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Theories are fine as tools to understanding but are not in
s

themselves contributions to truth. Any clever scientist can
down, marshall the facts at hand, and bounce out of his arm ch
The scientist who is gre is the one who propos

! than t

ir
_—

1
i

a
o

with a theory.
a theory and then attempts to prove or disprove it ra

one who proposes a theory and then goes off grinning to greener
pastures leaving the onerous job of proof or disproof to others.

i e

Vincent C. Dethier (1
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ABSTRACT

Rates of Algal Production and §

in the Logan River, Utah
by
Gary D. Beers, Doctor of Fhilosophy

Utah State University, 1969

Major Professor: Dr. John M. Neuhold
Department: Wildlife Resources

The rates of algal production and Sphaerotilus assimilation
in the lower Logan River benthos were investigated in 1966 and 1967.
The rate of annual gross primary production (3,416 Kcal/mz/yr)
was estimated from the relation of pigments to the photosynthetie
rate of benthic communities in a submersible, metabolism chamber.
The paotosynthetic rate was predicted with high precision when a
measure of the accessory pigments (D480/D665 and/or chlorophyll-c)
was considered with the chlorophyll-a. The pigment density estimates
were obtained from the community present on paraffin-coated, concrete

h

ispheres after immersion in the river for periods ranging from 11

to 20 weeks.

2
The daily rate of energy utilization by Sphaerotilus (1.3 cal/m"/day)

was estimated from the observed generation time of this bacterium on

glass slides suspended in the river at various locations and metabolic

coefficients obtained from other sources. The magnitude of microbial
ot s . : 2

activity in the river water was estimated to be 448 cal/m"/day. The

accumulatio

2

1ss on glass slides was 0.3 mg

7
(net weight)/m”/48 hours, and could be predicted from the temperature,







The energy flow through aquatic commui

es of primary production and decomposer

ed to chemically-bound ene

it is available for util

ophic organisms. 1In

for

transfo

processes,

le importance in the formation of chem-

(Steemann Nielsen, . Decomposer assimilation

vital function in munity, because, if

1d

it did not occur, all the nutrients would tied up in d

v life could be produced (Odum and Odum, 1959). This
is the mineralization of organic matter. Producers and

non conditions for the existence of a functional

1 and Odum, 1959).

Odum (1957), Teal (1957, 1962), and Kriss (1963) are among the

oser assimi-




these two




LITERATURE

REVIE

iology. The third

e methods utili

The literature on the

xcellent, comprehensive,

ibject. The Proceedin of the Tenth Pacific

ional Biological Program (Goldman,

recent work.

Rittenberg (1963), Zhukova (1963),

, and Romanova and Zonov (1964)

Fedosov (1963), Ivanov

the better discussions on this topic. They used

e in pumbers to

acunt of substance produced or incre:

Simple enumeration is a useful tool with which

microbial production, since growth of unicellular organisms

is directly related to numbers of individuals. Senez

me general aspec

literature dealing with the biology of the bacterial genus

Sphaerotilus 1is sizeable. The majority of the

publications is concerned




Harrison

the work concerning

ree of the

the physiology of

are Stokes (1954), Hohnl (1955), and Rouf and Stol

interest on z and

The concentration of glucose, the concentration of nitrogen, the

3

biochemical oxygen den

velocity of flow which can influen

ed stream conditions by

in the laboratory under simul

Paillips (1960).

rann (1964), Wu

1ted gome interesting results obtained from studies of slime infes-

outdoor,

ficial streams experiencing various pollution

7]

England re

ent studies (Dept. Sci. Ind. Res., 1963) reported
nic carbon/hr/mile were extracted from a

effluent was attributed to the metabolism

Germany,

1 phosphate shortage and delayed nitrification. Southgate

1d Cawley (1958) emphasized that temperature was one of the main

ctors to the growth rg and Cormack




y (1956) and Wilson

which were placed

Early methods utilized bell jars (Odum,

flow into the

involved
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during

the

er designated as

ver, as monitored at th
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ogical Survey (U.S.G.S.,), was

mountains dominating the

0.3 to 0.6

than 0.1 m™/sec he late summer
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Novembs
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3

from




L_.L,l_L.,.L,_J 1 L N O

0

0
o

<3
(=]

e
o

ed

> trac




o

months the

volume ratios. D

Crs Seven-Mile Creek:Logan ratio about 1:4:13, and
River and
Certain aspects of the aquatic communities in the study are:

and Clark (1958) studi=d the

algal compo ts of the river biota., More recently,

ted the fish

Erman (1968) investi

Neuhold (1967) a

ns, respec
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on the river bed at e
! 2 . &

areas of 1,321 cm”™ (radius = 14.5 cm)

and weighed about 13 and 8 kilograms,

1

designated for the lower section were

Actual site location within the selected

-om the

7
and 868 cm~ (radius = 11.8 cm),

respectively. Hemispheres

cast th three, tapered, metal-

capped wooden stakes extending (30 cm) from the basal surface. Their

purpose was to I

These

substrates present of the river bed to obta

pigments for several reasons. First,

keep the substrate from sinking into the layer of silt
in the lower section.

s were used instead of the natural

uniform substrates allowed a more




included in the

ext

ne extracts (l-cm

ter at 665

some cases 430 my. Quantities

lculated using the m

neter (D430, B4SO,

DEGS) .
to cbiai
conte of the community on a

related to

time. Twenty concrete cylin

2

surface area = 474 cm’)

intervals 5, 3, 6, and 6 substrates

river at Station 0.05. At two

1t measurements. Acetone ext

[¢) i 3
2aling bottles at 0 °C., From this point,

hod of S




that chlerophyll ~a was not

Reup (1

substr upon as 2 minimum

period for su

Stream

he metabolism of 1ithic, stream communities

in a submerge

, closed

stream water. The net amount of oxygen released

(gross primary production minus community

>

from differ

ion) was

ter samples from the apparatus and the river.

complecion of an experiment, the rocks were removed and the plant
pigments contained in the epilithic community extracted with acetone.

ical densities of the extract at various wave-lengths (665, 630, 510,

0

T

480 and 430 myi) were measured with a spectrophotometer, The exposed

surface area of each substrate was estimated by pressing metal foil

ovar the substrate, trim away the and weighing the amount

was obtained by divid

needed to cover the surface. An area

1

the amount of foil used by the weight

The continuous-flow apparatus

, plastic connections, and support platform.

phere, s

The hemisphere was constructed of 0.32 cm thick, clear plexiglas v




Figure

M A A megapy

Average
substrat
in the

1966.

1.0
(Li

amounts of chlorophyll-a on artificial

13




As

generator, B= plexi

and

ramatic presentati

electrical cc

D= flange over cork g

h

to the variable transf

. Secale is 1:4.

rmer
ere, C= support platform,
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ed the

when unplugged, allov

. A circular, perforated baffleplate placed at the entrance

centrif e Giant
Compa This platform consisted

carrying water fre

val of a water sample

e pump permitted

it was under water and in operation.

Positioned on the stream bank near the location of the apparatus

in the stream were a e transformer (Varivac L1I5-V. ACT
s > >

input, 130 divisions, al Radio Compan and a portable generator
(115 v, A.C., 60 cycle, "Homelite Company"). The speed of the pump was
governed by the setting on the transformer,

The conversion factor between pumping rate and transformer setting

determined in the laboratory. Total volume of the apparatus was

11.8 liters. The pumping rate was a linear function of the setting,

in the of 60 to 100 transformer divisions. The equation expressing
this was
V =27.25 (S8 -~ 60) + 730 (1)

where V equals pumping rate in ml/min, and S equals transformer setting.

7 16.2 minutes

cycled the water o

5.2 minutes. A




n all field ex

time

0%

end of a

and the o end placed in

a plastic bucket held upright at the water surface above

Outlets from the tees were unclamped, the stream v
the tee nearest and the chamber water was pumped out the
first tee. Samples were collected in three BOD bottles positioned in

the buckat, end the bottles were allowed tec overflow for 30 secoads.

1 a large, plastic syringe (volume

and titrated in the field in accordance with the

the

v method (APHA, 1960).

The above operation was completed

r daylight conditicns for

estimates of net communi and then with a tarp over the

apparatus to exclude light for estimates of commuuity respiration.

& R

1

nates were obtained from & sum of the two

Gross photosynthes
above measurements.

Net change in quantity of dissolved oxygen in the apparatus was

calculated using the following

oXy/dt = DO,V, - Di v
doxy/dt D\.z\/z LO1 (\.
where,

dOXY/dt = net change of dissolved oxygen in milligrams per hour.

dOXY = change in quantity of oxygen during the sampling interval,

dt = sampling interval in hours,




taken from the apparatus at the end of the
PE

interval,

3 = liesolved oxygen concentration (mg/1) of the water sample

at the start of the

interval,
ume (liters) of
.
t

12 bucket and bottles (sum of volume of

flow),

pling

V7 = volume (liters) of water contained by the apparatus

(11.8 - voluw

in liters).

The following ex

standing of the use of the above equation.

Gin

dissolved oxygen analysis. Volt
bottles plus
dissolved oxy

overflow equals 1,100 ml.

is provided as an aid to a clearer under-

ven: 1100 - Water samples were withdrawn from apparatus for
of the three

Average

/gen content of these samples equals

6.0 mg/1. Average oxygen content of the stream
water equals 6.0 mg/l and remains constant for

during the actual experiments,

s plus overflow equals 1,200 ml.

1s 1,000

ials

the duration of the experiment. This was not true

ove procedure is repeated, Volume of the

Average

lved oxygen content of these samples equals

repeated. Volume of the

ml. Average
9.0 mg/l.

is estimated
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Calculation:
1100 to 1200
doxy/dt = 7.5 (11.8-2.8) - 6.0 (11.8-2.8-1.1) - 6.0 (1.1)
= + 13.5 mg oxygen/hour
1200 to 1300
doxy/dt = 9.0 (11.8-2.8) - 7.5 (11.8-2.8-1.2) - 6.0 (1.2)

= + 16.3 mg oxygen/hour

in the cond

(7]
o

Notice that DO? in the first calculation becc

calculation,

The substrate coatings were processed for pigment extraction
on four cccasions from June, 1966 to November, 1967. The effect of

substrate size on quantity of chlorophyll -a was tested within each

time p d and section of the river. Analysis of variance was calcu~-

ized block design (blocks = stations, treat-

lat utilizing a ran
(=}

ments = substrate sizes) and the resultant "F" values were tested for
significance at the 0.90 level. If substrate size had a signficant
effect on the quantity of chlorophyll -a, then the data from the smaller

substrates

e expended by the ratio of the two areas (1.52). This
was done for the smaller substrates at upstream stations during sample

I, IT, and III (February to July). Section means and 95 percent

cenfidence intervals within each sample period are available (Table 2).

Only during the sample period II were the pigment data from the

from those values from the

upstream section significantly differe

downstream section (Table 2). There was no signficant difference in




TABLE 2.

’
Pigment measure mean and 95 percent confidence limits for each of the river sections
within each sampling period. Within the parentheses are the "student's" t values used
in testing the hypothesis that the m f the stream data equalled the mean of
the downstream data. Single asterisked values indicate rejecticn of the hypothesis
at alpha equal to C.05.

S Days
Period in River

Section No. of ok
of River Stations B > enoi D480/665 D430/D665

June=
Sept. 78
78

Sept, 1966~
Jan, 1967

Feb, -
July 1967

July=-
Nov. 1967

Upper 11 0
Lower 12 sk ¢ 2405 + 620, W61, 1.19+0..02
G (0.4)

1.5220.02
1. 554025

-~
w
H- I+

=
(o]

vt O

o

~
v

By 162,10
1.4+1.0
(L.7)

Upper
Lower

n,m., = not measured

*%

= milligrams per 0.12 square meter



the ye ratio (D480/

65) during this period. If the

ratio is

as an index of the qualitative nature of the algal

enthic communities, then the observed differer

sample period II can be said to be of a quantitative nature, The com-
bination of relatively low river volume and high volume of sewage~pond

effluent diverted to the river during this period might have been

responsible for gr

The tributary volume was diluted by a factor of about 8 during this

and fact

pe from 10 to 30 during the other periods.

Inorganic nutrients, such as nitrates and phosphates, are common in

effluent from se

7age, oxidation ponds and nts for plant

growth, Sev

Creek (Figure 1) water was quantitatively analyzed for
nitrate, phosphate, and dissolved organic carbon during August 8-12,
1966. The respective concentrations were 1.7, 0.15, and 3.0 mg/l.

The stannous chloride method (APHA, 1960) was utilized for the soluble,

inorganic phosphate determination. The remaining methods are presented
g F g

in the Sph

s study methods.
An average and an indication of variability are presented for
each of the four pigments and the two pigment ratios (Table 3). The
2
average amount of chlorophyll -a (0.06 gms/m") was not as large as the

2
canyon section of the river (0.30 gms/m";

estimate reported for

McConnell and Sigler, 1959). The earlier study used the equation of

Richards and Thompsen (1952), while the equation of Strickland and

(1965) was used in the present study to estimate the amount of

chlorophyll -a. A comparison of the two equations suggested that the

result of the former equation was 30 to 35 percent larger than the

result of the latter equation. This comparison was me using

er algal growth below the entrance of the tributary.
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TABLE 3. Mean and 95 percent confidence limits for various pi
variables. Statistics were calculated from a data pool
of all four sampling periods, 1966-67.

re . . iStations Meaw & e Limits
1 3 g 2 2
hlorophyll -a 76 55 mg/m + 7 mg/m

Chlorophyll -b 76 23, + 4
Chlorophyll -c 76 z5 = Ay
Carotenoids 76 308 e
D480/D66S5 76 1.49 " + 0.06

17 3,07 + 0.20

D430/




Logan River. Talling and Driver (1961)

suggested that the Richa and Thompson (1952) equation overestimates
amount of chlorophyll -a by 25 percent or more. Furthermore, the
earlier study employed natural and concrete rocks as sampling devices,
and the present study used paraffin-coated, concrete substrates.

As reported by Beers and Neuhold (1968), the estimate of
chlorophyll -a density from uncoated, concrete substrates was 1.52 times

larger than the value from paraffin-coated substrates. This was attrib-

uted to the surface irregularities of concrete which afforded more area

and sites for atta McConnell and Sigler (1959) reported that
chlorophyll -a density estimates from concrete rocks were within the
range of those values obtained from natural rocks. If the density
values from the earlier study were reduced by 35 percent and the value

from this study expanded by 1.52, then a more realistic comparison of

the two studies could be ma

The canyon estimate would be about
0.20 gms/mz, and the valley estimate would be about 0.09 gr..s/m2 for
chlorophyll -a,

Three versions of the yellow:green pigment ratio were computed
for the four Utah streams and are presented for comparisons with
pigment ratios in other aquatic communities (Table 4). The four
streams are identified in the text of the next section. An opportunity
to collect pigment data from benthic communities on and around Amchitka,
Alaska, was taken during August and September, 1967‘and the data were
included in this presentation. The absorbance ratios can be directly
compared, but the ratios based on pigment amounts are not all directly

comparable, because investigators used different equations to estimate




TABLE 4, A tabulation of yellow:green pigment ratiocs for various aquatic communities.

Pigment Ratios

Weight

Absorbance carotenoids/ Community
D480/D665  D430/D665 chlorophyll w=a Description Source
FRESHWATER (benthos)
1.49 3.07 0.54 Logan River -
1.34 3.06 0.81 Swan Creek -
1.54 2.69 0.52 Blacksmith Fork River -
1.23 2,68 0.43 Little Bear River -
0.97-2.07 - 0.36-0.77 12 streams, Amchitka, Alaska -
1.51-2,90 - 0.55=1.,13 4 lakes, Amchitka, Alaska -
1.60-2.73 1.60-467 - *English Lakes Gorham, 1960
FRESHWATER (phytoplankton)
0.83-1.58 - - Columbia River (1963-64) Cushing, unpublished
- 4,32-6.98 - 8 lakes, Spain Margalef, 1964
BRACKISH WATER (phytoplankton)
- - 2419 Cochin Bay, frontwater Qasium and Reddy, 1967
- - 2,84 Cochin Bay, backwater Qasium and Reddy, 1967
benthos)
1.32-1,60 - 0.49-0.58 2 tidal pools, Amchitka, Alaska -

N
w




TABLE 4 (continued)

Pigment Ratios

Weight
Absorbance carotenoids/ Community
D480/D665  DA430/D665 chlorophyll =-a Description

Source

MARINE (phytoplankton)

Currie, 1962
Margalef, 1960
predom., dinoflagellates Margalef, 1960

Mediterranean Sea Margalef, 1963
Vineyard Sound Yentsch and Vaccaro, 1958
Bay IcAllis et al,, 1961

Waters
CULTURE

mixed McAllister et al.,
diatoms Yentsch and Vaccaro, 1
Yentsch, 1960

(dinoflagellate) Yentsch, 1960
(green flagellate)Yent

a (diatom) Cassie

(green flagel- Yentsch,
1

late

* Ratics were estimated from data presented in the source paper.
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of pigments. There do not appear to be any clear asso-

ciations between magnitude of ratio and con

Metabol

In order to develop a general statement, metabolism measurements

of benthic communities were conducted at three locations in the Logan

River and one location in each of the following rivers: Swan Creek,

Swan Creeck was located

Little Bear River, and Blacksmith Fork Riw

on the w of Bear Lake, Utah-Idaho, and the remaining
bl 3 S

three rivers were located on the eastern watershed of Cache Valley near

an, Utah. The total areas of the substrates used in each expe

; 3 2 e
uilar and ranged from 0.11 to 0.15 m~. Additional data on these

gtream communities are available (Appendix B).
The average rate of gross, primary photosynthesis in the four
streams was 0.8 mg 02/hr/mg chlorophyll -a (Table 5). This rate is in

ent with the results from metabolism experiments with

general ag

complete communities in the canyon section of the Logan Riv
(McConnell and Sigler, 1959).

Strictly speaking, oxygen changes in aquatic communities can be
interpreted in terms of gross, primary production (P) and community
respiration (R) rates. Communities described by a P/R ratio greater
than 1 are given an autotrophic status (Odum, 1956). However, for most

autotrophic communities, an approximate value for the rate of net,

primary production (Pn) can be obtained by subtracting R from P. The

main assumption is t most of the respiration rate can be traced to

When this is done, as it is in this study, then the

erestimate of the true value.




TABLE 5. Chlorophyll -a based rates of benthic, algal photosynthesis., Data are from metabolism
chamber experiments in the indicated water flow.
Logan Logan Swan Blacksmith Little Logan
River River reek Fork River River River3
Sampling Date (1967) 9-29 10-4 11-1 11-4 11-8 11-22
Hours of Experiment 1200~ 1315~ 1105- 1115= 1030~ 1100-
1600 1715 1505 1400 1430 1230
Water Temperature (OC) 1 9 8 4 8 5
Solar Radiation®
(cal/cm”/min) 0.58 0..52 0.32 0.39 0.13 0.13
Assimilation Rates
(mg OZ/hr/mg chloro -a)

Gross Production 0.96 n.m. 0.68 1.08 0.61 n.m,
Net Production 0..55 0.41 057 0.69 052 1.46
Dominant Flora green green moss brown brown brown

algae algae algae algae algae

.m, = not measured

- below list impoundment, natural rocks
above Twin Bridges, natural rocks

- below Mendon Bridge, concrete hemisphere

FPLON=D
1

measured with Weston Illumination Meter (Model 1756) in foot-candles, but converted to energy
units with a known relationship (Table 14)

N
(o2}




An attempt was made to construct a ent-based equation to

the rates of net production within a reason-

bolism experiments. At

e error utilizing the data from the six

present, there are no grounds for postulating that the function should

be expre in other than a linear relationship (Cassie, 1963).

ures and each of the two

Simg correlation values bety

en pigment me:

rates of primary production (Figure 4) suggests some strong relation-

ships. Chlorophyll =-c, chlorophyll -a, and the D480:D665 ratio might

occupy prominent positions in the equations predicting net and gross

Rates of net and gross production were regres ainst

of these three pigment variables and a few combinations

with other pigment variables. Certain measures of the precision of
these prediction equations for the two rates are presented (Table 6
and Table 7).

Certain combinations of the pigment variables appear to be
better predictors of the two rates than others based on the coefficient
of variation, F-test with its level of significance, and square of the
correlation coefficient. Chlorophyll -c predicted the rate of net
production with high precision (r2 = 0.9663 and CVZ = 10.36), and was
improved slightly by the additional consideration of chlorophyll ~-a

(% = 0.9921 and CV% = 4.11).
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Total Sum of
__Pigments
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e Productio
Gross mf_.( i

B/R

Figure 4. Correlation coefficients (rxl00) between pigments, rates of

production, water temperature, and solar radiation. A
a correlation coefficient equal to zero as a null hyg sisy
the correlation coeficients can be tested for significa
at the 95 percent level. The hypothesis ts rejected if \r\
20.81 for the top eleven entries(n=6) and if \r \20.95 for
the bottom three entries (n=4).




TABLE 6. ing net primary

production on various pigment measures from benthic,
stream communities (n=6).

Pigment Variables s RS R f L g

(o2
~
~

~

17.56(.975) 24.28
10.36

Chlorophyl
Chlorophyll -c 96.63 114.60(.999)

ds 66.90 8.08 (.95) 32.45

Carotenoi
Sum of Pigments 87.05 26.88 (.995) 20.31
Chlorophyll =-a, Chlorophyll -b 81,48 6.60 (.90) 28.01
Chlorophyll -a, Chlorophyll -c 99,21 189.01 (
Chlorophyll =-a, Carotenoids 81.49 66.04 (.995) 28.02
Chlorophyll -a, Sum of Pigments 87,10 10.13 (.95) 23,39
Chlorophyll =-a, D430:D665 85,70 8499 (.90) 24, 64
(

95.50 31.88 (.99 13.:82

Chlorophyll -a,

a - square of the correlation coe

b - F-value with the level of significance enclosed with
parenthesis

G
m

¢ - coefficient of variation =
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TABLE 7. Parameters of selected equations regressing gross
ious pigment measures
mities (n=4).

primary production on va
from benthic, stream commu

Bigone vesiabins . 00 L B e
Chlorophyll -a 65.24 3.8(.75) 32.04
Chlorophyll -c 84,37 10.8(.90) 21.30
Carotenoids 18.26 0.5(.25) 48.79
Sum of Pigments 46.76 1.8(.50) 39.34
D430:D665 6.43 0.1(.10) 52.21
D480: D665 79,36 7w 10. 75) 24,42
Chlorophyll -a, Chlorophyll -c 87.18 3.4(.50) 2727
Chlorophyll -a, Carotenoids 85.69 2.9(.50) 28,81
Chlorophyll -a, D430:D665 66.81 1.0(,25) 43.95
Chlorophyll -a, D480:D665 96.45 13.6(.75) 14,36
Chlorophyll -c, D480:D665 99.94 828.9(.975) 1.87
Chlorophyll - c, D480:D665 98.83 42,2(.75) 8.23

a - square of the correlation coefficient

b - F-value with the level of significance enclosed with parenthesis
(residual mean square)l/2

¢ - coefficient of variation = T TR e T T
) mean of dependent variable
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The quantitative expression for these two relationships are:

A
Y = 11.084 + 0.715 (chlorophyll -c), (3)

np

and

A
qu = 7.037 + 0.544 (chlorophyll -c) + 0.173 (chlorophyll -a). (4)

Chlorophyll -c, also, predicted the rate of gross production
. ey 2 e iy "
with acceptable precision (r~ = 0.8437 and CV% = 21.30), but this
precision could be substantially improved by the inclusion of the D480/

2 " / : :
D665 ratio (r” = 0.9994 and CV% = 1.87). The quantitative expression for

the improved equation is:

Qgp = -78.447 + 0.706 (chlorophyll -c) + 73.975 (D480:D665). (5)

In the above equations the pigment variables, chlorophyll -c and
chlorophyll -a, should be expressed as milligrams per 0.13 square meter,
and the respective predicted dependent values will be in terms of mg
oxygen per hour per 0.13 square meter. The multiplication of the rate
value by 7.575 will produce the rate in terms of mg oxygen per hour per
square meter.

The rates of oxygen evolution (photosynthesis) by benthic
communities in several Northern-Utah streams were better related to
chlorophyll -c and chlorophyll =-a, or D480/D665, than to chlorophyll -a
alone. Interpretative comments of the indicative value of the three

=nt variables to the rate of photosynthesis are presented separately.

pigr
The prime, and perhapsonly photocatalyst in algal photosynthesis
is chlorophyll -a (Brody and Brody, 1962). As a consequence, chlorophyll -a

should occupy a place in any set of pigment variables used to predict
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photosynthetic rates of algal col

A credible explanation for the place of chlorophyll =-c in the

lationship to photosynthesis may be offered on the basis of

1 Concept'" or "Emerson Effect'" (Rabinowitch, 1951; Brody

the "Engelr

and Brody, 1962). Briefly, this concept states that radiant energy

absorbed by pigments other than chlorophyll -a is transferred to chloro-
phyll -a before it can be used in photosynthesis. If such a situation
existed in the Utah-stream communities, then accessory pigments would

be expected to have some importance along with chlorophyll =-a in the

sion equations. Apparently this situation did exist, and chloro-

phyll -c was probably participating as an active sensitizer in photo-
synthesis.

Strickland (1966) stressed the importanceg of considering the
amounts of accessory pigments in addition to chlorophyll -a when
utilizing methods based on pigment content to estimate rates of algal
photosynthesis. 1In addition to the data presented for some Utah streams,
there were some marine phytoplankton investigations which presented
evidence for this approach. 1In the North-East Atlantic Ocean, Currie
(1957) obtained a better relationship between carbon-14 productivity
data and the sum total of all pigments rather than between productivity
data and chlorophyll -a values alone. Cassie (1963) investigated the
relationship between pigments and gross, primary productivity diatom
cultures. He obtained a better estimate of productivity by incorporating
into the equation, in addition to chlorophyll -a, oge other pigment,
either chlorophyll -c or carotenoids. The correlation coefficient for
his regression of productivity on chlorophyll -a values alone was 0.36,

1yll -a and chlorophyll -c was 0.97, and on chlorophyll ~a and
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carotenoi 0.68. McAllister et al. (1964) reported that at low 1i

intensities the ra of gross photosynthesis was proportional to the sum

total of all

s, irrespective of species or culturing conditions.

S was

they reported that the rate of max m photosyntt

d to pigment compositio the best correspondence being

with chlorophyll Research on natural, diatom populations in the South
Atlantic Ocean presented some evidence for the role of chlorophyll -c

in the en ters that are light-

gy-transferring mechanism of phytoplan

color limited (Mandelli, 1967).
The yellow:green pigment ratio has significant importance in the

relationship of pigments to the rates of photosynthesis (Equations 4 and

5). The sensitivity of this ratio to nutrient depletion and supply,

conomic composition, a

e of most algae, and succession in algal

nthetic rate,

ful in the prediction of the photos

Evidence to support the relationship between the carotenoids; chlorophyll -a
ratio and nutrient deficiency (phosphate and nitrate) and algal culture

age was found by Yentsch and co-workers (Yentsch, 1962). Castellvi (1964)
reported, also, on the relationship between D430:D665 and nutrient

depletion and supply. Margalef (1967) presented evidence that D430/

D665 reflected community structure, particularly taxonomic composition

ssion. He also set primary production (measured by the carbon-

14 technique) as a function of the D430/D665 ratio (Margelef, 1963, 1965).

and Cdum €1959, p. 87) pointed to the potentialityof yellow:green
pigment ratio as a useful index to fluctuations in the vigor of the

primary trophic level of whole communities.
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It is of some interest to note that D480/D565 was more highly

ith rates of photosynthesis in Utah streams than D430/D665

Figure 4). Although these two ratios were related (r = +.42) they

entical. Differences are possibly due to the relative
participation of pigments in light absorption at 430 and 480 my
Carotenoids are responsible for most of the absorption at 480 my while
the chlorophylls account for a large portion of the absorption at 430 my
(Rabinowitch, 1951). Therefore, absorption at 480 my may be more inde-
pendent of chlorophyll concentration (especially chlorophyll -a) than
absorption at 430 my . Extensive research concerning various yellow:
green pigment ratios is needed to clarify the significance of various
ratios.

In summary, the findings from this study indicated that other
pigment measures, in addition to chlorophyll -a, should be considered
when making pigment-based estimates of the rate of net, oxygen production
by benthic communities. Many factors can be expected to affect the
precision of the relationship of chlorophyll -a to photosynthetic rates
in aquatic communities. Strickland (1966) suggested that the relation-
ship could be imporved if amounts of other pigments were not ignored,
and Margalef (1965) suggested that the inclusion of a measure of
"structure'" will improve the relationship. Both of these suggestions
were used and the resulting relationships (Equations 4 and 5) accounted
for essentially all of the variation in the rates of net and gross
oxygen production.

It should be pointed out that the experiments were conducted

within a short period and under midday light and temperature conditions.




If the experiments had been conducted over a longer period which wou
have included more variations in light intensity and water temperature,

luded these two variables

then the relationship probably would have i

in addition to t variables.

Two environmental factors were considered b re primary produc-
tion in the study area was estimated. The area of the river bed in the
12 km section of the river was 10.4 hectares where the mean width of the
river was 8.7 m (3 to 14 meters at the 95 percent confidence level). An
approximation of the mean hours of light intensity greater than 0.1

2
cal/em /min was 10.5 hr/day

¥, or 3800 hr/year (estimated from Figure 5).

There is evidence that most algal photosynthesis is light saturated
2y ;

above 0.1 cal/em” /min (Strickland, 1966).

The rate of net primary production was estimated to be 100 mg

oxygen/hour/square meter utilizing the two-pigment equation (4) and the

appropriate pigment values (Table 3). An estimate of the annual net
production for the study area was estimated thus:
2. 2
(100 mg 07/m /hr) (3800 hr) = 380 gm 02/m /yr
2 4 2
(380 gm OZ/m /yr) (10.4 x 10" m") = 39,520 Kg Oz/yr
An estimate of the annual gross production for the study area was calcu-
lated in a similar manner utilizing Equation (5) and the appropriate data

from Table 3, and equalled 101,504 Kg Oz/yr. This result is contrasted

with some available data from other studies of flowing waters (Table 8).
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TABLE 8., Estimate of annual gross primary production rate and P/R ratio
for various lotic communities.

Water Flow Annual Ratel Method Source

Logan River (USA)

Lower Section 1 .5 Pigment -

Upper Section < T ent McConnell & Sigler, 1959
Ararawa River (Japan)

Lower Section 3,010

Upper Section 770
Madison River (USA) 34
Blue River (USA) 13,300
Ivel River (England) 12,250
Oconee River (USA) 319
Silver Springs (USA) 10,220
Birs (Switzerland) 64,050
Kljasma (Russia) 3,066
Itchen River (England)

Summer 12,410

Winter 4,745

Kobayasi, 1961
Kobayasi, 1961

sht & Mills, 1967
Duffer & Dorris, 1966
Edwards & Owens, 1962
Nelson & Scott, 1962
from Odum, 1956

O Wrsr=

=N O

Oxygen

o

Oxygen
Oxygen

o

Annual gross primary production rate expressed in terms of Kcal/sq. meter/year, Conversion
factors used in standardization to this rate are presented in Table 14.
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SPHAEROTILUS STUDY

Methods

chnique

Expo

A pair of glass slides (0.1 x 2.5 x 7.5 cm) was positioned
vertically from a wire suspended between a bouy and anchor at each river
station. Each slide was held in position parallel to the direction of

with a terminal loop to each slide

water flcw by tapi

edge and resting the lower loop on a knot in the suspension wire. One

nded at a depth of 10 to 20 cm while a second was sus-

ded at a depth of 30 to 40 cm. The second slide served as a spare

in case the first one was unuseable or damaged.

ed to free its

of organic matter

Each slide was tre
prior to its use., After remaining in alcohol for.several hours, the

rinsed and >d in distilled water.

The slides, after in the water for a required time, were removed,

, fixed by heat, and stained with a solution of 1 percent erythrosin

(1963). Henriei (1936)

solution as suggested by Kri

reported that a 5 percent erythrosin solution was satisfactory for his

er bacteria on slides.

conducted (April 21 to 23, 1966) at

A preliminary study

nded~slide technique. The slides were

Station 9.3 employing the susp

of 24, 48, and 72 hours. In counting,

ion peri

the numbcr of filaments of a given cell length per field was recorded,




2
the area of a field being 0.003526 cm .

not counted. Henrici (1936) suggested a count of 50 fields per

laborious

that a count of 30 fields would be

sufficiently representative of the entire slide. The fields were

an area 13 x 391

of a gra

&

in the center of the slide. All counts were made with a 40X objective

and a 10X focusing ocular,

colonization and reproduction rates were

congidered in reaching a decision on which of the three exposure periods

was Rate of fi on a
duri 24 to 48 hour interval and receded during the 48 to 72 hour

n had

interval (Figure 6a). Thus, it would seem that this bacteriu

ally colonized a slide after 48 hours. The generation time, or

reproduction rate, of the filaments on a slide was calculated using

equation
Generation time (hrs) = T/(log2 C/F) (6)
where T equals immersion time in hours, C equals total number of

\:

otilus cells counted in thirty fields, and F equals total

£

of Sphaerotilus filaments counted in 30 fields.

The generation time did not vary greatly with time (Figure 6b).

ie were within 10 percent of the overall

Values based on each exposure ti
mean (22 hours). Thus, each of the three immersion periods predicted

ely the same generation time. A 48 hour exposure period was

selected, because this period was equivalent to the other two periods

for esti and the slide was essentially colonized

g generation ti

by th
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iently representative for the entire slide was examined

on an information thec

function. If every

field per counted, then a filament length frequency distri-
bution could be constructed. One measurement of this distribution
would be filament diversity and expressed as follows:

D = -¥ n/N 10;2 n/N (7)

where D equals filament diversity, n equals number of filaments of a

certain length, and N equals total number of filaments. The n/N value

will be referred to as p in Figure 7. This is the Shannon-Wiener

information function (Quastler, 1958). As the number of fields counted

increases, the D value based on these fields approaches the D value based
on the entire slide. The above approach was based on ideas presented by
Margalef (1957, Figure 5).

The results of this approach (Figure 7) suggested that the inter-

vals containi the D value based on the entire slide for the immersion

periods of 24, 48, and 72 hours would be 0.20 to 0.40, 2.40 to 2.60,
and 4.20 to 4.40, respectively. The D values were confined to these
intervals after counting at least 20 fields per slide; therefore, it was
concluded that a count of 30 fields would be sufficiently representative
of the entire slide.

The values of the information function, F(p) = -p logz p, for p

0.001 to 1.000 can be obtained (Appendix C). Goldman (1953)

listed the logarithm to base 2 o 1 to 10,000, and Ash

(1965) preser abbreviated tables of values for -log, p and -p 1052 p

where p = 0.0]l to 1.00.
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ve size of the bacterium

evident in Figures 8a and 8b.

ted Water Quali

Temperature was taken 15 centimeters below the water surface with
i o, P biprs e .
a mercury thermometer graduated in 0.1°C divisions. Water velocity was

ured with current meter (Price Type AA) for a peried of 60

15 centimeters. Paired BOD bottles were used to

15 cm below the water

sents with the azide modification (APHA, 1960)

se to the These were later titrated with 0.0IN

were added dropw

sodium thiosulfate solution in the laboratory.

Analy were initiated in the laboratory within two hours of

field collection and conducted in duplicate. Hydrogen ion concentration

was measured with a pH meter (Beckman Zeromatic). Five-day biochemical

ned by the

(APHA, 1960) except the samples were not diluted and

s suction

er sample

A volume of w

buffer solutions were not added.
filtered through a membrane filter ("Millipore," HA 0.45 p), and the
filtrate was set aside for later inorganic nitrogen and organic carbon

analysis, The inorganic nitrogen present as nitrate and nitrite in the

filtrates

of hydrogen 1960). Optical density of samples was

measured with a Beckman spectrophotometer at 410 my. Dissolved organic

by wet ashing a filtrate aliquot (100 to 200 ml)

carbon was det

with a mixture of potassium dichromate and concentrated sulfuric acid,

determined by the phenoldisulfuric -acid method with the addition
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TS
and then

it had been reduced by the

mt of the dichromat

r (Maciolek, 1962; Strickland and Parson, 1965). Glucose

organ
was used as the carbon standard and the results of this method were

of glucose-carbon equivalents. Strickland and Parsons

given in terr
(1965) stated that generally the true carbon content is within 10 to 20
percent of the value given by this procedure. This method probably

measure of the dissolved organic matter avail-

onably accu

heterotrophic microorganisms.

Results
On November 25, 1966, pairs of slides were suspended at
Stations 3.45, 4.50, 8.50, 10.50, 11.00, 11.50, and 13.50 for 48 hours.
Later microscopic examination of 30 fields per slide did not locate any

At all eight stations the water temperature

20 ; : ;
was 4,5°C, dissolved or ic carbon ranged from 0.9 to 4.2 mg/l,

water velocity r ed from 15 to 72 cm/sec, and nitrate nitrogen

ranged from 1.1 to 1.8 mg/l

ilus and water quality data were obtained

Eight sets: of Sphaer

on four dates from July to October, 1967. Date and stations visited
were July, 9.5; August, 9.3 and 11.5; September, 7.5 and 9.3; and
October, 74, 9.0 and 11.5. A summary of these data is contained in

>

Table 9.

An additional set of measurements wv made in July at Station 0.05

which was over 3 km u am from the tributary entrance, but

Sphaerotilus filan not found upon examining the exposed slides,
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otilus and water quality data from
Logan River experiments, July to October 1967.

11.2
0-16 cm/sec 6 80
71.3=8.7 8.2 759
0.8-5.3 mg/1 2.8 8.4
6.2-8.8 mg/1 7.8 2.3
0.88-3.10 mg/1 1.88 247
6.6-26.4 mg/1 14.3 7.0
16-1,507 563 =
58-6,426 2,777 &
1.8336-3.0000 2.393 =
0.006-0.788 mg/m> 0.340 =
2.13-4.34 3505 -

_ Station O
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Data from this source constitute the last column in Table 9.

erotilus biomass (Table §) were obtained

The estimates of Sp

of cells per 30 fields and weight of a

single cell. The latter value (1.26 x 10-7 mg) was based on a cylinder-
shaped cell (diameter 2p, length 10y; Pringhseim, 1949) and on a

equal to 1.0. These data

specific gravity of bacterial protopla

a square meter basis by a factor (943.3) based on the

Filament diver Ys

per 30 fields was calculated as previously outlined. The consistency

data with that of the preliminary study of 48 hours (Figure 7)

of the
indicated that a count of 30 fields was adequate as predicted.

An attempt was made to determine which of the water quality
parameters were correlated with variations in the standing crop (number

rotilus on

of cells) and growth rate (1052 cells/filaments) of Sph

D values (Table 9), based on organisms seen

glass slides, and, thus, could be employed to predict these two measures

of the bacterial population with reasonable error. A matrix of simple
correlation coefficients among these variables (Figure 9) suggests that
dissolved organic carbon, nitrates and nitrites, stream velocity, and

water tem

measures. The regression equations that have been generated by a step-
wise deletion procedure are presented in Table 10. The square of the
correlation coefficient, the F-value with its level of significance,

nt of variation were used as criteria for selecting

and the co
the "best" prediction equation for each measure. On this basis, the
"best'" prediction for the number of cells could be made from the

dissolved organic carbon, nitrate and nitrite, and water temperature

rature might be useful in predicting each of the two bacterial




Water Velocity cm]s%c

Dissclved Organic Carbon

sl _mgfL

Dissolved  Oxygen
o)

~no.cells
G o e ———CT————TY

" 52 no.filaments

Correlation coefficients (rx100) between measures of stream
bacteria and water quality parameters. Data from Logan River,

July to October, 1967. Assuming a correlation coefficient equal
to zero as the null hypothesis, the coefficients can be tested

at the 95 percent level. The hypothesis is rejected if Jr] 2 0.70

(n=8).

Figure 9.
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mean of
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variables. The "best" prediction of the ave time could

be made from nitrate (plus nitrite) and water velocity variables,

The results (Table 10) indicate that the variability ian either

ing crop of growth rate of Sphaerc

ilus on glass slides after

for 48 hours in the Logan River can be stated in a quantitative

relationship with dissolved organic carbon, inorganic nitrate and nitrite,

water ter cature, and water velocity. The two chemical measures

the basis for the "best" equation for

and water

crop of Sphaerotilus (Equation 8). On the

other hand, inorganic nitrate and nitrite, and water velocity are the

basis for the "best'" equation for predicting the average generation

time of the filaments (Equation 9).

A

YC g™ -16.811-443.257 (Temp) + 2488.233 (N03> + 1510.710 (DOC) (8)
ells

A

Y +0.345 (N .019 (velocity
V)og, e/ = L-63L +0.345 (NOy) + 0.019 (velocity) (9)

Discussion

us development to food concen-

The

itivity of Sp!
tration, water velocity, and water temperature has been established by
various investigations (see review by Harrison and Heukelekian, 1958).
The most important environmental factors from the standpoint of slime

growth in the Columbia River appeared to be velocity, temperature, and

content (Amberg and Cormack, 1960). In outdoor artificial

phosphat

ors have pointed to strong relationships between

factors and growth of slime but have not made quantita-

:nts on these associations (Wuhrmann, 1964; Wuhrm
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and Gannon, 1967). Phillips (1960) reported some data
obtained from simulated stream environments that indicate to some extent
the complexity of the relationship of food concentration and water

velocity to the slime development on glass substrates. For example,
consider the following interpretations of his results (Figure 10). At

sive to changes

concen-

in velocity than at the

nilar at all three velocity levels. At the lowest

velocity, growth was proportional to velocity during the early stages

Finally, Oginsky and Umbreit (1959) indicated that during the

early stages of bacterial population growth the temperature of the environ-

ment determines to a large extent the generation time, or growth rate.

The average rate of Sphaerotilus biomass accumulation on glass

slides in the Logan River is very small when compared to the rates of
slime accumulation reported in other investigations (Table 11). Two

rlanations are offered for the difference. All of the rates

possible e

for comparision were obtained from studies of slime infestations in

nutrient-rich waters. The Logan River was relatively nutrient-poor,
having less than 72 mg/l dissolved organic carbon or a glucose-equivalent
concentration less than 1 mg/l (Table 9). 1In most instances, the cited
data were based on dry weight of slime which consisted mainly, but not
entirely, of Sphaerotilus.

The average generation time based on eight slides positioned in

was about 20 hours (2.393 divisions per
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TABLE 11. A comparison of slime accumulation rates in various aquatic
environments.

Slime Agcumulation Rate

_(mg m ~ "_];)__7 3 W _____ Water Source
0.3 Logan River -
3,600% Model River, molasses Wuhrmann et at., 1967
added
4,000-8,580%* River with beet-sugar Dept. Sci. Ind. Res.,
wastes 1963
40-310% Sewage Treatment Plant Heukelekian & Crosby,
effluent 1956
Laboratory Stream Phillips, 1960
Conditions
1,329-2,215%* 20 ppm glucose
13-77* 10 ppm glucose
679-2,709* 5-40 ppm glucose
1,226-1,496%* 10 ppm glucose,

flow levels

426-1.118* various BOD:N:P
ratios

390-678* 10 ppm glucose,
5 ppm NH,, and
2 ppm PO4

* Units of original data converted to stated rate.




48 hours, Table 9). This value compares favorably with values from

eutrophic 1
It would be interesting to speculate on the rate of energy utili-
zation by Sphaerotilus in the Logan River benthos. A reasonable appraoch

was suggested by Kriss's (1963) treatment of marine microbial produc-

tivity., Utilizing the formula developed by Ierusalimskii (1954) con-

(1963) made estimates of the rates of organic matter utilization due to

microbial metabolism in several marine environments. TIerusalim
formula is
P=A+B=amcect+bmt (10)

where

P = total quantity of organic matter utilized;

A = the quantity of organic matter, the oxidation energy of which
is used for increasing the biomass of bacteria;

B = the quantity of organic matter, the oxidation energy of which is

utilized for the "basic metabolism" of bacteria (i.e., preservation

of living functions without growth);

the trophic coefficient, i.e., the expenditure of the material

supplying energy (organic substance) necessary to produce a unit of

bacterial biomass;

b = coefficient of basic metabolism, i.e., the expenditure of the
material supplying energy (organic substance) for the needs of the
"basic metabolism" of a unit of bacterial biomass per unit time;

= biomass of bacteria (dry weight);

¢ = coefficient of growth (the increase of a unit of microbial biomass
during growth and reproduction per unit time);

and t = time (Kriss, 1962, p. 412-413).

[
"

He assumed the coefficient a to be equal to 3; and coefficient b per day
to be equal to 0.5.

Taking the mean biomass of Sphaerotilus to be 0.30 mg/m2 wet
weight (0.02& mg/m2 dry weight where 8 percent wet weight equals dry

weight; Popp and Bahr, 1952) and the daily mean growth coefficient (P/B)




TABLE

1t
[N

. A comparison of bacterial generatfion times {n diverse aquatie environments,

Generation

Water Body Type Name P/ P Source
River Logan River 14 1.20 -
Lakes (eutrophic) Alfufievsky 31 14 1.35 Ruznetsov, 1958

Yamat 26 14.5 1.23 g

Dudanakov 26 35 0.63 £
Lake (mesotrophie) Glubokoye 7 78 0.31 G
Lake (oligotrophic) Baikal 8 218 0. &5 ”
Lake Rybinsk-Stausee 18 7-120 0.2-3.7 Ruznetsov et al., 1966
Lakes 2 reservoirs 10 3-42 0.6-8.0 Straskrabova=Prokesova,

1966

Sea or Ocean Black Sea, Bay - Kriss, 1963

Biack Sea, Open - B
Caspian Sea -
Pacific Ocean -
Artic Ocean -

* Percent daily increase of baterial biomass. See Xriss (1963) for discussion of this coefficient.

R

¢ Calculated from P/B coefficient where 24 hr/g.t. = P/B.

W
fo))
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2
0.024) = 0.21 mg/m”/day

dan & (1944) studied the food requirements of
eérium coli un various con ns. The estimates of the amount of

in the mainten

ice of the full activity of the cell in unit
i ARarE B . ; o =9 it -9
time apart from reproduction were 0.474 x 10 and 0.440 x 10 mg per

cell per

. The estimates of the amount of food used in the

-9 o
of a new cell were 1.083 x 10 ~ and 1.063 x 10 2 mg. Their

estimate of dry weight (organic matter content) of

cterium

10 et
mg/cell. From these data, estimates of coefficient a

iic matter/mg cell/24 hr) and of coefficient b (10.73 mg organic

r/mg new cell) were made for utilization in Equation 10, This

2
Lted in a P value of 0.37 mg organic matter/m /day, or, where the

anic matter had a calorific value of 5 cal/mg, a P value of 1.9

25
/" /day.

2
of both P estimates was 1.3 cal/m”/day or 0.4 mg

Taking this rate and the river bad area from the

2
confluence to the end of the study area to be 68,000 m”,

rotilus
probably would utilize 27.2 gm glucose/day. An estimate of the

glucose content of the water above this section v

9

The ave

glucose-equivalent concentration was 39 mg/m~ (Table 9)

and the

average depth assumed to be 0.8 m, Le

energy present

utils




stimate o

d from a consideration of the oxygen demand

:nt). The mean, daily rate of oxygen

5 14 4 o e s
day (0.817 cal/l/day) at 20 C (Table 9). The

1

and Umbreit, 1959). the in si

the magnitude of microbial activity can be

of the river water

uptake was 2.86 mg

actus
be less because the mean, river water temperature

- : '
Table 9) than 20°C. Assuming that the rate of

bacter

colder

al

< 6 A .
doubles for a 10°C increase in temperature (Qlf = 2.0,

; o
u estimated rate at 13.7 C was

9
0.56 cal/l/day. This rate on an area basis equals 448 cal/m“/day. The

of energy

es not appes

sed on energetic considerations of the decompos

cal/m?/day)

r to occupy a prominent

r community.

is

a small

2
of the microbial activity in the river (448 cal/m"/dey). 1In

position
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ningful comparison could

standing

be 0.14 cal/cal of
the bacterium would be 2.16 cal/cal of

This is in agreement with the well-known inverse relaticn-

(Odum

(1963) listed

o)
7

as 5,000 to 15,000 #3.

energetics in the

Metabolic Rate
(cal/w2/day)

64,000

9.359 (gross production)

(total assimilation)
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1 g glucose = 0.94 g g Intire & Phinney,
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CONCLUS IO

nt densities in the Logan River benthos were calculated

m for chlorophyll =-a, 23 mg for chlorophyll -b,

2

for carotenoids. The

w  for chlorophyll -c, and 30 mg/

ios were calculated to be 1.49 (D480/

yellow/green pigment ra

665) and 3.07 (D430/Dé¢

ilation rate as determined in the metabolism chamber

The mean
was 1ated to be 0.8 mg 02/ g chlorophyll -a/hr.
The m s of accessory pigments should be considered, in addition

to chlorophyll -a, when utilizing pigment-based methods to estimate

es of primary production. 1In this study, the important accessory

&l
®

pigment measures were chlorophyll -c and the D480/D665 ratio.

annual rate of gross primary production in the river benthos was

ted to be 3,416 Kcnl/ml/yr. The annual rate of benthic

tion was estimated to be 2,257 Kcal/mz/yr. The P/R

community res

was about 1.5.

rat

The accumulation rate of Spl lus biomass on suspended glass

’ 2 <
slides was 0.3 mg (wet weight)/m” /48 hours, and could be predicted

m the dissolved organic carbon centent, nitrate (plus nitrite)

and temperature of the.water. The generation time of this

te

conten

as estimated to be about 20 hours and could be predicted

‘e, nitrate (plus nitrite) content, and velocity

of the water. The daily P/B coefficient was estimated to be 1.20
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of matter

2 2
mated to be 0.4 mg glucose/m /day, or 1.3 cal/m /day. The magnitude

. ; y 2
in the river was estimated to be 448 cal/m" /day.

341
OClL

occupy a prominent position in the decomposer community.

The r

olism per unit of greater for

9]

hier

6 cal/cal of bi

algae (0.14

|

of biomass/day).
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APPENDIX B
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Additional Data on the Stream Communities used in the Metabolism Experiments
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