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ABSTRACT

Fish and macroinvertebrate populations fluctuated over

a four year period in response to varying quantities of sedi

ment produced by a crushed limestone quarry. Light inputs which

increased the suspended solids loads less than 40 mg/i resulted

in a 25% reduction in macroinvertebrate density below the quarry.

Heavy inputs caused increases of more than 120 mg/l including

some deposition of sediment and resulted in a 60% reduction in

population density of macroinvertebrates. Population diversity

indices were unaffected by changes in density because most taxa

responded to the same degree. Experimental introductions of

sediment caused immediate increases in the rate of invertebrate

drift proportional to the concentration of additional suspended

solids.

The standing crop of fish decreased drastically when heavy

sediment input occurred in the spring, but fish remained in

pools during the summer when the input was very heavy and va

cated the pools only after deposits of sediment accumulated.

After winter floods removed sediment deposits, fish re

turned to the pools during spring months and achieved levels of

50% normal standing crop by early June. Slight additional gains

were noted during the summer even with light sediment input.

Only spotted bass (Micropterus punctulatus) was resistant to

sediment, but its growth rate was lower below the quarry than
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increase in suspended solids concentration up to about

160 mg/i.

6. The adjustments of population density in relation to sus

pended or settled solids was rapid, requiring only a few

days to decrease significan€ly or to return to normal.

7. Populations of fish also responded to differences in sus

pended and settled solids, but the mode of response was

somewhat more complex depending upon both the season of

the year and the species of fish.

8. Only a single species of fish, the spotted bass (Micropterus

punctulatus), was resistant as a population to the sediment,

but its rate of growth below the quarry was lower than above.

9. Almost all of the remaining species had distinctly lower

populations below the quarry than above throughout the per

iod of study. Although each species group tended to react

somewhat differently, the population of fish as a whole was

most sensitive to the load of suspended solids during the

spring months. During spring 1969 additional suspended

solids estimated to be 150 mg/l or more caused a great de

crease in density. Continued high inputs into the summer

did not, however, cause further reductions until accumula

tions of sediment filled the pools and finally forced the

fish to leave. Following the removal of the sediment by

winter and spring floods, the fish in outlying segments of

the stream invaded the afflicted pools during spring months

and achieved standing crops about 50% normal by June.

Further recovery during the summer was relatively slight.

2
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Until the dredged material finds a ready market it would

seem necessary to require disposal of the sediment in low-

lying areas from which it would not find its way readily into

water courses. A pit in the quarry proper would be the best

disposal site from a purely ecological standpoint.

There also appear to be steps within the crushing opera

tion which tend to influence the amount of material which

enters the settling basins. The dryscreening stage normally

used is apparently very important in reducing the sediment

output. The elimination of this step during 1968 was a major

factor leading to increased sediment pollution.

In their first approximation toward a suspended solids

criteria, the European Inland Fisheries Advisory Commission

(1965) stated that “(b) it should usually be possible to main

tain good or moderate fisheries in waters which normally con

tain 25 to 80 ppm suspended solids, although the yield might

be lower than from water from category (a)TT. The Beer Creek

investigation revealed significant damage to aquatic communi

~

about double the normal concentration. These solids were added

for 8 to 18 hours each day during most of the year and caused

reduced standing crops of most fish and macroinvertebrates.

Thus criterion (b) , while it may apply to the biota of

continental Eu~pp~, may be too liberal for populations in the

U.S. Certainly at the ranges from about 50 to 80 ppm or mg/i
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INTRODUCTION

Sediment is a pervasive, ubiquitous pollutant which has

been important in the past and continues to pose new problems

as it reaches water courses in the U. S. in quantities esti

mated at four billion cubic yards annually. While some riv

ers have always carried significant loads of sediment, others

are expanding this functional role in response to a variety

of human activities. Poor farming and logging practices

which resulted in major contributions in the past have now

been joined by road and bridge building, and the proportion

of sediment from urban construction may overtake the total ag

ricultural yield in the near future (Wolman and Schick 1967)

Regardless of its origin, the movement of sediments from

land to water courses is generally undesirable in every re

spect, although economic evaluations are uncertain at best.

The useful life-span of reservoirs is closely related to the

sediment load of feeder streams and sediment accumulations in

navigable waterways and harbors are costly to remove. A con

siderable portion of flood damage results from the sediment

which remains after flood waters have receded. Infertile sedi

ments deposited on the floodplains not only damage questionably

located croplands but also may reduce the natural fertility of

the soil. Even moderate loads of sediment seriously impair the

recreational value of rivers, lakes and reservoirs. They also

add appreciably to the cost of water treatment.
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Table 2: Morphometry and composition of bottom material of the pools of Deer Creek

in mid-July 1968.

Pool

Parameter A2 Al BO Bl B2 Taylor’s

Length - meters 100.6 163.8 41.1 63.0 113.0 112.8

Average Width - m 10.8 12.9 5.9 9.2 7.8 8.1

Surface Area - ha 0.1085 0.211 0.024 0.0531 0.0803 0.0912

Average Depth - cm 42.8 46.4 13.5 33.5 30.0 38.3

Total Volume - 464.7 978.2 32.9 117.8 240.9 348.9

% Surface Area 30 cm 67.2 69.6 7.2 44.4 43.6 55.9

% Surface Area 61 cm 26.2 33.1 0.0 16.6 9.7 17.4

% Surface Area 91 cm 0.0 4.3 0.0 2.8 1.6 6.6

Bottom Material

% gravel 52.8 18.0 84.6 80.6 40.0 46.8

% sand 35.9 58.0 0.0 0.0 30.0 33.2
% mud 11.3 22.0 15.4 16.1 30.0 18.9
~ rock 0.0 2.0 0.0 3.2 0.0 1.0
% silt 0.0 0.0 0.0 0.0 0.0 0.0
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Table 9: Estimated quantity of sediment (kilograms per day) settling in pools of
Deer Creek.

% of
Discharge Daily Input Suspended Solids sediment

Date of Creek of sediment Concentration of Total settled
(cfs) (kg) Effluent (gil) B-0 B-l B-2 in B-pools

7-6-67 3.0 85 0.061 36.7 14.7 51.4 60%

11-17-67 9.7 705 1.257 11.9 4.0 15.9 2%

*5_3_5g 11.0 20,653 8.904 118.4 215.4 9.0 412.8 2%

*7.l2_68 3.4 80,130 36.005 16.6 113.8 50.0 180.2 0.2%

*7_17_68 2.7 46,848 19.055 99.0 105.8 30.8 235.6 0.5%

*7_l8_68 2.4 64,131 25.716 109.6 88.1 74.4 272.1 0.4%
ci,

*7_19_68 2.4 49,206 26.764 256.4 209.4 221.2 687.0 1.4%

*7..22_68 2,0 29,136 14.132 115.8 70.1 185.9 0.6%

*8_12..68 5.3 3,710 2.768 337.2 337.2 9.1%

*6_23..70 8.4 448 0.275 164.4 41.2 205.6 45.9%

*7_2_70 4.8 501 0.142 78.2 7.8 86.0 17.2%

*7_13_70 3.2 617 0.498 78.3 146.2 224.5 36.4%

*7_20_70 3.8 532 0.229 74.4 49.6 124.0 23.3%

*double shifts at quarry
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Figure 3: Patterns of sediment accumulation in the pools ( B) and riffles (RB)
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Table 13: Increased drift rates in relation to additions of stonedust dur
ing two to six test periods alternating with control periods.

Date

Control

Mean drift÷per
15 minutes -2SE

Control Test

9.
Incr~ase

a

8-10-70 9.7±1.7

8-10-70 11.0±0.8

8-21-70 24.0±1.2

28.3± 2.2 18.6

65.3± 97 543

1083±130 84.3

32.0±4.3 403± 4.4

25.0±6.2 33.0±10.0

19.7±5.2 28.7± 8.4

7-23-70 20.3±1.3 125.0± 4.0 104.7 62.0±6.4 117. 5±25 .0 89.5

7—22-70 27.7±1.3 162.0± 2.8 135.5 62.0±2.0 135.5±41.0 118.5

10-12-69 19.0±0.0 173.5±38.2 154.5 30. 0±9 .0 60. 5±26 7
+

101.7

Mean suspended solids
concentration mg/1±2SE

cc

Added
Test Solids

25.9

32.0

45.7

6-26-70 20.2±8.6 291.5±46.5 271.3 51.0±2.5 96.3-33.2 88.8
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and rarely highfin carpsuckers (C. velifer);

(4) carp (CyprinUS carpiO);

(5) gizzard shad (Dorosorna cepediariurfl)

(6) sunfish, rock bass and crappie, 95% of which were longear

sunfish (Lepomis niegalotis) and the remainder divided among 7

other species;

(7) bass, mostly spotted bass (MicropterUs punctulatuS) fol

lowed by smallmouth bass (N. doloniieui) and rarely largemouth

bass (N. salnioides);

(8) miscellaneous species including, in order of importance,

drum (IlplodiflOtUS grunnieflS) , yellow bullhead (IctalurUS natalis

longnose gar (LepisOSteUS osseus) , channel catfish (Ictalurus

punctatus) and a scattering of others.

The weight and size of the fish in each group was the basis

of the population estimations. Appendix Tables III through VI

present the catch data and population estimations for each pool.

The various pools, despite some morphological and physical dif

ferences, were similar enough so that the ~iectrofishing seine

performed about the same in each pool. Catchability values (-bD

were examined for trends from pool to pool for each group of

fish and none were found. Likewise, differences from time to

time during the year were not evident, but it was felt that per

haps fish were more susceptible to the gear when the water was

cool in the fall. overall summer catchabilities for each group

of fish were quite similar inJ969 and 1970 (Table 15), and the

mean of these was used to estimate the standing crop from the

/4
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The standing crop of fish in the pools above the quarry

decreased from a high of about 220 kg/ha in 1967 to approxi

mately 160 kg/ha from 1968 through 1970 (Figure 7). The quan

tity of fish in the pools below the quarry fluctuated tremen

dously during this period in response to the quantity of sedi

ment introduced from the quarry.

At the beginning of the investigation the fish populations

in the pools below the quarry were probably in a state of re

covery from considerable amounts of sediment which had accumu

lated in the two upper poois by fall of 1966. In June, 1967

the B-pools contained about 40% as many fish (kg/ha) as the

A-pools. An influx during the next two months increased this

to 60% normal. Heavy contributions of sediment issued from the

quarry during most of 1968. Estimations conducted in June, 1968

revealed a decrease in population abundance to only about 25%

normal which, since no sediment had yet settled out into the

B-pools, can probably be attributed to the increased suspended

solids loads and not to settled sediment.

By the end of July 1968, pool B-00 was completely filled

with sediment, pool B-0 contained 25 to 40 mm sediment over

three-quarters of the bottom, and the bottom of pool B-i was

evenly coated by a layer of stonedust 85 to 125 mm thick.

Parts of pool B-2 even accumulated up to 25 mm sediment. In

spite of this settled material the fish populations as a whole

were considerably greater than they were in June.
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l9gure 7: Estimated standing crop of fish in two pools above (A)
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This increase is attributed to the influx of fish which

were forced out of pool B-OO and the mouth of DeWeese Creek

by the accumulating sediment because this is exactly what oc

curred to the fish in pools B-0 and B-l during August and Sep

tember. In mid-September 1968 no fish lived in pool B-0 and

few in 13-1 because both had completely filled in with sediment.

Pool B-2, having up to 50 mm stonedust accumulations in its

deeper, downstream section, supported an estimated 90 kg/ha of

fish. At this same time, Taylor’s Pool, located 1/4 mile down

stream from pool B-2, contained a normal standing crop of fish,

although not a normal species composition.

In early October 1968 the quarry cleaned its settling basir

thoroughly and increased its depth with a dam. No large inputs

of sediment occurred thereafter for some time, but the deep sed~

ment deposits remained until winter floods swept them downstreai

Fish returned to the pools with the removal of the sedimen

and achieved population levels about 50% normal by the end of

June 1969. continued slow gains to about 60% normal were made

during the remainder of the summer and early fall, despite an

acute dose of soil sediment injected into pool 13-1 as the resul

of bridge construction during September. Further recovery was

noted by June 1970 when the populations reached 70% of the A

pool standing crop.

From mid-June through July 1970 another marked increase in

the amount’ of sediment coming from the quarry occurred because
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Spotted bass wa~ much more common and generally supported

the occasional larger densities which occurred in the B-pools

including Taylor’s pooi. Furthermore, this species was one of

the last species to leave a pool which was filling with sedi

ment and among the first to return when the sediment was swept

away by floods.

Most populations of fish, then, with a few exceptions were

uniformly held to subnormal densities by even the lowest rates

of sediment input characteristic of this quarry. Carpsuckers

were extremely sensitive to the sediment and were virtually ab

sent immediately downstream from the quarry. Smallmouth bass

also seemed to be more sensitive than most species. Gizzard

shad tolerated the lower concentrations of introduced stonedust,

but avoided slightly higher concentrations. Spotted bass, alone

of all the resident species, appeared to be unaffected by even

fairly high concentrations of the suspended solids and might

be called resistant.

The effect of sediment on the growth of fish

The rate of growth of fish is responsive to many environ

mental factors. Thus, the growth rates of important species

of fish were estimated for the populations above the quarry and

below to see if this characteristic was affected by the sediment
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Golden redhorse (Moxostorna erythrurum) were severely af

fected within the zone of sedimentation. The differences be

tween pairs of estimated lengths at ages I through IV are sta

tistically significant at the 99* level and the difference at

age V at the 95% level (Table 18). The maximum difference in

length - about 25 mm - occurred by the end of the second year

of life and appeared then to be maintained for several more

years. This effect correlates well with the observation that

the older, larger individuals leave the zone of sedimentation,

thus, subjecting themselves to the effects only during their

younger years.

Spotted bass (Micropterus punctulatus) also grew at a sig

nificantly slower rate below the quarry than above. Spotted

bass above the quarry were about 25 mm longer than those below

at the end of the first year of life and this discrepancy grad

ually increased until a 50 mm difference occurred by the end of

the fourth year. The tolerance of this species toward the sedi

ment apparently resulted in individuals remaining in areas where

normal growth was not possible.

For other species, the growth rates above and below the

quarry were similar. This probably indicates an avoidance of

the sedimentation zone, as shown in the distribution pattern

during periods of heavy sediment input.
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Table 18 (con’t.)

Above Quarry Below Quarry

Age Mean Length Stand. Mean Length Stand.
Glass N in mm. Error N in mm. Error

Longear sunfish (Lepornis megalotis)

I 237 32.4 0.582 274 31.1 0.442

II 233 59.1 0.802 265 60.4 0.612

III 217 79.9 0.904 209 82.1 0.839

IV 173 97.3 1.134 142 99.5 1.080

V 105 111.5 1.478 71 111.1 1.331

VI 36 119.8 1.800 11 121.0 2.907

VII 7 132.3 4.074 2 121.2 7.133

VIII 1 131.4 0.0 - -

Golden redhorse (Moxostorna erythrurum)

I 61 87.9 4.161 87 74.6 1.013

II 53 156.0 5.586 36 128.7 3.588

III 36 221.5 7.009 23 174.7 5.342

IV 20 264.9 5.352 15 221.6 8.998

V 7 304.2 5.921 10 264.7 11.761

VI 1 329.5 0.0 6 287.4 15.748

VII 1 340.9 0.0 3 282.9 24.033

VIII - - - 2 293.7 37.375

Black redhorse (Moxostoma duquesnei)

I 10 70.1 5.430 29 77.9 2.889
II 9 129.0 7.005 6 145.6 9.616

III 8 198.9 6.753 4 211.1 6.602
IV 5 260.9 7.640 1 264.9 0.0
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weirs placed at riffles B-O and B-3 for this purpose during

1969 were quickly destroyed by floods and were not replaced.

Lacking this direct information concerning the period of

time fish spent in the zone of sedimentation, an examination

of the length/weight relationship was made on the presumption

that fish of many species might enter the zone below the quarry

for shorter periods than an entire growing season. For most

species an insufficient number of individuals were collected to

attempt a year-by-year analysis of the relationship; therefore,

comparisons were made bn combined samples. Adequate data was

available for longear sunfish so that much finer comparisons

were possible.

The pairs of regressions of log weight on log length shown

in Table 19 were compared statistically by means of a single

classification analysis of covariance. There was no difference

in the relationship above and below the quarry for smallmouth

bass (Micropterus dolomieui) , white crappie (Pomoxis annularis)

golden redhorse (Moxostoma erythrurum) and carp (cyprinus carpio)

A statistically significant difference was found for spotted

bass with the population below the quarry having the steeper

slope. At the smaller sizes the differences are minute, but with

larger fish there is rather strong divergence. This probably is

due to the greater range in size of the fish obtained below the

quarry where nearly all of the larger spotted bass were collected

Small individuals are quite slender, while large fish tend to be

quite chunky.
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nothing, therefore, that indicates a deleterious effect of the

introduced sediment on spawning of suckers and redhorse.

In August, 1967 when the concentration of suspended solids

below the quarry was beginning to increase noticeably, the Hester

Dendy plate samples in the upper B-riffles were used as spawning

surfaces by resident minnows, species unidentified. Further ob

servations particularly during the heaviest periods were, un

fortunately, not made.

In 1968 a fine gravel bar extended out into Deer Creek from

the mouth of DeWeese Branch. The mouth of this tributary was

electrofished several times during the study and found to contain

a very dense sub-population of a variety of the usual species.

As water levels became lower near mid-summer, this bar emerged to

isolate the clear waters of DeWeese Branch from the turbid waters

of Deer Creek Spawning activity was first noted on July 7, 1968

when the quarry was not operating, when 11 longear sunfish nests

were observed within 10- 12 feet of each other near the tip of

the gravel bar on the Deweese Branch side Each nest was activel’

defended by a male On this same date two unidentified fish, not

sunfish, were noted on the Deer Creek side of the gravel bar, but

no nests were constructed and the thin, white layer of sediment

which covered the gravel looked undisturbed

Observations were continued through July 11 when perhaps

half of the nests were still guarded by male sunfish The tur

bidity of the spawning area increased noticeably during this
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Many researchers have pointed to the relative insta

bility of streams compared to lakes and to the resulting

need for resident organisms to adapt to changing environ

mental conditions. The influence of man has often increased

the magnitude of otherwise normal environmental processes

and prolonged formerly short-term, adverse conditions. It

is not difficult to imagine a river biota which would be re

sistant to acute doses of sediment periodically swept through

the stream by recurrent floods, but it is impossible to con

ceive this same biota as being unaffected by permanently in

creased loads of sediment.

It is assumed that the effects on biota of introduced

limestone dust sediment is similar to that of any inert par

ticulate matter of similar size and hardness and that this

effect is purely physical, with any accompanying slight chemi

cal changes falling well within the capacity of adaptability

by the stream organisms. Furthermore, it seems likely that

the mode of physical effect is other than to directly in

crease the mortality rates since even during periods of great

sediment input, fish and insect larvae were found living in

water heavily loaded with stonedust. A possible exception

might be newly hatched fish fry or insect larvae.

There were no factors present anytime during the study,

except for the sediment, which were experienced by the
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role in colonizing segments of streams from which fish have been

eliminated. Larimore, Childers and Heckrotte (1959) studied the

repopulation of a stream which had complete removal of its fish

and invertebrate population through drought and rotenone. They

also noted the seasonal movements described above. Recovery

was rapid initially with many species returning within two weeks

after normal flow was resumed in the spring, but permanent popu

lations of some species were not established until two year later.

The degree of recovery of the standing crop was impossible to

evaluate.

Gunning and Berra (1968) and Berra and Gunning (1970) ex

perimentally decimated short segments of a number of small

streams in Louisiana. Sharpfin chubsuckers (Erimyzon tenuis)

returned to one area in numbers and total weight exceeding the

original level within one year of decimation. Longear sunfish

(Lepomis snegalotis megalotis) repopulated four of six segments

to levels equalling or exceeding the original density within

one year. The main repopulation occurred between March and

late summer and was mainly accomplished by sunfish which were

at least two years old.

In this study we have observed both the repopulation pro

cess following the decimation of the total populations of fish

in the two upper B-pools and the original decimation process

brought about by sediment. The studies previously summarized

help to interpret the response of the various components of
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within the area and/or by direct invasion of young individuals.

Near normal standing crops were re-established two years after

the elimination of fish from the upper B-pools, but the growth

rate of golden redhorse was lower than normal.

Carp (Cyprinus carpic) were never more than half as abun

dant in terms of weight below the quarry as above and showed

no signs of achieving normal levels even after two years of

relativelylight sediment input. All sizes were affected

equally

Longear sunfish (Lepomis megalotis megalotis) of all sizes

moved into the decimated zone following the removal of sediment

but never approached the abundance of the population above the

quarry even after two years. There is evidence that natural re

production was inhibited in the area.

The only species which was apparently resistant to sedi

ment was spotted bass (Micropterus puctulatus) which were some

times present in greater weight in the pools below the quarry

than in those above. This resistance was purchased at the price

of growing more slowly, however.

The lack of recovery within a two-year period following

decimation of the population of fish is evidence that a depres

sive effect is exerted on mixed, warmwater populations of fish

by suspended solids loads which include not more than 40

mg/l additional inorganic fine sediment. This effect was found
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Appendix I: (con’t.)

Order Family Genus Species

Coleoptera (con’t.) Staphylinidae
Psephenidae
Curculionidae
Gyrinidae Dineutus sP.
Dryopidae Helictus striatus

H. fastigiatus
Chrysoinelidae Donacia sp.

Altica. sp.
Heteroceridae Heterocerus sp.

Diptera Chironomidae pentaneura sp.
Chironomus sp.
other

Siinuliidae Simuliuni sp. a
S. vittatum

Tipulidae Tipula sp.
Hexatoma sp.

Heleidae Bezzia sp.
Bmpididae Hemerodron1ia

sp.
Chaoborus Frivittatus sp.
Ceratopogonidae Culicoides sp.

Odonata Argionidae Agrion sp.
Calopterygida Hetaernia sp.
Lestidae Lestes sp.

Neuroptera Sailodea CorycYalus sp.

Plecoptera Perlidae Isoperla sp.
Neoperla sp.
Perlesta sp.

Perlodidae Isogenus sp.
Isoperla sp.

Hemiptera Corixidae
Gymnocerata
Cicadellidae
Gerridae Trepobates sp.
Veliidae Rhagouelia obesa

Homoptera Aphididae

Hymenoptera Scdioidae

Collembola Sinynthuridae sraynthurides
Sm
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Table II: List of species of fish collected in Deer Creek
during the study. A=abundant, C=common, R=rare
O=occasional.

Common Name Scientific Name Abundance

Brook Lamprey Lampetra lamottei 0
Longnose Car Lepisosteus osseus C
Shortnose Car L. platostomus. R
Golden Redhorse Moxostoma erythrurum A
Black Redhorse Moxostoma duquesnei A
Silver Redhorse Moxostoma anisurura C
Shorthead Redhorse Moxostoma macrolepidotum C
Common White Sucker catostonius cornmersoni 0
Spotted Sucker Min~itrema melanops C
Creek Chubsucker Erimyzon oblongus R
Hog Sucker Hypentelium nigricans A
Central Quiliback Carpsucker Carpiodes cyprinus hinei A
Northern River Carpsucker carpiodes carpio carpio 0
Highfin Carpsucker Carpiodes veliter R
Bigmouth buffalo Ictiobus cyprinellus R
Bluntnose minnow Piznephales notatus A
Silverjaw minnow Ericymba buccata A
Suckermouth minnow Phenacobius rnirabilis C
Stoneroller campostomum anomalum A
Spotfin Shiner Notropis spilopterus A
Striped Shiner Notropis crysocephalus A
Redfin Shiner Notropis umbratilis 0
Sand Shiner Notropis straniineus 0
Creek Chub semotilus atromaculatus R
Carp Cyprinus carpio A
Goldfish Carassius auratus R
Gizzard Shad Dorosoina cepedianum A
Blackstripe Topminnow Fundulus notatus C
Brook Silversides Labidesthes sicculus 0
Channel Catfish Ictalurus punctatus C
Flathead Catfish Pilodictus olivarus 0
Yellow Bullhead Ictalurus natalis C
Black Bullhead Ictalurus melas R
Freshwater Drum Aplodinotus grunniens C
Smalimouth Bass Micropterus dolornieui C
Spotted Bass Micropterus punctulatus C
Largemouth Bass Micropterus salmoides R
Longear Sunfish Lepomis megalotis A
Green Sunfish Leporois cyanellus C
Bluegill Sunfish Lepoinis macrochirus C
Orangespot Sunfish Lepomis hurnil.is 0
Rock Bass Ambloplites rupestris 0
Warmouth Chaenobryttus gulosus R
White Crappie Pomoxis annularis C
Black Crappie Ponioxis nigroniaculatus 0
Log Perch Percina caprodes 0
Orangethroat Darter Etheostosna spectabile 0
Greenside Darter Etheostonia blennioides R
Blackside Darter Percina inaculata R
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Tablelli: Average total weight (kg) and number of fish captured per electro
fishing pass in pools of Deer Creek during 1967 and 1968.

Species

Group A-l A-2 B-U B-l B-2

June 26 - 28, 1967

I-’
fr-I
cc

Suckers ~
Redhorse 2.20(12.6) 1.32(10.3) 0.31(4.7) 0.14(1.7) 0.74(4.0)

Hog sucker - 0.44(4.3) 0.10(3.2) 0.14(1.0) 0.08(1.7)

Carpsuckers 3.83(11.7) 3.29(11.0) 0.01(0.2) 0.01(0.2) 0.10(0.5)

Carp 2.19(27.7) 2.96(35.7) 0.26(4.5) 0.51(2.7) 0.75(3.5)

Gizzard
Shad 2.15(23.7) 0.84(13.0) 0.13(2.2) 0.08(1.5) 0.20(3.2)

Sunfish ~
Crappie 1.01(59.3) 1.99(90.7) 0.38(15.2) 0.23(10.2) 0.27(12.7)

Bass 0.13(0.7) 0.30(2.7) 0.08(1.7) 0.06(0.7) 0.01(0.2)

Other
Species 0.03(0.3) 0.36(1.0) - - 0.10(0.2)

Total 11.54(136.0) 10.34(168.7) 1.28(32.0) 1.17(18.2)
2.24(26.2)



Table III: (con’t)

PoolSpecies

Group A-i A-2 B-0 B-l B-2

July 24 - August 18, 1967

Suckers ~
Redhorse 1.33(10.0) 1.58(11.0) 0.36(10.0) 0.59(10.0) 0.67(16.7)

Hogsuckers 0.14(2.0) 0.40(4.0) 0.34(5.5) 0.23(2.5) 0.03(1.5)

Carpsuckers 4.88(15.3) 1.64(5.5) - - -

Carp 4.07(40.3) 3.95(29.5) 0.15(1.0) 0.32(2.2) 0.70(5.2)

Gizzard
Shad 0.94(8.0) 0.48(5.0) - 0.12(1.2) 0.26(2.2)

Sunfish ~
Crappie 1.23(53.7) 1.63(74.0) . 0.29(15.2) 0.69(43.2) 1.02(60.2)

Bass 0.24(4.0) 0.36(4.0) 0.27(3.7) 0.33(2.2) 0.20(3.0)

Other
Species 0.17(0.3) 0.09(1.5) 0.01(0.2) 0.07(0.5) 0.04(0.5)

Total 13.00(133.6) 8.55(134.5) 1.40(35.7) 2.361(62.0) 2.921(89.5)
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Table iII~ (con’t.)

Species Pool

Group A-l A-2 B-0 B-i B-2

June 6 - 11, 1968

Suckers ~
Redhorse 2.06(9.7) 2.31(9.7) 0.19(1.0) 0.18(0.7) 0.13(0.7)

Hog suckers 0.05(1.0) 0.11(2.0) 0.06(1.5) - 0.05(0.7)

Carpsuckers 3.52(10.0) 2.01(5.0) 0.05(0.2) 0.14(0.6) 0.10(0.6)

Carp 5.10(9.2) 2.50(6.0) 0.76(0.6) -

Gizzard
Shad 1.66(14.0) 0.94(8.7) - 0.01(0.6) -

Sunfish ~
Crappie 0.62(21.5) 0.80(25.3) 0.05(2.3) 0.11(5.3) 0.43(2.7)

Bass 0.48(2.0) 0.18(2.0) 0.01(0.2) - -

Other
Species 0.53(1.2) 0.11(0.7) - 0.13(0.3) 0.52(0.3)

Total 14.02(68.6) 8.97(59.4) 0.37(5.1) 1.33(8.0) 0.84(5.0)



Table III: (con’t.)

Species Poo:1
Group

A-i A-2 B-0 B-i B-2

July iO - 28, 1968

Suckers ~
Redhorse 0.19(1.2) 0.9i(4.3) 0.25(4.0) 0.82(3.0) 0.57(5.0)

Hog suckers 0.04(0.5) 0.93(1.0) 0.27(4.0) - -

Carpsuckers 2.87(7.5) 0.45(1.3) 0.Oi(3.0) - 0.Oi(1.0)

Carp 0.83(1.7) i.72(6.0) 0.75(2.0) 0.64(2.0) 0.70(2.0)

Gizzard
Shad i.00(8.5) 0.51(5.7) - -

Sunfish ~
Crappie 0.65(30.0) 0.87(45.3) 0.li(6.0) 0.10(7.0) 0.13(9.0)

Bass 0.24(2.3) 0.20(1.7) 0.08(3.0) 0.18(i.0) -

Other
Species 0.78(4.5) 0.28(5.3) 0.07(2.0) 0.01(1.0) 0.16(4.0)

Total 6.59(56.2) 5.86(70.5) 1.52(24.0) 1.65(14.0) 1.56(21.0)



Table III: (con’t.)

Group

§~pteniber 19, 1968
Suckers ~
Redhorse - - - 0.23(3.0)

Hog suckers - - - - -

Carpsuckers - - 0.01(1.0) -

Carp - - 0.12(1.0) 2.03(3.0)

Gizzard
Shad - - - - 0.32(1.0)

Sunfish ~
Crappie - - 0.02(1.0) 0.17(4.0)

Bass - - - 0.01(1.0) 0.17(2.0.)

Other
Species - - - - -

..--Total - - 0.157(4.0) 2.93(13.0)



Table IV: Total weight (Kg) and number of fish captured in
three electrofishing passes in the study pools
of Deer Creek during 1969 and 1970.

Suckers ?~
Redhorse

Hog sucker
Carp sucker s
Carp
Gizzard

Shad
Sunfish ~
Crappie

Bass
Other

Species

Total

5.69(23)

5.28(16)
8.68 (23)

0.18(2)

3.75(336)
0.66 (4)

1.26(7)

25.50(411)

5.09(24)
1.04(8)
2.72(11)
2.89(8)

2.42(161)
0.81(7)

0.46(3)

15.43(222)

1.05(25)
0. 79(9)

1.53(4)

0.06(1)

2.45(172)
0. 28(4)

1.63(4)

7.79(219)

1.99(16)
0.18(2)

0.59(2)

0.04(1)

0. 56 (41)
0.01(1)

3.37(63)

August 1969

Suckers ~
Redhorse

Hog sucker
Carp suckers
Carp
Gizzard

Shad
Sunfish ~
Crappie

Bass
Other

Species

Total

1.32(25)
0.76(17)
0.64(3)
0. 50 (1)

2.59(14)

1.12 (84)
0.33(7)

0.19(8)

7.45(159)

1.33(7)
0.29(22)
0.22(1)
0.90(2)

0.39(40)
0.28(5)

3.41(77)

Species Pool
Group A-i A-2 B-o/l

June/July 1969

B- 2
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Table IV; (con’t.)

Species Pool
Group

October 1969

Suckers ~
Redhorse - - 0.82(42) 1.54(17)

Hog sucker - - 1.73(41) 1.33(43)
Carpsuckers - - -

Carp - - - 2.04(1)
Gizzard

Shad - - - -

Sunfish ~
Crappie - 1.55(160) 0.86(98)

Bass - - 0.40(13) 1.56(17)
Other

Species - - - -

Total - - 4.50(256) 7.33(176)

June 1970

Suckers ~
Redhorse 1.82(11) 0.96(4) 1.08(28) 0.90(7)

Hog sucker 0.39(13) 0.29(7) 0.72(9) 0.12(5)
Carpsuckers 0.97(3) 1.52(4) - -

Carp 20.07(15) 0.92(2) - -

Gizzard
Shad 5.20(33) 1.03(10) 5.59(35) 1.88(11)

Sunfish ~
Crappie 1.54(80) 1.09(48) 1.26(63) 0.27(13)

Bass 0.30(4) - 0.36(7) 1.19(5)
Other
Species 2.39(9) 0.32(3) 0.93(3) 0.10(1)

Total 32.68(168) 6.13(78) 9.94(145) 4.46(42)
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Table IV: (con’t.)

Species Pool

Group A-i A-2 B-O/l B-2

August 1970

Suckers £~
Redhorse 4.91(57) 3.48(18) 0.97(13) 2.45(21)

Hog sucker 1.69(25) 1.52(16) 0.77(14) 0.36(7)
Carpsuckers 0.03(5) - 0.01(1)
Carp 2.95(6) 4.68(7) 0.36(1)
Gizzard

Shad - 0.73(3) 0.46(1)
Sunfish ~
Crappie 6.11(439) 5.40(289) 1.43(103) 0.35(31)

Bass 1.51(26) 0.38(19) 0.13(17) 0.30(12)
Other

Species 0.54(5) 0.18(5) 0.01(1)

Total 17.74(563) 16.37(357) 4.13(150) 3.47(72)

- 1Z6



Table V: Estimated standing crop of fish (kg/ha) in pools

of Deer Creek 1967 through 1970.

Species Pool
G roup A-l A-2 B-0 B-l B-2

June 26 - 29, 1967

Suckers ~
Redhorse 37.00 20.85 18.00 4.76 19.08

Hog sucker - 9.31 8.04 6.42 2.87

Carpsuckers 42.55 34.22 0.04 0.18 1.65

Carp 46.94 59.68 19.13 21.67 24.93

Gizzard
Shad 35.51 13.07 7.60 2.70 5.22

Sunfish ~
Crappie 38.03 70.57 49.02 16.99 15.60

Bass 4.11 8.94 9.08 3.79 0.10

Other
Species 0.57 0.58 - - 2.55

Total 204.71 217.32 110.90 56.49 71.98
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Table V: (con’t.)

PoolSpecies

Group A-i A2 B0 B-i B2

July 24-26 (A-pools) and August 15-18, 1967 (B-pools)

Suckers ~
Redhorse 22.33 24.96 20.63 19.76 17.37

Hog sucker 3.22 8.42 26.37 10.39 1.05

Carpsuckers 54.21 17.15 - - -

Carp 87.48 79.67 10.70 13.70 23.31

Gizzard
Shad 15.43 7.43 - 4.08 6.52

Sunfish ~
Crappie 46.51 57.59 37.30 52.02 59.59

Bass 7.47 10.57 28.73 20.89 9.68

Other
Species 2.95 1.47 0.06 2.57 1.01

Total 224.16 207.26 123.81 123.41 118.52
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Table V: (con’t.J

Species Pool
C roup A-i A-2 B-0 B-i B-2

June 6 - 11, 1968

Suckers ~
Redhorse 18.02 39.35 14.79 6.36 2.96

Hog sucker 0.64 2.43 6.54 - 1.49

Carpsuckers 20.42 22.73 2.37 3.20 1.55

Carp 57.14 54.42 - 33.62 -

Gizzard
Shad 14.27 15.76 - 0.47 -

Sunfish ~
Crappie 12.25 30.71 9.17 8.68 2.22

Bass 7.92 5.84 1.75 - -

Other
Species 4.73 1.95 - 4.67 42.80

Total 140.13 173.21 34.62 57.01 41.03
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Table V: (can’t.)

Species Pool

Group A-i A-2 B-C B-i B-2

Juiy 10 - 28, 1968

Suckers ~
Redhorse i.64 15.54 18.96 28.40 i3.05

Hag sucker 0.47 2.14 28.25 - -

Carpsuckers 16.62 5.04 0.46 - 0.05

Carp 9.29 37.39 73.88 28.49 20.6i

Gizzard
Shad 8.57 8.44 - - -

Sunfish E~
Crappie 12.74 33,12 18.33 7.89 6.97

Bass 3.93 6.49 11.04 l1.8i -

Other
Species 7.03 4.85 5.21 0.53 3.75

Total 60.30 112.95 i56.i3 77.12 44.43
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Table V : (con’t.)

Species Pool

Group A-i A-2 B-O/l B-2

June 23 - July 14, 1969

Suckers ~
Redhorse 30.65 47.16 17.83 27.36

Hog sucker - 9.93 10.98 1.81
Carpsuckers 23.87 23.95 - -

Carp 76.75 35.06 29.44 13.66
Gizzard

Shad 0.74 - 0.66 0.49
Sunfish Ej

Crappie 27.65 38.47 56.00 8.67
Bass 2~88 7.81 3.59 0.10
Other

Species 6.60 4.67 23.42 -

Total 169.14 167.05 141.92 52.09

August 14 - 15, 1969

Suckers ~
Redhorse 15.77 18.55

Hog sucker 9.09 3.49
Carpsuckers 4.62 2.96
Carp 11.91 20.66
Gizzard

Shad 40.95 -

Sunfish ~
Crappie 19.25 5.11

Bass 4.28 3.13
Other

Species 2.35 -

Total 108.22 53.90

132



cia
SI
-AlTable V (con’t )

Species Pool

Group A-l A-2 B-0/1 B-2

October 7 - 10, 1969
Suckers ~
Redhorse 11.30 24.02

Hog sucker 23.87 20.66
Carpsuckers - -

Carp - 41.73
Gizzard

Shad -

Sunfish ~
Crappie 21.44 12.45

Bass 3.06 19.73
Other
Species - -

Total 59.67 118.59

June 11 - 25, 1970

Suckers ~
Redhorse 9.69 11.70 13.36 12.23

Hog sucker 5.12 3.89 8.96 1.46
Carpsuckers 5.05 14.94 -

Carp 88.30 9.74 - -

Gizzard
Shad 22.62 10.42 74.25 21.52

Sunfish ~
Crappie 8.06 16.76 27.41 3.51

Bass 4.53 - 5.44 44.76
Other
Species 12.84 3.34 11.83 1.25

Total 178.20 70.80 141.92 85.40
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Table V (con’t.)

Pool
Species _________________________

Group A-i A-2 B-o/l B-2

August 4 - 10, 1970

Suckers ~
Redhorse 28.Si 33.24 17.Si 33.27

Hog sucker 9.98 16.63 14.58 6.45
Carpsuckers 0.24 - - 0.04
Carp 14.10 43.26 3.98 -

Gizzard
Shad - 6.80 6.64 -

Sunfish ~
Crappie 44.03 84.29 31.45 6.93

Bass 2i.52 10.18 5.25 3.65
Other

Species 2.84 2.16 0.30

Total 122.07 188.76 80.70 50.33
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Table VI: Estimated standing crop of fish (No/ha) in pools

Species Group

July 24 - 25, 1967

59 104
45 61

8
115

83
743

11
- 7

3132 1096 1133

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass
Other species

573 335
425 113

96 174
- 41 57

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish crappie
Bass
Other species

Total

June 6 - 11, 1968

86 165
12 46
58 56

103 131
120 145

77 25 16
156 -

8 13 9
- 25 -

19
413

of Deer Creek - 1967 through 1970.

Pool

June 26

A-i A-2 B-0 B-i B-2

29, 1967

213 163Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish crappie
Bass
Other species

Total

129
594
390

2337
21

92
115
719
201

3208
79

273
251

1
330
127

1961
189

6
118.

49
772

47
8 16

3591 4577

168 173
45 85

170 57
866
132

595
77

434
52

Total

2022 2618 1963 3251
127 119 405 142

6 24 30 17

3536 3630 3470 3996

3505
147

13

4383

422 960 399 139
33 68 24 -

11 12 - 10 23

845 1582 664 506 210
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Table VI: (con’ t.)

Pool

Species Group A-i A-2 B-0 B-i B-2

July 10 - 28, 1968

Suckers F~ redhorse
Hog sucker
Carp suckers

Gizzard shad
Sunfish ~ crappie
Bass
Other species

Total

73 95
579 1743 1018

37 54 442
93 158

2206 2689

104 115

- 17
89 59

564 465
66
35

858

September 19, 1968

Suckers ~ redhorse
Hog sucker
Carpsuckers
Carp
Gizzard shad
Sunfish E~ crappie
Bass
Other species

23
44

78
65

69

88
23

208
87

Total

Pool

- 211 475

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish E~ crappie
Bass
Other species

June 23 -

124 222
77

72 97
203 97

8 -

2475 2563
17 68
37 30

2936 3154

Carp

11 73 306
6 2

44 15
20 131

415
153
197

40
810

94
750

Species Group A-i A-2

July 14, 1969

B-O/l B-2

153 220
125 20

77 46

Total

11
3927

Si
58

4402

11
639

17

953
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Table VI: (con’t.)

Pool
Species Group B-O/1 B-2

August 14 - 15, 1969
Suckers t~ redhorse 501 98
Hog sucker 203 268
Carpsuckers 22 13
Carp 24 46
Gizzard shad 221
Sunfish ~ crappie 1447 521
Bass 92 56
Other species 98

Total 1911 1002

October 7 - 10, 1969
Suckers ~ redhorse 578 265
Hog sucker 566 668
Carpsuckers -

Carp - 20
Gizzard shad -

Sunfish ~ crappie 2212 1420
Bass 92 215
Other species -

Total 3448 2588

Pool
Species Group A-i A-2 B-O/l B-2

June/July 1970
Suckers ~ redhorse 53 49 318 95
Hog sucker 168 95 101 58
Carpsuckers 16 39 - -

Carp 66 21
Gizzard shad 148 101 464 126
Sunfish ~ crappie 424 728 1827 167
Bass 60 - 105 188
Other species 48 31 - 38 12

Total 983 1065 2994 761
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Table VI: (con’t.)

Pool

Species Group A-i A-2 B-O/1 B-2

August i970

Suckers ~ redhorse 297 i73 233 286
Hog sucicer i49 175 265 i22
Carpsuckers 27 - - 4
Carp 29 65 li -

Gizzard shad - 28 14
Sunfish ~ crappie 3145 4436 2246 630
Bass 37i 55 656 i46
Other species 26 62 16

Total 4280 5147 3728 147i.
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Table VII: Average weight of fish (grams) captured in the

poois of Deer Creek above (A) and below (B) the

limestone quarry

Pool

Species Group A-l A-2 B-0 B-l B-2

Suckers ~ redhorse
Hog sucker
Carpsuckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

Suckers ~ redhorse
Hog sucker
Carpsuckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

89
22 19

1056 121

66 81 184
32 142 47
38 32 193
58 184 215
60 55 63
25 22 21
48 80 9

August 15-18, 1967

36 59 40
62 92 20

142
99

19 16
71 147

62 272
68 -

320

18 14 15
25 180 -

June 20 29, 1967

174 128
- 101

328 299
79 83
91 65
17 22

195 113

July 24-25, 1967

133 144
71 99

318 299
101 134
117 96

23 22
59 89

June 6 - 11, 1968

21.1 239
54 53

352 403
552 416
119 109

29 32
240 86

July 10 - 28, 1968

146 134
114

17
66

180
67

179

192
42

279

256

244
1321

- 25 -

23 21 16
72 - -

150
80

382
474
117

212
93

344
286

3
375

113

3
350
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TableVil: (con’t.)

Pool
Species Group A-i A-2 B-0 B-i B-2

September 19, 1968

Suckers ~ redhorse
Hog sucker
Carpsuckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

10
124 678

- 322
19 43

- 4 86

Pool

Species Group A-i A-2 B-o/l B-2

June 23 - July 14, 1969

Suckers f~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish Ft crappie
Bass

Suckers ~ redhorse
Hog sucker
Carp sucker s
Carp
Gizzard shad
Sunfish ~ crappie
Bass

Suckers ~ redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish ~ crappie
Bass

Suckers Ft redhorse
Hog sucker
Carp suckers
Carp
Gizzard shad
Sunfish Ft crappie
Bass

August 14 15, 1969

October 7 - 10, 1969

June 11 - July 7, 1970

240 167
41 30

380 323
460 1338

76

78

247 212 117 124
- 130 88 92

330 248 - -

377 361 383 297
91 - 60 45
11 15 14 14

116 165 70 6

31 190
45 13

212 220
500 450
185

13 10
47 55

20 91
42 31

- 2041

10 9
31 92

48 129
81 25

160 171
21 24
52 238

103
19

153
20
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TableVil: (con’tj

Pool
Species QroUp A-i A-2 B-O/l B-2

August 4 - 11, 1970

Suckers ~ redhorse 95 192 75 116
Hog sucker 67 95 55 53
Carpsuckers 9 - 8
Carp 492 669 362 -

Gizzard shad 243 46i
Sunfish ~ crappie 14 19 14 ii
Bass 58 20 8 25
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