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The increasing loss of surface soil by erosion during the past few decades

has heen pointed out by various writers on sofl and forestrs problems {Ben- 3
nett and Chapline, '28; Bates and Zeasman. 30 Bailev. Forshing and Becrafs, h
‘343, and because of this rapid, uncontrolled erosion progressively larger e

amounts of erosion silt are being contributed to the fresh water streams by
floods, dust storms and surface run-off. These enormous loads of erosion
silt {429 million tons for Mississippi River, Bennett and Chapline. *28), have
already produced at mumerous points marked changes in both the aguatic
habitats and biota of manv streams, and have changed their waters from clear
to rmddy for all or a greater part of the vear. In order to ascertain quan-
titatively some of the specific effects of erosion silt on aquatic complexes,
biophysical and biochemical studies have been made at over 700 stations on
streams of the Mississippi-Ohio-Missouri Svstem, and other interior waters.

B

%I These field cbservations have been supplemented with experimental work at
3 the Bureau of Fisheries Laboratories at Columbia. Missouri and Ft. Worth,
i Texas.

Irosion tmaterial added to the waters of anv stream has twoe major con-
tacts with the living organisms m that siream. first through the aqueous
medium because of the physical and chemical changes which the erosion silt

: produces in the waters themselves, and second, through alterations in bottom
1 conditions resulting from the subsequent settling out of all or part of the silt
v lead. The data presented have been grouped accordingly,

Licat Pexerration 1nTo WateEr Carrviye Erosiox Siot

As a routine procedure all water samples were first filtered through bolting
cloth to remove plankton organisms and bits of debris. Direct measurements
of the turbidity of the water carrying erosion silt were then made with a
photoelectric apparatus (Ellis, '34), which gave values similar to those ob-
tained by comparison with standard suspensions (U. S. G. S. turhidity units),
and by the Secchi methed (Standard Water Analvsis, '33). However, as
these turbidity values are merely statements of relative opacity, and as the
readings from the photoeleciric apparatus are readily convertible into light
penetration values {see Ellis, ’34), the depth in millimeters of water of the
given turbidity required to screen out 99.9999 percent of the light entering

1 Published by permission of the U. S. Commissioner of Fisheries.
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at the surface, i.¢., the depth at which light would be reduced to one-miliionth
of its surface intensity, was chosen as a measure of the light screening power
of the various waters studied. This depth is subsequently referred to as the
“millionth intensity depth,” or ** m.id”

Limits of Penetration of I'isible Light into Waters Carrving Erosion Siit

Excepting surface run-off immediately alter heavy rains, the maximum
opacity determined for muddy water from natural streams was that of a
sample from the Missouri River collected near the surface at Boonville,
Aissourt, November 23, 1931, The millonth intensity depth of that water
was only 84 mm.  The clearest natural stream water (not springs) was taken
from the Rio Saltilio, near Saltillo, Estado Coahuila, Mexico, a little mountain
stream flowing over a rocky bottom and at the time carrving practically no
erosion material.  The millionth intensity depth for this stream was 53,887
aurt. or roughly 33,9 meters. These two values, 84 and 53.887 mms., the
extremes found in over 3,000 determinations of the m.id. of imland waters
of the United States and northeri Mexico, will erve to establish the general
range of m.id. in interior waters varving from a very muddy river to a clear
mourntain stream.

However, as mountain streams are characteristically very clear the mil-
lionth intensity depths of waters from clear streams in central United States
flowing through relatively undisturbed wooded or swampy areas which might
he considered as fairly representative of conditions before uncontrolled erosion
began, were determined for comparison with mountain streams like the Rio
saltillo, and with muddy rivers Hke the Missourf. A few examples will
suffice.  Portions of the Niangua River drain a sparsely settled area in the
hilly Ozark country of Missouri, where limestone outerops are numerous and
where the land i3 covered by a good growth of scrub oak. The millionth
intensity depth for clear water from this stream ranged from 11,000 mm. to
20,000 mm, The 5t Francis River drains the cvpress swamp district of
southeastern Missourt and northeastern Arkansas and for small tributaries of
this stream. Howing out of uncultivated swampy areas the m.i.d. was between
11,000 mm. and 12,000 mm. Similar degrees of clearness were found even
in the Ohio and Tennessee Rivers during very low water when these rivers
were Teceiving the minimum amount of erosion material.  During the month
of July, 1931, intensity depths {rom 4000 mm. to 17,000 mm, were typical
for the Ghio River between Cairo, Illinois and Paducah, Kentucky and from
4,700 mm, to 20000 mm.. for the Tennessee River at Paducah, Kentucky.
However, when rain came the turbidity of the Tennessee River rose due to
the erosion silt load, and the m.i.d. fell to less than 200 mm. in 48 hours. In
contrast to this change in the Tennessee River following rain, the Sturgeon
River in Baraga County, Michigan, draining a swampy woodland area had a
m.id. of 6,000 mm. after a three day rain (August, 1934),
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Collectively the data from unpoliuted portions of inland streams in areas
naturally protected against undue erosion showed that a clearness of water
permitting light penetration 10,000 mm. to 20,000 mm. before the millionth
intensity depth was reached, was maintained most of the time. and that even
following unusual rains the erosion material rarely reduced the mid. of
Streams in these protected areas below 6,000 mm. These values are in sharp
contrast with those found for waters from streams receiving quantities of
erosion siit,

Above Grand Rapids, Minnesota, in the unpoliuted headwaters of the
Mississippi which drain a swampy lake region, in protected portions of the
St. Croix River, north of Hudson, Wisconsin, and in some of the small tribu-
tarzes of the upper Mississippi, as the Zumbro which flows out of grassland
dairy country, millionth intensity depths ranging from 6.000 mm. to 34,400
mm. were found consistently under existing conditions (19343, ir. in general
the headwaters of the Mississippi River, where protected from erosion silt
and pollution, were of a clearness comparable fo streams like the Niangua and
the tributaries of the St. Francis, as previously discussed. Pollution from
the Twin Cities reduces the m.id. of the Mississippi to around 2.000 wm. in
the lower part of the Hastings Pool near Hastings, Minnesota. but the m.id.
rises 10 between 4,000 mm, and 6,000 mm. at the foof of Lake Pepin.  These
reductions in m.i.d. as compared with the m.i.d. of the headwaters are dye
largely to organic matter in solution rather than to erosion silt.

Below the mouth of the Chippewa River, near Reeds Landing, Minnesota
the additions of erosion material become progressively more evident, and at
Alma, Wisconsin readings as small as 1,300 mm. were not unusual even
during “clear water ” periods. South of Alma, Wisconsin the average
mid. feil rapidly to 1,000 mm, or less due to the erosion load and sudden
fluctuations became common. At Clavton, Towa. on July 27 the m.id. was
1,209 mm. and 24 haurs later at DeSoto, Wisconsin, it was 113 mm. following
a heavy storm on Root River. During the summer of 1934, the m.id. for
Mississippi above Lock 15 at Davenport, Iowa, varied from 1834 mm. to
123 mm. with an average of 466 mm. Similarly of 392 satmmples from the
Mississippi between Davenport, Iowa and Grafton, Tilinois (May 22 (o Sep-
tember 9, 1932), 87 per cent had a m.id. of less than 330 mm. with a4 maximum
of 2,000 mm. Near St. Louis, Missouri, the Mississippi after receiving the
Missouri River but before receiving the sewage and wastes of the City of St.
Louis, had (September, 1934) a m.i.d. of less than 200 mm., while at Cairo,
Hlinois, Memphis, Tennessee, Greenville, Mississippi and New Orleans,
Louisiana, the m.i.d. was consistently less than 173 mm. and for many samples
smaller than 150 mm. The addition of the waters of the Missouri River
complicates the determinations of the effects of erosion silt on light penetra-
tion into the waters of the jower Mississippt because the Missouri River was
known as a muddy river even before the white man took over Kansas, Ne-
braska, and the Dakota as the natural erosion in the upper Yellowstone region
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has long been severe. However, the present erosion silt loads due to uncon-
trolled erosion for which man ts largely responsible have reduced the m.i.d.
of the Upper Mississippi, i.e., the Mississippi above the mouth of the Missouri,
from a range between 6,000 and 20,000 mm. to one between 150 and 2,000
mm. with the average less than 300 mm.

Similar changes have taken place in the Tennessee River which many
river pilots living todav remember 20 to 23 vears ago as a relatively clear
streamt even after heavy rains.  July 20 to August 30, 1932, the writer ex-
amined 496 samples from the Tennessee River between Paducah, Kentucky
and Hiwassee Creek above Chattanooga, Tennessee. The millionth intensity
depth for these samples averaged 1,000 mm. with 42 per cent of the samples
less than 350 mm. although the river was low and rains few, vet at Paducah,
Kentucky as has already been pointed out this river during verv low water
frequently had a m.i.d, of 20,000 mm.

As these enormious changes in light penetration depths charged to erosion
silt might be due in part to substances in solution many samples irom
tvpical localities were forced through a colleidal filter {Whatman No. 40
flter paper filled with celloidin) under 80 pounds pressure. This procedure
gave sparkling clear filtrates containing the dissolved substances and the Hght
transmission through the filtrate was compared with that through the orig-
mal unfiltered water. The millionth intensity depths of both filtered and
unfiltered samples are given for a few river waters of high turbidity, as
tvpical; Mississippi River, Keokuk, lowa, unfiltered 233 min., hitered 34.000
mim. ; Mississippi, Memphis, Tennessee, 188 mn., 8,000 mam. : Missouri River,
Boonville, Missouri, 113 mm., 8000 mm.; Black Warrior River, Demopolis
Alabama, 645 mm., 17,104 mm. ; Tombighee River near Tuscaloosa, Alabama,
323 ., 6,869 mny. ; and Mobile River near Mt Vernon, Alabama, 764 mm.,
68,800 mm. It may be seen from these Agures that, ireed of the erasion
silt, the waters of these very muddy rivers were of a clearness comparable to
that of the clear streams from protected areas, i.e., the erosion silt load had
not changed the amount of natural organic detritus carried by the stream,
nor increased to any extent the quantities of dissolved substances interfering
with the transmission of light.  Anyv rise in dissolved colored substances in
river waters was found primarily as the result of introduction of organic
wastes, as in Hastings Pool and Lake Pepin, where the organic pollution from
the Twin Cities gave the water a distinct brownish color.

As the significance of the millionth intensity depth in showing the screen-
ing out of light by erosion silt in river water, depends upon a maintained and
relatively uniform turbidity from surface to bottom as great as that of the
sample, whenever possible m.i.d. determinations were made on water from
different depths, supplemented with measurements of the rate of clearing due
to the settling out of the silt. From several thousand m.i.d. readings at
various depths two statements may be made. First, the vertical distribution
of erosion silt, after the scourings and heavier particles of sand are removed,
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is faitly uniform in the water of flowing rivers with a tendency toward in-
creased turbidity near the bottom in the slower parts of the stream; and
second, in impounded waters back of power dams if the water be deep enough
and the current slow enough to allow thermal stratification in sununer, there
is a marked stratification of erosion silt in the deeper waters,

Readings every 12 hours together with various readings at all hours of
the night and day on the m.id, of Lake Keokulk, Mississippi River, from
samples at the surface (0.5 meter) and hottom (8.5 meters) levels for 40
consecutive days {July and August, 1932} involving over 340 observations
show that the suspended silt is quite uniformly distributed at alf times through-
out this body of water, which has 2 current of 3 to 4 miles per hour, 2 maxi-
mum depth of approximately 9 meters, and no thermocline. During period
mentioned the m.i.d. varied from 88 mm. o L3488 mm, with 47 per cent of
the surface readings and 54 per cent of the bottom readings less than 380
. Even the deep holes of rivers showed this rather uniform distribution
of the suspensoids. Off Tower Rock near Grand Tower. Illinois the sur.
face mid. of the Mississippi River an September 8, 1931, was 129 mm., de-
creased progressivelv to 119 mm. at the 30 meter level and rose to 124 mn.
at the botton, 33 meters. At Pan Eddy in the Tennessee River on Artgust
31, 1931, the surface m.i.d. was 548 mm., and decreased gradually to 300 nun.
at 39 meters, the bottom. No thermal stratification of water was found
either at Tower Rock ar Pan Eddy,

In various of the deeper power dam lakes, created by impounding rivers,
as Lake Wilson, Tennessee River, ardl Lake of Ozarks, Osage River, a very
definite stratification of the erosion silt lodd however was observed.  Tn these
river lakes stream flow and depth are such that during the summer months
there is definite thermal stratification of the water, with a well defined ther-
mocline, In Take Wilson during July and August extending from the sur-
face to approximately the 18 meter level there is an upper mass of water m
which the temperature declines gradually as the depth increases. This mass
of water, the hyperlimnorrhenm, Aows steadily downstream.  Below the hy-
perlimnorrheum is second mass of water between the 18th and 21st meter
levels, a true thermocline in which the temperature of the water drops ah-
ruptly.  The water in the thermoclinal zone does not flow appreciably. A
third mass of water extends below the thermocline, i.c., from approximately
the 21st meter level (o the bottom of the lake.  This mass of water i« quier
during the summer and is a true hypolimnion. A set of mid. determina-
tions at Sta. 385 in Lake Wilson on August 24, 1931, will suffice to show
the vertical distribution of silt in these three masses of water. The surface
nuid. on that day was 1,147 tm., decreased progressively to 1070 mm. at
the 15 meter level, and rose to L127 mm. at the 18 meter tevel, the bottom of
the hyperlimnorrheum. At the 21st meter level, the lower limit of the ther-
mocline, the water had cleared so that the m.id. was 4.143 mm. and from the
24th meter level to the bottom, 33 meters, the water was sparkingly clear with
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a mid. of 7860 mm. The abrupt change in water temperature and cor-
related change in water viscosity in the thermocline produced this stratifica-
tion, so that during the warm summer months in several of these deep power
dam lakes the writer has found a warm muddy river, the hyperlimnorrheum,
flowing over a cold, clear lake, the hypolimnion, with very little mixing in
the thermodline,

Settling out studies of river waters carrving various quantities of erosion
silt showed that with the exception of the scourings, i.c., the heavy particies
of sand found particularly in water where the current was swift, the finer
erosion material remained suspended for hours even in water which was
undisturbed, Le., the mid. was still greatly reduced by the erosion silt after
43 to 96 hours settling,  As settling out curves have been plotted for various
river waters by hvdrographic engineers, the rates of settiing need not be dis-
cussed here, hat ﬂw present studies have brought out the fact that the very
fine suspensoids, Le, those which are the last to settle out and therefore those
which would remain .\'ubpended were the water subject to even slight agitation,
are very cffective in screening out light in river water. A detailed case of
the clearing of water by :ettlmg and the corresponding rise in the mid. may
be taken as typical of several hundred determinations of this sort. At
Pharrs Island, near Clarksville, Missouri, the surface m.id, of the Mississippi
River water on August 24, 1932 was 157 mm.  After standmg 1 hour the
nuid. rose to 176 mm, ; after 2Y5 hours to 221 mm,; after 20 hours to 421
. after 48 hours to 1,009 mum.; and after 96 hours to 1,639 mm. The
silt still remaining therefore at the end of 20 hours settling reduced the m.i.d.
of the water {as shown by Altration samples) from 15,000 mm. to 421 mm.
and at the end of 96 hours te 1,639 mm., i.e., even after 96 hours of undis-
turbed settling, a condition which would rarelv occur in the river, the silt
load reduced the light entering the surface of the water to one-millionth of
its surface intensity in approximately the first 1.5 meters as compared with
15 meters for this same warer without its silt load. In many cases the col-
loidal clays carried by inland stream waters maintained effective screens
against light penetration for even longer periods than in this average sample
ironi the Mississippi River. These suspensions, however, could be quickly
discharged by adjusting the water to a pH of 8.8 to 9.1, an alkaline conchtlon
not found in normal river water,

Penctration of Colored Light of Various IWave Lengths into Waters Carry-
ing Erosion Silt '

As the physiological and biological effects of light vary with the wave
length, the selective action of erosion silt against light entering river water
was studied both by spectrographic photographs of light transmitted through
waters carrying erosion suspensoids and by the measurements of the trans-
mission of colored light through such samples, as recorded by the . photo-
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electric apparatus. Tn both cases the fght transmission of each of the
various pieces of glass apparatus and screens (Corning Glass for colors) was
standardized spectrographically against the hel

ium spectrum as photographed
on the same plate.

Selective penetration studies showed that waters carrying large loads of
erosion silt transmitted in general more red light than light of the shorter
wave lengths, with a maximum transmission in the scarlet-orange zone, i.c,.
light of wave lengths hetween 6.600 and 5850 A U, However this differ-
ential in favor of the red rays was not large, especially in less turbid waters.
so that the major effect of the suspended erosion s
screen, regardless of the color of the ight.  The high selectivity of clear

ocean water and distilled water favoring the transmission of light between
4,700 and 5500 A. U. the bluish and vellowish greens (Shelford, 20,
Pietenpol, "18), was not found in water carrving even
erosion silt. Tn fact some muddy waters, possibly as the result of dissolved
substances, seemed slightly selective against the blue green light.  The various
findings on the penetration of colored light into river waters containing
erosion silt were checked and verified by studies of light penetration tl
prepared suspensions in distilled water of white adobe clay. red clay and
black humus and through similar suspensions of muds dredged from the
bottoms of Lake Wilson, Iake Keokulk and Lake Pepin at points wi
tensive deposits of erosion silts were found,
color of the soil was practically 2 negligible factor, in determining the color
of light transmitted through waters containing erosion silt, except for pos-
sibly a small amount of selective reflection of Hght from the
very dilute suspensions. The erosion silt particles, tl
light very largely as opaque objects regard]

Spectrographic photographs of light transmitted through river water
carrying erosion silt confirmed the findings on light penetration into such
waters as stated above.  Figure 1 gives spectrographic photographs of Ais-
sourl River water before and after filtering and of unfiltered water from
the Hinkson River, a small Missour; stream flowing over a limestone bed bur

through farm land, These photographs show a differential in favor of the
red end of the spectrum.

It is that of an opague
a small amount of

irough

here ex-
These tests showed that the

sile particles in
werefore, screen out the
235 of thelr own individual color,

TEMPERATURE ADJUSTMENT OF SieT-Lapex WaTer
"% The heating and cooling rates of water carry
_gﬁrith distilled water was determined for various samples in standardized two-
liter pyrex flasks immersed in electrically controlled constant temperatyre
water baths. When desired the fuid mside the flask was kept in motion
by a motor driven glass stirrer making approximately 150 r.pm,
from these heating and cooling tests, wh
: f‘znr the rates of heat transmission and |
.

ing erosion silt as compared

The data
en expressed graphically gave curves
heat radiation in waters carrying ero-
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sion silt that were essentially the same as those for distilled water (with of
course a slight allowance for the small arounts of electrelytes present
in the river waters) if the water samples were constantly and suffciently
agitated. However, if the samples were undisturbed the stratification
of the erosion silt particles as they began to settle out or otherwise re-

TasLE L. Cooling and heating of waler from Coal Creek, near LaFolleite, Tennessee,
April 25, 1934

Unagitated Agitated
Coal Creek
Minutes Distilled Distilled Coal Creek
after water in Fiitered * in  Unfiltered * in water in unfiltered 2
immersion degrees C. degrees C. degrees (. degrees C. in degrees C.

start 9.7 19.7 19.7 37.0 370
2 22.8 22.8 22.0 330 350

4 26.6 26.6 232 320 319

6 29.5 294 280 30.2 30.0

8 31.5 31.5 297 290 28.8
10 33.0 32,9 31.2 280 28.0
12 34.0 34.0 323 27.4 274
14 34.8 34.7 330 269 27.0
16 354 35.3 33.7 26.5 26.6
18 359 35.8 34.2 26.2 26.3
20 36.2 36.2 34.6 259 6.0
22 36.4 36.3 33.0 25.8 25.8
24 ’ 36.6 36.6 353 256 256
26 36.7 36.7 56 25.4 25.%
28 36.8 36.8 358 254 254
30 36.9 36.9 364 25.3 25.3
40 37.0 37.0 36.8 253 25.3

Bath temperature 37°C. Bath temperature 206° .

?m.i.d. 614 mm. as taken from streani.
fm.i.d. 17,000 mm. alter passing through colioidal klter.

arrange themselves definitely interferred with heat transmission and pro-
duaced a skew lag in both the warming and cooling curves of waters carrying
erosion silt as compared with distilled water. Temperature affects the metab-
olism of aquatic organisms and alters various physical and chemical factors,

Fio, 1. Spectrographic photograph showing light transmitted through water carryiuy

erosion silt.

o = Helium spectrum. The wave tengths of the more conspicuous lnes are given it
Angstrom Units at bottom of figure. 1 minute exposure,

B == Hinkson River water, unfiltered, Sample taken near Columbia, Missouri, Novem-
ber 23, 1931, m.id. 1,846 mm. 30 seconds exposure,

C = Open light. 30 seconds exposure.

I3 = Empty flask. 30 seconds exposure.

E = Missouri River water, unfiltered. Sample taken near Boonville, Missouri, Novem-
ber 23, 1931, m.id. 84 mm. 20 minutes exposure, sample shaken every 2 minutes
to maintain comgplete suspension.

F == Missourl River water, filtered. Same sample as " E,” after passing through col-
loidal filter, mi.d. 8,000 mm. 30 seconds exposure.
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as dissolved oxygen, in the waters of the stream, so there are several ap-
plications of the findings from these heating and cooling tests, particularly to
river lakes. As has already been pointed out in the larger river lakes as
Lake Wilson, during the summer there is a large band of warm water, the
hyperlimnorrheuny, carrving the silt load of the river, and flowing on top of
the clear cold water of the hypolimnon. The blanket of silt carried by the
hyperlimnorrheum in view of these heating and cooling data, must alter the
rate of heat exchange between the suriace warters and those in the deeper
parts of these river lakes. In table I a typical set of these data from studies

of samples from Coal Creek, a smali tributary of the Clinch River near La-
Follette, Tennessee, are presented.

Erosion Sict axp tHE ELECTROLYTES 0F RIver WATERS

As has been pointed out under the discussion of light penetration into
waters carryving erasion silt, the amoeunts of soluble substances in the &ltrates
after passing river waters through colloidal filters were small, and bore no
very definite relation to the amount of erosion material present in the orig-
inal sample. Variations in the amounts of soluble, colorless substances
determined either as electrolytes by means of a standard specific conductance
cell containing platinum electrodes and operating with a micro-hummer and
telephone receiver, or specifically by the various analvtical procedures as

amounts of the salt were also independent of the erosion silt.  The workeon ... .. ..

electrolytes in connection with erosion silt may he summarized quite briefly
therefore although the electrolytes were frequently of much importance in
streams pollutien studies.  The average specific conductance of relatively
unpolluted river waters carrving erosion siit varied {rom 388 to 133 mho at
257 (.7 the usual value for the larger streams being near 290 mho, and the
conductance of the whole river water, i.e., river water carrying erosion silt
was essentially the same as the conductance of the same sample of water af-
ter the erosion silt was remwoved by a colloidal filter.  After sudden heavy
rains the specific conductance ol the river water usually fell, and never in-
creased although the evosion silt load and consequently the turbidity rose
greatly.  These observations indicate that, under the existing conditions of
erosion, rains and high waters add proporticnately more insoluble material
(erosion siit) than scluble electrolytes.  Consequently following rains or high
waters the available mineral salts in the water and the light penetration are
both reduced in the river lakes as Lake Keokuk, Lake Pepin and Lake Wilson.
A definitely correlated decrease m the plankton per unit volume of the water
was noted at such times.

In connection with the salt complex of river water it may be noted that
the erosion silt particles in most river waters were quickly discharged and
precipitated when the pH of the surrounding water was adjusted to 88 to

2 These values are times 107,
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9.1, and that the erosion silt was found to have a slight buffer value against
acids, particularly in regions where there were limestone outcrops.

Eroston Sit as ArrecTING BotToym ConNDrTioNs

Blankeling of Stream Bottom

The effects of rapid blanketing of stream bottoms by lavers i silt which
smother out the existing fauna before it can readjust are well known. The
sedentary biota suffers particulariv during these sudden inundations of erosion
material following floods and high waters, although manv_of the mobile
species _are affected either directlv or jndirectly through the loss of food
supplies. The magnitude of some of the silt deposits and their effects on
fisheries and fresh-water mussels in the Mississippi and Tennessee systems
have already been discussed {Ellis, "3 a and b). However 1o determine the
specific effects of slowly deposited silt under controlled conditions over 2,000
fresh-water mussels representing 18 of the common species were carried in
a set of experiments conducted in the racewavs at the U 5. B, F. Station
at Ft. Worth, Texas. Special hottoms of measured sand or gravel were laid
in these raceways and optimum conditions for mussels established at the start.
Above these prepared bottoms wooden lattice-work travs were constructed so
that mussels could be held at various levels in the same water. subject to the
same siit deposits as the mussels in the gravel or sand at the hottom of the
raceway, except that silt could not accumulate arcund or over the mussels
in the trays. The raceways were supplied with running water {rom Lake
Worth, an unpolluted, impounded portion of the Trinity River which carries
a moderate load of very fine erosion silt, chiefly adobe clay with very little
organic matter. ‘The average turbidity of the water in the racewavs repre-
sented a nuid. of 800 to 1,200 mm,, ie., the water was not overloaded with
silt.  The current in the raceways was reduced so that conditions of silting
comparable to those in the quieter portions of normal streams were main-
tained. The individual mussels were marked and the entire series inspected
once or twice weekly,

These experiments, extending over some fourteen months, showed that
most of the common fresh-water mussels were unable to maintain themselves
in either sand or gravel bottoms when a laver of silt from one-fourth of an
inch to one inch deep was allowed to accumulate on the surface of these other-
wise satisfactory bottom habltatsww@m
species held in the lattice-work crates a few inches or feet above the botiom
thrived in this same water. Daily analyses of the water at various levels in
these raceways showed that the high mortality oI thé mussels on the bottom
was induced by the silt covering and was not due to low oxy sxygen, pH..car-
bonates or other water conditions, The Yellow Sand-shell, Lampszm feres,
a sand inhabiting species was the most readily killed by silt deposits, and the
Three-horned Warty-back, Obliguaria reflexa, the Maple Leaf, Quadruia
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guadrula, and the Monkey-face, Quadrula metancvra, were among the more
resistant.  However, the mortality rapidiv approached 90 per cent or more
for all species when the silt layer began to permanently cover the sand or
gravel. On the other hand the mortality of the mussels in the crates was very
Laboratory experiments with fresh-water mussels in water carrying heavy
loads of erosion silt {this material being kept in suspension by automatic glass
stirring devices) showed that erosion silt interfered with the feeding of
fresh-water mussels. The mussels in the muddy water remained closed a
large per cent of the time, 75 to 93 per cent, while mussel in siit-iree water
but subject o the same current mAGEnces as those 1 the erosion sit tests
were closed less than 50 per cent of the time. YWhen mussels opened in Wa_gef
‘cg_rn(ing_}arrre amounts of erosion silt, an excessive secretion of mucous was
produced and this served in part to remove the silt which fended to settle jnto
the mantle cavity. Mussels dying in silt laden water alwavs contained
deposits of sit in the mantle cavity and frequently in the gill chambers.

Retention of Organic Matter and Cther Material by Erosion Silt

By a laking process organic particles and other substances in the river
water are carried to the bottom as the silt settles out, and water-logged chjects
at the bottoms of streams are quickly covered by lavers of silt, especially in
the quieter waters. As a result organic matter, either from the natural
detritus in the stream or from other sources, and trades wastes, as chemical
and gas factory effluents, are carried to the bottom of the streams by erosion
silt.  Often these substances brought down with the silt are incompletely
decompased or are chemically unsaturated, so that subsequently large de-
mands are made on the oxvgen supply ol the river water or noxious com-
pounds are formed in these mud deposits, These hazards to aquatic life
exist to some extent even in streams relativelv free {rom erosion silt but are
greatly augmented by the accumulation of material and the reduction of oxi-
dation for which the silt blanket is responsible.  The extent of the organic
deposit held by erosion silt mav be seen from some analvses of muds dredged
from Lake Keokuk and Lake Pepin.  These muds carried from 9.25 to 12.66
per cent organic material and from 0.286 to 0.457 per cent nitrogen by Kjel-
dahl determination in terms of dry weight. Erosion mud taken from surface
run-off streams usuaily carried less than 1 per cent organic matter, Water
analyses demonstrated low oxygen, high carbon dioxide and often relatively
high sulphur content (as hvdrogen suiphide or other sulphide derivatives) in
water samples taken from near the bottom of these same river-lakes, above
the fayers of silt mixed with organic wastes, and bacteria counts made by the
plate method showed that ercsion silt deposits were much richer in bacteria
than either the river water above these deposits, or the adjacent bottom areas
of sand or gravel.

Laboratory experiments, verified these findings, for small amounts of
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finely divided organic material when mixed with erosion silt created an oxygen
demand in the surrounding water, which axyvgen demand was maintained 10
to 15 times as long as the oxygen demand created by the same amount of
organic material when mixed with fine sand, These experiments also dem-
onstrated that disturbances in the pH and carhonate balances were also sus-
tained over much longer periods when the organic material was carried down
by erosion silt than when deposited with sand.

Suasary

L Erosion silt alters aquatic environments, chiefy by screening out light,
by changing heat radiation, by blanketing the stream bottom, and by retaining
organic material and other substances which create unfaverable conditions
at the bottom.

2. The present erosion silt loads of our nland streams have reduced the
mallionth intensity depth for ight penetration from 13000 mm, o 34000
mm. or more, to 1,000 mm. or less, the summer average for the Mississippi

River (1934) above Alton, Illinois being less than 300 mm,

3. Erosion silt in river water acts chiefly as an opaque screen to all wave
lengths of visible light, but in very muddy waters a small differential was
found favoring the transmission of scarlet-orange light.

- 4. Erosion silt alters the rate of temperature change in river waters,
This is particularly significant in deep river lakes where thermal stratifrcation
of the water produces a stratification of the silt load, a warm muddy river,
the hyperlimnorrheum flowing over a clear, cold lake, the hvpolimnion, during
the summer months.

5. Excepting the very quiet portions, erosion silt is quite uniformiy
distributed throughout the waters of rivers even in very deep holes, and in
those river lakes in which there is no thermal stratification,

6. Erosion silt does not materially alter the salt complex or the amount
of electrolytes in river waters.

7. Experimental studies dermonstrated that lavers of fine silt from one
fourth of an inch to one inch thick produced a very high mortality among
fresh-water mussels living in gravel or sand beds, and in water which was
otherwise favorable.

8. The amount of organic material carried to bottom with erosion silt
ranged from 8 to 12 per cent of the dry weight of the mud on the bottom of
Lake Pepin and Lake Keckuk.
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