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ABSTRACT

DISTRIBUTION AND BIOMASS STUDIES

OF THE AQUATIC INVERTEBRATES OF A

WARM-WATER STREAM

by Darrell Lee King

The Red Cedar River, a warmpwater stream in south-

central Michigan, was investigated during 1958 and 1959 to

determine production, standing crop, and distribution of

the aquatic invertebrate fauna. The study section, 30 river

miles long, falls into five natural zones from each of

which dredge samples were taken at randomly selected locations.

Thirty-five families of aquatic insects were collected

during the study period, there being about the same number

of families of insects in each zone but with the number of

individuals per family differing from zone to zone.

The standing crop of invertebrates, exclusive of mol-

luscs, was estimated to be 50.h0 pounds per acre with 95%

confidence limits about 1.5% of the mean. The addition of

the molluscs increased the 95% confidence limits of the total

standing cr0p to about llSfi'of the mean. .The shell weight

of the molluscs was included and this coupled with the verb

iation of mollusc distribution caused the increase in var-

iability.

The ratio of total insect weight to tubificid worm

weight is suggested as a possible means of delineating stream

pollution.

The insect populations of the various sampling station.
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are compared on the basis of relative importance, which is

the product of the percent composition by numbers of a given

family and the corresponding percent of total composition by

weight.

The "coefficient of similarity" method was used unsuc-

cessfully to compare the insect fauna of five sampling areas.

The abundance of unionid clams below the outfall of a

sewage treatment plant suggests that the domestic wastes may

fertilize this area, but it was shown that the aquatic in-

sects were reduced in this area. Tubificid worms were shown

to be most abundant below a metal plating plant.
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INTRODUCTION

In February of 1958 an investigation of the energy

exchange in a warmdwster stream was initiated. In this

study a special attempt was made to correlate changes in

primary and secondary production with variation in stream

ecology.

The first phase of this project was a study of the

sources of the nutrient content of the stream (Vannote. 1961).

This was followed by a study of the organic production of

eufwuchs in the several sones of the stream. The next

phase of the project undertaken was a study of the predator

and consumer levels in the five study sones of the river.

This thesis, representing a portion of the overall project.

considers the bottom invertebrates of the river, with

special attention to the aquatic insects.

The invertebrate populations in each of the study zones

were sampled at intervals of one week in 1958 and of two

weeks in 1959 to measure production and standing crop and to

determine the distribution of the invertebrate fauna.

The information presented here will be correlated with

the other physical. chemical, and biological factors as

these phases of the project are completed.



DESCRIPTION OF THE STUDY AREA

The Red Cedar River, a tributary of the Grand River

drainage system, is a slowalowing, warmwwater stream '

located in the south-central portion of the lower peninsula

of Michigan. It arises from Cedar Lake, which is located in

Marion township, Livingston County, Township 1 north Range 3

east of the.Michigan meridian. From its point of origin,

the Red Cedar flows northwestward through Livingston County

for about 19 miles, then westward through Ingham County for

about 29 miles, ending at its confluence with the Grand River

I in Lansing, Michigan. The main channel of the river is

approximately $9 miles in length.

A The river and its tributaries drain an area of about

L72 square miles, with the Sycamore Creek drainage making up

about one-fourth of the total (Figure I).

The elevation at the outflow of Cedar Lake is 99h feet

-above sea level, while at the confluence of the Red Cedar

River with the Grand River the elevation is 817-feet above

sea level. Approximately one-half of the fall is in the

upper one-third of the river, but the average gradient of

the river from Cedar Lake to the Grand River is 2.L feet

per mile (Figure II).

Although the Red Cedar drainage has a stable vegetation

cover, floods often occur in the spring when rain and snow-

2
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melt swell the river while the ground is still frozen. The

period of maximum discharge generally occurs in March or

April, while the minimum discharge is recorded in the early

autumn before the winter rains begin. During the fall of

1959, unusually prolonged periods of heavy rain caused an

above average discharge. The mean discharge for 1958-1959

-was 198 cubic feet per second, with a maximum of 2,210 cfs

and a minimum of 11 cfs. The total discharge for 1958 was

below a 10-year average, while the total discharge for 1959

was slightly above the 10 year average (Figure III). These

discharge values were recorded at a U. S. G. S. gauging

station at Farm Lane bridge, seven miles above the mouth of

the river, and excluded the discharge from the Sycamore

Creek wetershed. These discharge measurements apply to the

355 square mile portion of the Red Cedar watershed above

Farm Lane bridge.

The Red Cedar arises in an area made up primarily of

marsh and wet lands, and much of the upper end of the river

has been dredged to facilitate drainage of the marshes and

swamps for agricultural purposes.

There are three impoundments on the Red Cedar River,

the largest of which is near Williamston. The original dam

at Williamston wes constructed in 18b0 to power a saw mill,

but was replaced with a concrete structure at a later date.

At present, a constant flow generator utilizes a thirteen

foot head of water to power a private refrigeration and

frozen food plant (Brehmer, 1956). Approximately three
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miles of the river are under the influence of this dam and

the impoundment averages about 200 feet in width, but is no-

where greater than one-quarter of a mile wide; the width

being limited by the high banks along this section of the

river. The maximum depth of this impoundment is about ten

feet, but there are large mud flats which are exposed when

the reservoir is drawn down during periods of low flow.

The shallower areas of this impoundment support a heavy

growth of aquatic plants, chieflyWtie-Irena,

lglggggicanadensis, and an undetermined species of 32225:.

 

The second impoundment is at a picnic area in Okemos.

The original dam, constructed here to furnish power for a

grist mill, has been replaced with a stone ballast type to

create a small pool for recreational purposes.

The third impoundment is on the.Michigan State Univer-

sity campus and was constructed primarily for recreational

purposes, although it also supplies water to a power plant

(Meehan, 1958) . _

Both the damxat Okemos and the one on the.Michigan

State University campus serve to decrease the velocity of

the river, but neither of these dams has as much effect on

the river as the dam at Williamston. The impoundment at

Williamston is truly pond-like while the other two impound-

ments are better described as very slow-moving river areas.

With the exception of the impounded areas and the

dredged area on the upper portion of the stream, the Red

Cedar River is a slow—flowing meandering stream.with well
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stabilized banks and a well stabilized channel.

The river flows through rolling farm and suburban land

and touches upon four urban communities before entering the

East Lansing-Lansing metrOpolitan area. The area immediately

adjacent to the river is predominately woodland, while most

of the watershed is utilized for dairy and small grain

farming.

Above Fowlerville the river is quite clean, although

the water has a reddish-brown stain which is characteristic

of the entire river. At Fowlerville the river receives

effluent from a metal plating plant and domestic pollution

from.aeptic tank drains. From.Webberville it receives very

small amounts of pollution via Kalamink Creek, one of its

tributaries. Williamston contributes domestic pollution

from septic tank drains and a sewage treatment plant. Gross

pollution occurs below Williamston with the recovery zone

extending two to three miles, depending on the season and

the flow of the river (Brehmer, 1958).

From three miles below Williamston to Okemos, the

Red Cedar is a relatively clean stream. However, from Okemos

to the‘confluence with the Grand River, the Red Cedar

receives domestic wastes from a series of storm'drains,

septic tanks, and a sewage treatment plant.

Bottom type varies from mud and detritus to coarse

gravel in the Red Cedar River while vegetation varies from

sparse to abundant. The Red Cedar is a sloweflowing river

averaging about 0.5 feet per second with a range of from



0 to 3 feet per second.

113; 83%; Section

The section of the river chosen as the study area con-

sists of 30 miles of the main river, extending from the Farm

Lane bridge on the campus of Michigan.State University to

the Van Buren road bridge, a little over a mile above Fowler-

ville. This section of the river drains 355 square miles.

The study section is divided naturally into five sones,

(Figure I) the first of which begins at the Farm Lane bridge

and ends at the Okemos Road bridge in Okemos. The arrows in

Figure I correspond to the roads used as limits of the five

river sones. Zone I is about three and one-half miles long

and includes the impounded water on the campus which receives

domestic pollutants from a series of storm and septic tank

overflow drains. Zone I is entirely within an urban area.

The bottom type in this zone grades from silt in the im-

pounded area to sand flats in the upper end of the zone.

There is one rocky riffle about 500 feet below the Okemos

Road bridge. The average depth in the impounded area is

six feet, while an average of 15 inches of water covers the

sand flats. ..

The second zone is eight and one-half miles long,

b081nn1ng at Okemos Road and extending upstream to Zimmer

Road, which is about three miles downstream from Williamston.

Zimmer Road is near the end of the recovery area below the

'Villiamston sewage treatment plant, and zone II is no doubt

enriched by the effluent from this plant. Woodlands adjoin

V
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the river for nearly the full length of this zone. The

bottom type in zone II ranges from silt and detritus in the

pools to sand flats and rubble in the riffles. In this zone

there are many large beds of Vgllisaeria.americana and

Sgurarus cennuus.

Zone III includes the polluted and recovery areas of

the stream below the Williamston sewage treatment plant and

is two and one-half miles long. This zone begins at Zimmer

Road and ends at the dam in Nilliamston. The river flows

through an urban area for one mile, then through woodlands

for the remainder of zone III. There are extensive beds of

Vgudaseniawand Saururns gems an the silt and

detritus bottom common to this zone.

 

Zone IV includes the section of the river under the

influence of the dam at Williamston and is four miles in

length. This zone begins at the dam and extends upstream to

Diets Road. The upper portion of this zone is bordered by

woodlands, while the lower mile is in the city of Williamston.

The bottom material is predominantly silt and detritus,

although there are occasional small areas of hardpan clay or

sand. The shallower areas are covered with dense beds of

WWandMWwhile large beds

of an undetermined species of §g£§g£,are common in the deeper

water. Aquatic vegetation borders the channel for the full

length of zone Iv.

The fifth zone is twelve miles long and includes the

remainder of the study section. This zone is bordered by
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woodlands and pastures. Sand and gravel make up the bottom

material in the lower portion of this zone, while in the

upper dredged portion silt covers the bottom to a depth of

18 inches. Vast beds of Vallisneriamare common in

this zone, especially in the silted, dredged portion.

 



METHODOLOGY

All of the bottom samples, with the exception of those

taken from acne IV, were taken with a Petersen dredge. The

deeper water of the impoundment necessitated the use of a “

boat. An Ekman dredge was used to take the bottom samples

in zone IV. The Petersen dredge sampled an area of 0.83

square feet while the Ekman dredge sampled a 0.22 square

foot area.

The dredges were chosen as samplers because the current

in most areas of the Red Cedar River is not strong enough to

sweep the material into the bag on a Surber sampler while.

the deeper holes preclude the use of a Hess-type sampler.

A11 sampling sites were randomly selected. The zone

to be sampled was first divided into mile units, one of

which was selected from a table of random numbers. The

chosen mile was then sub-divided into portions 1/10 of a

mile in length, with one l/10 of-a mile portion being selected

from the table of random numbers. The selected 1/10 of a

mile portion was then further sub-divided into tenths, one-

tenth of which was selected from the table of random numbers.

Thus, the area selected for sampling was 0.01 mile, or 52.9

feet long. This is as small an area as it is practical to

use for this type of survey, since it is difficult to pin-

point a location on the stream smaller than 0.01 mile.

15
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After the sampling site had been chosen, the sampling

points along the transect were chosen by selecting several

random numbers from the table of random numbers. Sixteen to

twenty numbers were chosen in 1958 and ten numbers were

selected for all samples in 1959. These numbers were divided

into two categories designated even and odd. Every other

number was designated even with the intervening numbers being

designated odd. A cable, graduated in feet, was then stretch-

ed across the river at the randomly chosen location. One

dredge sample was taken at each of the randomly selected

points along this transect, with_each point corresponding to

one of the randomly selected numbers. The sample was thus

divided into two sub-samples, designated even and odd. The

even and odd subnsemples were kept separate through all

subsequent handling.

After the dredge hauls were taken, the bottom material

was screened with a 30-mesh sieve to remove silt and the

finer sand. The residue was then placed in buckets and re-

moved to the laboratory. The organisms were picked alive

from the samples the same day they were collected, or where

this was impossible the organisms were refrigerated and

picked the next day. In the laboratory, the sample was

screened again with a 30-mesh sieve and picked by the flot-

ation method, utilizing a concentrated sugar solution. The

sugar solution was made for each sample and then discarded.

Two parts water to one part sugar made the solution which

was then poured over a portion of the sample contained in a
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white enamel pan. The sugar solution floated most of the

organisms out of the bottom material. However, the bottom

material was carefully checked to make sure that no molluscs

or case-forming caddie larvae were overlooked. A11 final

sorting was done by hand.

After the organisms had been separated from the bottom

material, they were preserved in a 70% alcohol solution con-

taining 5% glycerine.

The samples were analyzed during the winter following

their collection. The 1958 collections were measured for

total volume, classified to family, and counted. The organ-

isms collected in 1959 were classified to family and counted.

Net weight was then taken for all organisms except the

molluscs. In order to determine the wet weight, the organ-

13138 were remved from the preservative and soaked in tap

water for thirty minutes. Following this soaking period,

the organisms were placed in small 30-mesh screens and spun

in a centrifuge for 30 seconds at 1800 r.p.m. to remove the

excess moisture. The organisms were then weighed on an R1.

Mettler balance accurate to 0.001 gram.

Since it was not deemed valid to include the weight of

“‘0 mollusc shells in the wet weight values, the molluscs were,

”unarmed for total volume rather than for wet weight.



DESCRIPTION OF SAMPLING SITES

new

The samples from zone I were taken July 21 and July 28,

1958, one-quarter of a mile below the confluence of Lake Lan-

sing drain with the Red Cedar. The river was 66 feet wide on

July 21 and 6h feet wide on July 28. Sixteen samples were

taken each day with a Petersen dredge. The bottom materials

associated with these samples are listed in Table I. The

depth of the water in this area averages about 2 feet, which

is roughly the average depth over the entire study section

‘with the exception of zone IV where the average depth is

about seven feet.

Zone II was sampled on September 25 and October 2, 1958,

approximately one mile downstream.from the U. S. 16 bridge

(Figure IV). Eighteen Petersen dredge samples were taken

each day, and the width of the river was 60.feet on.Septem-

ber 25 and 58 feet on October 2. The bottom.materials in-

cluded in these samples are listed in Table I. .

Zone III was sampled one-quarter of a mile below'the'

'Uilliamston sewage treatment plant on September h and 11,

1958. Twenty Petersen dredge samples were taken each day

and the river was #2 feet wide on both dates. The bottom

materials associated with these samples are shown in.Table 1.

Zone IV was sampled on August h and 11, 1958, approxh

18 ',
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imately 1.6 miles above the dam at Williamston. Twenty

Ekman dredge samples were taken each day and the river was

60 feet wide on both dates. The bottom materials of all

samples taken from this location were silt and detritus

mixed with a jellyblike mud.

1259 Samples

Zone I was sampled September 21 and October 3. 1959.

300 feet below the entrance of Lake Lansing drain. Ten

Petersen dredge samples were taken on each day and the river

was 79 feet wide on both dates. The bottom materials in-

cluded in the samples are listed in Table II.

Zone II was sampled approximately one-half mile below

Van Atta Road on August 12 and 27. 1959. Ten Petersen dredge

samples were taken each day. The river was 55 feet wide on

August 12 and 57 feet wide on August 27. The bottom mater-

ials in this area are sand and gravel. The bottom of the

area sampled was covered with a large bed of Vallisneris

gmericana and all samples included this plant as well as

sand and gravel.

Zone III was sampled on June 10 and 25, 1959, one-half

mile below the Williamston sewage treatment plant and the

river was 57 feet wide on both dates. Ten Petersen dredge

samples were taken each day and the bottom materials collected

are listed in Table II.

Zone IV was sampled two miles above the dam in Williams-

-ton on June 29 and July 14, 1959. Ten Ekman dredge samples
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were taken each day. The width of the river was 110 feet

on June 29 and 100 feet on July 1h. The bottom materials

for all samples taken from this area were a mixture of sand,

silt, and detritus.

Zone V was sampled 100 feet above Nicholson Road on

February 6 and 13, 1959. The river was 18 feet wide on

February 6 and 21 feet wide on February 13. Fourteen Peter-

sen dredge samples were taken on February 6 and tea on Feb-

ruary 13. The bottom.type found in all samples was a black

gelatinous ooze containing much detritus. This sampling

station was designated VSB.

’Zone V was sampled about 800 feet above the.Mph7

bridge on.July 19 and August 3, 1959. Ten Petersen dredge

samples were taken each day. The river was 37 feet wide on

July 19 and 38 feet wide on August 3. This area is a riffle

I and the bottommaterial is composed of sand, gravel, and

stones. This sampling station was designated V41.

On October 27 and November 12, 1959. zone V was sam-

pled one-quarter of a mile above the Stow Road Bridge. The

river in this dredged area was #0 feet wide on both days.

The bottom material in this area is quite uniform and is

composed of sand, silt, and detritus. This sampling station

was designated V-2.



DISTRIBUTION OF AQUATIC INSECTS IN THE RED

CEDAR RIVER

122222212

The Red Cedar River was sampled two times in each of

four locations in 1958. Each sample consisted of an even

.and an odd sub-sample containing an equal number of dredge

samples from randomly selected areas along a transect across

the river. The data indicate, when subjected to a matched

pairs test that there was no significant difference at the

95% level in the number of insects found in the even and

odd sub-samples of the randomly selected samples taken from

the Red Cedar River in 1958. It was further indicated that

there was no significant difference in the number of insects

in the two samples taken at each of the four sampling loc-

ations.

Twentybseven families of insects were included in the .

collections taken from the Red Cedar River in 1958 (Table III).

The ubiquitous Tendipedidae are by far the most abundant

family of insects in the river, ranging from.a high of 66%

of the total number collected below a sewage treatment

Plant to a low of 32% of the total number in the pond-like

reservoir above Williamston.

The Elmidae, the small beetles which spend their entire

life in water, were the next most common family in the 1958

25
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Table III. Percent Composition by Numbers of the

Aquatic Insects in the Red Cedar River

in ;258

_g_ Sampligg Zone ‘

Organism If

IV III II I

, Poduridae .0- .1

Heptageniidae .6 .l 1.3

B‘etidae 6e8 1.8 3e8 1.0

Ephemrid.° 2.0 0" e6 20].

Hydropsychidae .3 .L .2

Psychomyiidae .3 .1 .7 1.9

Limnephilidae .O- .2 10.5

Le toceridae .7 .2 .1 .3

Mo annidae .1

Rhyacophilidae .3 .2

PM’gméidae
e l

Helicopsychidae .1

Sialidae he6 e1 e1.» leg

Gomphidae .O— .1 .2

GOOD rionid‘. eh e3 03 e 1

Pml d‘. 01 .O- '

E dae h0.8 22.5 18.1 23.3

Psephenidae .0- .

Dzzopidae .1 3.8

H iplidae .0- .

Helodidae - .O-

Corixidas [be]. e 2.8

Tipulidae .1 .1

Tendipedidae 32.0 66.5 65.1 52.2

Releidae 8.0 3.2 6.6 .

Tabanidae .b .b

Rhagionidae
.O-
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'collections. The Elmidae and Tendipedidae combined made up

735'of the total number of insects at station IV, 89% at

station III, 83% at station 11, and 75% of the total number

of insects taken at station I.

Of the mayflies, the Ephemeridae, entirely2%

were the most common at station I, while the Baetidae were

more numerous at the other three stations.

Sialidae were present at all four stations, being most

abundant at station IV. These insects, while present in

small numbers, undoubtedly made up a large percent of the

total weight of the collection.

The damselflies of the family Coenagrionidae were pre-

sent at all stations but were never more abundant than .415

of the total number of insects present.

Other families of insects were present at each of the

four stations, and the percent composition by number of all

insects collected in 1958 is shown in Table III. The est-

imated number per acre and number per square meter for the

1958 collections from the Red Cedar River are tabulated in

Appendix A.
. O

museum

Most of the studies of the distribution of aquatic

insects in streams include little quantification of results.

'Jones (19h3, 19h8, and 1951) in his studies of English

rivers makes little attempt to quantify his results, being

more interested in the presence or absence of the various

1

Organisms. Richardson (1921) in his studies on the Illinois
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River, estimated the abundance of bottom fauna in numbers

per acre and pounds per sore but the aquatic insects were

all considered in one group. Moffett (1936) estimated num»

her and volume of insects per square foot in small trout

streams in Utah. Gaufin and Tarzwell (1952) in their stud-

ies on Lytle Creek, used the criteria of present, absent,

and abundant to record the occurance of the aquatic insects.

Pennak and Van Gerpen (19k?) point out the necessity

of considering both number and weight of aquatic inverte-

brates when studying an invertebrate community. This is to

equalize the effect of small numbers of large insects and

large numbers of small insects. A large Ephemeridae nymph

will weigh 50 times more than a Tendipedidae larvae and

when numbers alone are considered, these two insects are

treated as being of equal importance.

In this study, an attempt was made to equalize the

weight and numbers of the families of insects making up the

sample. It is felt that the smaller insects with the

shorter life histories exhibit a higher turnover.rate than

do the larger insects with longer life histories. Tendiped-

idae with a life cycle of six weeks can produce 8 or 10

generations in the two years necessary for the Ephemeridae,

He;;gania.to produce one. Based on standing crop estimates,

a consideration of numbers alone gives undue importance to

the more numerous smaller insects while a consideration of

weight alone favors the less common larger insects. In the

discussion of distribution in this study an attempt was made
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to correct for this undesirable aspect of standing crop

estimates. In order to make this correction it was necess-

~ ary to assume that the large numbers of the potentially

more productive smaller insects are equal in importance to

the greater weight of the longer lived insects.

The relative importance of the various families of

insects in the Red Cedar River was calculated by multiplying

the percent of total composition by numbers of a given famp

ily times the corresponding percent of total composition by

weight.

Table IV shows the percent composition by number and

weight of the thirtybfive families of aquatic insects col-

lected in all samples taken from the Red Cedar River in 1959.

Table V shows the result of multiplying the percent of total

number times the percent of total weight, this is referred

to as relative importance. The second column of Table V

shows the rank of the 35 families of insects collected

based on their relative importance. The rank by relative

importance is compared with rank by percent of total number

and by percent of total weight in Table VI. Relative imp

portance and rank by relative importance will be used in all

comparisons of distributMmi-' of aquatic insects taken from

the Red Cedar River in 1959.

When the even and odd numbered sub-samples are com-

pared by a matched pairs test, the data indicate that there

was no significant difference at the 95% level in the num—'

ber of insects found in the even and odd numbered sub-samples
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Table IV. Percent composition by numbers and weight

of all insects collected from the Red

Cedar River in 1959

 

 

Organism Percent by Percent by

Number weight

Poduridae .009 .000-

Perlidae .O7h .169

Reptageniidae .166 .196

Baetidae ' .8h1 .234-

Ephemeridae b.500 11.096

Hydropsychidae 1.53h 1.810

Psychomyiidae .656 .352

Brachycentridae .388 .156

Limnephilidae .111 6.79h

Hydroptilidae .OL6 .013

Leptoceridae .037 .058

Sialidae 1.969 8.e39

Sisyridae .009 .009

Gomphidae .203 11.0h8

Coenagrionidae 2.727 6.252

A rionidae .055 .100

L bellulidae .092 7.h10

P alidae .721 2.388

E dae 1h.58h 3.959

Gyrinidae .Oh6 .Ok3

Hydrophilidse 2.809 6.790

Psephenidae .055 .k82

Dryopidae .009 .009

Corixidae .120 .065

Belastomatidae .009 .820

Saldidae .Ou6 .595

.Mesoveliidae .018 .013

T1 ulidae 3.503 9.759

C icidae .083 .030

Simuliidas 5.222 .968

Tendipedidae $9.627 9.h29

Releidae 7.301 1.038

Tabanidae 1.h23 9.3A2

Emfiidldae .961 .l7h

Ep ydridae .Oh6 .039
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Relative importance is the product of the percent

Table V. Relative i rtance of all families of

insects col ected, based on all collections

of bottom fauna from the Red Cedar River

in 1959

Organism. Relative importance x 10"8 Rank

Poduridae .O— 35

Perlidae 125.06 23

Heptageniidae 325.36 20

Baetidae 1,967.94 17

Ephemeridae 699,320.00 3

Rydropsychidae 27,765.h0 11

Psychomyiidae 2,309.12 16

Brachycentridae 605.28 19

-Limnephilidae 7.5hl.3h 14

Rydroptilidae 5.98 32

Leptoceridae 17.76 30

Sialidae 166,163.91 7

Sisyridae .81 34

Gomphidae 22,h27.hk 12

Coenagrionidae 170.h92.0b 6

Agrionidae 55.00 26

Libellulidae 6,817.20 15

P alidae 17,217.k8 13

E dag 577s380e56 2

Gyrinidae 19.78 28

Hydrophilidae 190.731.10 5

Psephenidae 265.10 21

Dryopidae .81 33

Corixidae 78.00 2h

Belastomatidae 73.80 25
Saldidae 227.70 22

Mesoveliidae 7.7L 31

Ti ulidae 3hl.857.77 h
'C icidae 2h.90 27

Simulilda.
50 ' 5‘08 e 96 10

Tendipedidae 4.679.329.83 1
Heleidae 75.73h.38 9
Tabanidae 132.936.66 8

Em ididas 1,672.1L 18

3? ydridae 17.9L 29

of total number times the percent of total weight.
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Table VI. Three methods of ranking the various

families of aquatic insects collected

from the Red Cedar River in 1959.

based on all insects collected in 1959

Rank by Rank by *Rank by

Organism percent percent relative

number weight importance

Poduridae 3 5 3 5 3 5
Perlidae 23 23 23

Heptageniidae 18 21 20

Baetidae 13 20 17

Ephemeridae 5 1 3
Hydropsychidae 10 13 ll

Psychomyiidae 15 19 16

Brachycentridae 16 2h 19
Limnephilidae 2O 8 lb
Hydroptilidae 26 32 32
Leptoceridae 29 27 3O
Sialidae 9 6 7
Sisyridae 33 33 3k
'Gomphidae l7 2 12
Coenagrionidae 8 IO 6
Agrionidae 2b 25 26
L bellulidae 21 7 15
P alidae 1k 12 13
E dae 2 ll 2
Gyrinidae 27 28 28
HydrOphilidae 7 9 5
Psephenidae 25 18 21
Dryopidae 3b 3b 33
Corixidae 19 26 2h
Belastomatidae 32 16 25
Saldidae 28 17 22
Mesoveliidae 3O 29 31
T1 alidae 6 3 A

C icidae 22 31 27
Simuliidae h 15 10
Tendipedidae 1 A 1
Heleidae 3 14 9
Tabanidae 11 5 8
Empididae 12 22 18
Ephydridae 28 30 29

 

*Relative in

percent num ers.

next most abundant, etc.

rtance ranked by percent weight x

1 signifies most abundant, 2
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of the randomly selected samples taken from the Red Cedar

River in 1959. It was also indicated, again with a matched

pairs test, that there was no significant difference at

the 95% level between the total weight of the insects found

in the even and odd sub-samples of the random samples taken

Afrom the Red Cedar River in 1959. Since no significant

difference could be demonstrated between the even and odd

sub-samples, the data from the sub-samples were combined and

all calculations were based on the total sample.

The Cochran Q test was used to compare the degree of

heterogeneity in family composition of the insect fauna in

four zones of the Red Cedar River for the summer of 1959.

The date from.zone IV were omitted from this analysis be-

cause this atypical reservoir zone was sampled with an Ekman

dredge rather than the Petersen dredge which was used for

all other zones. It is felt that this reduction in area

sampled warranted the exclusion of the sampling results

from zone IV. Using the Cochran Q test, a significant dif-

ference at the 1% level was demonstrated in the degree of

heterogeneity in family composition of the insect fauna in

four zones of the Red Cedar for the summer of 1959. Since

the Cochran Q test does not allow individual comparisons,

these data were submitted to a one way analysi; of variance.

This analysis demonstrated a significant difference at the

95% level in the degree of heterogeneity in family composition

of the insect fauna of the four river zones. The four

individual river zones were compared by’a Tukey multiple
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range test and the difference was found to be between zones

II and III. .No other significant difference was demonstrated.

The results of these analyses indicate that there is

no significant difference in the degree of heterogeneity in

family composition of insect fauna between zones I, II, and

V3 thus indicating that the family composition of these

zones is somewhat uniform. The difference found between

zones II and III may be attributed to the effect of the

effluent of the Williamston sewage treatment plant on the

aquatic insects of zone III. This tends to bear out the

statement by Gaufin and Tarzwell (op. cit.) that there is a

greater variety of insect types in unpolluted than in ‘

polluted water. ’

After adjusting all figures to common units, number

per square meter and pounds per acre, the sample means for

all 1959 samples were compared. No significant difference

was demonstrated at the 95% level in number per square meter

or pounds per acre in the samples taken from the Red Cedar

River in 1959. .Since no significant difference was demon-

strated between these samples, the two samples taken at each

sampling station were combined and all calculations were

based on the combined samples.

The percent composition by numbers of the aquatic

insects taken from.the Red Cedar River in 1959 at the seven

sampling stations jfiL shown in Table VII and the percent

composition by weight of the aquatic insects for these same

collections is tabulated in Table VIII. The rank by rel-
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Percent Composition by Numbers of the

A uatic Insects in the Five Study Zones

0 the Red Cedar River in 1959

    

  

Sampling

 

 

Station *V-3 *V-z *Vel IV III II I

Organism

Poduridae .1

Perlidae .5 .1

Heptageniidae .3 .l .3 .2

Baetidae .1 .1 .3 .2 .l 1.8 1.8

Ephemeridae 12.3 1.5 26.5

Hydropsychidae .6 1.2 h.5

Psychomyiidae .6 1.6 2.1 .2 .6

Brachycentridae 2.2 .2 .h

Limnephilidae .1 .1 .5 .1

Hydroptilidae .1 .2

Leptoceridae .1 .1

Si‘lid‘e e9 09 1009 301 1e3 106 205

Sisyridae .0-

Gomphidae .3 .5 .1 .1 .1 .h

Coenagrionidae 1h.9 b.0 .2 .o- .1

Agrionidae .2

Libellulidaa .1 .6

P alidae 1.6 .h 1.5

E dae 17.8 6.9 22.b 15.9 3.6 18.1 13.9

Gyrinidae .2

Hydrophilidae 16e3 3.2 so.

Psephenidae .l .l- .l

Dryopidae .1

Corixidae 2.1

Belastomatidae .1

Saldidae e7

Mesoveliidae .1 ‘ .1

T1 ulidae .3 L.5_ 18.8 .3 2.0 .1

Cu icidae .l 1.0 .1

Simuliidae 18.0

Tendipedidae 24.2 60.7 37.0 54.6 90.6 1.6.1. 1.330

Heleidae 13.7 10.6 9.0 10.5 .7 2.8 10.2

T‘b.n1d.. 300 6.2 05 02 .1 03 .1

Empidid" . 3 e 9 2.8 oh so-

Ephydridae .2

av.) is the sampling station at Nicholson road.

*V-2 is the sampling station at Stow road.

*V-l is the sampling station at Highway M-h7.
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Table VIII. Percent Composition by Weight of the

Aquatic Insects in the Five Study Zones

in the Red Cedar River in 1959

 

   

 

Sa ling

Sggtion V-3 V—2 V-l IV III II I

 

Organism __

Poduridae .0-

Perlidae 1.2 .3

Heptageniidae 1.0 .1 .h .1

3.6t1d‘0 ‘ .0- .0. e1 02 as 1.0 eh

Ephomcrid‘. 52e5 190“ 67e2

Hydropsychidae 3.2 2.5 2.8

Psychomyiidae .2 1.1 1.9 .h .2

Brachycentridae .3 .1 .h

Limnephilidae e6 9e7 56.2 1300

Hydroptilidae .O- , .1

Leptoceridae .3 .0-

Sialidae 6.6 5.1 20.8 2.5 .2 5.1 18.9

Sisyridae .1

Gomphidae 23.9 9.5 5.0 2.1 .3 1.3

Coenagrionidae 15.0 4.5 4.7 .O- .2

Agrionidae .7

Libellulidae .h 36.9

Pyr‘lid‘. 307 10“ 507

Elmddae 2.6 1.0 8.7 11.6 1.6 7.6 3.3

Gyrinidae 03

Hydrophilidae 16.5 3.6 2.h

,Psephenidae ' .1 2.9 .h

Dryopidae .1

- Corixidae 2.h

Belastomatidae ' h.2

Saldidae 206

Mesoveliidae .2 .0-

Ti Ulid‘a oh 903 “202 he“ 17e9 lel

C icid‘. 00- .8 01

Simuliidae - 6.h

Tendipedid.° 707 Sea 6e1 21e9 3203 11.0 5.8

HeleidCO 103 1.3 .9 3e} 05 e3 e6

T‘b‘nid‘. 1801 1keo 02 a a1 1.6 02

‘EmpidldtO 03 03 e1 01

Ephydridae. .3
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ative importance of the insect fauna at the seven sampling

stations in 1959 is shown in Table IX.

The order of importance of the various families of

aquatic insects was determined from their rank by relative

importance. Relative importance is calculated by multiplying

the percent of total composition by numbers of a given family

times the corresponding percent of total composition by

weight. It is felt that this method tends to equalize the

weight and numbers of smaller insects with short life hist-

ories and of larger insects with longer life cycles.

The most important family of insects in the entire

study area was the Tendipedidae. It was the principal fame

ily at all sampling stations with the exception of the M-h7

and Nicholson Road stations in zone V and the sampling stat-

ion in zone I. This large family with its many species is

represented on all bottom types in the Red Cedar River and is

very common on the large sand flats. At the.M~h7 station

and station I, Tendipedidae ranked second, and at Nicholson

Road it was the third most prominent family.

. The Hydrophilidae were the most prevalent insects at

the Nicholson Road station. These aquatic beetles are pri-

marily herbivorous (Usinger, 1956) and were found in abund-

ance in the dense aquatic vegetation at this sampling site.

These insects were only found at three sampling stations but

*were the fifth most prominent group of insects in the entire

study area (Tables VI and III. This family is limited to

areas of dense vegetation in the Red Cedar River.
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Table II. Rank by Relative Importance of the Aquatic

Insects at Seven Stations in the Red Cedar

River in 1959

 

   

 

Sa ling

stgtion V-3 V-2 V-l IV III II I

 

Organism

Poduridae 20

Perlidae 10 22

Heptageniidae 12 ll 15 ll

Baetidae 15 17 1h 9 9 9 6

Ephemeridae 2 5 1

HydrOpsychidae 10 6 6

Psychomyiidae 11. 7 A. 17 8

Brachycentridae 12 16 9

Limnephilidae 15 9 2 10

Hydroptilidae 16 15

Leptoceridae 21 16

Sialidae 7 10 a 5 7 8 3

Sisyridae 2h

Gomphidae 9 9 ll 8 20 7

Coenagrionidae 2 5 8 25 1h

Agrionidae 1k

Libellulidae 1h h

Pyralidae 8 13 7

Elmidae 5 3 3 3 3 2 h

Gyrinidae 18

Hydrophilidae 1 7 16

Psephenidae 17 13 12

Dryopidae 15

Corixidae 6

Belastomatidae 12

Saldidae 11

Mesoveliidae 16 19

Ti ulidae 13 3 1 5 h 10

C icidae 18 7 l2

Simuliidae 3

Tendipedidae 3 1 2 1 l 2

Heleidae 6 6 5 h 6 ll 5

Tabanidae A 2 13 10 13 12 13

Empididae ll 8 10 23

Ephydridae 19
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The foremost family of insects at the M-L? station in

1959 was Tipulidae. These insects, found at all sampling

stations except station IV, were fourth in importance for

the entire study area, based on all insects collected in

1959. The larvae of this family are reported to be primarily

herbivorous and were found in all bottom types in the Red

Cedar River.

The second most common group of insectsin the river

as a whole in 1959 belong to the family Elmidae. Usinger

(ibid.) states that these beetles are rare in streams with

mud or sand bottoms, low gradient, or with a heavy sediment

I load. The Red Cedar River has a low gradient, carries a

heavy sediment load during spring floods, and the bottom

material is primarily mud and sand. Elmidae larvae and

adults were common at all sampling stations and in bottom

material ranging from silt and detritus to coarse gravel.

These insects were second in importance in both the 1958 and

1959 collections. Burlington (1962) found Elmidae in all

areas sampled in the wabash River.

The insects third in prominence over the entire study

area belonged to the family Ephemsridae. The only represent-

ative of this family collected from the Red Cedar River in

1959 was 11%. Burks (1953) states that the

burrowing mayflies, including gagggggig, are scavengers and

feed primarily on detritus. They are found only in silt and

detritus areas of zones 1, II, and IV, but, based on the

rank by relative importance, this family was the most common
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group of insects at station I (Table IX). These insects,

spending their larval life buried in the mud, appear to be

unavailable to fish except at emergence. Their_absence from

station III is attributed to the sewage effluent from.the

Williamston sewage treatment plant. The absence of ggxggggig

in an area subjected to domestic pollution (zone III) and

in an area receiving effluent from a metal plating plant

(zone V) and its presence in the remainder of the stream

points out that this organism is intolerant to pollution

and that its distribution may be used to delineate polluted

areas in the Red Cedar River.

Coenagrionidae was the family ranking sixth in the

total study area based on the rank by relative importance.

Representatives of this family of damselflies were found

climbing about in areas with an abundance of aquatic veget-

ation, being especially abundant at the upper zone V sampling

stations (Table IX).

The family Sialidae was common at all sampling sites and

was seventh in importance in the entire study area. These

insects were collected from all bottom types in the Red

Cedar River, in areas ranging from riffles to the pond-like

reservoir (Table IX).

The predaceous Tabanidae was the eighth most prominent

group collected from the river in 1959. Representatives of

this family were found at all areas sampled and on all types

of bottom material (Table IX).

The Heleidae (CeratOpogonidae) were found in large
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numbers at all stations sampled, and were the second most

numerous insect collected from the study area. Based on the

rank by relative importance, this group ranked ninth in the

total study area in 1959 (Table VI).

The relative importance of the other families of aquatic

insects collected is tabulated for the seven sampling stat-

ions in Table IX and for the entire study area in Table VI.

These less commonly encountered families will not be consid-

ered in detail.

The major factor determining the distribution of the

various families of aquatic insects in the Red Cedar River

is believed to be tolerance of the individual families of

different environmental conditions.

Some families, such as Tendipedidae, Heleidae, Tabanidae,

Sialidae, Elmidae and Baetidae, were represented on all types

of bottom.material sampled. Others, such as Coenagrionidae

and Hydrophilidae, were found only where there was abundant

aquatic vegetation. Psephenidaewero found only at three

sampling stations and all of these stations were in the

faster flowing areas of the Red Cedar River. Corixidae were

recorded only at the reservoir station, station IV.

In sand flats the Ephemeridae and Sialidae were rare

while in the areas characterized by mud and detritus they

were common. Station II, with fast flowing water and dense

vegetation, was the only place where Simuliidae were found.

Type of bottom.materia1, presence or absence of veget-

ation, velocity of water, and temperature are all important
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factors in determining the type of insect community present

in a given area of a stream. Bottom.type varies from mud

and detritus to coarse gravel in the Red Cedar River; while

vegetation varies from sparse to abundant. The Red Cedar

River is a slow-flowing stream averaging about 0.5 feet per

second with a range of from 0 to 3 feet per second. The

water temperature does not vary more than one or two degrees

Fahrenheit over the entire study area on a given day, so

there is little effect on the composition of the invertebrate

populations of the various zones due to temperature differu

ences.

A significant difference was demonstrated in the degree

of heterogeneity in familycomposition of the insect fauna

between stations II and III. This difference is attributed

to the effect of the effluent from the Williamston sewage

treatment plant in zone III. No other significant difference

was demonstrated in the degree of heterogeneity of family

couposition of the insect fauna of the Red Cedar River in

1959.. The reservoir zone was not included in this analysis

for reasons stated previously.

Coefficient 9;W

Burlington (op.cit.), using data from his study of the

distribution of aquatic invertebrates below outfalls of or-

ganic pollution in the Nabash River in Indiana, advances a

method for comparing the invertebrate fauna in various areas

of the same stream. This method considers frequency and

mean density of all families collected, in that "prominence

I
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values" are calculated by multiplying the density of a fam-

ily times the square root of the frequency. The coefficient

of similarity is calculated by the following formula:

0"ng ; where a is the sum of the "prominence values" of

all families at one station, b is the sum of the "prominence

values" at a second station, and W is the sum of the "prom-

inence values" the two stations have in common for each fam-

ily. A matrix allows the comparison of a given station with

all others. A coefficient of similarity of 1.000 is complete

similarity.

The aquatic insect data from all 1959 bottom fauna

collections from the Red Cedar River consisting of ten Pet-

ersen dredge samples were analyzed by this method. The

results of this analysis are shown in Figure V.

 

 

Figure V

The coefficient of similarity between sampling

stations on the Red Cedar River with regard to

aquatic insects coliggged during the summer of

 

Sampling Stations

I II III V-l V—2

1 -

II e505 -

III .5h9 .678 -

V-l .th e383 e282 -

V-2 e680 e567 e679 e39h ’
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This method did not work well with the data from the

insect collections from the Red Cedar River. Station III

was 0.5 miles below the outfall of a sewage treatment plant

while station II, by all indications a fairly clean area,

was 7.5 miles below the sewage treatment plant. The coeffic-

ient of similarity for these two stations was the second

highest of all comparisons made, yet the results of a one

way analysis of variance and a Tukey multiple range test

demonstrated a significant difference in the degree of het-

erogeneity in family composition between these two stations. "

The reason for this high coefficient of similarity

between stations II and III is that there were inordinately

large numbers of Tendipedidae found at both stations. These

insects were not identified to species, but it can be assumed

that there was a difference in the species composition of

the Tendipedidae between these two stations.

Few families of insects were collected at station III

while many families, including Simuliidae and other pollution

intolerant forms, were collected at station II. Iteis not

uncommon to have large numbers of Tendipedidae in clean

water areas, but as Gaufin and Tarzwell (op. cit.) found,

the species composition of a given family will differ greatly

between polluted and clean water areas.

It is felt that a great deal of consideration must be

given to bottom type, water current, and other factors before

this method will yield satisfactory results.



COMPARISON OF TBE INSECT FAUNA OF THE

RED CEDAR RIVER WITH THAT OF OTHER.STREAMS

The aquatic insect fauna of the Red Cedar River, based

on collections from the entire study area, is compared with

the insect fauna of eight other streams in Table X.

Mud Creek is a small trout stream located in Algonquin

Park, Ontario. This stream.is characterized by many long

shallow gravel riffles which terminate in deep, slow-flowing

silted pools (Sprules, 19h1). The Renatchee River is a

trout and salmon stream located in western washington (Ruggles,

1959).' Mill Creek is a small trout stream, located near

Salt Lake City, Utah, with a gradient of 150 feet per mile

and a bottom predominantly of gravel (Moffett, op. cit.).

The Calumet River, the Kankakee River, the St. Joseph

River, and the White River are all warm water streams located

in Indiana (Murray, 1938, and Denham, 1938). Trail Creek is

a smaller Indiana stream which is spring fed and is several

degrees cooler than the larger streams mentioned above

(Murray, op. cit.).

It is shown in Table I that the streams classified as

vtrout streams are richer in Ephemeroptera, Trichoptera, and

(Plecoptera than any of the warm.water streams, including the

Red Cedar River. In the warmswater streams, the aquatic

Diptera make up a large percent of the total number of‘aquatic

insects, ranging from 68% in the Red Cedar River to 95% in

45
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the Calumet River.

The Red Cedar River is more similar to Trail Creek than

any of the other streams considered. The other four Indiana

rivers are all polluted and have 5 higher percentage of

Diptera than does either the Red Cedar River or Trail Creek.

Gaufin and Tarzwell (op. cit.) found that as a stream becomes

polluted there is an increase in the number of Diptera and a

corresponding decrease in the numbers of the other insects in

the stream.

Another very important factor in determining the dis-

tribution of aquatic insects is the temperature of the water.

In clear cold trout streams there are usually many insects

such as the Pteronarcidae and Limnephilidae which require two

or more years for their larval development. In the warm-

water streams of the midwest the most common insects are

those with a larval period of one year or less, insects such

as many of the aquatic Diptera.

Ide (1935) found that the lower and warmer reaches of

streams have a richer ephemerid fauna than the upper reaches

‘.of the same streams where the temperatures are much lower.

Re postulates that the low temperatures may render it impossible

for certain species to grow sufficiently quickly to complete

their life cycles at an optimum time of year. He feels that

larval development may be delayed so that emergence takes

place when conditions are unsuitable for reproduction. Ide

made but little attempt to quantify his results, so this does

not mean that there were greater numbers of ephemerids in the
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lower reaches of these streams, but simply that there were

more species present in this area.

If what Ide found for the ephemerids can be extrapolated

to include all of the aquatic insects, it can be theorized

that the absence of large numbers of the aquatic Diptera in

cold-water streams is due, in part, to their inability to

complete their larval development. Conversely, the compet-

ition from the Diptera and other organisms with short life

cycles in warm-water streams may be sufficient to reduce the

numbers of the insects with the longer life histories.



BOTTOM FAUNA OTHER THAN AQUATIC INSECTS

The distributions of bottom fauna, other than aquatic

insects, taken in the collections from the Red Cedar River

in 1958 and 1959 are presented in Tables XI and XII.

The Pelecypoda and Gastropoda in the 1958 collections

were analyzed only for total volume, while in 1959 these

organisms were counted and then analyzed for total volume.

The Tubificidae in the 1958 collections were analyzed for

total volume, and in 1959 these organisms were analyzed for

wet weight by the same procedure outlined for the insects.

Since handling causes the tubificid worms to break into

several pieces, no attempt was made to count these organisms.

All other organisms included in Tables XI and III were hand-

led in the same manner as the aquatic insects.

The most obvious point that these tables bring out is

the complete lack of bottom invertebrates, other than tub-

ificid worms and aquatic insects, in the upper portion of

zone V (Tables XI and XII). The greatest densities of tub-

ificid worms were recorded for the areas which contained no

invertebrates other than insects. The high densities of

tubificid worms and the complete lack of other invertebrates

in these areas is attributed to the effect of the effluent

from the metal plating plant.

The Gastropoda were progressively more numerous from

49
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from the Red Cedar River (units are

grams per square meter)

Molluscs and tubificid worms collected

 

 

Organism Sampling Station

V-3 V-2 V-l IV III II I

TuE$§$C1d‘. 1 8 L 8 3

1959 1h.80 8.37 .08 286 222 231 Ifo

Pelec da

1958p0 35.03 51.10 32.82

1959 . .50 605.18 8h.70 15.22

Gastropoda

1958 2.#3 b.50 1h.59

1959 .65 6.20 2.60 10.88 103.67
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Table XII. Bottom fauna other than aquatic

insects collected from the Red

Cedar River (units are number

per square meter)

 

 

Organism* v-3 v-2 S'Vgiinffst‘tiff 11 I

Amphigoda

95 41.95 13.62 3L9.78 15.b0

1959 2.

Hirudinea

1958 97.k6 3.56 .72 1.22

1959 .65 7.78 3.89 .65

Hydracarina

1958 13.58 12.6L 13.68 b.86

1959 b.5h 1.30 3.2L 1.30

Co epoda

$958 1.2:. 1.22

Planariidae

1958 7.92 16.20

Annelida .

1959 .65

Deca da

19 9 1.9L 5.8L

 

* These organisms were not represented in the

collections from stations V-2 and V-3
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the upper to the lower zones of the study section. The

Pelecypoda are most common in zone III (Table XI). Based on

the collections, the Decapoda are shown to be present only

in zones 11 and III, but since the crayfish actively avoid

the dredge, the papulation estimates of these organisms are

without doubt much too low.

Hirudinea and Hydracarina are common in all areas of

the study section except the upper portion of zone V. The

other organisms listed in Table XII are more habitat specific

and are found only where the bottom type is suitable for

their development.



BIOMASS ESTIMATE OF THE BOTTOM mum

OF THE RED CEDAR RIVER

A biomass estimate of the invertebrate fauna of a

stream gives an indication of the productivity of the stream.

Estimates of invertebrate biomass have been used to calcul-

ate the food grade of trout streams (Needham, l93h). but

relatively little work has been done on warmpwater streams.

Richardson (op. cit.) found the average invertebrate biomass

of the Illinois River to be 98 pounds per acre, but this

figure includes large numbers of molluscs with the aquatic

insects comprising only 8.1 pounds per acre of the total.

‘Moffett (0p. cit.). in his survey of some small trout

streams in Utah, found the standing crop of the bottom fauna

to range between 110 and 330 pounds per acre. Since moll-

uscs were encountered very rarely in his collections, these

figures consist almost entirely of invertebrates other than

molluscs.

The Nenatchee River in western washington is another

cold-water stream.which at one time had a very large standing

crop of bottom fauna (Ruggles, op. cit.).. This stream had

a standing crop of 2A9 pounds of bottom fauna per acre in

l9kO but in 1955, after the establishment of a salmon run,

this figure was reduced to 29 pounds per acre.

The invertebrate biomass for'the Sturgeon River, a

‘Michigan trout stream, was estimated to be 53 pounds per acre

53
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in 1958 (Bryant, 1960), 36.6 pounds per acre in 1959 (Knight,

1961), and 66 pounds per acre in 1960 (Zettelmaier, 1961).

The bottom fauna of the Sturgeon River is composed primarily

of insects (Bryant, op. cit.).

Standing crop estimates for the various families of

insects are shown in Table XIII. Standing crop estimates in

pounds per acre for all bottom invertebrates, except molluscs,

from the Red Cedar River are shown in Table XIV. The bio-

mass estimates for the molluscs are tabulated in Table XV.

Table XVI shows the estimates of total standing crop of in-

vertebrates in the Red Cedar River in 1958 and 1959.

Estimates of the standing crop of bottom invertebrates,

exclusive of molluscs, for the various 1959 sampling sites

are shown in Figure VI. As can be seen from this figure,

the insects compose but a small portion of the invertebrate

biomass in the upper area of zone V. The abundance of tub-

ificid worms, up to 132 pounds per acre, is attributed to

the effect of the metal plating plant.

m.9}; Insgcts Q Tubificid £992

The ratio of total insect weight to tubificid worm

weight for the two collections taken at the Nicholson Road

station is .350:1. The ratios of insect weight to tubificid

worm weight for all seven sampling stations in 1959 are shown

in Figure VII. This ratio is very low for the upper two

stations and increases greatly at the Met? station, which is

a small riffle with a bottom of gravel and larger stones, a

bottom type not productive of tubificid worms.
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Table XIII. Standing crop estimates for the

aquatic insects taken from the

Red Cedar River in 1959, based

on all insects collected in 1959

 

 

Organism. No./M2 gm../M2

Poduridae .1 .OOO-

Perlidae .2 .001

Reptageniidae 1.7 .004
Baetidae 9.3 .005
Ephemeridae 64.9 .324
Hydropshchidae 15.4 .038
Psychomyiidae 6.6 .016
Brachycentridae 3.8 .002
Limnephilidae

1e 2 e 145

Hydroptilidae .5 .OOO-

Leptoceridae .4 .001
Sialidae 25.1 .184
Sisyridae

.1 .OOO-
Gomphidae 2.0 .236
Coenagrionidae 27.6 .141
Agrionidae .6 .002
Libellulidae

.9 .134
Pyralidae

.2 .051
Elnida.

16‘s6 e 10‘}

Gyrinidae
.5 .001

Hydrophilidae 28.2 .145
Psephenidae

.6 .010
Dryopidae

.1 .OOOb
Corixidae

4.6 .005
Belastomatidae .1 .017
Saldidae

.5 .010
Mesoveliidae

.2 .001

.Ti ulidae 29.6 .181
C icidae 2.4 .002
Simuliidae

52.3 .020
Tendipedidae

585.0 .237
HQlCi-d‘e

-‘ 90.1 ' e031

Tabanid‘e
life 5 e 199

Em.ididae
9.6 .025

ED y'drid‘.
e 5 e001

Total 1,151.0 2.273
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Table XIV. Standing crop estimates of bottom fauna

from the Red Cedar River in pounds per

 

 

acre

Sampling Insects Tubificid *Other invertebra-

station lbs/acre worms tes exclusive of

lbs/acre molluscs

lbs acre

gig

IV 26.42 13.21

III 16.18 4.34

II 22.63 3.37

I 18.42 8.32

1222

V-3 46.24 132.04

V-2 26.26 74.66

V-l 14.83 .69 .04

IV' 14.00 7.64

II]: 3.74 2.16 2.88

II 20.02 .13 47.28

I 13.57 .90 .47

_I

* jIn 1958 all invertebrates except tubificid worms and mol-

iluscs were combined for total volume determinations.- In

11959 the insects were separated from all other inverte-

brates for total weight determinations.
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Table XV. Standing cr0p estimates of molluscs

from the Red Cedar River in pounds

per acre (shell weight included)

1|.._

 

Sampling Pelecypoda Gastropoda

station

122§

IV

III 401.71 . 21.68

II 455.82 40.12

I 292.82 130.14

‘1222

V-3

V-2

V-l - 5.78

IV' 4.40 37.44

III 5,398.52 ‘ 23.12

II 756.02 98.10

I 135.83 924.80
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Table XVI. Standing crop estimates of invertebrates

from the Red Cedar River in pounds per

801‘.

 

Sampling Total Total less

s tation molluscs

122?.

IV 39.63 39.63

111 443.91 20.52

II ‘ 521.94 26.00

1 449.70 26.74

4.222

V~3 178.28 178.28

“-2 100.92 100.92

V-l - 21.34 15.56

W 63.48 21.64

In 5,435.42 13.78

H 5 921.55 67.43

I 1,075.57 14.94
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Figure VII.
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A logarithm plot of the ratio of

total insect weight to total

tubificid worm weight against

river miles, based on the 1959

collections.
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This ratio is reduced in the reservoir area, as would

be expected with the change in the composition of the insect

population in this pond-like habitat. The broken line in

Figure VIIrepresents an extrapolation through this atypical

zone. The first sampling station below the dam.was also

below the Williamston sewage treatment plant. The insect to

tubificid worm weight ratio in this area was lower than the

ratio at the M947 station. This ratio reaches its peak, of.

154:1, at station II in the clean water zone and declines

again in the urban area of zone I. It is felt that this

ratio may have a possible use in delineating stream pollution.

Stggdigg Eggp,2§,1nsects

The average standing crop of insects in the Red Cedar

River in 1959 was 20.52 pounds per acre. The insect stand-

ing crop was not estimated for 1958 because the insects were

combined with all other invertebrates except molluscs and

tubificid worms. Mean standing crop estimates and various

measures of variability are listed in Table XVII.

The standing crop estimatesfor aquatic insects in the

Red Cedar River are lower than the insect biomass estimates

for the previously mentioned trout streams. The collections

from the trout streams included a much higher percentage of

the larger insect larvae with longer life histories than did

the collections from the Red Cedar River.

The Red Cedar has many large sand flats which are in a

constant state of flux and which contain little but tendipedid

midge larvae. The Tendipedidae are the most common insect in



Table XVI I e
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Variability and confidence limits of

the bottom fauna collected from the

Red Cedar River in 1958 and 1959

(units are pounds per acre)

 

 

Sample Mean. Standard 95% confidence

size deviation limits of the

mean

Invertebrates

exclusive of

molluscs and

tubificid worms

1959 14 27.75 27.31 11.98-43.52

Both years

combined 22 27.93 22.05 10.87 -44.99

Aquatic Insects

1959 14 20.52 14.89 11.92-29.12

Tubificid werms

Both years

Total Invertebrates

exclusive of

molluscs

1958 O 35.53 13.72 24.05-47.01

1959 14 58.89 63.47 22.23-95.55

Both years

combined 22 50.40 51.85 27.40-73.40

Total molluscs

(including shells)

1958 8 381.72 271.22 154.89-608.55

1959 14 1054.72 2849.14 -590.77-2700.21

Both years

combined 22 809.99 2271.46 -197.39-l8l7.37

Total Invertebrates

including molluscs

and tubificid worms

1958 8 417.25 258.26 201.24-633.26

1959 14 1113.61 2836.46 -524.55-2751.77

Both years

combined 22 860.39 2262.86 -143.19-1863.97

g
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the Red Cedar and because of their small size show a lower

standing crop than communities of insects which reach a larger

_size but have a longer period of larval development; such as

‘ the heajgrammims and larger stoneflies common to the trout

streams. Although the smaller insects with the shorter life

,histories do not exhibit as large a standing crep, the turn-

over rate is much higher than in the longer lived individuals,

since some of these smaller insects have several generations

per year. Thus, the communities composed primarily of insects

with short life histories may have a much greater potential

for production than a community of insects with life histories

of from 2 to 5 years.

Staggigg Crop g£_Molluscs

There are three main.groups of molluscs in the Red Cedar

River, the large finionid clams, the small fingernail clams

belonging to the family Sphaeridae, and snails, chiefly

Viviparidae. The Unionidae and Viviparidae are common below

the sewage treatment plant and the Sphaeridae are more common

in the sand flats of other areas.

The standing crop estimates of the molluscs are based

on the volume of the entire organism, including the shell,

and the assumption that a displacement of a milliliter of

water is equal to one gram. This method is subject to some

error so the total standing crop estimates of bottom inverte-

brates are given with and without the molluscs in Table XVI

and various measures of variability are given in Table XVII.
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Total- Standing Crop .

The average standing crop of invertebrates, excluding

the molluscs, in the Red Cedar River for 1958 and 1959 was

estimated at 50.40 pounds per acre with 95% confidence limits

of the mean of 27.40 - 73.40 pounds per acre. When the mol-

luscs were included, the average standing crop was estimated

to be 860.39 pounds per acre with 95% confidence limits of

the mean of -l43.19 - 1,863.97 pounds per acre (Table XVII).



DISCUSSION

The invertebrate fauna of the Red Cedar River, a warm-

water stream in south-central Michigan, was sampled during

1958 and 1959 to determine distribution and to estimate the

standing crop.

Thirty-five families of aquatic insects were collected

during the study period. There are about the same number of

families of insects in each of the five river zones, but the

number of individuals per family differs from.zone to zone.

There is some difference in composition within each of the

zones; that is, the family composition may vary in different

areas of a zone. However, with the exception of zone III,

this variation within each zone is quite small. The main

modifying factor in zone III is the effluent from a sewage

treatment plant.

Statistical analyses of the data suggest that there is

a good deal of uniformity in the family composition of zones

1, II, and V. Zone III was shown to have fewer families than

zone II. The data from zone IV, the impounded area, were not

included in these analyses because a different collecting

device was used.

The average standing crop of invertebrates, exclusive

of molluscs, in the Red Cedar River in 1958 and 1959 was

estimated to be 50.40 pounds per acre with 95% confidence

67
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limits of the mean of 27.40 - 73.40 pounds per acre, about

45% of the mean. However, when the standing crop estimate of

emolluscs is added to that of the other invertebrates, the

confidence limits are about 115% of the mean. The shell

weight of the molluscs was included in this estimate and this

coupled with the difference of mollusc distribution caused

the increase in variability.

\

Pollutional,Aspgcts

Various groups of aquatic invertebrates are generally

represented in any bottom collection taken from a stream.

Under clean-water conditions more species of organisms are

present but generally with fewer individuals per species

than in polluted water. The adverse effect of pollutants on

certain organisms has led to the use of these organisms as

pollution indicators, and it is universally agreed that

Plecoptera, Ephemeroptera, and Trichoptera are intolerant to

pollution. These three orders of aquatic insects are largely

cold-water organisms and, with the exception of the burrowing

mayfly Hegggenia,.were not common in the collections from

the Red Cedar River. Hegggenia was common in zones 1, II, ~‘

and IV but was absent from the area subjected to domestic

'pollution (zone III) and the area receiving effluent from a

Imetal plating plant (zone V). The presence of Hegggenia in

all zones except those known to be affected by pollution .

Suggests that this organism may be used to delineate pollution

in the Red Cedar River.
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Zone V of the study section of the Red Cedar River is

subjected to the effluent of a metal plating plant. This

area of the river was found to have a much higher standing

crop of tubificid worms than the lower reaches of the river,

indicating that these organisms are very tolerant of metal

plating plant wastes. No live molluscs were found for a dis-

tance of 9 miles below the plating plant, although empty

mollusc shells were abundant. Molluscs were not found in

appreciable numbers until the river had reached the upper end

of zone III, about 15 miles below the entrance of the plating

wastes.

Fish kills occur below the plating plant at infrequent

intervals, usually during periods of high water. This sug-

gests that the settling ponds may be flooded, thus releasing

large quantities of plating wastes into the stream. The

sudden release of these toxic wastes would depopulate the

invertebrates from a portion of the stream below the plating

plant.

Judging from the size of the tubificid worm population

in zone V,.these organisms apparently are not severely affect-

ed by metal plating wastes. In event of a complete depopul-

ation of the molluscs and the aquatic insects, the aquatic

insects, with their flying adult stage, could rapidly repop-

ulate this area. The molluscs, with their much slower method

of dispersion, could not repopulate the area nearly as fast

as the insects. This may account for the complete lack of

living molluscs and the presence of numerous empty shells,
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which, judging by their eroded condition, have been empty for

many years.

A second source of pollution in the study section of

the Red Cedar River is the effluent entering zone III from

the sewage treatment plant of the city of Williamston. Gross

pollution occurs below Williamston for a distance of two to

three miles, depending on the season and the flow of the

river (Brehmer, op. cit.). This area supports large numbers

of unionid clams and the larger viviparid snails. The abund-

ance of unionid clams, 5,398 pounds per acre, in zone III and

their near absence in the remainder of the study section

suggests that the domestic wastes entering from the sewage

treatment plant may fertilize zone III.

The results of a one way analysis of variance and a

Tukey multiple range test demonstrated a significant difference

in the degree of heterogeneity in family composition of

aquatic insects between zones II and III, with zone III

having fewer families than zone II immediately downstream

from it. This reduction in the number of families of aquatic

insects is attributed to the effect of the domestic wastes

entering from the Williamston sewage treatment plant.



SUMMARY

1. The invertebrate fauna of the Red Cedar River, a

wermpwater stream in south-central Michigan, was sampled

during 1958 and 1959 to determine the distribution of the

organisms and to estimate the standing crop.

2. Thirtybfive families of insects were collected from

the Red Cedar River during the study period, with the most

common one being Tendipedidae.

3. In the discussion of distribution an attempt was

made to equalize the importance of weight and numbers of the

insects making up the sample. A consideration of numbers

alone gives undue importance to the more numerous, smaller

insects while a consideration of weight alone favors the less

common, larger insects. The insects collected are compared

on the basis of their relative importance. The relative im-

portance of the various families of insects collected from

the Red Cedar River is calculated by multiplying the percent

of total composition by numbers of a given family times the

corresponding percent of total composition by weight. ‘

k. An attempt was made to use the "coefficient of

simdlarity" method to compare the insect fauna from five

sampling areas on the Red Cedar River. This method did not

give good results for the Red Cedar River data, primarily

”CCU-Se of the large numbers of Tendipedidae in both clean

71



72

and polluted areaS.‘

5., The aquatic insect fauna of the Red Cedar River is

compared with the aquatic insect fauna of eight other streams

and is found to be intermediate between that of trout streams

and that of the larger rivers of Indiana.

_ 6. The ratio of the total insect weight to the tubifi-

cid worm weight is suggested as a possible means of delineating

stream pollution.

7.. The average standing crop of the invertebrates,

excluding the molluscs, for the Red Cedar River for 1958 and

1959 was estimated to be 50.AO pounds per acre with 95%

confidence limits of the mean of 27.L0 - 73.h0 pounds per

acre. When the molluscs were included, the average standing

crop was estimated to be 860.39 pounds per acre with 95%

confidence limits of the mean of -143.19 - 1,863.97 pounds

per acre.
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APPENDIX A

A uatic invertebrate data collected

rom the Red Cedar River in 1958
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Zone I

Sample taken .25 mile below Lake

Lansing drain, July 21,1958

(16 Petersen dredge hauls)

 

 

Organism No. No./acre No.lM?

Poduridae 1 3,280 .81

Heptageniidae 5 16,u00 “.05

Baetidae 6 19,680 “.86

Ephemeridae 26 85,280 21.07

Psychomyiidae 13 “2,690 10.5b

Limnephilidae 69 226,320 55.92

Leptoceridae 6 19,680 b.86

Rhyacophilidac 3 9.890 2.u3

Phrygansidas 1 3,280 .81

Sialidae 11 36,080 8.92

Gomphidae 1 3,280 .81

Elmidae 227 7hh,560 183.98

Psephenidae 4 13,120 3.2h

Dryopidae 38 12h,6#0 30.80

Tendipedidae 376 1,233,280 30“.?“

Heleidae 3 9,8“0 2.h3

Total 790 2.591.200 6ho.27

Nbificidae * *.2 [Illa

Pelecypoda ‘47.0 ml.

Gastropoda 27.0 ml.

Hirudinea 3 9,840 2.43

Hydracarina 1 3,280 .81

Amphipoda 22 72,160 17.83

CopepOda 3 99% 2.146

Planariidae 30 98,400 24.31

‘—

‘Thsse organisms were not counted.

' Appendix A-l
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Zone I

Sample taken .25 mile below Lake

Lansing drain, July 28, 1958

(16 Petersen dredge hauls)

 

Organism No. No./acre No./M2

Heptageniidas 18 59,040 19.59

Baetidae 12 39,360 9.72

Ephemeridae 13 “2,6h0 10.54

Psychomyiidae 21 68,880 17.02

Limnephilidae 122 u00,160 98.88

Rhyacophilidae 1 3,280 .81

Helicopsychidae 2 6,560 1.62

Sialidae 23 75,940 18.64

Gauphidae 3 9.8% 2.1.3

Coenagrionidae 1 3,290 .81

midae 198 6’99. ““0 160 e“8

Psephenidae 6 19,680 “.86

DryOpidae 32 104,960 25.94

Haliplldae 1 3,280 .81

Tipulidae 1 3,280 .81

Tendipedidae 576 1,889,280 b66.8#

Helsidae 3 9,840 2.43

T9181 1.033 3.378.400 837.23

’ 'I‘ubificidae [2.1 m1.

Pelecypoda 34.0 ml.

Gastropoda 9.0 m1. ,

Hydracarina 11 36,080 8.92

Amphipoda 16 52,180 12.97

Planariidae . 10 32,800 8.10

 

#

These organisms were not counted.

Appendix A—2
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Zone II

Sample taken .5 mile below U.S. 16

bridge, September 25, 1958

(18 Petersen dredge hauls)

 

 

Organism No. No./acre No./M;

Poduridae 1 2,916 .72

Heptageniidae 3 8,7“? 2.16

Baetidae 88 256,582 63.“0

Ephemeridae 16 “6,651 11.53

HydrOpsychidae 10 29,157 7.20

Psychomyiidae 18 52,“83 12.97

Limnephilidae 12 3“,?88 8.6“

Rhyacophilidae 6 l7,“9“ “.32

Molannidae 3 8,7“? 2.16

Sialidae 12 39.988 6.17

Gomphidae 2 5,831 1.““

Coenagrionidae 5 1“,578 3.60

Elmidae 509 1,“8“,091 366.72

Dryopidae 2 5,831 1.““

Haliplidae 1 2,916 .72

Corixidae 3“ 99,13“ 2“.50

Tipulidae 2 5,831 l.““

Tendipedidae 1,326 3,866,218 955.34

Heleidae . 150 “37,355 108.07

Rhagionidae 2 5,831 1.1;“

Total 2,202 6,“20,369 1,583.98

Tubificidae * 0.95 ml.

Palecypoda ‘86e0 Bile

Gastropoda 11.0 ml.

Hirudinea 1 2,916 .72

Hydracarina 7 20,“10 5.0“

Amphipoda “1“ 1,207,100 298.27

t

These organisms were not counted.

Appendix A-3
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Zone II

Sample taken .5 mile below U... 16

bridge, October 2, 1958

(18 Petersen dredge hauls)

 

*—

 

Organism No. No./acre No./M7

Heptageniidae “ 11,663 2.88

Baetidae 132 38“,872 95.10

Ephemeridae 19 55.398 13.69

Hydropsychidae 1 2,916 .72

Psychomyiidae 25 72,892 18.01

Limnephilidae 2 5,831 1.““

Leptoceridae 3 8,7“? 2.16

Rhyacophilidae 13 37.90“ 9.37

Sialidae 9 26,241 6.“8

Gomphidae 2 5,831 1.““

Coenagrionidae 1“ “0,820 10.09.

Pyralidae 1 2,916 ..72

Elmidae 550 1,603,635 396.26

Psephenidae 2 5,831 1.““

Dry0pidae 1 2,916 .72

Haliplidae 1 2,916 .72

Helodidae 1 2,916 .72

Corixidae 129 376,125 92.9“

Tipulidae 1 2,916 .72

Tendipedidae 2,“92 7,265,92“ 1,795.“l

Heleidae 234 682,273 168.59

Tabanidae 25 72,892 18.01

Total 3,661 10,665,628 2,637.63

Tubificidae .'0.60 ml.

Pelecypoda 6.0 m1.

Gastropoda 1.5 ml.

Hirudinea 1 2,916 .72

Hydracarina 31 90,387 22.33

Amphipoda . 557 1,624,045 “01.30

Planariidae 22 6“,l“5 15.85

I

These organisms were not counted.

Appendix A-“
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Zone III

Sample taken .25 mile below the Williamston

sewage disposal plant, September “, 1958

(20 Petersen dredge hauls)

 

——-—v

No./M?

 

Organism No. No./acre

Heptageniidae 25 65,602 16.21

Baetidae 50 131,205 32.“2

Ephemeridae 11 28,865 7.13

Hydropsychidae 8 20.993 5.19

Limnephilidae 1 2,624 .65

Leptoceridae 7 18,369 “.5“

Sialidae 1 2 ,624 .65

Coenagrionidae 2 5,2“8 1.30

Pyralidae l 2,62“ .65

Elmidae 622 1,632,190 “03.31

Corixidae 73 191, 559 47. 33

Tendipedidae 1,231 3,230,267 798.20

Heleidae 69 181,063 ““.7“

Tabanidae 8 20,993 5.19

Total 2,109 5,534,226 1,367.51

Tubificidae *0.5 ml.

Pelecypoda *57.0 Elle

Gastropoda ‘7.0 m1.

Hirudinea “ 10,“96 2.59

Hydracarina 8 20,993 5.19

Amphipoda 10 26,2“0 6.“8

‘These organisms were not counted.

Appendix A-S
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Zone III

Sample taken .25 mile below the‘Willismston

sewage disposal plant, September 11, 1958

(20 Petersen dredge hauls)

 

 
‘- Viv—.9“;— W

 

Organism No. No./acre No./M2

Heptagenlidae 2 5,2“8 1.30

Baetidae 33 86,595 21.“0

Ephemeridae 6 15.7“5 3.89

HydrOpsychidae 10 26.2“1 6.“8

Psychomyiidae 3 7,872 1.9“

Leptoceridae 2 5,2“8 1.30

Sialidae 2 5,2“8 1.30

Gomphidae 1 2,62“ .65

Coenagrionidae 11 28,865 7.13

Pyralidae 3 7,872 1.9“

Elmidae “26 1,117,867 276.22

Corixidae 90 236,169 58.36

Tendipedidae 1,86“ “,891,322 1,208.6“

Heleidae 80 209,928 51.87

Tabanidae 11 28,865 7.13

Total 2.594 6.675.709 1.649.55

Tubificidae *1.0 m1.

Pelecypoda *82.0 ml.

Gastropoda *0.5 m1.

Hirudinea “ 18,368 “.5“

Hydracarina 31 81,3““ 20.10

Amphipoda 32 83,968 20.75

I"These organisms were not counted.

Appendix A-6
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Zone IV

Sample taken from the reservoir 1.6 miles above

the dam in Williamston, August “, 1958

(20 Ekman dredge hauls)

 

 

Organism N0. No./acre No./M?

Baetidae ‘ 16 159,779 39.“8

Ephemeridae 8 79,890 19,7“

Leptoceridae 3 29,959 7.“0

Sialidae 15 149.793 37.01

Elmidae l6“ 1.637.737 “0“.68

Corixidae 21 209,710 51.82

Tendipedidae 87 868,799 21“.68

Heleidae 41 409,434 101.17

Total 355 3.595.101 875-98

Tubif1C1dae *006 mle

Hirudinea 52 519,282 128.31

Hydracarina 6 59,917 1“.81

Amphipoda 13 129.821 32.08

Copepoda , 1 9,986 2.“?

1"These organisms were not counted.
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Zone IV

Sample taken from the reservoir 1.6 miles

the dam in‘Nilliamston, August 11, 1958

(20 Ekman dredge hauls)

above

 

 

Organism No. No./acre No./M;

Baetidae 34 339.531 83.90

Ephemeridae 7 69,903 17.27

HydropSychidae 2 19,972 “.9“

Psychomyiidae 2 19,972 “.9“

Leptoceridae 2 19,972 “.9“

Sialidae 19 189.738 “6.88

Coenagrionidae 3 29.959 7.“0

Elmidae 137 1.368.109 338.06

Corixidae 9 89,876 22.21

Tendipedidae 149 l,“87,9““ 367.67

Heleidae 18 179 . 752 “*th

Total 382 3,81“,728 9“2.63

Tubificidae l"0.6 ml. -

Hirudinea 27 269,627 66.62

Hydracarina 5 “9,931 12.3“

Amphipoda 21 209,710 51.82

 

*These organisms were not counted.
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Zone I

Sample taken 300 feet below Lake

Lansing drain, September 21, 1959

(10 Petersen dredge hauls)

 

Organism No. No./acre No./M? ‘Wt. lbs/acre

12ml.

Heptageniidae 1 5,2“8 1.30 .001 .01' .001

Baetidae 1“ 73,“?5 18.16 .003 .03 .003

Ephemeridae 206 1,081,129 267.15 .751 8.68 .973

Psychomyiidae 3 15,7“5 3.89 . 003 .03 . 003

Brachycentridae 1 5,2“8 1.30 .001 .01 .001

Leptoceridae 1 5,2“8 1.30 .001 .01 .001

Sialidae 10 52 ,“82 12e97 e096 1.11 e12“

Ganphidae 3 15 . 745 3 e89 e 028 e 32 e 036

Coenagrionidae 1 5.2“8 1e30 e 0014' e 05 .OC5

Elmidae 151 792,“?8 195.82 .059 .68 .076

Psephenidae 1 5,2“8 1.30 .008 .09 .010

Dryopidae 1 5,2“8 1.30 .002 .02 .002

Tendipedidae 39“ 2 . 067 . 79]. 51° e95 e 076 e88 e 099

Eleidae 100 52“, 820 129.68 . 005 .05 .006

Total 887 “,655,l51 1,150.31 1.038 11.97 1.3“1

Tubificidae .0“5 .52 .058

Pelecypoda 10 52,“82 12.97 23.5 271.66 30.451

Gastropoda 3 15,7“5 3.89 1.0 11.56 1.295

Annelida 1 5, 248 1.30 .074 .86 .096

HiNdinea 1 5.2148 1e30 0001‘ 005 00%

Hydracarina 2 10,“96 2.59 .001 .01 .001
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Zone I

Sample taken 300 feet below Lake

Lansing drain, October 3, 1959

(10 Petersen dredge hauls)

 

 

Organism No. No./acre No./acre Wt. lbs/acre gm/M?

(2m) ___ __

Heptageniidae 3 15,7“5 3.89 .002 .02 .002

Baetidae 10 52,“82 12.98 .005 .06 .007

Ephemeridae 159 83“,“6“ 206.20 .799 9.2“ 1.036

Psychomyiidae 5 26,2“1 6.“8 .002 .02 .002

Brachycentridae “ 20,993 5.19 .007 .08 .009

Sialidae 25 131,205 32.“2 .3“O 3.93 .““0

Gomphidae 3 15,745 3.89 .002 .02 .002

Elmidae “0 209,928 51.87 .016 .18 .020

Tipulidae 1 5,2“8 1.30 .026 .30 .03“

Tendipedidae 198 1,039,144 256.77 .058 .67 .075

Heleidae “1 215,176 53.17 .009 .10 .011

Tabanidae 2 10,“96 2.59 .00“ .05 .006

Total “91 2.576.867 636.75 1.270 l“.67 1.6““

Tubificidae .111 1.28 .l“3

GastrOpoda 60 31“,892 77.81 159.0 1,838.0“ 206.0“2
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Zone II

Sample taken .5 mile below Van

Atta Road, August 12, 1959

(10 Petersen dredge hauls)

 

 

Nppendix B-3

Organism No. No./acre No./M? WtS lbs/acre gm/M?

Baetidae 18 9“,“68 23.3“ .012 .1“ .016

Ephemeridae 25 131,205 32.“2 .231 2.67 .299

Hydropsychidae “ 20,993 5.19 .002 .02 .002

Limnephilidae 1 5,2“8 1.30 .00“ .05 .006

Sisyridae 1 5,2“8 1.30 .002 .02 .002

Gomphidae 2 10,“96 2.59 .006 .07 .008

Pyralidae 5 26,2“1 6.“8 .035 .“0 .0“5

Elmidae 265 1,390,773 3“3.66 .130 1.50 .168

WdrOphilidae 1 5,248 1e30 e083 e96 e108

T113111idae 29 152 , 198 37 e61 e 379 “e 38 .“91

Simuliidae 35 183,687 “5.39 .021 .2“ .027

Tendipedidae 172 902,690 223.05 .151 1.7“ .195

Heleidae 22 115,“6O 28.53 .005 .06 .007

Tabanidae 1 5. 2“8 1e 30 e 001 e 01 e 001

Ephydridae 5 26,241 6.“8 . 009 .10 .011

Total 616 3,232,890 798.8“' 1.18“ 13.67 1.533

Nbificidae e 016 e18 e020

Pelecypoda 320 1,679,“2“ “1“.98 88.8 1,026.53 115.07“

Gastropoda 15 78 . 723 19.45 .“.3 “9.71 5.572

Hirudinea 5 26,2“1 6.“8 .523 6.0“ .677

Hydracarina 2 10,“96 2.59 .002 .02 .002

. Amphipoda 2 10,496 2.59 .005 .06 .007

DacapOda 1 5.2% 1.30 e581 6972 e753
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Zone II

Sample taken .5 mile below Van

Atta Road, August 27. 1959

(10 Petersen dredge hauls)

 

Organism No. No./acre No./M? WtS lbs/acre gm/M?

(gm

Perlidae 2 10,“96 2.59 .009 .10 .011

Heptageniidae 8 “1,986 10.37 .015 .17 .019

Baetidae 38 199,432 49.30 .022 .25 .028

Ephemeridae 21 110,212 27.23 .““1 5.10 .572

Hydropsychidae 138 724,252 178.96 .096 1.11 .124

Psychomyiidae 5 26,2“1 6.“8 .012 .l“ .016

Leptoceridae 3 15,745 3.89 .010 .12 .013

Sialidae 20 10“,96“ 25.9“ .062 .72 .081

Gomphidae 1 5,2“8 1.30 .004 .05 .006

Coenagrionidae 1 5,2“8 1.30 .001 .01 .001

Agrionidae 6 31,“89 7.78 .023 .26 .029

Pyralidae “2 220,“2“ 5“,“? .158 1.83 .205

Elmidae 302 1,58“,956 391.6“ .13“ 1.55 .17“

Gyrinidae 5 26,2“1 6.“8 .010 .12 .013

Psephenidae “ 20,993 5.19 .101 1.17 .131

Tipulidae 33 173.191 “2.80 .2“0 2.77 .310

Simuiidae 530 2,781,546 687.32 .202 2.34 .262

Tendipedidae 1,280 6,717,696 1,659.9“ .232 2.68 .300

Heleidae 67 351,629 86.89 .00“ .05 .006

Tabanidae 8 “1,986 10.37 .05“ .62 .070

Empididae l 5,2“8 1.30 .00“ .05 .006

Total 2.517 13.209.719 3.26“.13 2.281 26.38 2.957

Tubificidae .007 .08 .009

Pelecypoda 620 3,253,88“ 80“.O3 “2.0 “85.52 5“.315

Gastropoda 27 l“1,701 35.01 12.5 1““.50 16.198

Hirudinea 1 5,2“8 1.30 .001 .01 .001

Hydracarina 3 15 . 7l+5 3e 89 e 001 e 01 e 001

Amphipoda 2 10,496 2.59 .004 .05 .006

Decapoda 8 “1.986 10e37 7e059 . 81.60 9.152
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Zone III

Sample taken .5 mile below the Williamston

sewage disposal plant, June 10, 1959

(10 Petersen dredge hauls)

 

 

 

 

 

Organism No. Ne./acre No./M? Ht. lbs/acre gm/M2

135)

Baetidae 1 5,248 1.30 .004 .05 .006

Psychomyiidae 8 “l . 986 10. 37 . 015 .17 . 019

menephilidae 1 5,2“8 1.30 .l“0 1.62 .182

Sialidae 2 10,“96 2.59 .001 .01 .001

Ehnidae 1“ 73.“75 18o16 o 007 e 08 o 009

Tendipedidae 2“} 1,275,313 315.13 .08“ .97 .109

Total 269 1,“11,766 3“8.85 .251 2.90 .326

Thbificidae ' .131 1.51 .169

Palecypoda 3 15,7“5 3.89 3.0 3“.68 3.888

Gastropoda 8 “1,986 10.37 3.0 3“.68 3.888

Hirudinea 10 52,“82 12.97 .053 .61 .069

Zone'III

Sample taken .5 mile below the'williamston

sewage disposal plant, June 25, 1959

(10 Petersen dredge hauls)

Organism No . No .facre No.IN" Wt). lbsfacre gruff

prtageniidae 2 10,496“‘ 2.59 .001 .01 .001

Baetidae 8 ”1.986 10037 e 003 g 03 .003

Psychomyiidae 21 110,212 27.23 .014 .16 .018

Idmnephilidae 6 31.489 7.78 .699 8.08 .906

Sialidae 16 83.971 20.75 .021 .24 .027

Gomphidae l 5,2“8 1.30 .031 .36 .O“O

Elmidae 37 194,183 “7.98 .017 .20 .022

Tipulidae ’4' 20 , 993 5 .19 e*6 e 76 o 085

Culicidae 2 10,“96 2.59 .001 .01 .001

Tendipedidae 1,025 5,379,“05 1,329.25 .399 “.61 .517

Heleidae 1o 52,“82 12.97 .008 .09 .010

Tabanidae 1 5,2“8 1.30 .001 .01 .001

Eknpididae . 5 . 26,241 6.48 .002 .02 .002

Total _ 1,138 5,972,450 1,475.78 1.263 14.58 1.633

Tubificidae ‘ 0242 2.80 0313

Pelecypoda ' 21 110,212 27.23 931.0 10,762.36 1,206.460

Gastropoda 2 10.496 2.59 1.0 11.56 1.295

Hirudinea 2 10,496 2.59 .019 .22 .025

HVdracarina 2 10,“96 2.59 .001 .01 .001

We 3 LS. 741 3.82 .“25 “.91 0550
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Zone IV

Sample taken from the reservoir 2.0 miles

above the dam, June 29, 1959

(10 Ekman dredge hauls)

 

 

 

 

2

Organism No. No./acre No./M Ht. lbs/acre gm/M2

n) _=

Baetidae 1 19,972 “09).; 0001 o 0"" .001}

Ephemeridae -60 1,198, 350 296.11 .153 6.74 .756

Sialidae 11 219,698 5“.29 .005 .22 .025

Coenagrionidae 1 19,972 “.9“ .030 1.32 .1“8

Elmidae 34 679,065 167.80 .022 .97 .109

Corixidae l3 259,6“2 6“.l6 .015 .66 .07“

Culicidae 5 99,862 2“.68 .00“ .18 .020

Tendipedidae 159 3,175,628 78“.70 .071 3.13 .351

Heleidae 36 719,010 177.67 .012 .53 .059

Tabanidae 1 19.972. “.9“ .001 .0“ .00“

' Total 321 6,“11,l71 1,58“.23 .31“ 13.83 1.550

Tubificidae .25“ 11.19 1.25“

Zone IV

Sample taken from the reservoir 2.0 miles

above the dam, June 29, 1959

(10 Ekman dredge hauls)

Organism No. No./acre No./M? ‘Wt. lbs/acre gm/MZ

Ephemeridae 16 319,560 73.96 .181 7.97 .893

Sialidae 8 159,780 39.“8 .011 .“8 .05“

Elmidae 6“ 1,278,2“0 315.85 .052 2.29 .257

Cullc idae 1 19 o 972 “09"" Q 001 o O“ O00“

Tendipedidae 178 39 555.105 8780“? 0068 2099 033.5

Heleidae 29 579,202 l“3,12 .009 .“0 .0“5

Total 296 5, 312,685 1,460.82 .322 ' 14.17 1. 588

Thbificidae .093 “.10 0,460

PeleCYpOda 2 39.945 9087 .2 8081 0988

Gastropoda 9 179.752 “4.42 1.7 74.37 80393
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Zone V

Sample taken 800 feet above the Mp“? bridge,

JU1Y 19.1959

(10 Petersen dredge hauls)

No./M? ‘Wt. lbs/acre

 

Organism No. No./acre gm/MZ

-- _ - .1810

Perlidae 5 26,2“1 6.“8 .026 .30 .03“

Heptageniidae . 3 15. 7145 3.89 e 015 .17 o 019

Baetidae 1 5,2“8 1.30 .001 .01 .001

HydrOpsychidae “ 20,993 5.19 .010 .11 .012

Psychomyiidae 12 62,978 15.56 .001 .01 .001

Brachycentridae 1 5,2“8 1.30 .003 .03 .003

Limnephilidae 1 5,2“8 1.30 .l“1 1.63 .183

Sialidae 1‘6 241.417 59.65 0 501 ' 5.79 061.9

Elmidae 82 “30,352 106.3“ .050 .58 .065

Psephenidae 1 5 , 2148 10 30 o 002 o 02 .002

Culicidae 1 5. 2148 1.30 0001 001 0001

Tendipedidae 2“5 1 285,809 317.72 .088 1.02 .11“

Haleidae 2“ 125,975 31.13 .003 .03 .003

Tabanidae 3 15,7“5 3.89 .001 .01 .001

Ehpididae 9 “7,23“ 11.67 .003 .03 .003

Tubificidae .060 .69 .077

Gastropoda “ 20.993 5.19 1.0 11.56 1.295

Wdracarina 3 15 . 7l+5 3 o39 o 001 o 01 o 001
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Zone V

Sample taken 800 feet above the M-“7 bridge,

August 3,1959

(10 Petersen dredge hauls)

 

 

Organism No. No./acre No./M2 ‘Wt. lbs/acre gm/M?

13ml. ..

Poduridae 1 5.21.8 1030 .000+ 000+ 0000+

Perlidae l 5,2“8 1.30 .00“ .05 .006

Heptageniidae l 5,2“8 1.30 .011 .13 .01“

Baetidae 3 15 o 739 3089 e001 e 01 e001

Hydropsychidae 11 57,730 l“.26 .053 .61 .068

Psychomyiidae 9 “7,23“ 11.67 .027 .31 .035

Limnephilidae 1 5,2“8 1.30 .107 1.2“ .139

Hydroptilidae 3 15,7“5 3.89 .002 .02 .002

Sialidae 17 89,129 22.02 .033 .38 .042

Gomphidae l 5,2“8 1.30 .129 l.“9 .167

Elmidae 209 1,096.87“ 271.01 .172 2.00 .22“

Mesoveliidae l 5,2“8 1.30 .001 .01 .001

Tendipedidae 235 1,233, 327 304.76 .068 .79 .088

Hbleidae 93 “88,083 120.60 .021 .2“ .027

Tabanidae “ 20,993 5.19 .00“ .05 .006

Empididae 27 1“l,701 35.01 .005 .06 .007

“b1f101d80 0059 .68 .076

Hirudinea 1 5,248 1.30 .004 .05 .006

Hydracarina 1’ 20.993 5.19 .002 .02 .002
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Sample taken .25 mile above the Stow
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Zone V

Road bridge, October 27, 1959

(10 Petersen dredge hauls)

 

 

Organism No. No./acre No./M? ‘Wt. lbs/acre gm/M?

Ag!!!) 1..

Baetidae 2 10,“96 2.59 .001 .01 .001

Psychomyiidae 7 36,737 9.08 .006 .07 .008

Limnephilidae 1 5. 218 ' 1 o 30 o 027 o 31 o035

Sialidae 7 36. 737 9. 08 . 085 .98 .110

Gomphidae 3 15,7“5 3.89 .0“l . .“7 .053

Coenagrionidae “1 215,176 53.17 .1“? 1.70 .190

widae 89 “67. 089 11po .0“0 0% o 052

Hydrophilidae 38 199,“32 “9.28 .139 1.61 .180

Pyralidae 5 26,2“1 6.“8 .062 .72 .081

Saldidae 5 26,2“1 6.“8 .11“ 1.32 .l“8

Mesoveliidae 1 5.2108 lo 30 0009 010 0011

Tipulidae 59 309,644 76.51 .294 3.40 .381

Tendipedidae 780 “,093,596 1,011.53 .201 2.32 .260

Heleidao 108 566.806 140.“ 0051 059 0%6

Tabanidae 38 1%.432 1‘9028 0335 3087 .“3“

Total 1,189 6,2“0,109 , l,5“1.93 2.578 29.79 3.3“0

Tubificidae 8.529 98.60 11.053
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Zone V

Sample taken .25 mile above the Stow

Road bridge, November 12, 1959

(10 Petersen dredge hauls)

 

 

Organism No. No./acre No./M? ‘Wt. lbs/acre gm/M?

12m)

Psychomyiidae 1 5,248 1.30 .001 .01 .001

Sialidae 6 31,489 7.78 .148 1.71 .192

Gomphidae 4 20,993 5.19 .389 4.50 .504

Libellulidae 3 15,745 3.89 .651 7.53 .844

Coenagrionidae 15 78 . 723 19.45 o 059 o o 076

Elmidae 9 47,234 11.67 .004 .05 .006

Pb'drophilidae 7 fig737 9008 o 02“ 028 o 031

Belastomatidae 1 5,248 1.30 .189 2.18 .244

Tipulidae 4 20,993 5.19 .129 1.49 .167

Tendipedidae 77 404,111 99.86 .062 .72 .081

Heleidae 42 220,424 54.47 .009 .10 .011

Tabanidae 49 257,162 63.54 .302 3.49 .391

Total 218 1,144,107 272.72 1.967 22.73 2.548

Tubificidae 4.388 50.72 5.686
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Zone V

Sample taken 100 feet above Nicholson

Road, February 6, 1959

(14 Petersen dredge hauls)

 

 

Organism No. No./acre No./M? NR. lbs/acre gm/M;

LEE) :

Baetidae 2 7,497 1.85 .001 .01 .001

Hydropsychidae '4' 14.995 3071 .116 0% .107

Brachycentridae 23 86,221 21.31 .016 .13 .014

Hydroptilidae 2 7,497 1.85 .001 .01 .001

Sialidae 7 26,241 6.48 .207 1.71 .191

Gomphidae 4 14.995 3.71 1.915 15.81 1.773

Libellulidae 1 3,748 .93 .024 .20 .022

Coenagrionidae 187 701,009 173.22 .889 7.34 .823

Pyralidae 15 56.231 13.89 .179 1.48 .166

Elmidae 200 749.743 185.26 .136. 1.12 .126

Hydrophilidae 145 543, 564 134, 31 .728 6 .01 .674

Tipulidae 3 11,246 2.78 .021. .17 .019

Tendipedidae 327 1,225,829 302.90 .500 4.13 .463

H311d89 193 723. 502 178 o 78 o 089 o 74 o 082

Tabanidae 28 104,964 25.94 .863 7.13 .799

Enpididas 37 138, 702 34.27 .012 .10 .010

Total . 1,178 4,415.984 1,091.19 5.697 47.05 5.271

Tubificidae 11.273 93.08 10.438
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Zone V

Sample taken 100 feet above Nicholson

Road. February 13, 1959

(10 Petersen dredge hauls)

 

 

Organism No. No./acre No./M? ‘Ht. lbs/acre gm/Mg

(m)

Hydropsychidae 5 26,241 6.48 .140 1.62 .182

Brachycentridae 12 62,978 15.56 .009 .10 .011

Sialidae 8 [41.986 10.37 .321 3071 .u16

Libellu1idae 1 5.2% 1.30 o0% .07 .008

Coenagrionidae 49 257,162 63.54 .310 3.58 .401

Pyralidae 11 57,730 14.26 .116 1.34 .150

Elmidae 82 [+30 . 352 106 e3“ o 073 .84 0091+

HydrOphilidae 113 593,047 146.54 .590 6.82 .764

Tipulidae 2 10.186 2059 .010 012 .013

Tertiipedidae 57 299 .1“? 73092 011'" 1.32 01%

Heleidae 25 131,205 32.42 .014 .16 .018

Tabanidae 19 99.716 24.64 .586 6.77 .759

Empididae 25 131,205 32.42 .014 .16 .018

Total 409 2,146, 513 530.38 2.303 26.61 2.982

Thbificidae 11.572 133.77 14.996
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