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Abstract:
The effects of heavy metals on the distribution and abundance of aquatic insects in the Boulder River
were studied during 1975 and 1976. On the upper Boulder River, concentrations of total zinc were
highest at Station 2 below derelict mining and milling sites where they averaged 0.25 mg/l. The insect
community at this station in August and September samples was 29, 81, and 45 percent lower in
average total number, average total weight, and average number of subordinal taxa, respectively, than
at Station 1 above the pollution sources. On the lower Boulder River, the highest average concentration
of total zinc was 0.31 mg/1 and occurred at Station 5 below the heavy metals laden floodplain. The
insect community at this station in August and September samples was at least 30, 19 and 18 percent
lower in average total number, average total weight, and average number of subordinal taxa,
respectively, than at Stations 3 or 4 above it. The aquatic insect community at Station 5 was at least 62
and 69 percent lower in average total number and average total weight, respectively, than at Stations 6
through 8 below it. The number of subordinal taxa at Stations 5 and 6 were lower than at Stations 7 and
8. 
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. ABSTRACT

The.effects of heavy metals on the distribution and abundance 
of aquatic insects in the Boulder River were studied during .1975 and 
1976. On the upper Boulder River, concentrations of total zinc were 
highest at Station 2 below derelict mining and milling sites where they 
"averaged 0.25 mg/i. .The insect community at this station .in August and 
September samples was 29,. 81, and 45 percent lower in average total 

. number, average total, weight, and average number of subordinal taxa, 
respectively, than.at Station I above the pollution sources. On the 
lower Boulder River, the highest average concentration of total.zinc 
Was . 0.31 mg/1 and occurred at Station 5 below the heavy metals laden 
floodplain. The insect community at this, station in August and Sep­
tember samples was at least 30, 19 and 18 percent lower in average 
total number, average total weight, and average number of subordinal 
taxa, respectively, than at Stations 3 or 4 above it. The aquatic 
insect community at Station 5 was at least 62 and 69 percent lower in 
average total number - and average total weight, respectively, than at 
Stations 6 through 8.below it. The number of subordinal taxa at 
Stations 5 and 6 were lower than at Stations 7 and 8.



INTRODUCTIONr '

...yHardrock mining, for metallic minerals in the Boulder River . 
drainage was intensive in the late 1800's and early 1900's. Roby et 

al. (1960) summarized the extent of the mining for these minerals in 

Jefferson County and reported there had been at least 71 ore-producing 
mines, and 15 mills in the upper Boulder and Elkhorn drainages. Pres­

ently, few mines are being worked in the drainage.
Mining has produced adverse effects on the Boulder River below 

the town of Basin. Appraisal of the Water quality in the drainage by 
, Braico and Botz (1974) revealed heavy metals from acid mine seeps and 
mill tailings were Causing a "major water quality impairment." Sam­

pling of. the sediments in the river channel and floodplain disclosed
- . " ' /  v -  v  ■ ■ ■ >high concentrations of zinc, copper and lead extending some 40 km 

downriver below the source areas (Vincent .1975). In the upper Boulder 

Y, River, Nelson (1976) found depressed standing crops of trout and high 

mortalities of bidassayed eyed eggs and fingerling rainbow trout 

(SaZmo Qaivdnevi,) associated with higher heavy metals concentrations in 
.the-river.. Vincent (1975) partially attributed the low numbers .of . . 

trout in the lower Boulder River to heavy metals pollution. A prelim­

inary. investigation of the aquatic insect fauna in the Boulder River 

indicated low number of mayfly species in areas of the river containing 
high, concentrations of heavy metals (Vincent 1975).
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The primary purpose of this investigation was to determine.the 
effects of the heavy metals on the distribution and abundance of the 
aquatic insects in the Boulder River. A secondary purpose was to 
describe the concentrations of heavy metals occurring in the river year 
around. Field research was conducted from April 26, 1975 to October
10, 1976.



DESCRIPTION OF STUDY AREA

The Boulder River is located in Jefferson County, southwestern
* Montana. It originates on the east side of the Continental Divide at

an elevation of 2,220 m and flows southwest for approximately 120 km
to the Jefferson River near Cardwell, Montana. The drainage area is

approximately 1,975 square km and is primarily underlaid .by the ..

Boulder Batholith which is composed of quartz monzonite. The lower

third of the drainage is composed of sedimentary rocks of Precambrian

to Tertiary age (Roby et al. 1960). The river has an overall gradient
of about 4.8 m per river kilometer. Major tributaries, in downriver

progression, are: Lowland, Bison,'Basin, Cataract and Muskrat Creeks'
"ZT'

and the Little Boulder River.
Average annual precipitation is approximately 90 cm at the town 

of Basin and 30 cm at the town of Boulder (North Boulder Drainage and 
Jefferson Conservation District 1975). Flows in the.river depend.pri-

, " 'i . . ■ "

/.mariIy on . sriowpadk;in the mountains with a number of large springs 

adding to.the river in the lower valley. The average discharge of the

■ ' Boulder River near the town of Boulder for a 41-year period of record
' 3 .ending in 1972 was 206 m /min (112 cfs), while the maximum and minimum

3discharges were 5,933 (3358 cfs) and Orn /min, respectively (U.S., 

Geological Survey .1972). During 1975, the first year of this study, 

discharges.were abnormally high. The maximum and minimum discharges 

for the period April 26 through September 31 were 5,972 (3377 cfs) and
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94 m /min (53 cfs), respectively. In 1976 maximum and minimum dis­
charges for the period April 16 through October 31 were 3,080 (1760 

3cfs) and 95 m /min (56 cfs), respectively (U.S. Soil Conservation Ser­
vice 1976). The surface run-off patterns for both years are presented 
in Figure I. The major use of water from the Boulder River below the 

town of Boulder is for the irrigation of alfalfa and hay meadows. In 

low water years, use is so intensive, that irrigation diversions 

dewater about a 19 km reach in this section of river (North Boulder 

Drainage and Jefferson Conservation Districts 1975).
For this study, the river was considered to consist of two sec­

tions. The river lying above the town of Boulder was designated as 
the upper Boulder River. In this section the river had a narrow flood- 

plain, a high elevation, and a steep gradient. Riparian vegetation 

primarily included willows, alder, confieis and, to a lesser extent, 

cottonwoods and aspen.. Rainbow trout (Salmo QaiTdtnevyL) , brook trout 
{Satvetinus fontinalis), and mountain whitefish (Prosopiwn williamsoni)' 
were the salmonids found in this study section.

The section of river lying below the town of Boulder was desig­

nated the lower Boulder River. This section of the river had a wider 

floodplain through which the river meandered, a lower elevation and a 

" more gradual gradient. Riparian vegetation was primarily,cottonwoods, 

aspen and willows. Brown trout {SaZmo'trutta) dominated the salmonid 
.fauna in this section (Vincent 1975).
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Figure I. Hydrographs of the Boulder River for 1975 and 1976 at the USGS gaging station 
6 km downriver from the town of Boulder. (U.S. Soil Conservation Service 
1976).
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Nine stations were established in the study area (Figure 2).
The locations and distances from the mouth of the river and between 
stations are given in Appendix Table I.

Water' quality and aquatic insects were sampled at eight sites 
(Stations 1-8), and water quality only at one additional site (Station 

I-A)-. Stations I and 2 served to assess the combined effects of Basin, 

Cataract, and High Ore Creeks on the upper Boulder River. Bottom.types 
at these stations were comprised of boulders and large cobbles inter- . 

spaced with large gravel. Station I-A functioned to delineate the 
combined heavy metals load of Basin and Cataract Creeks on the water 
quality of the river from that contributed by High Ore Creek.

Six water quality and aquatic insect sampling stations were 

installed on the lower Boulder River. Stations 3 and 4. were used to 

investigate the influence of the Little Boulder River. Stations 5, 6, 

7, and 8 were - located at approximately- equal interstational.distances• 
downriver from Station ‘ 4 to ascertain the"persistence and effect of . 

the heavy metals in the lower reach Of the river. Bottom types at

these stations were predominantly small cobble and large gravel inter- '
. .  . ' -- ' \spaced with small gravel and sand. ■ Because the habitats in the sec­
tions on. the upper and lower Boulder - River were different, only intra-, 
sectional comparisons could be made:



an
d

7

Figure 2. Map of the study area showing the location of sampling 
stations



■ METHODS'

• :Chemical and physical parameters were measured monthly, when 
possible, except during July through September when dissolved ,oxygens . 
were - measured.twice monthly and maximum-minimum temperatures were 
recorded at least two times a month. The pH, conductivity, and alka- 

lihity of water samples were determined within 12 hours of collection.' 

Samples were kept cool during the interim. The pH was determined using 
a Beckman Expahdomatic pH meter. Conductivity was measured on a Yellow 

Springs Instrument conductivity bridge, and alkalinity was determined . 
potentiometrieally. Calcium and magnesium concentrations were deter­
mined by atomic absorption spectrophotometry and hardness was then 

calculated from these concentrations. .The range in water temperature 
at each.station’ was monitored with a Taylor maximum-minimum thermom­

eter. Dissolved oxygen was assessed by a modified azide-Winkler method
. ■ ,v ' .using Hach^ Chemical Company reagents. Discharge, measurements were . 

determined with a Gurley-type AA current meter using single point 

velocity measurements made approximately every 0.6 m on a transect 
across the channel.

Water samples for heavy metal analyses were collected in one 

liter polyethylene bottles, acidified with 5 ml of distilled, coricen- ' 

trated nitric acid, and analyzed within six months of collection. 

Concentrations of total recoverable zinc, iron, copper, lead, cadmium, 

and silver, in sample's taken from April 1975 through April 1976, .



determined by personnel at the Montana Department of Health arid Envi­
ronmental Sciences, Water.Quality Bureau, .Helena, by atomic absorp­
tion spectrophotometry. From May 1976 to October 1976, the investi­

gator measured only total recoverable zinc concentrations in water 
samples by atomic absorption spectrophotometry at Montana State 

. University.

Aquatic insects were sampled monthly, when possible, using 

artificial substrates similar to Hester-Dendy samplers (APHA 1971) but
; ■ 2with-seven 12.2 x 12.2 cm plates giving total surface area of 0.2 m 
per sampler. Plates were spaced 0.56 cm apart to ensure that larger 

insect forms could colonize the sampler. Four samplers were used at 

each station and were placed at the downriver end of riffles at sites 

with visually similar current velocities and depths. Each sampler was 
positioned with plates parallel to the flow and anchored to the channel 

bottom. . Aquatic insects were collected after a colonization period o f . 

approximately 30 days.

The material on each sampler, was scraped into a separate jar 

containing an identifying label and 10% Formalin. Samples were taken 

to Moritana State University where they, were-individually washed on a.

US Series Number 30 screen. The aquatic insects from each sample ' 

retained by the screen were removed and identified to the lowest taxon 

practical (usually genus) using Ward and Whipple (1959) and Pennak 

■ (1953). and the numbers in each taxon recorded. The wet weight and



percent composition by. number and weight, were determined'for each order 
and major subordinal taxon from samplers collected in August and Sep- ■ 

tember 1975 and 1976. The .wet weight was. obtained by blot drying the 

insects with absorbent paper towels and weighing them to the nearest 
hundredth of a gram on a Mettler Instruments Corporation type H-16 
•analytical.balance. . The percent composition by number and percent 

composition, by .weight of a taxon is the average number or wet weight 

of that taxon in a sample divided by the average total number or total 
wet weight of all insects in that/sample, expressed as a percentage. 

Periodic kick samples were taken to investigate the distribution of 
Ptevondâ oys caZifovniaa and one field bioassay was conducted on this, 
species to test its resistance to heavy metals.

, Regression analyses were performed on selected chemical and 

physical parameters using the multiple linear regression computer 

^program of "Ministat" at Montana State University's statistical labor­
atory. Output from this program included a correlation coefficient 

(r). An r-value of 0.7 or greater was deemed a strong correlation.

10



RESULTS

Chemical and Physical

General Limnological Measurements
Values of all chemical and physical parameters, other than 

heavy metals, measured on each collection date are presented in Appen­

dix Tables 2-11. The average values and ranges of these measurements 

at each station are given in Table 12.
The average, and range of these, measurements • at stations. on the 

upper Boulder River (Stations I, I-A, and 2) were similar except in 

flows and suspended solids. The relatively low conductivity, alkalin­
ity, calcium, magnesium and hardness values recorded at all stations 

are the results of the igneous geochemical nature of the upper drainage 

basin. ;The - highest temperatures recorded in the upper Boulder River 

occurred during late July to mid-August. The. dissolved oxygen values 

in this section of the river never declined below 83% of saturation 

and averaged above 100%. Average seasonal discharge was approximately 

40% greater at Station 2 than at Station I because of the entry of four 

major tributaries between these, two stations. Concentrations of sus- 

pended solids were highest in the upper Boulder River during spring 

run-off. and were dominantly comprised of the decayed granitic country 

rock. The higher values of suspended solids at Station I-A may have 

been partially due to the numerous derelict mines and milling sites



Table 12. Average Values and Ranges (in parentheses) of Chemical and Physical Characteristics other than Heavy Metals, from 
20 Monthly Samples at Stations on the Boulder River during 1975 and 1976

I I-A 2 . .3 4 5 6 7 8

PH 7.6 7.6 7.7 7.6 7.6 7.6 7.7 7.8 8.0
(7.2- 8.2) (7.1- 8.3) (7.2- 8.2) (7.2- 8.0) (7.2- 8.2) (7.1- 8.0) (7.2-8.2) 17.3-8.5) 17.4-8.5)

Conductivity 132 127 136 155 160 173 206 224 255
(M mhos/cm) (87-174) (77-165) (80-180) (88-214) (90-235) (97-235) (107-340) (115-384) (141-404)
Alkalinity 40.6 37.7 39.1 47.4 49.0 52.5 70.4 74.3 87.8
(mg/l CaCO3) (17.5-55.0) (16.5-50.5) (16.0-53.0) (20.0-62.0) (21.0-65.0) (23.5-67.5) (27.0-122.0) (32.0-140.0) (38.5-140.0)
Calcium 14.0 13.5 14.5 16.8 17.0 17.4 22.1 24.9 29.1
(mg/l) (8.5-19.1) (7.7-18.3) (8.0-23.8) (9.0-28.5) (9.5-25.1) (10.5-25.5) (11.5-35.0) (13.0-41.0) (15.5-42.0)
Magnesium 2.7 2.8 3.1 3.6 3.8

(2.0-5 8)
4.1

(2.3-8 I)
5.1

(2.4-8.3)
5.8 6.8

(mg/i) (I. 7-4.0) (I.5-3.9) 11.5-4.2) (2.0-4.8) (3.0-10.5) (3.5-11.5)
Hardness 44.6 45.2 48.8 56.2 58.3 62.7 76.4 85.8 100.8
(mg/l CaCO3) (28.2-64.2) (25.4-61.8) (26.2-65.5) (30.7-106.2) (32.0-86.6) (35.7-88.8) (38.6-121.7) (44.8-145.2) (53.1-152.4)

Temperature1 12.5 __ 14.0 15.0 15.0 16.0 16.5 16.5 16.5
(C) (3-21) (4-22) (5-22) (5-22) (5-23) (6-23) (5-24) (6-23)
Dissolved
Oxygen2 10 — 10 11 11 10 10 10 10
(mg/l) (8-13) (8-14) (8-13) (7-13) (7-14) (7-14) (7-15) (7-14)
Discharge3 123 — 172 197 243 212 209 233 296
(Oi3Zmin) (60-199) (73-214) (110-265) (146-318) (65-360) (63-352) (92-355) (167-430)
Suspended
Solids 26 40 27 33 43 65 67 48 36
(mg/l) (0-189) (0-256) (0-116) (0-170) (0-224) (0-470) (0-546) (1-394) (1-166)
1 From 9 measurements made twice monthly from late July to October
2 From 14 measurements made twice monthly from July to October
3 From 7 measurements made August, September and November 1975 and July-October 1976

H
NJ
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existing in this vicinity, and the activities of an open-pit silica 
mine located about I km above the sampling site.

The pH, conductivity, alkalinity, calcium, magnesium and hard­
ness values in the lower Boulder River (Stations 3-8) generally in­
creased with a downriver progression. Conductivity, alkalinity, cal- 
cium, ,.magnesium, and hardness values in the lower Boulder River were 

higher than in the upper section because of the sedimentary geochemical 
nature of the lower drainage and the contribution of several large 
springs in the lower stretch of the section. As in the upper Boulder- 
River, the highest temperatures occurred in late July to mid-August.

The dissolved oxygen level never declined below 80%. of saturation and 
averaged above 100%. The average and minimum seasonal discharge 

measurements were lower at Stations 5, 6, and 7, than at Station 4 

because of irrigation withdrawal.. The average and minimum flows at 
Stations I and 8.were higher than at Station 6 because of irrigation 
return water and the contribution from large springs 6 km above Station 

8. The maximum suspended solids loads at all of.the stations in the 

lower Boulder River occurred during May and June when surface run-off 

was high. The higher maximum and average suspended solids concentra­

tions at Stations 5 and 6 are the result of poor channel stability as 

evidenced by channel braiding and shifting immediately above and below 

Station 5. After the spring run-off subsided, the suspended solids 

loads, decreased to minimal values except after heavy precipitation.



14
Heavy Metals Measurements

The values of total recoverable zinc, iron, copper, and lead 
measured in samples taken from established stations throughout this 

study are presented in Appendix Tables 13-16. Analyses for zinc were 
continued after terminating those for the other heavy metals because of 
the following reasons: (I) zinc was present in relatively high concen­

trations in the floodplain sediments (Vincent 1975) and in the water;
(2) it was the most soluble of the heavy metals measured (Stumm and 

Morgan 1970; Hawkes and Webb 1962), and therefore potentially the most 

toxic; and (3) there was a strong correlation between values of total 

zinc and other heavy metals (Table 17). Consequently, by monitoring 

only the total zinc concentrations, inferences could be made about the 
concentrations of other heavy metals. Total cadmium and silver were 

also measured in initial samples but concentrations were usually below 
the detection limits of the atomic absorption spectrophotometer unit, 

therefore, attempts to measure these heavy metals were discontinued.

The concentrations of heavy metals are reported as total recoverable 

metals (TBM), and are a measure of both the toxic and non-toxic species.

The average values and ranges of total zinc, iron, copper, and 

lead measured at each station are given in Table 18. The average and 

maximum value of each heavy metal generally increased with downriver 

progression on the upper Boulder River. Values of total zinc in indi­

vidual samples at Station I never exceeded those at Station I-A or 2,



Taible 17. Correlation Coefficients (r) from Linear Regressions of 
Heavy Metals against Selected Measurements

Regression N. ■ r-value
Total
all

■ zinc.vdfsus 
stations.

total iron, copper and lead at 124 0.862

Total zinc versus total iron at all stations • 124 0.758
a Total zinc versus total copper at all stations 124 0.804

Total zinc versus total lead 124 0.740

Total zinc versus suspended solids at Station I 19 .0.608
Total zinc versus suspended solids at Station I-A 19 0.688
Total zinc versus suspended solids at Station 2 19 0.146
Total zinc versus suspended solids at Station 3' 19 0.600
Total zinc versus suspended solids at Station 4 19 0.733
• Total zinc versus suspended solids at Station 5 19 0.771
,, TdJtal zinc versus suspended solids at Station. 6 19 0.859
Total zinc versus suspended solids at Station 7 18 0.859

. Total zinc versus suspended solids at Station 8 19 0.880

Total iron versus suspended solids at Station I 13 0.517
" Total. iron versus suspended solids at Station I-A 13 ■ . 0.881 • .
./■ Total iron versus suspended solids at Station 2 13 ' 0.601 .

Total iron. versus suspended solids at Station 3 13- 0.816
Total iron versus suspended solids at Station 4 13 0.795
Total iron versus suspended' solids at Station .5 13 0.690
Total iron versus suspended solids at Station 6 13 ■ 0.817
Total iron versus;suspended solids at Station 7 13 •. . 0.766
■ Total

. V'; '
iron versus suspended solids at Station 8 I*: 0.798.



Table 18. Average Values and Ranges (In parentheses) of Heavy Metals Concentrations expressed as mg/1 Total Recoverable
Metals
Montana

from 14 Samples 
Public Health

collected at 
Service)

Stations on the Boulder River during 1975 and 1976 (Analyses performed by

Metal I I-A 2 3 4 5 6 7 8

Zn 0.01
(<.01-0.05)

0.12
(0.06-0.25)

0.25
(0.07-0.80)

0.22
(0.11-0.40)

0.22
(0.14-0.49)

0.31
(0.14-0.75)

0.27
(0.07-1.00)

0.21
(0.05-0.72)

0.14
(0.02-0.43)

Fe 0.68
(0.22-1.80)

0.81
(0.18-2.00)

0.98
(0.21-2.60)

1.25
(0.28-4.20)

1.30
(0.30-4.80)

1.68
(0.30-5.20)

1.28
(0.27-2.50)

1.07
(0.30-2.80)

0.90
(0.15-2.20)

Cu <.01
(<.01-0.02)

0.03
(<.01-0.09)

0.04
(<.01-0.10)

0.04
(<.01-0.13)

0.04
(<.01-0.15)

0.06
(<.01-0.24)

0.06
(<.01-0.34)

0.04
(<•01-0.22)

0.03
(<.01-0.07)

Pb <.01
(<.01>

<.01
(<.01-0.05)

0.02
(<.01-0.09)

0.02
(<.01-0.12)

0.03
.(<.01-0.10)

0.05
(<.01-0.19)

0.04
(<.01-0.24)

0.02
(<.01-0.12)

0.02
(<.01-0.07)
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arid only once during both years did a sample value of total zinc at. 
Station I-A exceed that at Station 2 (Appendix Tables 13-16). The 
particularly weak correlation between total zinc and suspended solids 
at Station 2 (Table 17) is not understood..

Although the average value of total iron was highest at Station
. v  . , ' ' ■ .2/ the orily time when the individual measurements were higher than at

Station I was during periods of high flow (Appendix Tables 13-16 and 
Figure I). At low flows the total iron values were essentially equal 
at Stations I, I-A, and 2. . Total iron values in the upper Boulder 
River were not closely associated with suspended solids at.Stations I 

and 2 (Table 17). Average values of total copper and lead were greater 

at Station 2 than at the other stations on the upper Boulder River 

(Table 18). ..However, the differences between stations.in these heavy 
metals were not as great as with zitic and iron. The values for total 

copper and lead for each sampling period at Station 2 usually■equaled 

or;exceeded that of Stations I and I-A (Appendix Tables 13-16).
The values of total zinc measured at supplementary sites are 

given in Appendix Table 19.. Table 20 implicates Basin Creek and the
9  .. " . .  -  ̂ ' ... -  ̂- " ' '
milling site at Basin, Cataract, and High Ore Creeks'.as major con­
tributors, of total zinc, and therefore probably other heavy metals, to

• w  ' •the upper Boulder River. The concentration of total zinc.entering the 

river from High Ore Creek was approximately seven times that from any 

of the other sources. However, the average low flow of High Ore Creek;



Table 20. Concentrations.of Zinc expressed as, mg/A Total Recoverable Metals in Water 
Samples from Established Stations and Selected Tributaries on the Upper" 
Boulder River

Date
St. I

(above Basin Crk)
. Basin 
Creek

Cataract
Creek

St. I-A
(below Cataract)

High Ore 
Creek

St. 2
(below High Ore)

4/26/75 . <.01 0.20 0.54 ■ 0.14 3.90 0.44

5/11/ <.01 0.31 0.66 0.20 5.70 0.30

6/10/ v <.01 0.11 0.25 0.09 4.20 0.16

5/13/76 0.01 0.09 0.19 0.06 3.25 . 0.09

6/16/ . <.01. 0.14 0.22 0.08 1.50 0.11

7/12/ <.01 0.10 0.30 0.08 2.10 0.14

8/ 6/ <.01 0.11 0.40 0.08 2.25 0.15

9/ 2/ . <.01 0.14 0.45 0.11 4.70 0.20

10/ 6/ <.01 0.15 0.51 0.11 3.50 0.24



was approximately 3.4 m /min (2 cfs), compared to the average low flow 
of Basin and Cataract Creeks each of which was approximately 17 m^/min 
(10 cfs). Consequently, the impact of total zinc from Basin and Cata­
ract Creeks and the milling site at Basin combined was similar to that 
of High Ore Creek alone.

In the lower Boulder River the average and maximum values of 
heavy metals were generally intermediate at Stations 3 and 4, highest 

at Station 5, from which they declined downriver to Station ,8 where 

the lowest levels were recorded (Table 18). Point measurement of 
total zinc were generally similar at Stations 3 and 4 during low flows 

and slightly higher at Station 4 during, high flows. The Little Boulder 
River, which enters between Stations 3 and 4, did not appear .to reduce 
the zinc concentrations at Station 4, even though its low flows were 

usually about 10% of the Boulder River's flow. The highest total zinc 

concentrations in the lower Boulder River were usually encountered at 
Station 5. Between Stations 4 and 5, the floodplain and channel sedi­

ments had the highest recorded heavy metals concentrations in the Boul­

der River drainage (Vincent 1975), and the river had poor channel 

stability. The correlations of total zinc vs. suspended solids in the ■ 

lower Boulder River increase in a downriver progression (Table 17) 
suggesting more of the zinc at and below Station 4 is originating:from

the floodplain sediments. The sharp decline, in total zinc values
3between Stations 7 and 8 showed the effect of the large (51 m /min)
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spring entering the river about. 6 km above Station 8. The water from 
the spring contained a high alkalinity, which probably caused some pre­

cipitation of zinc; also the volume of the spring water may have had a 
substantial dilution effect on the total zinc concentrations.

Total iron, copper, and lead all basically followed the same 

patterns in magnitude and chronology exhibited by total zinc. The cor­
relation coefficients for the regressions of total iron vs. suspended 

solids at the stations' located on the•lower Boulder River were all 

strong except at Station 5, and no apparent pattern with a downriver 

progression was noticed (Table 17).
Figure 3 shows the average total zinc concentrations in the 

Boulder River at low and high flows. At low flows, the total zinc con­
centrations in the Boulder River increased from Station I to Station 2 

and persisted at approximately that level to Station 5 or 6 after which 
the concentrations declined. At high flows the total zinc concentra­

tions increased from Station I to Stations 5 or 6, thereafter declining 
rapidly.

The average concentrations of total zinc appeared to be slightly 

higher during 1975 than in 1976 at all stations with the exception of 

the control. Station I (Table 21). This difference between years was 

most apparent during low flows at Station 2 (Figure 3). During 1975 

there was severe flooding of High‘Ore Creek at a large tailings area.
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0.50-

0.40-

0.30-

Iow flows

0.10-

0.50-
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0.30-

Iow flows0.10-

STATION

Figure 3. The average zinc concentration expressed as mg/1 total 
recoverable metals (TRM) at sampling stations on the 
Boulder River during low flows (350 m^/min or less) and 
high flows (1000 m^/min or greater) in 1975 and 1976.
Each point on figure is the average of four measurements.



Table 21. Average Values and Ranges (in parentheses) of 19 Samples of Zinc Concentrations expressed as mq/i Total 
Recoverable Metals from Stations on the Boulder River from April 1975 to October 1976

________________________________________________ Station__________________________________________________
I I-A 2 3 4 5 6 7 8

1975 0.01
(<•01-0.05)

0.14
(0.09-0.20)

0.35
(0.11-0.80)

0.27
(0.13-0.40)

0.27
(0.14-0.49)

0.39
(0.18-0.73)

0.31
(0.14-0.46)

0.24
(0.10-0.41)

0.17
(0.03-0.28) NJ

NJ

1976 0.01
(<-01-0.05)

0.12
(0.06-0.25)

0.17
(0.09-0.30)

0.18
(0.11-0.24)

0.18
(0.09-0.34)

0.27
(0.14-0.75)

0.26
(0.07-1.00)

0.21
(0.05-0.72)

0.13
(0.02-0.43)
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This probably caused the higher average total zinc concentrations 
recorded at Station 2 during 1975. -

Aquatic Insects
The average and range of aquatic insect- numbers in each sub­

ordinal taxon collected from samplers recovered on each sampling date 
are given in Appendix Tables 22-29. The wet weights of aquatic insects, 
sampled in August and September 1975 and 1976 are also presented in . 

Appendix Tables 22, 23, 28, and 29. The aquatic insects collected 

belong to eight orders with Trichoptera, Diptera, Plecoptera, and 

Ephemeroptera comprising 45, 30,. 15, and 9% of the total numbers col­

lected, respectively. Forty-eight subordinal taxa were identified and 

-their distribution throughout the area sampled is given in Appendix 
Table 30. Eleven of these were numerically dominant forms.

A summary of selected compositional measurements for the sampled 

aquatic insect communities at, the ordinal and subordinal taxa .levels 
during months of equitable sampling success are given in Tables 31, 32, 

arid 33, respectively. Relationships in these samples were indicative .. 

of trends present for all the samples, collected during the study. .
In the upper Boulder: River, the sampled aquatic insect community 

at Station 2 was 29, 81, and 45% lower than at Station I in average 

total number, average total weight, and average number of subordinal 

taxa, respectively (Table 31). The lower average total number at



Table 31. Selected Community Measurements of Aquatic Insects Sampled at Stations on the Boulder River for 
August and September 1975 and 1976.*

Order Characteristic Station
I 2 3 4 5 6 7 8

Average number/sampler 50 23 63 H O 27 4 3 84
Average weight (gms)/4 samplers 0.43 0.11 0.52 0.93 0.11 0.05 0.01 0.03 .

Ephemeroptera Average, number of taxa/4 samplers 5 2 2 2 2 I I 2
Percent composition by number 22.4 14.8 17.0 28.0 8.0 1.0 t t
Percent composition by weight 12.3 15.5 18.5 23.0 4.0 1.0 t 3.0
Average number/sampler 18 15 70 69 100 222 96 49
Average weight (gms)/4 samplers 3.20 0.23 1.46 1.94 1.69 6.13 2.96 1.91

Plecoptera Average number of taxa/4 samplers 6 4 5 5 4 4 4 5
Percent composition by number 10.0 13.0 20.0 20.0 38.0 26.0 20.0 9.0
Percent composition by weight 56.3 26.3 38.0 42.8 50.0 48.3 32.8 11.0
Average number/sampler 61 7 22 20 63 673 387 829
Average weight (gms)/4 samplers 0.52 0.01 0.04 0.07 0.69 10.55 5.75 15.59

Trichoptera Average number of taxa/4 samplers 5 3 5 4 4 6 6 7
Percent composition by number 19.0 7.0 9.0 9.0 30.0 63.0 63.0 81.0
Percent composition by weight 17.3 1.5 1.0 1.5 34.3 50.5 66.3 87.0
Average number/sampler 119 133 187 118 34 49 97 H O
Average weight (gms)/4 samplers 0.34 0.52 1.38 1.90 0.29 0.08 0.08 0.25

Diptera Average number of taxa/4 samplers 3 3 4 4 3 2 2 4
Percent composition by number 43.5 67.0 57.0 46.0 12.0 11.0 20.0 9.0
Percent composition by weight 14.0 56.3 42.5 33.0 21.0 1.0 1.0 3.0
Average number/sampler 3 0 I I 0 0 4 6
Average weight (gms)/4 samplers 0.04 0 0 0 0 0 0.01 0.08

Others Average number of taxa/4 samplers 3 0 2 I 0 0 I 3
Percent composition by number 1.4 0 t t 0 0 t t
Percent composition by weight t 0 t t 0 0 t t
Average number/sampler 251 178 343 318 224 948 583 1078

Totals Average weight (gms)/4 samplers 4.53 0.86 3.40 4.84 2.76 16.81 8.82 17.85
Average number of taxa/4 samplers 22 12 18 16 13 13 14 21

*The t signifies less than 1% in number and/or weight.



Table 32. Average Number (AN) and Average Weight (AW, gms/4 samplers) of the Predominant Subordinal 
Taxa Sampled for August and September 1975 (upper row) and 1976 (lower row) at Stations 
on the Boulder River*

Taxon

Ephemerella

Baetis

Pteronaraella

Pteronaraye

Isoperla

Araynopterx

Aaroneuria

Hydropsyahe

Braahyoentrus

Lepidostoma

Simulium

Chironomidae

_____________________________________ Station_________________________________
1 2 3 4 5 6 7 8

AN AW AN AW AN AW AN AW AN AW AN AW AN AW AN AW
36 0.50 5 0.03 40 0.51 41 0.45 4 0.01 3 0.01
23 0.15 2 0.01 37 0.37 42 0.42 10 0.04 2 0.02
5 0.06 21 0.12 15 0.08 100 0.79 13 0.06 4 0.06 t t I 0.01

25 0.06 27 0.04 40 0.07 88 0.22 39 0.10 2 t 7 0.01 29 0.07
4 0.09 4 0.06 27 0.63 25 0.76 55 0.52 76 1.90 16 0.30 16 0.34
9 0.26 15 0.33 63 1.97 99 2.83 158 2.36 413 8.75 169 3.42 31 0.84
I 3.00
I 2.23 t 0.06 t 0.49
2 0.02 t t 2 0.01 3 0.01 2 0.01 2 0.01 t t 12 0.04
6 0.02 4 t 8 0.02 18 0.07 10 0.01 8 t I t 25 0.06
t t —  — •—  — t t I 0.03 6 0.34 12 1.00 15 1.05 7 0.61
I 0.03 — — t 0.02 I 0.03 3 0.15 8 0.58 14 1.00 15 1.27
I 0.19
t 0.48 t 0.01 t 0.15
16 0.13 4 t I t I t 42 0.32 123 0.65 225 1.91 481 4.78
62 0.68 I t I t 7 0.08 53 0.41 640 7.72 352 3.11 784 12.07
4 0.08 I 0.01 t t 3 0.02 20 0.22 354 3.10 83 3.61 56 0.65
10 0.02 I t 4 0.04 16 0.04 20 0.39 268 8.97 35 0.60 230 5.58
44 0.05 3 0.02 6 t 3 t 4 0.01 14 0.08 7 t 4 0.03
9 t 2 t 25 0.03 15 0.01 8 0.07 18 0.11 10 0.09 17 0.15
13 0.06 10 0.03 27 0.09 31 0.10 t t — t t 2 0.01
4 0.01 I t I 0.01 16 0.06 3 t 2 t 19 0.02 3 0.01
97 0.05 200 0.09 306 0.17 146 0.08 41 0.01 109 0.07 176 0.09 192 0.19
29 0.01 19 0.01 28 0.02 6 t 2 t 9 t 39 0.04 70 0.06

Atherix 32 0.25
65 0.34

10 0.13
43 0.50

44 0.78
36 1.67

30 0.82
51 2.68

* Hyphens indicate zero counts and t signifies trace amounts

6 0.02
28 0.48

t t 
2 0.07

t t t t 
I

toin

0.02



Table 33. Percent Composition by Number (PCN) and Percent Composition by Weight (PCW) of the 
Predominant Subordinal Taxa Sampled for August and September 1975 (upper row) and 
1976 (lower row) at Stations on the Boulder River*

Station
Taxon I 2__  3_________ 4 _____ 5_________ 6_________ 7 8

PCN PCW PCN PCW PCN PCW PCN PCW PCN PCW PCN PCW PCN PCW PCN PCW
Ephemerella 15 44 4 10 9 20 12 17 2 t t t

10 3 I I 13 6 11 8 3 I t t

Baetis 2 3 5 16 2 3 18 19 6 2 t t t t t t
10 2 25 4 12 I 24 3 8 2 t t I t 2 t

Pteronaraella 2 2 • 4 16 6 27 9 29 18 25 13 31 3 4 I 3
5 5 13 28 19 41 25 48 45 56 38 42 24 35 3 4

Pteronaroys I
I

48
41 t t t t

Isoperla I
3

I
t

I
4

I
t

t
3

I
t

I
6

1
2

I
4

t
t

t
I

t
t

t
t

t
t

1
2

t
t

Araynopteyx t t t t t t 6 36 3 20 2 14 t 6
t t — — t I t I I t 2 4 3 7 I 6

Aaroneuria t 9 -r
t 13 t I t t

Hydropsyahe 6
12

6
18

I
I

I
I

t
t

t
t

t
2

t
I

17
18

15
11

10
33

7
23

30
43

17
29

40
51

42
47

Braahyaentrus I
7

5
t

I
I

I
t

t
2

t
I

t
6

t
I

11
8

14
11

40
19

37
28

22
6

29
6

6
20

6
25

Lepidostoma 15
4

2
t

4
I

t
t

I
. 9

t
t

2
5

t . 
t

3
3

I
t

3
2

2
t

t
2

2
t

t
I

t
t

Simulium 3 4 2 3 4 4 5 2 t t — — t t t t
I t I t t t 3 I I t t t 6 t I t

Chironomidae 33 3 64 14 63 7 42 3 28 t 25 I 33 I 18 I
9 t 12 t 10 t I t t t I t 7 t 6 t

Atherix 13 8 8 32 9 34 8 24 3 2 t t t t t t
22 11 32 61 12 38 12 35 7 15 t t — — t t

*Hypens indicate zero counts and t signifies trace amounts.
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Station 2 was primarily because of the lower number of epheirieropterans 
and trichopterans. The reduction in Ephemeroptera at Station 2 was .. 
primarily due to lower numbers of Ephemerelta which occurred in densi- 
ties at an average of 3 individuals per sampler at Station 2 and 30 

individuals per sampler at Station I. (Table 32). All subordinal taxa 
of trichopterans were found, in lower numbers at Station 2.

The lower, average total weight at Station 2 resulted from lower
!

weights in all orders except Diptera (Table 31). The lower average 

number of subordinal taxa was primarily because of fewer subordinal 
taxa in Plecoptera and Ephemeroptera (Table 31).

The percent composition of trichopterans by number and the per-
' , ' -

cent composition of plecopterans and trichopterans by weight were lower 

at Station 2 than at Station I, whereas, the reverse was true for 

Diptera (Table 31) . Declines Ln Eydropsyohe - and. Lepidostoma-vt&re 
responsible for the lower percent composition by number and weight 
of trichopterans at Station .2 (Table 33). The 30% decrease in percent, 

composition by weight of ,Plecoptera was chiefly caused by the absence .. 

of. Pterpnaroys, a large aquatic insect (Table 33). The absence of this
. ' , ■ / c ; '■ ,v. ; ,form from Station 2 was verified from three seasonal kick-samples.' In 

supplemental kick-sampling on the Clark Fork River drainage between 
Butte and Missoula/ Pteronaroys was virtually nonexistent in the upper 
100 km of the river below the heavy metals.sources, but was present in 

. substantial numbers in Flint and Rock Creeks, unpolluted-tributaries
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in this area, and in the Clark Fork River below Rock Creek. Boland. 
(1968)., in an investigation of untreated waste waters from the Anaconda 

, Company mines and mills, found a similar distribution of Ptevonapcys in 
the Clark Fork River.

One field bioassay was conducted with Ptevonccreys nymphs 2-5 cm 
rin length. Twenty.nymphs in plastic screen cages were placed at both 

Station I and Station 2 for four.days. . The total zinc values reached 
a maximum of 0.01 mg/1 at Station I and ranged from 0.11 to 0.23 mg/1 
at Station 2. Survival was one hundred percent at both stations. From, 
field and lab bioassays, Nehring (1976) concluded this genus was toler­

ant of concentrations of zinc, copper, and lead in excess of those 
recorded in the upper Boulder River. Therefore, it appeared that 

Ptevonaveys avoided Station 2 where total zinc concentrations were much 
lower than those reported as lethal to this genus.

The increases in percent composition by number .and weight for 
Diptera at Station 2 was related to. the predominance of chiroriomids and' 

Athevix, respectively (Table 33). These dipteran forms, together com­
prised, 58 and 54% of the composition, by number and ,weight, respec-.

", ' v  . ■' •tively, of all the aquatic insects at this station. At.Station I these 

two taxa together represented 39 and 11% of the composition by number 

'■ and weight, respectively.

While the measured characteristics of the aquatic insect com­

munity at Station I were similar between years, the average total
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weight at Station. 2 was 13'5% greater' in .1976 than 1975 (Table 34). 
increases in PtdroncatOella and Athertx were the two genera that , 
accounted for most of this, increase (Tables 32 and 33).

In the lower Boulder River, the lowest average total number .and 
lowest average total weight of aquatic insects occurred at Station 5 
(Table 31). Average total number, average total weight, and average 

number of subordinal taxa of the aquatic insect community at Station 5 

were at least 30 arid 19 and 18% lower, 'respectively, than, at Station .
3 or 4. The lower average total number and average total weight at 

Station 5 was primarily the result of at least a 57% reduction in 
. average number and a 79% reduction in average weight of both.ephemer- 
opterans and dipterans. In Ephemeroptera, Ephemerella was collected 
at Station 5 at an average density of 7 individuals per sampler, and . 

at Station 3 or 4 at an average density of at least 38.individuals per 

sampler (Table 32). The dipteraris Atherix and Chironomidae were-col- 
Iected at Station 5 at ah average density of 17 and 21 individuals per■ 

sample, respectively, and at Station 3 or 4 at an average density, of 

at. least 40 and.76 individuals per sampler, respectively (Table 32).

The higher numbers of Ephemerella, Atherix, and Ghironomidae at 

Stations 3 and 4 may in part be a response to the municipal sewage 

outfall located approximately 5 km above Station 3. Ramamoorthy and 

Kushner (1975) found the highest•binding capacity of selected heavy , 

metals occurred in water heavily polluted with sewage; The considerable



Table 34. • Wet Weights of Aquatic Insects (gms/4 samplers) from ■
Stations on the Boulder River for Selected. Sampling Periods

Weights Station.
I 2 3 4 5 6 7 8

1975
August weights 1.61 0.74 2.25

September weights 7.64 0.29 2.43

Average weights 4.63 0.52 2.34

1976

August weights 2.98 1.37 5.87

September weights 6.00 1.06. 3.12

Average weights 4.49 1.22 4.50

Percent increase 
from 1975 to 
1976

-8 +135 +92

4.26 2.37 9.90 10.23 12.79
2.30 0.73 4.15 4.90 . 9.04

3.28 1.55 7.03. 7.56 10.92

8.42 5.23 43.21 13.36 31.94

4.58 2.82 9.97 6.79 17.64

6.50 4.03 26.59 10.08 24.79

+98 +160 +278 +33 +127
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increases in average number and average weight of trichopterans at 
Station 5̂  did not compensate for the loss of ephemeropterans and 
dipterans.

Although the average total weight of aquatic insects was similar 

at Stations 3 and 4, the total weight for each sampling period was 

generally higher at Station 4 (Table 31). This may have been due to 

a moderating effect of the Little Boulder River entering between the .. 
two stations.

The percent composition by number and weight of Ephemeroptera 
at Station'5 decreased at least 9 and 14.5%,■respectively, from that 

at Stations 3 or 4 (Table 31). For the dipterans these same parameters 

decreased at least 34 and 12% at Station 5, respectively. These 
decreases, were due to lower numbers of Ephernevetla -, ' AthevLx and 
Chironomidae at Station 5 (Table 32). The reverse was true for 

Trichoptera and to a lesser extent, PleCoptera. At Station 5 Trichop- 

■tera and Plecoptera.combined, comprised 39 and 45% more of the ordinal 

percent composition by. number, and weight, respectively,, than at 

Stations 3 and 4 (Table .31). ,These differences were the result of the
■ - . . .  i : ■ ■ • ' • ■ ■ . • •increase, in relative .abundance of' HydropsycheBrachycentrus and 
PteronareeZla (Table.-33).

The average total number and average total weight of aquatic 

insects at Station 5 were at least 62 and '69% lower, respectively., than 

at Stations 6 through 8 (Table 31). The lower average total number and
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average total weight at Station 5 were primarily caused by lower num­
bers of trichopterans and/or plecopterans. The average total number 
and average total weight at Station 7 were lower than at Station 6 
probably as a result of. partially sedimented samplers at Station 7 in 
1976.

From Stations 5 through 8 the percent composition by number and 
weight of Ephemeroptera and Diptera generally decreased, whereas, 

Trichoptera increased (Table 31) .. EphemereZta and Atherix were the 
subordinal taxa accounting for the decrease and Hydropsyehe and 
Braehyeentrus accounted for the increases between stations (Table 33). 
Figure 4 indicates this predominance of Hydropsyehe and Braehyeentrus 
in the lower Boulder River below Station 5.

The sampled aquatic insect communities at all stations on the 

lower Boulder River, with the exception of Station 7, were 92% or 

greater in total weight during 1976 than in 1975 (Table 34). The per-' 

cent composition by number and weight of PteronareeZZa at Stations 3 
through 7 increased at least 13 and 11%, respectively, in 1976, thus 

accounting for much of the increases in the average total weight . 

between years (Table 33). The increases in total weights at Station 8 

were explained by the 11 and 5 and 14 and 19% increases in the percent 

composition, by number and weight of Hydropyehe and Braehyeentrus, 
respectively, in 1976 (Table 33).
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Figure 4. Distribution and abundance (average number per sampler) of 
predominant subordinal taxa collected during August and 
September 1975 and 1976.



SUMMARY AND DISCUSSION

Heavy -metals were considered to.be tKe major factor .causing .the
severe depression of the aquatic insect community at Station 2. The
measured chemical and physical characteristics of the upper Boulder
River were largely similar except for heavy metals concentrations.

. • . ■
Higher concentrations of heavy metals and lower average total number,

. weight, and number of subordinal taxa of aquatic insects occurred at 
Station 2. Vandenberg (1974) also found a severe reduction in total 
number of individuals and total number of taxa in areas of a stream re­

ceiving high concentrations of heavy metals. Taxa apparently sensitive 
to concentrations of heavy metals found in the upper river were 

Pteronarpys which was present at Station I in moderate numbers and was 
never collected at Station 2, and Ephemeretla which occurred only in 
substantially reduced numbers at Station 2. Warnick and Bell (1969) 
and Nehring (1976) concluded Ephemerella subvarla and E. grandis, 
respectively, were the most sensitive of the insects tested in their 

heavy metals bioassays. The. increase in total weight of the benthos 
at Station 2 during 1976 occurred in conjunction with a' decrease in. 

heavy metals concentrations further suggesting heavy metals depressed 

...ythe aquatic insect community at this station.. Trout populations near 

Station 2 also appeared to be adversely affected by heavy metals.
Nelson (1976) found a lower rainbow, trout population in the vicinity..
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of Station 2 as compared,to that found in the vicinity of.Station I.

•i He also reported eyed egg and fingerling survival were lower in the 

vicinity of Station , 2 as compared to the vicinity of Station I. He 
related these findings to the higher concentrations of heavy metals, in 
the former area.

’ On the lower Boulder River, heavy metals possibly depressed the 

aquatic insect community at Station 5. In this section most chemical 

and physical characteristics generally increased in downriver progres­
sion. However, the highest concentrations of heavy metals were meas­

ured at Station 5 where the lowest average total numbers and weights 
and a low number of subordinal taxa occurred. A municipal sewage ef­

fluent, and the addition of water containing a higher alkalinity. Musk­
rat Creek, may have mitigated the toxic effects of heavy metals on the 
biota at Stations 3 and 4.

Heavy,.metals may have had a mildly adverse effect on the aquatic 

insect communities at Station 6 through 8. Hydpopsyehe and BTaohyoen- 

tgus 'vrere dominant .forms' in this area of the lower river and ephemer- 

opterans were virtually absent. Hydropsyche bettend is known to be 

tolerant to heavy'metals (Warnick and Bell 1969). Boland (1968) found 

greater numbers of Hydropsychidae in areas receiving either periodic 

or chronic heavy metals pollution.

. The heavy metals apparently affecting the.insect communities 

most severely were copper and zinc. Copper is known to be highly toxic
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to some:insects (Nehring 1976; Warnick and Bell 1969). Zinc was pres­

ent' at high levels,.is relatively stable, and therefore potentially 
lethal.

./Major, sources of zinc to the upper Boulder River were.the tail­
ings site at the town of Basin and Basin, Cataract, and High Ore

■ 'X ' . ■- . •
v Creeks. The.highest concentrations in this section of the. river

. " • ' ' ■ .

occurred during low flows when the relative contributions of the heavy 
metals sources were greater. Jones (1958) described a similar pattern 

for the concentrations of zinc in a stream which received effluents 
from a mine tailings site.

. In the lower Boulder River, the major sources of zinc were from■ >' .V .-V 'the upper Boulder River and the erosion of the floodplain, sediments 

near Station 5. The highest recorded concentrations of total zinc in 

the lower river occurred during high flows when zinc-laden floodplain 

. sediment's were eroded.

Since High Ore Creek was identified as the greatest contributor 

of total zinc to the upper Boulder River, efforts should be concen­

trated on the rehabilitation of this drainage. The creek should be 

diverted around.the tailings area at the Comet Mine site by enlarging 

and lining the existing diversion channel and directing ground water

■ away with the installation of a cut-off wall.

Increased channel stability is recommended to lessen, the impact 

from the erosion of the floodplain sediments at Station 5.
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Revegetation of"the floodplain will increase channel stability. This 
.has occurred apparently in an.-area above Station 3 (Mr. Heide, personal 
communication).

Special precautions should be taken to ensure the construction 
of Interstate Highway 15 through the Boulder Canyon does not result in 

increased velocities in the lower river. Higher velocities could 

increase the erosion of the heavy metals ladeen sediments and their
effects on the biota.



APPENDIX
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Table I. Locations of Sampling Stations, Distances 

from Mouth of the Boulder. River
(in river km) Between Stations and

Station Legal Location Descriptive Location
Distance from Last 
Upstream Station

Distance from 
River Mouth

I T6N-R6W-14 I km below Red Rock Crk — 83 km
I-A T6N-R5W-16 I km below Cataract Crk 8 km 75 km

2 T6N-R4W-32 6 km below High Ore Crk 10 km 65 km

3 T5N-R4W-3 2 km below Muskrat Crk 6 km 59 km

4 T5N-R3W-19 5 km below L. Boulder R 7 km 52 km

5 T4N-R3W-12 Quaintance Bridge 13 km
' -

39 km .

6 T4N-R2W-32 Carey Ranch Bridge 8 km 31 km
7 T3N-R2W-31 Nigger Hollow Bridge . 11 km 20 km
8 T2N-R2W-24 Elliot Ranch Bridge 10 km 10 km
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Table 2. The pH of .Water Samples taken from Stations on the Boulder
River during 1975 and 1976

Date Stations
I I-A 2 3 4 5 6 . 7 8

4/26/75 7.7 7.7 7.7 7.3 7.6 7.5 7.6 7.7 7.8
5/11/ 7.3 7.6 7.7 7.5 7.6 7.6 7.7 7.7 7.8
5/24/ 7.4 7.4 7.4 7.4 7.4 7.5 7.5 7.6 7.8 .
6 / 2 / 7.2 7.1 7.2 7.2 7.2 7.1 7.3 7.3 7.4
6/10/ 7.2 7.2 7.2 7.2 7.2 7.2 7.2 7.4 7.4
7/ 8/ 7.5 — 7.7 7.5 7.5 7.6 7.6 7.7 7.8
8/ 7/ 7.8 — 7.9 7.7 7.9 7-8 7.9 8.0 8.1
9/23/ 8.0 8.0 8.0 7.7 8.0 8.0 8.0 8.5 8.5
11/ 3/ 7.8 7.7 7.9 7.6 7.7 7.8 7.9 8.0 8.1
12/15/ 7.4 7.3 7.4 7.3 7.4 7.5 7.5 7.6 7.9
1/10/76 7.8 7.7 7.7 7.6 7.5 7.5 7.6 7.7 7.9
2/ 8/ . 7.6 7.5 7.5 7.4 7.4 7.5 7.7 7.7 8.0
3/10/ 7.4 7.4 7.5 7.4 7.6 7.5 . 7.6 7.7 7.9
4/ 9/ 7.4 7.5. 7.5 7.4 7.4 . 7.2 7.4 7.5 7.8
5/13/ 7.5 7.5 7.6. . 7.6 7.6 7.4 .7.5 7.6 .7.7
6/16/ 7.6 7.6 7.6 7.6 7.5 . 7.5 7.6 7.6 7.8
7/12/ 7.9 7.9 . 8.0 7.8 7.8 7.8 7.8 8.0 8.1
8/ 6/ 8.0 8.3 8.2 7.7 8.1 8.0 8.0 8.3 8.5
9/ .2/ 8.0 7.9 8.0 7.9 8.0 7.9 8.1 8.5 8.5
10/ 6/ 8.2 8.0. 8.0 8.0 8.2 7.9 8.2 8.2 8.3



r

. . . .  41
Table 3. Conductivity (Umhos/cm at 25C) of Water Samples taken from

Stations on the Boulder River during 1975 and . 1976

_  ̂ StationsDate ------------------------------
I I-A 2 3 4 • 5 6 , 7 8

4/26/75 160 160 171 214 235 235 235 235 257

5/11/
5/24/ 141 122 141 . 158 161 159 176 190 188

6/ 2/ 93 82 87 95 99 116 132 139 173
6/10/ . 87 77 80 88 94 101 . 116 126 151 :
7/ 8/ 94 — 92 107 112 -137 160 166 174

8/ 7/ 125 ■— 163 175 175 200 225 . 263 300
9/23/ 139 142 150 174 186- 210 276 323 345

11/ 3/ . 157 151 157 174 174 186 214 237 ' 281

12/15/ 174 151 • 167 193 185 208 232 252 290

1/10/76 150 154 157 176 185 198 222 225 274

2/ 8/ 160 , 155 172 ' 194. 195 216 246 271 330

3/10/ 159 133 153 192 205 198 228 . 227 299

4/ 9/ 99 102 103 105. 105 111 125 137 155

5/13/ 95 82 83 90 90 97 107 115 141

6/16/
' '
. 93 85 86 97 100 H O 122 134 158

7/12/ 122 112 121 134 145 • 164 187 208 246

8/ 6/ 144 131 . 151 180 180 206 304 320 342

9/ 2/ 158 160 174 201 202 223 340 384 404

10/ 6/ 160 165 180 210 .. 218 . 218 272 320 341



42
Table 4. Total Alkalinity (mg/& CaCOg) of Water Samples taken from

Stations on the Boulder River during 1975 and 1976
Stations

I I-A 2 3 4 5 6 7 8
4/26/75 48.5 42.5 47.5 60.0 65.0 67.5 71.5 72.5 89.5

5/11/ 42.0 40.5 42.0 60.0 61.5 61.5 73,0 80.0 93.5

5/24/ 31.7 29.9 32.9 38.4 40.9 41.5 48.2 51.9 . 59.8

6/ 2/ 19.5 17.5 17.0 20.5 21.5 25.0 30.0 34.6 46.0

6/10/ 17.5 16.5 16.0. 20.0 21.0 23.5 27.0 32.0 38.5

7/ 8/ 27.5 " 25.0 35.0 32.5 35.0 45.0 47.5 • 55.0

8/ 7/ 37.5 — 40.0 47.5 50.0 57.5 67.5 82.5 100.0

9/23/ 45.0 42.5 47.5 55.3 57.5 72.5 97.5 117.5 127.5

11/ 3/ 45.0 42.5 42.5 . 50.0 50.0 55.0 67.5 72.5 91.0

12/15/ ' 55.0 50.5 51.0 60.0 60.5 64.5 77.0 84.0 106.0

.1/10/76 49.5 45.5 48.0 56.6 58.5 62.5 76.0 78.5 105.0

2/ 8/ 52.5 46.0 52.0 60.5 62.0 68.0 ■81.5 92.5 117.5

3/10/ 49.5 41.0 46.5 62.5 63.5 65.0 74.0 76.5 103.0

4/ 9/ 34.5 35.0 34.0 36.0 36.5 36.0 40.0 48.0 57.5

5/13/ 27.5 24.0 25.3 27.5 27.5 27.5 32.5 35.0 42.8

6/16/ 32.5 25.5 27.5 33.0 31.5 35.0 42.5 52.5 61.5

7/12/ 45.0 37.5 37.5 47.5 50.0 55.0 67.5 84.0 95.0

. 8/ 6/ 49.0 45.0 48.0 . 55.0 58.0 65.0 97.0 107.0 117.0

9/ 2/ 53.0 50.0 53.0 60.0 63.0 67.0 122.0 140.0 140.0

10/ 6/ 50.0 47.0 50.0 62.0 62.0 65.0 85.0 97.0 110.0
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Table 5. Calcium (mg/Jl) of' Water Samples taken from Stations on the
Boulder River during 1975 and 1976

Stations
I I-A 2 3 4 5 6 7 8

4/26/75 14.9 16.8 .23.8 28.5 '25.1 25.5 24.1 24.9 29.9

5/11/ 12.2 14.5 15.0 19.9 22.9 25.1 26.2 29.8 -34.1

5/24/ 13.0 12.5 ■ 13.0 14.3 14.5 15.5 16.5 17.5 20.0

6/ 2/ 9.5 8.5 8.7 9.7 10.5 11.5' 13.5 ■ 14.5 19.0

6/10/ 8.5 7.7 8.0 9.0 9.0 10.5 11.5 13.0 15.5

7/ 8/ 10.0 — 9.8 12.3 12.3 13.8 16.0 ■ 16.8 18,6

8/ 7/ 10.7 '— 13.6 15.9 16.8 19.1 21.9 26.5 30.9

9/23/ 12.7 13.3 14.7 18.7 18.4 20.9 28.3 36.3 38.4

11/ 3/ 16.7 16.0 16.7 18.7 18.6 20.1 23.0 25.1 29.5

12/15/. 19.1 18.3 19.0 21.6 20.9. 22.5 26.0 27.8 35.1

1/10/76 16.2 16.2 17.5 19.5 19.6 - 21.4 ■ 2.5,2 26.5 33.6

2/ 8/ 16.9 16.9 18.7 21.2 20.9 23.2 26.8 29.7 39.1

3/10/ 15.5 13 .9 17.1 21.3 21.0 21.9 24.9 25.8 33.8

4/ 9/ 11.3 11.0 11.3 12.0 11.8 12.4 14.0 15.9 17.8 .

5/13/ 10.0 9.5 9.5 11.0 10.5 11.0 12.0 13.0 16.0

6/16/ 10.0 8.5 9.0 10.5 11.2 12.5 13.5 15.0 18.5

7/12/ 13.5 13.0 14.0 17.0 17.0 . 19.0 21.5 26.0 35.0

8/ 6/ 15.0 15.0 16.0 19.0 18.5 21.0 33.0 38.0 38.5

9/2/ 15.0 15.0 17.0 20.0 19.0 20.0 35.0 41.0 42.0

10/ 6/ 16.0 16.0 17.5 19.5 20.0 21.0 28.0 . 34.0 37.0



Table ’6. Magnesium (mg/Si) of Water Samples . taken from Stations on 
the Boulder River during 1975' and 1976

Date Stations
I I-A 2 , 3 4 5 6 7 8

4/26/75 3.0 3.6 3.6 3.5 5.8 6.1 5.9 5.9 7.1

5/11/ 2.8 3.1 3.5 5.2 5.2 5.2 6.3 7.5 8.4

5/24/ 3.0 3.0 • 3.0 3.5 3.5 ■ 3.5 3.8 4.0 5.0

6/ 2/ 1-8 . 1.7 1.7 2.0 2.0 2.5 3.0 3.3 4.0

6/10/ 1.7 1.5 1.5 . 2.0 2.0 2.3 2.4 . 3.0 3.5

7/ 8/ 1.8 — 1.8 2.3 2.4 2.8 3.3 3.6 4.0

8/ 7/ 2.5 — — 3.2 3.6 3.7 4.3 5.0 6.5 7.-6

9/23/f \ . 2.7 2.9 3-4 4.3 4.2 4.7 7.3 8.9 9.7

11/ 3/ 3.5 3.3 3.6 4.0 4.0 4.3 5.1 5.6 6.8

12/15/ 4.0 3.9 4.2 4.8 4.6 4.9 6.0 , 6.6 8.3

1/10/76 3.1 3.2 3.7 4.4 4.4 . 4.6 5.8 6.1 8.1

2/ 8/ 3.2 . 3.4 4.0 4.7 4.6 4.9 6.1 7.0 9.0

3/10/ 3.0 2.8 3.7 4.8 4.7 4.8 5.8 6.0 7.9

4/ 9/ 2.4 2.3 2.5 2.6 2.6 2.7 3.1 3.5 4.1

5/13/ . 2.5 2.0 2.2 2.3 2.5 2.5 2.8 3.0 3.6

6/16/ 2.8 2.3 2.3 2.6 3.0 ■ 3.3 4.0 4.3 4.5

7/12 2.2 2.2 2.5 3.1 3.3 4.0 4.5 5.3 6.5

8/ 6/ 2.3 2.7 3.0 3.6 3.8 4.4 7.0 7.4 8.0

9/ 2/ 3.0 3.3 3.8 4.6 4.5 5.0 8.3 10.5 11.5

10/ 6/ 3.2 3.3 3.7 4.5 4.3 4.5 6.3 . 7.0 8.5
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Table 7. Hardness (mg/S, CaCOg) of Water Samples taken from Stations
on the Boulder River during 1975 and 1976 . •

StationsDate i I-A 2 . 3 4 5 6 7 8
4/26/75 ■49.6 56.8 74.3 70.0

5/11/ 42.0 49.0 51.9 71.1

5/24/ 44.8 43.6 44.8 50.1

6/ 2/ 31; 2 28.2 28.8 32.5

6/10/ 28.2 25.4 26.2 30.7

7/ 8/ 32.4 — 31.9 40.2

8/7/ 37.0 — 47.2 54.6

9/23/ 42.9 45.2 50.7, 64.4

11/ 3/ 56.1 53.6 57^0 63.2

12/15/ 64.2 61.8 65.5 73.7

1/10/76 53.3 53.7 59.0 66.8

2/ 8/ 55.4 56.2 63.2 72.3

3/10/ 51.1 46.3 58.0 73.0

4/ 9/ . 38.1 37.0 38.5 40.7

5/13/ 35.3 32.0 32.9 37.0

6/16/ 36.5 30.7 32.0 37.9

7/12/ 43.5 41.5 45.5 56.0

8/ 6/ 47.0 48.5 52.5 52.5

9/ 2/ 49.8 51.1 58.1 69.0

10/ 6/ 53.2 53.6 58.9 67.2

86.6 88.8 84.5 . 86.5 103.9
78.6 84.1 91.4 105.3 119.8
50.6 53.1 56.9 60.2 ' 70.6
33.2 39.0 ,46.1 49.9 63.9
32.0 35.7 38.6 44.8 53.1

40.6 46.0 56.6 56.8 63.0

57.2 65.4 75.3 93.0 108.5

63.3 71.6 102.3 127.4 135.9

63.0 67.9 78.5 85.8 101.7

71.2 76.4 89.7 96.6 121.9

67.1 . 72.4 86,-9 91.3 117.3

71.2 78.2 92.1 103.0 134.8

71.8 74.5 , 86.1 89.2 117.0

40.2 42.1 47.8 54.1 61.4

36.5 37.8 41.5 44.8 54.9

40.4 44.8 51.2 55.2 64.7

56.5 64.5 72.5 87.0 114.5

61.5 70.5 111.5 125.5 129.5

66.0 70.6 121.7 145.2 ,152.4

77.7 71.0 96.0 113.9 127.5
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Table 8. Ranges of Water Temperature (C) at Stations On the Boulder
River.for the Indicated Periods during 1975.and 1976

• ■. Station
Date I 2 3 4 5 6 I' 8

1975
7/22- 7/29 11-21 12-22 —
7/29- 8/ 5 10-19 10-20 -.
8/ 5- 8/14 9-20 10-21 —

8/14- 8/21 .. 10-18 10-18 —
8/21- 8/28 6-17 7-18 —

8/28-9/15 6-16 7-17 —

9/15- 9/22 4-15 4-16 —

1976
12/15- 1/10 — — 0-2
1/10- 2/ 8 — — 1-3
2/ 8- 3/10 — -- 0-8
7/ 7- 7/13 9-20 10-20 11-21
7/13- 7/20 9-20 10-21 11-22
7/20- 7/29 10-20 11-20 11-21
7/29- 8/ 6 11-20 12-20 ——
8/ 6- 8/16 . 9-20 .10-20 ——
8/16- 8/30 7-19 • 7-20 9-22
8/30- 9/18 4-19 6-18 7-21
9/18-10/ 5 3-12 4-14 5-16

14-22 14-23 15-23 16-24 . 16-23
11-19 11-20 12-20 12-22
11- 22 . 12-22 13-22 14^22 14-22
12- 20 12-20 13-20 .14-21 14-20
8-19 - 9-19 9-19 10-20 11-19

6-16 6-18 8-20 8-20 6-19

12-22 12-21 13-22 14-24 15-22
12-22 12-22 14-2.2 14-23 12-22
12-22. 14-22 14-22 14-22 15-22
12-22 14-22 14-22 14-23 15-22
11-21 12-22 12-22 12-22 12-22
9-20 10-20 10-22 10-21 12-20
6-18 8-20. 8-19 8-20 9-20
5-13 5-16 6-15. 5-16 7-15
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.Table 9. Dissolved Oxygen (mg/£) and Percent Saturation (in paren­
theses) of Water .'Samples taken from Stations on the 
Boulder River during 1975 and 1976

StationDcit© I 2 3 4 . 5' 6 7 8 .
8/ 7/75 11

(129)
IQ

(119)
10

(119)
10

(117)
10

(119)
10

(119)
10

(122)
10

(119)
8/21/ . 10 

. (114)
10

(117)
11 . 

(131)
. 12 

• (146)
12

(142)
11

(134)
. 10 
(122)

10
(119)

9/ 8/ 12
(122)

11
(112)

12
(130)

13
(138)

11 
.(135)

12
(140)

12
(142)

11
(131) ■

10/11/ 13
(125)

13
(122)

13
(122)

12
(115)

12
(12.2)

' 11. 
(112)

12
(124)

12 . 
(127).

11/11/ — 14
(115)

13
(111)

13
(115)

14
(124)

14 ■ 
(122)

15
(130)

.14
(128)

12/ 7/ — — 14
(122)

• 14 
(122)

— 14
(118)

15
(126)

14
(124)

1/10/76 — — 15
(126)

14
(122)

2/ 8/ -- — 14
(118)

15 . 
(133)

3/10/ — — 15
(126)

15
(126)

— 14
(118).

16
(167)

14
(124)

7/13/ 8.
( 95)

8
( 87)

8
( 99)

7
( 87)

. 7 
( 90)

7
( 90)

7
( 92)

7
( 90) .

7/29/ 10
(131)

10
(131)

10
(122)

. 10 
(119) •

8
(101)

8
(103)

8
(101)

9
(HO)

8/16/ 8
( 92)

■' 7
(83)

8
( 95.)

, 8 
( 93)

7
( 82)

7
( 82)

7 . 
( 80)

7
( 80)

8/30/ 10
(112)

10
(119)

10
(135),

10 . 
(131)

9
(112)

10
(124)

11
(136)

10
(123)

9/19/ 10
(112)

10
(112)

10
(117)

10
(112) .

10
(109)

. 11 
(120)

10
(109)

9
( 98)

10/ 6/ 12
(115)

11
(106)

11
(109)

11
(106)

11
(109)

11
(109)

.11
(106).

' 9 
. ( 89)
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Table 10. Discharge, (m /min) measured at Stations on the Boulder 
River during 1975 and 1976

Date Station ' ■
I I-A 2 3 4 5 6 7 8

; 4/26/75 63 . — 77 131 175 225 220 243 , 265

5/11/ 211 — 216 281 337 • 382 373 388 389

5/24/ 1004 • —

8/ 7/ 146 227 272 320 264 273 315 400

9/23/ 90 103 112 -115 152 104 96 129 204

11/ 3/ 161 165 165 196 248 255 266 . 292 342

7/12/76 227 — 386 365 . 444 349 343 370 448

8/ 6/ 126 — 219 237 299 186 154 195 294

9 / 2 / .64 — 106 126 156 67 65 '96 173

10/6/ 74- n o 136 166 170 195 214 271
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Table 11. Suspended Solids (mg/5.) of Water Samples taken from Stations
on the Boulder .River during 1975 and 1976

Stations
. I I-A 2 3 . .4 5 6 . 7 8

4/26/75 9.5 ■ - 25.3 33.8 11.4 50.0 25.1 57.3 37.6

5/11/ 14.4 — 16.0 27.2 33.6 80.0 66.4 . 46.4 42.4

.5/24/ 41; 2 ' 49.6 " 53.6 102.4 120.0 100.8 60.8 . 52.6 64.8

6/ 2/ 45.6 — 92.0 170.4 187.2 190.4 78.4 100.8 84.8

6/10/ 16.9 — 11.2 . 40.8 24.8 70.4 . 40.0 40.8 40.8

7/ 8/ 24.0 — 20.8 17.6 24.8 52.8 29.6 . 30.4 . 54.4

8/ 7/ 62.4 — 42.4 6.5 2.4 ■ 7.2 8.0 5.2 14.8

9/23/ 0 . ' 0 0 . 2-0 0 1.6 73.2 4.0 4.8

11/ 3/ 10.0 7.6 8.0 9.2 1.6 8.0 8.4 8.4 10.8

12/15/ 1.6 0.4 . 2.8 " ' 7.2 12.8 0 11.2 15.2 8.8

1/10/76 0.2 Q 0.2 0.1 2.0 0 0.2 0.9 1.0

2/ 8/ _' "-- " -- — —

3/10/ 20.8 . 256.0 56.0 3.6 5.6 18.0 : 9.2 4.8 5.6

4/ 9/ 189.2 114.0 115.6 120.8 224.4 470.0 546.4 393.6 165.6

5/13/ 19,6 56.8 40.0 58.4 126.0 109.8 . 112.4 73.2 46.8

6/16/ 12.4 . 3.2.0 .11.2 5.6 19.6 38.8 176.0 30.4 40.4

7/12/ 10.4 17.2 • 7.2 9.2 8.8 17.6 16.8 18.0 19.2

8/ 6/ 16.2 - 4.0 8.0 7.2 6.4 6.0 5.2 7.2 15.6

9/ 2/ 2.8 0.8 3.6 5.2 1.2 2.8 2.0 16.0 30.0

10/ 6/ . 0.8 0 5.2 0 0 1.6 2.0 2.4 ■ 3.6



Table 13. Total Recoverable Zinc (mg/5.) of Water Samples taken from 
Stations on the Boulder River during 1975 and 1976

Date Station
I I-A 2 3 4 5 6 7 8

4/26/75 . <0.01 0.14 0.44 0.31 0.24 0.25 0.24 0.20 0.11

' 5/11/ . <0.01 0.20 0.80 0.33 0.29 0.50 0.39 0.20 0.12
5/24/ 0.05 0.13 0.24 0.28 0.33 0.37 0.33 0.30 0.25 .

6/ 2/ 0.01 0.13 0.26 0.40 0.49 0.73 0.42 0.37 0.28

6/10/ . <0.01 0.09 0.16 0.24 0.30 0.71 0.46 0.41 , 0.27

7/ 8/ 0.02 — 0.11 0.13 0.14 0.21 0.17 0.21 o. is

8/ 7/ . 0.02 — 0.53 . 0.20 0.17 0.18 0.14 0.10 0.08

9/23/ • 0.03 0.13 0.22 0.23 . 0.18 0.19 0.32 0.08 0.03

11/ 3/ 0.01 0.10 0.07 0.20 0.19 0.21 0 18 0.16 0.11

12/15/ 0.03 0.13 0.24 0.26 0.24 0.24 0.22 0.19 0.11

1/10/76 0.01 0.13 0.24 0.22 0.21 0.22 0.20 0.18 0.12

2/ 8/ . <0.01 0.15 0.28 0.27 0.24 0.24 0.20 0.17 0.09

3/10/ 0.02 0.25 0.30 0.20 0.19 0.22 0.19 0.15 0.10

4/ 9/ 0.05 0.09 0.16 0.24 0.34 0.75 1.00 0.72 0.43

5/13/ 0.01 0.06 0.09 0.15 0.22 0.32 0.28 0.25 0.17

6/16/ . <0.01 0.08 0.11 0.11 0.09, 0.17 0.15 0.14 0.14

7/12 . <0.01 0.08 0.14 0.14 0.14 0.18 0.14 0.10 . 0.06

8/ 6/ . <0.01 0.08 0.15 0.18 0.14 0.20 0.07 0.06 0.03

9/ 2/ . <0.01 0.11 0.20 0.20 0.14 .0.14 0.08 0.05 0.02

10/ 6/ <0.01 0.11 0.24 0.20 0.17 0.20 0.14 -‘ 0.05



Taile 14.. Total Recoverable Iron (mg/&) of Water Samples taken 
Stations on the Boulder River during 1975 and 1976

from

Stationware
I I-A 2 3 4 5 ' 6 7 8

4/26/76 0.23 0.21 0.78 1.10 0.78 1.00 • 1.10 1.30 0.87

' 5/11/ 0.38 0.90 0.70 2.30 1.10 2.70 2.30 0.92 0.82

5/24/ 1.80 1.50 2.00 2.40 3.10 2.90 2.10 2.00 2.10

6/ 2/ 0.75 1.70 2.60 4.20 4.80 5.20 2.50 2.60 2.20

6/10/ 0.50 .0.92 1.10 2.20 2.40 3.40 1.20 1.20 0.87

7/ 8/ 0.69 — 0.70 0.85 0.95 1.60 1.10 1.40 1.70

8/ 7/ 1.60 — 2.10 0.70 0.40 0.52 0.55 0.43 0.60
9/23/ CU22 0.21 0.22 0.33 0.33 0.39 0.27 0.30 0.15

11/ 3/ 0.43 0.42 0.42 0.41 0.39 0.41 0.46 0.41 0.38

12/15/ 0.47 0.35 0.40 0.42 0.54 0.45 0.58 0.48 0.33

1/10/76 0.27 0.18 0.21 0.28 '0.30 0.30 0.29 0.39 0.28

2/ 8/ 0.28 0.22 0.28 0.48 0.48 0.38 0.62 , 0.35 0.28

3/10/ 0.54 2.00 1.50 0.43 0.49. 0.66 0.62 0.40 0.27

4/ 9/ 1.40 1.10 0.75 1.40 2.10 3.60 4.20 2.80 1.80



Table 15. Total Recoverable Copper (mg/S,) of Water Samples taken 
from Stations on the Boulder River during 1975. and 1976

52

Date
I I-A 2 3

4/26/75. <0.01 . <0.01 0.05 .0.03

' 5/11/ 0.02 0.09 0.10 0.08

5/24/ 0.01 0.02 0.03 0.04

6/ 2/ . <0.01 0.06 0.07 0.13

6/10/ . <0.01 0.04 0.04 0.09

7/ 8/ 0.01 — 0.06 0.04

8/ 7/ . <0.01 • — 0.05 0.02

9/23/ . <0.01 0.02 0.04 0.02

11/ 3/ . <0.01 0.02 0.01 . <0.01
12/15/ 0.01 . <0.01 . <0.01 . <0.01

1/10/76 <0.01 . <0.01 0.02 0.02

2/ 8/ . <0.01 0.02 0.02 0.01

3/10/ 0.01 0.06 0.03 0.02

4/ 9/ 0.01 0.01 0.04 0.06

Station
4 ■ 5 6 7 8

<0.01 . <0.01 v <0.01.. <0.01 <0.01
0.08 0.10 0.07 . <0.01 . 0.01
0.05 0.07 0.06 0.05 0.04
0.15 0.18 0.10 0.08 0.07

0.09 0.15 0.06 0.06 0.04
0.04 0.06 . 0.07 0.06 0.06

0.01 0.02 0.02 0.03 0.01 ,

0.01 0.02 0.08 . 0.02 . <0.01

0.02 . <0.01 <0.01 V <0.01 <0.01

<0.01 . <0.01 <0.01 . <0.01 <0.01
0.02 0.02 . 0.02 0.02 0.01

0.01 0.01 . oloi 0.01 . <0.01

0.02 0.03 0.02 0.02 . <0.01

0.10 0.24 0.34 0.22 0.14
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Table 16. Total Recoverable Lead (mg/&) of Water Samples taken from

Stations on the Boulder River during 1975 and. 1976

StationUdte
I I-A .2 . 3 4 . 5 6 7 ‘ 8

4/ 26/ 75. <0.01 < 0.01 . <0 .01 . < 0 .0 1 V.<0.01 <0.01 . <0 .0 1 . <0.01 0.01

5/ 11/  . <0.01 < 0.01 .. <0.01 0.05 0.02 0.05 0.05 < 0.01 . 0.01
5/ 24/  . <0.01 . <0.01 0.06 0.09 0.09 0.10 0.09 0.06 0.07

6/  2/  . <0.01 . <0.01 0.09 0.12 0.10 0.15 0.07 0.06 0.05
6/ 10/ <0.01 . <0.01 0.06 0.07 0.09 0.10 0.06 . 0.06 . 0.05

7/  8/ <0.01 — . <0.01 . < 0.01 . <0.01 0.05 . < 0.01 . 0.01 0.05

8/  7/ <0.01 — 0.10 . <0.01 < 0.01 L <0.01 <0.01 . <0.01 . < 0.01

9/ 23/  . <0.01 0.05 . <0.01 < 0 .01; <0.01 <0.01 0.05 <0.01 <0.01

11/  3/  . <0.01 <0.01 . <0.01 < 0.01 <0.01 < 0.01 0.01 < 0.01 . <0.01
12/ 15/ <0.01 . <0.01 < 0 .01.1 <0.01 < 0.01 . <0.01 < 0.01 . 0.01 . <0.01

1/ 10/76 <0.01 . <0.01 . < 0.01 <0.01 < 0.01 0.01 . <0.01 . <0.01 < 0.01

2/  8/  . <0.01 <0.01 .. <0.01 . <0.01 <0.01 < 0.01 . <0.01 . <0.01 0.01

3/ 10/  . <0.01 < 0.01 .. <0.01 . <0.01 <0.01 . < 0.01 . <0 .0 1 . <0.01 0.01

4/  9/ <0.01 .. <0.01 < 0.01 . <0.01 0.07 0.19 0.24 0.12 0.05



' n ■•Table 19. Total Recoverable Zinc (mg/x,) in Water Samples collected
near the Mouths of Selected Tributaries during 1975

Tributary Location Date
5/11/ 6/10/ 6/26/
zinc concentration

Lowland Creek 15 km above Station I — . <0.01 0.03

Bison Creek 4 km above Station I ■ <0.01 0.03 0.07

Red Rock Creek I km above Station I <0.01 <0.01 0.01

Boomerang Creek 4 km above Station 2 —— ,- 0.03

Galena Creek 3 km above Station 2 — <0.01 . <0.01

Muskrat Creek . 2 km above Station 3 . <0.01 „ <0.01 0.02

Little Boulder River 5 km above Station 4 <0.01 0.02



Table 22. Average Number per Seunpler (AN), Range of Numbers (in parentheses), and Wet Weight (Wt, gms/4 samplers) of Aquatic Insects 
by subordinal Taxon at Stations on the Boulder River for August 197^

Taxon I 2 3 4 5  6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Station

)hemeroptera
Tricorythodes _ _ — — — —

Ephemerella 34
(19-40)

0.30 6
(4-9)

0.02

Epeorus — — — —
Rhithrogena — — — —
Cinygmula — — — —
Paraleptophlebia 6

(3-8)
0.02 — —

Ameletus — — — —

Baetis 9
(0-31)

0.10 43
(34-54)

0.24

43 .0.20 38 0.24 7 0.03
(29-55) (5-9)

28 0.15 193 1.55 24 0.12
(15-41) (16-36)

9 0.12
(1-13)

t 0.01 
(0-1)

I 0.02 
(0-2)

I 0.03 
(0-2)

21 0.05
(5-37)

Odonata
Ophiogomphus

Plecoptera
Nemoura — — 4

(1-6)
0.01

Capnia — —— —— ——
Braohyptera — — — —
Pteronaroella 3

(0-7)
0.04 5

(4-5)
0.05

Pteronaroys t
(0-1)

0.03 — —
Isoperla

I 0.01
—

Aroynopteryx (0-1) —
Isogenus — —— ——
Alloperla 3

(1-9)
0.02 2

(0-3)
0.01

Aoroneuria I
(0-2)

0.26 — —

23
(8-34)

0.02 6 0.04 — —

— — — — —
31 0.43 31 0.49 106 0.96

(14-39)
V

(64-220)

3 0.01 3 t 7 0.03
(0-6)

— —

(4-9)
8

(3-12)
0.21

I t I t I t
(0-1)

I 0.40
(0-4)

t
(0-1)

t

I
(0-1)

t I
(0-3)

0.06

— — — -- — — —
123
(56-177)

2.13 29
(5-66)

0.48 25
(11-45)

0.44

— —— — — — _
5

(1-10)
0.03 t

(0-1)
t 17

(13-23)
0.05

13
(11-18)

0.64 25
(19-31)

1.42 8
(4-11)

0.48

5
(3-9)

0.02 I
(0-2)

t I
(0-2)

0.02

—— — — — — — _

Ui
Ui



Table 22 (continued)

Taxon

Heteroptera
Heaperooorixa

Trichoptera
Agraylea

Helioaopsyohe

Hydropayohe

Cheumatopayohe

Arotopayohe
Rhyaoophila
Cloaeosoma

Braohyoentrua

Oeoetia

Leptooella

Lepidoatoma

Peychoglypha

Dioomoeaua

Lepidoptera
Cataolyata

Coleoptera
Lara

Optiooervua

Miorooy Iloepua 
Haliplua

Station
I 2 3 4 5 6 7 8

AN Wt. AN Wt. AN Wte AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

t t I t
(0-1) (0-2)

28 0.15 9 0.01 I 0.01 78 0.61 241 1.30 445 3.41 808 6.42
(2-72) (3-15) (0-2) (55-92) (217-347) (384-554) (456-1113)

5 0.02 134 0.84 404 3.77
(3-7) (110-171) (213-525)

—  — —  — —  — —  — — —  — —  —  —  — —  — — —  —  — ___ ___ __ Ul
— — <T>

6 0.16 I 0.02 2 0.04 34 0.351 661 5.37 120 3.85 78 1.03
(4-9) (1-2) (17-55) (571-803) (80-188) (39-94)

2 0.01 5 0.01 11 0.04
(1-3) (3-10) (5-20)

3 0.02 6 0.02
(0-6) (6-47)

64 0.07 2 t 3 t 5 0.01 17 0.04 4 0.01 6 0.02
(21-137) (0-3) (1-6) (3-9) (13-24) (0-9) (4-8)

I 0.08
(0-2) —

— — — — — — - - — --- --- —  — —  — — — —  —

2 t
(0-2)

I 0.04 t 0.01
(0-1) (0-1)
2 0.01 t t 3 t

(0-5) (0-2) (1-6)
— — — — — —  — — — — — — — — — — — —
— — — — — —  — — — —— — — —  — — — — — —



Table 22 (continued)

Taxon Station
I 2 3 4 5 6 \ 7 8

AN Wt. AN Wt. AN • Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Diptera
Tipula — —
Antocha 3

(0-1)
t

Helius
Hexatoma —— —  —
Pericoma — — — — — — — — — — — — — —
Simulium 25 0.13 20 0.05 54 0.18 62 t I t t t 4 0.02

(2-66) (22-113) (0-4) (0-1) (1-6)
Chironomidae 145 0.09 375 0.18 375 0.20 231 0.15 61 0.02 153 0.08 245 0.12 295 0.27

(75-193) (294-421) (300-463) (49-56) (99-180) (219-314) (266-325)
Athevix 39 0.19 12 0.13 76 1.03 41 1.15 10 0.02 I t t t t

(24-51) (10-15) (44-108) (5-14) (0-1) (0-1) (0-1)
Ephydva — — — — — — — —

Totals 369 1.61 479 0.74 640 2.25 641 4.26 346 2.37 1240 9.90 1013 10.23 1712 12.79
♦Hyphens indicate zero counts and t signifies trace amounts.



Table 23. Average Number per Sample (AN), Range of Numbers (in parentheses) and Wet Weight (Wt, gms/4 samplers) of Aquatic Insects by 
Subordinal Taxon at Stations on the Boulder River for September 1975*

Taxon Station
I 2 3 4 5 6 7 8

AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Ephemeroptera
Trioorythodee ——
Ephemerella 37 0.70 4 0.05 37 0.82 24 0.65 I t

(23-48) (0-11) (21-46) (11-46) (0-4)
Epeorua

Rhithrogena t
(0-1)

t — — — —

Cinygmula I
(0-3)

t
—

Paraleptophlebia 5
(3-9)

t — — — —
Ameletue

Baetie 2
(1-3)

0.02 — — I
(0-1)

0.01 6
(0-21)

0.02 2
(0-8)

t — — — — I
(0-2)

0.01

Odonata
Ophiogomphua — t

(0-1)
0.04

Plecoptera
Nemoura t t I 0.01 11 0.03

(0-1) (1-2) (4-29)
Capnia — — I

(0-2)
t — —

Braahyptera —
Pteronaroella 5 0.15 4 0.08 23 0.84 18 1.04 3 0.07 28 1.67 4 0.14 5 0.24

(2-8) (1-6) (20-31) (10-29) (1-6) (5-58) (0-8) (0-7)
Pteronaroye 2

(1-3)
5.97

— — — —

Isoperla 5
(1-8)

0.03 I
(0-2)

0.01 I
(0-3)

0.01 4
(3-7)

0.02 t
(0-1)

t — — t
(0-1)

t 7
(3-9)

0.04

Aroynopteryx t t I 0.06 5 0.47 10 1.37 5 0.69 6 0.74
(0-1) (0-2) (1-7) (8-10) (3-9) (6-11)

Ieogenus

Alloperla
7 0.04 t t I 0.01 I 0.01 t t t t

(1-12) (0-1) (0-4) ” " (0-.2) (0-1) (0-1)



Table 23 (continued)

Taxon 1 2  3 4 5 6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Station

Plecoptera (cont.).
Aovoneuria

t
(0-1)

0.12 — — — — — — — — — — — — — —

Heteroptera
Hesperooopixa

Trichoptera
Agraylea — — 3

(0-5)
t 3

(0-6)
t I

(0-3)
t t

(0-1)
t

Heliooopsyohe — —

Hydropsyohe 5
(1-12)

0.12 — — t
(0-1)

t I
(0-2)

t 5
(3-11)

0.04 4
(3-4)

0.05 37
(27-46)

0.43 153
(134-184)

3.13

Cheumatopsyohe 2
(0-3)

0.04 22
(11-30)

0.55

Arotopsyohe — —
Hhyaoophi la — —
Glossomoma ___

Bpachyaentrus 2 t i t I t I t 6 0.09 46 0.83 81 3.37 34 0.28
(0-2) (0-1) (0-1) (0-1)

2 t
(1-11)
I 0.02

(9-126)
2 0.05

(36-188)
8 0.12

(14-63)
7 0.10

Leptooella

(0-4) (0-2) (0-3) (3-12)
3

(0-7)
0.05

(0-16)
142
(5-297)

3.72

Lepidostoma

Psyohoglypha

24 0.02 4 t 10 t 6 t 3 0.02 10 0.15 I t 3 0.05
(20-30) (2-6) (5-13) (1-15) (2-4) (0-16) (0-3) (1-5)

Dioomoeaus

Lepidoptera
Cataolysta

Ul
VD

0.03



Table 23 (continued)

StationTaxon I 2 3 4 5 6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Coleoptera
Lara I 0.03

(0-2)
Optioaervua

4
(3-4)

0.01 — — t
(0-1)

t I
(0-2)

t

Miorooy Iloepua — —

Haliplua —

Diptera
Tipula —
Antooha I t t t i t

(0-2) (0-1) (0-2)
Heliue
Hexatoma —
Periaoma I

(0-2)
t

—

Simulium I
(0-1)

t t
(0-1)

t I
(0-1)

t t
(0-1)

t

0.06

I
(0-1)

t

Chironomidae 47 0.02 26 0.01 237 0.14 61 0.02 21 0.01 64 0.05 107 89 0.11
(31-70) (17-35) (169-307) (28-115) (10-27) (24-100) (72-166) (55-155)

Atherix 26 0.31 7 0.14 20 .0.54 12 0.51 I 0.02
(16-33) (6-8) (15-23) (7-16) (0-1)

Ephydra —

Totals 178 7.64 52 0.29 346 2.43 137 2.30 49 0.73 164 4.15 248 4.90 473 9.04
♦Hyphens indicate zero counts and t signifies trace amounts



Table 24. Average Number per Sampler and Range of Numbers (in parentheses) of Aquatic
Insects by Subordinal Taxon at Stations on the Boulder River for October 1975*

StationTaxon 2 3 4 5 6 7 8

Ephemeroptera
Tvioorythodes — — — — — — —
Ephemere I la I

(0-2)
35

(22-57)
20

(14-31)
2

(1-2)
2

(1-2) — —
Epeorus — — — — — — —

Rhithrogena — — — — — — —

Cinygmula — — — — — — —
Paraleptophlebia — — — — — — —
Ameletus —  — — — — — — — — —
Baetis 2

(2-2)
17
(5-42)

7
(2-10)

I
(0-2)

I
(0-2) — —

Odonata
Ophiogomphus — — — — — t

(0-1) —

Plecoptera
Nemoura (0-3) (0-5) — — — — —

Capnia t
(0-1)

7
(0-17) — — — — — 1 —

Braohyptera — — — — — — —
Pteronaroella 2

(1-3)
4

(1-9)
6

(3-11)
14
(8-23)

65
(58-82)

32
(12-53)

14
(11-16)

Pteronaroys — — — — — — t
(0-1)

Isoperla I
(0-1)

2
(0-2)

3
(2-5)

I
(0-1)

I
(0-3)

I
(0-1)

11
(6-16)



Table 24 (continued)

Taxon Station
2 3 4 5 6 7 8

Plecoptera (cont.)
3 3 11 11Aroynopteryx (0-4) (2-4) (6-14) (8-12)

Alloperla t 5 7 4 I I 3
(0-1) (0-10) (4-11) (2-5) (0-2) (0-2) (1-4)

Heteroptera
Hesperooorixa — — — — — —

Trichoptera
Agraylea 11

(3-18)
4

(0-9) — — — —  ̂'
He liooopsyohe — — — — — — —
Hydropsyohe — t

(0-1)
t

(0-1)
9

(4-16)
16

(12-23)
11
(4-17)

H O
(52-206)

Cheumatopsyohe — — — — I
(0-2)

18
(3-32)

31
(20-41)

Arotopsyohe — — — — — — —
Rhyaoophila — — — — — — —
Glossosoma — t

(0-1) — — — — —

Braohyoentrus t
(0-1) — — 6

(3-9)
392

(155-552)
65

(47-77)
61

(25-88)
Oeoetis — — I

(0-3)
2

(1-3)
10
(7-14)

20
(13-30)

7
(0-13)

Leptooella — — — — 4
(2-7)

17
(7-37)

119
(8-213)

Lepidostoma 2
(0-3)

7
(1-12)

10
(7-13)

3
(0-6)

43
(5-69)

20
(2-52)

10
(1-21)



Table 24 (continued)
StationTaxon 2 3 4 5 6 7 8

Trichoptera (cont.)
Psyahoglypha — — — — — — — — —
DiaorTioeous — — — — — — —

Lepidoptera
Cataolysta — — — — — — —

Coleoptera
Lara — — — — — — —
Optiooervus — -• — — — — 2

(0-7)
Miorooy Iloepus — — — — — — — —
Haliplus — — — — — —

Diptera
Tipula — — — — — — I

(0-1)
Antooha — — — — — — I

(0-1)
Hexatoma — — —  —  . — — — — — — —
Periooma — — — — — — —
Simulium t

(0-1)
I

(0-2) — — — — —

Chironomidae 32
(21-52)

304
(195-416)

99
(75-147)

12
(9-19)

I
(0-3)

20
(7-38) —

Atherix 6
(1-12)

5
(3-9)

3
(2-5)

I
(0-2) — — —

Ephydra — — t
(0-1)

t
(0-1) — — —

Totals 59 393 156 58 540 216 381
*Hyphens indicates zero counts and t signifies trace amounts.



Table 25. Average Number per Sampler and Range of Numbers (in parentheses) of Aquatic 
Insects by Subordinal Taxon at Stations on the Boulder River for November 
1975*

StationTaxon 3 4 6 7 8

Ephemeroptera 
Triaorythodes
Ephemerella
Epeorus
Rhithrogena
Cinygmula
Paraleptophlehia
Ameletus
Baetis

15
(9-19)

26
(0-55)

14
(12-15)

122
(80-163)

I
(0-2)

3
(2-4)

Odonata
Ophiogomphus I

(0-1)

Plecoptera
Nemoura

Capnia 
Braahyptera 
Pteronarae I la 
Pteronarays

Isoperla

3
(1-4)
2

(0-3)

15
(7-21)

t
(0-1 )

I
(1-1)

13
(9-26)

14
(7-21)

I 2
(0-2) (1-2)

39 30 9
(17-59) (15-48) (3-13)

3 2 20
(2-3) (0-4) (13-27)

Otft



Table 25 (continued)

Taxon Station
3 4 6 7 8

Plecoptera
Araynopteryx — — 7

(3-12)
22

(14-31)
7

(4-10)
Isogenus — — — — —

Alloperla I
(0-2)

4
(1-6)

I
(0-3)

3
(0-5)

2
(0-3)

Aoroneuria — — — — —

Heteroptera
Hesperoaorixa — — — — —

Trichoptera
Agraylea 3

(0-11) — — — —

Heliooopsyahe — — — — —

Hydropsyohe — I
(0-2)

5
(2-9)

12
(3-25)

80
(72-97)

Cheumatopsyohe — — — 13
(4-25)

13
(6-20)

Arotopsyohe — — — — —  —

Rhyacophila — — — —

Glossosoma —  — — — —

Braohyoentrus t
(0-1)

I
(0-1)

228
(142-291)

56
(49-60)

18
(13-22)

Oeoetis I 20 I
(1-2) (11-28) (0-2)

Leptooella — — —
13
(9-17)

15
(1-36)

Lepidostoma 2
(0-5)

9
(4-13)

28
(12-43)

22
(12-31)

12
(4-20)



Table 25 (continued)

Taxon Station
3 4 6 7 8

Trichoptera (cont.)
Psyahoglypha — — — — —
Diaomoeous — — — — —

Lepidoptera
Cataalysta — — — — —

Coleoptera
Lava — — — — —
Optioaevvus — — — I

(0-2)
t

(0-1)
Miavooy Iloepus — — — — —
Haliplus — — — — —

Diptera
Tipula
Antoaha — —  — —  — —  — —  —

Helius —  — —  — —  — —  — —  —

Hexatoma — —  — —  — — —  —

Pevicoma — — — — — —
Simulium 2

(0-3) •;-- — t
(0-1)

I
(0-1)

Chironomidae 86
(67-112)

36
(23-48) — — 8

(4-15)
27

(16-49)
Athevix 4 6 _ _

Ephydva
(2-b) (3-b)

— — —
Totals 159 223 313 204 210
♦Hyphens indicate zero counts and t signifies trace amounts.



Table 26. Average Number per Sampler and Range of Numbers (in parentheses) of Aquatic Insects by Subor­
dinal Taxon at Stations on the Boulder River for December 1975, January, February, March 1976*

Taxon Dec 1975 Jan 1976 Feb 1976 March 1976
3 8 3 8 3 8 4 8

Ephemeroptera
Triaorythodes — — -. — — — — —
Ephemerella

10
(7-13) — 16

(8-28) — 17.
(12-23)

t
(0-1)

4
(0-10)

t
(0-1)

t I I
Epeorus (0-1) (0-2) (0-2) —
Rhithrogena — — — — — — — — — —
Cinygmula — — — — — — — — — —
Paraleptophlebia — — — — — — — — —
Ameletus — — — — — — — — — — —
Baetis

29 5 85 33 215 77 I 6
(8-46) (3-7) (46-141) (28-40) (75-405) (67-96) (0-4) (4-10)

Odonata
Ophiogomphus — — — — — — — t

(0-1)
Plecoptera

Nemoura
I I t

(0-2) (0-2) (0-1)
Capnia I

(0-1)
2

(0-4)
t

(0-1)
3

(0-5) — — — —
Braohyptera — I

(0-1) — — — I
(0-1) — —

Pteronaraella 9
(5-18)

4
(2-5)

22
(19-28)

3
(1-6)

19
(8-41)

t
(0-1)

I
(0-2)

5
(1-11)

Pteronaroys t
(0-1) — t

(0-1) — — — — —
Isoperla I

(0-3)
10
(4-11)

2
(1-3)

23
(19-27)

2
(0-3)

13
(2-20) — 15

(5-32)
Araynopteryx — — — I

(0-2) — t
(0-1) — —

Isogenus — — — — — I
(0-3)

I
(0-2)

9
(5-12)



Table 26 (continued)

Taxon Dec 1975 Jan 1976 Feb 1976 March 1976
3 8 3 8 3 8 4 8

Alloperla t
(0-1)

I
(0-3)

2
(0-8)

7
(5-11) —

t
(0-1)

3
(1-4)

14
(10-17)

•

Aaroneuria — — %- t
(0-1) — — — —

Heteroptera
Hesperocorixa — — — — — — — —

Trichoptera
Agraylea I

(0-3)
2

(0-3)
2

(1-4)
I

(0-2) — I
(0-2)

5
(3-7) —

Helioaopsyahe — — — — — — — —

Hydropsyohe t
(0-1)

64
(52-80)

t
(0-1)

45
(19-71)

I
(0-1)

21
(12-33)

I
(0-2)

74
(36-124) 0>CD

Cheumatopsyahe — 8
(6-11) — 9

(4-17)
I

(0-2) — — 25
(15-31)

Aratopsyahe — — — — — — — — —

Rhyaoophila — — — — -T — — —

Glossosoma t I
(0-1) (0-1)

Braohyaentrus —
8

(2-14)
I

(0-1)
5

(2-6)
I

(0-1)
3

(2-5)
I

(0-4)
5

(1-14)
Oeaetis —

I
(0-2) —

I
(0-2) — — —

8
(1-11)

Leptooella —
5

(0-9) —
I

(0-1) — t
(0-1) —

5
(2-11)

Lepidostoma I
(0-2)

5
(0-6)

8
(3-13)

6
(4-7)

9
(3-12)

I
(0-4)

9
(3-15)

3
(1-5)

Psyahoglypha — — — — — — — —

Diaomoeous — — — — — — —
t

(0-1)

Lepidoptera
Cataalysta



Table 26 (continued)

\

Taxon Dec 1975 Jan 1976 Feb 1976 March 1976
8 8 8

Coleoptera
Lara — — — — — — (0-1) —

Optioaervus — — — — — — I
(0-3)

2
(1-3)

Miaroay Iloepus — — — — — — t
(0-1)

t
(0-1)

Haliplus — — — — — — t
(0-1) —

iiptera
Tipula — — — — — — — —
Antoaha — — — — —— I

(0-1)
I

(0-2)
I

(0-5)
Helius — — — — —— — — 3

(1-4)
Hexatoma — t

(0-1) — — — — t
(0-1) —

Periaoma — — —— — —— —— —— —  —

Simulium I
(0-3)

I
(0-4)

6
(1-12)

I
(0-3)

8
(2-13)

10
(4-21) — 2

(0-3)
Chironomidae 79 63 364 317 626 841 408 179

(62-122) (46-73) (217-427) (247-371) (267-1136) (766-869) (143-748) (112-276)
Atherix 5

(2-10) — 12
(7-19) — 3

(1-4) — 24
(15-33) —

Ephydra — — I
(0-3) — — — 3

(0-4) —

'otals IJ B 180 532 447 902 970 464 357

o\
VD

•Hyphen indicates zero counts and t signifies trace amounts



70
Table 27. Average Number and Range of Numbers (in parentheses) of 

Aquatic Insects, by Subordinal Taxon at Stations on the 
Boulder River for July 1976*

Taxon _________________ Station_________________
1 2 3 5 7

Ephemeroptera 
Triaorythodes
Ephemerella
Epeorus
Rhithrogena
Cinygmula
Para Ieptophlebia

Ameletus

Baetis

Odonata
Ophiogomphus

Plecoptera
Nemoura
Capnia
Braahyptera
Pteronarae I la

y
Pteronaroys

Isoperla

Arcynopteryx
Isogenus
Alloperla
Aoroneuria

29
(10-47)

10
(4-13)
I

(0-2)
11
(7-14)

I
(1-2)
I

(1-2)
t

(0-1)

3
(1-4)

I 49 I
(0-1) (21-71) (0-1)

4 119 26
(3-6) (38-243) (10-42)

t
(0-1 )

3
(1-5)

3 42 126 6
(0-6) (21-84) (28-253) (1-14)

1 5
(0-2) (1-7)
2

(1-3)

(0-2)

Heteroptera
Hesperoaorixa t

(0-1)



71

Table 27 (continued)

Taxon ______________ Station____________________
1 2 3 5 7

Trichoptera
Agpaylea
Heliooopsyohe
Hydpopsyohe

Cheumatopsyohe
Apotopsyohe
Rhyaoophila
Glossosoma
Braohyoentrus

Oeoetis

Leptooella

Lepidostoma

Psyohoglypha

Dioomoeous

Lepidoptera
Cataolysta

Cpleoptera
Lara

Optiooervus 
Microoy Iloepus 
Haliplus

I
(1-2)

4
(0-6)

5
(1-8)

t
(0-1 )

I
(0-2)

17
(7-29)
241
(90-348)

2 1 1  
(0-3) (0-3) (0-2)

I
(0-3)

47 69
(8-106) (10-144)

(0-1)

(0-3)
30

(12-43)

(0-1)

(0-1)

(0 - 1 ) '
t I

(0-1) "  (0-1)
I

(0-1 )

(0-2)
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Table 27 (continued)

Station
I 2 3 5 7

Diptera
Tipula
Antoaha — — — — — —
Eelius I

Hexatoma — — — —
(0-1)
t

(0-1) —
Periooma — — — — —— —
Simulium t

(0-1)
I

(0-2)
62

(20-114)
I

(0-1) —

Chironomidae H O 82 103 13 H O
(75-200) (63-176) (52-146) (6-20) (52-161)

Atherix — 14
(6-20)

45
(14-62)

14
(9-26)

t
(0-1)

Ephydra — — — — t
(0-1)

Totals 171 H O 429 232 648

*Hyphen indicates zero counts and t signifies trace amounts.



Table 28. Average Number (AN), Range of Numbers (in parentheses) and Wet Weight (Wt., gms/4 samplers) of Aquatic Insects by 
Subordinal Taxon at Stations on the Boulder River for August 1976*

Taxon Station
1 2 3 4 5 6 7 8  

AN Wt. AN Wt. AN ' Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Ephemeroptera
Trioorythodea I

(0-1)
t 2

(0-3)
t

Ephemere I la 26 0.11 3 0.01 42 0.19 55 0.29 16 0.04 3 0.02
(17-35) (2-4) (29-64) (41-70) (8-24) (0-6)

Epeorus

Rhithrogena I
(0-1)

t

Cinygmula t
(0-1)

t —
Para Ieptophlebia 5

(0-12)
0.01 - y -

AmeLetus I 0.02
(0-3)

Baetis 36 0.11 32 0.06 59 0.12 109 0.39 76 0.20 4 0.01 12 0.02 56 0.03
(15-62) (29-38) (16-100) (82-161) (60-93) (2-5) (6-19) (34-75)

Odonata
Ophiogomphus

Plecoptera
Nemoura 8 0.01 13 0.01 57 0.05 14 0.02

(1-18) (1-22) (37-91) (9-19)
Capnia
Brachyptera

Pteronaroella 9 0.09 19 0.25 102 2.97 138 2.81 250 3.34 650 11.91 264 4.35 42 0.65
(6-15) (9-28) (72-154) (88-211) (161-339) (536-895) (192-337) (31-66)
I 0.33 t 0.12 I 0.98

Pteronarcya (0-1) (0-1) (0-2)
Iaoperla

5 0.01 4 t 10 0.01 11 0.01 14 0.01 15 0.01 2 0.01 27 0.02
(3-8) (2-6) (5-15) (7-14) (8-19) (9-21) (2-2) (15-41)

Aroynopteryx 2 0.02 I 0.02 2 0.04 7 0.34 17 0.81 18 0.84
(1-3) (0-2) (1-4) (5-8) (14-20) (14-20)

Isogenus

'x)
UJ



Table 28 (continued)

i axon I 2 3 4 5 6 7 8
AN Wt. AN Wt. AN Mt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Alloperla 5
(0-14)

0.02 I
(0-2)

0.01 I
(0-3)

q.oi 2
(0-5)

0.01 — — I
(0-4)

t 2
(0-5)

t t
(0-1)

t

Aoroneuria t 0.57 t 0.03 I 0.31 t 0.13 t 0.14
(0-1) (0-1) (0-2) (0-1) (0-1)

Heteroptera
Heeperooorixa

Trichoptera
Agraylea

Helioaopsyahe

I
(0-2)

t — — 2
(0-3)

t

Hydropsyohe 117 0.83 2 0.01 I t 6 0.07 70 0.63 1225 14.25 600 4.79 1272 16.63
(52-157) (0-3) (0-3) (2-7) (4-135) (957-1480) (476-724) (527-2282)

Cheumatopeyohe 19
(9-27)

0.13 129 2.20
(120-138)

317 5.98
(198-400)

Aratopsyahe 2
(0-4)

0.09

Rhyaoophi la I
(0-1)

0.01 I
(0-1)

t

Gloseoeoma 10
(1-19)

0.08 2
(1-3)

0.03 — —

Braohyoentrue 3 0.03 2 t I 0.01 3 t 15 0.32 468 16.11 46 0.80 285 6.06
(1-6) (1-4) (0-1) (0-4) (13-17) (61-729) (34-58) (155-381)

Oeoetis I
(0-2)

t t
(0-1)

t I
(0-2)

t 2
(0-4)

0.01 — — 2
(0-4)

0.01

Leptooella 3
(1-7)

0.02

Lepidoetoma 11 0.01 3 t 25 0.01 7 0.01 7 t 25 0.07 12 0.04 20 0.05
(3-20) (0-6) (9-46) (5-9) (6-8) (14-42) (5-19) (5-34)

Psyohoglypha

Dicomoeous

t
(0-1)

0.04

Lepidoptera
Cataalysta 4

(0-9)
0.02



Table 28 (continued)

StationT=AU.. I 2 3 4 5 6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Coleoptera
Lara 2 0.06 t 0.02 I 0.02 I 0.02

(0-3) (0-1) (0-1) (i-i)
Optioaervue 4 0.01 I 0.01 I t I t 7 0.02

(3-5) (0-1) (0-1) (0-1) (4-14)
Uiorooy Iloepue t

(0-1)
t

Haliplua t
(0-1)

t — — I
(0-2)

0.01

Diptera
Tipula t

(0-1)
0.02 — —

Antooha I t
(0-2)

Heliue

Hexatoma t 0.01 4 0.01
(0-1) (0-10)

Pericoma

Simulium 7 0.02 3 0.01 I t 29 0.11 I t 2 t 2 0.01
(1-14) (0-3) (0-4) (9-57) (0-1) (0-4) (0-3)

Chironomidae 50 0.03 33 0.01 32 0.02 9 t 3 t 14 0.01 39 0.04 91 0.09
(35-78) (7-48) (16-55) (5-12) (3-3) (10-18) (33-45) (51-143)

Atherix 108 0.61 66 0.93 48 2.09 86 4.67 47 0.65 5 0.15 2 0.40
(73-148) (55-88) (28-71) (75-91) (47-47) (3-8) (0-5)

Ephydra t
(0-1)

t t
(0-1)

t t
(0-1)

t

Totals 404 2.98 181 1.37 386 5.87 474 8.42 501 5.23 2454 43.21 1129 13.36 2147 31.94
•Hyphen indicates zero counts and t signifies trace amounts

Ln



Table 29. Average Number (AN), Range of Numbers (in parentheses) and Wet Weight (Wt, gms/4 samplers) of Aquatic Insects by 
Subordinal Taxon at Stations on the Boulder River for September 1976*

Stationraxon I 2 3 4 5 6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt.

Ephemeroptera 
Tricorythodea

Ephemera I la 20 0. 18 I 0.01 31 0.55 29 0.54 5 0.04 2 0.05 t t
(15-30) (0-1) (23-47) (20-35) (2-8) (1-4) (0-1)

Epeorus t
(0-1)

t t
(0-1)

t
”

t
(0-1)

t

Rhithrogena
Cinygmula

Paraleptophlebia 

Ame letua

t
(0-1)
I

(0-2)

t

0.01

76

Baetis 13
(9-19)

0.03 21
(11-41)

0.03 21
(3-31)

0.02 68
(46-85)

0.06 2 t
(0-6) — — 2

(0-3)
t 2 t

(1-3)

Odonata
Ophiogomphua

Plecoptera
Nemoura I 0.02 4 0.01 24 0.05 10 0.01

(5-11) (2-6) (12-40) (7-17)
Capnia
Brachyptera

Pteronarce Ila 10 0.43 11 0.40 25 0.97 59 2.84 66 1.39 177 5.59 74 2.48 21 1.03
(3-16) (5-20) (14-40) (47-70) (33-97) (84-295) (60-86) (13-32)

Pteronarcya I
(0-2)

4.14

Iaoperla 8 0.04 4 0.02 7 0.03 24 0.13 6 0.02 2 t I t 22 0.07
(4-13) (1-9) (3-9) (5-36) (5-8) (1-3) (0-1) (13-35)

Arcynopteryx t 0.04 I 0.06 t 0.04 5 0.27 9 0.83 11 1.19 13 1.71
(0-1) (0-2) (0-1) (1-8) (6-13) (6-19) (10-16)

Isogenus



Table 29 (continued)

Taxon

Alloperla

Aoroneuria

Heteroptera
Heaperooorixa

Trichoptera
Agraylea

Heliooopsyohe

Hydropsyahe

Cheumatopsyohe

Arotopsyohe

Rhyaoophi la

Glossosoma

Braohyoentrus

Oeoe tie

Leptooella

Lepidostoma

Psyohoglypha
Dioomoeous

Station
I

AN Wt.
2

AN Wt.
3

AN Wt.
4

AN Wt.
5

AN Wt.
6

AN Wt.
7

AN Wt.
8

AN Wt.

3
(0-4)
t

(0-2)

0.02

0.40

t t
(0-1)

i t
(0-1)

4 0.02
(0-10)

i t
(0-3)

I t
(1-2) — 2 t

(0-3)
t 0.18
(0-1)

I t 13 0.01 I t t t
(0-2) (5-23) (0-2) (0-1)

t t
(0-1)

8 0.53 t t I t 7 0.09 36 0.20 56 1.31 104 1.43 297 7.52
(2-15) (0-1) (0-2) (2-12) (21-55) (38-67) (59-173) (229-354)

I t 5 0.87 S3 1.43
(1-2) (3-8) (43-67)

t 0.03
(0-1)
I t I t

(0-1) (0-2)
14 0.21 11 0.14 2 0.04
(9-21) (0-40) (0-3)

18 0.03 I t 8 0.07 30 0.08 24 0.46 68 1.84 24 0.41 176 5.10
(11-24) (0-2) (6-10) (23-39) (11-30) (25-142) (15-32) (156-193)

t t 5 0.05 I t 4 0.04
(0-1) (2-9) (0-2) (1-9)

t t 4 0.05
(0-1) (0-9)

7 t I t 26 0.02 24 0.02 8 t 11 0.01 8 0.01 14 0.02
(2-15) (0-1) (16-47) (11-38) (4-9) (6-17) (0-22) (7-26)



Table 29 (continued)

StationTdAu.i I 2 3 4 5 6 7 8
AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN Wt. AN wt.

Lepidoptera 0.07Cataolysta (0-4)

Coleoptera
Lara t 0.02 t 0.02 I 0.02

(O-I) (0-1) (0-1)
Optiooeruus t

(0-1)
t — — t

(0-1)
0.02 t

(0-1)
t t

(0-1)
t 7

(3-9)
0.03

Mioroaylloepus 
Haliplus --

Diptera
Tipula t

(0.1)
0.05

Antooha I t t t I t
(1-2) (0-1) (1-2)

Helius

Hexatoma , I 0.01
(0-1)

PeHooma

Simulium I
(0-3)

0.01 — — 2
(0-8)

0.02 3
(1-4)

0.02 4
(0-7)

0.01 3 t
(1-6)

35
(5-63)

0.05 4
(1-9)

0.02
Chironomidae 8 0.08 5 0.01 25 0.03 3 t 2 t 4 t 39 0.04 48 0.04

(15-29) (2-11) (19-30) (2-4) (0-5) (4-5) (9-66) (32-72)
Atherix 22 0.08 20 0.57 24 1.25 16 0.69 8 0.41 I 0.03

(15-29) (19-21) (14-36) (11-24) (6-9) (0-2)
Ephydra — — t

(0-1)
t 2

(0-3)
t — — I

(0-2)
t

Totals 131 6. 00 68 1.06 211 3.12 280 4.58 168 2.82 353 9.97 314 6.79 675 17.64

•Hyphens indicate zero counts and t signifies trace amounts.
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Table 30. Checklist and Distribution of Aquatic Insects in the 
Boulder River, Montana, August 1975 to October 1976

Taxon _______Station____' ______ .
I 2 3 4 5 6 7 8

Ephemeroptera
Tricorythidae
Tvioovythodes 

Ephemerellidae
Ephemevetta X X
Heptageniidae
'Epeovus X X
Rhithvogena X
Cinygmuta X

Leptophlebiidae
Papateptophtebia X
Siphlonuridae
Ametetus X
Baetidae
Baetis . X X

X X 

X X X X X X 

X X

X X X X X X

Odonata
Gomphidae
Ophiogdmphus X. X

Plecoptera
Nemouridae
Nemouva X X X X X
Capnia X X X X
Bvaohypteva X
Pteronarcidae
Ptevonavoetta X X X X X X X . X
■ Ptevonavoys X X X X
Perlodidae
Isopevta X X X X X X X X
■ Avoynoptevyx X X X X X X X
Attopevta X X X X X X X X
Perlidae
Aovoneuvia ■ X X X X X X

,Heteroptera 
Corixidae 
Hespevooovixa X
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Table 30 (continued)

Taxon Station
I 2 3 4 5 6 7 8

Coleoptera
Haliplidae
Hatvplus
Elmidae

X X X  X X

Lara
Opt-iooervus
Miorooylloepus

X X X X
X X X X X
X X X

Trichoptera
Hydroptilidae
Agraylea-
Heliocopsychidae

X X X X X X X

• Heliocopsyohe X
Hydropsychidae 
Hydropsyohe - 
Cheumatopsyohe 
Aretopsyohe

X X X X X X X X
X X X

X
Bhyacophilidae
Rhyaoophila
Glossosoma

X X
X X X

Brachycentridae 
'Braohyeentrus X X X X X X X X
Leptoceridae
Oeoetis
Leptpeella

X X X X X X
X X

Lepidostomatidae 
Lepidostoma X X X X X X X X
Limnephilidae
Psyohoglypha
Dioosmoeous

X X X X
X X

Lepidoptera 
Pyralidae . 
Cataolysta X

Diptera
Tipulidae
Tipula
Antooha

X X X
X X X  x
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Table 30 (continued)

Taxon . Station
I 2 3 4. 5 6 7 8

Ee Zius X X
- Hexatoma X X X X
Psychodidae
( Perieoma X
Simuliidae

SimuZiim X X X X X . X X X
Chironomidae X X X X X X X X
Rhagionidae
A th erix X X X X X X X X
Ephydridae

Ephydra X X X X X X X
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