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Abstract

The addition of small amounts of suspended solids to a normally clear stream

produced a marked change in the macroinvertebrate drift rate. As suspended solids were
increased, the number of drifting organisms showed corresponding increases to more
than double the normal rates.

Introduction

Sediment is a pervasive, ubiquitous pollutant reaching water
courses in the United States in quantities estimated at three billion m3

annually. Poor farming, logging, and mining practices were the major
contributors in the past, but now these have been joined by road and
bridge building, and the proportion of sediment from urban con-

struction may overtake that from agriculture in the near future

( Wolman and Schick, 1967).

Large amounts of silt and sediment can cause drastic reductions

in the lotic invertebrate populations when introduced into normally

clear waters. Tebo (1955) found benthos reduced up to 75% with silt

loads of 261 to 390 mg/1. Herbert et al. (1961) recorded decreases

greater than 90% in streams receiving 1,000 to 6,000 mg/1 suspended

solids. Bartsch (1960) noted almost no organisms present when turbidity

from a glass manufacturing plant exceeded 5,000 mg/1. Gammon (1970)

and White (1970), however, found that a 60% reduction in the macro-

invertebrate fauna could be caused by as little as a sustained 50 to

80 mg/1 increase in suspended solids. Suspended solids causing sedi-

ment buildup may eliminate benthic populations by covering them
over or destroying favorable habitats (Cordone and Kelly, 1961), but

even light amounts of sediment not causing buildup may have pro-

found effects on the benthos and fishes (Gammon, 1970; Reis, 1969).

Studies in the past 20 years have proven the downstream drift

of invertebrates to be a good indicator of environmental conditions

and changes occurring in flowing waters. Pearson and Franklin (1968)

analyzed eight factors affecting the rate of benthic drift. Among these

was the effect of turbidity. In one sample, they noted a sudden increase

in turbidity from 20 to 700 mg/1 was coupled with an immediate rise

in the drift rate of a baetid mayfly. In other invertebrate drift studies

by Reisen and Prins (1972) and those summarized by Bishop and

Hynes (1969) and Waters (1972), little more is known of the effect

of suspended solids on drift. From this, a series of experiments was
designed to measure the effect of varying concentrations of suspended

solids upon the drift rate of macroinvertebrates.
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Study Area

Deer Creek is a small stream in Putnam County, Indiana, draining

approximately 233 km 2
. Arising on the southern edge of the Tipton

Till Plain, it flows southwesterly for most of its 40-km length. The

middle third of the stream is situated on the Mitchell Plain which

produces renowned building limestone, and the lower third cuts

through the more deeply dissected Crawford Upland. The section used

for this study lies within the Upland at T 1- N, R 5 W, Sections 23, 24,

and 26 near the town of Manhattan, Indiana.

The waters of Deer Creek are enriched by runoff from agricultural

lands and treated domestic wastes. Chemical characteristics are typical

for most east-central Indiana streams. Normal suspended solids usually

are less than 100 mg/1. Discharge ranges from 125 m3 /sec to nrVsec

and averages 1.8 nvVsec; but stable flows from July through November
average less than 0.2 m3 /sec.

Along the study section of the stream is a limestone quarry pro-

ducing rock used mainly in road construction. In its operation, the

quarry draws water from Deer Creek to be used in washing and sorting

the crushed rock. The rock /water slurry containing the finer particles

of limestone is then pumped to a series of two settling basins after

which the waste water re-enters Deer Creek. The effects of the quarry

washings on the stream biota have been presented by Gammon (1970)

and White (1970).

A riffle above the quarry outfall was chosen for this experiment to

eliminate any bias from previous sediment inputs. The riffle was charac-

teristic of the stream, consisting of a mixture of large and small

rubble on a bed of sand with a limestone base. Two large stands of

water willow (Justicia americana) flanked the head of the riffle

which was 25 m long, 8 m wide, and averaged 18 cm in depth. Previous

studies have shown that this riffle had greater density and diversity of

benthic forms than other riffles located directly above the quarry

outfall (White, 1970).

Methods

To minimize other factors affecting drift rates, all tests were
conducted during the early afternoon on clear days when the dis-

charge of Deer Creek was less than 1.5 m8 /sec and the natural suspend-

ed solids load was less than 30 mg/1.

Placed at the foot of the riffle was a nylon drift net 1.83 m long

with mouth dimensions of 30.5 cm x 61 cm and a mesh size of 253 n.

Metal stakes were driven into the substrate and fixed such that the

net and frame could be removed quickly at the end of each timed

period. A modified garbage can, which proved to be an adequate sedi-

ment dispenser, was placed near the head of the riffle. A large, square

hole was cut on one side of the can near the bottom with a smaller hole

being cut on the opposite side so that both openings would be below
the waterline of the stream. A vertical baffle placed perpendicular to

the direction of flow was then soldered to the bottom. When mixed
thoroughly with the incoming water, sediment measured into the
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upstream chamber maintained a fairly constant load of suspended
solids. The suspended solids could be regulated by increasing or de-

creasing the rate at which sediment was placed in the dispenser. Be-

tween the can and the net, the area of the riffle subjected to suspended

solids was approximately 6 m2
. Prior to the first experimental runs,

tests were conducted to determine if the operation of the dispenser

caused any mechanical dislodgment of the benthos. Four 15-min sim-

ulated test periods were run without introducing sediment and each

resulted in no increases to the normally occurring drift rate.

Material to be used as suspended solids was taken directly from
the limestone quarry's settling basins. Particle sizes, determined by
bottom withdrawal tube (Subcommittee on Sedimentation 1943, 1953),

were generally less than 30 /x in diameter, with the garbage can being

efficient in trapping most larger particles.

Experiments consisted of collecting benthic drift at the down-
stream end of the riffle for 15-min as a control followed by a 15-min

collection during which solids were added continually at a given rate.

The first control run was used to establish the naturally occurring drift

rate before the riffle was disturbed. The alternation of conditions was
repeated through several cycles with an attempt to maintain the same
concentration of suspended solids in any day's test runs. The cycle

was stopped at the first sign of sediment beginning to accumulate in

the riffle; thus, the riffle usually was subjected to test runs for less

than an hour on any particular day. The examination of higher or

lower concentrations usually was separated by a period of days or

weeks to prevent any cumulative reactions to the suspended solids.

Water samples were taken half way between the dispenser and

net during each control and test. Suspended solids were measured

using the methods of Banse et al. (1963) and Wyckoff (1964). Aliquots

of 100 ml were filtered through tared Gelman Type-A glass fiber filters

and oven dried at 105 °C for 24 hours. The dried niters were then

desiccated for 24 hours and weighed on a Cenco No. 1581 balance to the

nearest 0.1 mg.

At the end of each drift period, the net was changed, and all ma-

terial including debris was preserved in 70% ethanol. In the laboratory,

macroinvertebrates were separated, identified, and counted. Identifica-

tions were made using the keys of Edmondson (1959) and Usinger

(1963). To determine if the test and control runs were statistically

significant, t-tests for paired comparisons were calculated following

the methods of Sokal and Rohlf (1969).

Benthic collections, taken with a Surber square-foot sampler (0.3

m x 0.3 m), were used to compare the actual macroinvertebrate compo-

sition with the drift. The bottom samples were not taken on the same
days as the drift; therefore, they are presented for comparison only.

Results

Table 1 summarizes the results of the drift experiments. The

average amount of added suspended solids ranged from 18.6 to 271.3
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mg/1 with corresponding increases in drift from 25.9 to 118.5%. The
drift rate increased roughly linearly with the increasing suspended solids

up to 135.5 mg/1 added. Beyond this point, greater concentrations of

suspended solids did not increase the drift to higher rates.

In those tests where the mean added solids were less than 100
mg/1, the increase in drift, although higher than in control runs, was
not statistically different when t-tests were applied (Table 1). The
four runs with greatest amounts of added solids did produce a sig-

nificantly greater drift rate at least at the P=0.05 level.

All runs were made without stops between the cycles, control-

test-control-test-etc. In each control that followed a test, the drift rate

returned to the level of the first control, even during the runs with the

greatest inputs of solids. Correspondingly, the drift response was
immediate to the addition of suspended solids; and, at least at lower
levels of input, did not proportionately increase throughout most runs.

During the two series in which the greatest quantities of solids were
added, there was a rather slow initial increase in drift and then a
steady increase during subsequent test periods.

In order of abundance (Table 2), Chironomidae, Simulium, Cheuma-
topsyche, Baetis, Caenis, and Stenelmis comprised more than 95%
of the drifting organisms. When compared with square-foot bottom
samples, Chironomidae and Simulium were relatively more numerous in

the drift than in the riffle while the other groups were either the same
or less abundant in the drift. As the drift rate increased through
higher concentrations of suspended solids, the numbers of Chironomidae,

Cheumatopsyche, Baetis, and Caenis increased proportionally. The genus
Simulium (mainly Simulium vittatum Zetterstedt) showed a decrease

in drift during test runs until more than 100 mg/1 of suspended solids

were added, with higher concentrations more than doubling the drift

rate over the control periods. The riffle beetle (Stenelmis sexlineata

Sanderson) showed no reaction to the suspended solids either as adults

or larvae.

Table 2. Percentage composition of macroinvertebrates from ft2 bottom samples and

from control and test drift trials.

Ft2 Samples All Control Runs All Test Runs
Range Median Range Median Range Median

Chironomidae 10-89 43 44-91 77 55-92 74

Cheumatopsyche 0-47 20 0-9 5 3-13 7

Baetis 1-10 8

Stenelmis 1-8 4

Simulium 1-17 3

Caenis 1-10 1

Others 1-30 4

Discussion

In previous drift studies, such as that by Pearson and Franklin

(1968), the effect of suspended solids could not be separated from

0-14 4 0-15 6

0-3 1 0-8 1

0-28 6 0-16 7

0-8 1 0-9 2

0-9 1 0-9 1
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the effect of flow. Data from our experiments show that an increase in

daytime drift rates can be related to increases in suspended solids

without corresponding increases in flow. Up to a certain point, greater

amounts of suspended solids produce a proportionate rise in drift rates.

Waters (1965, 1972) suggests that drift may be divided into the

categories of constant, behavioral, and catastrophic. Drift also may
be classified as active or passive (Muller, 1963). From our data, we
cannot be sure how suspended solids influences the drift rate; but, at

first glance, it seems to be an active-behavioral response. Additionally,

it is difficult to state if the changes in drift rates are a reaction solely

to the suspended solids or to other factors, such as light penetration,

etc., that may change with the amount of solids added.

Most invertebrate taxa reacted similarly in relation to the in-

creased suspended solids. The most notable exception was Stenelmis

sexlineata. Even though this elmid is subject to distinct periods of

diurnal drift (observations of the authors), it seems quite tolerant of

suspended solids. S. sexlineata previously has been found to be indif-

ferent to both turbidity and siltation (Sinclair, 1964; White, 1970);

therefore, it would have been surprising to observe any reaction to the

suspended solids.

Although repopulation occurs quite quickly through the natural

drift from upstream riffles (Waters, 1972), high levels of suspended

solids that increase drift rates over long periods could greatly affect the

benthic fauna of a stream. In turn, this may reduce drastically the food

supply available for stream fishes (Waters, 1969; Gammon, 1970).
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