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CONVERSION FACTORS AND ABBREVIATED WATER-QUALITY UNITS

Multiply By To obtain

inch (in.) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

square mile (mi?) 2.590 square kilometer

foot per mile (ft/mi) 0.1894 meter per kilometer
cubic foot per second (ft¥/s) 0.02832 cubic meter per second

Temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by use

of the following equation:
'F=1.8(C) + 32

Abbreviated water-quality units used in this report: Chemical concentrations and water
temperature are given in metric units. Chemical concentration is given in milligrams per liter (mg/L)
or micrograms per liter (ug/L). Milligrams per liter is a unit expressing the concentration of chemical
constituents in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand
micrograms per liter is equivalent to 1 milligram per liter. For concentrations less than 7,000 mg/L,
the numerical value is the same as for concentrations in parts per million.

viii



SURFACE-WATER HYDROLOGY AND QUALITY, AND
MACROINVERTEBRATE AND SMALLMOUTH BASS POPULATIONS IN
FOUR STREAM BASINS IN SOUTHWESTERN WISCONSIN, 1987-90

Edited by David J. Graczyk

ABSTRACT

Data on streamflow, water quality, and macro-
invertebrate and smallmouth bass (microptercus
dolomieni) populations were collected from July
1987 through September 1990, in four streams in
southwestern Wisconsin to determine the effect of
surface-water hydrology and quality on popula-
tions of macroinvertebrates and smallmouth bass.
The study was a joint project of the U.S. Geologi-
cal Survey and the Wisconsin Department of
Natural Resources.

Drought conditions greatly affected stream-
flows in southwestern Wisconsin throughout much
of the period of study. Precipitation in all four
basins in 1988 and 1989 was 9.91 t012.41 inches
less than 1951-80 normal precipitation of
32.88 inches.

The lowest annual mean discharge was
recorded in water year 1988 at all of the stream-
flow-gaging stations except at Rattlesnake Creek,
where annual mean discharge was lowest in water
year 1990. Overland-flow runoff during the repro-
ductive period of smallmouth bass (mid-May to
mid-July) was 0.02 inch in 1988 atthe Sinsinawa
River and Rattlesnake Creek. Overland-flow runoff
in the Little Platte River and the Livingston Branch
of the Pecatonica River also was low in 1988 (0.03
inch and 0.04 inch, respectively) during the repro-
ductive period of smallmouth bass. The trend of
low overland-flow runoff continued in 1989; in
water year 1990, however, overland-flow runoff
during the reproductive period of smallmouth bass
was 1.38 inches at Livingston Branch of the Peca-
tonica River and 0.22 inch at Rattlesnake Creek.

Turbidity ranged from 1.5 nephelometric tur-
bidity units at Rattlesnake Creek to 3,700
nephelometric turbidity units at the Sinsinawa
River. Suspended-solid concentrations ranged
from 2 milligrams per liter at Rattlesnake Creek to
a maximum 24,300 milligrams per liter at the Liv-
ingston Branch of the Pecatonica River. The high
turbidities and suspended-solid concentrations,
which occurred during storms, did not last for long

periods of time and are not thought to have been
harmful to the biota of the rivers.

Un-ionized ammonia concentrations exceed-
ed the State of Wisconsin, Department of Natural
Resources' standard of 0.04 milligram per liter for
warmwater streams at all four of the streams. The
maximum concentration of un-ionized ammonia
measured was 0.10 milligram per liter at Rattle-
snake Creek and there was no discernible effects
on smallmouth bass or macroinvertebrates.

Dissolved-oxygen concentrations at all four
study streams occasionally decreased to below or
near the concentration of 1 milligram per liter con-
sidered necessary to sustain life of smallmouth
bass. Two fish kills were documented as the result
of low dissolved-oxygen concentrations. All of
these episodes of low dissolved-oxygen concen-
trations occurred during or just after rainstorms
and subsequent increasing streamflows.

Samples of water-sediment mixture and bot-
tom material were analyzed for pesticides com-
monly used in the basins. Samples from all of the
stations had concentrations of herbicides that
exceeded the analytical reporting limit. Water-
sediment samples at the Sinsinawa River had the
highest herbicide concentration. The concentra-
tion of metolachlor was the highest of the herbi-
cides--110 micrograms per liter; concentrations of
atrazine and cyanazine were next highest at 97
and 84 micrograms per liter, respectively.

All of the water-sediment mixture samples had
insecticide concentrations below the analytical
reporting limit, with the exception of carbofuran.
One water-sediment mixture sample collected at
the Little Platte River had a carbofuran concentra-
tion of 0.44 microgram per liter. No pesticides were
detected in the bottom-material samples collected
at the four study streams.

Richness of macroinvertebrate taxa did not
differ substantially among the four streams during
the study, but the abundances of several taxa dif-
fered significantly among streams. Livingston
Branch of the Pecatonica River had comparatively



few midges but many caddisflies, whereas Rattle-
snake Creek had many non-insect taxa and
relatively few caddisflies. The Little Platte River
had consistently high numbers of caddisflies, may-
flies, and riffle beetles.

Macroinvertebrate-community composition,
as measured by Bray-Curtis dissimilarity coeffi-
cients, varied considerably over time within and
among the streams. The macroinvertebrate-
community composition of the Little Platte River
changed very little during the winter of 1987-88 as
compared to the other streams, but the community
composition of the Livingston Branch of the Peca-
tonica River changed substantially. The com-
munities of Rattlesnake Creek and Livingston
Branch of the Pecatonica River became more sim-
ilar to the community of the Little Platte River from
fall 1987 through fall 1988, whereas the commu-
nity in the Sinsinawa River remained distinct.

Water quality, as estimated by biotic-index val-
ues, generally was better in the Little Platte River
than in the other streams from fall 1987 through fall
1988. However, water quality appeared to have
deteriorated (biotic-index values increased) in the
Little Platte River during the winter of 1988-89.
Water quality in the Livingston Branch of the Peca-
tonica River also deteriorated during the same
period.

The drought of 1988-89 and accompanying
decrease in frequency of storms contributed to an
uncharacteristically stable environment for macro-
invertebrate development in most streams. Total
taxa richness increased in three of the four
streams. Total taxa richness did not increase in the
Little Platte River, possibly because of moderate
flooding that occurred prior to the spring 1989
sampling period or, more likely, because of
changes in dissolved-oxygen concentrations.
Although dissolved-oxygen concentrations were
fairly similar in all streams, dissolved-oxygen con-
centrations were lower in 1989 in the Little Platte
River than in other streams. The observed
increase in biotic-index values in the Little Platte
River during the spring of 1989 supports a decline
in water quality.

Smallmouth bass reproduction was related to
precipitation and streamflow during the critical
mid-May to mid-July reproductive period. Repro-

ductive success was good (38-297 Age 0
smallmouth bass per acre) in 1988 and 1989 and
poor (0-3 Age 0 smallmouth bass per acre) in 1987
and 1990. This pattern corresponded with total
precipitation of less than 7 inches in May and June
in 1988 and 1989 and greater than 7 inches in
1989 and 1990.

In years when runoff exceeded 0.10 inch, only
three or fewer Age 0 (smallmouth bass less than
1 year old) smalimouth bass per acre were caught
in late summer to fall sampling surveys. In con-
trast, when overland runoff was less than 0.10
inch, 32 to 297 Age 0 smallmouth bass per acre
were found in late summer or fall. The numbers of
Age 0 smalimouth bass per acre were significantly
different from each other at the 1-percent probabil-
ity level (p=0.0001). Smallmouth bass repro-
ductive success indicated that smallmouth bass in
these streams were extremely vulnerable to the
amount of runoff during the early stage of their life.

Low concentrations of dissolved oxygen con-
stituted the most detrimental water-quality
problem affecting smalimouth bass populations.
Dissolved-oxygen concentrations were occasion-
ally less than 3 milligrams per liter, a dissolved-
oxygen concentration that may be detrimental to
early-life stages of smallmouth bass in the
streams; however, smalimouth bass were appar-
ently able to withstand these low dissolved-
oxygen concentrations and seem to have survived
in some situations when dissolved-oxygen con-
centration decreased to1 milligram per liter.

INTRODUCTION

Streams in southwestern Wisconsin have
historically been inhabited by smallmouth bass
(Micropterus dolomieui). During the 1950's and
1960's, southwestern Wisconsin streams were
renowned for their smallmouth bass fisheries
(Ellis, 1968; Mathews, 1984). The counties of
Grant, Iowa, and Lafayette (fig. 1) have more
than 800 mi of streams that are classified by the
Wisconsin Department of Natural Resources
(WDNR) as smallmouth bass waters. These 800
mi represent about 25 percent of Wisconsin's
total smallmouth bass stream length, and some
of the southwestern streams are considered
among the best smallmouth bass waters in the
State.



























Samples were preserved in 95 percent etha-
nol and returned to the laboratory for
identification. Organisms collected in the Hess
sampler were identified to order or family level,
and the organisms in the kicknet sampler were
identified to genus or species level (Hilsenhoff,
1987). The macroinvertebrate samples collected
by the WDNR Dodgeville area office were pro-
cessed and identified by the University of
Wisconsin-Stevens Point. Various taxonomic
keys for taxa resident to Wisconsin streams
were used (references are available from the
authors upon request).

Macroinvertebrate taxa collected in the
Hess samples were categorized into one of five
function-feeding classes--scraper, shredder,
predator, filter feeder, or collector/gather--on
the basis of criteria listed by Merritt and Cum-
mins (1984).

Smallmouth bass population surveys were
done on river reaches in proximity to the
streamflow and water-quality monitoring sta-
tions (figs. 2-5). Length of the reaches ranged
from 0.85 mi on Rattlesnake Creek to 2.56 mi on
Livingston Branch of the Pecatonica River.

Smallmouth bass populations were sampled
in late summer each year during 1987 through
1990, in spring 1988 and 1989, and on a few
other occasions. Standard WDNR wading elec-
trofishing gear--a 250-volt DC unit towed by two
or three electrode-carrying operators--was used
in estimating smallmouth bass population char-
acteristics. Relative abundance of smallmouth
bass and size and age-class distributions were
determined by making one upstream shocker
run through the study reaches. Blocknets (nets

stretched horizontally across the stream to limit
fish movement) were not used to isolate survey
reaches during sampling. Double-run, mark,
and recapture surveys were made in late sum-
mer 1988. Two upstream shocker runs in
consecutive days were made on all of the
streams. On the first shocker run, all fish cap-
tured were counted and marked by clipping a fin
and returned to the stream near where the fish
were captured. The next day, another upstream
shocker run was made and all fish captured
were counted both marked and unmarked fish.
The ratio of marked fish on the first run times
the total fish captured on the second run divided
by the marked fish captured on the second run
is an estimate of the total population (Lackey
and Hubert, 1978). Analyses of smallmouth bass
populations are based on data making one
upstream shocker run only; these data consti-
tute a reliable index of relative populations and
population changes, but they do not reflect total
populations inhabiting the study reaches.
One-run capture efficiencies (the percentage of
the estimated total population sampled during
one shocker run) in late summer 1988 showed
that capture efficiencies were positively related
to smallmouth bass age class and negatively
related to stream size. The percentage of the
estimated total population sampled during one
shocker run in 1988 and mean width (in feet) of
river sampled are listed in the table below; "--"
indicates data not collected.

All smallmouth bass captured were mea-
sured, weighed, and assigned to age groups by
scale reading or length-frequency distribution.
In spring 1989, smallmouth bass longer than 6
in..were tagged to determine their movement.

Livingston
Branch of the
Age group? Little Platte River Pecatonica River Rattlesnake Creek Sinsinawa River

0 10 38 20 27

I 42 -- 50 --
II-Iv* 63 -- 80 82
Mean width 43 21 32 31

1Age O - Smallmouth bass less than 1 year old.

Agel-

Smallmouth bass 1 year old but less than 2 years old.

Age II - IV*- Smallmouth bass 2 years old to less than 5 years old.

11



Literature information and WDNR file data  mouth bass--including age, growth, and weight

were used wherever possible to show bass popu-  data--was compiled but not included in this
lation trends for a time period greater than that  report. This additional information is available

of this study. Additional information on small- from the authors upon request.
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SURFACE-WATER HYDROLOGY
AND QUALITY

by David J. Graczyk?
Hydrology

A relation between the abundance of young--
of-the-year smallmouth bass--that is, those
produced in a given year--and the total precipi-
tation in the respective drainage basins in May
and June was observed in streams in northeast-
ern Iowa by Cleary (1956). When total pre-
cipitation in May and June combined was less
than 7 in., reproductive success and subsequent
survival of young-of-the-year was good. If pre-
cipitation exceeded 7 in., reproductive success
and subsequent survival of young-of-the-year
was poor.

Combined precipitation of May and June,
1987-90, for the four study streams in south-
western Wisconsin is listed in table 2. During
1987 and 1990, combined precipitation for May
and June at the University of Wisconsin Exper-
imental Farm near Lancaster, Wis. was greater
than 7 in. Precipitation in 1990 was well above
the 1951-80 average of 7.94 in.; June precipita-
tion alone at Livingston Branch was 9.29 in.
During one storm on June 29, 525 in. was
recorded before the rain-gage standpipe became

2U.8. Geological Survey, 6417 Normandy Lane, Madison,
Wis. 53719.

full and overflowed; 7.25 in. of rain was recorded
at the National Weather Service rain gage at
Darlington, Wis., approximately 20 mi south-
west of the gage.

A severe drought occurred in southwestern
Wisconsin and the upper Midwest in 1988 and
1989. Average annual precipitation for 1951-80
at the Lancaster precipitation gage is 32.88 in.
During 1988 and 1989, annual precipitation
measured at the streamflow-gaging stations
was 9 to 12 in. below the 1951-80 average. Total
precipitation in May and June 1988 ranged from
6.00 to 6.76 in. below the 1951-80 average of
7.94 in. measured at the gaging station. In May
through June 1989, combined precipitation
ranged from 3.63 to 4.78 in. below the
1951-80 normal precipitation measured at the
gaging station.

The effects of watershed runoff on small-
mouth bass population also were noted by
Cleary (1956). High streamflow during the
May-June period could disperse eggs or sweep
Age 0 smallmouth bass from nursery habitat
and greatly reduce Age 0 smallmouth bass sur-
vival. Mason and others (1991) confirmed
Cleary's results that when stream discharge
was below normal, abundant smallmouth bass
were produced. A critical peried for small-
mouth bass reproductive success is from mid-
May through mid-July (May 15 through July
15); hereafter in this report, the term "critical
period” refers to that time period (Becker, 1983).

Table 2. Precipitation in May and June at the rain gages in the study basins in southwestern
Wisconsin, 1987-90

[units in inches]

1987 1988 1989 1990

Study site May! June! Total May June Total May June Total May June Total

Little Platte River 2355 2413 2768 0.75 055 1.30 179 137 3.16 2483 2548 210.31

Livingston Branch of 23.55 24.13 2768 75 43 118 227 157 3.84 390 9.29 13.19
the Pecatonica

River
Rattlesnake Creek 2355 2413 2768 1.30 29 159 174 257 4.31 576 5.04 10.80
Sinsinawa River 2355 2413 2768 105 39 1.44 1.89 2.00 3.8 3.13 3548 3861

! Precipitation data from University of Wisconsin Experimental Farm near Lancaster. Precipitation collectors at
the streamflow-gaging stations were not in operation until late June or early July.
2 Precipitation data from University of Wisconsin Experimental Farm near Lancaster. Precipitation collector was

not in operation.
3 Precipitation data collected only until June 286.



Streamflow data collected as part of this study
were used to determine the streamflow charac-
teristics summarized in table 3. Data were col-
lected during only part of water year2 1987 at all
of the sites. In water year 1990 data were not
collected from dJuly through September at the
Little Platte and Sinsinawa Rivers. Thus, most
streamflow characteristics were not calculated
for those years. All streamflow data collected
can be found in USGS annual water-resources
data reports for Wisconsin (Holmstrom and oth-
ers, 1987, 1988, 1989, 1990).

The lowest annual mean discharge was
recorded in the 1989 water year at all of the sites
except for Rattlesnake Creek, where the lowest
annual mean discharge was recorded in water
year 1990 (table 3). Annual mean discharges in
1989 were lower than those in 1988 except for
Rattlesnake Creek because of below average
precipitation in 1988 and 1989. The annual
mean discharge at Livingston Branch also
might have been low in 1990 if not for a large
storm in late June. A maximum peak discharge
for the period of record, 6,260 ft3/s, was recorded
on June 29, 1990. The recurrence interval of this
discharge exceeded 100 years. The 100-year dis-
charge calculated by use of regression equations
is 3,200 ft3/s (Krug and others, 1992). The over-
land-flow runoff at the Livingston Branch was
2.63 in. in 1990 as compared to 0.89 and 1.27 in.
in 1988 and 1989, respectively. This unusually
high amount of overland-flow runoff may
account for the high annual mean discharge at
Livingston Branch in 1990 as compared to other
years; at Rattlesnake Creek, overland-flow run-
off was 1.12 in. in 1990, 1.08 in. in 1988, and
1.34 in. in 1989,

Another streamflow characteristic for deter-
mining smallmouth bass reproductive success
may be runoff during the critical period.
Streamflow may be separated into two parts:
overland-flow runoff and base-flow runoff. Over-
land-flow runoff is water that flows upon the
ground and flows into streams, whereas base-
flow runoff is water that percolates down
through the soil until it reaches the water table

*Water year. In U.S. Geological Survey reports dealing with
surface-water supply, the 12-month period, October 1
through September 30. The water year is designated by the
calendar year in which it ends and which includes 9 of the 12
months. Thus, the year ended September 30, 1987, is called
the "1987 water year.”
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and eventually discharges to the stream (Lins-
ley and others, 1975). Years with low over-
land-flow runoff during the critical reproductive
period for smallmouth bass will usually result in
good reproductive success.

In 1988, overland-flow runoff during the
critical reproductive period was lowest (0.02 in.)
at the Sinsinawa River and Rattlesnake Creek
(table 3). Overland-flow runoff at the Little
Platte River and Livingston Branch sites also
was very low during the critical period in 1988
(0.03in. and 0.04 in.; table 3). In 1989, the trend
of low overland-flow runoff during the critical
period continued. Southwestern Wisconsin was
still in a drought, and streamflow responded to
below-normal precipitation. Overland-flow run-
off during the critical period was highest at
Livingston Branch at 1.38 in. in 1990 (70 per-
cent of total runoff) (table 3). At Rattlesnake
Creek, overland-flow runoff during the critical
period was 0.22 in. (29 percent of total runoff) in
1990 (table 3). Data collection at the Little
Platte River and the Sinsinawa River was dis-
continued in June 1990.

Water-level changes also can indicate if
streamflow conditions are conducive to good
reproductive success (Cleary, 1956). Small
stream-stage changes before the reproductive
period may be beneficial, but rises that cause
extensive scouring of the stream bottom during
the nesting period may be detrimental (Pflieger,
1975). If the stream-stage rises are large enough
to cause scouring of the stream bottom, repro-
ductive success may be poor. The numbers of
times the stream stages rose greater than 0.5 ft
during the critical period from 1987 through
1990 are summarized in table 4.

During the 1990 critical period, stream-
stage rises of greater than 0.5 ft were recorded
at all of the sites (table 4). On Rattlesnake
Creek, stream-stage rises were between 0.5 ft
and 1.0 ft on 3 days and greater than 1.0 ft on
1 day. On Livingston Branch, the stream stage
rose more than 1.0 ft on 2 days. On June 29,
1990, the stream stage rose more than 10 ft and
spilled into the overbank. Overflow from this
storm probably trapped newly-hatched small-
mouth bass. Moreover, with the increasing dis-
charge, the stream velocity increased. The
increased velocity may have scoured the stream



Table 3. Summary of streamflow characteristics of the study streams in southwestern Wisconsin,
water years 1987-90

[--, not determined]

1

Water year
Streamflow characteristic 1987 1988 1989 1990
Little Platte River
Annual mean discharge, in -- 37.3 26.5 --
cubic feet per second
Runoff, in inches -- 6.35 4.51 -
Overland-flow runoff, in inches -- 74 1.49 --
Base-flow runoff, in inches -- 5.61 3.12 -
Runoff for critical period?, in inches -- 82 44 --
Overland-flow runoff for critical -- .03 .05 -
period, in inches
Base-flow runoff for critical period, - .79 .39 -
in inches
Maximum recorded peak discharge, 175 472 2,970 3,800

in cubic feet per second

Livingston Branch of the Pecatonica River

Annual mean discharge, in - 11.1 5.93 7.20
cubic feet per second
Runoff, in inches -- 9.19 4.93 5.96
Overland-flow runoff, in inches - .89 1.27 2.63
Base-flow runoff, in inches - 8.30 3.66 3.33
Runoff for critical period?, in inches - 1.14 40 2.01
Overland-flow runoff for critical - 04 .02 1.38
period, in inches
Base-flow runoff for critical period, -- 1.10 .38 63
in inches
Maximum recorded peak discharge, 108 203 602 6,260
in cubic feet per second
Rattlesnake Creek
Annual mean discharge, in - 19.2 14.5 11.9
cubic feet per second
Runoff, in inches -- 6.13 4.64 3.80
Overland-flow runoff, in inches - 1.08 1.34 1.12
Base-flow runoff, in inches - 5.05 3.30 2.68
Runoff for critical period?, in inches -- .68 .54 75
Overland-flow runoff for critical -- .02 .05 22
period, in inches
Base-flow runoff for critical period, - .66 49 .53
in inches ,
Maximum recorded peak discharge, 1,130 445 825 210

in cubic feet per second
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Table 3. Summary of streamflow characteristics of the study streams in southwestern Wisconsin,
water years 1987-90--Continued '

Water year?
Streamflow characteristic 1987 1988 1989 1990
Sinsinawa River
Annual mean discharge, in - 11.9 9.30 --
cubic feet per second
Runoff, in inches -- 6.48 5.07 -
Overland-flow runoff, in inches -- .58 1.01 -
Base-flow runoff, in inches -- 5.90 4.06 --
Runoff for critical peri0d2, in inches - .92 .57 --
Overland-flow runoff for critical - .02 .03 -
period, in inches
Base-flow runoff for critical period, -- .90 .54 --
in inches
Maximum recorded peak discharge, 61 187 1,270 334

in cubic feet per second

1 Water year. In U.S. Geological Survey reports dealing with surface-water supply, the 12-month
period, October 1 through September 30. The water year is designated by the calendar year in which
it ends and which includes 9 of the 12 months. Thus, the year ended September 30, 1987, is called the

"1987 water year."
2 Critical period is May 15 through July 15.

bottom and disrupted the smallmouth bass
nests. The Little Platte River also rose by more
than 0.5 ft. on several days during the critical
reproductive period. During the storm on June
29, the stream stage rose by more than 7 ft. Like
Livingston Branch, the Little Platte River
spilled into the overbank area, and the overflow
could have trapped adult and juvenile small-
mouth bass.

Water Quality

Smallmouth bass populations can be
adversely affected by inorganic and organic
chemicals from nonpoint-source runoff. Water-
quality data collected at the four streamflow-
gaging stations were used to determine the
effects of water quality on smallmouth bass and
macroinvertebrate populations. All water-qual-
ity data collected as part of this study are
published in USGS annual water-resources data
reports for Wisconsin (Holmstrom and others,
1987, 1988, 1989, 1990).
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Turbidity and Suspended Solids

Smallmouth bass populations can be ad-
versely affected by high turbidities and the asso-
ciated high suspended- solids concentrations in
two ways: (1) mechanical injury or clogging of
gills, and (2) reduction of light penetration,
which can reduce primary productivity and the
food supply for juvenile smallmouth bass and
other fish species (Bulkley, 1975).

Maximum turbidity ranged from 80 NTU in
1987 at the Little Platte River to 3,700 NTU in
1990 at the Sinsinawa River (table 5). These
maximum values were measured during storms,
and these maximum values did not last for long
periods of time.

Minimum turbidities ranged from 1.5 NTU
at Rattlesnake Creek in 1990 to 28 NTU at Liv-
ingston Branch in 1987 (table 5). The minimum
turbidities are representative of periods when
streamflows were low and (or) overland flow was
nonexistent. These low-flow periods are indica-



Table 4. Stream-stage rises during the critical reproductive period, mid-May through
mid-July, 1987-90

[>, greater than or equal to; <, less than or equal to; ft, foot]

Stream rise 11987 1988 1989 21990

Little Platte River

>0.5 ft but <0.99 ft 0 0 0 2

>1.0 ft but <1.99 ft 0 0 0 1

>2.0 ft 0 0 0 1

Livingston Branch of the Pecatonica River

>0.5 ft but <0.99 ft 0 0 0 0

>1.0 ft but <1.99 ft 0 0 0 1

>2.0 ft 0 0 0 1
Rattlesnake Creek

>0.5 ft but <0.99 ft 0 0 0 3

>1.0 ft but <1.99 ft 0 0 0 1

>2.0ft 1 0 0 0

Sinsinawa River

>0.5 ft but <0.99 ft 0 0 0 1

>1.0 ft but <1.99 ft 0 0 0 1

>2.0ft 0 0 0 0

! Data collection started on June 4 at Rattlesnake Creek, June 19 at Livingston Branch of the
Pecatonica River, June 10 at Little Platte River, and June 23 at Sinsinawa River.
2 Data collection ended on June 22 at Little Platte River and on June 26 at Sinsinawa River.

tive of normal flow conditions throughout the
year.

General standards for suspended-solids con-
centrations (Alabaster and Lloyd, 1982) include
the following: (1) waters with suspended-solids
concentrations less than 25 mg/L would have no
harmful effects on fish populations, (2) waters
with suspended-solids concentrations from 25 to
80 mg/L should be able to maintain good popula-
tions of fish,(3) waters with suspended-solids
concentrations from 80 to 400 mg/L are unlikely
to maintain good populations of fish, and (4)
waters with suspended-solids concentrations
greater than 400 mg/L can maintain only poor
fisheries. Suspended-solids concentrations grea-
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ter than several thousand milligrams per liter
may not kill fish even though those concentra-
tions may be maintained for hours or days, but
good fisheries may not be maintained (Alabaster
and Lloyd, 1982).

Suspended-solids concentrations were high
on the Livingston Branch in 1989; maximum
concentration was 24,000 mg/L. In the Little
Platte River, the maximum suspended-solids
concentration was 15,000 mg/L in 1989. A max-
imum suspended-solids concentration of 4,800
mg/L. was measured in 1989 at Rattlesnake
Creek, and a maximum of 6,400 mg/L. was mea-
sured at the Sinsinawa River in 1990. The
maximum suspended-solids concentrations
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measured were all greater than the 400 mg/L
standard for maintenance of poor fisheries at
the sites for the years studied. As with turbidity,
high suspended-solids concentrations occurred
during storms and may not have lasted for long
periods of time. High suspended-solids concen-
trations are not uncommon in surface waters in
the southwestern part of Wisconsin. Suspend-
ed-sediment concentrations and suspended-
sediment yields are typically high in this part of
the state (Hindall, 1976), in part because of the
prevalence of silty soils and very steep slopes.

Minimum concentrations of suspended sol-
ids ranged from 2 mg/L in 1990 at Rattlesnake
Creek to 230 mg/L at the Livingston Branch of
the Pecatonica River in 1987. The minimum
concentration of suspended solids may be more
indicative of normal flows than maximum con-
centrations. Most of the minimum concen-
trations were measured during low-flow peri-
ods; that is, periods of little or no overland flow.
The minimum concentrations of suspended sol-
ids were below the 25 mg/L standard where
there would be no harmful effects on fish popu-
lations except at all the sites in 1987 and at
Livingston Branch in 1988. In 1987, the number
of significant storms was greater and periods of
nonrunoff were fewer than in 1988, 1989, and
1990.

Ammonia Nitrogen

Ammonia nitrogen (NHJ}) in itself is not
harmful to fish or macroinvertebrates. The
harmful effects of ammonia nitrogen are from
its un-ionized fraction (NH;), which is toxic to

fish and macroinvertebrates. The un-ionized
fraction increases as pH and temperature
increase. Un-ionized nitrogen at concentrations
of 1.2 to 1.8 mg/L have been found to have toxic
effects on smallmouth bass (Broderius and oth-
ers, 1985).

Samples from all sites had concentrations of
un-ionized ammonia greater than 0.04 mg/L
(table 6), the State of Wisconsin standard for
warmwater streams (O.H. Schuettpelz and T.H.
Harpt, Wisconsin Department of Natural
Resources, written commun., 1980). Seven sam-
ples with concentrations greater than 0.04 mg/L
were collected from Rattlesnake Creek and the
Little Platte River. The maximum concentration
of un-ionized ammonia measured was 0.10 mg/L
at Rattlesnake Creek in July 1987. This is well
below the reported toxic level of 1.2 to 1.8 mg/L
of un-ionized ammonia (Broderius and others,
1985). It has been reported that un-ionized
ammonia and dissolved oxygen have a synergis-
tic relationship (Downing and Merkens, 1955);
that is, as dissolved-oxygen concentration
decreases, the concentration of un-ionized
ammonia that is toxic to fish also decreases.
During a storm in July 1987, the measured dis-
solved-oxygen concentration was less than 0.1
mg/L. A fish kill during and after this storm was
reported. The cause of the fish kill was attrib-
uted to low-dissolved oxygen concentration, but
the high concentrations of un-ionized ammonia
also may have stressed the smallmouth bass
and contributed to the fish kill. At the other two
sites, concentrations were slightly greater than
or equal to 0.04 mg/L of un-ionized ammonia
during the study.

Table 6. Number of water-sediment samples in which concentrations of un-ionized ammonia were
greater than or equal to 0.04 milligram per liter

Number of samples with un-ionized ammonia greater than
or equal to 0.04 milligram per liter

Study site (sample sizel) 1987 1988 1989 1990
Little Platte River (104) 0 1 0 6
Livingston Branch of the 3 0 0 1

Pecatonica River (104)
Rattlesnake Creek (87) 6 1 0 0
Sinsinawa River (74) 0 0 0 1

1 Sample size is the number of water-quality samples analyzed for ammonia nitrogen as N, pH,

and water temperature.



Dissolved Oxygen

Dissolved oxygen is an essential element for
aquatic life. Dissolved-oxygen requirements dif-
fer from species to species, life stages, and life
processes. The State of Wisconsin water-quality
standard for dissolved oxygen in warmwater
streams is 5 mg/L. Smallmouth bass need a
higher dissolved-oxygen concentration than
many other fish for survival and growth (Bulk-
ley, 1975). Healthy populations of warmwater
fish need a minimum concentration of dissolved
oxygen above 5 mg/L during the critical period
and above 3 mg/L for the remaining part of the
year (Chapman, 1986). Smallmouth bass typi-
cally die when the dissolved-oxygen concen-
tration is near or below 1 mg/L. for extended
periods of time (Bulkley, 1975). These dissolved-
oxygen concentration criteria are conservative,
and smallmouth bass may tolerate concentra-
tions less than these criteria.

Daily minimum dissolved-oxygen concentra-
tions in the Little Platte River were never below
the minimum dissolved-oxygen concentration
for the adult life stage in 1987 and 1988 (fig. 6).
On a number of days in 1988, minimum dissol-
ved-oxygen concentrations were below the
early-life-stage standard of 5 mg/L because of
normal diurnal fluctuations. Overall, dissolved-
oxygen concentrations declined in 1989. Daily
minimums were below the early- and adult-
life-stage minimum concentrations on numer-
ous days in 1989 (fig. 6). In addition, a notewor-
thy reduction in dissolved-oxygen concentra-
tion occurred during a storm on August 5, 1989.
A rainstorm of 1.16 in. increased the discharge
from 10 ft3/s to a peak discharge of 85 ft3s
(fig. 7). As the discharge increased, the dis-
solved-oxygen concentration began to decrease.
The maximum concentration on August 4 was
15.5 mg/L,, whereas the minimum storm-ind-
uced dissolved-oxygen concentration on August
5 was 0.5 mg/L (fig. 7). The dissolved-oxygen
concentration remained below 1 mg/L for about
5 hours.

Reductions in the dissolved-oxygen concen-
trations during runoff events may be caused by
one or more factors; for example, (1) inflow of
large volumes of runoff with low dissolved-oxy-
gen concentration, (2) the influx or resuspen-
sion of oxygen-demanding materials as a result
of storm-water input, (3) decreased oxygen solu-
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bility caused by increased water temperature,
and (4) possible reduction of photosynthetic pro-
ductivity (Graczyk and Sonzogni, 1991). A
combination of these processes may be occurring
in the Little Platte River.

Other dissolved-oxygen reductions in the
Little Platte River were not induced by storm
runoff. During a period from July 6 through July
10, 1989, the dissolved-oxygen minimum was
below 3 mg/L for 5 days and below 2 mg/L for 1
day (fig. 7). A diurnal fluctuation of discharge
and dissolved oxygen is shown in figure 7. A
sewage-treatment plant at Platteville, Wis., dis-
charges to a tributary upstream from the gaging
station on the Little Platte River. The stream
discharge fluctuates from about 10 ft3/s to about
16 ft3/s daily (fig. 7). Approximately 1.4 ft3/s of
the apparent 6 ft3/s increase is discharge from
the sewage-treatment plant, but the remainder
of the flow increase is from unknown sources
(R.A. Schlesser, Wisconsin Department of Natu-
ral Resources, unpublished data, 1991). A dairy
and gravel pit upstream from the gaging station
may discharge water to the Little Platte River
during their normal operations.

The diurnal dissolved-oxygen fluctuation is
caused by photosynthesis and respiration by
aquatic plants. Concentrations of total phos-
phorus above 0.10 mg/L. can accelerate plant
growth in streams (U.S. Environmental Protec-
tion Agency, 1986). With increased algae and
macrophytic biomass, the diurnal dissolved-
oxygen fluctuations become increasingly pro-
nounced. The sewage-treatment plant at Platte-
ville does not have phosphorus-removal capabil-
ities. Water samples collected at the Little
Platte River gaging station during low flow had
total-phosphorus concentrations greater than or
equal to 0.30 mg/L for 1988-90 (table 5). The
minimum total-phosphorus concentrations mea-
sured at the Little Platte River during low flows
were higher than those measured at the other
three sites (table 5). Minimum total-phosphorus
concentrations for Rattlesnake Creek and Sinsi-
nawa River were slightly greater than or less
than 0.10 mg/L. Minimum fotal-phosphorus
concentrations for Livingston Branch did not
fall into either of these two patterns; the mini-
mum concentration in 1988 was 0.22 mg/L, and
in 1989 it was only 0.07 mg/L.. The high mini-
mum total-phosphorus concentrations at the
Little Platte River may have been exacerbated



Figure 6. Minimum dissolved-oxygen concentration in the Little Platte River, May-September 1987-90.
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Figure 7. Discharge and dissolved-oxygen concentration in the Little Platte River, July 6-10
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by the drought in southwestern Wisconsin in
1989. With a low base-flow runoff of 3.02 in. in
1989 as compared to 5.61 in. of base-flow runoff
in 1988 (table 3), the total-phosphorus concen-
tration may not have been diluted as much.
Dissolved-oxygen concentrations were below the
adult-life-stage minimum concentration for sev-
eral days in a row, Smallmouth bass may leave
reaches of low dissolved-oxygen concentration
and move to areas where the concentration is
higher (Bulkley, 1975).

Dissolved oxygen was monitored in the Lit-
tle Platte River until late June 1990. Concen-
trations measuring less than the early-life-
stage standard were recorded on only 2 days in
1990 (fig. 6).

In Livingston Branch, minimum dissolved-
oxygen concentrations in 1987 were below the
minimum concentration (1 mg/L) necessary to
keep smallmouth bass alive and near that con-
centration in 1988 and 1990 (fig. 8). A peak
discharge of 108 ft%/s caused by 2.4 in. of rain
resulted in a sharp decrease in the dissolved-
oxygen concentration on July 31, 1987 (fig. 9).
Minimum dissolved-oxygen concentrations as
low as 0.5 mg/L. were recorded, and dissolved-
oxygen concentrations were less than 5 mg/L for
about 7 hours. The probable cause or causes of
these low dissolved-oxygen concentrations are
the same as for the Little Platte River. Mini-
mum daily dissolved-oxygen concentrations
below the recommended minimum concentra-
tion of dissolved oxygen for the adult life stage
of smallmouth bass were recorded on four other
days in 1987.

On 5 days in 1988, dissolved-oxygen concen-
trations were below the adult-life-stage mini-
mum concentration (fig. 8). The dissolved-oxy-
gen- concentration on one of these days in
September was near 1 mg/L. On numerous days
in 1988, concentrations were below the early-
life-stage standard (5 mg/L) during the critical
spawning period and fry-emergence period
because of normal diurnal fluctuations (fig. 8).

No daily minimum was below the adult-
life-stage minimum concentration (3 mg/L) in
1989, but numerous daily minimums during the
critical period were below the early-life-stage
standard (5 mg/L) because of normal diurnal
fluctuations (fig. 8).
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In August 1990, there were 2 days when
minimum dissolved-oxygen concentrations were
below the standard for the adult life stage. Min-
imum daily concentrations were below the
early-life-stage standard for fewer days during
the critical period in 1990 (fig. 8) as compared to
1988 and 1989.

In 1987, minimum dissolved-oxygen concen-
trations in Rattlesnake Creek were occasionally
below the minimum concentration necessary to
keep smallmouth bass alive (fig. 10). These
especially low dissolved-oxygen concentrations
occurred during or after storms in the basin. In
both July and September, the dissolved-oxygen
concentration was reduced to less than 0.1 mg/L
for a brief period. A rainstorm of 2.8 in. on
July 29, 1987, increased the discharge to a peak
of 1,130 ft%/s (fig. 11). The dissolved-oxygen con-
centration was reduced to less than 0.1 mg/L for
1-1/2 hours and was less than 1 mg/L for
5-1/2 hours during the storm (fig. 11). On Sep-
tember 17, 1987, when the discharge increased
from 19 ft3/s to 95 ft3/s (fig. 11), the dissolved-ox-
ygen concentration decreased to virtually zero
during the storm. The maximum dissolved-oxy-
gen concentration on the previous day had been
11.6 mg/L (fig. 11). The dissolved-oxygen con-
centration was less than 0.1 mg/Ll for
2-1/2 hours during the storm and stayed below
the Wisconsin standard of 5 mg/L well into the
next day (fig. 11).

The minimum dissolved-oxygen concentra-
tions were below the reported minimum concen-
tration necessary for the adult life stage
(3 mg/L) in Rattlesnake Creek also during
4 days in 1987 (fig. 10). In 1988, no measured
daily minimum dissolved-oxygen concentrations
were below the minimum dissolved-oxygen con-
centration of the adult life stage (3 mg/L) or the
concentration necessary for survival of small-
mouth bass (1 mg/L) (fig. 10). On numerous days
in 1988, minimum dissolved-oxygen concentra-
tions were below the early-life-stage concen-
tration standard (5 mg/L) during the critical
period because of diurnal fluctuations. On a
number of days in the critical period in 1989,
dissolved-oxygen minimum concentrations were
below 5 mg/L (fig. 10). In 1989, there were also
4 days when dissolved-oxygen minimum concen-
trations were below the necessary concen-
tration for the adult life stage, but none below
1 mg/L (fig. 10). Fewer days in 1990 were char-
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acterized by minimum dissolved-oxygen con-
centrations below the early-life-stage standard
during the critical period. In August, there were
4 days when dissolved-oxygen concentration
was at or near the adult-life-stage minimum and
1 day when the dissolved-oxygen concentration
was reduced to less than 0.5 mg/L (fig. 10), well
below the 1 mg/L concentration necessary to
sustain life.

In 1987 at the Sinsinawa River, there were
no days when minimum daily dissolved-oxygen
concentrations were below the 3-mg/L adult-life-
stage minimum dissolved-oxygen concentration
(fig. 12). On numerous days during the critical
period in 1988, minimum dissolved-oxygen con-
centrations were below the standard for early
life stages of smallmouth bass because of normal
diurnal fluctuation (fig. 12). On 3 days, daily
minimums were below the adult-life-stage min-
imum concentration but were never below
1 mg/L. A rainstorm of 1.12 in. increased the dis-
charge from 7.1 ft3/s on August 22, 1988, to a
peak discharge of 21 ft3/s on August 23, 1988
(fig. 9). During the rising limb of the hydro-
graph, the dissolved-oxygen concentration
started to decline and was at a minimum of
1.4 mg/L 4 hours after the peak discharge. This
dissolved-oxygen reduction is consistent with
that of the Little Platte River, Rattlesnake
Creek, and Livingston Branch, in that minimum
dissolved-oxygen concentrations occurred at or
near the peak discharge. The probable cause or
causes of this reduction in dissolved-oxygen con-
centration are the same as for the other basins
studied. In 1989, minimum dissolved-oxygen
concentrations improved. Daily minimum dis-
solved-oxygen concentrations were still below
the early-life-stage minimum concentration
during the critical period, but none were below
the 3.0 mg/LL minimum concentration for the
adult life stage (fig. 12). On 2 days during the
critical period in 1990, minimum dissolved-oxy-
gen concentrations were below the adult-life-
stage minimum. On a number of days, the dis-
solved-oxygen concentrations were below the
early-life-stage minimum concentration. Data
collection for dissolved oxygen ended in June at
the Sinsinawa River, thus no additional data
from July through September 1990 were avail-
able.
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Water Temperature

The optimum temperature range for small-
mouth bass is reported to be 21 to 31°C; water
temperatures above 36°C and at or near freezing
have been found to be lethal to smallmouth bass
(Barans and Tubb, 1973; Cherry and others,
1975; Reynolds and Casterlin, 1976). Optimum
water temperature for initiation of nest building
and spawning is variable and ranges from 15 to
21°C (Becker, 1983). Maximum and minimum
water temperatures for the study sites (1987
through 1990) are listed in table 7.

Winter minimum water temperatures of 0°C
were recorded at all of the sites during winter
months in 1988, 1989, and 1990. Winter water
temperatures for 1987 were not recorded
because the temperature probe was not
installed until summer 1987 (table 7). Typically,
all of the streams became completely covered
with ice in the winter.

Even though winter water temperatures at
all of the sites were 0°C, these water tempera-
tures probably were not lethal to smallmouth
bass. Smallmouth bass may migrate out of their
summer waters to larger river systems with
deep pools (Langhurst and Shoenike, 1990).
These deep pools may have water temperatures
more suitable for smallmouth bass in the win-
ter.

During this study period, none of the rivers
had maximum water temperatures greater than
the reported lethal temperature of 36°C
(table 7).

A frequency analysis of the percentage of
time that daily mean water temperature was in
the optimum water temperature range of 21 to
31°C for 1987-90 is found in table 8. In 1987 at
all of the sites, data were collected for only part
of the year (July through September) and in
1990, at the Little Platte and Sinsinawa Rivers,
data were collected from October through June.
The percentage of time, in days, that the water
temperature was in the optimum water temper-
ature range was not calculated. In 1988 and
1989, on about 20 percent of days that year, the
daily mean water temperature was in the opti-
mum temperature range for some unspecified
time period. Temperature of the Little Platte
River was in the optimum temperature range on



10 [ T T T 10 T T T I
CRITICAL PERIOD FOR

9 [FSPAWNING AND FRY EMERGENCE 9 | -
8 '-0 8
> o :
[ }
7 \'}'. a 7 O3 . :
s N . ?
6 — 0.- * ~ 6 —‘“. .0 ‘ —
“°, s ", .:
* il %y ' .

5_//*&*: “ :5_-.'.. "}' _
?’// | f*//// B

DISSOLVED- OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITER

MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT
1987 1988
9 I — 9 | -
. .
[ .
8 o . o; 8 I+ ¢ -
e '. o0
7 [~ o .o ‘ . L .‘ 7 0 -:. 7
. “b s Ve ¥
o .
6 (1) L] — e o 1
w® 'y 4 5F

Z// ‘ ?‘//// -

MAY JUNE JULY AUG SEPT MAY JUNE JULY AUG SEPT
1989 1990
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Table 7. Maximum and minimum water temperatures in the four study streams, 1987-90

[Data shown in degrees Celsius; Max, maximum; Min, minimum]

Water year
11987 1988 1989 1990
Stream Max Min Max Min Max Min Max Min
Little Platte River 26 14 32 0 32 0 297 20
Livingston Branch of the 32.5 11 32 0 35 0 31.5 0
Pecatonica River
Rattlesnake Creek 30.5 12.5 315 0 35 0 30 0
Sinsinawa River 30 12.5 31 0 32 0 298.5 20

1 Data collected July through September 30.
2 Data collected October through June.

Table 8. Percentage of days that year that daily mean water temperature was in the optimum water
temperature range of 21 to 31 degrees Celsius, 1987-90

[--, no data available]

Water year
Stream 1987 1988 1989 1990
Little Platte River -- 28 25 -
Livingston Branch of the - 19 20 21
Pecatonica River
Rattlesnake Creek - 20 20 20
Sinsinawa River -- 25 23 -

more days in 1988 and 1989 than in the other
three streams.

Pesticides

Samples of the water-sediment mixture and
the bottom material were analyzed for pesti-
cides commonly used in the basins. The pesti-
cides analyzed were a combination of insecti-
cides and herbicides. Although the chlorinated
hydrocarbon insecticides have been found to be
the most toxic to smallmouth bass (Bulkley,
1975), they were not analyzed for because they
are not used in the basin (Wisconsin Depart-
ment of Agriculture, Trade, and Consumer Pro-
tection, 1985). Generally, herbicides are less
toxic to smallmouth bass than most insecticides.
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Summary statistics of the pesticides sampled for
during 1987-90 are listed in table 9.

Pesticides in Water-Sediment Mixture

All samples contained insecticide concentra-
tions below the detection limit except for one
sample collected at the Little Platte River. This
sample had a carbofuran concentration of
0.44 ng/L. The LCsy96 hr (lethal concentration
for 50 percent of test organisms after 96 hours
exposure) for bluegills (same family as small-
mouth bass) for carbofuran is 250 ug/L (Johnson
and Finley, 1980). The maximum Little Platte
River concentration was well below the lethal
concentration for carbofuran.



Table 9. Summary of pesticide data in water-sediment mixture samples for the study streams, 1987-90

[Units in micrograms per liter unless specified otherwise; <, less than analytical reporting limit; Max, maximum;
Min, minimum; --, no statistics calculated; ND, not detected]

Livingston Branch of

Little Platte River Pecatonica River Rattlesnake Creek Sinsinawa River
Number Number Number Number
of of of of
Pesticide samples Max . Min samples Max Min samples Max Min samples Max Min
L icid
Chlorpyrifos 11 <1 - 7 <1 -- 4 <1 - 6 <8 -
Phorate 11 ND -- 7 ND -- 4 ND -- 6 <.60 --
Terbufos 11 <.60 - 7 ND - 4 <.50 -- 6 <.50 --
Fonofos 11 ND - 7 ND -- 4 <.20 -- 6 ND -
Carbofuran 11 .44 ND 7 <16 - 4 <20 - 6 <33 ND
Herbicid
Metolachlor 11 12 ND 7 2 ND 4 ND -- 6 110 ND
Atrazine 11 15 1 7 14 <.28 4 34 ND 6 97 11
Alachlor 11 3 ND 7 22 ND 4 5.9 ND 6 29 ND
Cyanazine 11 8.3 ND 7 16 ND 4 28 ND 6 84 ND

Detectable concentrations of herbicides
were found in water-sediment mixture samples
from all of the stations (table 9). Herbicide con-
centrations were highest at the Sinsinawa
River; the highest concentration was for meto-
lachlor, at 110 pg/L, and concentrations of
atrazine and cyanazine were the next highest at
97 ug/L and 84 ng/L, respectively.

Herbicides were detected at the other three
sites, except for metolachlor at Rattlesnake
Creek. The concentrations of the herbicides at
the other three sites were all lower than the con-
centrations at the Sinsinawa River (table 9).

Herbicides are more likely to affect primary
producers (algae and macrophytes) than small-
mouth bass. Smallmouth bass and macroinver-
tebrates can be affected by herbicides through
disturbance of the food chain. Smalimouth bass
in the fry and juvenile life stages would be the
most severely affected. Moreover, macroinverte-
brates that feed on the primary producers would
be more directly affected by disturbance of the
food chain than would smallmouth bass.

Pesticides in Bottom Materials

Pesticides that are carried in the water col-
umn can be deposited in the streambed.
Bed-material samples were collected and ana-
lyzed for the same pesticides that were analyzed
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for in the water-sediment mixture. Endosulfan,
an insecticide, was also analyzed for in the bed-
material samples. Endosulfan, which is highly
toxic, can accumulate in bed materials. No pes-
ticides were found above an analytical reporting
limit in the bed-material samples.

Summary

A severe drought affected surface-water
characteristics in southwestern Wisconsin and
the upper Midwest in 1988 and 1989. Precipita-
tion in all four study basins was below normal in
1988 and 1989. Precipitation ranged from 9.91
to 12.42 in. below the 1951-80 normal precipita-
tion of 32.88 in. Combined May and June
precipitation greater than 7 in. can adversely
affect smallmouth bass reproductive success.
Total precipitation for May and June was less
than 7 in. in 1988 and 1989, but greater than
7 in. in 1987 and 1990 in all four basins.

Annual mean discharge was lowest in 1989
at all four basins except for Rattlesnake Creek.
Rattlesnake Creek had the lowest mean annual
discharge in 1990. Years with low overland-flow
runoff during the critical reproductive period for
smallmouth bass (mid-May to mid-July) will
usually result in good reproductive success.
Overland-flow runoff at all four sites was very
low in 1988--less than 5 percent of the total run-
off during the critical period. The trend of low



overland-flow runoff continued in 1989 at the
four sites. Overland-flow runoff increased at
Rattlesnake Creek and Livingston Branch of the
Pecatonica River in 1990; during the critical
period, overland-flow runoff at Livingston
Branch of the Pecatonica River was 1.38 in.
(70 percent of total runoff).

Another determinant of smallmouth bass
abundance is a stable stream stage during the
critical reproductive period. Stream stages were
stable in 1988 and 1989 at all four basins. No
stream stages rose 0.5 ft or greater. These stable
stream stages were conducive to good reproduc-
tive success of smallmouth bass. In contrast, all
four streams rose by greater than 0.5 ft during
the critical period in 1990. Stream stages rose
by more than 10 ft in one day at Livingston
Branch of the Pecatonica River and by more
than 7 ft at the Little Platte River.

The un-ionized fraction of ammonia nitro-
gen as N was occasionally above the Wisconsin
standard of 0.04 mg/L at all four sites. The max-
imum concentration measured, 0.10 mg/L at
Rattlesnake Creek, was below the concentra-
tion toxic to smallmouth bass.

Short-term high concentrations of sus-
pended solids exceeded published standards for
maintaining warmwater fisheries. These ele-
vated concentrations lasted for short periods of
time only and were not thought to be particu-
larly harmful to smallmouth bass populations.

Dissolved-oxygen  concentrations  were
reduced to or below the reported concentration

33

necessary for smallmouth bass survival of
1 mg/L during storms in 1987 at Rattlesnake
Creek and Livingston Branch .of the Pecatonica
River. In 1988, dissolved-oxygen concentrations
were reduced to near 1 mg/L during storms at
Livingston Branch of the Pecatonica River and
the Sinsinawa River. In 1989, dissolved-oxygen
concentrations in the Little Platte River and
Rattlesnake Creek were at or near 1 mg/L dur-
ing storms. In 1990, only Rattlesnake Creek and
Livingston Branch of the Pecatonica River had
dissolved-oxygen concentrations near or below 1
mg/L. These dissolved-oxygen concentration
reductions to below 1.0 mg/L or near zero all
occurred during or just after increasing stream-
flows that resulted from precipitation. Dis-
solved-oxygen concentrations in all of the
streams were frequently below 5 mg/L, the
reported minimum tolerable dissolved-oxygen
concentration of the early life stages of small-
mouth bass during the critical reproductive
period. Dissolved-oxygen concentrations also
were below 3 mg/L (the reported minimum toler-
able dissolved-oxygen concentration of the adult
life stage) for numerous days during the study.

Samples of water-sediment mixture and bed
material were analyzed for herbicides and insec-
ticides. Herbicides, primarily the triazines, were
found at all of the sites but at concentrations
that were probably not directly harmful to
smallmouth bass. One sample from the Little
Platte River had a detectable carbofuran con-
centration, but it was well below the concen-
tration lethal to fish. No pesticides were
detected in any of the bed-material samples at
any of the sites.



MACROINVERTEBRATE
POPULATIONS

by Richard A. Lillie3 and
Roger A. Schlesser

Populations in Study Streams

Macroinvertebrates are excellent indicators
of water quality and have several advantages
over fish as biomonitors of water quality
because of their relatively sedentary nature.
Because macroinvertebrates spend most of their
life cycle within small areas of a river, even
short-term, minor environmental perturbations
can have long-lasting effects on macroinverte-
brate communities (Berkman and others, 1986).
In this study, macroinvertebrate data were eval-
uated in context with changes in, and
differences among, hydrology and water quality
in the four study streams.

A number of qualitative and quantitative
attributes of macroinvertebrate communities
were used to measure changes in water quality.
These attributes, or metrics, differ in their sen-
sitivities to various forms of contamination.
Taxa richness generally responds directly to
changes in water quality (that is, the greater the
numbers of macroinvertebrate taxa, the better
the water quality). The number of Ephemerop-
tera (mayflies), Plecoptera (stoneflies), and Tri-
choptera (caddisflies) (EPT) taxa richness also
corresponds directly to changing water quality
and is considered more sensitive to contamina-
tion than total taxa richness (Plafkin and
others, 1989).

The abundances of total macroinvertebrates
or various selected taxa provide some indication
of standing crop and trophic status. Very high
abundances of pollution-tolerant taxa can indi-
cate nutrient enrichment and high trophic
status. Conversely, low abundances of macroin-
vertebrates can be associated with either good
(low concentrations of nutrients) or poor (high

3Wisconsin Department of Natural Resources,

1350 Femrite Drive, Monona, WI 53716.

4Wisconsin Department of Natural Resources, Southern
Headquarters, 3911 Fish Hatchery Road, Fitchburg, WI
53711.
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concentrations of nutrients) water quality. In
the former case, low nutrient availability limits
production, whereas in the latter case, either
hydraulic washout, substrate abrasion, or toxics
may limit or reduce production.

Differences in taxa composition (percentage
of total) among rivers should also correspond
with basic differences in either water quality or
physicochemical data. The abundance and rela-
tive composition of functional-feeding classes of
macroinvertebrates within rivers can be infor-
mative. For example, the relative contribution
of organisms whose primary mode of food gath-
ering is by scraping (scrapers) provides some
indication of the availability of periphyton (pri-
marily diatoms) in the river. If organic
enrichment is excessive, the periphyton commu-
nity can take the form of filamentous algae,
scrapers cannot feed efficiently, and they may
decline in abundance. In contrast, filamentous
algae make ideal attachment sites for organisms
that obtain their food by filtering (filter feeders).
The ratio between scrapers and filter feeders
has also been proposed as an index to water
quality. Large populations of midges (chirono-
mids), relative to other taxa, may indicate
different forms of environmental stress, includ-
ing possible heavy-metal contamination. The
ratio of EPT taxa to midges also has been pro-
posed as an indicator of the health of the
community.

An even balance among mayflies, stoneflies,
caddisflies, and midges indicates a stable biotic
condition. The presence of large numbers or a
disproportionate number of shredders indicates
greater availability of coarse particulate organic
matter (CPOM), defined as greater than 1 mm.
The relative contribution of those organisms
that feed primarily on fine particulate organic
matter (FPOM), defined as less than 1 mm, has
been used as an environmental indicator in
Texas (Twidwell and Davis, 1989). High per-
centages of FPOM-feeding organisms indicate
limited aquatic use or poor water quality. Filter
feeders (primarily caddisflies) and collector/
gatherers (mostly midges) both utilize fine par-
ticulate matter as their primary food source.
The degree of similarity among macroinverte-
brate communities (based on functional-feeding
classes) can be useful in evaluating the direction
of trends in water quality (Pontasch and Brus-
ven, 1988; Pedersen and Perkins, 1986).









(SAS, 1985). All taxa, except riffle beetles,
increased in abundance from October 1988 to
October 1989. Scrapers and collector/gatherers
declined significantly during the period Octo-
ber 1987 to October 1988 (probability is less
than 5 percent); filter feeders declined during
1988 (however, probability is greater than
5 percent), but returned to near the initial levels
of abundance in 1989 (fig. 14). The abundances
of several taxa and functional classes were sig-
nificantly higher in the main study reach than
in tributaries (probability is less than 5 per-
cent). Mayflies were more abundant at up-
stream stations in the main study reach during
the October 1987 sampling period (probability is
less than 5 percent).

A mixture of caddisflies, midges, and riffle
beetles dominated the macroinvertebrate fauna
of the Little Platte River, and mayflies were of
secondary importance. The relative contribu-
tion of riffle beetles (scrapers) was significantly
reduced during October 1989 (probability was
less than 5 percent). Among functional-feeding
classes, collector/gatherers and filter feeders
predominated, but scrapers occasionally were
relatively abundant (fig. 14). Riffle beetles,
midges, and predators were significantly more
abundant at stations in the main study reach
than in tributaries in October 1987 (probability
is less than 5 percent). Mayflies were more
abundant at upstream stations relative to down-
stream stations within the main study reach in
October 1987 (probability was less than 5 per-
cent). The contribution of FPOM processors,
which was generally quite high in the Little
Platte River, declined substantially during the
fall 1988 sampling period (table 10). The per-

centage of FPOM organisms increased,
however, during the subsequent sampling
period.

Bray-Curtis dissimilarity coefficients pro-
vide some indication of relative change in com-
munity composition (functional-feeding classes)
of main study segments among dates (Bray and
Curtis, 1957) (table 11). The community compo-
sition of the Little Platte River changed very
little over the first winter of the study, as indi-
cated by low dissimilarity values (table 11).
Community composition changed substantially
between spring of 1988 and fall of 1988, how-
ever, accounting for an even larger degree of
dissimilarity between the fall 1987 and fall 1988
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communities. The high dissimilarity between
the fall 1988 and fall 1989 communities seems to
represent a reversion to 1987 conditions, as evi-
denced by the low dissimilarity between fall
1987 and fall 1989 communities.

Biotic-index (BI) values in the Little Platte
River ranged mostly from good to fair (fig. 15).
Overall water quality, based on both sets of BI
values, was rated as good (table 12). There was
some indication that water quality deteriorated
within the Little Platte River during the study
(fall 1988 to spring 1989, fig. 15). BI values from
samples taken by personnel of the Dodgeville
area WDNR office (six sampling dates with
three replicates per sampling date) were slightly
higher during the last three sampling periods,
and BI values from samples taken by personnel
of the Water Resource Research section of the
WDNR (three sampling dates with six replicates
per sampling date) increased (indicating deteri-
orating water quality from fall 1987 to fall 1989;
table 12). BI values in tributaries were higher
than in the main study reach on all three dates
(table 13). On one occasion, the Rountree
Branch tributary had a lower BI (improving
water quality) than main study stations
(fig. 15).

Livingston Branch of the Pecatonica River

Forty-four macroinvertebrate taxa were col-
lected from Livingston Branch and its tribu-
taries., Total taxa richness within the main
study reach ranged from 11 to 22 taxa, and
mean total taxa richness increased slightly dur-
ing the fall 1989 sampling period (fig. 16). EPT
taxa richness ranged from 1 to 8 (fig. 16). Spring
samples generally contained fewer EPT taxa
than fall samples. Total taxa counts were lowest
during the fall 1987, whereas EPT taxa counts
were lowest during the spring 1989 sampling
period.

Mean total macroinvertebrate abundance
ranged from 3,130 to 12,200 individuals/m? and
averaged 7,420 individuals/m? for the four sam-
pling dates. Total macroinvertebrate abun-
dance declined from October 1987 to May 1988
(decreased 75 percent) and then partially recov-
ered (increased 125 percent) by October 1988.
This abundance level was maintained through
October 1989 (fig. 17). Most changes in total
numbers were attributable to fluctuations in the



Table 10. Percentage of relative contribution of taxa feeding primarily on fine particulate organic
matter, by river, station, and date

Percentage of relative contribution

Stream Station(s) October 1987 May 1988 October 1988 October 1989

Little Platte River Main 76 72 58 89
Tributaries 82 66 52 76

Livingston Branch of  Main 83 64 82 79
the Pecatonica River Tributaries 90 61 78 69
Rattlesnake Creek Main 58 46 55 53
Tributaries 55 47 51 48

Sinsinawa River Main 71 76 69 69
Tributaries 67 62 69 77

Table 11. Bray-Curtis dissimilarity coefficients for macroinvertebrate communities in the
Little Platte River

[Maximum dissimilarity = 1; maximum similarity = 0; --, no comparison]

Spring 1988 Fall 1988 Fall 1989
Fall 1987 0.095 0.514 0.284
Spring 1988 -- 455 410
Fall 1988 -- -- 419

caddisfly population (filter feeders) (fig. 17).
Decreases in the caddisflies were partially offset
by increases in the midges, which were at an
unusually low abundance in October 1987. Riffle
beetles decreased 68 percent, and mayflies
increased 125 percent from October 1987 to
October 1989 (fig. 17). None of the changes from
October 1987 to October 1989, however, were
statistically significant at the 5-percent proba-
bility level. Mayflies were significantly more
abundant in the main study reach than in the
tributaries of Livingston Branch during October
1987 and October 1989 (probability is less than
5 percent), and non-insect taxa and shredders
(primarily isopods) were more abundant
upstream than downstream during the October
1989 sampling period (probability is less than
0.1 percent).

Caddisflies were dominant on all of the sam-
pling dates, except for May 1988, when midges
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and riffle beetles were dominant (fig. 17). Filter
feeders and collector/gatherers dominated
among the feeding groups during the study
period except for October 1987 when scrapers
and shredders were greater than collector/gath-
ers (fig. 17). The decline in caddisflies and the
increase in midges noted in the May 1988 sam-
ple are reflected in the corresponding decrease
in filter feeders and increase in collector/gather-
ers (fig. 17). Riffle beetles (and scrapers)
composed a significantly greater proportion of
the total invertebrates downstream than up-
stream, and mayflies were proportionately more
common within the main study reach than in
the tributaries in October 1987 (probability is
less than 1 percent). Representation of FPOM
processors decreased substantially from October
1987 to May 1988 in both tributaries and the
main study reach (table 10), and recovery (as
indicated by a return to initial levels) was more
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Table 12. Summary of biotic-index assessments for the study streams from Water Resources Research
data and Wisconsin Department of Natural Resources, Dodgeville area data

[DA, Dodgeville area data; WRR, Water Resources Research data; --, no data]

Livingston
Little Platte Branch of the Rattlesnake
River Pecatonica River Creek Sinsinawa River
Sampling period
or statistic DA WRR DA WRR DA WRR DA WRR
Fall 1987 5.30 5.12 5.95 5.76 5.98 6.62 5.78 6.04
Spring 1988 5.23 5.33 5.38 5.97 5.62 6.84 5.11 6.11
Fall 1988 5.03 -- 5.43 - 6.51 - 5.60 --
Spring 1989 5.77 -- 5.97 - 5.53 - 5.53 -
Fall 1989 5.55 5.53 542 5.58 5.80 5.89 5.72 5.94
Spring 1990 5.53 -- 5.75 - 5.89 -- 5.45 --
Mean of sampling 5.40 5.33 5.65 5.77 5.89 6.45 5.60 6.03
date
Standard deviation 27 .20 .28 .20 .35 .50 .13 .09
Standard error A1 12 11 A1 14 29 .05 .05
Coefficient of 5 4 5 3 6 8 2 1
variation

(in percent)

complete in the main study reach than in the
tributaries by October 1989.

Seasonal dissimilarities in community com-
position (functional classes) were more pro-
nounced than annual (fall to fall) changes in
community composition in Livingston Branch of
the Pecatonica River (table 14). The 1989 fall
community was more similar to the fall 1987
community than to the fall 1988 community.

Individual BI values ranged from good to
fairly poor (fig. 15). Mean Dodgeville area BI
values (5.65) indicated fair water quality and
corresponded with mean Water Resources
Research BI values of 5.77 (fair water quality)
(table 12). BI values in tributaries were gener-
ally higher (poorer water quality) than BI
values in the main study reach (fig. 15 and table
13); however, the upper tributary generally had
BI values better than or comparable to the main
study reach. Water quality improved down-
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stream during fall 1987 and spring 1988 sam-
pling periods. No spatial trends were apparent
during fall 1989 (fig. 15).

Rattlesnake Creek

Fifty-four macroinvertebrate taxa were col-
lected from Rattlesnake Creek and its tri-
butaries during the study. Total taxa richness
within the main study reach ranged from 9 to 23
taxa, and mean taxa richness increased slightly
(and steadily) from fall 1987 through fall 1989
(fig. 18). EPT taxa richness ranged from 2 to 9,
and mean EPT taxa richness was nearly con-
stant during the study (fig. 18).

Mean total macroinvertebrate abundance
ranged from 3,420 to 13,200 individuals/m? and
averaged 7,560 individuals/m? for the four sam-
pling dates. Total macroinvertebrate abun-
dance declined by more than 50 percent from
October 1987 to October 1989 (fig. 19), but this



Table 13. Mean biotic-index values by location within study streams and tributaries

[--, no data]
o Upstream Downstream Main stations
Tributaries?, (F-D), (A-C), (A-F),
N is variable N=3 N=3 N=6
Standard Standard Standard Standard

Stream and date

Mean deviation Mean deviation Mean deviation Mean deviation

Little Platte River

Frall 1987 5.56 -- 5.01
Spring 1988 5.98 0.05 5.34
Fall 1989' 5.85 .97 5.78
Livingston Branch of

the Pecatonica

River
Fall 1987 6.77 +.39 6.25
Spring 1988 6.40 +.28 6.31
Fall 1989 5.79 +.60 5.55
Rattlesnake Creek
Fall 1987 5.74 47 6.97
Spring 1988 6.91 71 6.92
Fall 1989 5.87 .06 6.03
Sinsinawa River
Fall 1987 6.22 .32 5.96
Spring 1988 6.11 43 6.22
Fall 1989 5.80 .39 5.65

0.26 5.23 0.14 5.12 0.22
.04 5.33 15 5.33 .10
.65 5.29 .31 0.53 .53

+.23 5.27 .09 5.76 +.56
.39 5.75 .36 5.97 44
A7 5.61 .32 5.58 23
.54 6.27 25 6.62 .54
.28 6.76 40 6.84 32
.86 5.76 .30 5.89 .60
14 6.11 10 6.04 14
12 6.00 22 6.11 20
.63 6.21 .28 594 .53

I Includes upriver station.

change was not statistically significant at the
5-percent probability level primarily because of
the variability among the stations within Rat-
tlesnake Creek. The abundances of most
invertebrate taxa and functional classes de-
clined from October 1987 to October 1989, but
only decreases of midges and collector/gatherers
were statistically significant at the 5-percent
probability level (fig. 19). Mayflies doubled in
abundance from October 1987 to October 1988
and then declined significantly (75 percent) in
October 1989 (fig. 19). Midges, total insects,
scrapers, and collector/gatherers were signifi-
cantly less abundant at downstream stations
during October 1989 (probability was less than
5 percent). Macroinvertebrate abundances were
not significantly different between tributaries
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and the main study reach (probability was less
than 5 percent).

Midges dominated the macroinvertebrate
community of Rattlesnake Creek on all sam-
pling dates, and caddisflies, riffle beetles, and
mayflies were of secondary importance (fig. 19).
Among the functional-feeding classes, a combi-
nation of collector/gatherers, filter feeders, and
shredders predominated (fig. 19). Taxa that feed
primarily on FPOM accounted for approxi-
mately 50 percent of the total taxa present on
the main stream and tributary streams (table
10).

The temporal display of Bray-Curtis dissim-
ilarity coefficients observed in Rattlesnake
Creek probably represents a typical pattern
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Figure 16. Total taxa richness and Ephemeroptera, Plecoptera, and Trichoptera (EPT) taxa richness in
the Livingston Branch of the Pecatonica River, fall and spring 1987-90.

(table 15). The moderate amount of dissimilarity
noted between fall 1987 and spring 1988 (0.310)
and between spring 1988 and fall 1988 (0.344)
may represent normal seasonal fluctuations
associated with the synchronization of certain
taxa to the input and consumption of leaf matter
in the fall and winter months. Very little change
occurred between fall 1987 and fall 1988 (0.063).
The fall 1989 community was moderately dis-
similar to the fall 1987 and fall 1988 com-
munities and very dissimilar to the spring 1988
community.
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Individual BI values in Rattlesnake Creek
ranged from good to poor (fig. 20). Mean BI val-
ues collected by the Dodgeville area office (DA)
indicated fair water quality (5.89) and BI values
for the smaller Water Resources Research
(WRR) data set also indicated fair water quality
(6.45) (table 12). Mean BI values of tributaries
did not differ substantially from BI values of the
main study reach (table 13); however, Kuenster
Creek had much higher BI values representing
poorer water quality than the upstream station
during the fall 1987 and spring 1988 (fig. 20).



























The relative composition of selected taxa
and functional-feeding classes of the macroin-
vertebrate communities varied independently
among streams by date. There were, however, a
few distinct differences in composition or in tem-
poral trends among the streams. Rattlesnake
Creek had a higher percentage of non-insect
taxa, shredders, and predators than did the
other streams (probability is less than 5 per-
cent). The percentage contribution of midges
was relatively constant in Rattlesnake Creek in
comparison with wide seasonal fluctuations
observed in the other streams. The contribution
of filter feeders was consistently higher in Liv-
ingston Branch than in Rattlesnake Creek or
the Sinsinawa River on all sample dates. The
relative contribution of FPOM processors was
considerably lower in Rattlesnake Creek than
the other streams (table 10). A decrease in the
contribution of FPOM taxa in the Little Platte
River in October 1988 was not observed in the
other streams. The relative contribution of
FPOM taxa was relatively constant in main
study reaches and tributaries in Rattlesnake
Creek and the Sinsinawa River. The contribu-
tion of these taxa declined substantially in
tributaries on Livingston Branch and fluctuated
widely in both the tributaries and the main
study sites in the Little Platte River during the
study.

Community composition (functional class-
es), as measured by Bray-Curtis dissimilarity
coefficients, exhibited a considerable amount of
temporal variability within most rivers (tables
11, 14, 15, 16). If the pattern of changes ob-
served in Rattlesnake Creek from fall 1987 to
spring 1988, and from spring 1988 to fall 1988,
is assumed to be the norm (that is, some sea-
sonal changes may be expected, but annual
changes should be minimal), some conclusions
can be drawn from relative comparisons among
the streams. The community of the Little Platte
River changed very little during the winter of
1987-88 compared with changes in the other riv-
ers. The community of Livingston Branch
changed substantially during the same period.
Community composition in all of the streams
changed moderately during the summer of 1988.
The direction of change during the 1988-89
period, relative to the fall 1987 communities,
differed among the four streams. Community
composition in the Sinsinawa River during the
fall of 1989 was quite similar to the fall
1987 community. Communities in the other
streams during the fall of 1989 were moderately
dissimilar to the fall 1987 communities.

Interpretation of relative comparisons
among community compositions of the four riv-
ers (table 17) was complicated by the con-
siderable amount of annual variation in the ref-

Table 17. Bray-Curtis dissimilarity coefficient matrices based on comparisons of abundances of
functional-feeding groups between rivers, by date

[Maximum dissimilarity = 1; maximum similarity = 0]

Comparison Fall 1987 Spring 1988 Fall 1988 Fall 1989

Rattlesnake Creek versus 0.150 0.330 0.478 0.456
Sinsinawa River

Rattlesnake Creek versus Livingston 604 628 252 .560
Branch of the Pecatonica River

Rattlesnake Creek versus 485 .337 .306 .623
Little Platte River

Little Plate River versus 482 327 454 373
Sinsinawa River

Little Platte River versus Livingston 469 .633 324 118
Branch of the Pecatonica River

Sinsinawa River versus Livingston 594 402 521 526

Branch of the Pecatonica River
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erence river (the Little Platte River, table 11).
Because Rattlesnake Creek exhibited the least
average amount of change between fall samples
among the four rivers (table 15), two sets of rel-
ative comparisons were made--one comparison
with the Little Platte River as the reference and
another using Rattlesnake Creek as the refer-
ence. The communities of Rattlesnake Creek
and Livingston Branch became more similar to
the community of the Little Platte River from
fall 1987 to fall 1988, while the community in
Sinsinawa River remained more distinct (table
17). The spring 1988 community of Livingston
Branch of the Pecatonica River diverged sub-
stantially from that of the Little Platte River,
while the communities of the other two rivers
became more similar to that of the Little Platte
River. For this comparison, in which the Little
Platte River community represents the best
water-quality conditions (best biotic-index val-
ues and fisheries), it would appear that the
water quality of Rattlesnake Creek and Living-
ston Branch Creek improved from fall 1987 to
fall 1988. If Rattlesnake Creek is the control,
the communities of both the Little Platte River
and Livingston Branch became more similar to
that of Rattlesnake Creek, while the communi-
ties of the Sinsinawa River became more
dissimilar to that of Rattlesnake Creek.

Water quality, as determined by BI values,
generally was better in the Little Platte River
than in the other streams from fall 1987 to fall
1988; however, water quality deteriorated in the
Little Platte River during the winter of 1988-89.
The trends in water quality in Livingston
Branch paralleled that of the Little Platte River
during the same time period. Water quality
remained quite stable in the Sinsinawa River,
and water quality improved substantially in
Rattlesnake Creek during the same time period.
Bl values (table 12) in the Sinsinawa River
remained quite stable during the study. Rattle-
snake Creek had higher BI values (poorer water
quality) than the other streams on five of the six
sampling dates. The apparent decline in water
quality in Rattlesnake Creek during the sum-
mer of 1988 was not observed in the other rivers.
BI values differed substantially between some
tributaries and main study reaches within indi-
vidual rivers (table 13). With some exceptions,
water quality was generally poorer in tributar-
ies than in the main study reaches, and water
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quality was better at the downstream stations of
the main study reaches.

The BI data support the conclusion based on
the dissimilarity index comparisons that water
quality of the four rivers became more similar
from 1987 to 1989. Water quality in the Little
Platte River seemed to deteriorate, while water
quality in Livingston Branch seemed to improve
slightly.

Relation of Hydrology and Water
Quality to Macroinvertebrate
Populations

Despite the normal amount of spatial and
temporal variability in the macroinvertebrate
data, some distinct relations were observed
among various aspects of the hydrology, water
quality, and macroinvertebrates. These rela-
tions represent associations and do not
necessarily indicate a direct cause-effect rela-
tion.

Geomorphic and hydrologic characteristics--
such as stream order, watershed size and
stream gradients, hydrologic regimes of rivers,
and frequency and magnitude of stream dis-
charge--can directly influence macroinverte-
brate community composition (Vannote and oth-
ers, 1980; Poff and Ward, 1989; Pedersen and
Perkins, 1986; Resh and others, 1988; Rosillion,
1989; Rae, 1990). The Little Platte River is sub-
stantially larger than the other streams, with a
watershed size twice that of next largest stream
(Rattlesnake Creek) and an average stream
width approximately 33 percent wider than Rat-
tlesnake Creek and the Sinsinawa River.
Livingston Branch is the smallest of the streams
in the study. Stream gradient is high in the two
small streams (Livingston Branch and Sinsi-
nawa River). Average annual discharge was
much higher in the Little Platte River than the
other streams. Large floods can completely dev-
astate macroinvertebrate populations and
disrupt community structure if the scouring is of
sufficient intensity. Recolonization or recovery
may be set back by repeated flooding and desta-
bilization of the streambed. The regularity or
periodicity of floods can directly influence com-
munity structure. Under normal hydrologic
conditions, some differences in the macroinver-
tebrate communities might have been expected
to occur as a consequence of natural differences



in the geomorphology and hydrologic regimes of
the four streams. As a consequence of the
drought, however, fewer storms occurred in all
the streams (the greater than 100-year storm in
Livingston Branch of the Pecatonica River
occurred after the last macroinvertebrate samp-
ling period) and thus an uncharacteristically
stable environment for macroinvertebrate
development was found. The decreased fre-
quency and intensity of storms may have
permitted partial recolonization by uncommon
or sensitive taxa. This possibility is substan-
tiated by an observed increase in total taxa rich-
ness in three of the four streams. A similar
response was not observed in the Little Platte
River, possibly because of moderate flooding
before the spring sample period in 1989, or
because of declines in water quality that offset
the benefits of increased hydraulic and sub-
strate stability.

Stream size and discharge also affect bottom
substrate, which forms the habitat for most
invertebrate taxa. The amount of rock or gravel
substrate present will greatly affect the abun-
dance of those taxa that either feed on or live in
these coarse substrates. Rock substrate was
more common in Rattlesnake Creek and the Lit-
tle Platte River than in Livingston Branch or
the Sinsinawa River. These differences probably
account for the greater abundance of scrapers
and the presence of a few taxa of mayflies in
Rattlesnake Creek and the Little Platte River.

High loadings of suspended solids, silt, and
turbidity associated with storms will control the
rate and the amount of deposition, which also
can greatly influence macroinvertebrate com-
munity composition (Roback, 1978). Although
some forms of suspended solids serve as food to
filter feeders, the quality of suspended solids as
a food source varies with the size and composi-
tion of particles, the quality of the material, and
potential toxics attached to the particles.

Changes in trophic status, which may be
occurring (Mason and others, 1990), can affect
macroinvertebrate community composition.
Nutrients can act either independently or syner-
gistically with inorganic sedimentation to
eliminate taxa (Lemly, 1982). Nutrients can
support aquatic plant growth, which serve both
as habitat and food for macroinvertebrates.
Scrapers feed upon benthic diatoms (either on
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rocks or plants), whereas filter-feeders gener-
ally attach themselves to plants and filamen-
tous algae where they feed on suspended
particles. Thus, the composition of the periphy-
ton community can directly affect the relative
composition of scrapers or filter-feeders in a
river. Nutrient inputs of phosphorus from the
wastewater-treatment plant at Platteville (or
other unidentified point sources) may have sup-
ported greater quantities of attached algae (for
example, diatoms) that in turn may have con-
tributed to the greater abundances of riffle
beetles (and scrapers) in the Little Platte River.
The drought may have been responsible for the
observed changes in the macroinvertebrate com-
munity in the Little Platte River from 1988 to
1989. The lack of dilution water for the waste-
water-treatment plant effluent may have
contributed to wider diurnal dissolved-oxygen
fluctuations (produced by plant photosynthesis
and respiration) (Chessman and Robinson,
1987). These subtle differences in dissolved-
oxygen regimes may have caused the slight
increase observed in Bl values (decreased water
quality) in the Little Platte River. Before the
drought, the Little Platte River had the best
water quality of the four rivers (based on biotic
index and fisheries) despite also having had
high total-phosphorus concentrations.

Competition for available food resources and
predator-prey relationships may also have influ-
enced macroinvertebrate community structure
(Jacoby, 1987; Gilliam and others, 1989; Reice,
1991). The decreased importance of midges in
Livingston Branch may have resulted from
interspecific competition between filter feeders
and collector/gatherers. Alternatively, this dif-
ference may have resulted from decreased
sedimentation rates (and greater flushing rates
within riffles). Grazing of benthic algae by her-
bivorous fish species (Stewart, 1987) also may
have altered macroinvertebrate community
structure within the streams, but the extent of
this effect cannot be determined because
instream vegetative cover was not measured.
Such interspecific competition between fish and
macroinvertebrates for vegetative food re-
sources has been demonstrated to be more
intense during periods of stable flow (Hart and
Robinson, 1990).

Physicochemical differences among streams
might produce some of the other dissimilarities



in macroinvertebrate communities. The slightly
higher base-flow turbidities and suspended sol-
ids found in Livingston Branch might account
for the decreased importance of predators
(reduced visibility) and scrapers (burial by sedi-
ments). In contrast, the relatively low base-flow
suspended-solids concentrations in Rattlesnake
Creek and the Little Platte River possibly
account for the greater importance of predators
and scrapers in these rivers.

Effects of pesticides and herbicides on mac-
roinvertebrate communities have been well
documented in England (Muirhead-Thompson
1987, 1988), but few studies have been done in
this country. Monitoring herbicide concentra-
tions in runoff from agricultural lands is diffi-
cult because measurable concentrations are
transient and short lived (Huckins and others,
1986; Pratt and others, 1988), and detecting a
direct cause-and-effect relation between herbi-
cides and macroinvertebrates is difficult be-
cause of other factors associated with nonpoint--
source runoff. Maximum atrazine concen-
trations measured in Rattlesnake Creek and the
Sinsinawa River exceeded the maximum allow-
able toxicant concentration of 17.9 pg/L estab-
lished for dissolved-oxygen response by Pratt
and others (1988). Low-level doses of certain
herbicides also may adversely affect biota by
stimulating algal production (Dewey, 1986),
thereby increasing the magnitude of diurnal
photosynthesis-respiration dissolved-oxygen re-
gimes (Pratt and others, 1988). Concentrations
of pesticides in the Sinsinawa River may have
been high enough to affect the macroinverte-
brate community.

Dissolved-oxygen reductions may be detri-
mental to the macroinvertebrate population.
~ Macroinvertebrate taxa differ in their tolerance
to low dissolved-oxygen concentrations. Many
taxa, particularly stoneflies, mayflies, and cad-
disflies, are more sensitive (less tolerant) than
other taxa to low dissolved-oxygen concentra-
tions. These differences in tolerances form the
basis for the use of the EPT richness index and
BI in water-quality assessments. The timing of
low dissolved-oxygen episodes relative to the life
cycle of the particular invertebrate is critical
(Resh and others, 1988; Poff and Ward, 1989).
Therefore, it is almost inconsequential whether
the low dissolved-oxygen concentrations occur
during storms or during base flow. If a low dis-
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solved-oxygen episode coincides with the
occurrence of a particular sensitive taxa at any
time other than the adult stage, the taxa has the
possibility of being eliminated. An exception
may be those taxa that undergo a period of esti-
vation or diapause (state closely resembling
hibernation), an evolutionary adaptation that
permits an organism to survive a hazardous
period during its life cycle. .Dissolved-oxygen
regimes were fairly similar among all the
streams; however, dissolved-oxygen concentra-
tions were higher in 1987 and lower in 1989 in
the Little Platte River than during correspond-
ing sampling periods in the other streams.
These subtle differences may have contributed
to the observed increase in BI values (deterio-
rating water quality) during spring 1989 in the
Little Platte River.

Many of the temporal changes or differences
in macroinvertebrate data detected within and
among rivers seemed to indicate asynchronous
changes in water quality; however, no specific
relations with hydrology or physicochemical
water-quality characteristics could be distin-
guished. For example, although water quality
seemed to decline in the Little Platte River and
Livingston Branch from fall 1988 through
spring 1989 (BI values increased), water quality
in Rattlesnake Creek seemed to improve sub-
stantially, and water quality in the Sinsinawa
River remained stable. This apparent deteriora-
tion in water quality in the Little Platte River in
spring 1989 was not corroborated by the other
metrics. It is not clear whether the increase in
macroinvertebrate Bl values was related to the
apparent decline in dissolved-oxygen regimes
noted during 1989 or to the early spring flood-
ing. Neither the spring flooding nor the lower
dissolved-oxygen regimes had any apparent
effect on taxa richness or other metrics.

Summary

Water quality, based on macroinvertebrate
biotic-index data, appeared to be slightly better

in the Little Platte River than in the other

streams in October 1987. By October 1989, no
significant differences in water quality were
detectable among the streams. Water quality in
Rattlesnake Creek, Livingston Branch, and the
Sinsinawa River improved slightly during the
drought, probably as the result of increased
hydraulic stability coincident to reduced flood-



ing. In contrast, water quality in the Little
Platte River deteriorated during the drought,
because of dissolved-oxygen reductions caused
by reduced capacity of base flow to assimilate
and dilute phosphorus concentration from a
wastewater-treatment plant in Platteville. Mac-
roinvertebrate composition differed among
streams in accordance with differences in
stream size, discharge, and the effect of these
differences on substrate composition and food-
resource pathways. The number of detectable
differences in invertebrate abundances among
streams decreased from 1987 through 1989,
indicating that the streams either became more
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similar in 1989 or that variability within
streams increased in 1989, masking natural dif-
ferences. Water quality (BI values) and
macroinvertebrate abundances were adversely
affected in most tributaries; this finding indi-
cates that water-quality problems either origi-
nated in headwater areas or were more severe in
tributaries than in main river reaches. Herbi-
cides and insecticides may be affecting macroin-
vertebrate abundances and compositions, but
definite conclusions about the effects of pesti-
cides are impossible on the basis of available
data.



SMALLMOUTH BASS
POPULATIONS

by J.W. Mason?, J.D. Lyons®, and
R.A. Kerr?

Populations in Study Streams

Smallmouth bass (Micropterus dolomieui)
are the only top carnivorous fish native to many
southwestern Wisconsin streams, and they are
the primary sport fishery species in the streams
they inhabit. Their habitat and water-quality
requirements are quite specific (Schneberger,
1972; Edwards, 1982). Smalilmouth bass are
very sensitive to environmental degradation.
They coexist with varying numbers of other fish
species in southwestern Wisconsin streams,
and, along with several closely associated spe-
cies, seem to be a good indicator of water quality
(Lyons and others, 1988). Changes in population
number, age structure, or health of the popula-
tion can be indicative of water-quality
degradation. Results of smallmouth bass popu-
lation monitoring on the four study streams
were used to define the relations among fish
populations, hydrology, and water quality.

Little Platte River

The Little Platte River and the Galena River
(Forbes, 1989) were apparently the only known
streams where serious declines in the small-
mouth bass populations had not taken place by
the mid-1980's. In 1984, the Little Platte River
had a viable smallmouth bass population (R.A.
Kerr, Wisconsin Department of Natural
Resources, unpublished data, 1985). Therefore,
the Little Platte River seemed to be the best
choice as the reference stream even though it
was larger than the other three streams.

Study of the Little Platte River was
intended to provide information on smallmouth
bass population dynamics in a stream that was
relatively unaffected by water-quality problems.
Previous studies of smallmouth bass population
in streams in the Driftless Area Ecoregion

SWisconsin Department of Natural Resources

3911 Fish Hatchery Road, Fitchburg, WI 53711.
bWisconsin Department of Natural Resources,

1350 Femrite Drive, Monona, WI 53716.

"Wisconsin Department of Natural Resources,

Wilson Nursery, 5350 Hwy. 133 E., Boscobel, WI 53805.
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revealed that populations were characterized by
large seasonal and annual variability. The vari-
ability was found even in streams where habitat
was good or excellent (Brynildson and others,
1959; Brynildson and Truog, 1965; Paragamian,
1984; Forbes, 1985, 1989). The information on
past fluctuations of smallmouth bass popula-
tions in southwestern Wisconsin streams
provides evidence of the dynamic nature of these
populations, apparently caused by natural phe-
nomena. With these anticipated natural
population swings in the control stream, small-
mouth bass population declines caused by
water-quality degradation in the other three
study streams were to be compared; however,
results showed that the Little Platte River had
water-quality problems, and extensive small-
mouth bass movement into and out of the study
reach; therefore, critical evaluation of changes
in the smallmouth bass population caused by
poor water quality was difficult.

Results of smallmouth bass population sur-
veys (one shocker run) in the Little Platte River
from June 1987 through September 1990 are
listed in table 18. Surveys made in the summer
of 1987 revealed a low population of Age I or
older smallmouth bass; by May 1988, however,
the population had increased not only because of
movement of Age II and older smallmouth bass
into the study reach, but also because of the
recruitment of a good 1987 year class. The pop-
ulation was largest in September 1988, when
the study reach held large numbers of Age 0 and
older smallmouth bass. Mason and others (1991)
determined that smallmouth bass densities and
biomass in 1988 were comparable to the highest
population densities and biomass for the region,
previously reported by Paragamian (1984) and
Forbes (1989). Reproduction was also very suc-
cessful in 1988 and 1989, and large numbers of
Age 0 smallmouth bass were found in Septem-
ber; however, the number of older bass (Age II or
greater) in the study reach declined in 1989. The
May 1989 survey, which found few smallmouth
bass, was preceded by a spring flood on March
11 with a maximum discharge of 2,970 ft%s
(table 3). The population of Ages I, II, and adult
smallmouth bass increased between May and
July 1989, because of movement into the study
reach. Smallmouth bass tagging studies in 1989
provided further evidence of movement or mor-
tality; only a small number of the fish tagged in
spring and summer were still residing in the















data from different drainage basins is not the
best method for establishing the relation
(Mason and others, 1991). The relation can best
be established through continuous streamflow
data and reliable information on late summer or
fall Age 0 smallmouth bass fingerling numbers
collected in the same stream systems. Because
of the effects of overland runoff, correlation
should be good between stream-stage rises dur-
ing the critical period and numbers of Age 0
smallmouth bass found later in the year. During
the drought years of 1988 and 1989, there was
virtually no overland runoff and no significant
stage rise in any of the study rivers from mid-
May to mid-July (tables 3 and 4). Good numbers
of Age 0 smallmouth bass were found in the
study rivers in August and September (table
20). Discharge data for 1987 are not complete for
any stream, and in Rattlesnake Creek, there
was one stage rise of greater than 4.0 ft and
later water-quality problems may have affected
the number of Age 0 bass caught in the study
reach in August. In 1990, however, there were
stream-stage rises greater than 1.0 ft during the
critical period in all four study streams; stage
rises greater than 10 ft and 7 ft were recorded in
Livingston Branch and the Little Platte River,
respectively (table 4). Population surveys in
August and September showed Age 0 small-
mouth bass numbers were very low in all the
streams (table 20).

The relation between overland-flow runoff
during the critical period and smallmouth bass
year class strength is further illustrated by fig-
ure 25. Use of data collected during 1987-90,
available historical WDNR smallmouth popula-

tion data, and USGS streamflow records on the
same stream systems indicate that the data are
sharply divided. When overland runoff was
more than 0.10 in. from mid-May to mid-July,
smallmouth bass reproductive success was
severely restricted; three or less Age 0 small-
mouth bass per acre were caught in Ilate
summer-fall sampling surveys. Conversely, in
the years when overland runoff was less than
0.10 in., 32 to 279 Age 0 smallmouth bass per
acre were found in late summer or fall.

A Mann-Whitney U test was done on the
smallmouth bass population and overland-flow
runoff data. The Mann-Whitney U test calcu-
lates the probability that two independent sam-
ples are from the same sample population
(PSTAT, 1989). The null hypothesis is that the
number of Age 0 smallmouth bass per acre pro-
duced when overland-flow runoff is greater than
0.10 in. is the same as the number produced
when overland-flow runoff is less than 0.10 in.
The null hypothesis was rejected, and the num-
ber of Age 0 smallmouth bass found per acre are
significantly different at the 1 percent probabil-
ity level (p=0.0001) from each other.

Other factors that influence the population
of smallmouth bass--for example, predation and
food supply--may account for the wide range in
numbers of Age 0 smallmouth bass found in late
summer or fall during years when streamflow
conditions were favorable for smallmouth bass
reproduction during the critical period. Effects
of low dissolved oxygen associated with rising
stage during the critical period have not been
determined.

Table 20. Number of Age 0 smallmouth bass per acre in late summer (August through
September 1987-90), one shocker run

[--, no data available]

Study site 1987 1988 1989 1990
Rattlesnake Creek 0 46 38 1
Little Platte River -- 41 64 3
Sinsinawa River ) 77 297 0
Livingston Branch of the - 65 53 2

Pecatonica River

I Above Highway 11, but probably indicative of number in the study area.
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Effects of high stream stage on smallmouth
bass populations during winter and early spring
were not specifically documented; in some cases,
however, the effects seem to have been substan-
tial. For example, a spring flood (peak discharge
2,970 ft3/s) apparently had a damaging effect on
the smallmouth bass population in the Little
Platte River on March 11, 1989. A local observer
noted a high stage of the stream and reported
the runoff smelled strongly of livestock waste.
This flood appears to have had a significant
effect on the bass population in the study reach.
The May 1989 survey of the Little Platte showed
a great reduction in population from September
1988 to May 1989 (table 18). The population was
much lower in May 1989 than in May 1988.
Some smallmouth bass returned to the study
reach between May 1989 and July 1989.

Base-flow conditions in southwestern Wis-
consin streams affect stream width, depth, and
in-stream cover. High base flow appeared to be
beneficial to smallmouth bass populations in the
study streams, especially for large smallmouth
bass that benefit from increased pool depth. In
the Little Platte River, base flow was higher in
1988 than in 1989 (table 3), and the population
of large smallmouth bass was also higher (table
18). Livingston Branch 1s the smallest and the
shallowest of the study streams. Historically,
the smallmouth bass population has consisted of
mostly Age 0 and 1. Relatively high base flow in
Livingston Branch in the summer of 1990 (table
3) apparently allowed more and larger small-
mouth bass to inhabit the stream than had been
found there for many years (fig. 23).

Relation of Water Quality to
Smallmouth Bass Population

Even though low precipitation and stream-
flow during the critical period was conducive to
good reproductive success, water quality earlier
or later in the year may have had a detrimental
effect on smallmouth bass populations.

Dissolved Oxygen

When the dissolved-oxygen concentrations
found in the study rivers are compared to the
criteria for smallmouth bass established by
Bulkley (1975), the potential for smallmouth
bass mortality existed at times in all four study
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streams (figs. 6, 8, 10, 12). In addition, there
were numerous occasions when sublethal condi-
tions could have forced smallmouth bass to
leave the study areas into more favorable habi-
tats. Whether or not Bulkley's (1975) criteria
strictly apply in southwestern Wisconsin
streams is not known, but they do provide guide-
lines for examining dissolved-oxygen data.
Spoor (1984) found smallmouth bass to be some-
what more tolerant of low dissolved-oxygen
concentrations than Bulkley's (1975) criteria
indicate.

High streamflows in all four streams during
the 1987-90 period reduced dissolved oxygen to
less than 1 mg/L; however, smallmouth bass
mortality was documented on only two occa-
sions. The July 30, 1987, smallmouth bass
mortality in Rattlesnake Creek was directly
attributable to the storm that caused low dissol-
ved-oxygen concentrations (fig. 11). The fish kill
on the Sinsinawa River in early August 1988,
which had only a limited effect on the bass pop-
ulation, also was documented as dissolved
oxygen related (fig. 9). The same late July 1987
storm that drastically affected the Rattlesnake
Creek smallmouth bass population also caused
a severe dissolved-oxygen reduction in Living-
ston Branch (fig. 9), but no smallmouth bass
were in the study reach at that time (fig. 23).
Other occurrences of low dissolved-oxygen con-
centration occurred in Rattlesnake Creek later
in 1987 that undoubtedly would have affected
the smallmouth bass population had it not
already been virtually destroyed. The destruc-
tion of the smallmouth bass population in the
Sinsinawa River (table 19) during the summer
of 1990 could have been caused by dissolved-ox-
ygen reduction, but documentation was im-
possible because the dissolved-oxygen monitor
had been removed.

The effects of some low dissolved-oxygen
conditions on smallmouth bass populations in
the study rivers was not readily apparent in
data from this study. Although the dissolved-
oxygen concentration was less than 3 mg/L in
Rattlesnake Creek in July and August 1989
(fig. 10), the smallmouth bass population in the
study reach was about 200 per mile in both July
and September (fig. 24). In September 1989,
however, no smallmouth bass older than Age I
were found. Likewise, it was impossible to ascer-
tain the effect of the low dissolved-oxygen



concentration incident in late August 1990
because the Rattlesnake Creek study reach still
had a population of more than 100 smallmouth
bass per mile in September 1990. A dissolved-
oxygen concentration of less than 2 mg/LL was
recorded in Livingston Branch in both 1988 and
1990 (fig. 8), yet effects on the smallmouth bass
population were not apparent. In September
1990, the population density of Livingston
Branch was higher and the number of large
smallmouth bass was greater than at any time
since the 1960's. Similarly, the data do not show
a noticeable effect of low dissolved-oxygen con-
centrations on the smallmouth bass population
in the Little Platte River in 1989 (table 18), even
though summer diurnal dissolved-oxygen con-
centrations during low flow were sometimes less
than 3 mg/L,, and one storm reduced the dissol-
ved-oxygen concentration to less than 1 mg/L
(fig. 7).

In 1988 and 1989, there were many days
during the critical period in the four study
streams when the dissolved-oxygen concentra-
tion was less than 5 mg/L, the minimum small-
mouth bass early-life stage requirement given
by Bulkley (1975). During both of those years,
however, smallmouth bass reproduction was
very successful, and strong year classes were
produced. Spoor (1984) found most smallmouth
larvae could survive dissolved-oxygen concen-
trations as low as 2.5 mg/L at 20°C and that the
effects of low dissolved-oxygen concentrations
were greater when water temperatures were
25°C. The study data strongly indicate that
smallmouth bass in southwestern Wisconsin
streams can survive dissolved-oxygen concen-
trations that are periodically well below 5 mg/L
during their early life stage, possibly because
water temperatures are often cool enough to
buffer the effects.

Water Temperature

There was no evidence that water tempera-
tures directly affected smallmouth bass popu-
lations in the study streams. Cool temperatures
and sudden temperature changes during spring
and summer are believed to be detrimental to
smallmouth bass hatching and fry survival
(Webster, 1954; Cleary, 1956); however, exami-
nation of long-term temperature records and
data on smallmouth bass abundance in south-
western Wisconsin streams showed no clear
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relation (J.W. Mason, Wisconsin Department of
Natural Resources, unpublished data, 1989).
Nevertheless, abrupt temperature changes
associated with streamstage rises during the
critical period may be a factor involved in caus-
ing early-life-stage mortality of smallmouth
bass during some years.

Temperatures, for the most part, were in the
optimum range during the growing season
(Edwards, 1982), and bass growth reflected
those conditions. Although Livingston Branch
had a maximum temperature of 35°C on one
occasion in July 1989, the 1989 year class was
still relatively strong in the stream. The effect
water temperatures, near zero-degree, and
stream ice cover for long periods of time is not
known; however, cold and ice probably are fac-
tors in the apparent movement of smalimouth
bass observed out of the study streams during
the winter.

Turbidity, Ammonia Nitrogen, Nutrients,
and Pesticides

Effects of turbidity and suspended solids on
smallmouth bass populations could not be mea-
sured in this study. Most of the time, the study
rivers were clear, and turbidity and suspended
solids posed no problem to smallmouth bass
(table 5). During storms, turbidity and suspend-
ed-solid concentrations were at times high
enough to be potentially damaging. In particu-
lar, high turbidity and suspended-solids con-
centrations during the critical period could have
been harmful to smallmouth bass nests or fry in
the early-life stage. Other factors, however,
such as low dissolved-oxygen concentrations
during storms and physical displacement of fish
and scouring of the bottom, probably over-
shadow the effects of high concentrations of
turbidity and suspended solids.

Because of the many watershed sources of
ammonia nitrogen (crop fertilization, manure
from barnyards) and the great quantities known
to be carried to southwestern Wisconsin streams
during storms, it was reasonable to theorize
that toxic concentrations of un-ionized ammonia
nitrogen greater than 1.2 to 1.8 mg/L. might
occur. During the study period, un-ionized
ammonia concentrations were greater than the
Wisconsin standard of 0.04 mg/L at all of the
streams (table 6). The maximum concentration



of un-ionized ammonia measured was 0.10 mg/L
at Rattlesnake Creek. However, toxic concen-
trations of un-ionized ammonia nitrogen were
not measured in the study streams, and it
appears unlikely un-ionized ammonia nitrogen
significantly affected smallmouth bass popula-
tions.

Nutrients are essential for the growth of
plants and animals and are usually found in
waters at low concentrations. Excessive nutri-
ent concentrations, however, can eventually
degrade the water quality. Base-flow nitrate
concentrations have increased in southwestern
Wisconsin streams (Mason and others, 1990).
Although phosphorus trend data are inconclu-
sive, streams in the region may now be more
eutrophic and support more plant growth than
they did in the past. The result could be a
changed dissolved-oxygen regime in these
streams, which in turn may have had a negative
effect on smallmouth bass populations.

The total phosphorus discharged from the
Platteville sewage-treatment plant may have
reduced dissolved-oxygen conditions in the Lit-
tle Platte River study section (figs. 6, 7). The
low-flow phosphorus concentrations in the Little
Platte reach were much higher than those in the
other study streams. Although direct effects of
the added total-phosphorus load on the small-
mouth bass population were not readily appar-
ent, this loading represents a deterioration in
the environmental quality of the stream as
smallmouth bass habitat.

Generally, herbicides are less toxic to small-
mouth bass than most insecticides. Only one
sample from the Little Platte River had a con-
centration of 0.44 ug/L of carbofuran (table 9).
No other insecticides were detected in any sam-
ples. Herbicides, mainly the triazines, were
detected with metolachlor having a concentra-
tion of 110 ug/L (table 9). These pesticide con-
centrations are not believed to be toxic to smalli-
mouth bass. However, the possibility of sub-
lethal effects cannot be ruled out.

Summary

Smallmouth bass population surveys in the
Little Platte River from June 1987 through Sep-
tember 1990 revealed a low population (13
smallmouth bass per mile) of Age I or older
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smallmouth bass in July 1987, but by May 1988,
the population increased to 223 smallmouth
bass per mile. Smallmouth bass populations in
the Little Platte River peaked in September
1988 when it was determined that the river held
502 smallmouth bass per mile. In May 1989,
only 45 smallmouth bass per mile were found.
Reproductive success was poor in 1990 but large
numbers of Age I, II, and III smallmouth bass
were found, which represented the strong year
classes produced during the 1987-89 period.

Historical population surveys indicated that
Livingston Branch in the 1950's and 1960's
maintained good populations of smallmouth
bass. In June 1987, no smallmouth bass were
found in the study reach. In September 1988,
166 young-of-the-year smallmouth bass per mile
were caught, but only 2 percent of these fish
remained in May 1989. Another strong year
class of Age 0 smallmouth bass were found in
August 1989, but the 1990 year class was very
poor.

The population of smallmouth bass in Rat-
tlesnake Creek ranged from 2 adult smallmouth
bass per mile in August 1984 to 367 smallmouth
bass per mile in August 1986. Fish kills in the
summer of 1987 decimated the smallmouth bass
population. There was a 90-percent population
reduction from June through August 1987. The
population began to recover in May 1988. There
was good reproductive success in 1988 and 1989.
The smallmouth bass population was dominated
by Age I and IT smallmouth bass.

In the Sinsinawa River, a strong 1988 year
class was found in August 1988. In September
1989, 1,118 Age 0 smallmouth bass per mile
were caught. In the September 1990 survey, no
smallmouth bass were caught.

When overland-flow runoff exceeded
0.10 in., no more than 3 Age 0 smallmouth bass
per acre were caught in late summer to fall sam-
pling surveys; whereas, when overland-flow
runoff was less than 0.10 in., 32 to 279 Age 0
smallmouth bass per acre were caught in late
summer or fall. A Mann-Whitney U test indi-
cated that numbers of Age 0 smallmouth bass
per acre were significantly different from each
other at the 1-percent probability level
(p=0.0001).



Water quality had a detrimental effect on
the smallmouth bass population. Dissolved oxy-
gen was believed to be the most detrimental
water-quality constituent. Smallmouth bass
mortality was documented on two occasions
because of dissolved-oxygen concentration being
reduced to less than 1 mg/L. In 1988 and 1989,
there were many days during the critical period
in the four study streams when dissolved-oxy-
gen concentration was less than 5 mg/L. Even
though the dissolved-oxygen concentration was
sometimes less than 5 mg/L in the critical
period, the smallmouth bass appeared to sur-
vive, possibly because of cool water tempera-
tures that buffered the effects.

There was no evidence of smallmouth bass
mortality caused by un-ionized ammonta nitro-
gen, pesticides or temperature extremes. These
water-quality constituents caused no known
serious problems in the study streams during
1987-90.

OVERALL CONCLUSIONS

Precipitation and the resulting streamflow
can affect the success of smallmouth bass repro-
duction in any given year. When overland-flow
runoff was less than 0.10 in. during the critical
reproductive period (mid-May through mid-
July), reproductive success was good. When
overland-flow runoff exceeded 0.10 in. during
the critical period, poor reproductive success
resulted. Reproductive success was good in 1988
and 1989, when precipitation was low and over-
land-flow runoff was less than 0.10 in. in all four
basins. Reproductive success was poor in 1987
and 1990, when precipitation was high and over-
land-flow runoff exceeded 0.10 in. This natural
variability of reproductive success and abun-
dance of smallmouth bass will probably con-
tinue in the future.

Smallmouth bass populations were some-
times affected by poor water quality even when
precipitation and streamflow during the critical
period was conducive to good reproductive suc-
cess. Dissolved-oxygen concentration was
determined to be the factor that had the greatest
effect on smallmouth bass. Dissolved-oxygen
concentrations were occasionally reduced to
near or below the minimum concentration con-
sidered necessary for survival (1 mg/L) of
smallmouth bass at all of the data-collection
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sites. In two documented cases, low dissolved-
oxygen concentrations caused fish kills. Both of
these dissolved-oxygen reductions occurred dur-
ing storms. On numerous days, minimum
dissolved-oxygen concentrations were less than
3 mg/L (early-life-stage concentration stan-
dard). Smallmouth bass seemed to survive these
dissolved-oxygen concentrations that were re-
corded at or below the reported criteria. The
State of Wisconsin 5 mg/L minimum concentra-
tion for dissolved oxygen provides an optimum
environment for smallmouth bass. Other water-
quality properties and constituents measured
did not appear to be adversely affecting small-
mouth bass or macroinvertebrate populations;
however, the influence of pesticides and their
effects on smallmouth bass and macroinverte-
brates may warrant future studies because of
the paucity of pesticide data collected and the
difficulty of ascertaining if pesticides were
affecting smallmouth bass and macroinverte-
brate.

On the basis of macroinvertebrate biotic-
index values, water quality seemed to be
slightly better in the Little Platte River than in
the other rivers at the beginning of the study. By
the end of the study, however, no significant dif-
ferences in water quality were detectable among
the rivers. Streamflow periodicity and intensity
affected macroinvertebrate populations. During
the drought, the number of macroinvertebrate
taxa increased because of hydraulic stability
caused by reduced flooding. The water quality in
the Little Platte River degenerated during the
drought, perhaps because of lower dissolved-ox-
ygen concentrations during base-flow periods.

Naturally occurring fluctuations in small-
mouth bass populations and extensive small-
mouth bass movements made it difficult to
attribute changes to water-quality degradation.
Previous studies of smallmouth bass popula-
tions in Driftless Area streams have demonstra-
ted the dynamic nature of these populations;
this study showed that widespread fish move-
ment in and out of given reaches also takes place
in streams of the size that were studied. Move-
ment is probably induced by a number of factors
such as water temperature, stream depth, and
food availability. Therefore, careful and well
planned studies would be required in these
streams if investigators wish to ascertain cause-
and-effect relations and to distinguish between



historically normal smallmouth bass popula-
tions fluctuations and those directly related to
water-quality problems.

REFERENCES CITED

Alabaster, J.S., and Lloyd, R., 1982, Water-qual-
ity criteria for freshwater fish (2d ed.):
London, Butterworths, 361 p.

Barans, C.A., and Tubb, R.A,, 1973, Tempera-
tures selected seasonally by four fishes from
western Lake Erie: Journal of the Fisheries
Research Board of Canada, v. 30,
p. 1697-1703.

Becker, G.C., 1983, Fishes of Wisconsin: Madi-
son, Wis., University of Wisconsin Press,
1052 p.

Berkman, H.E., Rabeni, C.F., and Boyle, T.P,,
1986, Biomonitors of stream quality in agri-
cultural areas--fish versus invertebrates:
Environmental Management, v. 10, no. 3, p.
413-419.

Bray, J.R., and Curtis, J.T., 1957, An ordination
of the upland forest communities of south-
ern Wisconsin: Ecological Monographs, v.
27, p. 325-349.

Broderius, S.R., Drummond, R., Fiandt, J., and
Russom, C., 1985, Toxicity of ammonia to
early life stages of the smallmouth bass at
four pH values: Environmental Toxicology
and Chemistry, v. 4, p. 87-96.

Brynildson, C.L., Truog, J., and Esign, A., 1959,
The population structure of smallmouth
bass in eight southern Wisconsin streams in
1958: Fitchburg, Wis., Wisconsin Depart-

ment of Natural Resources Investigation

Memo Number 248, Southern District Head-
quarters, 6 p.

Brynildson, C.L., and Truog, J., 1965, The struc-
ture of the smallmouth bass population in
Livingston Branch, Iowa County, 1958-64:
Fitchburg, Wis., Wisconsin Department of
Natural Resources Investigation Memo
Number 258, Southern District Headquar-
ters, 10 p.

Bulkley, R.V., 1975, Chemical and physical
effects on Centrarchid basses, in Clepper,

67

Henry, ed., National Symposium on the
Biology and Management of the Centrarchid
Basses, Tulsa, Okla., February 1976, Pro-
ceedings: Washington, D.C., Sport Fishing
Institute, p. 286-294

Chapman, G., 1986, Ambient water quality cri-
teria for dissolved oxygen: U.S. Environ-
mental Protection Agency, EPA 440/5-86-
003, 46 p.

Cherry, D.S., Dickson, K.IL., and Cairns, J.,
1975, Temperatures selected and avoided by
fish at various acclimation temperatures:
Journal of Fisheries Research Board of Can-
ada, v. 32, p. 485-491.

Chessman, B.C.,, and Robinson, D.P., 1987,
Some effects of the 1982-83 drought on
water quality and macroinvertebrate fauna
in the Lower LaTrobe River, Victoria: Aus-
tralian Journal of Marine and Freshwater
Research, v. 38, p. 289-299.

Cleary, R.E., 1956, Observations on factors
affecting smallmouth bass production in
Towa: Journal of Wildlife Management,
v. 20, p. 353-359.

Dewey, S.L., 1986, Effects of the herbicide atra-
zine on aquatic insect community structure
and emergence: Ecology, v. 67, no. 1,
p.- 148-162,

Downing, K. M., and Merkens, J.C., 1955, The
influence of dissolved oxygen concentrations
on the toxicity of un-ionized ammonia to
rainbow trout (Salmo gairdnerii Richard-
son). Annual of Applied Biology, v. 43,
p. 243-246.

Edwards, E.A., 1982, Habitat suitability index
models--smallmouth bass: U.S. Department
of Interior, Fish and Wildlife Service, FWS/-
GBS-82-10.35, 47 p.

Ellis, Mel, 1968, Quick Creek smallmouths:
Field and Stream, June, 2 p.

Forbes, A.M., 1985, Summary of survey data for
smallmouth bass in Wisconsin streams,
1952-80: Wisconsin Department of Natural
Resources Research Report 133, 41 p.



1989, Population dynamics of smallmouth
bass (Micropterus dolomieui) in the Galena
(Fever) River and one of its tributaries: Wis-
consin Department of Natural Resources
Technical Bulletin 165, 20 p.

Gilliam, J.F., Fraser, D.F., and Sabat, A M.,
1989, Strong effects of foraging minnows on
a stream benthic invertebrate community:
Ecology, v. 70, no. 2, p. 445-452,

Graczyk, D.J., and Sonzogni, W.C., 1991, Reduc-
tion of dissolved oxygen concentration in
Wisconsin streams during summer runoff:
Journal of Environmental Quality, v. 20,
p. 445-451.

Hart, D.D., and Robinson, C.T., 1990, Resource
limitation in a stream community--phos-
phorus enrichment effects on periphyton
and grazers: Ecology, v. 71, no. 4,
p. 1494-1502.

Hilsenhoff, W.L., 1987, An improved biotic
index of organic stream pollution: Journal
of the Great Lakes Entomologist, v. 20,
no. 1, p. 31-39.

1988, Seasonal correction factors for the
biotic index: Journal of the Great Lakes
Entomologist, v. 21, no. 1, p. 9-13.

Hindall, S.M., 1976, Measurement and predic-
tion of sediment yields in Wisconsin
streams: U.S. Geological Survey Water-
Resources Investigations 54-75, 27 p.

Hole, F.D., 1976, Soils of Wisconsin: Madison,
Wis., University of Wisconsin Press, 223 p.

Holmstrom, B.K., and others, 1987-91, Water
resources data, Wisconsin, water years
1987-90: U.S. Geological Survey Water-
Data Reports WI-87-1 through WI-90-1
(published annually).

Huckins, J.N., Petty, J.D., and England, D.C,,
1986, Distribution and impact of trifluralin,
atrazine, and fonofos residues in micro-
cosms simulating a northern prairie wet-
land: Chemosphere, v. 15, no. 5, p. 563-588.

Jacoby, J.M., 1987, Alterations in periphyton
characteristics due to grazing in a Cascade

68

foothill stream: Freshwater Biology, v. 18,
p. 495-508.

Johnson, W.W., and Finley, M.T., 1980, Hand-
book of acute toxicity of chemicals to fish
and aquatic invertebrates: U.S. Depart-
ment of Interior, Fish and Wildlife Service
Resource Publication 137, 98 p.

Krug, W.R., Conger, D.H., and Gebert, W.A,,
1992, Flood-frequency characteristics of
Wisconsin streams: U.S. Geological Survey
Water-Resources Investigations Report

91-4128, 185 p.

Lackey, R.T., and Hubert, W.L., 1978, Analysis
of exploited fish populations, Sea Grant at
Virginia Tech, Virginia Polytechnical Insti-
tute and State University, 97 p.

Langhurst, R W., and Shoenike, D.L., 1990, Sea-
sonal migration of smallmouth bass in the
Embarrass and Wolf Rivers, Wisconsin:
North American Journal of Fisheries Man-
agement, v. 10, p. 224-227,

Lemly, A.D. 1982, Modification of benthic
insect communities in polluted streams--
combined effects of sedimentation and nutri-
ent enrichment: Hydrobiologia, v. 87,

- p. 229-245,

Linsley, R.K,, Jr., Kohler, M.A., and Paulhus,
J.L.H.,, 1975, Hydrology for engineers
(2d ed.): New York, McGraw-Hill, 482 p.

Lyons, J.D., Forbes, A.M., and Staggs, M.O.,
1988, Fish species assemblages in south-
western Wisconsin streams with impli-
cations for smallmouth bass management:
Wisconsin Department of Natural Re-
sources Technical Bulletin 161, 25 p.

Mason, J.W., Wegner, G.D., Quinn, G.I.,, and
Lange, E.L., 1990, Nutrient loss via ground-
water discharge from small watersheds in
southwestern and south-central Wisconsin:
Journal of Soil and Water Conservation,
v. 45, no. 2, p. 327-331.

Mason, J.W., Graczyk, D.J.,, and Kerr, R.A,,
1991, Effects of runoff on smallmouth bass
populations in four southwestern Wisconsin
streams in Jackson, D., ed., Isd., Inter-
national Smallmouth Bass Symposium,



Nashville, Tennessee, August 1989, Missis-
sippi State University, p. 28-38.

Mathews, Greg, 1984, Coulee smallmouth--
plowed under and suffocated: Wisconsin
Department of Natural Resources, July-Au-
gust, 3 p.

Merritt, R.W., and Cummins, K.W,, 1984, An
introduction to the aquatic insects of North
America (2d ed.): Dubuque, Iowa, Kendall
and Hunt, 722 p.

Mudrey, M.G., Jr., Brown, B.A., and Greenburg,
J.K., 1982, Bedrock geologic map of Wiscon-
sin: Wisconsin Geological and Natural
History Survey map, scale 1:1,000,000.

Muirhead-Thompson, R.C., 1987, Pesticide
impact on stream fauna with special refer-
ence to macroinvertebrates: Cambridge,
England, Cambridge University Press, 275

P-

1988, Effect of pesticides on the feeding
habits of fish: Outlook on Agriculture, v. 17,
no. 2, p. 71-76.

Omernik, J. M., and Gallant, A.L., 1988, Ecore-
gions of the upper midwest states: U.S.
Environmental Protection Agency Publica-
tion, EPA/600/3-88/037, 56 p.

Paragamian, V.L., 1984, Evaluation of a
12.0 inch minimum length limit on small-
mouth bass in the Maquoketa River, Iowa:
North American Journal of Fisheries Man-
agement, v. 4, p. 507-513.

Pedersen, R., and Perkins, M.A., 1986, The use
of benthic invertebrate data for evaluating
impacts of urban runoff: Hydrobiologia,
v. 139, p. 13-22.

Pflieger, W.L., 1975, Reproduction and survival
of smallmouth bass on Courtois Creek, in
Clepper, Henry, ed., National Symposium
on the Biology and Management of the Cen-
trarchid Basses, Tulsa, Okla., February
1976 proceedings: Washington, D.C., Sport
Fishing Institute, p. 231-239.

Plafkin, J.L., Barbour, M.T., Porter, K.D,,
Gross, S.K., and Hughes, R.M., 1989, Rapid
bioassessment protocols for use in streams

69

and rivers; benthic macroinvertebrates and
fish: U.S. Environmental Protection Agency
Publication, EPA/444/4-89-001, [variously
paged].

Poff, N.L.,, and Ward, J.V., 1989, Implications of
streamflow variability and predictability for
lotic community structure--a regional analy-
sis of streamflow patterns: Canadian
Journal of Fisheries and Aquatic Science,
v. 46, p. 1805-1818.

Pontasch, K.W., and Brusven, M.A., 1988,
Diversity and community comparison indic-
es--assessing macroinvertebrate recovery
following a gasoline spill: Water Resources,
v. 22, no. 5, p. 619-626.

Pratt, J.R., Bowers, N.J., Niederlehner, B.R.,
and Cairns, John, Jr., 1988, Effects of atra-
zine on freshwater microbial communities:
Archives of Environmental Contamination
and Toxicology, v. 17, p. 449-457.

PSTAT, 1989, P-Stat user's manual: 852 p.

Rae, J.G., 1990, The effect of naturally varying
discharge rates on the species richness of
lotic midges: Hydrobiologia, v. 196,
p. 209-216.

Rantz, S.E., and others, 1982, Measurement and
computation of streamflow--Volume 1. mea-
surement of stage and discharge: U.S.
Geological Survey Water-Supply Paper
2175, 284 p.

Reice, S.R., 1991, Effects of detritus loading and
fish predation on leafpack breakdown and
benthic macroinvertebrates in a woodland
stream: Journal of the North American
Benthological Society, v. 10, no. 1, p. 42-56.

Resh, V.H., Brown, A.V., Covich, A.P., Gurtz,
M.E., Li, HW., Marshall, G.W., Reice, S.R.,
Sheldon, A.L., Wallace, J.B., and Wissmar,
R.C., 1988, The role of disturbance in stream
ecology: Journal of the North American
Benthological Society, v. 7, no. 4, p. 433-455.

Reynolds, W.W., and Casterlin, M.E., 1976,
Thermal preferinda and behavioral thermo-
regulation in the centrachid fishes, in Esch,
G.W., and McFarlane, R.W., eds., Thermal



Ecology II Symposium, April 2-5, 1975,
Augusta, Ga., Proceedings, p. 185-190.

Roback, S.S., 1978, The effects of thermal efflu-
ents and sediments on the insect fauna, in
Flynn, K.C., and Mason, W.T., eds., Fresh-
water Potomac--Aquatic Communities and
Environmental Stresses Symposium, Col-
lege Park, Md. Proceedings, January 1977:
Rockville, Md., Public Interstate Commis-
sion on the Potomac River Basin, p. 119-123.

Rosillion, Dominique, 1989, The influence of
abiotic factors and density-dependent mech-
anisms on bsetween-year variations in a
stream invertebrate community: Hydrobio-
logia, v. 179, p. 25-38.

SAS Institute Inc., 1985, SAS user's guide: Sta-
tistics version 5 edition, SAS Institute Inc.,
Cary, N.C., 956 p.

Schneberger, Edward, 1972, Smallmouth bass
life history, ecology and management: Wis-
consin Department of Natural Resources
Publication 242, 16 p.

Southwestern Wisconsin Regional Planning
Commission, 1978, Land use data for Grant
County, Wisconsin: Platteville, Wis., 113 p.

Spoor, W.A.) 1984, Oxygen requirements of lar-
vae of the smallmouth bass, micropterus
dolomieui: Journal of Fish Biology, v. 25,
p. 587-592.

Stewart, A.J., 1987, Responses of stream algae
to grazing minnows and nutrients--a field
test for interactions: Oecologia (Berlin),
v. 72, p. 1-7.

70

Thwaites, F.T., 1963, Outline of glacial geology:
Ann Arbor, Mich., Edward Brothers, 143 p.

Twidwell, S.R. and Davis, J.R., 1989, An assess-
ment of six least disturbed unclassified
Texas streams: Texas Water Commission
Report LP 89-04, 243 p.

U.S. Department of Commerce, 1987-90, Clima-
tological data, annual summary: National
Oceanic and Atmospheric Administration,
v. 92 through v. 95 (published annually).

U.S. Environmental Protection Agency, 1986,
Quality criteria for water 1986: U.S. Envi-
ronmental Protection Agency, EPA 440/5-
86-001 (variously paged).

Vannote, R.L., Minshall, GW., Cummins, KW.,
Sedell, J.R., and Cushing, C.E., 1980, The
river continum concept: Canadian Journal
of Fisheries and Aquatic Science, v. 37,
p. 130-137.

Webster, D.A., 1954, Smallmouth bass,
micropterus dolomieui, in Cayuga Lake,
New York, part 1-life history and environ-
ment: Ithaca, N.Y., Cornell University,
Agricultural Experiment Station Memaoirs,
v. 327, 39 p.

Wisconsin Department of Agriculture, Trade,
and Consumer Protection, 1985, Wisconsin
pesticide use: Madison, Wis., 30 p.

Wisconsin Department of Natural Resources,
1985, Final report of working group on
research needs of streams in agricultural
watersheds: Madison, Wis., 13 p.



