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ABSTRACT

THE NUTRIENT COMPOSLTION, DYNAMICS, AND ECOLOGICAL
SIGNIFICANCE OF DRIFT MATERIAL
IN THE RED CEDAR RIVER

by Niles Russell Kevern

A quantitative and qualitative evaluation of drift
material was undertaken on the Red Cedar River, a warm-water
stream in south central Michigan.

Drift materlial, collected by a pump and fllter system,
varled at three stations primarily as a result of temperature
effects on decomposition and bacterlal action, The concen-
tration of material was found to increase with increasing
depth.

The organlic component of drift material was highest in
samples from the shallower strata due to the lower specific
gravity of the organic materlial, A high organic component
was also found in those samples taken during the winter as a
result of reduced decomposition. A high coefficlent of cor-
relation was calculated for the relationship between the
phosphorus content of drift material and the weight of the
drift materlial being carried by the stream, Organic nitrogen
of drift samples followed the same general fluctuations as
did the phosphorus of drift samples. The total annual move-
ment of drift materiel past a single sampling station was
estimated at 265.7 metric tons; the total phosphorus move-
ment was 12.6 metric tons, of which 2.5 percent was phorphorus

from drift material.
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Discharge volumne, as affected by rain, runoff, and
frozen ground, was found to be the greatest single factor
affecting the concentration and amount of drift material,
Increases in flow volume produced a flushling action which
resulted in the occurrence of peak drift volumes durling riges
in the river level.

Turbldity closely paralleled the discharge fluctuations
and the specific conductivity was inversely related to the
discharge,

The contribution of drift material to the food web was
slgnificant. Invertebrate organisms moved down the stream
in the amount of 416 kilograms per year, while dlatoms moved
downstream past the sampling statlion 1n the amount of 634
metrlc tons per year, Dlatom concentration reached a peak of

5549 per milliliter,
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INTRODUCTION

Drift material in a fresh-water stream is defined in
this study as the living and non-living materlal suspended
in the water and removable by filtration through No., 20 mesh
bolting cloth. As such, the drift material 1s synonymous
with seston, contalning both lnorganic and organic components.
Diatoms pass through No. 20 bolting cloth and are thus not
included in the drift as defined here, but because of the
importance of diatoms they were sampled separately and in-
cluded in the drift materilal.

Theoretically drift material 1s eventually exploited
elther as food or as elemental nutrients by various trophic
levels in a stream., ‘'he extent to whlch thls materlal serves
as food for organisms and as potential plant nutrient has
recelved little attention in studlies of stream bilodynamics.

A few reports have speculated upon the importance of
some of the sestonic components, Jones (1949) points out the
role of organic debris as food for aquatic insects, and Teal
(1957) has demonstrated that organic debris imported into a
small spring accounted for approximately three-fourths of the
annual energy avallable to the organlsms of the community.
Odum (1959) has theorized an energy flow dlagram based on
studles of Florilida springs in which the import of organilc
matter accounts for as much avallable energy as that pro-

duced in the community by photosynthesis,
1
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Anzther aspect of the lmportance of organic debris 1is
in the eutrophication process, which is largely a result of
the production or presence of organic material beyond that
which can be oxidized or consumed by respiration, predation,
and bacterial decomposition. Lindeman (1942) included the
importance of drift material in his statement that one cannot
separate the living from the non-living inan ecosystem as the
continual processes of physical-cnhemlcal-blologlcal actlivitles
presents a merging of the two. Drift material, including
both living and non-living components, 1s actively employed
in thils merging. As the non-living drift material moves
downstream 1t 1s taken up by animals as organic detritus,
As the non-living drift gradually decays 1t 1s the source of
nutrients for plants, Living drift components are either
utillized by animals as food or they dle and revert back to
nutrient levels through decay and bacterial decomposition,

Many studies of stream nutrlents have been reported,
but few have 1lnvestigated the relatlionship of sestonic mater-
lal to the nutrient levels and 1ittle i1s known of the energy
relationshlips of drift materials within a stream. The role
of drift material 1n nutrient levels 1s included by Ruttner
(1953) who lists the three components of total phosphorus
and total nitrogen as (1) the inorganic, (2) the dissolved
colloidal organic, and (3) the particulate, or that fraction
bound up in the suspended particles, 1.e., the drift material,
In a recent study of the nutrient relationships 1in the Red

Cedar River, Brehmer (1958) theorized the transport of phos-
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phorus to be through sloughed-off periphyton, which as such
had become a component of the seston, High downstream
soluble phosphorus concentrations were attributed to the
decomposition of thlis senescent periphyton and the subsequent
return of the nutrlent to the stream.

In this study a quantitative and qualitatlive evaluation
of drift material in the Red Cedar River was undertaken in
July, 1953 and was continued until July, 1959, The drift
welghts and nutrlent composition were related to the ecology
of the stream and the effects of various physlcal factors on

the drift values were determined.



DESCRIPTION OF THE STUDY AREA

The Red Cedar River watershed is located in rolling
agricultural lands lmmedlately east of Lanslng, Michigan.A
The river itself, a typical southern Michigan warm-water
stream, 1s a tributary of the Grand Rlver system and origil-
nates ag the outflow fro@ Cedar Lake, located in Marion
Township, Livingston County, in sections 28 and 29, Township
1 North, Range 3 East of the Michligan Meridilan,

The Red Cedar River and the adjoining tributaries drain
an area of approximately 472 square miles. The course of the
river 1s initially northwestward for some 18 miles and then
westward for 28 miles, It passes through or near the towns
of Fowlerville, Webberville, Williamston, Okemos, and East
Lansing and enters the Grand River in Lansing (Fig. 1). The
river recelves the treated sewage effluent from the above
communities, untreated sewage from suburban residences along
its course, and some small amounts of industrial wastes.
Desplte thlis there 1s no gross pollution as shown by sludge
beds, obnoxious odors, or oxygen depletions, At the time of
the study the stream cannot be classifled as a polluted
stream although it recelves appreciable amounts of nutrients.

The main channel of the river 1is natural except for the
upper portion where 1t has been dredged and straightned for
dralnage purposes, Many of the tributaries have been altered
in this way. Three artificial impoundments are found on the

4
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7
river and are located at Willlamston, Okemos, and East
Lansing. The Williamston impoundment was originally created
in 1870 to provide water power and i1s still used to some
extent for that purpose, The other two impoundments are used
primarily for recreational purposes, The stream bed of phe
Red Cedar River varles from mud and silt in the upper regions
to rocks and gravel in the middle and lower portions, A few
stretches of the lower part are chiefly sand. 1In general,
the well vegetated river banks slope gradually, thus allow-
ing only slight bank erosion. The gradient of the stream 1is
relatively gradual, Brehmer (1956) glves the average drop
of 2.5 feet per mlile as the stream origlnates at 934 feet
above sea level and travels a distance of about 49 miles to
an elevation of 817 feet above sea level,

The stream dlscharge varles from a few cubic feet per
second in some dry years to upwards of 5,000 cublc feet per
second in the most serious floods. The minimum flow usually
occurs in the fall, whereas the highest water levels occur
in the spring and early summer, Spring floods are usually a
result of excessive run-off of raln and melting snow from
frozen ground,

Three sampling stations were establlished on the river
(Fig. 1). The selection of the sampling areas was determined
by the bottom type, relative current velocity, and the con-
venlence of the location, The bottom types varied from sand
to coarse gravel with silted areas, and the velocity varied

from a relatively rapid riffle area to a long slugglish
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stretch, All stations were in close proximity to roads to
make posslible the use of the bulky sampling equipment,

Station I was located approximately 0.3 mile below the
Williamston dam 1in Sectlon 35, Township 4 North, Range 2 East
of the Michigan Meridlan, The river at thls point 1s quite
near U.S, Route 16, The stream width was approximately 50
feet and the average depth was 18 inches durling normal flow,
Oécaelonal fluctuations in depth and veloclity occurred at
thls station due to operations at the Wllllamston dam. The
bottom materlial was composed of small rocks and gravel, and

after midsummer dense beds of Vallisnerlia americana were

present lmmediately upstream from the statlion., Station I
was a riffle area and the current was relatively swift,
Station II, located in Section 27, Township 4 North,
Range 1 East ¢f the Mlchigan Merldian, was immedlately above
the Zimmer Road bp;dge and approximately 3.3 miles below
Station I. The bottom material in this area consisted of
large rocks and gravel wlth the intervening spaces fillled
with sand and silt., The stream was 60 feet wide and had an
average depth of 36 1lnches. The sampling site was in the
upstream part of a wide shallow pool., The river directly
upstream was 50 feet wlde and 20 inches deep; thus the water
entering the sampling area was in the process of velocity

reduction, Scattered beds of V, americana and Sagittarila

latifolia were found at this station.
Station III, approximately 6.5 miles below Station II,
wasg located in Section 27, Township 4 North, Range 1 West of
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the Michlgan Meridlan and was 0.4 mile below the 'vble Road
bridge. In thls area the stream was 70 feet wide and varled
in depth from 18 inches on the south slde to 48 inches on

nsit slde, There was little change 1n the stream
charnel for some 300 yards upstream, The bottom material
wag primarlly sand with very little benthic vegetation present,
The stream veloclity in this stretch was quite low., A few
hundred feet below the sampling site 1s the permanent location
7 t.e Taylor thermograph used to record continuous water

te

peretures. The thermograph was lnstalled by and 1e the

£3

prorerty of the Department of Fisherles and Wildlife of

Michlizan State University,



METEODS AND TECHNIQUES

Sampling Procedures

The sampling procedures for the collection of drift
material from the river were designed to satisfy specific
requiremente of this study. An erficien;, unblased filtra-
tion system was needed as well as a method to determine the
amount of water filtered., The first attempt to accomplish
this was by mounting a net, fashloned from No., 20 mesh nylon
bolting cloth, in a metal flume which was designed to incor-
porate a current meter behind the net, The apparatus was
then placed in the stream and held at the desired depth by
an adjustable frame, The fallure of this method, due to the
eddy currents produced by the reslstance of the fine mesh net,
led to the development of the method that was ultimately used.
This sampling system consisted of a Briggs and Stratton four-
cycle gasoline engine (3/4 horsepower) which was used to
operate a small self-priming Jabasco suction pump. The
engline and pump were bolted to a short plece of 2" x 8" board.
Handles were attached to the board to faclllitate carrying
(Fig. 2). This unit welghed approximately 50 pounds. Three-
cuarter-inch garden hose, 50 feet 1in length, was used to
reach the sampling site from the pump, This hose was attach-
ed to a movable frame bolted toc a stake and directed upstream

at the desired depth and location in the stream (Fig. 2).

10
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A short plece of hose was used to direct the water from the
pump to the previously described net, which was held pefpen—
dicularly by the metal flume., A removable plankton bucket
such as the type used on Wisconsin plankton nete was used to
concentrate the drift material.

Drift samples were pumped and filtered for a period of
time sultable to produce a sample of convenient slze for
laboratory analysis, Thies time was measured with a stopwatch
and varied from three to five minutes during flood perliods
to 10 - 12 minutes during low water, The pump rate was
measured before and after each sampling perlod by recording
the time required to fill a container of known volume, It
was thus possible to calculate the volume of water pumped to
obtain each sample,

The drift materlial collected in the plarkton "bucket
wvag washed several times with distllled water to remove loosely
attached phosphorus and was then rinsed with distilled water
into a 130 milliliter, polyethylene bottle for transfer to
the laboratory. Water samples were also collected 1n these
bottles either from the hose or directly from the stream,
depending wupon the particular analysls intended. A dlagram-
matic summary of sample processing 1s shown in Figure 3.

Certaln sediment sampling procedures were applied in
this study on the assumption that drift materlal and suspended
sediments are somewhat simlilarly distributed in streams,

The dlstribution of suspended materials in a stream and the

various methods used to select sampling stations are reviewed
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and dlecuesed 1in a series of U,S8. Government reports.1 Very
little variation in cross sectional distributlion 1s noted in
theory; therefore when stream conditlons would permit,
samples were taken at the middle of each of two sectlons of
equal discharge (Fig. 4). During high water periods or
periods of thilck ice cover, sampleg were taken at a single
point at a reasonable distance from the bank,

The greatest variation in sediment distribution 1s 1in
the vertical plane with the sediment load increasing 1n a
curvilinear fashion from the surface to the bottom, For
thls reason more care was taken in selection of the vertical
sampling points. U,8, Government reports glve several
methods of selecting vertical sampling points and of these,
two were selected for use.? The most accurate method was
ucsed when time and conditions would permit., This, the Straub
*two-point" method, employs mathematical derivations of the
sediment distributlion to supply coefficients for samples
taken at 0.2 and 0.8 depth points (Fig. 4). The expression
for the approximate sediment discharge per unit width of
stream 1s: 8§ = (3/880.8d - 5/830.2d)q vhere
S = the total sediment discharge per unit width,

8 84 = the sediment concentration at 0.8 depth,

l*A study of methods used 1in measurement and analysils
of sediment loads 1n streams, Report No. 1, Fleld practice
and equirment used in sarpling suspenced sediment®, 1940,
T.V.A,, Corps of Engineers, U,3.D.A., U.S8.G.S., Bureau of
Reclamation, Indian Service, and Ia. Institute of Hydraulic
Research, 8t., Paul U.S. Engineer District Sub-Office
Hydraulic Laboratory, University of Iowa, Iowa City. 175 pp.

2 Ip1d.



Flgure 4,

15

Veloclty, sediment concentration, and
sediment discharge in flowlng streams.
Taken from: "A study of methods used 1in
measurement and analysis of sediment loads
in streams, Report No, 8, Measurement of
the sediment discharge of streams", 1948,
T.V.A., Corps of Engineers, U.S.D.,A,, U.S.
G.S8., Bureau of Reclamation, Indlan Service,
and Ia. Institute of Hydraullc Research,
St. Paul U.S. Engineer District Sub-Office
Hydraullic Laboratory, University of Iowa,
Iowa Clty. 92 pp.



16

VELOCITY

\Sampling

Points

SEDIMENT DISCHARGE

Figure 4

L R Lu%r




17
80,24 2 the sediment concentration at 0.2 depth,
and g = the water discharge per unit width,
Since the pumping period was timed 1t was possible to weight
the vertical point samples accordingly by a fraction of the
pumping period (e.g., 3/8 of period and 5/8 of period).

The time requlired to set up the equipment and to take
various samples was considerable., 1In addition, 1t was
necessary to chop holes through the ice during part of the
study perlod; thus it recquired approximately eight hours to
sample three stations and to process the samples at the lab-
oratory., It was decided to base results on single samples
provided that these samples were representative, A set of
four duplicate samples was taken durlng four varyling discnarge
periods to test the difterences between duplicate samples,
Table 1. shows that, in view of the time element, the dif-
ferences were small enough to warrent single samples.
Statistical analysis, based on matched samples, confirmed the
ugse of single samples. The two-talled *t® test revealed the
differences between the samples were not significantly
different from zero at the 5% level. The statistical values

used are ag follows:

n= 4, £d® = 7,472.85,
ar = 3, (£d)? = 20,635, 22,
34 = 143,65, 8y = 13.89, and
G = 85,91, t = 2.585.
S5 = 36,91 - 13.89 (-3.182) = 80.11
{?‘;75 Z 35.91 - 13.89 (+3.182) = -8.29
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Table 1. Duplicate drift samples collected at station II
to determlne the representativeness of
single samples.

Drift wggght Percent ash Phosphorga Dlschargf
- o =

Sample mg m fres dry welght ug m secC
1 471.43 35.8 893.65 3.62
2 542,06 44,9 1074.60 3.62
1 1241.27 5.2 2261.90 7.02
2 1195.24 33.8 2071.43 7.02
1 231.75 27.0 166.67 1.42
2 219.05 28.9 134.92 1.42
1 189.21 2.0 283. 33 1.19

2 184.92 30.0 277.78 1.19
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Since tne confidence interval includes zero the difference
1s not significant.

Samples were taken approximately every two weeks durlng
pericds of sustalned low discharge as occurred during late
fall and when ice covered the stream. Since any rise in
water levels greatly affected the volume of sestonic raterial,
samples were collected more often during these perilods,
“srples were taken dally during the water rise of floods and
tr.en every otner day as the water receded, A total of 60
drift collections were taken over the annual period. All
samples were collected during daylight hours and an average

275 liters were filtered for each drift sample,

Phyeical and Chemical Analyses

Welghts

Processling of drift material samples was begun immedi-
ately upon return to the laboratory. The samples were rinsed
from the polyethylene bottles with distilled water into
constant-welght evaporating dishes and were placed in a 55°C.
drying oven. Approximately 36 hours were required %o reduce
the samples to dryness, after which oven-dry weights were
obtained, The dlshes were removed from the oven ana allowed
to cool in a desslcator before welghing on an analytical
balance, Constant welghts were determined by obtaining two
consecutive readings of of t 0.5 mg after 24 hour intervals,
Loss on ignition or ash-free dry weight, assumed to be the

organic welght, wns then determined by heating the dishes to
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550°C. for 30 minutes, Constant welghts were then determined
after cooling the dishes 1n a dryling oven - dessicator series,
The samples were then prepared for phosphorus analysis by
dissolving the ash in concentrated sulfuric acid in the
evaporating dish and then rinsing the contents into a flask
for the digestion process, Drift welght concentrations are

expressed as weight per cubic unit of water (i.e., mg m~°).

Phosphorus

All phosphorus analyses were made after digestion of
the samples to convert organlc and polyphosphates to the
orthophosphate form, The samples were treated with acidified
ammonium molybdate and reduced with stannous chloride to
produce a blue color. The procedure was slightly modifled
from that given by Ellls, Westfall, and Ellis (1948) in that
the final 100 ml solution was divided 1in half and neutralized
with saturated sodium hydroxide before the color-producing
reagents were added as described by Taylor (1937). Care was
taken during the digestion perlod to avoild bolling to dryness
as Titus and Meloche (1931) recommended after reporting
phosphorus loss from samples in which all SO3 fumes had been
lost at high temperatures,

A Klett-Summerson colorimeter was used to read the
denslty of blue color produced. The readings were made using
red filter with a spectral range of 640 - 700 millimicrons,
Recommendations by Snell and Snell (1954) were followed in
that readings were made after full development of the color,
but before fading of the color had begun. A 1l0-minute walt
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after the color-producing reagents were added was found to
be a sultable period. A graph prepared by analysis of
solutions containing known phosphate concentrations was used
to convert the colorimetric readings.

Water samples to be analyzed for phosphorus content
were refrigerated until a number had accumulated so as to
make processing efficient, According to Brehmer (1958)
phosphorus 1s lost from water samples to the walls of poly-
ethylene containers in which 1t is stored. To each water
sample was added 0.2 ml of concentrated sulfuric acid to
prevent the phosphorus loss as was suggested by Brehmer,

Three physical stages of phosphorus were determined
during the study period: total phosphorus, dissolved or
soluble phosphorus, and the phosphorus incorporated 1in the
drift materlal, Total phosphorus was that obtalned from
100 ml river water samples after digestion and treatment with
the color-producing reagents. Dissolved phosphorus was
determined by removing all particulate phosphorus by filtering
a 100 ml water sample through a Millipore filter, The HA
type filter having a pore size of 0.45 micron was used for
all filtrations, The phosphorus content of drift material
was determined on the ash residue after preliminary tests
had shown thls to be feasible, Drift phosphorus concentration
1s expressed as weight of phosphorus per cubic unit of water
3, |

2 ]

(1.e., ug m™
Since the same drift sample was used for both weight

and phosphorus determinations, 1t was necessary to utilize
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an ashlng technique that would not alter the desired phos-
phorus content. Hayes and Anthony (1958), working with the
phosphorus content of bottom muds, found that wet ashing with
perchloric acid gave consistently higher values than 4id dry
ashing. This was attributed to the breaking up of rock
particles in the wet ashing method. Only the more readily
avallable phosphorus was considered to be of importance 1n
this study and thus the dry ashing method was used.

Some doubt existed as to whether some of the organic
phosphorus would be volatile at ashing temperatures. A serles
of algal samples were analyzed to test thls possibility. The
algal samples consisted of homogeneous concentrations of

Anabena variabllig taken from a pure laboratory culture, Six

samples were prepared and divided into three pairs. All
samples were oven-dried and welghed, One pair was placed -in
the furnace at room temperature and was heated to 550°C. for
30 mlnutes., Another pair was placed in the furnace at 550°C.
and the third palr was excluded from the ashing process. The
results of the tests did not 1ndicate any loss of phosphorus
on ignition (Table 2). The higher phosphorus values for the
ashed samples may be the result of lncreased phosphorus avall-

ability dque to ignltion,

Total KJjeldahl Nltrogen
Drift samples to be analyzed for nitrogen were placed
in a freezer immediately upon return to the laboratory.
Nitrogen 1n the form of ammonla and organic nitrogen was

determined by the distlllation method as described in
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Table 2, Welghts and phosphorus values from algal
samples to determline the possible loss of
phosphorus on 1ignitlon.

Iry wzight Organilc Phosphorus
Conditions of algae welght content
(mg) (mg) (ug/mg algal wt,)
Ashed Placed in 4.1 3.2 27.1
at, cold furnace 4.5 3.4 25.0
550 C
for 30 Placed in 5.3 4.3 23.8
minutes hot furnace 4.2 3.3 28.0
4.6 - 21.8
Not ashed 4,5 - 21.8

"Standard Methods" (APHA, AWWA, FSIWA, 1955) under Kjeldahl
Nitrogen. The selenium and sulfate catalyst recommended for

hard-to-destroy organic matter was utilized,

Turbidity

Turbidity readings were made directly upon returning
to the laboratory on a Klett-Summerson photoelectric color-
imeter using a blue fllter having a spectral range of 400 -
465 millimicrons. Correctlions for intrinsic color were made
by filtering the sample through a Millipore membrane and
subtracting the reading of the flltrate from the reading of
the unfiltered sample, The colorimeter had been callibrated
with the Jackson Candle Turbidimeter, All turbidity readings
are glven in turbidity units as used in *Standard Methods"
(APHA, AWWA, FSIWA, 1955).

Specific Conductivity
The specific conductance of the water samples was

ascertained by reading the electrical reslstance on an
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Industrial Instrument Company Model RC-7 conductivity meter,
The reslstance readings were corrected to 18°C. and converted

to micromhos cm'l

according to the formulas given 1n the
"Operating Manual® (Industrial Instruments Incorporated).
All measurements were made as goon as possible after return-

ing to the laboratory.

Total Sollds
Total solids determinations were made gravimetrically
on an analytical balance after evaporatlion of a 100 ml water
sample in a 55°C drying oven, as described under Total
Residue in "Standard Methods®™ (APHA, AWWA, FSIWA, 1955).‘
Constant dry welghts were recorded after obtaining two con-

secutive readings of ¥ 0.5 mg over a 24-hour interval,

Water Temperature
Water temperatures were taken at the time and place of
sampling with a pocket thermometer held approximately four
inches under the water surface, Temperatures reported in
Appendix A were recorded on a Taylor thermograph located a

few hundred yards below station III.

Discharge
The discharge or volume of flow of the river was deter-
mined on the same date as the drift samples were taken except
durling extreme flood conditions and when ice cover exlsted.
The volume of flow for the river at any one time was deter-
mined by measuring the velocity of flow and the dimensions of

sub-sections of the stream cross-section. The total discharge
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was then the sum of the sub-section volumes, Sub-sectional
disecharge, in cfs, was the product of the velocity in feet
per second, as measured with a Gurly current meter, and the
area in square feet. Usual sub-section widths varied from
two to eight feet, with the widest sectlons occurring in
areas of uniform depth and velocity. The section dimensions
were measured with a calibrated cable and with the callbrated
current meter stand.

To facllitate the calculation of the total phosphorus
and drift movement in the stream it was necessary to know
the dally discharge rates at the sampling stations. Estlmates
of the rates were obtained by solving regressions of the
measured discharges on those recorded at a gaging statlon at
the Michigan State University campus (Appendices B and C).
This permanent station is maintained by the Lansing Office,

Surface Water Branch, U.S. Geological Survey.

Blological Analyses

Zooplankxton and Bottom Fauna
Examination of all drift samples for the abundance and
types of zooplankton and bottom fauna was undertaken at the
time of transfer of the sample from the polyethylene bottle
to the evaporating dish, Just prior to the placement of the

sample in the drylng oven,

Phytoplankton
Drift samples were examined for macro-phytoplankton in

the same manner and at the same time as for zooplankton,
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In addition, 100 ml river water samples were filtered through
a Millipore filter to collect and concentrate diatoms. The
pore diameter of the HA type filter 1s 0.45 ¥ 0.02 microns
and thus is very efficient for the retention of microscopic
organisms. Creitz and Richards (1955) found Millipore
filters more efficlent for the concentration and retention
of plankton than the Foerst plankton centrifuge.

After filtration the filter membrane was allowed to dry
and was then made to adhere to a glass slide by the addition
of two or three drops of immersion o0il in the manner described
by Peters (1959). The filters have a porosity of 80 percent
thus allowing a large absorption of immersion oll and since
both the type A o0il and the filter have a refractory index
of 1.49 - 1,51 the result 1s that the filter pad becomes
transparent when treated with the oil (Millipore Filter
Corporation, 1955),

The slides were analyzed quantitatively and qualita-
tively with a compound microscope using 10X eye pleces and
a 97X immersion oil objective, Identification of the
dominant diatome to genus was accomplished with the aid of
keys in "The Fresh-water Algae of the United States" (8Smith,
1933). Quantitative determinations were preceded by statis-
tical tests to ascertain the distribution of the dlatoms on
the slides, These tests sugsgested a  tendency for the
diatoms to aggregate as was found by Ballentine (1953) when
comparing methods of estimating nannoplankton, Peters (1959)

found l1little deviation from randomness in his studles of
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dlatom distribution on Millipore pads; however, this may
have been the result of his mixing of the organisms with a
"Mag Mix" prior to filtration,

The total number of diatoms in the filtered 100 ml
sample was determined by counting 50 randomly chosen micro-
scope flelds and substituting this figure in the fcllowing
formula: m = NX, where m i1s an estimate of the total number
of individuals on the area; N 1s the total number of micro-
scope fields on the filter pad; and X 1s the mean number of
individuals counted per fleld. The relative frequency of
abundance of the dominant genera for each sample was deter-

mined by dividing the count for each genus by the total count

for all genera,



RESULTS AND CONCLUSIONS

Quantitative Drift Relationships

Quantitative studies included an evaluation of sampling
techniques regarding particle size and particle distribution,
This evaluation was designed to determline the size material
to be included as drift and the size to be included in the
water samples.

Other quantitative studies compared the welght of drift
and the phosphorus content of drift between different stations
up and down the river and between different vertical strata
at one of the statlons. On the basls of the above studles
the primary quantitative study was planned to measure the
annual movement of drift materlal, and i1ts nutrient composition

at a representative station,

Comparison of Sampling Technicues

Tne assumption by Brehmer (1958) that certaln low
phosphorus values in hie study were caused by the exclusion
of drift material led to a study of sampling methods. Water
samples were collected by lmmersing a polyethylene bottle
into the stream as done by Brehmer (1958) and by filling a
similar bottle with water after 1t had passed through a No,
20 mesh plankton net., Phosphorus values in ug 1'l were
obtalned for 45 paired samples from Statlon II during the
period from October, 1958 to May, 1959 (Appendix D). These

28
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values were analyzed statistically to test whether the
unfiltered samples were significantly greater than the f1l-
tered phosphorus values, A one-talled "t" test was appliled
to the sum of the differences of matched samples. The

values used in the statistics are asgs follows:

n = 45, 5_(12 - Q:%lf 3
afr = 44, %\ 7 (n - 1) ’
24 2 20, = 0.5966,

= 0.444 -
- - S_ )
rd~ = 712 a
T4 % = 400, and t = 0.T442.

n = total number of matched samples.

df = degrees of freedom,
td = the sum of the differences between the matched
samples,
Sa =~ the standard error.
t.80 = 0.850 > O0.T442.
t.go = 1.300 > 0.T7442.

The statistical results show the values of the unfiltered
sanples were not significantly greater than the filtered
samples at the 20 percent level of significance, This result
can be interpreted in two waye. It might be sald that

nothing had been removed from the filtered samples; thus they
contalned as much phosphorus as the unfiltered samples.

" However, when the size of the individual samples is considered

(100 ml) it might also be concluded that the unfiltered
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samples were too small to adequately include the drift
material, In other words, lmmersing a bottle to collect
water samples 1ls adequate to take a representative sample of
the silt, clay, diatoms, and other mlcroscopic particles
that are densely and homogeneously dlstributed in the stream;
however, a larger sample 1s needed to takk a representative
collection of larger particles that are distributed in a
more diffuse, heterogeneous fashion, As previously stated
uncer sampling procedures, it was necessary to pump and filter
water for several minutes to obtain sufficient drift material
for laboratory analysis,

Welch (1948) lists the average aperture size of No. 20
bolting cloth as 0.076 mm and the materials below that size
include some very fine sand, silt, and clay. These materlals
were not collected in the drift samples and were considered
as belonging to that group of materlal adequately represented
in water samples collected by the bottle method,

Altnougn drift materlial and eédlmente are similar in
many respects {(e.g,, distribution gnd response to stream
velocity), they differ greatly 1n quantity. Lane and Koelzer
(1943) 1list particles smaller than 0.076 mm as compoeing as
much as 97 percent of the sediments in some cases, Since
particles of thls size were not collected as drift material,
no quantitative comparlsons were made tetween drift material

and sediment studles.
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Varlations between Staticns and Depths
Stations., An 1inveetlgation to d=®ormine dllilerences in drift

was undertaken, IUrift materiai

W
ct
[
o
o }
[1+]

Lovezont At three gt

ancaied a% stz2ticons I and TII from Sertembapr 16, 1558 to

ccurparative study cn Ncvember 4, 1958,

The drift values were conslstently higher at Staticon I
than at Station III until well into the winter period (Fig.
5). The higher values were probably due to the station being
lccated a few hundred yards below the Williamston dam, It is
assumed that the reservolr was a source of planktonic material,
and floating vegetatlon such as Lemna minor which, after
coming over the dam, was avallable as drift material at
Station I, Station II, in additlion to belng below the dam
(3.5 miles), was also three miles below the Teer Creek con-
fluence and about 2.5 miles below the sewage plant outfall
at Williamston, It 1ls doubtful that much of the drift
material supplled by these sources remained in suspension
long enough under normal dlscharge to greatly affect the
values at Station II, The sharp rise 1in drift values during
mid-November coincided with a rise in the discharge (Figs.

5 and 9). During such increases in the volume of flow, the
effects of Deér Creek and the sewage outfall are most likely
more prominent at Station II,

A reduction in the amount of drift material carried by

the stream after December (Flg, S5) can be attributed to

reductions in stream velocity, rainfall, runoff, and
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production rate of aquatic vegetation, The water temperature
had reached 0°C. by December 2, 1958,

Brehmer (1958), investigating tne effects of the
Williamston sewage outfall, discusses the downstream shift of
the phosphorus regeneratlion zone and relates this to the
periphyton decay rate being reduced by decreasing water temp-
eratures. This slowing in the rate of decomposition of
materials 1s reflected in the drift samples of the three
stations during the onget of colder temperatures. Although
the drift weights are greatly reduced after December as
previously stated, the materials that are present remain in
suspension as drift particles for a longer periocd because of
the reductlon in decay processes. Thus the greater drift
concentratlons tend to shlft further downstream and result
in Station III being highest in January (Fig., 5). Since
bacterial action 1s at a minimum and decomposition 1s very
slow during cold water periods, the phosphorus component of
the drift material remains high as 1ittle 1s released by
decomposition, When the greatest drift welght concentrations
of the three statlons shifted downstream to Station III in
January, the hlighest phosphorus content of the three statlons
also shifted downstream to Station III (Fig. 5).

The high value at Station III on February 12 (Fig,5)
ls misgleading as thls was due to the unusual collection of a
large clump of plant material in the sample., Near the end
of the station-comparison-period the drift values at all

stations had risen because of an increase in the discharge.
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Zepth, It was declded to lInvestigate auantitatlivaly the
assumption that drift material would be increasingly concen-
trated toward the stream bottom, Statlion II was selected
for the study slte as thls station would best show the depth
differences, The current at this statlion is 1n the process
of deceleratlion as 1t enters pool conditions., Samples were
collected at 0.5 depth and on the stream bed from April 8,
1959 to July 2, 1959. Samples at 0.2 depth and at 0.8 depth
were also taken from April 8, 1959 to May 8, 1959. Sampling
times were determined by the stage of the river so as to
compare a range of dlscharge effects. In general the con-
centration of drift material was found to increase with the
depth, and at all sampling dates the concentration of drift
material was greatest in the bed load samples (Table 3).

The largest differences in drift concentrations between
the varlous vertical sampling strata occurred during mid-
April and early May when the stream was under flood conditions.
Durling these periods large amounts of inorganic matter were
moved downstream, Since thls inorganic material was sllt and
sand 1t settled out quickly and ensuing movement was by
saltation thus accounting for the large concentration of
drift materlal in the bed load samples.

Samples taken on April 8 and April 15 (Table 3) show
the drift welght at the 0.2 level to be higher than that at
the deeper 0.5 level. This was contfary to expectations;
however, these samples were taken during flood periods when

water turbulence was very evident, A great amount of
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Table 3. Comparison of vertical differences in phosphorus
and weight vaiues from drift analyses.

Depth Drift Percent Drift Discharge
fraction weighg ash free phosphogyus 3 -1
Date from surface mg m™Y dry welght ugm v m“ sec
19569
April 0.2 1176,1 15.6 718.3
8 0.5 1077.5 17.1 676.1 23.79
0.8 1545.1 12.8 845.1
B.L.* 2695.8 11.8 1577.5
April 0.2 483.1 22.1 308.9
12 0.5 700.0 2.5 €40.9 13.17
0.8 636.6 11.9 493.0
B.L. 15622.5 13.8 887.3
April 0.2 907.9 17.1 565.8
15 0.5 528.9 2.8 578.9 8.27
0.8 710.5 31.2 723.7
B.L. 1002.6 34.5 1315.8
April 0.2 239.5 28.5 197.4
22 0.5 311.8 2.9 217.1 4,76
0.8 289.5 30.4 246.1
B.L. 392.1 27.1 236.8
May 0.2 618.4 28.5 605.3
2 0.5 785.5 24.6 723.7 11.13
0.8 948.7 25.3 763, 2
B.L. 1204.0 .8 1171.1
May 0.2 348.,7 35.8 500.0
8 0.5 357.9 3l.2 518.4 3.71
0.8 465.8 2.6 596.1
B.L. 598.7 51.8 973.6
May 0.5 270.5 43,5 751.9 4,636
22 B.L. 531.8 36.5 1116.3
May 0.5 506.8 40.7 984.1 3.62
30 B.L. €30.2 36.3 1222.2
June 0.5 225.4 27.9 150.8 1.42
16 B.L. 277.8 23.7 198.4
July 0.5 192.1 2.5 280.6 1.19
2 B.L. 345.2 18.1 341.3

¥*Denotes bed load.
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turbulence would cause the suspended materials to be violently
mixed and at any one tlime during the flood period the concen-
tratlon might be greater nearer the surface of the water,

Samples taken after May 8, 1959, when the floods had
receded, revealed the bed load materlals to contaln a lower
percentage of organic material than 41d the upper strata
samples,