mg 17,

Fogg (1¢42) reports that fixarion occurs in A, cylindrice
if the concentration falls below 4 w7 1, It was noted

that Anabacna avpreared in the artificial strcam at the end
of period 2 whon the concentrstion woee very lowe Thils genus
often zxists in waters of low inorganic nitrogen content
(Riley 194,0; Edmondson, Anderson, and Fattcrson 1956;

Hutchinson 1¢l;; and Pearsall 1632), but few aulhors have
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concluded that fixetlon was occurring. This genus oy be
hizhly tolsrart of certcin snvirowmentsl conditions regerd-
less of fixc*ion tendencics, It is elmost wiiversally ace=
cepted that blue-zreen al-ae prefer olkali.ic media (Bold
1942) a::d strorg light intensitics (Davis 1955). Due to a
variety of pignents in the cell a high photosinthetic
efficiency is produced (Strickland 1958).

In direct opposltion to thc occurreice of biological
fixation 1s *he fact thet the artificial strecrm Anabaena
cells conteined 2 low rerceant of nitroren. Niirogen fixers
have a hi ki cellular nitrogen content (Gerloff and Skoog
1954 ). Orly in the rifflc durin~ poricds 3 @nd L did on
increase in orgenic nitro-en troie plece while inorzonic
levels were low, but this incrcase could he cxplained by
the rifflc rroxinity to ritrogen in thie Lufluent. The low
rate of primory rroduction throughout this experinent indle
cates that substantial amowunts of nitrogen fixation could

not have occurrecd,



SUIMTARY

1. A community cf algcl cells estoblished itself and crew
in an artificlal strcoam with controlled water temperatures
of 709 £20F, continuous illumination, constant flow, excess
of all major nutrients excspt nitro:.en, and prcscence of
trace eleneits, Conditlons that were veried included
nitrogen conte.t, weter velocity, snnd incident strcem bote-

tom radiaticne.

2; The first addition of ritrogen to the strcam, which

contained only troaces of tiils clement, tri;gercd gsrowth of
a pilonc:r comunity which was prcdominately distoms. Dur-
ing the s-cond addition period *his comwuiity was replaced

by one of blue=grecen algel demi..ance, which rencined until

the experiment terminsted,

3. Thre: successive supplericnts of calcium nitrote (1 ng
1-' each) clevated period production of phvtorigment, organic
nitrogen, and total dry waighte. All increcscs were due to
nitrate odditions cnd possibly nitrogen fixetion, but there

is little evidence to support the latter theory.

Lo The assinilation of nitrogen after eacl: addition re-

sulted in o rise of cellular chlorophyll and a fall of in-
orzaiic nitrosen, which usvelly leveled off at a coacentra-
tion near .1 m~ 1-' . Followin: this reduction chlorophyll

cor:tent decrecascde
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5. A significant differ=nce in production, phytopigmen
content, and orgonic sitrosen occurrad betvicen riffle and
pool arcase Pcol and riffle values w.re respectively highe
cr at the beInning and 2nd of the projccte. Tuis differecnce
can be attributcd o one or more of thecs: foctors: wvarisble

incident racdiotion, variactions in curract, or competitions

6. A good rclationship wns =xpros:zed Doiucen total dry

t cnd rigment for a cormaunity of nixed alzcl zroups.
Also ths correlation betwecen phytopiment and organic nitroe
gon was fairly goocd for both poul a.d riffle (reas. Corre=

lations in the pocel were =li~htly lowcr.

7. The "nornol"™ orgenic nitro-en of cellular nchcrial ap-
proximatced two perce:nt with one excoption. Thls cxceprtion

might be a product of nitro--n fixation.

8. Totol radiztion strilking the rool and riffle surfacoas
cs measured 2t 1.0 05 to .53 gmecul cm-3nin-’/ respective-
ly. This acecounted for a priniery produciion of 250.2 me

sht m-2day-lin the riffle aaxd 201l.4 in the pool.

Ce Shinsles placed iu diminishing light intcensities showed
a defi.ite decrrzse in phytoplismont yroductlon. Even under
these conditions production increzsed with nitrogen addi-

tions.

10, During the oxpcriment initially high concentrations of



ellzalinity, conductivity, totul phosplhicrus, silico, sodiwm,
end rotassium droied as time progressed. The variation in

lizght dve to a complex bufferi:; system. Reduvctions

;3_‘
=5
b))
G
[4:]

rimerily from cellulcr growtl altiou-h othier
facztors arc perticlly restonsible. An instantaneous cone-
centra'ion of any ion 1. the stroom is equel to tihe solution
of the i-itiel addition, org:ile deecomyositicn, and rzlcase

from livinz cells mivus vlaat cocindilotion, loviee, und

widissolved salic,
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