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ABSTRACT
Chemical and biclogical investigations were undertaken in streams
draining an area of S@ut&ﬁ%ﬁt?a Montana where mining development i5
expectad.  More Intensive w%?¥ was done in the West Fork Stiilwater
River drainage where development seems imminent.

ot

b

Water guality was geaefaz 1y good. Waters, with some exceptions,
are soft and Tow in dissolved mater tals. Dissclved and suspended
metals were fo s 1y in Tow concentrations. Turbidity and suspended

b
solids remain ’Gw except for the snowmelt period when values reached
moderate §8¥€§§w Stream temperature W%dbé”@?@ﬁtﬁ with maximum-minimum
thermometers showed a summer maximum temnerature of 60 F for stations
in the West Fork Stitlwater River drainage.

tanding crups of streambottom macroinvertebrates were variable,

both in fime and location. At W%SZ stations organisms considered sensi-
tive to poliution were dominant. pecies identification data are shown
for stations on two streams.

Fish population estimates were made 27 sections in 16 streams.
Standing crops were moderately Jow in larger streams, but moderately
high in some brushy, meandering tributaries. Young-of-the-year fish were
oresent in most siream sections. Population estimates were mostly similar
from one year to the next. Fish tended to remain in the same stream
section from one year to the next, and grew somewhat more slowly than
state averages.

Survey electrofishing was done on stream sections where fish popuia-

tion estimates were not made. ;%% populations were lacking, excepi near
the mouth, in most small streams and in the upper reaches of almost all
streams.

A Timited investigation was made in the West Fork Stillwater River
of trout redd physical charvacteristics, spawning dates and egg hatching
dates.

Limited data on fTish stomach contents s
variety of aquatic organisms. Survival to ha
in artificial redds was variable, largeiy in re

est fish cropped a wide
€?g of trout eggs placed
onse o water tempeéraiure.

Data are shown for metels concentrations in fish muscie tissue.
Reguests for minimym streamflow ations, under the s

reser t 1
"Montana Water Use Act,"” were submitted f r streams with significant
populations.
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BACKGROUND

Several thousand acres of hard-rock mining claims are located along
or near the north edge of the Beartooth-Absarcka mountain range in south-
central Montana {Figures 1 and 2). Most of the claims were established
in the late 1960°'s, but some claims have been added in the period 1970~
1976, Extensive mining in this area seems likely in the near future.
Claims in the Deer (reeks area and in the Rosebud River drainage are of
lesser concern because these claims have been dropped by the companies
involved.

In late 1974 or early 1975 Johns-Manville Corporation purchased the
Picket Pin Ranch {Figure 2} as a potential mill and failings pond site and
for other functions that would be related to any mine developed as a result
of their exploration adif near the West Fork Stillwater River (Figure 2).

Work began on this exploration adit in December 1974 and continued
until early 1976 when the adit operation was halted by the Montana Depart-
ment of Health and Environmental Sciences because of an illegal discharge
of groundwater released into the adit by drilling and blasting. This
discharge was contaminated with ammonia and nitrate from blasting materials
and entered the West Fork Stillwater River by an underground route. As
of this writing, the adit operation is suspended until the Johns-Manville
Corporation formulates a chemical and biolegical monitoring program for
the adit drainage and obtains approval of this program by the DHES.
Facilities to allow an emergency waterticht seal of the adit will also be

reauired.

The overall goal of orotecting aguatic resources was undertaken
initially by chemical and biological surveys at stations upstream and down-
stream from mining claims. 7This work was begun in 1970 and was largely
completed by late 1974. Work in 1975 and 1976 consisted of developing
more intensive physical, chemical and biological data related to the ex-
ploration adit and ranch purchased for future mill and tailings ponds.

Data files from this project are stored in the Billings Department
of Fish and Game office.

OBJECTIVES
Job objectives were to obtain the following information at stations
upstream and downstrezam from the complex of mining ciaims:

1. Basic water gquality data

. Metals concentrations in stream sediments

. Numbers per sguare foot and species present in streambotiom
fauna sampies

Fish population estimates and species distributions in sireams

Metals concentrations in fish tissues

Information on organisms present in fish stomachs

Survival to hatching of hatchery trout eggs placed in
artificial redds.

e OFy O o Loy BN



Additional objectives were to obtain the above pius the following
information at stations related to the Johns-Manville adit and miil-
tailings pond sites in the West Fork Stillwater River drainage:

1. Weekly maximum-minimum stream temperatures
2. Trout redd characteristics and early 1ife history
3. Stream discharge data where lacking.

A final job objective consisted of determining minimum streamflows
required to maintain fish and other aguatic life in study streams with
significant fish populations and to request tnese flows under section
80-890 of the state law entitled "Montana Water Use Act.”

PROCEDURES

Sampling Stations

Sampling stations were established at points upstream and downstream
from the mining claims complex. Other stations were located upsiream and
downstream from the Johns-Manville adit and the Picket Pin Ranch. Station
Jocations are shown in Figures 1 and 2. Appendix A is a listing of town-
ship, range, section and location description for sampling stations.

Water and Stream Sediment Quality Sampiing

Values for temperature, turbidity, pH and dissclved oxygen were ob-
tained in the field. Spot temperature measurements were made with a Taylor
pocket thermometer. Maximum-minimum thermometers were made by the same
company. Turbidity and pH were measured colorimetrically (Hach Chemical
Company field unit modei DR-EL). Dissolved oxygen was measured by the
Winkler method.

Other parameters were analyzed at the Montana Bureau of Mines and
Geology laboratory in Butte under contract agreement with the Montana
Department of Fish and Game. Field procedures used were suggested by
laboratory personnel.

Water samples were collected in plastic bottles after three rinsings
with stream water. Bottles for nonmetals analysis were filied to capacity
to prevent air contact. One percent (by volume) of concentrated nitric
acid was added in the field to bottles of water for metals analysis. Prior
to 1973 water for dissolved metals analysis was not filtered. For samples
in 1973 and later, these samples were filtered. Filter pads of C.45 micron
pore size obtained from the Gelman Instrument Company were used for
filtration.

Stream sediment samples for metals analysis were collected from the
upper inch of sandy or silty deposits at each station. Sediments were
transported to the laboratory in cloth bags. Prior to analysis in the
Taboratory, samples were screened through material of 100 meshes per inch
{(0.0059 inch opening size). Only materials passing through the screening
were retained for analysis. The analyst for sediment samples was the same
as for water samples.



Streambotion Macroinvertebrates

Bottom macroinvertebrates were sampied with a "Water's Round” square
foot sampler slightly modified from that described by Waters and Knapp
{1961). One rifflie sample per station was collected in August or October
1970 and in April 1871. Three samples per station were collected at later
sampling dates. Riffles were chosen for sampling as these locations are
known to have the greatest abundance and diversity of macroinvertebrates.

Various nonriffle habitat types were also sampled once or twice at
most stations. This was done with a Needham hand screen. These organisms
have not been sorted and remain in storage.

Samples were preserved 1n the field in 10 percent formalin and were
sorted to order {insects) or other taxonomic groups for noninsect organisms.
The number, and in most cases, volume, of organisms were obtained for
each taxonomic group in each sample. A1l organisms were presaryed for
possible future work.

Indentification to species [or Towest possible taxonomic group) was
done by Mr. Robert L. Newell for samples frow the West Fork Stillwater
River. At that time Mr. Newell was employed by the Montana Department of
Fioh and Bame. Mr. Dana Schmidt {Ecological Consulting Service, Inc.,
Helena, Montana) identified organisms from sampies on the East Boulder
River. Mr. Schmidt's work was verified by an outside expert for each
insect order. Although very few changes were made by these expertis, their
changes are used in this report.

Fish Studies

Population estimates were made using methods similar to those des-
cribed by Vincent (1971). A computer program was used to make the required

calculations. The hasic technigue involves capturing fish by electrofishing

in & stream section and marking them in a manner recognizable at a future
date {fin clip was used in this study). Several days later fish were
again captured in the stream section, noting whether or not each fish was
marked. Fish in each stream section were given a distinctive merk each
year. Tney were aged from scale impressions. Fish were weighed to the
nearest 0.07 pound and total lengths were taken to the nearest 0.1 inch.

On the larger streams electrofishing gear was floated downsiream whiie
Fish were captured. On smaller streams electirofishing was done while
wading. A backpack shocker unit was used on vemote siream sections.

The formula used by the computer program 18!

(1) (641)
N = B - 1, where:
population estimate
= number ¢f fTish marked
number of fish in recapture sampie
= number of marked fish in recapture sample

i
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Scales were collected by 0.1 inch length intervais (three per 0.1
group if sufficient numbers of fish were captured). For purposes of the
estimate, the population was usually divided into several length groups,
with efficiency of fish capture similar within each group. Each group
contained at least seven recapturad Tish. The fish 1n each group were
apportioned to the variocus age groups, according to the aging from scales.

In a few instances, when numbers of recaptured fish were low, only
a single Tength group was used to estimate the population.

Fish stomachs and fish for metals analysis were collected during the
last recapture run, or at a later date if convenient. Fish stomachs were
preserved in 10 percent formalin and stomach contents were identified
to order. Fish collected for metals analysis were frozen the day of
collection and later shipped on dry ice by air freight to the Environmental
Protection Agency in Denver., Colorado where the analysis was performed.

Trout redds were located by observing adult fish excavating redds or
by excavating in gravels. Measurements on redds were made only while the
redd was being excavated by adult fish or shortly after eggs were laid.
Velocities over redds were measursed with a Price Model AA or pygmy current
meter.

Egg Biocassays

Eggs were buried in artificial redds to determine survival rates
during the incubation period. Redds were built by excavating the stream-
bottom in riffle areas to a depth of 12 to 14 inches, Teaving a semi-
spherical depression 2.5 feet in diameter, This was filled with clean
gravel averaging 0.84 inches in diameter.l/ Redds were allowed to settle
and stabilize at least Z weeks before egg piacement.

Procedures for the adit drainage egg bicassay and the control bioassay
in the adjacent West Fork Stillwater River were somewhat different. A small
plastic wading pool was placed below the adit drainage pipe to collect a
pool of water. The wading pool was partially filled with 1-4 inch diameter
gravel from the West Fork Stillwater River. The control redd was filled
with similar gravel.

Fyed cutthroat trout eggs were obtained from the Montana Department
of Fish and Game Yellowstone River Trout Hatchery at Big Timber for egg
bioassays in 1972. For the years 1973 through 1975, eyed rainbow trout
eggs were ocbtained from the Ennis National Fish Hatchery near Ennis.  In
1976 eyed cutthroat trout eggs from the Montana Depariment of Fish and Game
Jocko River Trout Hatchery near Arlee were used for bicassays.

On all occasions, eggs were placed in trays at the hatchery, covered
with crushed ice, and placed in ariificial redds the same day they were

1/Diameters were measured on gravel used in 1973. Gravel used in other
years was of similar size.



taken from the hatchery. One or two hundred eggs were returned io the
Big Timber hatchery following egg placement in redds. This was done {0
measure the effect of transportation and handling, if any.

Two different types of egg containers, both constructed to retain
fry after hatching, were used to contain eggs in redds. A few eggs were
placed in small perforated vials wnich were removed periodically to
determine when hatching had occurred. Three (two in 1976) containers
made of plastic screening were Filled with 100 eggs each and buried 4-6
inches deep in each redd. Gravel chips were placed in the screen con-
tainers in 1973-1976, but not in 1872.

The redd at station 007, 1973, was not stable. Most of the gravel
washed away between the time the redd was constructed and the day of eqg
placement. As an emergency measure, the screen containers were placed
on what little remained of the gravel from which the redd had been built
and large {2-4 inch diameter) gravel was collected from the streambank and

placed over the containers.

After hatching, the screen containers were removed and the fry were
counted.

Fish Bioassays

Cutthroat trout fry (approximately 2 inches total length) from the
Yellowstone River trout Hatchery were used for a bicassay of the adit
drainage and for a control in the adjacent West Fork Stillwater River.
Fish were transported from the hatchery in an aerated tank and placed in
Jocked metal Tive cars. The control live car was submerged in a stream
pool. The test live car was placed in a plastic wading pool under the
adit drainage ocutfall.

Streamflow Measurementis

Stream discharge measurements were made using methods described by
Buchanan and Somers {1989}, The Price Model AA or pygmy current meters
were used depending on water depths. The 0.6 method was used for all

measurements,

Minimum Streamfiow Reservations

A171 sources of information from other agencies were utilized in
developing minimum streamflow reservations (MSR's). These sources included
U. S. Geological Survey (USGS} published streamflow records for the
Stillwater River near lye, near Absarokee and near Woodbine campground; for
the Boulder River near Big Timber and near Contact; and miscellaneous measure-
ments for Little Rocky Creek, Castle Creek and the West Fork Stiliwater River.
Miscellaneous streamflow measurements by other agencies were aiso utilized.

Data developed during this project and used in formulating MSR's
included once per month stream gaging during low flow periods and twice
per month gaging during the runoff period at seven stations in the West Fork




Stillwater River drainage; stream gaging at previcusly ungaged sites at
times when flow was known to be near the annual minimum; fish population
and life history information; photography of fish habitat at various

streamflows; Bureau of Reclamation Water Surface Profile (WSP) computer

program data.

The WSP program generates information on stream widths, depths and
velocities at any desired discharge from cross sectional physical measure-
ments made at a single flow. This program allows the investigator to
gain knowledge of stream widths, depths and velocities at any flow, in-
cluding flows lower than those that actually occur.

FINDINGS

General Chemical Water Quality

Location of sampling stations is shown in Figures 1 and 2. Bppendix A
contains station descriptions. Maximum and minimum values for the various
chemical parameters and station where the value was recorded are in Table 1.
Appendices B through K give more detailed results of chemical analyses.

Waters are of the calcium bicarbonate type (typical of fresh water),
very soft to moderately hard, and generaily low in dissolved material. A
fow streams have moderate levels of dissolved materials - these are: Siltver
Creek (spring source), Upper and Lower Deer Creeks, Castle Creek, Picket
Pin Creek, the lower reaches of the East Boulder River, and the West Fork
Stiliwater River downstream from the confluence of Castie Creek. In general,
human activities have probably modified water quality only slightly (with
one exception to be discussed later).

Some chemical concentrations were strongly negatively correlated
with discharge. Higher levels of the major ions (Ca, Mg, Na, HCO3, S04)
were found at low streamflows. This was also true of dissolved sglids,
alkalinity and hardness,

Dissolved oxygen values were always near saturation values. This
would be expected in unpolluted, turbulent, shaliow streams.

values for the various metals were Tow and often below laboratory
detection limits. Values for aluminum at some stations on Castile Creek
(Appendix G) were somehwat higher (up to 5.02 mg/1iter}. This atuminum
was largely in the suspended rather than dissolved fraction and these
higher values were found only at elevated streamflows with concomitant
elevated suspended Toads.

Lower Verdigris Creek contained definitely elevated concentrations
of some metals {Table 1 and Appendix D). At station 043, near the mouth,
nickel and copper were as high as 0.59 and 0.14 mg/liter), respectively.
However, at station 055, which is approximately 1 mile upstream, these
metals were below detection 1imits for all samples (Appendix D). Between
these two stations the stream passes through a gossan {area of decomposed
rock of rusty color due to oxidized metal pyrites). One water sampie was
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taken from a spring that emerges from the base of the gossan and enters
Verdigris Creek. In this sample, nickel and copper values were (.68 and
0.31 mg/liter, respectively. The gossan and probably this spring con-
tribute the greatly elevated amounts of metals found in lower Verdigris
Creek. The realtive contribution of natural and human factors to this
situation are difficult to assess. The gossan surface and the lower
portion of the watershed has undergone considerable disturbance from road
building. At any rate, water quality in Verdigris Creek is good upsiream

from the gossan.

Roth Nye and South Nye creeks are filled with mill tailings which
have blown in from the Mouat tailings pond Tocated a few hundred yards
up the Stillwater River valley. This has had no obvious affect on water
chemistry in these two streams, but the natural streambottoms and banks
have been almost completely destroyed in the lower 0.5-0.75 mile.

Table 1 and Appendices B through K indicate discrepancies beiween
field and laboratory oH measurements of 1.0-2.0 units. Laboratory values
were always lower. Laboratory measurements were made 1-2 months following
sample collection, while field pH was measured within a few minutes after
sample collection. To find out which set of pH values was correct, a
simultanecus comparison of laboratory and field pH meters was made on water
that had been coliected the day before (Table 2). Samples were collected
January 24, 1973 and measurements made on January 25, 1973. Thare was
good agreement between the two meters when measurements were made at the
same time and soon atter sample collection. Values of pH were in the
range 7.9-8.5, agreeing with previoys field measurements. Apparentiy pH
value decreased considerably between time of collection and time of
Taboratory measurements. The conclusion is that the field measurements
rather than the laboratory measurements indicate true pH values in

streams.

Table 2. Comparison of pH measurements made simultanecusly with laboratory
and field instruments.

Fieid Labaratory
Stream Station Instrument Instrument  Difference
West Rosebud 004 7.98 7.51 +G. 07
Stillwater g5 8,12 #7.13 -0, 01
West Fork Stiilwater 007 8.45 g.24 +3.21
Fast Boulder 009 8.53 8,45 +3, 57
Boulder 016 8.05 g.11 -3, 06

[Rv]
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Only Saderbaim Creek consistently had pH values slightly on the
acid side of neutral. At most other stations pH values tended to lower
somewhat during spring runoff, but even these mostly remained on the

alkaline side of neutral.

The U. S. Geological Survey has published considerable water quality
data for one station on the Stillwater River and one on the Boulder River.
The Custer National Forest has also collected considerable water quality
data on streams draining the mining claims complex. The individual mining
companies involved (Johns-Manville, fnaconda and Amax) have also measured
water quality at stations in the area.

Appendix G shows values for nitrate in the discharge water from
the Johns-Manville adit. This discharge entered the West Fork Stillwater
River by an underground route. flevated concentrations of nitrate were
firet detected in the West Fork Stillwater River on January 28, 1976
in analyses by the Montana Department of Health and Environmental Sciences
(Table 3). The nitrate source was blasting materials used in the adit.

Nitrate in the West Fork Stillwater River was from 2-3 times greater
downstream from the entrance of the adit water as compared to upstream
locations. Elevated nitrate did not persist in the West Fork Stillwater
River. Later analyses by the Montana Department of Health and Environmental
Sciencesindicated a drop in nitrate concentrations in the adit discharge
following cessation of blasting inside the adit and a concomitant decrease
of nitrate in the West Fork Stillwater River downstream of the adit dis-
charge entrance to values similar to upstream locations.

Table 3. Summary of nitrate (mg/1 as N) in the West Fork Stillwater River
upstream and downstream from the Johns-Manville adit.

Distance® upstream or Date '
downstream from adit 1/12/76 77287760 2/7/760  2/8/76D
0.5 miles upstream 0.09 C.06 0.09 0.09
30 feet downstream 0.08 0.10
200 yards downstream 0.09 0.09
350 yards downstream (0.0¢ .09
500 yards downstream 0.09 0.12
800 yards downstream G.17 G.17
1 mile downstream 0.09 .18 0.17 0.16

ddistances are approximate
banalysis by Water Quality Bureau of the Montana Department of Health and
Environmental Sciences

3



No effect of the adit discharge was found on streambottom fauna or
fish populations.

High pH values in the adit discharge (Appendix G) were due to periods
of grouting inside the adit to seal off some of the groundwater.

In June and July, short-term flow through bicassays were run with
cutthroat trout eggs and fry to detect any toxicity of the water. None

was found.

Fish bioassay live car in plastic wading pool below outfall
of adit drainage. Light-colored rock in foreground is from
adit located just out of picture near upper left. 7/2/76

Turbidity and Suspended Solids

Turbidity was measured routinely at the time of sampling for general
water quality at all stations (Appendices B through K), and more intensively
in 1974 at selected stations (Table 4). Suspended solids were sampled
intensively at stations on larger streams in 1974 (Appendix L) and routinely
at the time of collection of samples for general water quality analysis at
stations in the West Fork Stillwater River drainage in 1975 and 1976
(Appendices E and G). Suspended solids were also measured at stations on
two Boulder River tributaries in 1975 (Appendix K).

Both parameters varied with water flow rates. Even the higher

values during runoff in May and June are moderate. High values for turbidity

14



and number of samples (in parentheses) by months for various stations, 1974,

a

Mean turbidity

Table 4.
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in South Nye Creek in March and April were caused by mill tailings freshly
blown into the stream. Values for both turbidity and suspended solids

tended to be greater during spring runoff at downstream points in agricultural
areas. This was especially true on the West Fork Stillwater River between
stations 076 (downstream of irrigated fields) and station 037 {on national
forest, Appendix EJ.

Volatile suspended solids (Appendix L} are organic particies sus-
pended in water. They constituted a major fraction of the total suspended
solids only when total suspended solids were Tow. For exampie when total
suspended solids in Appendix L were less than 1 milligram per liter, volatile
suspended solids averaged 75 percent of the total. For total suspended
solids values over 15 milligrams per 1iter, in Appendix L, volatile sus-
pended solids averaged 11 percent of the total.

Dissolved and Suspended Meial Concentrations

Dissolved and total concentrations of metals (suspended = total minus
dissolved) were measured at 11 stations on larger streams in 1973 {Appendix M),
and at stations in the West Fork Stiliwater River drainage in 1975 and 1976
{Appendices E and G). Even with Tow detection Timits (varying from 0.001
to 0.05 mg/1) most samples contained metals concentrations below detection
Timits. For all stations and metals the proportions of dissolved and sus-
nended were variable. For the higher values, most of the totail was in the
suspended fraction. With the exception of the values for the adit drainage
(Appendix G}, the metals concentrations are relatively low and indicative
of clean, unmodified water guality.

Higher values of dissolved and especially suspended metals in the
adit drainage were probably due to considerable contact of groundwater in
the adit with freshly powdered and fractured vock. The discharge permit
written for the adit drainage contains some stipulations concerning metals
in the adit discharge.

Stream Sediment Metals

Maximum and minimum values for metals in stream sediments are shown
in Table 5. More complete data are contained in Appendices N and 0. These
values are surprisingly similar to values for the earth's crust, which
are as follows {in parts per miliion): copper - 45; nickel - 80, JTead - 15;
cadmium - 0.2 zinc - 65; iron - 50,0003 ajuminum - 81,300 (Woife and Rice
1972). This similarity suggests a relatively unmodified condition in the
study streams. Spence {1975) found stream sediment values simiiar to those
of this study, with the exception of his stations affected by mining.

The nicke? values at station 005 on the Stillwater River are probably
elevated above natural levels. Station 006 had stream sediment nickel values
which averaged several times greater than those only a few miles upsiream
(station 005). The probable sources are Verdigris Creek, a small tributary
carrying elevated nickel concentrations, and mill tailings, both a short
distance upstream from station 006.




Table 5. Maximum and minimum values recorded for various metals in stream
sediments. &

Metal Maximum Minimum

Copper 235 {Crescent Cr.-048} 5.5 (W. Rosebud R.-004)

Nickel 705 {Graham Cr.-025} 10 {W. Rosebud R.-004)

Lead 79.5(Picket Pin Cr.-020) g (E. Rosebud R.-002, &
Boulder R.-011)

Cadmium 3 (Stillwater R.-006) <1 {most stations)

Zinc 254.5(M.Fk,5§€31water 16 {Blakely Cr.-024)

R.~-007
Tron (X103) 103 (Forge Cr.-051) 9 (W. Rosebud R.-003)
AluminumS(X103) 23 (W. Fk. Stillwater 7 (Castle Cr.-077)

R.-072)

aStream and station number shown in parentheses
bConcentrations are parts per million
CMeasured only in West Fork Stiliwater River drainage

High values for nickel on some tributary streams have no obvious
explanation other than mineralization in the watershed.

In general, values for all metals are somewhat lower at stations on
the East and West Rosebud rivers.

Stream Temperature

Maximum-minimum temperature was measured only at stations in the West
Fork Stillwater River. This was a part of more intensive work done in
this drainage because of the Johns-Manville development described in the
background section.

Thermometers were instalied at eight stations in July 1975 and
usually were read each week for 1 year. Monthly maximum and minimum tem-
peratures are shown for each station in Table 6. Appendix P contains the
individual thermometer readings.

The maximum temperature recorded was 60 F at stations 080 and 076
on Castle Creek and the lower West Fork Stillwater River. Minimum temperatures
of 32 F were recorded at all stations except 080 and 077 which are strongly
affected by springs.

Springs with temperatures in the 40's are located adjacent to Castie

and Picket Pin Creeks on the far west side of the Picket Pin Ranch and on
the Custer National Forest adjacent to the west side of the ranch (Figure 2).
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These springs dampen fluctuation of stream temperatures and prevent fce
cover at station 077 on Castle Creek and to a lesser extent at station 078
on Picket Pin Creek.

Station 080 is strongly affected by a large spring that empties into
Lodgepole Creek about 2 miles upstream of its confluence with Castie
Creek (Figure 2). The temperature of this spring is approximately 55 F.
It totally prevents ice cover in the vicinity of station 080 and measurably
warms the West Fork Stiliwater River downstream from the mouth of Castie
Creek.

Stations 070, 037 and 007 on the West Fork Stiliwater River are in
mountain sections of the stream and are colder than the other stations.
Ice cover is nearly complete during much of the winter.

Maximum temperatures reached at all stations are at least 10 F below
temperatures that begin to hamper trout growth and production.

Streambottom Macrofauna

Numbers of organisms for various taxonomic groups in each square foot
sampie are shown by drainage systems in Appendices Q through V. These
organisms remain in storage at the Montana Department of Fish and Game Water
Quality Laboratory in Helena. Unsorted qualitative Needham kick screen
samples from varicus nonriffle habitats are in storage at the same location.

The generally pollution-sensitive insect orders Plecoptera, Trichoptera
and Emphemeroptera typically constituted the bulk of organisms in samples.
These three orders usually made up 60 to 90 percent of organisms in samples.
In some seasons at downstream locations dipterans or annelids were numerically
dominant.

Variability in numbers and volume of bottom fauna was high at most
stations, but probably no more so than is characteristic of these organisms.
Needham and Usinger {1956) took 100 T1-square-foot samples from a single
riffle. Numbers of organisms per sample ranged from 2 to 198. Data of
this study are probably less variable than that reported by Needham and
Usinger (1956).

Overall numbers of organisms per square foot tended to reach highest
levels in winter or spring and lowest levels in summer {Appendices Q through
V). Numbers were especially low in summers of 1974 and 1975. These samples
were collected shortly following unusually high and late runoff periods.

Dent (1971) had also sampled bottom fauna in the same streams and at
some of the same stations reported in this study. He used a Surber sguare-
foot sampler and found consistently fewer numbers of organisms per square
foot than found in this study. For comparison, the following are average
numbers of organisms per square foot in October 1971 for stations on nearby
portions of the Stiliwater, West Fork Stiliwater, East Boulder and Boulder
rivers, respectively (data of Dent 1971 given first): 83 and 267, 84 and
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246, 91 and 739, 106 and 402. At the same station {0371) on Little Rocky
Creek, the corresponding numbers are 36 and 156. Dent’s {1971) data are
similar to that of this study in proporiions of insect orders present.

In personal correspondence with Mr. Dent, he stated he had begun
using a sampier similar to that used in this study, and that the number
of organisms in samples was considerably larger than the numbers taken
with the Surber sampier.

Roth Needham and Usinger (1956) and Waters and Knapp (1961) felt the
Surber sampler had numerous shortcomings. The latter felt the Surber
sampler could fall to capture all macrofauna on the portion of the stream
covered by the sampler. Thig definitely seems to be true in comparing
Dent's (1971) data with this study.

Spence (1975}, using the Water's Round sampler found numbers of stream-
bottom macrofauna that even averaged somewhat higher than this study. His
samples were from the Blackfoot River drainage in western Montana.

Low numbers of organisms in May 1972 for some stations on the Boulder
River (Appendix V) and station 035 on the Stillwater River {Appendix R)
were probably caused by sampiing on newly flooded streambottom. Streams
were rising rapidly at the time of sampie collection.

Almost complete absence of organisms in samples from station 043 on
Verdigris Creek (Appendix R} is Tikely due to previously discussed adverse
chemical conditions.

Identification of insects was done Tor samples from four stations on
the West Fork Stillwater River and for one station on the East Boulder
River. Table 7 is a summary of the number of species and genera found in
each sample. Complete lists of crganisms are shown in Appendix W. Many
organisms could be identified only to genus and some only to family. For
this reason the actual numbers of species and genera are probably some-
what larger than shown in Table 7. Even without this consideration, the
number of species per square foot is high and diversity (not calculated)
correspondingly high. Total numbers of species and genera per square foot
are similar to Blackfoot River samples reported by Spence {1975).
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Fish Populations

.E

Table 8 45 a summary of physical characteristics, fish species
captured, and fin clips made on fish in stream sections. Section locations
are shown in Figures 1 and 2. These stream sections were used for estima-
tion of fish population parameters.

L

Fish population data are given in Appendices X and Y. The length
groups, fish ages in each length group and numbers of fish per length
group are shown in Appendix Z. Estimaies for some species shown in a
previous report are not shown in Appendices X and Y because reexamination
of the data indicated the number of vecaptured fish was not sufficient
for a reliable estimate. Some estimates made in 1971 and 1972 differ
stightiy from a previous report {(Stewart ﬂQ?E}. These differences are due
to recalculation of the estimates using a slightly refined computer program.

Hatchery fish were captured in small numbers at only two locations,
despite the fact that they were stocked in all of the Targer streams. A
few hatchery rainbow trout were noted in section F-Z, Stillwater River
in 1973, but not in 1977 or 1974, Hatchery auiﬁ&raai trout are present
in the upper reaches of the East Boulder River where Tish were not present
before these were stocked.

Number estimates in stream sections were not made for species captured
infrequently, nor in some cases Tor young-of-the-year 7ish of sSpecies
that were estimated. Very small Tish are saﬁp;eé inefficientiy by electro-
fishing gear. Table 9 is a Tisting of numbers of young-of-the-year fish
captured in eiegirsgichgﬂg sections, for sections where no estimate was made
for young-of-the-vear. 1In 7 of the 28 eilectrofishing sections, no young-
of-the-year fish were captured. They wers probably present, but were not
captured because of insufficient effor: or exiremely small s!ze of the
fish, or both.

Fish ages shown in tables and appendices are the number of annuli on
scales. Except for fish captured in June, when annuli were formed, fish
nad experienced some portion of a growing season beyond the indicated age.
Rainbow trout in the West Fork Stiliwater River upstream from Castle Creek
often failed to form the fivst annulus, probably because of late s¢awming
and slow growth. This fact was vrecoonized by finding two distinct size
groups of fish (young-of-the-vear and vearling) ; lacking an annuius,
and by the difference in aaﬁgbzaﬁ of the first formed, beltween
those fish forming the age I annulus and those U@ form 1. Fish
failing to form the f%f%t nnuius = assian ey age by adding
one to the number of ﬁ“ﬂﬁ?% on scal

Growth rates, while general y siightly slower than state averages
reported by Brown {1971) are commensurate with the relatively Tow summer
water temperaturas and resultant growing seasons

Standing crops of trout in pounds per acre {Appendices X and Y] on
larger streams are somewhat lower than those reported by Yincent {(1969)
for rivers in southwestern Montana., Some of the fricutary streams had
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Table 9. Llength range and number of young-of-year {age 0) fish captured
in electrofishing sections, for sections where no estimate was
made for young-of-year.

Section Number Length Range
Stream Number Date  Species CapturedP  (inches)
Little Rocky F-8 06-72 LL G -
Creek 07-73  LL 32 2.1-3.1
Fast Rosebud 07-74 LL 0 -
F-14 11-71  LL 16 2.7-4.1
Morris Creek F-12 (06-72 Eb 31 1.5-2.7
66-73 FEb 41 1.8-2.1
West Fishtail F-10 07-72  Eb 0 -
Creek 07-73 Eb 1 2.9
Fast Fishtail F-9 07-72 Eb ¢
Creek 07-73 Eb 0 -
Fishtail Cresk F-11 07-72 Rb 0 -
08-73 Rb 2 1.9-2.3
07-72 LL 0 -
08-73 LL 3 2.3-2.5
Stillwater River  F-3 11-71  LL 0° -
Nye Creek F-5 06-73 Eb 0 -
Mountain View F-5 06-72 b -
Creek 06-73 Eb 3 1.9-2.2
Picket Pin Creek F-16 09-72  Eb 5d 2.3-3.5
09-73 Eb i05 2.1-3.2
08-72 LL 1 2.2
(8-73 LL ) 2.0-2.1
0975 R 1 2.6
0s-72  (t g 2.6-3.4
05-73 Ct 31 2.6-3.4
West Fork F-17 05-73 Rb 36 1.5-2.6
Stillwater River 05-74 Rb 23 1.7-2.8
05-73 LE 25 2.1-3.7
05-74 LL i4 2.4-3.7
West Fork F-22 10-74 Rb 10 2.3-3.1
Stiilwater River
West Fork F-28 i0-75 Rb G -
Stillwater River
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Table 9 continued { ). Length range and number of young-of-year {(age 0) fish
captured in electrofishing sections, for sections
where no estimate was made for youngmof-year.a

Section Number b Length Range
Stream Number Date  Species Captured {inches)
West Fork F-26 05-75 Rb 24 1.2-1.7
Stillwater River 04-76 Rb 1d 1.5
West Fork F-28 11-75 Rb 0 -
Stiliwater River
West Fork F-24 04-75 Rb 49 1.7-2.8
Stillwater River
Lower Deer Creek F-18 07-73  LL 0 -
East Boulder River F-13 08-72 Rb 5 2.3-3.3
08-73 Rb 15 2.3-3.0
08-72 LL 0 -
08-73 LL 0 -
fFast Boulder River F-20 09-74 Rb 0 -
09-74  LL 0 -
Castle Creek F-27 09-75 LL 75 2.0-2.6

a/ Number of recapturesinsufficient for estimate of total numbers present.
b/ Total of marking and recapture runs.
¢/ No efforts made to catch age 0 fish.

d/ More observed, but not recorded.
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moderately high trout standing crops. Cariander {1953) reports standing
crop values for trout streams in North America to be largely in the range
of 10 to 150 pounds per acre, with an approximate median of 60. Compared
to Carlander's (1953} data, standing crops of trout in streams of this

study range from mocerately low to high.

Total estimates in Appendices ¥ and ¥ suggest considerable variation
in standing crops of trout from yesr to year in many of the stream sections.
This may be misleading. In 1973 and 1974 an estimate for yearling or under-
yearling fish was added in the total estimate, if adequate numbers of fish
were sampled. In 1972 an estimte for these younger fish was gften lacking
in the total estimate, because adeguate numbers were not sampled. Also,
a consideration of confidence timits minimizes apparent differences in
standing crops between years. For example, on Section F-1, Stiliwater
River, the mean total estimates of brook trout for 1972 and 1973 were 422
and 800. However, by considering the highest probable value in the 1972
estimate {612}, and the Towest probable value in the 1873 estimate {587),
it is evident that there is overiap in the ranges of probabie fish numbers
for the 2 years. However, even with these considerations there are definite

differences among years in some siream sections for numbers of under-yearling

and yeariing fish.

There was generally good agreement between average lengths of fish
of a given age from year to year {Appendices X and Yi. For the few cases
where differences were relatively large, average sizes were calculated

from very small samples of fish.

Age structures in Appendices X and Y were mostly typical. Some of the
small imbalances can be expliained on the basis of confidence intervals, but
larger imbalances are probably real. These imbalances can occur by dif-
ferential year class survival and migration, but no certain explanation can
be confidentiy advanced.

Almost no movement was noted from one stream section to another from
vear to year. Minor exchange of fish occurred only between sections on
Fishtai] Creek (F-11), East Fishtail Creek {F-9) and West Fishtail Creek
[F-10). These sections are separated by less than 1 mile.

Spawning movement of fish was not investigated. [T was sbserved only
incidentally in the Stillwater River in fhe vicinity of section F-Z.
Unknown, but significant, numbers of large rainbow trout moved into tnis
section betwsen the time of marking runs in late March and recapiure run
in April. Whether or not thess fish later spawned in section F-Z or were
simply passing through is not known. Some sort of spawning movement,
however, did seem to be occurring in this area of the Stillwater River.

A complicating factor has been introduced on section F-2 ¢f the
Stillwater River. In March 1973 over one-third of the length of this
section was modified by adjacent landowners, largely by pushing streambed
gravel into streambanks. Part of this modification occurred a few days
prior to the 1973 fish popuiation estimate, and part of it while the

estimate was being made. From 1972-1974, pounds per acre of brown trout
have gone from 20.6 to 15 to 8.7; the corresponding Figures for brook trout
are 2.3, 2.7 and 0.9 [Appendix Xj. Numbers of olider fish show the greatest
decrease.

™y
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No work was done with the mountain whitefish except to note their
presence (Table 8). They are found in most of the larger streams at
elevations below approximately 5500 feet.

Fish populations were also investigated where estimates were not
made (survey electrofishing, Appendix AAY. This work was done to deter-
mine species present and to get rough information on fish numbers. In
the smaller tributary streams, fish tend to be present in small numbers
only near the mouth, if they are present at all. The upper reaches of
some smaller streams were not survey electrofished. It was assumed that
fish were absent in an upstream reach if they were not present in a down-
stream reach.

Siiver Creek is an exception. Here fish are present from the mouth
upstream to springs which are the source of the stream.

Upper reaches of most smaller streams are extremely steep, becoming
a series of cascades and plunge pocls. Some of these streams probably
dry up in winter. Some of the small streams accessibie during winter were
checked for water flow near the mouth following severe weather. Verdigris
and Initial creeks were dry. Cathedral and Falls creeks had water flow.
Crescent {reek is dry much of the year.

Cutthroat trout were stocked in upper Iron Creek and the Ebast Boulder
River in Placer Basin in 1971, when other Fish and Game Department personnel
found that fish were not present. Considerable electrofishing in Iron
Creek in 1974 did not recapture any of these fish or their offspring. A
few of the fish planted in the upper East Boulder River are still present,
but their numbers seem to be decreasing and no evidence of reproduction
has been found {Appendix AR). A single hatchery cutthroat trout found in
the mouth of Forge Creek was from the plant made in the upper East Bouider
River.

Fish Population Stability

Stability, as used here, indicates the percentage of fish present in
a stream section in vear X that remained in the section in year X+1, with
mortality calculations for that period considered. Percentages were cal-
culated for 12 stream sections where data were sufficient to make the
appropriate calculations (Table 103, Stability for all stream sections
and species averagad 55 percent for 1972-1873, 59 percent for 1973-1974,
74 percent for one section for 1975-1976, and 79 percent for two secticns
on Castle Creek from spring 1975 to fall 1975,

These percentages indicate that the majoriiy of fish in stream sections
are residents and not merely passing through the sections at the time of
electrofishing.

Precision of the stability estimates is similar to the precision o7

population estimates {Appendices X and Y} which were used in the calcula-
tion of stability.
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Table 1Z. Percentage survival to hatching of eyed cutthroat (1972 and 1976

and eyved rainbow {1973-1975) trout eggs placed in artificial redds.

Date eggs Date eggs Percentage survival
Station placed removed in egg containers Mean
Number in redds from redds 1 Z 3 survival
Fast Rosebud River
001 4ug(}=772 05-15-72 51 39 33 41
0ol 5-15-73 10=04-73 98 91 81 89
(23 4-20-72 05-15-72 3 - - -
028 9-19-73 10-03-73 20 58 73 84
West Rosebud River
003 Bu70-72 (05-15-72 27 34 34 32
003 9-318-73 10-04-73 84 75 79 80
004 YA (05-15-77 69 83 62 55
004 §-19-73 10-03-73 g7 il 89 92
Stitlwater River
aGh 41972 05-16-72 47 47 51 47
005 9-19-73 10-03-73 97 58 89 50
005 §.14-74 10-05-74 a1 G4 g3 53
006 4-.19-.72 05-16-72 7 - - -
(g6 9-18-73 10-03-73 85 85 89 87
006 §-14-74 10-03-74 85 80 1) 90
West Fork Stiliwater River
070 §-03-7 10-066-75 77 75 70 74
070 7-08-76 (7-23-76 a1 68 - 75
G75 7-08-76 07-20-76 94 86 - a8
037 G-14-74 10-18-74 87 ag 9z 89
037 G-(33-75 10-06-75 5 74 62 68
o7 4-19-77 05-16-77 50 55 51 53
067 9.19-73 10-11-73 BE 85 73 75
067 §-14-74 10-10-74 81 4 81 79
076 Gu(33-75 08-22-75 55 54 67 82
038 G.14-74 10=03-74 32 37 70 20
Castle Lreek
077 9.03-75 10-01-75 74 46 82 &7
079 4-03-75 {9-30-75 44 64 45 51
080 §-03-75 09-25-75 77 52 65 58
Picket Pin Creek
078 9-03-75 16-01-75 58 58 56 61
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Table 12 continued { }.

Percentage survival to hatching of eyed cutthroat
(1972 and 1976) and eyed rainbow (1973-1975) trout
eggs placed in artificial redds.

Date eggs Date eqgs Percentage survival
Station placed removed in egq containers Mean
Number in redds from redds 1 2 3 survival
tast Boulder River
038 9-14-74 10-23-74 83 57 61 67
061 9-13-74 10-17-74 73 68 57 66
008 4-19-72 05-17-72 40 - - -
008 9-18-73 10-08-73 66 78 85 76
008 9-13-74 10-14-74 82 86 75 81
Boulder River
010 9-18-73 10-05-73 79 70 75 75
010 9-13-74 10-09-74 85 84 81 83
011 9-18-73 10-12-73 a0 73 81 81
011 9-13-74 10-14-74 87 81 78 82
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ife History

e

Trout Spawning and Earl

This work was done only in the West Fork Stiliwater River drainage.
Attempis were made to locate redds, measure their physical characteristics,
and determine approximate egg hatching dates. Data are shown in Table 11.
Rainbow trout are present in the West Fork Stillwater River, but no redds
were located. Spawning probably occurved in May and June when streamfiows
vere high and redds difficuit to locate. Brown trout occur in the system
only in the West Fork Stillwater River below the confluence of Castle
ound here. Brook trout reside only in lower
C e Cr

eek upstream of the confluence of Picket

T
wa
s f
a5t

Y el

Creek. Only two redds we
Pipket Pin Oreel and in |
Pin Cresk.

Water depths and velocities over redds and gravel sizes in redds
were similar at all locations regardless of stream size (Table 11). Redds
were always located in shallow water. One redd was found In water 1 foot
deep, but most were located in water depths of approximately (0.5 feet.
Popls were never used for redd construction.

Construction of brook trout redds was first observed on October 20,
1975 in Castle and Picket Pin creeks. Spawning activity was over by the
an by November 7, 1975.

end of Qctober. Brown trout redd construction beg
Spawning appeared to be essentially complieted by December 1, 1975,

Brook trout eggs in Castle Creek were all hatched by January 30, 1976.
The fry remained in redd gravels on March 10, 1976. No further observa-
tions were made, but swim-up probably occurred scon after March 10, as the
yolk sac was mostly absorbed. No observations were made on brook trout
egg hatching in Picket Pin Creek, but it is probably somewhat later than
brook trout in Castle Creek as watar temperatures are lower.

Brown trout egg hatching began near March 10, 1976 in Castle and
Picket Pin creeks on the Picket Pin Ranch {(vicinity stations 077 and 078),
and about this same time in Castle Creek downstream from Lodgepole Creek
{vicinity station 080). The last observation of brown trout eggs on
Castle Creek upstream of Lodgepole Creek {vicinity station 079} was made
on April 8, 1976. No eggs observed had hatched by this date, but hatching
probably occurred soon afterwards.

Brown trout eggs in the Tower West Fork Stillwater River (vicinity
station 076) began hatching in early April 1976. Some eggs had hatched
on April 8, 1976. This was the last observation, but hatching was
probably complete by the end of April.

£gg Bicassays

Overall average survival of eyed trout eggs placed in artificial
redds {Table 12) was considerably higher in 1973, 1974 and 1975 {83, 81
and 64 percent) than in 1972 (45 percent). Differences in conditions and
nrocedures between the years were: rainbow trout sggs used in 1973
through 1975 and cutthroat trout eggs in 1972: gravel chips piaced in egg
containers in 1973 through 1975, but not in 1972; September-October



incubation in 1973 through 1975 and April-May incubation in 1972. The
second factor may have had some imporitance, but the lasi seems most
significant.

Water temperatures were probably more favorable during the September-
October period. Although maximum-minimum thermometers were not used in
1972 and 1973, spot measurements with a pocket thermometer showed con-
siderable periods of water temperatures in the suboptimal range of 32-39 F
in 1972. In 1973 no water temperatures below 40 F were observed, although
they may have occurred for short periods at some stations.

In 1974 maximum-minimum thermometers were used at some of the
stations during egg incubation. Also, eggs were placed at some high
elevation stations not used in 1873, For 1974 af two stations where
minimum temperatures did not go below 40 F, survival averaged 91.5 per-
cent, For three stations where a minimum temperature of 36 F was recorded,
survival averaged 8] percent. AL one station the minimum temperature was
32 F and survival was 67 percent. In conclusion, temperatures above 39 F
seemed important for survival to hatching.

Methods used in 1975 were identical to those used in 1873 and 1974,
but survival was somewhat less in 1975 (64 percent vs. 83 and 81 percent).
The percentages may not be directly comparable, however, because there
was only one station in common between 1975 and 1974 and none between
1975 and 1973. Also in 1975, temperatures below 40 F were not related
to egg survival, but temperatures in this range occurred at only two
stations and the Jowest temperature recorded was only 36 F.

Effect of egy transport from hatchery to artificial redds was
negligible. Over 96 percent of control eggs, transported to the field
but subsequently returned to the hatchery for incubation, survived to
hatching in 1972 through 1874. 1In 1975 these eggs were destroyed before
reaching hatching stage. However, 99 percent were still alive when they
were destroyed and only 1 or 2 days remained until the expected hatching
date.

Eggs in 1973 required fewer days of incubation in artificial redads
because they were not taken from the hatchery until 3 or 4 days after
reaching eyed stage. Eggs used in other years were placed in redds the
day after eyeing.

In 1972 spring runoff began the last few days that eggs were in redas.
This caused complete loss of egg containers at stations 010 and 011,
and partial loss at stations 006, 008 and 028.

In 1973 the small number of eggs {10 or 20} used in vials was not
sufficient to indicate complete hatching of eggs in screen containers.
Consequently, although all eggs had hatched in vials, some screen con-
tainers were removed from redds before all eggs had hatched. Had these
eggs been left in redds until hatching, average survival at stations 005,
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008 and 010 would have been 3, B and 6 percent higher, respectively, than
shown in Table 12. This problem was Targely solved in later bloassays

by leaving screen containers in redds for 2 or 3 days after all eggs

were hatched in vials

The West Fork
control to test
Mo toxicity was

S

Metals Concentrations in Fish Myscie

Concentration Te tissue are shown in
Appendix BBE. In ge %za u%iﬁfﬂ?%ﬁtﬁeﬂa is plus
and minus the dete it for the vartous metals
were different for zed at different times.
Due to Taboratory uld be placed on
vatues for iead an 1672,

It was the opinion of Envivonmental Protection Agency per rsonnel that
the levels of metals are well below values that could be nazardous to
numans consumi g the fish

There is one possible exception to the preceding statémemim The
mercury values for fish Tected in September 1973 from section F-17
on the Eeﬁé P : iver are considerably higher than would be
expected in sse values, however, are probably not

correct. % at&r sa%zé oliected in October 1975, Only one of these

fiﬁ% nas been analyzed roury fﬁggcﬁﬁﬁx BB}; the value obtained was

ow and did nol agree wi °,é mercury values found in the first sample.
ﬁgggﬁ much Tower ggseﬂﬁ roury were found in other sections of the
West Fork Stillwater Hiver

Results of mercury analysis from the remainder of the Uctober 1975
c6llection from section F-17 will be included as a suppiement to this
&

i H
report 1T they are received in time

Average values for nickel in ifrou cti illwater

River were iwé*@ the values for the up sec d 1.0
icrograms per gram, using anly vaiues the V.
Although no great veliance should be p n es of
the numbers, the é“ffé rence 18 2% ieas t1 rease at the
downstream locaticn. An sven grealer e or nickel

in stream sediments {stations 006 and en ues for nickel
dissolved and suspended in water i iy i poth stations
(Appendices B and ﬁ} The prob f nickel were discussed in
the general chemical water qual In conclusion, the metals
in stream sadimenits may be rels in fish tissue.

)
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Fish Stomach Contenis

Approximately 12 fish stomachs per siream section were examined
from sections of the Stillwater, Boulder and East Boulder rivers. This
analysis was made to find organisms which might be of special importance
as fish food. A wide variety of organisms was found in stomachs. No
particular bottom fauna species appeared to be o7 great significance as
fish food. In stomachs containing several organisms, two or more species
were always present. Many more fish stomachs would have to be examined
to reach any firm conclusion concerning fish foods.

Minimum Streamflow Reservatlions

Minimum streamflows reguested for study area streams are shown in
Table 13. These streamflows were requested under the state Taw, "Montana
Water Use Act,” section B9-890. Flows were requested only for streams
in the study area having significant Tish populations. These flows have
yet to be approved. It is unknown at this time what action will be taken
by the state with respect to the flows reguested.

Streamflow measurements were made periodically at seven stations
in the West Fork S%illwater River drainage [Table 14} to supply flow
data for making streamflow reservation requests. Flows were also measured
at times when streams were thought to be near annual minimums on the
following streams: FEast and West Fishtail creeks, Fishtail Creek, Little
Rocky Creek, and the East Boulder River. Flow data published by the U. S.
Geological Survey were already available for the Stiliwater, Boulder and
East Boulider rivers.

Streamflows requested in Table 13 will not decrease the availability
of water for the present ievel of existing uses, of which irrigation is
probably the Jargest.

Amounts of water requested for the November-April period are near
average annual minimum flows, except for the West Fork Stiliwater River
upstream of the mouth of Castie Creek. Reguested Tlows here are somewhat
higher. Flows requested for May through October are no greater than, and
in some cases less than, average monthly winimum Flows.

From the Water Surface Profile (WSP} program, it was found that the
winter low flows naturally cccurring in streams were near the minimum
required to maintain fish populations. VYoung-of-the-year fish habitat
(shallow, Tow velocity water at stream margins) was the first to be lost
at lesser flows. Habitat for adult Fish usually began to degrade only
at flows below those that degraded young-of-the-year habitat.

ADDITIONAL STUDIES NEEDED
1. The mountain whitefish is common in the lower portions of the larger
streams, but no work was done with this species other than to note

its presence. Its status, population structure and movements should
be investigated.
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Table 13. Minimum streamflows {in cubic feet per second} requested of the
Montana Department of Natural Resources for streams in the
Stillwater and Boulder River drainages.®

J F M A M J J A S g N D

West Fishtail Creek - from mouth of Fast Fishtail Creek (T5S,R17E,S19) to the
Rickman-Kennedy ditch headgate (T5S,R16E,S27)

4 4 4 4 10 20 10 4 4 4 4 4

Fast Fishtail Creek - from mouth of West Fishtail {reek {T5S,R17E,S19) to the
mouth of the East Fork of Fast Fishtail Creek {T5S,R16E,526)

4 4 4 4 7 i2 7 4 4 4 4 4

Fishtail Creek - from confluence of East and West Fishtail Creeks (T5S.R17E,
S19) to mouth {T4S,R18F.528)

16 10 i0 10 14 24 14 10 10 10 i0 10

Little Rocky Creek - from mouth {T4S,RI6E,S28) fo crossing of Forest Service
Road 1414 {T5S,R16E,521)

4 4 4 4 6 g 6 4 4 4 4 4

Stillwater River - from mouth of West Fork Stillwater River (T4S,R16£,S31) to
the north end of Sioux Charlie Lake (T65,RI14E,51)

45 45 45 45 150 710 480 175 120 100 45 45

Stiliwater River - from mouth of Rosebud River {T3S,RI9E,S31) to mouth of
West Fork Stillwater River (T4S,RIBE,S3)

75 75 75 75 190 1200 760 350 275 180 75 75

Stillwater River - from mouth {T2S,R20E,529) +o mouth of Rosebud River (T3S,
R19E,S31}

725 225 225 225  B60 2075 1480 740 630 440 225 225

West Fork Stiliwater River - from Sweet Grass - Stiliwater County Line (T5S,
R14E.51) to mouth of Tumble Creek {75S,RI4E,S29)

25 25 25 25 25 260 100 40 25 25 25 25

West Fork Stillwater River - from mouth of Castle Creek {T45,R15E,526) to
Stillwater - Sweet Grass County Line [T55,RI5E,S6}

30 30 30 30 60 300 110 65 50 45 30 30

West Fork Stillwater River - from mouth {T4S,R16F,S31) to mouth of Castle
Creek (T4S,R15E,526)

35 35 35 35 70 350 125 75 &0 50 50 35

Castle Creek - from mouth of Picket Pin Creek {T4S,R15E,S30) to a point 1500
stream feet upstream (T45,R14E,525)

1 1 i i Z 3 5 3 Z 2 1 1
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Table 13 continued { ). Minimum streamfliows (in cubic feet per second)
requested of the Montana Department of Natural
Resources for streams in the Stillwater and Boulder
River drainages.

dJ F M A M J J A S 0 N D

Castle Creek - from mouth of Lodgepole Creek (T4S,R15E,S28) to mouth of

picket Pin Creek {T4S,R15E,S30)
8 g g 8 10 40 20 12 10 9 g 8

castle Creek - from mouth (T4S,RI5E,S$26) to mouth of Lodgepole Creek (T4S,

R15E,528)
15 15 15 15 25 60 30 22 22 20 20 15

Picket Pin Creek - from mouth (T4S,R15[,530) to mouth of Swamp Creek (T4S,

R14E,525)
5 5 5 5 7 25 10 8 6 6 5 5

fast Boulder River - from mouth of Dry Fork (T4S,R13E,S11) to mouth of Brownlee

Creek {T4S,R13E,526)
10 i0 i0 10 14 120 36 i6 14 13 i0 10

East Boulder River - from mouth {T2$,R13E,$33) to mouth of Dry Fork (T4S,RI3E,
S11)

ib 15 15 15 20 165 50 22 20 i8 15 15

Boulder River - from mouth of Falls Creek (T4S,RI12E,S15) to mouth of Howley

Creek (75S5,R12E,S35)
40 40 40 40 75 540 240 101 72 56 40 40

Boulder River - from mouth of West Boulder River (T2S,R13E,S15) to mouth of

Falls Creek (T4S,R12E,S15}
50 50 50 50 150 1080 480 200 145 115 50 50

Boulder River - from mouth (TIN,R14E,S12) to mouth of West Boulder River (128,

R13E,S15)
80 80 80 80 ~ 300 1690 565 185 195 200 80 80

a/ Requested under the state law "Montana Water Use Act," section 89890.
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Seasonal movements, and especially spawning movements, of game fishes
need investigation. There is some evidence for significanl spawning
movement of rainbow trout in the Stillwater River.

Information on the timing of spawning and early life history stages
was developed only for some species in the West Fork Stillwater
River drainage. This data should be developed for other streams in
the area.

Fish population estimates are needed on the Stillwater River down-
stream from the mouth of the Rosebud River and on the Boulder River
downstream from the mouth of the West Boulder River.

Metals in fish tissue were not measursd for all streams. Remaining
streams should be sampled for this purpose before major mining
development is announced. Nickel should be remeasured in fish from
sections F-1 and F-2 on the Stiilwater River.

Weekly maximum and minimum stream temperatures should be measured
for at least the summer on streams where this has not yet been done.

Plans for development by mining companies should be watched closely
and appropriate follow-up aquatic studies planned and carried out
when and where needed. This should include work to confirm the
findings of this study if several years elapse before mining develop-
ment becomes evident.

The identification of remaining stireambottom macrofauna samples
should be completed. This will supply considerablie information for
determining impact or Tack of it on streams.

RECOMMENDATIONS

Two o1d problems should be remedied. Verdigris Creek carries abnormal
concentrations of metals downstream from the gossan. Tailings from
the Mouat tailings pond blow into the Stillwater River each winter
and early spring. Neither of these situations should be allowed to
continue, because there is some indication that one or both problems
are causing elevated nickel concentrations in Stiliwater River fish.

A Tandslide and water moving through it, one-half mile upstream from
the Johns-Manville adit have washed soil into the West Fork Stillwater
River in the spring of 1975 and 1976. If this Tandslide continues
each spring, steps should be taken to protect the West Fork
Stillwater River.

Low summer stream temperatures should not be used as a justification
for increasing stream temperature by mining and related development.
Downstream areas would be adversely affected.

Mining companies should stay informed on state and federal reguiations
applicable to their cperations. This is especially true of water
quality regulations.
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Mills, tailings ponds and smelters should be located on flat Tand
rather than mountainous areas. Potential problems associated with
these developments in steep terrain outweigh any advantage gained
by placing them close to the mine.

A high density of roads has already had detrimental results in the
Verdigris and Mountain View drainages. A1l efforts should be made
to 1imit road building. This is especially true in the Placer Basin-
Iron Mountain-Chrome Mountain area at the head of the East Boulder
River. Many miles of new road and bulldozer trails have been built
in this area in the past several years.

Communication and coordination among agencies, companies and the public
should be maintained and strengthened. Mining companies should

inform appropriate state and federal agencies and the public at the
earliest possible date of plans for development before these plans
become finalized.

Fich are absent from all of Brownlee Creek and from Little Rocky
Creek upstream of Forest Service road 1414, These streams may be
capable of supporting fish populations. Fingerling cutthroat trout
should probably be introduced in these streams.

A large spring important to portions of Lodgepole and Castle creeks
and the West Fork Stillwater River downstream of Castle Creek 1is
Tocated on private property near the lower end of Lodgepole Creek.
The present landowers recognize the importance of this spring, and
it receives favorable management, but this might not be the case if
the property were sold. If and when the property is for sale, the
Department of Fish and Game shouid consider purchase.
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Waters Referred to:

Stream Code No.
Blakely Creek 5-22-0658-1
Bobcat (E. Chippy) Cr. 5-22-0728-1
Boulder R. Sec. 01 5-22-0742-1
Boulder R. Sec. (G2 5-22-0756-1
Brownlee Creekd

Castie Creek 5 22-1022~1
Cathedral Creek 5.22-1050-1
Crescent Creekd

East Boulder River 5 22-2002-1
East Fishtail Creek 5-22~2058-1
Fast Rosebud River 5-22-2254-1
Falls Creek 5-22-2436-1
Fishtail Creek 5-22-2492-1
Forge Creek 5-22-2598-1
Froze-to-Death Creek 5-22-2681-10
Graham Creek 5-22-2772-1
Great Falls Creek 5-22-2846-10
Hawley Creek 5-22-3010-1
Initial Creek 5-22-3346-1
Iron Creek 5-272-3360-1
Little Rocky Creek 5-22~3752-1
Lodgepole Creek 5-22-3808-1
Lower Deer (Creek 5-22-3864-1
Morris Creek 5.22-4275-1
Mountain View Creek 5.22-4280-1
Nye Creek 5.22~4508-1
Picket Pin Creek 5-22-4648-1
Saderbalim Creek 5-272-5166-1
Silver Creek 5.22-5411-1
South Nye Creek@

Stillwater R. Sec. 01 5 22-6104-1
Stillwater R. Sec. 02 5-22-6118-1
Tumble Creek 5-22-6398-1
Upper Deer Creek 5-22-6454-1
Verdigris Creek@ -

W. Boulder River -22-6552-1
West Fishtail Creek 5-22-6580-1
W. Fk. Stiliwater Sec.0l 5-22-6664~1
W. Fk. Stillwater Sec.02 5-22-6678-1
West Fishtail Creek 5-22-6580-1
West Rosebud River 5-22-6804-1
Woodbine Creek 5.22-6944-1

aNo code number assigned
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Appendix B. Summarization of water guality of major streams, 1971 - 1972 -
1973 - 1974°.
Fast Rosebud River Statiopn 001 Fast Rosebud River Station 002
No. of No. of
Mean Max. Min. Samples  Mean Max. Min. Samples
Cab 4,19 5.70 Z.00 9 5.60 8.60 2.60 9
Mg 1.10 1.60 0.60 9 1.40 1.80 .70 9
Ha .90 1.30 0.50 9 1.40 2.40 0.606 9
K 0.80 1.40 0.50 9 0.80 1.70 0.60 9
SéD2 2.20 3.00 1.00 9 3.50 65.00 1.30 g
HCO3 17,10 24.00 14.00 9 24.00  36.00 11.00 9
€Oz .09 0.00 0.00 9 0.00 .00 0.00 9
OH 0.00 0.00 0.00 g 0.00 £.00 0.00 9
Cl 0.390 1.60 0.00 5 0.50 1.40 0.10 9
S04 3.60 6.00 1.80 9 3.80 5.60 2.60 9
NO3_N 0.07 0.15 (.00 9 0.09 0.20 0.00 9
(.00 0.10 0.00 g 0.00 0.10 0.00 9
pH (lab) 6.74 7.15 6.19 9 £.90 7.18 6.33 9
nH {field) 8.30 8.40 §.20 6 8.20 8.40 8.10 6
FO 43,00 57.60 32.00 8 43.00 60.00 3Z2.00 9
Dis. Sol. 30.50 38.40 18.60 9 41.80 59.60 21.70 9
Hard. 14.60  20.00 9.00 9 20.00 28,00 10.00 9
Atk. 14.60  20.00 8.00 9 20.00 30.00 G.00 9
D.0o. 11.20 13.00 8.50 5 11.30 13.00 8.50 6
JTU 1.00 4.00 0.00 4 2.00 3.00 0.00 4
n <0.01 0.01 <(3.01 9 <0.01 0.01 <0.061 9
Cd <0.01 <0.01 <0.01 9 <0.01 <0.01 <0.01 9
Cu <0.01 <0.01 <(.01 9 <0.01 <0.01 <0.01 9
Ni <(0.02 <0.02 <0.01 g <0.02 <0.02 <0.02 9
Fe 0.02 0.08 0.00 9 0.172 .41  <0.02 9
Mn 0.00 0.00 G.00 9 0.00 0.01 0.00 9
SAMPLING DATES SAMPLING DATES
4-12-71 4.12-71
6-09-71 6-09-71
7-26-71 7-26-71
10-20-71 10-20-71
11-11-71 11-14-71
3-14-72 2-16-72
5-22-72 5-27.77
8-16-72 B-1H-72
11-21-72 11-21-72
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Appendix B continued { }.

Summarization of water guality of mejor streams,
1971 - 1972 - 1973 - 19748,

WEST ROSEBUD RIVER STATION 003

WEST ROSEBUD RIVER STATICN 004

No. of No. of
Mean Max. Min. Samples  Mean Max. Min. Sampies

caP 4.30 10.50 2.60 9 5.20 8.60 3.30 9
Mg §.80 1.30  0.40 g (.80 1.40 (.60 9
Na 1.00 1.30  0.70 9 1.30 1.90 4.80 9
K 0.80 1.1 9.40 g 0.8 1.20 G.60 9
510y 2.50 4.30  G.00 ) 3.60 7.00 1.00 g
HCO3 17.00 34.060 10.00 9 20.00 27.00 15.00 a
€03 G.00 0.00 G.00 g 0.10 1.00 0.00 9
OH 0.00 0.00 0.00 g 0.00 0.00 0.00 9
C1 0.50 1.40  0.10 9 0.40 1.00 g.10 9
S0q 3.20 6.20 2.00 9 4,40 7.40 2.20 g
NO3-N 0.07 0.18 0.00 9 0.04 0.16 0.00 g
F 0.00 N.10  0.00 9 0.00 0.10 0.00 9
pH (Tab) 6.70 7.22 6.24 g 6.91 8.42 6.34 9
pH (field) 8.10 8.30 7.90 6 8.20 8.40 7.90 6
Fo 43.00 57.00 32.00 8 44,00 60.00 32.00 3
Dis. Soil. 30.30 57.60 19.60 9 36.80 48.50 28.10 g
Hard. 15.00 31.00 16.00 g 17.00  26.00 12.00 9
Alk. 14.00 28.06 5.00 3. 17.00 26.00 12.00 9
0. 0. 11.10 12.00 &.60 6 16.90  12.00 8.30 5
JTU 3.00 8.00 0C.00 4 2.00 3.00 0.00 4
in <0.01 0.01 <0.01 g <0.01 0.01  <0.01 9
£d <(.01 <G.01 <0.01 9 <0.01 <0.01 <0.01 9
Cu <0.01 0.01 <0.01 g <0.01 <0.01 <0.01 9
Ni <(.02 <0.02 <0.01 9 <0.02 <0.02 <0.02 9
Fe 0.02 0.07 0.902 g9 0.03 .12 0.00 g
Mn 0.00 0.01 0.60 g d.00 0.01 0.00 9
SAMPLING DATES SAMPLING DATES

04-12-71 D4-12-71

36-09-71 06-05-71

07-26-71 G7-26-71

10-20-71 16-20-71

11-11-71 11-11-71

02-10-72 02-10-72

05-22-72 Oh-22-72

08-09-72 08-048-72

12-01-72 11-21-72
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Appendix B continued {

3
i

Summarization of water quality of major streams,
1971 - 1972 - 1973 - 197494,

STILLWATER RIVER STATION 005

STILLWATER RIVER STATION 006

No. of No. of
Mean Max. Min. Samples  Mean Max. Min. Samples

Cab 4.90 7.10 2.60 16 8.40 16.40 2,60 16
Mg .10 1.80 0.60 18 Z2.00 3.10 0.70 16
Na 1.40 2.50 3.60 16 1.60 2.70 0.60 16
K 0.7C 1.60 0.40 16 0.80 1.50 §.40 16
5102 4,60 7.30 1.30 16 5.00 G.00 1.30 16
HCO3 16.00 26.00 13.00 16 28.00 51.00  13.00 16
€03 (.00 (.00 0.00 16 0.00 0.00 0.00 18
OH .00 0.00 0.00 16 0.00 0.00 g.00 16
c1 0.50 1.50 g.206 16 0.50 1.40 0.00 16
S0q 4 .50 7.40 2.00 16 8.30 14.00 2.80 16
NO3z_n 0.07 0.23 G.00 16 G.07 0.23 0.00 16
F 0.00 0.10 D.00 16 0.60 g0.10 0.00 16
pH {Tab) 6.81 7.24 6.32 1& 5.88 8.17 6.04 16
pH (field) 8.30 8.40 7.80 13 8.20 8.50 7.00 13
FO 41.00 55.00 32.00 15 43.00 B6.00 32.00 15
Dis. Sol. 37.00 48.60 23.40 16 54,30 92.00 26.8C 16
Hard. 17.00  21.00  11.00 18 28.00 51.00 12,00 16
Alk 15.00  22.00 10.00 15 23.00 42.00 10.00 16
D. 0. 11.40 16.00 9.50 1?2 16.80 13.40 .40 13
JTU Z2.00 10.00 .00 g 2.00 8.00 (.00 9
Zn <0.01 (.01 <0.01 16 <(.01 0.92 <¢.01 16
Cd <0.01 <0.01 <0.01 16 <0.01 <0.01 <0.01 16
Cu <0.01 ¢.01 <0.01 16 <(.01 0.02 <0.01 16
Ni <¢g.02  <0.02 <g.02 15 <. 02 <0.02 <0.02 16
Fe 0.06 0.20 6.00 16 0.06 0.24 0.00 16
Mn 0.00 0.01 0.00 16 0.00 0.01 6.00 16
SAMPLING DATES . SAMPLING DATES

G4-12-71 04-12-71

06-09-71 (6-09-71

07-26-71 G7-26-71

10-19-71 10-19-71

11-11-71 11-11-71

12-18-71 12-18-71

01-17-72 01-22-72

02-14-72 02-14-72

03-14-72 03-14-72

04-19-72 04-29-77

05-16-72 05-16-72

06-21-72 06-21-72

07-14-72 07~14-72

08-03-72 08-03-72

09-18-72 09-18-72

12-01-72 12.01=-72



Summarization of water gualiity of major streams,
1971 - 1972 - 1973 - 1974%,

Appendix B continued { }.

WEST FORK STILLWATER RIVER
STATION 054

WEST FORK STILLWATER RIVER STATION GG/

No. of No. of
Mean Max. Min. Sampies  Mean Max, Min. Samples

caP 13.60  21.06 5.00 16 6.50 7.90 3.0 &
Mg 4,00 §5.70 0.5¢0 16 2. 30 3.80 0.40 8
Na 1.60 Z2.40 0.80 1% 1.20 1.50 0.90 8
K 0.50 1.80 0.50 16 0.80 1.60 0.50 8
Si02 6.80  10.00 2.00 it 5.50 7.00 3.00 8
HCO3 57.00 94.00 22.00 16 26.00 33.00 13.00 8
€03 0.0 1.00 0.66 1 0.00 0.60 0.60 8
OH G.00 0.00 §.00 1o 0.00 G.00 0.00 8
Cl 0.40 1.10 80.20 16 0.60 2.00 0.20 8
S04 5.90 8.60 2.20 16 6.10 11.40 2.80 8
NO3-N 0.04 0.23 .00 16 0.07 G.16 0.060 8
F 0.00 G.10 0.00 16 0.00 0.00 0.00 8
pH (1ab) 7.2%9 8.32 6.38 16 7.28 /.74 6.73 8
pH (field) 8.30 8.60 5.90 13 8.20 8.60 7.40 8
Fo 42.00 53.00 32.00 15 40.00 47.00 33.00 8
Dis. Sel. 90.10 133.1C 40.00 16 49.20 54.60 27.00 8
Hard. 48.00 76.00 21.00 16 25.00 35.006 16.00 8
Alk. 47.00 76.00 21.0C 18 21.60 27.00 1i.00 8
0. 0. 10.80 12.80 .00 12 10.10  10.90 .20 8
JTU G.60 2.00 G.G0 10 0.00 2.00 6.00 8
n <0.01 0.02 <0.01 16 <(.01 0.02 <0.01 7
Cd <0.01  <0.01 <0.01 16 <0.01 <0.01 <0.01 7
Cu <0.01 0.02 <0.01 15 <0.01 <0.02 <0.01 7
Ni <g.02 <0.02 <0.02 1% <0.01  <0.05 <0.01 7
Fe 0.10 0.92 0.06 1 g.02 0.10 0.00 &8
Mn 0.60 §.01 0.00 16 .00 0.00 g.00 8
SAMPLING DATES. SAMPLING DATES

04-13-71 05-30-73

06-09-71 07-24-73

07-26-71 08-24-73

10-18-71 10-24-73

11-11-71 5-13-74

12-18-71 47-23-74

0i-17-72 09-19-74

0z-16-72 10-11-74

03-14-72

04-19-72

05-16-72

06-21-72

07-14-72

08-07-72

09-18-72

12-01-72




Appendix B con

tinued { ).

Summarization of water cuality of major streams,
1971 - 1972 - 1973 - 19742,

£EAST BOULDER RIVER STATION 038

EAST BOULDER RIVER STATION 008

No. of Mo. of
Mean Max. Min. Samples  Mean Max. Min. Samples
cab 3.40 6.30  2.00 7 23.80 32.00 10.40 16
Mg 1.48 1.70 1,06 7 5.70 6.80 2.00 16
Na 1.50 1.60 .20 7 1.40 2.00 0.80 16
K 0.60 0.60 0.506 7 0.50 1.00 0.2¢ 16
Si0p 7.40 9.60 .80 7 6.70 10.00 2.60 16
HCO3 16,00 24.00 12.006 7 B82.00 122.00 36.00 16
€03 6.00 0.00 0.00 7 0.00 2.00 0.00 1o
OH 0.00 0.00 0.00 7 §.00 0.00 0.00 16
Ci 0.70 1.30 0.30 7 (.30 1.00 0.00 16
S04 2.70 5.60 6.36 7 7.060  12.20 1.80 16
NO3-N 0.07 0.18 c.02 7 g.o2 0.18 0.00 16
F 0.040 G.00 0.00 6 0.G6 0.10 0.060 16
pH (Tab) 7.46 8.53 7.12 7 7.65 2.41 65.82 16
pH (field) 8.10 8.60 7.40 6 8.50 8.60 8.00 13
FC 52.00  61.00 42.00 7 40.00  52.00 32.00 16
is. Sol. 33.80 43.60 29.80 7 142.00 180,10  53.00 16
Hard. 14.060 21.00 10.00 7 82.00 105.00  35.00 16
Alk. 13.00 21.00 10.00 7 78.00 104.00 29.00 16
D. 0. 8.50 g.4¢ 7.30 6 11.00 12.10 .20 12
JTU 1.00 5.00 g.00 & 1.60 5.00 5.00 10
n <0.01 0.01 <0.01 &5 <(.01 0.01  <0.01 16
Cd <0.01 <0.01 <0.01 5 <0.01 <(.01 <0.01 16
Cu <0,01 <0.01 <0.01 & <0.01  <0.01 <0.61 16
Ni <0.01 <0.05 <0.01 5 <0.02 <0.02 <D.02 16
Fe 0.02 0.10 0.00 7 0.02 0.17 0.06 16
Mn 0.00 0.01 0.00 7 0.00 G.01 g.00 16
SAMPLING DATES SEMPLING DATES
07-28-71 04-15-71
07-25-73 06-10-71
09-20-73 07-27-71
10-23-73 10-26-71
07-25-74 11~14-71
(09-18-74 12-17-71
10-10-74 01-17-72
02-17-72
(33-24-72
04-19-72
Gh-17-72
06-22-72
07-19-72
08-14-77
09-19-72
11-30-72
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Appendix B continued ( }.

Summarization of water oualily of malor streams,

1971 - 1972 - 1973 - 19749,
EAST BOULDER RIVER STATION 408 BOULDER RIVER STATION 010
No. of MNo. of
Mean Max. Min Samples  Mean Max. Min. Sampies

CaP 41.60 55,00 17.%0 16 .00  13.2¢ 4.8¢ 16
Mg 9.60 15.30 3.20 16 2.20 3.50 3.80 16
Na 4.80 12.70 1.60 16 Z2.00 Z.80 1.00 18
K 1.20 2.50 0.50 18 1.20 2.10 0.60 16
Si02 7,10 11.00 3.20 18 7.7 11.G 3.00 16
HCO3 141,060 178.00  585.00 15 37.00 R4.00 Z23.00 16
603 0.00 5.00 0.00 16 0.00 1.00 0.60 16
OH 0.00 .00 0.00 18 0.00 G.00 0.00 16
€1 1.40 3.30 .30 16 0.5 1.50 0.10 16
504 44.00  83.G60 .40 16 6.50 11.40 2.60 16
NO=_n 0.07 0.23 §.00  le 0.04 0.18 g.00 16
F 0.00 0.20 0.60  1s g.02 0.13 0.00 16
pH {1ab} 7.92 8.48 7.00 16 7.06 §.34 6.53 16
pH {field) 8.40 5.70 7.60 13 B.40 8.70 8.30 13
Fo 42.00 58.00 33.60 1s 40.00 54.00  32.00 16
Dis. Sol 253.20 324.90 97.70 16 £9.90 89.90 40.80 16
Hard. 150.00 1%6.00 57.00 16 1,00 46.00  20.00 18
Alk. 116.00 15B.00  48.00 15 30.60  44.00  19.80 16
0. 0. 11.10 12.40 89.36 12 1,10 12.00 8.%0 13
dTU 4,00 20.00 .00 10 3.00 8.00 0.00 g
In <(.01 0.015 <0.0% 16 <G.01 5,01 <G.01 1%
Cd <G.01  <0.01  <0.01 186 <¢,01 <G.01 0 <0.01 1
Cu <0.01 <0.01  <0.01 i <0.01 <0.01  <0.01 16
N1 <002 <0.02 <0.0Z2 18 0.0z  <0.0z  <0.02 16
Fe 0.11 .85 0.00 18 0.10 (.68 0.00 16
Mn .00 0.02 0.00 18 G. 00 0.03 0.00 16
SAMPLING DATES SAMPLING DATES

04-15-71 G4-15-71

06-10-71 J6-10-71

07-27-71 07-27-71

10-26-71 10-26-71

11-14-71 11-14-71

12-17-71 12-17-71

01-17-72 01-22-72

02-17-72 02-17-72

03-24-72 03-24-72

34-29-72 04-19-72

05-18-72 05-17-72

06-22-72 06-22-72

07-19-72 07-19-72

0g-17-72 08-17-72

(08-18-72 09-19-72

11-30-72 11-30-72
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Appendix B continued ( }. Summarization of water quality of major streams,
1971 - 1972 - 1973 - 19749,

BOULDER RIVER STATION 011

No. of
Mean Max. Min. Samples SAMPLING DATES

cab 8.70 14.20  4.80 11

Mg 2.20 2.80 1.40 11 10-26-71
Na 2.60 2.80 1.00 11 11-14-71
K 1.00 1.50 .60 11 12-17-71
$i05 9.00 11.00 3.20 11 03-24-72
HCO3 36.00 47.00 24.00 11 04-19-72
£03 0.00 0.00 0.00 11 05-17-72
OH G.0C 0.00 0.00 11 06-22-72
C1 G.40 0.60 0.1 11 07-19-72
S0q 5.80 10.40 2.60 11 08-15-72
NO3-N 0.07 0.1 0.00 il 09-19-72
F .01 0.12 0.00 11 11-27-72
pH {lab) 7.17 7.94 6.46 11

pH {field) 8.40 8.70 8.20 11

FO 41.00 52.00 31.00 10

Dis. Sol. 65.30 86.00 44.30 11

Hard. 31.60  44.00 20.00 11

Atk. 30.00  39.00 20.00 11

D. 0. 106,70  12.00 9,10 11

JTU 1.00 7.00 0.60 8

Zn <(.01 0.01 <0.01 11

Cd <0.01 <0.01 <0.01 11

Cu <0.01  <G.01 <G.01 11

Ni <0.02 <0.02 <G.02 11

Fe 0.07 0.27 .00 11

Mn 0.00 0.01 0.00 11

a/ Units are mitligrams per liter except as indicated.

b/ Standard chemical abbreviations, and as follows:

Fo = Temperature, field

Dis. Sol. = Calculated dissolved solids
Hard. = Total hardness as Cally
ATK. = Total alkalinity as CaCly
D. G. = Dissolved oxygen, field

JTu = Turbidity, field
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Appendix D. Summarization of water quality data for stations on Stillwater
River tributaries, 1972 - 1973%.

LITTLE ROCKY CREEK STATION 015 NYE CREEK STATION Q160
Mean Max. Min. Mean. Max. Min.
Ca 14,30 18.28  11.20 9.40 16.490 8.70
Mg 4,50 5.580 3.740 7.640 7.70 7.50
Na 1.90 2.40 1.50 Z2.00 2.20 1.80
K .50 .50 (.38 .45 0.80 0.31
Si09 180.50 12.80 8.70 17.60 18.60  156.00
HCO3 §7.00 80,00 54,00 67.060  69.080 64.00
€03 0.G0 0.00 0.00 (.00 0.60 .00
OH G.00 G.006 .00 .06 0.00 0.00
C1 0.20 G.40 .80 0.10 0.10 G.10
S04 4,80 7.50 2.00 £.90 7.60 5.40
NO3-N 0.09 0.1& 0.00 0.16 §5.23 0.00
F 3.00 0.00 5.006 G.00 3.00 G.00
pH {(1ab) 6.7 6.77 6.6% 5.97 7.18 .78
pH (field) 5.30 8.50 8.10 8.50 8.50 8.40
FO 41.00  H4.00 32.00 42,06 5:1.00 32.00
Dis. Sol. 103.90 1728.60  B6.20 111,20 1315.10 105.:10
Hard. E5.00 6B.00  44.00 56.00 57.00 53.00
Alk. BE.00 66,00 £4.00 55.00 B57.00 5Z2.00
g. 0. 10.60 172.90 8.20 10,40 i2.10 .20
JTU 2.00 7.00 0.00 2.00 5.00 0.00
in .01 4.01 <0.01 <3.01 0.01 <{}.01
Cd <{3.01 <(.G1 <(.01 <G.01 <G.01 <(.01
Cu <0.01 <{.041 <}, 01 <0.01 <(3.01 <(.01
N <0.02 <0, 02 <0.02 <. 02 <3.02 <0.07
Fe 0.05 411 .00 0.21 0.53 0.00
Mn 0.00 0.01 0.00 .00 0.01 0.00
SAMPLING DATES SAMPLING DATES
05-25-72 05-24.77
08-07-72 08~10-72
11-22-72 11-24-727

a/ Units are milligrams per liter except as indicated.

b/ Three sampies except for Tab pH which s two.
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Appendix D continued { ).

Summarization of water quality data for stations on
Stitlwater River tributaries, 1972 - 1973.

SILVER CREEK STATION 042%

MOUNTAIN VIEW CREEK  SOUTH NYE CRILK

STATION 0444 STATION 047¢
Max. Min. Max. Min. Max., Min.

Ca 50.00 49,00 17.40 15.00 17.90 8.806
Ma 18.00 17.80 17.80 12.20 9.80 6.80
Na 2.30 1.90 4,30 2.80 3.50 1.80
K .70 .59 0.70 0.70 0.52 0.45
Si0p 12.80 8.60 17.16 16.00 18.50 16.00
HCO3 147.00 143.00 136.00 102.00 101.00 58.00
€03 0.00 (.00 (.00 0.060 §.00 G.00
OH .00 0.00 G.00 G.00 0.00 (.00
C1 (.40 0.10 2.00 0.00 0.80 .50
S0a 74.00 74.00 11.00 7.20 9.00 4,80
NO3-n 0.20 0.04 0.5 0.07 0.18 0.00
F 0.20 0.60 0.00 0.00 0.00 0.00
pH (lab) 8.42 7.28 7.00 - 7.64 7.26
pH (field) 8.60 8.60 8.50 8.54G 8.40 8.40
FO 60.00 50.00 52.00 36.00 49.00 37.00
Dis. Sol. 304.50 300.60 208.80 157.00 163.10 §7.80
Hard. 199.G0 195.00 118.00 88.00 85.00 50.00
Alk. 126.00 121.00 112.00 84.00 83.00 48.00
0., 0, 9.60 8.60 11.20 9.00 10.80 §.70
JTU 0.00 0.00 10.00 0.00 i2.00 5.00
n 0.01 0.01 0.01 0.01 0.01 G.01
Cd < .01 < 0,01 < .01 < 0.01 < 0.01 < 0.01
Cu < 0.01 < (.01 < {3.01 < 0.01 < (.01 <0.01
Ni < 0.02 < (.02 < 3.02 <{.02 0.02 <0.02
Fe 0.04 0.03 g.21 0.16 1.28 0.08
Mn 0.01 0.60 0.00 .00 D.03 0.00
SAMPLING DATES SAMPLING DATES SAMPLING DATES
06-21-72 06-21-72 06-21-72
11-24-72 11-24-72 11-24-72

¢/ Two samples.

d/ Two samples except for lab pH which is one.
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Appendix E. Summarization of water quaiity data for staliens on Lhe West Fork
Stillwater River, 1979 and 1976°.

STATION 076 STATION 03/
' oL of B No. of
Max.  Min. - Samples  Max,  Min. Samples

Ca 39.35 14.80 7 10.61 3,50 10
Mg 14.27 4.70 7 5.50 1.60 10
Ma 4.00 1.80 7 2.00 0.96 i0
K 1.70 0.60 7 1.20 .60 10
Silp 10,30 6.00 7 .80 4.70 10
HCO3 149.08 55,00 7 51.00 17.00 10
€07 0.00 0.00 7 0.460 0.00 10
ci 2.50 0.30 7 1.70 0.10 10
S 31.44 9,70 7 7.30 3.50 10
HO3-N 0.77 0.04 7 0.17 .00 11
M2 N <001 - 1 <0.61 L 0,01 3
NH3. 5.04 - i 0,04 < 0.03 ?
F 0.10 0.00 7 20,10 .60 10
ol {1ab) 8.29 6.25 7 7.79 5.80 10
pH (Field) 8.60 8.00 7 8.70 7.70 180
ro 50.00 36.00 7 £6.00 3400 10
Dis. Sol. 248.70 47.00 7 86.50 33.00 10
Hard., 157.00 56.00 7 48.00 16.00 10
Alk. 146.00 43.00 7 42.400 14.00 19
n. 0. 11.50 9,60 / 11.30 9.70 8
JTU %00 2.00 ; 17.00 0.00 16"
7. Susp. S01.¢ 122,76 0.61 7 7.21 <010 18b
V. Susp. Sol.f 10.93 0.50 7 1.20 < 0.10 18D
7n-Total <001 <0.01 7 L 0.0l 0.01 10
In-Dissolved  <0.01 <0.01 7 . 0.01 < 0.0l 10
Cd-Total <0.01 <0.91 7 . 0.01 < 0.01 10
Cd-Dissolved  <0.01 <0,01 7 £ 0.01 < 0.01 10
Cu-Total 0.6t 0.01 7 . 0.01 < 0.01 10
Cu-Dissolved  «<0.0I <0.01 7 © 8.01 < §.01 10
Mi-Total 0.03 <0.01 7 - 0.01 < 0,02 10
Ni-Dissolved  «0.01 <0.01 7 £ 6.01 < 0.0l 10
Fe-Dissolved .23 0.1 7 g.12 .00 10
Mn-Dissolved  ~G.01 0,01 7 < 0.01 0.00 10
Al-Total 2.43 .05 7 0.68 < 0.05 10
A1-Dissolved 0.14 <0.05 7 6.19 < 0.05 18
SAMPL ING DATES ) SAMPLING DATES
06-20-75 03-17-75
07-23-75 (5-13-75
081875 06-21-75
09-09-75 07 -24-75
10-07-75 08-12-75
12-05-75 06-11-75
03-09-76 10-06-78

12-04-75

01-12-76 (NGy and NO7 only)

02-09-76

03-08-76

a/ Units are milligrams per liter except as indicated.

b/ Sampling period 1-75 to 3-76.

¢/ 1. Susp. Sol. = Total Suspended soiids.

d/ V. Susp. Sol.

i

Yotatile suspended solids.
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Appendix E continued { ). Summarization of water guality data for stations
on the West Fork Stillwater River, 1975 and 1976%.

STATION 072 _ T USTATION 076 B
No. of No, of
Max. __ Min.  Samples Max. _  Min. __ Samples

Ca 9.70 3.60 9 10.33 1,40 11
Mg 4.90 1.60 g 4.78 1.40 11
Na Z.00 0.90 9 2.30 0.90 11
K 1.20 0.60 g 1.20 0.60 11
5i0; 7.80 4.10 g 8,60 4.30 11
HCO3 45.00 23.00 9 45.75 10.00 11
03 0.00 0.00 9 0.00 0.00 11
1 1.80 0.00 g 1.90 1.30 11
504 9,50 3.40 9 8.90 3.60 11
N3N 0.27 0.04 g G.16 0.00 12
NOZ - - 0 <0.01 <0.01 3
NH3I-N - - 0 8.03 < (.03 2
F 0.10 0.00 9 9,10 <0.10 11
pH {1ab) 7.62 5.86 9 7.82 5.93 11
oH (field) 8.50 7.80 16¢ 2.60 7.60 18P
Fo 47.00 33.08 9 47.00 33.00 11
Tis. Sol. 78.60 37.70 9 80.50 24.70 11
Hard. 44.00 15.00 9 44.00 14.00 11
Alk. 37.00 19.00 9 38.00 8.00 1l
B. 0. 11.20 9.49 6 1t.20 9.30 7
JTu 8.00 0.00 14¢€ 5.00 0.00 160
T. Susp. Sel. 40.62 0.10 16¢ 4.99 <0.10 17b
V. Susp. Sol. 3.91 0.00 16€ 1.00 <010 17b
In-Total <0.01 - 0.01 g 0.01 ~0.01 10
In-Disselved < 0.01 L 0.01 9 <0.01 <0.01 11
Ca-Total <0.01 £ 0.01 9 <0.01 <0.01 10
Cd-Bissolved < 0,81 - 0.01 g <(.01 <0.01 11
fu-Total <0.01 £ 0.01 9 <0.01 ~0.01 10
Cu-Dissoived <0.01 < (.01 g = (.01 =0.01 11
Ni-Total <001 ©0.01 g <0.01 <0.01 10
MNi-Dissolved < 0.01 < 3.01 g < 0,01 0,01 i1
Fe-Dissolved 0,07 0.00 g 0.05 0.00 10
Mn-Disselved  <0.01 0.00 9 £0.01 0.00 11
A1-Total 0.30 < 0.05 7 0.20 <. 05 9
Al-Bissolved 0.14 < (.05 7 0.12 (.05 9
SAMPLING DATES : SAMPLING DATES
01-07-75 01-07-75
03-03-75 03-03-75
05-13-75 05-13-75
06-21-75 06-71-75
07-24-75 87-24-75
08-12-75 08-12-75
09-11-75 09-11-75
10~06-75 10~06-75
12-04-75 12-04-75

01-12-76 {NGp, NOy oaly)

02-09-76

03-08-76
e/ Sampling period 1-75 to 12-75.
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Appendix G continued { ). Summerization of water quality data for stations

on West Fork Stillwater River tributaries, 197%

and 19786°%.
UNNAMED TRIBUTARY STATION 073 DRAINAGE FROM ADIT STATION 075
No. of No. of
Max. Min. Samples  Max. Min. Samplies
Ca 36.00 23.00 3 119.00 6.81 3
Mg .30 4,10 3 39.00 0.30 3
Na 1.70 1.20 3 29.80 24.50 3
K G.70 G.60 3 1.50 0.10 3
5105 9.80 8.40 3 18.80 14.30 3
HCO4 126.00 86.00 3 115.00 G.060 3
CO3 0.00 0.4o0 3 13.10 0.00 3
Ci 0.60 0.40 3 14.50 4,05 3
S04 10.30 7.10 3 25.90 7.50 3
NO3.N 0.04 0.02 3 144,64 1.06 4
NOo.y - - 0 2.50 0.12 3
NH3.N - - 0 1.43 1.00 2
F 0.00 0.00 3 0.10 0.00 3
pH {(Tab) 7.71 7.29 3 10.34 7.66 3
pH {field) 8.50 7.80 3 2.60 7.70 3
FO 39.00 34.00 3 52.00 40.40 3
Dis. Sol. 188.76 133.60 3 981.G0 51.50 4
Hard. 111.40 77.00 3 454,00 18.00 3
Alk. 103.60 71.00 3 95.00 22.00 3
D. 0. g.10 - 1 8.50 7.00 4
JTU 5.00 0.00 2 285.00 47.00 4
T. Susp. Sol. 1.40 0. 91 3 641.80 62.37 3
V. Susp. Sol. 0.70 0.5C 3 23.60 2.89 3
Zn-Total < §0.01 < 0.01 3 0.03 < 0.01 3
In-Dissolved . 0.01 < .01 3 0.01 < 0,01 3
Cd-Total < 0.01 < 0.01 3 < .01 < (.01 3
Cd-Dissolved . 0.01 < 0.01 3 < 0,01 < 0.01 3
Cu-Total < 0.01 - 0.01 3 g.05 < 0.01 3
Cu~Dissoived <« 0.01 < Q.01 3 0.02 < .01 3
Ni-Total < 0.01 < D.61 3 0.22 < (3,01 3
Ni-Dissojved <« 0.01 < 0.01 3 0.05 < 0,01 3
Fe-Dissolved 0.03 §.00 3 0.33 < (.01 3
Mn-Bissolved 0.00 0.00 3 0.07 < 0.01 3
Al-Total 0.1 0.08 2 35.30 2.52 3
Al-Dissoived 0.10 0.08 Z 0.26 G.14 3

SAMPLING DATES

SAMPLING DATES

04-23-75 06-21-75

05-13-75 01-12-76 {NO3.n.Dis.So1.,D0,

06-22-75 02-09-76 JTU  oniy)
03-08-76
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Appendix H.

Summarization of water quality data for stationson the Deer
Creeks, 1972 - 19732.

UPPER DEER CREEKD STATION 022

Ca
Mg
Na

pH (Tab)
pH (field)
)

Dis. Sol.
Hard.

Alk.

D. 0.

JTU

n
Cd
Cu
N1
Fe
Mn

SAMPLING DATES

LOWER DEER CREEKD STATION D21

Mean Max. Min Mean Max. Min.
34.00 42.00 28.00 27.00 35.00 23.00
5.20 65.30 4.30 4.10 5.00 3.40
4.80 6.80 3.40 4.00 5.80 3.00
.41 g.45 .39 0.34 0.40 0.28
12.60 13.70 12.480 13.60 14.00 13.00
120.00 149.00 100.00 91.00 123.00 84.00
0.00 .00 0.60 0.00 .00 0.00
0.00 .00 0.00 0.00 0.00 0.00
0.40 (0.60 0.30 0.70 1.60 0.20
16.70 24 .00 12.20 13.30 19.00 9.50
0.02 .04 0.060 0.07 0.16 0.00
0.00 0.00 0.00 0.00 0.00 0.00
/.62 8.20 7.13 7.59 7.98 7.34
8.50 8.60 8.30 8.40 8.50 8.40
47.00 49.00 43.00 45.00 48.00 42.00
195.00 243.50 160.90 161.50 204.60 137.20
106.00 123.00 37.00 85.00 107.00 71.060
99.09 123.00 82.00 80.00 161.00 69.00
10.00 10.30 9.80 10.20 10.50 9.80
8.00 13.00 5.00 3.00 5.00 0.00
- < (.01 < 0.01 - < 0.02 < (.01
- < 0.01 < 0.01 - < (.01 < .01
- < (.02 < 0.01 - < 0.02 < 0.01
- < 0.05 < 0,02 - < (.05 < 0.02
0.17 0.37 0.01 0.06 0.10 0.02
0.00 0.01 0.00 0.60 0.01 0.00

SAMPLING DATES

05-26-72
06-01-73
09-28-73

05-26-72
06-01-73
09-~28-73

a/ Units are milligrams per 1iter except as indicated.

b/ Three samples except two for zinc, cadmium, copper, and nickel.
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Appendix J. Summarization of water qua%éty data Tor stationson Boulder River
tributaries, 19772 and 19747

BOBCAT (EAST CHIPPY) CREEK GREAT FALLS CREEK FALLSCREEK
STATION 023b STATION 026D STATION 027P
Max. Min. Max. Min. Max. Min.

Ca 10.80 8.30 6.40 4,20 7.90 4.60
Mg 4.10 3.00 J.80 0.00 1.20 1.00
Na (.83 (.83 2.10 i1.10 3.00 1.10
K 0.67 0.64 0.94 (.92 1.00 0.90
Si02 10.00 9.50 2.60 5.90 7.10 5.90
HCO3 42,40 33.00 16.00 14.00 22.00 17.00
€03 0.00 0.00 0.00 (.00 0.00 0.00
OH 0.00 0.00 0.00 0.00 0.00 0.00
C1 0.40 0.30 g.30 0.20 1.50 0.20
SOq 14.30 6.80 11.60 6.60 12.00 4.00
NO3-N 0.18 0.02 .14 0.00 0.18 0.04
F 0.00 G.00 §.00 0.00 0.00 0.00
pH (lab) 5.82 - 6.66 6.37 7.17 6.37
pH (field) §.50 8.720 8.40 7.80 8.40 8.40
FO 40.00 32.00 40.00 32.00 40.00 33.00
Dis.ol. 84,00 53.90 46.90 33.80 56.20 35.40
Hard. 44,00 33.00 16.G0 14.00 24.00 15.00
Alk. 34.00 27.00 i3.060 11.00 18.00 14.00
D. 0. 12.10 16,50 10.860 10.16 11.80 10.50
JTU 1.60 .00 2.08 0.00 2.00 0.00
In 0.015 < .01 0.01 < .01 0.01 < D.01
cd < 0,01 < 0.01 < (.01 < 0.01 < (.01 < 0.01
Cu 0.01 < 0.01 < 0.01 < 0.01 0.01 < 0.01
Ni - <0.07 . G.02 < $3.02 < .07 < 0.02 < (0.02
Fe 0.02 g.02 0.08 0.02 0.09 0.02
Mn 0.00 0.00 (.00 0.00 0.60 0.00
SAMPLING DATES SAMPLING DATES SAMPLLING DATES
g5-17-72 05-18-72 0s-18-72
11-27-72 08-16-72 11-30-72

a/ Units are milligrams per 1iter except as indicated.

b/ Two samples per station except for lab pH, which is one at station (23.
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Appendix K. Summarization of water quaiity data for stations on Boulder River
tributaries, 1975%.

FROZE-TO-DEATH CREEK STATION 084% HAWLEY CREEK
STATION 085D

Max. Min. Max. Min.
Ca 10.01 5.20 7.61 3.50
Mg 1.75 1.00 2.43 1.20
Na 1.70 1.10 1.50 0.80
K 1.20 0.90 0.980 0.60
Si0y 8,10 5.10 £.50 4.30
HCO3 31.35 15,60 29.77 15.00
€03 0.00 0.00 0.00 0.00
C1 0.70 0.25 .50 0.30
S04 9.30 5.10 5.20 3.10
NO3-N 0.23 0.04 0.25 0.00
F < 0.10 0.060 < 0.10 (.00
pH {lab) 7.16 6£.05 6.82 5.98
pH {field) 8.30 8.20 8.40 7.80
FO 46.00 38.460 46.00 36.00
DHs. Soil. 63.80 38.90 55.40 29.00
Hard. 32.00 17.00 29.00 14.00
Alk. 31.00 16.00 30.00 12.60
0. G. 10.80 8.80 11.20 3.70
JTu 6.00 G.00 1.00 0.00
T. Susp. Sol.¢ 1.50 0.40 1.80 0.30
V. Susp. Soi.d 0.80 0.40 0.80 0.20
In-Total < (.01 < 0.01 < 0.01 < 0.01
In-Dissolved < 0,01 < 0.01 < {.01 < 0.01
Cd-Total < 0.01 < (.01 < .01 < 0.01
Cd-Dissolved < (.01 < (.01 < (.01 < 0.01
Cu-Total < (.01 < (.01 < 0,01 < 0.01
Cu~-Dissolved < (.01 < (.01 < .01 < 0.01
Ni-Total < 0.01 < 0.01 < .01 < 0.01
Ni-Dissolved < 0.01 < .01 < 0.01 < 0.01
Fa-Dissolved < 0.01 (.00 0.01 0.00
Mn-Dissolved < (0.01 0.00 < 0.01 G.00
SAMPLING DATES SAMPLING DATES
07-25=75 07-25-75
08-13-75 08-13-75
10-08-75 10-08-75

a/ Units are milligrams per liter except as indicated.
b/ Three samples per station.

c/ T. Susp. Sol. = total suspended soiids.

d/ V. Susp. Sol. = Volatile suspended solids.
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Appendix M. Total and dissolved concentrations (parts-per-billion) of metals
for samples collected at eleven stations in 15973.
COLLECTION COPPER ~ LEAD NICKEL CADMIUM
DATE Total Dis. Total Dis. Total Dis. Total Dis.
EAST ROSEBUD RIVER - STATION 001
March 7 1 <5 < b 21 <5 <1 <1
May 3 <1 10 <5 < h < b < 1 < 1
July < 2 < 2 <5 <5 < b <5 <1 <1
August < ? <2 <5 < h < b <5 < 1 <1
September 4 3 b 2 4 <1 <1 <1
EAST ROSEBUD RIVER ~ STATION 002
March 7 1 5 5 il <5 <1 <1
May 5 1 6 < 5 12 <5 <1 <1
July 6 6 < b < b < 5 < b <1 <1
August < 2 < 2 <5 < 5 <5 < 5 <1 <1
September 3 2 10 < 1 3 2 <1 <1
WEST ROSEBUD RIVER - STATION 003
March 5 1 <h <5 24 <5 1 <1
May 5 <l <h <5 <bh < h <1 < 1
July 2 4 <h <5 <5 <5 <1 <1
August <2 <2 <h <5 <5 <5 <1 < 1
September 3 3 7 3 5 <1 < 1 < 1
WEST ROSEBUD RIVER - STATION 004
March 19 i <bh <5 11 <5 <1 <1
May g 1 <5h <5 <h <h <1 <1
July 6 4 <5 <h <5 ) <1 <1
August <2 <2 «b <5 <5 <5 <1 <1
September 9 2 g 1 ) pd <1 <1
STILLWATER RIVER - STATION 005
March 4 2 < 5 < b 15 <5 < 1 <1
May 17 3 < 5 <5 <h <5 <1 <1
July < 2 < 2 < 5 <5 <5 <5 <1 <1
August 3 3 < 5 <5 <5 <5 <1 < 1
September 4 4 i2 <1 4 2 <1 <1
October 3 1 4 3 <1 <1 <1 <1
STILLWATER RIVER - STATION 006
March 3 3 < 5 <5 16 < 5 < 1 1
May ) 3 < 5 <5 7 7 <1 <1
July 7 <2 < 5 < b < 5 <h < 1 <1
August 4 Vd < B <5 < 5 < b <1 <1
September 3 3 5 <1 6 pd < 1 <1
Uctober 5 <1 5 2 <1 <1 <1 <1
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Appendix ¥ continued { }.

Total and dissolved concentrations (part-per-biilion;

of metals for samples collected at eleven station in

1973.
COLLECTION COPPER LEAD NICKEL CADMIUM
DATE Total Dis. Total Dis. Total Dis. Total Dis.
WEST FORK STILLWATER RIVER - STATION 007
March ? 2 5 5 9 <5 <1 <1
May 3 1 <5 <h 20 <5 <1 <1
July 4 <2 <5 <5 <5 <5h <1 <1
August 2 d <5 <5 <5 <h <1 <1
September 4 3 3 <1 <18 28 <1 <1
October 4 <1 11 3 <1 <1 <] < 1
EAST BOULDER RIVER - STATION 038
September 4 3 5 2 <14 2@ <1 <1
October 3 1 5 4 <1 <1 <1 <]
FAST BOULDER RIVER - STATION 008
March 4 2 <5 < 5 23 ) < 1 <1
May 26 <1 <5 < h 23 <5 < 1 < 1
Juty ? 2 < 5 < 5 < 5 < 5 <1 < 1
August 5 3 < 5 < 5 < 5 <5 <1 < 1
September 2 2 8 3 < 1 <1 < 1 <1
October 4 2 11 5 < 1 <1 <1 <1
BOULDER RIVER - STATION 010
March 6 i < 5 < b ) <h <1 <1
May 4 <1 < b < b <h <5 < 1 <1
July 3 2 < 5 <5 10 «5h <1 <1
August <2 < 2 ) < 5 7 <5 <1 <1
September 2 2 8 <1 <1 <1 <1 < 1
October 4 < 1 4 2 < 1 <1 <1 <1
BOULDER RIVER - STATICN 011
March 18 2 9 7 i8 <5 <1 <1
May 2 1 <5 < 5B < 5 < b <1 <1
July 2 2 <5 <5 <5 <5 <1 <1
August 2 2 <5 <5 <5 <5 <1 <1
September 2 3 4 < 1 < 1 <1 <1 <1
October 2 1 5 3 <1 <1 <1 <1
a/ Error of unknown source.
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Appendix N. Concentration {parts-per-million) of metals in stream sediments.,

1973-19742.
COLLECTION " TRON
DATED COPPER NICKEL LEAD CADMIUM 7INC (x103)
EAST ROSEBUD RIVER - STATION 001
March, 1973 19 30 15 1 27 15
May, 1973 20 32 16 <1 34 15
July, 1973 24 35 19 1 57 29
August, 1973 20 31 19 <1 36 26
September, 1873 22 35 32 <1 39 33
Range-all samples 13-39.5  21-52.5 15-57 <1-1 27-99.5 15-40
EAST ROSEBUD RIVER - STATION 002
March, 1973 20 31 21 <1 33 15
May, 1973 12 21 22 <1 30 14
July, 1973 13 24 13 <1 34 20
August, 1973 11 22 15 <1 33 21
September, 1973 18 36 13 <1 48 26
Range-all samples 11-24 19.5-46 9-27 <1-1 28-55 13-32
WEST ROSEBUD RIVER - STATION 003
March, 1973 g 18 12 <1 18 12
May, 1973 g 20 13 <1 22 9
July, 1973 9 20 50 <1 29 18
August, 1973 10 19 15 <1 32 17
September, 1973 12 29 12 <1 57 18
Range-all samples 7-16.5 16.5-42 11.5-76 <1-1 18-107.5 9-22
WEST ROSEBUD RIVER - STATION 004
March, 1973 g 13 17 <1 18 12
May, 1973 9 16 16 <1 269 11
July, 1973 10 16 13 1 26 19
August, 1973 10 15 14 <1 38 21
September, 1973 8 16 12 <1 30 21
Range-all samples 5.5-13 10-18.5 10-17.5 <1-1 17.5-47  11-23
STILLWATER RIVER - STATION 005
March, 1973 72 18 18 1 36 14
May, 1973 65 20 21 <1 46 11
July, 1973 48 16 25 <1 40 18
August, 1973 65 15 18 <1 55 20
September, 1973 56 14 12 <1 36 19
October, 1973 22 48 42 <1 48 25
Range-all samples 12.5-87  11-61 9.5-48.5 <1-1 24-71 11-27
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Appendix N continued ( ). Concentration {parts-per-miliion)of metals in stream
sediments, 1973-19749.

COLLECTION IRON
DATED COPPER NICKEL LEAD CADMIUM ZINC (X103)
STILLWATER RIVER - STATION 006

HMarch, 1973 46 209 19 1 20 i5
May, 1973 62 i92 20 <1 34 i7
July, 1973 101 107 18 2 59 27
August, 1973 70 196 20 1+ 50 30
September, 1573 63 209 i1 <1 30 28
Getober, 1973 20 35 52 <1 100 22

Range-all samples 17-110 25.5-330 9.5-57 <1-3.0 20-124.5 15-36

WEST FORK STILLWATER RIVER - STATION 054

May, 1974 49 72 28 <1 54 40
July, 1974 53 77 21 <1 54 41
September, 1974 55 84 16 1 46 40
October, 1974 43 70 16 1 47 39

Range-all sampies 36-70.5 87.5-59  13.5-36.5 0.5-1.5 43,5-65.0 37.6-44.5

WEST FORK STILLWATER RIVER - STATION 0OGY

March, 1973 40 8% 20 1 27 16

May, 1973 31 68 20 <1 30 18

July, 1973 37 78 16 1.5 34 35
August, 1973 36 77 18 1.4 36 36
September, 1973 g7 123 14 <1 104 34
October, 1973 37 91 28 <1 36 32
Range-all samples 28-212 60-193 12-31  <1-1.9 25.5-254.5 16-38
FAST BOULDER RIVER - STATION 038

September, 1973 48 138 17 i 63 61
October, 1973 50 146 38 1.1 77 65

July, 1974 62 141 26 1.5 87 68
September, 1974 45 133 23 <1 1 59
October, 1974 50 157 26 1.8 71 75
Range-all samples 41.5-69 130-168.5  16-55 1-2 49.5-94.0 53.8-77.6
EAST BOULDER RIVER - STATION 061

July, 1974 51 84 21 1 40 43
September, 1974 38 79 19 i 34 a4
October, 1974 35 71 20 1.5 56 36
Range-all samples 34-55.5 58.5-86  15.5-22.5 <1-1.5 28.5-7¢  31.8-45.7
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Appendix N continued { ). Concentration (parts-per-million)of metals in stream
sediments, 1973-19749.

COLLECTION TRON
DATE COPPER NICKEL LEAD CADMIUM ZINC (%103)
BLAKELY CREEK - STATION 0G24 o
May, 1974 . 65 177 32 1 35 37
July, 1974 69 159 23 <1 36 43
September, 1974 68 161 24 1 26 33
October, 1974 71 176 22 1.2 20 40
0.5-1.5  16-39 28-48

Range-all samples  62.5-75  140-196 19-41

GRAHAM CREEK - STATION 025

May, 1974 66 640 29 <1 65 57
July, 1974 71 625 31 1 57 55
Range-all samples  65-74 590-705 25-38 0.5-1 43-81 52-63

CRESCENT CREEK - STATION 048

May, 1974 195 470 21 <1 67 63
Juiy, 1974 233 501 22 1 74 55
Range-all samples  155-235  350-520 19.5-23 1-1 64.5-79  42-66

FORGE CREEK - STATION 051

July, 1974 143 262 16 1 59 95
September, 1974 145 289 24 2 53 37
October, 1974 148 351 20 2 59 83
Range-all samples 120-168  234-430 12-31.5 1-2.5 43-70 81-103

BROWNLEE CREEK - STATION 053

July, 1974 75 137 25 1 55 34
August, 1974 114 145 37 1 53 36
October, 1974 59 137 24 1 490 33
Range-all samples  49-166 128-153 21.5-43.5 1-1.5 37-57 28-41

BROWNLEE CREEK - STATION 060

July, 1974 93 246 23 1 54 40
August, 1974 84 210 28 i 66 38
September, 1974 77 210 24 i 49 45
October, 1974 76 227 21 2 51 38
Range-all samples 72.5-112.5 189.5-309.5 18.5-29.5 1-2 34-67.5  36-48
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Appendix N. continued ( ). Concentration (parts-per-million)of metals in stream
sediments, 1973-19744.

COLLECTION IRON
DATED COPPER NICKEL LEAD CADMIUM ZINC (x103)
EAST BOULDER RIVER - STATION 008

March, 1973 46 78 20 1 33 16
May, 1973 33 70 26 <1 38 20
July, 1973 41 76 20 1.7 50 31
August, 1973 36 76 28 1.5 49 32
September, 1973 36 74 17 1.3 34 31
October, 1973 38 80 34 <1 47 33
Range-all samples 31-46.5 58-96 14-36 <1-2.0 25.5-54  16-38

BOULDER RIVER - STATION 011

March, 1973 21 44 14 1 30 18
May, 1973 26 45 25 <1 48 29
July, 1973 17 27 15 1.3 45 34
August, 1973 17 30 20 1.1 38 35
September, 1973 17 27 12 1.1 37 34
October, 1973 72 101 28 <1 53 35
Range-all samples 13.5-81 23.5-143 9-32.5 <1-2.0 20-72.5 18-43

BOULDER RIVER - STATION 010

March, 1973 25 57 19 1 29 18
May, 1373 24 54 20 <1 40 30
July, 1973 20 44 14 1 44 45
August, 1973 19 40 19 1 37 39
September, 1973 22 49 13 1 44 38
October, 1973 126 46 42 <1 90 41
Range-all samples 20-132.5 36-85 10.5-64 «1-1.3 29-141.5 18-50

TRON CREEK - STATION 019

May, 1974 45 109 25 1 48 31
July, 1974 43 113 24 <1 44 31
September, 1974 45 110 20 1 37 27
October, 1974 39 111 36 1 23 29
Range-all samples  36.5-55 102-126.5 17-72 <1-1.5 21.5-49  26-37

PICKET PIN CREEK - STATION 020

May, 1974 57 78 29 1 99 29
July, 1974 53 76 59 1.5 53 2z
September, 1974 50 71 23 1 69 26
October, 1974 55 85 24 1 43 27
Range-all samples  44-65 62.5-89.5 19-79.5 1-2 20.5-157 19-30
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Appendix N. continued { }. Concentration {parts-per-miilion)of metals in stream
sediments, 1973-19744.

COLLECTION IRON
DATED COPPER NICKEL LEAD CADMIUM ZINC (x103)

a/ Fractions of field samples passing through 100 mesh per inch screening were
retained for analysis.

b/ Values for March and May 1973 are for single samples; the remainder are
average for three samples.
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foot stream

in one square

s

Number and volume {in parentheses) of macroinvertebrates collected

bottom samples for stations in the Rosebud River drainage.

APPENDIX Q.

TOTAL

OTHERd

DIPTERA COLEOPTERA ANNELIDA

EPHEMEROPTERA

TRICHOPTERA

PLECOPTERA

DATE

EAST ROSEBUD RIVER ~ STATION 001
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Number and volume (in parentheses} of macroinvertebrates coilected in one snuz

foot stream bottom samples for stations in the Stiliwater River drainage.
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Appendix S. Number and volume (in parentheses) of macroinveriebrates
collected in one square foot stream boitom samples for
stations in the West Fork Stillwater River drainage.

Date Plecop- Trichop- Ephem Dip- Coleop- Amne~ Other? Total
tera tera eroptera lera tera 1ida

West Fork Stillwater River - Station 054

7-73 34(.1)y TEC.TY168(.3) TB(T)b Z{Ty is8(7) 2(1) 417(.5)
7-73  54(T) 76(.3) 139{.5) 24(.1) O 1Ty Ty 305(.9)
7-73  23T) 33(.3)  89(.3) 7(T) 0 93(.1) 0 225{.7)
5-74 40(.3) 62(.5) 177{.8) 34(.2)y O 29(7}y  &{T) 348(1.8)
5-74 22(.2)  4o{.2} y14{.2) 14(.3) O 39(7} 0 229(.9)
5-74 20{.1) 73(.4) 80(.1) 2(T) 0 3Ty O 168(.6)
7-74 12(7) 17(.4) 44(.1) 6(.1} 0 § 0 79(.86)
7-74  7{T) 16(.1) 37{.2} 2{T} it 1) 0 62(.3)
7-74  3{T} 6{.1) 14{.1} T 0 ¥ Ty 33(.2)
9.74 18(.1)  i3(.1)  4o(.1} 5(T) 0 G 0 76{.3)
9-74 20(T) 55(7} 10,2} 9(.1) 0 73Ty 5{T)  302(.3)
g-74 53(.2) 24(.8) 93(.1} 9{T} 0 Ty 2{ry 250(.%)
West Fork Stillwater River - Station 070
4-75 5(.1) 290.27 98(.2} HT) 0 0 3(T)  136(.%)
4.75 10(.1y  76(.8) 118(.3) 10(T} 0 0 G 214(1.0)
4-75 &(T) 8{T) 96(.5} 7T} { 0 2(ty  118(.%)
11-75 55 22 0 2 0 141 0 310
11-75 106 35 105 3 0 38 0 288
1i-75 89 18 156 ¢ 0 45 0 318
2-76 86{.2} 19(.1} 70(.2) 0 4 5(7) 7(TY 187(.5)
2-76 43(.3) 2{T) 101(.2) &{T) 0 0 2{1)  156(.5}
2.76 84{.8} &(T} 66{.4} 21} 0 {} 2{T) 160{.2)
5-76 28 2 59 4 0 2 O g5
5-76 29 4 69 7 4 1% 0 125
.76 21 12 38 4 i 3 0 203
West Fork Stillwater River - Station G37
8-70 19 18 208 20 0 0 it} 265
10-71 53(.1)y  47(.1)  9&(.4) 3T 0 24{T) © 221{.6}
10-71 65(T) 35(.2)  137(.4) 3T} 2(Ty 39{v) ¢© 281{.6}
10-71 43(T) 28(.1) 74{.2} 71.4) wWry 1T 8 170(.7}
5-72 {1 6{T) 6{.1) HT) 0 33(.1} © 47(.2)
5-72  A{T) 3{T) 7(.1) 4T} g 46{7) G 64{.1)
5.72 9{T) 1{.1)  48{.2) 19{.1) & 140(.1) 1 228{.5}
8-72 24(T) 12(T) 65{.3)} 5(.1) it 67{T) © 174{.4}
8-72 21(T) 6{T) 44{.2) 1HT) it} s0{1) 0 132{.2}
872 13(T) 6{T} 71{.2) 4.1} it} 34{T} ¢ 128({.3)
5-73 11(.1} 23{.2} 88{.5) 4Ty O 33T)  5(T) 162{.8)
5-73 22{T1) 36(.4)  215(1.4) 13{T) 0 13(7)  19(T} 309{1.8)
5-73 16{T) 29{.4) 181(1.2) 3(.1} Hry 4s(t) 8{.1) 2ze6(1.8}
7-73 64{.1) 3(7) 188{.4) 21(.2) 0 3e(Ty  HTy  318(.7)
7-73 32{T) 7{T) 207{.4) 17{.4) 0 w7y Ty 386(.8)
7-73  33(T) 10(.1)  181{.4) 14(.1) Ty ues(T) 2(T) 387(.8)
10-73 78{.1)  20{T) 125(.2)  &(T) 20Ty 13Ty 2Ty  244(.3}
10-73 4%{.1) 28{.2} 104(.2) 11T} HTY 1s(TY {7y 20%(.5)
10-73 16(T) 14(.23 58{.1} 7{.3} 3Ty U 1Ty 100{.8)
5-74  49(T} 45{.6 132(1 .1 1T WTy  Jo{Ty  2{7)} 258(1.7)
5-74 10(7} 9g8(.2y 117{.8) 18{.2) O 5(1) 1) 248(1.2)
5-74 45(.1)  45{.3) 181{1.1) =z2(.1) 2(y) 4B{T) 7{T) 384(1.6)

a - Mostly made up of Turbellaria, Nematoda, and Hydracarina
b .- Trace
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Appendix 5. Continued

Date Plecop- TIrichop- Lphemer- - pe A

tera tera pptera  ipra I

West Fork Stiliwater River - Station 037 continued
774 5{T} 417} 39{.2} 207 G ] 0
7-14 B{T1} 27001 mOyy Ty Hiy o 2Ty 0
7-74  3(T) Ty 10T) 273 o o0
19-74 35(.2)  3e{.2y  07(.1) H % 70 AT D
10-74 32,1} 38{.2} 81{.1) 14(7T 0 BT
10-74 20(7T) 1) 83(.72) HI G 1G0T 4T}
4-75 48(.2} 19(.7} 113(.7; 9.1 4T3 (T} 2{T}
475 230,13 114T) 58(.2} 40,3 i i 4
4-75  14{7} 23(.5} 650.8; T ] . G
7-75 1 10 26 3 G Z 4
7-i5 0 7 59 ) g H G
7-75 2 4 47 i O } Y
1175 117 27 138 6 O 7h 2
11-75 77 40 51 i 3 i 26
11-75 70 27 g2 3 a 24 0
2-76 228(1.4) 28{.2} 147(1.8} &{T) g ST 3{T)
Z-76 231 20 102 5 - i 3
2-76 90{.6) 24(T)  45(.3}  3{T) g J 0
5-76 23 27 51 12 {3 i G
5-76 11 24 86 20 i 3 ¥
5-76 § 14 38 G 0 1*

West Fork Stiliwaler River - Station I
8-70 1B 15 224 & 4 3 0
4-71 69,1} 14{.13 228i1.2) (M) &(T) O 23(7T)
10-71 9G(.72} 137} 65(.7} 3.3 3B{7} 99{7T} 0
0.7 ?2{14} 250,71} 138{. 3} H:i T 347) 5
10-71 103(.2) 20,4y 703} Z{.4} T 27Ty O
z-72 ae{.z2} 22{.2y 89{.5; 13(,: { THTY T
2-72 170l 37(.73 115{.63 6402, i 36{Ty 407}
2-72 230{.5) 25{.2) 198{1.1)} 58{2. (T} 13T 3T
5-72  &B{.1} 60,1} 366(.9) 1G{7T} @ 3T O
572 54{.%: Ty 2604 .5} H A 3{ 19T (T}
5-72 831(.1; 33{.7) 283{1.1y 2&{.: 617} 311 1T}
8-72 76{.2) &{T) 57(.3) 55(, T s2(Ty {1}
§-72 B{T} 31 29{.1} 2(T} {7} 247 G
B-72 25{.1) {7} 39(.2; 11, HT} { 2{7}
2-73 277{.4y 48{.4} 285{%.3) 257, 3T 165{TY 10{T}
2-73 7.2} B55(. 4} 251{1.5) 200, 4{T1}) 108{T}) 14(T)
2-73 1oo{.s) 73(.5) 218{7.4} ai(. 15{TY 0 333(.1328(T)
5-73 &1{.2) 24{.1y iz23t.sy  se(.5)  zal.y) 12(Ty £7(.%)
5-73 21{.3} 150,713 i24(.8} 24{.1 4{7T3 2540, 7135{T)
5-73 56{ .8} 48{.4; 208(.5) 38{.2 12(7; 2471 1T
7-73 28{.5; g{T} 169{.4) BT 2{1) 186017 3T}
7-73 13T T} 54,4} 1HT) 0 JE{TY 3T
7-73 12{.%) 200.2) 1620.2 22T HE 43{7y {7}
10-73 121(.2) 36{.1) 131(.3) 10{.4) (T} 8i.1)
T0-73 2504.3) 32(.2} 170(.5; T2{.7) (T} 20{.13
10-73 83(.3) 310,13 §01.2) 15(.3)} G i
2-74  105{.2) 225.?% 64{.2, 2Ty 0, §{73
2o7a 2700y Shiy Esrrl o sty e \
2-74 17(T) 14,1} 50(.3} 171 5(7; 22T
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Appendix S. Continued
Date Plecop~ Trichop- Ephen- Dip- Coleop-  Anne- Other® Total
tera tera  erpptera tera tera iida

5-74
5-78
5-74
7-74
7-74
7-74
10-74
10-74
10-74

7-75
7-75
7-75
11-75
1-75
11-75
2-76
2-76
2-76
4-76
4-76
4-76

8-70
10-71
10-71
10-71
2-72
2-72
2-72
5-72
5-7¢2
5-72
8-72
8-72
8-72
2-73
2-73
2-73
5-73
573
5-73
7-73
7-73
7-73
10-73
10-73
10-73
2-74
2-74

West Fork Stillwater River

- Station 007 - continued

2@( 1y 136(.6)  5{T) 0 a1y 21
(.1} 7.2} 7{.%) HT) a(T}  &(T;
( 2y 1s6(.9)  HT) HT) 61{TY 13{T
a(.2) 55(.7) &4{T) 2{7) G 0
25{.1) 50(.4) 1.1y HT) Z7(7Ty ©
22{T) 42(.7) (1) 0 0 T
28{.1) 341{.5) 20(.5) 3T 2g2(.114(7)
4417} 1760.3)  18(T} a{r) ATy HT)
17{.1)  189{.3} 18(T) 6{T) 50(T) 6(7)
West Fork Stillwater River - Station 076
35 0 ? 0
5 a1 5 1 2 1
4 a8 4 0 2 1
12 86 365 it 4 3
46 1i8 1z 5 15 3
55 9z 257 0 14 1
38 141 558 0 4 z
25(.7) 104{1.4} 388{.6) 0 J 4
25 43 420 0 g 2
45 66 292 0 5 4
7 39 271 0 8 1
19 63 j92 0 5 2
West Fork Stiliwater River - Station 036
27 267 16 3 18 1
17(.3)  182(1.1) s8o(.2}y 8(T) 1] 34{7
58{.5) 93(.8) 13(T) a{T) & 24T
26(.4)  138(1.1) 82(.3)y 5(T) a 8{T)
23f.1)  348{1.6} 180(.3} &(T) 262{.1)1(T)
33(.6) 4&41{2.4} s8o(.e) 1HT) I8FL.113(T)
39{.3) 13s{.6) 31(.1) 9{.1) s52({T) T)
0 88{.4) 1HT) 3{T) 10(T) 2(T)
2{1) 68(.5) 37(.1y 1) Ty @
34,13 28(.7) 0 0 0 0
1) 79(.3) 32{T) 47 109{7T) 8(T)
5{.3} 124(.%)  25(.2) 6LT) 19Ty {71}
29(.5) 153{.4)  28(T) 4{7) 66(T) 2(T)
47(.6)  419{2.1) 134(.3) 5{T) 1424T) 1{T)
27{.2) 324{2.5} 56(1.3) 9T 150{.1}3{T)
33(.1)  1231(.8) 32(.3} 2(T) 63(T) 5(T)
8a{.5} 221{.9) e6(.3} 7.1y 5AT} 3{T)
20{.1) 185{.8) as{.1} 1o(1) 88(7)} &4(7)
73{.1) d26{1.5) 9i{.5) 8(7) 187(7) WT)
27(.3) 182{.s) 37(.4) B(7T) 47(T &(T;
49(.3) 561(2.8) 151(.2} 8&(7} 134(.71)6(T)
24(.4) 21301.8) 139(.3) s&(7; 22(Ty 10(T
65(.1}  378(.5) 13{.7) 9(7; 81(.1} 3(T}
s2(.1) 218(.3) 1iL.1) R(Ty  3u(T) 7T
s66(.2) 228(.3) 16{.8) 1o{Ty 4s{t) (T}
67(.4) 317(1.5) nia{1.2} 9(T) 308(.2)5{T;
15(.1)  141(.8) 47(.3) 4&(T) 113(.1)3(T)
121
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Appendix 5. Continued

Date Plecop- Trichop- Cphemer- Dip- Coleop- Anne-  (Otherd Total
tera tera optera tera tera lida
4-76 11 26 82 H 0 1 6 137
4.76 2 9 4] 12 0 1 3 68
A-76 1 4 & 2 0 8 0 13
Castie Creek - Station 079
7-75 3 10 32 1 i} 6 3 55
7-75 9 22 54 2 & 4 7 a8
7-75 12 g 24 ¢ 1 4 6 56
11-75 23 39 4 60 2 36 9 210
11-75 36 47 38 93 it} 25 0 289
11-75 63 159 105 140 3 66 3 539
2-76 10 34 49 123 5} 34 5 255
2-76 1 32 21 56 z 23 8 143
2-76 3 29 29 84 & 34 3 187
4-76 15 63 124 120 1 44 11 376
4-76 3 a0 130 42 it i 7 232
§-76 13 20 187 68 0 2 2i 3N
Castle Creek - Station 080

7-75 2 15 i06 57 1 3 5 189
7-75% 6 5 21 i 0 0 3 46
7-75 2 22 66 22 2 2 4 120
11-75 34 64 131 41 0 16 0 286
11-75 1 62 89 28 2 1 H 193
11-75 18 151 105 25 0 26 2 327
2-76 14 66 89 177 0 3 4 953
2-76 4 42 69 562 0 0 8 625
2-76 27 83 68 576 0 i6 9 779
4-76 14 136 285 67 3 8 7 520
4-76 4 i8 122 67 0 5 4 220
4-76 9 81 369 73 0 1 12 543

Picket Pin Creek - Station 020

8-72 38(T) 4(.1} Te70.37  88{T) Z07) &(T) 58{.1) 325(.5)
8-72 32(.1) 6(T) 295(.7) 118(.1) 8{T} 33(Ty  102(.2)594(1.1)
8-72 58{.1) &{(T) 303(.7) 87{ 3) 1001y 38{T} 90{.1) 585(1.0)
7-73  31(T} 6(.1}) 68(.2) 2a(.1) 3T} 1104T) 22{.1) 266(.5)
7-73 20(.1) 5(.1} 169(.5) 12{T) 8 46(Ty  38(.1) 290(.8)
7-73 107¢.3) 4(.1} 122(.3)  66{T) 2(1) 333(.1) 86(.3) 720(1.1)
7-74 16(7} N 43(.2) 8(T} 0 5(T) 14{.1) 81{.3)
7-74 8(T) 5(.1) 1{.1) 2(1} ] HT) 2(Ty  59{.2)
7-76 38(.2) 7(.1) 8(.1) 10{T) 1HT) 6{T} 27(.1) 127(.5)
PFicket Pin Creek - Station 078

7-75 5 35 A 3 0 4 2 73

7-75 3 40 16 o 0 2 1 62

7-75 3 15 12 2 H 2 2 37

11-75 54 21 84 93 5 19 5 282
11-75 38 7 45 30 ? ] 2 129
11-75 34 14 76 116 i 18 3 765

2-76 64 i8 115 53 0 3 3 256

2-76 60 37 134 71 0 20 5 330

2-76 59 28 1M 56 0 15 1 270

4-76 32 40 76 39 4] 4 4 195

4-76 14 18 94 23 2 3 & 163
4-76 5 24 75 11 i 5 5 126
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Appendix T. Number and volume {in parentheses) of wacroinvertebrates
coliected in one square Tool stream bottom sampies for
stationson the Deer creeks.

Date  Plecop~- Trichop- Ephem-  Dip- Coleop-  Anne-  Otherd  Total
tera tera eroptera tera  tera lida

Lower Deer Creek - Station 021

872 4(T)® 14(T) 550,77 BT 5(T) 5(7) 5(7) 88(.1)

8-72  13(T) 19T 5701 1(1) 3(1) 207) (1) 91{.1)

8-72  33(T) 3(.1) so(.1)  7(.2) 18(T) 10(T) 10(T)  166(.5)
Upper Deer Ureek - Station 022

872 42(.2)  62(.3) B3} 7.2V 37(T) 57(7) 3(7) 369(1.0)

8-72  23(.1)  128(.4) 175(.4) 73(.8) 39{T) 47(7) 5(T) 290(1.7)

8-72  26(.1)  130(.2) 131{.4) 53(.3) 43(.1)  23(7) 6(T) 412(1.1)

a). Mostly made up of Turbellaria, Nemotoda, and Hydracarina
b). Trace



Number and volume (in parentheses) of macroinvertebrates

collected in one sguare oot stream battom samples for stations
in the East Boulder River drainage.

Appendix U.
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East Boulder River - Station 038
14(7} 12(?} 15(.5) 15(T) THT)

&(T) 53(.2) 12{T) 10(T) 3(T}
26(.1) 28(.2) 9(.2) 19T} 0
4{.1) 65(.2) 43(.1) 10{T) ;
2(T) B&(.3} i3(T) 28{.1) 0
5(T) 48(.2%y 58(7T} 26{.1) 0
g9{.1} g2(.2)y 14(.3) 31{T) 15(T)
4T 72(.1y  26(7) 21(T) 21(T)
8{.1) 7407 16(.1) 44(.1) 1T}
7¢.1) 25(.1)  e(T) 10(T} 4(T)
HT) 49{.1) 22(T) 18&(T) 5{T)
2{T} 440.1) 1Ty 21(T1} 2{T)
1T} 20{.1)  10{T) &{T) 3{T)
WT; 32(.1) 27Ty 13(.1} HT)
3(T) aal.1y 1Ty 1T HT)
East Boulder River - Station 061
17(.1) 85(.2) &{T) (T} 13(T}
3(T) 89{.1y 2{1) © 19(T}
14(T) 9z2(.2}  5{T) 3T) 5(7)
15{.2} 74(.2}  5{T) U(T) 10(T)
9{T) 40(.2) 0 0 13(T)
29{.6) 79(.2) Ty HM 2{T)
Fast Boulder River - Station Q08
g2 239 64 24 ]
B8{T) 120(.3} Ty 12(T) 0
8(.2) 55{.3) ¢ 5(1) 4
43{.3) 135(.8) 13(T) 1&{T) HT)
33{(1.2) mns{.&) g{1) (7} it}
8(.1) 174{1.0}) 16(.3) &(T) 28(T)
12(.1) 171{.8) 13(.1} 2(T) 11{T}
(7} 111{.5) 4(T) 5{T) T0{T}
12(.1) 137{.7) 4{T) 10(.1) 28(T}
12(T} 2080.7) 8(.4) 13(.1} 146(.1)
12(.1) 165(.3) 7(.3) 17(.1} 59(.1}
16(.1) 28(.2y 4(T) o© 0
55(.2) 81(.3) &(Ty D HT)
24(T) 93(,3)  39(.1) 6{7T) 31(T)
26(.4) 166{1.0) 9{T} 25(T) 20{T}
9{.2) 130(.2y 3{T) 3T 7{T}
160.2) 243(1.8) 14(7} 147} 59{T)
132.1) 80{.3) 8(T) 4(T} 3{T)
12{.1} 115{.8) 8{1T) 1T} 59{T}
56{.5) 292{z.0}) T2{.1} 1%(7} 258(T}
13(T) 134({.6) 1:{T) 7{T) 42(7]
25(. 3} 75(.8Y  e(.1) 3T 0
33(.3) 169{.5) 28({.8) 15(T) 53(T)
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Appendix U, Continued

Date Plecop- Trichop-  Ephemer- Dip- Cotenp- Anpe- Othert
tara Lers gniera LEra tery lida
East Houlder River - Station 008
{continued)
i0-73 070,13 64{.7} 245 .4) G{T} HIES 87{T} 14473
1073 208{.2; 138{%1.6 220{ .8) 46(.1}) 13T 13{T} 15(.1)
10-73 84{.2} 45{.4} #2e{.2) 28{.1} 1T 8T 8(T}
Ze74 4201.7) ol 121{.6; 100T) 1247 23(7; 37
z-74 131{.23 361,27 22541.0) 16,2} 23T} B3{T} 2{T}
274 ag{.2} 26{.2} 107{.7} 20(7} 12{T} 15T} 2{Ty
5-74 ag{. 1) 24{.2} 79(.8} 2{7} ¥ BIT) 2{T3
5.74 43,3} 48{.3} HE WS a{7) THTY 29(7} 25{T}
5-74 80 03 55(.4) Y579} 12{.7) 9Ty 216(.1)  8{7}
7-74 4.7} 17,1} 135{.2} 8.1} G{T; 27073 9iT}
7-74 430,713 15{.1} 193{.3) 88 13 T 25{7} 2{7}
7-74 36(.3} HT) 895{.1; - 18{7} 15LT) 2T 307}
16-74 111{.3; 2001} 288{.4} 55{T} 18{7; 53{T} 5(7)
105-74 113(.2} 200,58} 286(.4) 17,43 2T} a0{7; 10{T}
10-74 272{.3} 75{.6} 2270.3) 14{T1} {7} 24{T} 3T
East Houider River - Station 00§

10-70 38 162 182 261 4 o s
(d-71 8z{.1) 217{2.0)  BBEY.OF  790{.%) {1 i} 16{T}
10-71 4501 .1 279{3,2)  142{1.8) wza{1.7) &{T} G 51(T;
0-7% 84,7} 3@?{633} 146(7.4;  138{.5} {73 g 23073
16-71 76€1,3)  385(5.4) 14z{1.0; 238(1.3) 2{7T} ] 49{T1}
02-72 2P6L .8} 353{2.5)  8%9(.8) W77L.8} 473 166{T} (T}
p2-72 207(2.5)  108l.4) 3z0¢.4y  176{.8} 10{T} 263{T) 3(T}
fz-72 L 184¢.9) 1840,z 3370.5) 4(T3 1092{7) 2{T}
{5-72 8(.2} 13{.1} 38{.2} £3(2.2} 1T 4T 5{7)
G5-72 8.1} 54(.4) 200{ .8} 193(%.8} a8{7; 7407} 5{7}
05-72 IR 241,71} 188{1.%;  250{2.7) 37 B{7T} T
08-72 §8(.3} 3s5{.4} 3191L.63 1651.727 5{7} 17T 5{7T}
08-72 154{ .5} 14,1} 274( .8} 135{.7} T3LTY 8{1} 10(. %)
08-72 34{.1) 1{.4; 84(.2} 1220.2} 247 23{7; HTY .
02-73 a{t.ey  s08(1.8; 145{.3) 6.3 38T 18{7} 4{T} 5
02-73 2e8{z.2)  281i1.8) i0al.4; 762{2.4Y 3T} o 2{T) (&
g2-73 170{1,9)  286{1.1) £9{.2} G83{2.9)  47{.1% 0 2{7} 5
(35-73 68(1.7)  i80{1.8) 25B{1.3} 578{.8} T 38F(T) {7} 4,
05-73 57{¥.2) 375{(2.1} 183{.4) 383{2.2) 34T} G 8(7T) 5.
05-73 38{(.23 §35{2.9) 251{1.3) 290(3.7) 4&(.1) 268(.1) 23{T) &.
07-73 éé(.ig 14{.7} 3642{.7} 180{.43 FH{T) 18{7T} a{7} 1.
07-73 72{.3 55(.2} 308{7.0} i H 9T} BT 3N 2
07-73 27T 28(.2)  225{.5) 66{.4) 6{7} 38{T) AR 1
10-73 173(.8} 211 .4} 218(.7;  10ris.zy (T 1G7{.1} 24{7} 5.
10-73 106].4) 753(3.5) 66{.2} 1zel.9) 2Ty g 8{T) {5,
0-73 168(.7) 4%6{2.1}  12%4.3} BEE{1.8; 3T 22{7T} 5{T) 167304
jz-74 33(.8) 403(3.47  080.1) 268(1,1)  28{T) LT 2{7} B54({3
0z2-74 117{2.4} ??séé.z} 197l 4 583{1.67  22{T; 34073 {7y 1699(8
02-74 324{%.3; 2025{%.3; &231(.8) 1585({3.5} 195(.1) TRELLT 64{T} 4970101
05-74 23§.22 BBE{1.9} 44B{1.1) 323§3.22 ZT{T) 96{T} 35;.1% 15321
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Appendix U, Continued
Date Plecop- Trichop- Ephemer- Dip- Coleop~  Anne- Gther® Totael
tera tera optera tera tera Tida S .

East Boulder River - Station 009
{continued]

7-74 8(T) 2m 28{.1) 23(.1) HT) 2(T) 0 64(.2)
7-74 8(.1) a(71} 24{T) 18({.2) 1{T) 23§T) 3(1) 81(.3)
7-74 17(.1) 13(.3) 41{.3) 33(.1) 4(T) o(T) 0 118(.8)
10-74 5{.6) 45(.1) 60(.2) 45(.5) &{T) 0 n 195(1.4}
10-74  85{1.3) 220(.9) 110{.2) 132(.4)  17(T) 16(T) 4(T) 564({2.8)
10-74  54(.1) 298(1.7)  80{.2) 39(.1) 7{T) 14{T) 3(T} 495{2.1)
Forge Creek - Station 051
7-73 13(.1) 1) 55717 3Ty HED) 0 0 79({.2}
7-73 17T) a{T) 78{.2) 26{T) 5{T1) 0 2(T) 132{.2)
7-73 15(T) 4(7} 45!.3) 10{T7) HT) 12(T) 1{T} 8s8(.1)
$-73 27{.1) 13(.1) 14(.1) ] 8(T} 0 5Ty . 67(.3)
9-73 38(.1) 8(T) 17(.1) 6(T) 2(T) 2(7) 0 71{.2)
9.73 10(71) 2({1) 6(T} HT) HT) ) 0 22{7)
7-74 26(.1) HT) 27{.1) g1} 2({T) 0 2(1) 81(.2)
7-74 37(.1) (T i6(.1) 13(T) HT) 3HT) 1T} 74{.2}
7-74 10{T) 0 15(T) HT) (1} 0 2(T) 29(T)
Br r
7-74 11(.1) 4. 1) 31(.1) 8(T) 0 2{T) 3(T) 56{, 3}
7-74 18(.1) 1) 38{.2) 1HT) 0 6(T) 1(T) 77(.3)
7-74 26{.1} 12{.2) 63{.2} 12(.1) (T 5(T) 2{1) 121(.86)
9-74 36{.2) 4ET 455 2) 7(T) n 1T 3HT) 96(.4)
9.74 67{.4 5{T 18(T) 24(.1) HT) 15(7) 4(71} 134(.5)
9-74 38(.1 8{.2) HT) 7(.3) 0 5{T) 0 62{.6)
8/6/74  29{.1) 13(.1) 31(.1) 2{T1) 0 A1) 5(T) 84{.3)
8/6/74 57(.1} 19(.3) 825.2) 15(.1) 0 14T} 5(T) 192{.7)
8/6/74  50{.1 25(.1) 76(.2) 8(T) 0 13(71) 6(T) 178(.4)
10/3/74 28(.1) 13{.1) 129({.1) 18(7) 0 5(7) 9{.1) 202(.4)
10/3/74 16(.1) 23(T) 25{.2) ] 0 0 5(T) 69{.3)
10/3/74 28(.1) 35(.4) 73(.3} 6(T) g 16{.1) 17{.2) 175(1.1)
127



Appendix y. MNumber and votume {in parentheses) of macroinveriebrates collected in one

square foot stream bottom samples for stations in the Soulder River

drainage.
Plecop- Trichop- Ephemer-  Dip- Coteop- Anne- A
Jate Lera tera opters tera tera tida Other fotal
Boulder River - Station 011
10-70 31 &7 103 16 5 0 33 G 250
04-71 127{1.2) 29(.4} 131(7.4} 347} g ] 37{7T) 358{3.0}
10-71 51(.1) 18.2} 39(.1) 6{T} o] 0 6{T) 120{.4)
10-71 75(.2} 33(.7) 292(.9) 2{.4) ) 0 34(T) 436(2.2)
10-71 16(.1) 18{.7) 101{.4} 0 0 O 8(T) 146(1.2}
05-72 22(.5) 4(.1) 29{.1) 56(.4) 0 Hep 2{7) 124(7.1)
08-7% 16{.7} 4 1T 61{T} 3 G 1) 88{.7}
05-72 20{.7} T} 12{.1) 2(T) it ¢ - 0 35{.2}
08-72 28{.8} 12(T} 113(.3) 6(T) o 3T 4T 166(1.1)
08-72 15(T) 48(.2) 126{.5)} 12(.5} it G HT) 202{1.3)
08-72 30(1.0) 78{ .4} 190(.5; 13(7} 2{7y 6{T) 5{T) 324{1.9)
0z2-73 11(.2} 47{.5) 230{.8) 2(7) 0 40T HT) 295{1.5)
gz-73 10(.1) 43(.4) 310(1.5; 3(7) 0 15{T} 2{T} 383{2.0)
02-73 56(.2) 93(.3) 237(1.0} 1007} Hn 5(T) AT 406{1.5)
(5-73 33{.1) 42{.4) 72(1.1) 130.2} 0 i0{T} 0 174{1.8)
05-73 17{71) 29(.2} 68(.9) 12(.1) 0 50{T} HT 179{1.2)
05-73 39(.a) 33(.4) 89{1.3) 1HT) 0 12{7} 3{T) 187{2.4}
07-73 50(.1) 12{7} 364{1.2} 43{.1) 0 18{T} 8.1} 493(1.5)
07-73 (T} 5{T} 94(.3} 15(.2) 0 59{T} 0 181{.5]}
07-73 29{T) 37{.3) 126(1.1) 5(.1) 0 22(7) 6{T} 245(1.5)
16-73 17(.4) 52(.1) 136(.3) 3{T} 0 12{T} O 220{.8)
10-73 98(.1) 125(.7) 273(.4) 7077 2{7} 107{T} (T} 627(1.3)
13-73 43(.1} 23(.1) 245{.6} 10(.13 1T 24{T) 8(Y1} 354¢.9)
05-74 21(.2} 13(.2} 84{.8) 12(.7} 0 1T 20(.1} 151{2.0}
05-74 51{.3} 2(7} 122(.7} 6{.1} b 0 33(.17) 214(1.2)
05-74 25{.2} 0 70{.9) 2{T} 0 g 5(T) j02{1.1)
774 10{T) (T} 81(.3) 3(.1} O 4{T1} 3{7T} 108(.47
7-74 18(T) 16{.2) 59(.3) 3(7} f3 0 2(T) 98(.5}
7-74 11{7) 14{,3) 37({.7} 2{T} a 1{T) 5(T) 70(71.7)
10-74 20{.1} 82{.4) 107{.3} 9{T} T} 6{T) 5(T) 210{.8)
10-74 15(T} 38(.1) 67{.2} 2{T) HT) 2{T) 1 126{.3}
10-74 11(.4) 59(.5) 105(.2} 0 g 1T} 3{T) 179(1.1)
Boulder River - Station 050
10-70 35 z8 138 5 3 13 0 222
04-71 48(.1) 7601.0)  118{.3) 31T 0 0 1 273(1.4]
10-71 156(.2} 94{ .4} 153(.6} (7] 2{7} 62(. 1) i 46G(1.3}
1-71 77(.2} 66(.3) 130(.5) 400 (T} 69073 O 347011
10-71 169(.2; 143{1.1)  255{1.0) 13{.1} 0 24{7; O 602{2.4;

a;. Hostly made up of Turbellaria, Nematoda, and Hydracaring
W]

Trace
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Apperndix V. Continued

Plecop- Trichop- Ephemer- Dip- Colieop~ Annew
Date terap tera optera tera iera Jida - Other?® Total

Boulder River - Station 010

10-70 40 29 99 4 5 21 0 198
04-71 18(.2)  14(.1)  93(.8) 71 0 0 74(T) 22601
10-71 115( 3} e2(.4) 172(.6) o(.1) 0 3T 3(1} 36501
10-71 s0(.1) 8.3 21l.e)  11(2) o (1) 0 241(1
10-71  109(.3) 865.5} 150(.4) 7(.2) 1T (1) 0 20001
0272 0045 25000 (.7 13T 407 §9(.1) HT) 299{1
02-72 73( 6) 12(.2)  136{.9) o{.1) 21 61(.1) 0 293(3
02-72 ( 1 ZET) as(.4) 3T 2(T) 10(1) 9 78(.5
05-72 ) 163! 16(T) 3T} 0 0 0 220.3
05-72 19(1 0) 5(T) awf{.2)  22{1) 0 0 0 86 (1
05-72 (.3) o 9(.2)  18(T) 0 0 0 761
08-72 12(7) 23(,2)  s8(.2) 1501 1(T) 1T o 10(
08-72 9(T) a0(.3)  118.2) 1{T) 6(T) 2(1) T 187(.
08-72 30(.1) 780.8)  137(.4) 9.1} 2(7) a2(1) T 305(1.0)
02-73  38(1.0) 105(1.6) 257(1.6)  19(.3)  4(T 23(1 0 446(4.
02-73  13(.4) 123(.8) 211(2.0}  11{1) ;(73 ng 0 36%52.
02-73  16(.2)  72(.6) 1s&{1.1)  12(T) 3(T) 69(T) 0 356(1.
05-73  47{.3) sty 18(.7)  1al.1)  10{T) 28(7) UT) 209(1.
05-73  33(.3} 315 11e(.7) 8{1) 0 33(T) 0 196(1.
05-73 8(T) a(.2)  95{.9} 0 T 40T HT) 18(1.
07-73  64(.1) 13%?) 1810.8)  1U(T) 0 55(T) 0 284(.9
07-73  29i.1) 2(7) 98l 1} 120.1) 9 26(T) 2(T) 163(.3
07-73  310.1) UM 63{.3) 162} 1(T) 3(T) 0 12105
10-73  61(.3)  ae(T)  283(.4) 6(T) 0 70(T) D a26(.7
10-73  42(.8)  72{.2)  201{.4) o(.1) o0 22(7) 0 306(1.
10-73  63(.4)  159(1.0} 206(.3) 103 ¢ (T} 2(1) 452(2
0z-72 280,10 s5(.3) 132(.5) N2y i 8(1) 2(T) 237(1
02-74  70(.3)  4a(.3}  130(.4) 2(7) 0 6(T) 1UT) 253(1
0z-74  770.4)  3s{8)  2e6(1.8)  8(.2)  2(T) 18(T} 2(T) 408(2
05-74  56(.5)  32{.5)  165(.7) 5(.3) - 2{1) 6(7) 3(T) 269(2
05-74  36(.5) 1{2)  15(.4) 3003 0 2(T 2(T) 159( 3
?5;74 2?(2 U 4.9 {7) 0 Wt 0 178(3
278 27(.4)  13(.2)  99(.2) 21(1.1)  © 4T 0 16

7-74 6(T) 1UT) 18(.1) 9(T) 0 1§T§ 0 35?§i?
7-74 /L1 T 64(.1) 16{T) 0 207} 0 118(.2)
10-74  68(.1)  45(.1)  331{.5)  11{.4) 3T a4(T) T 503(1.1)
10-74  ss(.1)  11(T) 280(.5) 701} 3(1) 82(7} 2(T) 421(.7)
10-74  47(.3)  20(.1)  213{.4)  10(.1) U 22(1) 0 313(.3
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Ra§end€x ¥, Lontinued

Plecop- Trichop~ Ephemer- Dip- Coleop- Anme-
Date terd tera optera Lera tera Tida Otherd Total

Boulder River - Stauian 039

10-70 8 84 49 33 1 0 2 177
0a-71  48(.z)  288(,3)  3\7(1.2) 271{.z)  9(.1) 0 0 953(2.
10-71 voiny 1es{2.3)  7s(.7)y w21y 0 3(T) 234 (3.
1071 (1) so{.5)  37(.2)  30(.4) 41} 0 2(T) 167(1
10-71 1) 2301y az{.zy  17(.2) T 9 5 84(.6
oz-72  s5(.2)  38{.3) 18e{.5)  969(.5)  3(T) 25(7) 4ty 1270(3
02-77  &1(.1)  e26l.8)  157(.7)  83(3.8) 0 57(T) 9(1) 443(5,
g7z 18(.1)  31(.1)  65(.3) 3(T) 0 17(7) 1T} 135(.5)
05-72 8(.2) 5(T) 53(.2)  29{.7) T 18(7) 0 114(1.1
0s-72  14{.2)  15(7) 12001y L2y 0 3(7) 0 55(.5
05-72  2tl.2y  e2(.1)  72(.4)  1UT) 0 15(T) 0 141 {.7
ps-72  20(.2)  20{.1)  143(.4) 107{.2)  10{T) 0 5 300(.9
08-72  15(T) 8(T) 3e{ 1) 38{.1)  2{T) 2(T} 2(T) 108(.2
og-7z  1s(.3)  30(.2)  12(.3) 0 38(.1) A1) 1(T) 2(T) 259(.7
02-73 3Ty 1aa(.2)  83(.1)  49(T) 7T1) 0 11} 2810.3
07-73  73(.4)  118(.5)  71(.8)  255(t.1) (T} 47(7) 22{T) 690(2.
02-73  e26{.9) 171(.5)  77(.3)  82(.3)  &(T) 19(1) 13(T1) 372(2.
05-73 Ty ear(.ay  2i2{.3)  s3(.2)  5{T) 25() 6{1) 555(.9
p5-73  23(.1)  361(1.9) 310{.5)  66(.3}  3(T) 34(T) 9(1) 804 (2
05-73  16(T)  206(.8)  215{1.1) 122(.2)  4(T) 26(7) 7{1) 596(2
07-73 70.1)  3e{.z)  1220.1)  28(.1)  3(T) 0 0 188{.5
07-73 3(T) 13¢1) 1es{.z)  s9(.1)  7(T) (T 4(7) 292{.3
07-73 7{.2) 13(T) 144(.2) 59(.1)  7{T) 77} UT) 238( .5
10-73  42{T) 403{.9)  139{.3; 120(.7)  15{1) 41{1) 8(T) 763(1.9)
10-73  25(.1)  166{1.1} 148(.4} 60{.9)  3{T; 19(7) 5(1) 426(2.5)
10-73 2(T) 2310.5)  33(.1) 16(.1)  2{T) 5(7) (1) 292{.7
02-74 8{7) 12{.2)  39(.2) 36(.2)  {T) 6(T) 4(1) 216{.6
02-74 3(1} 8a{.1)  36{.1) 3037 4(T) 0 2(T) 163(.3
02-74 4(1) 63(.1)  38(.2) 54{.2)  2(T) (T 17) 163{.5
05-74  19(1.1}  203{.8) 141{.2) 66{1.7}  9(T) 2{1) 0 440(3.
05-74 7(.3) 17(.8)  73{.2) 280.1)  2(T) 3T} T} 13101
05-74  22(.2) 5(T) 86{.3) 3{T) 3(T) 0 4(T) 157(.5
7-74 14(T) 11(T1) 121{.3) 7(T) 207 0 ]
7-74 A AD eldy & W 0 oy
7-74 21(T) 0 66(.1) 1{T) 0 0 12(1)  88(.1}
10-74 78(.2)  252(1.2)  187(.2)  116{.4) 1UT) 0 2(T) 650(2.0)
10-74 15(T) 37(.3) 46{.2} 75(.5)  16(T) 0 3(T) 185(1.0)
10-74 10(.1) 17(T} 17(.1) 48{.1) 2{T) 3(T) 0 30{.3)
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Appendix V. Continued

Bate Plecop-  Trichop- Ephem- Dip- Coleop-  Anne- Other Tota
tera tera eroptera tera tera 1ida
Boulder River - Station 040
10-71 17(1.2) 102{.3) 91{.2} 20{%) 41 0 0 234(1.7)
10-71 5(T) a4{.1) 30{.1) 3{.1) 2(T) 13(7T) D 97(.3)
10-71 28(.2} 210(1.1)  101(.3) 74T} 1) 19(7} 0 366(1.6)
Q2-72 84(.4} 282(.9) 461(1.1) as{2.1) &(T) 425(.1}) 4 1354{4.6)
G2-72 74(.6) 375(1.0%  651(1.7) 34(.6) 4(7) 736{.2} HT) 1875(4.1)
02-72 156{.3) 290{1.0} 648(2.4) 29(.5) 4{T} 855(.3} t] 1984(4.5)
0572 20{.7) 55{.1} 146(.4) 1T} HT) 4.2} HT) 238(1.4)
05-72 51(.3) 210(.4) 147(.5) 126(.1}  15(T) 89(T} 0 638(1.3}
05-72 55(1.5) 342(.5) 208{.5) az{T) 3Ty 18(T1) 1{T) 665(2.5)
08-72 13(.3) 38(.2) 152(.3) 68{.8) 6(T} 14{71) 0 291(1.4}
08-72 25(1.0) 37(.2) 164{.2) 140{.3) 8({T) 8{T) 3{7} 384{1.7)
08-7? 37{1.1) 54(.4) 153{.3) 144(.58)  13{T} 25{1} 4(T) 430{2.4)
02-73 (.1} 306(.6} 228(.7) 264(.9)  24(T) 158{T} R 969(2.3)
02-73 37(2.1) 120(.3) 89(.2) 109(.5) 4(T) 50(T} 0 410(3.1}
02-73 36(1.5) 641{2.5) 365{1.7) 2z2(1.4) 1a(T) 176(.1} 18{T) 1472{(7.2)
05-73 15(T} 159{.4} 187(.6) 53(.5) &(T) 86(T) 5(T) 511(1.%)
0573 7(.1) 418(1.2) 134301.9) 332(.97 14(T) B1{T) 2{T) 2187{4.1)
05-73 62{.1} 207(.5) 675(1.1) wa(.7)  14lm 112{T) 4{T}) 1378{2.4}
07-73 46(.1} 37(.1) 460{ .6} 193(.2)  15(7) 65{T) 4T} 820(1.0)}
07-73 8{.3)} 22(.3) 146(.5} 3N(.e) 6(T} 9{Tj 1T} 563(1.7)
07-73 28(.1} 21(.1) 203(.5) 402{.9) 13(7} 681{T) 8{T) 736(1.6)
10-73 9(T} E6{T) &6(T) 10{.1) 6(T} 14{T} 2{7} 113(.1}
10-73 17(.1) 349(2.4) 70(.2} 60(.4) 5(7) 42(T) 747} 550(3.1;
10-73 22{T) 180(.6} 62{.1} &0(.1) 12{(7) 78{.1} 9{T} 443(.9)
02-74 7{T} 160(.8) 34(.2) 4G(.4) 6{T) 2{1) G 249(1.4)
02-74 49(1.8) 360{1.2)  23:(.2} 173{.4) 18{T) 29{7) 0 860{2.6)
02-74 18{T) h58{2.7} 165(.4) 120{1.2} 14{7T) 101{7) 3{T} 97G{4.3)
05-74 7(.1} 225{.3) 479(.9) 83(.6) 32(.1) 11(7T) 2{T) 839(2.0)
05-74 83(.3) 140{.5) 371(.9) 33{(.1) 0 60{T) 0 687(1.8)
05-74 28(.7) 538(2.0) 818{2.0) 104(.4) 14(T} 94(T) (N 1538{5.1)
7-74 3(T1) 6(T) 28(.3) 401} 1{T} 0 0 5e{.4)
7-74 13(.1) 11(.1) 85{.2) 19(T) - 3(T) 1T} 0 132(.4)
7-74 18(.3) 9{.1} 123{.3} 118(.2} 5(T) 10(T) Hn) 284(.9)
Bobcat (East Chippy)Creek-Station 023

- (T 5(T 75(.1) 4{T) G 27(T} 0 131(.1)
g—;g SZ&T% SE.%) 160(.1) 6{T} G e 2(T) 196§‘2)
872 45{7} 8(.1} 168(.1) 10{7} 0 89(T) 2(T} jez{.2)
8-73 163(.1) 8{.2} 54(.3} 13(7} 0 140(7) &6(T) 424(.2)
f1-73 2HTY 7{.1) a8{.2) 4{T) 0 23(T) 2{TY 113(.2%
B-73 12{T) 3T} 69{.2) 3(T) 0 27(T) it} 114(,

7-74 10(T) 5(.1) 6(.1) 0 0 0 0 £1{.2)
7-74 0 1T 3{T) 2{(T} 0 T G 12(7)

7-74 6{T) "1 25(.1) 2(T) i} G G M.
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Appendix VY. Continued

bate  Plecop-  Trichop- Ephemer- Din- Zoleoo- Arne- Other? Total
tera tera oplera tera tera Tida

Blakely Creek-Station 024

B-72 2(T) 1UT) 19(.1) HED! 0 0 70.1) 21{.2)
§-72 0 0 36{.1) 5{T) g 0 3(T) 44({,1}
877 24{.1} 5{.1) 26{.1) 18(1T) 0 0 42(.4) 115(.7)
5-73 119¢{.2} 13(.1) 156{ .5} a7{.2} 0 23(T) 36(.2) 394{1.2)
8-73 125(.2) 15(.2) 181{.6} 15{7) 0 7{T) 51(.3) 394(1.33
8-73 148{.1) i2{.1) 113({.5) 30(T) g 3(T) 26{.1} 332(.8)
m74 o s(T) 2(.1)  66(.2) BT 2(T
7-74 - 5{T) HT) 38(.8) " o( : é } ?ST} Z?§f§§
=74 5(T) iy 37l3) 131} 0 0 0 58(.3)
Graham Creek - i 5
7-74 3.1 8(.2) 14(.1) - a§4(§?e gtatwon a230 8 49{.4)
7-74 8 0 16{T) 18(.17  2(T) 0 i 36(.1)
76 1(m) 0 29{.2) 15(.1) 0 0 0 51(.3)
Great falls Creek-Station (26
8-72 6(T} 40.4) 931{.2} 1(T) o 0 0 102{.6)
872 8{.1) 5(.3) 67{.3) 3T 0 0 HT) 8a(.7)
8-72 18(.1) 2{.1) 119{.7) a(T) 0 1Ty 1{T) 145{.9}
8-73 12(1) 2§¢' 121(.2) 207) 0 14(T} o 151 .2)
8-73 5(T) 1\T} 73(.1) 7{T} 0 D 5(T) 91{.1)
873 0(7) 6(.1} 57(.2) 8{.1} 0 5(T) 5{T} 91({.4)
Falis Creek-Station 027
8-72 6(T 27(.1) 97{.8} a(.1) g arm 2 142{1.0}
B-72 13(T§ 16{T) 52{.3) 7(?)’ 0 1{z2 0 8%(,3},
8-72 31(.1) 15(.2) 118(1.0) 26(T) 5(T) 6{T} G 195{1.4}
B-73 23(.1) 2{T) §2{.1) 27(.1) G 25(T) 0 1390.3)
8-73 18(.1) 2{.1) 45(.1) 3T} 0 3(3} un 72{.3}
§-73 11T} 3.1} 40(.2) 8{T) o 2(7) ) 64{.3}
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Arpendix V. Continued

Plecop- Trichop- Ephemer-  Jip- Coleop- Anne-
Date tera tera optera tera tera Tida Dther? Total

West Boulder River - Station 041

10-7G 18 14 139 6 5 56 2 236
04-71 T{.1) 5(.1} 55(.2) 2107) Hr) 0 (T} 90(.4)
10-71 29(.2} 21(.4} 178(.6}. 10(T) 4(T) 0 18{T} 260(1.2}
10-71 25(.7)} 340.7} j26(.4). 3(T) 2(T) 125(T) 0 315(1.8)
10-71 33(.31) 6T} 96(.4) 7T HT 28{7) 0 171(.5)
02-72 54(.2) 10(7} 91(.2) 4(T) 2(T) 52{T} 2(T} 215(.4)}
02-72 75(.2) 10(T) 123(.2) AT 3{T) 0 37} 223(.4)
Qz-72 62(.1) 12(.1) 113(.2) 10(T) HT) 30(T) 3T} 231(.4)
05-72 25(.9) B(.3) 92{.6) 17(.%; HT) 7(.8) 0 149(2.5)
05-72 96(2.1} 12{.1) 389(1.0) 47(.1) 3(T} 1HT) 0 548(3.3)
05-72 13(.1) 0 63(.3} 5(T) 0 0 0 81(.4)
08-72 28(.3) 27(.3) 344{.3} 60(.1) e(my 65(T) 3(T) 529(1.0)
08-72 43{.1} 28(.7) 406(.6} 124{.1) 2(T) 18(T) 4T} 625(1.5)
g8-72 19{.1} 19(.1} 521(.8) 157{.1) 2(7) 20{T) 4(T) 7142(1.1)
Qz-73 37(.2) 39(.23 266(1.1) 20{.1) 1) 137(7} HT) 501(1.6)
G2-73 71(1.1) 61(.2) 338(1.2) 86{1.1) 5(T) 200(T) 4(T) 765{3.6)
02-73 16(.1) 64(.5} 227{(%.0) 21{.2) 3HT) 84(T} 0 415{1.8}
05-73 33(.3) 52{.3) 273(1.5) 89{.3) aT) BO(T) | 0 531{2.2)
05-73 27(.1) 76(.3) 422(.9) 238(.3) 5(T) 295{.1} 0 1063{1.7)
05-73 18(.1) 19(.17) 203(.8) 97(.1) 2(7) 90(T) H(T) 430{1.1)
07-73 33(.2) 12{.2) 214(.6) 63(.1) 5(T) §9{.1) 5(T) 401{1.2)
07-73 32(.2) 18(.3) 188(1.1) 43(.1) 2(T) 158(.3) 0 447{2.0)
07-73 48(.4) 7(.1} 323{1.3} 86{.1} 2(T) 114{.1) 0 580{2.0)
10-73 59{.2) 41{T) 126(.2) 12(.%; 1{T) THT) 0 250(.5)
16-73 77{.2) 3T) 221(.2) 10(.13} 3T) 60{T) H1) 403(.5)
10-73 82{.3) 40(.1) 224{.3) 13¢.%; HT) 5(T) 0 363(.8)
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Appendix W. Number of insects in one square foot stream botitom samples,
identified to Towest taxa possible.

West Fork Stiliwater River

Station 054-7/24/73 Station 037-5/30/73 #1 Station 037-5/30/#2
PLECOPTERA PLECOPTERA PLECOPTERA
Nemoura Sp 3 Nemoura Spp & Acroneuria SP 1
Alloperla sp g§a Alloperia sp 3 Alloperla sp 6
Total 33 Acroneuria $p 1 Nemoura Sp 15
Total 10 Capnia Sp b
Total 23
TRICHOPTERA TRICHOPTERA TRICHOPTERA
Rhyacophila sp 17 Rhyacophila spp 13 Parapsyche Sp 3
Glossosoma  SP 25 Glossosoma SP 4 Rhyacophila sp 29
Total 46 Pgychomyia $p 3 Glossosoma $P i
Micrasema Sp 2 Oligophlebodes sp _2
Dolophilodes aequalis 1 Total 35
Total 2
EPHEMEROPTERA EPHEMEROPTERA EPHEMEROPTERA
Baetig Spp 26 Baetis Sp 46  Epeorus grandis 32
Rhithrogena SP 87 Rhithrogena Sp 16 Epeorus longimanus &
Epeorus Sp 5 Bpeorus $p &  Rithrogena robusta 20
Cinygmula Sp 43 Cinygmula Sp 11 Baetis spp 104
Ephemerella doddsi 1 Ephemerella inermis 10  Cinygmula SP 19
Total 162 Ephemerella doddsi 6  Ephemerella doddsi 16
Ephemerella grandis 1 Ephemerella grandis 8
Total 96  Ephemerella Sp 5
Total 210
DIPTERA DIPTERA DIPTERA
Chironomidae 4 Diamesa $P 2 Diamesa SP 11
Tipulidae (2 genera) 2  Dieranota Sp 2 Rheotanytarsus Sp 2
Total 6 Total 4 Dieranota SP 2
Totat 15
COLEOPTERA
Elmidae 2
Total 2

a} Order totals may not agree exactly with numbers in Appendices S and U. This
is probably due to minor counting inaccuracies at the Helena laboratory,
by the identifier, or by both.

b} Three species.
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Appendix W. Continued

West Fork Stillwater River

Station 007/5-3-73

PLECOPTERA
Capmia SP 7
Nemoura SP 14
Alloperla SP 7
Acroneuria SP 4
Isogenus SP 11
unknown 1
Total 54
TRICHOPTEREA
Rhyacophila SP 35
Glossosoma verdona 10
Brachycentrus SP 1
BEcelisomyia SP 1
Total 47
EPHEMEROPTERA
Rhithrogena SP 14
Epeorus longimanus 69
Ephemerella inermis 51
Ephemerella doddsi 16
Ephemerella grandis 1
Baetis SPp 6
Paraleptophlebia SP 2
Cinygmula SP 30
Ameletus SP 18
Total 208
DIPTERA
Chironomidae 6
Pericoma SP 7
Holorusia SP 1
2 unknown genera 22
Total 6
COLEOPTERA
Heterlimius SP i2

135

Station 036/2-8-72
PLECOPTERA
Nemoura SPP
Acroneuria SD
Capnia SP
Alloperla SP

Total

TRICHOPTERA
Rhyacophila SPP
Hydropsyche  SP
Aretopsyche SP
Glossosoma SP
unknown Limnephﬂ idae

Total
EPHEMEROPTERA
Ameletus SP
Baetis SP
Ephemerella doddsi
Ephemerella inermis
Ephemerella grandis
Ephemerella spinifera
Epeorus SP
Paraleptophlebia SP
Rithrogena SP
Cinygmula SP
Total

DIPTERA
Pericoma SP
Hexatoma SP
Diamesa SP
Micropsectra SP

OO > A
D00 O O D

e o
WO R M PO

[
QoL

o

—
e R R e R oy R PN

[Sa RN

Ovrthocladius Sp(probab?y)g

Ablabesmyia SP
unknown

Total

COLEOPTERA

Heterlinmius SP

A
29



Appendix W. Continued l
East Boulder River - Station 009/5-2-73
Sample #1 Samplie #7 Sample #3 I
PLECOPTERA PLECOPTERA PLECOPTERA
Acroneuria pacifica & Acroneuria pacifica 36 Aervoneuria pacifica 10
Capnia  SP 3 Isoperla Tulva 9 Capnia Sp 6 I
Alloperla sp 15 Isoperlalprob. fuiva) 2 Aliloperla 3D 10
Hemoura 5D 3 Alloperia SD 10 Nemoura &9 2
Tsoperla fulva 36 Nemoura Sp 1 Isoperla fulva 4
Unknown Tsoperla sp 1 Total 58 Total 2 l
Total 2
TRICHOPTERA TRICHOPTERA TRICHOPTERA l
Arctopsyche grandis it Arctopsyche grandis & Arctopsyche grandis 8
Hydropayche sp 95 Hydropayche $D 269 Hydropsyche Sp 285
Brachycentrus $p 24 Brachycentrus Sp g Brachycentrue $p 33 .
Lepidostoma Sp 18 Lepidostoma Sp 5 Lepidostoma sp 9
Glogsosoma P g Glossosoma S$P 69 Glosgogoma $D 212
Rhyacophila acropedes Z Fhyacophila acropedes 2 Rhyacophila acropedes 3
Rhyacophila bifila 3 Bhyacophila bifila i3 Rhyacophila bifila 5 l
Total 161 Total 373 Micrasema SD 1
Total 556
EPHEMEROPTERA EPHEMEROPTERA EPHEMEROPTERA l
Baetis bicaudatus 1 Baetis tricaudotus 21 Baetis tricaudatus 49
Baetis tricaudatus 39 Ephemerella spinifera 1 Ephemerella doddst 1 l
Baetis sp 2 Ephemerella grondis Ephemerella grandis
grondie 1 grandis 4
Epeorus longimanug 20 Ephemerella Ephemerella
coloradsnsis 5 acoloradensis 65 l
Ephemerelia doddsi 21 Ephemerella inermis 123°¢ Ephemegrella inermis g1°¢
Ephemerella grandis Heptagenia Sp 1 inygmila Sp 10
grandis 2 l
Ephemerella Cinygmula $p 3 Epeorus longimonus 11
coloradensis 55{: Total 235
Ephemerella inermis 88 Rithrogena hagent 2 i
Cinygmula Sp 15 Epeorus Longimonus 4
Rithrogena hagent 6 Total 16l
Eithrogena robusta 2
251 l
COLEQPTERA COLEQPTERA COLEOPTERA
Optioservus Sp 1 Optioservus Sp 28  Optioservus Sp 42 l
Narpus Sp 3 Harpus D 4
. Total 31 Total 46
DIPTERA @ .
Wiedemannia SP 24 d) Samples #1, #2, & #3 were grouped together.
Chelifera SP 32 €} May contain some Ephemerella infrequens.
unknown Empididae i7
Hexatoma SP 44 .
Limonia SP 107
unknown Tinulidae i
Bibiocephala SP 1 I
unknown psychgdjdae 164
unknown Chironomicae 400
Total 8347 l
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Aopendix Y. Continued

Age Class  Mean Jength (inches) Mean weight {pounds) Estimated number Estimated weight (pounds) Pounds per acre

Rainbow Trout

I 5.3 0.05 154 8.2
IT and 7.8 0.19 211 40.5
older Totals 365 48,7 13.8
(+48) (+6)
. Castle Creek - Section F-25 - April 1975; October 1975
Brown Trout
Spring  Fall Spring Fall Spring Fall Spring  Fall spring Fall
0 2.8 - 0.0% - 89 - 0.9 -
1 4.8 4.3 .04 0.03 56 40 2.2 1.1
1T and 8.2 7.6 0.20 0.20 7 43 1.4 8.5
older Totals 152 83 4.5 9.6 25.4  50.8
(+55)  (+14) (x0)  (*2)
Brook Trout 5
0 3.8 3.3 ¢.02 0.0 321 159 5.3 1.6 o
I 6.2 5.8 0.08 0.08 24 130 2.0 10.0
17 8.6 8.7 ¢.21  0.30 5 11 1.0 3.4
Totals 350 300 8.3 15.0 45.7  76.1
(+28) (+42) (+0)} (+2)

a) 95% confidence interval in parentheses



{(2+) (9t+)
g7 ¢’§ 1y 48pio
. &b 12 FARE L8 pue 11
L0 ¥ €070 570 1
20 9L Lo*o 672 0
IN0AL 3BOAYIING
(£+) {52+)
052 L7GL a1t 5183101 4BpLO
gl €5 §¢°0 £'8 pue 11
5°2 6E 30°0 v 1
20 e - 100 9z 0
IN0AL #0864
(Lg+) {£1+)
182 AN 88  slel0f ABD O
gEL ¢t 0 £ 0L pue 111
e g€ gL 9 11
34 8L . £0°0 &'y I
IN0AE WMoAg @
Giel 2equeydag - g|-3 UCLE0aS - 3y29d] Uld 184014 e
{6+) (208+) (8i2+)
952 Bed 1422 JAELl 2614 siejol 48pL0
L ol L0S GEs 670 "0 070t L6 pue 171
8'¢¢ bLY 12 8070 Lo 09 LG I
S ¢ ¥e JBeg o gecl 100 20’0 0'e. L°E 0
[tef Dutuds Buadg L184  Butadg 1184 Biads LT84 Buiads
INOUL UMOAg - G/6| 940120 tG/pl Lisdy - £Z-4 uoL3I0es - Yyova] 9[15en
{z79+) (£6+)
69t &l 088 5{e30} 48P0
L"¢8 91 670 S0 pue 111
. 0 og g8l 500 4 11
822 324 y0°0 &'y H
IB04L UMDAg - g/6] 4aqusides - /g-4 UDLIDEG - jeadg 9i158)
A28 dwd SpuUnod {spunod) JybloM palelii]ss  Jdaqunl pajewiisy (spunod} jyblam ueay  (Ssydui} yjbua| uesy sse|] oby
panuLiuosy  c A Xipuaddy



be L ¥2 yl  4SPLC pue
117 ‘11 9 L0079 1N04%
£2 6 61 LL I 6§ =~ &£°F  E££-6 1R0AHLINT
43P10 pue
6 L 3 8 A OFIII 9'y1-0"6
9 8 2l ¥ i1l 6°8-0°8
81 £l 2l el III ‘11 TR A 04T
0/ LL PAS] £e I 1'5-§°¢ E£/-b Umodg
A3p |0
ce L2 9% 61 pue 1] AR AR VAV 043 9] -4 ¥ea4]
Lve el Lol el 11 °1 6°9-07%  £/-6 }0049 Uld 3840t
e ol €l 02 I11°11 6°0L-t"9 11041
ie L cl Gi 1 £°9-2° % ZL-6 FE0AYLRND
8L 8 Il el ALSIII L'vi-676
124 8l gl ¥e 111 8'6-0'8
62 oL ol ¥e 11 6°/L-1°9 ERIEN )
Ge 8 LE 9¢ IT °1 0°9-9°¢ Zi-b UMoLg o
43P 10 ol
ay 62 L€ £y pue 11 6 LL-6°9 1n041 9l~4 Hea4]
2y gt £e 12 I 2°6-2°v  Z2L-6 30044 Uid 394004
48p1{0 pue
iy L 02 g1 I11 °11 S'¢1L-8°8
£9 L Le 1€ 111 £78-0°9 10043
£9¢€ 81 76 A I 6°v-5°€ VL4 umo. g
43p10
ie L a1 gL pue IITI  O°GL-0°LL
69 62 69 62 111 ‘11 6 0L-¢° L
L1 ol £e 6 i1 AN Al IR
Sl / Ll 9 I §°6¢-0°% nods
46 1t Le £e 1 6'€-2'¢  t€i-{ umMo.ag
A3pLo
£9 LE A 0g 7 111 6 Fi-6°8 1n043 8-4 - %24
L 1 0g ¥4 III°11 8'8-€°6  2[-9 umo.ag o0y 813117
91RWLYSH ajdues o1dues  paddeu (s)aby {sayoul) a1eq sotdadg  Jaqunu ucLlossg
A2quin aanjydesad Ui ysLy aanydensd UL ysiy JO dnoub pPUR WR3ULS
pay4BE 10 JBQUNN  YSL) 4O Jdequny  Squny ya1bua

“saqewLlss uoLrepndod HBulyew Ul padanided ysiti 40 saaqunu pue pasn sdnoub y3bus 7 xipuaddy



43p [0 pue Al

L8 G Sy 62  “III 11 L'€i-0"L 6¢-4 A3ALY
6¢ 9 vl el IIT “I1 6°9-0°9 RIS 493BM{ | 118
€9l Ll LS £e IT °1 6°6-8°¢ G/-1L Moquliey 1404 3seM
48p 10 pue
A 0l £¢ ¢t AL “III 8 LL-£°8
1% 91 A ¢e I °11 ¢'8-8°9
LL bl £e 8 IT L9179
99 ) e §¢ II £°6-¢'t 1noU4l
801 L 6 8e IT °1 L'v-£°¢ 9[-t moquiey
ABp10 pue
64 61l 6l 6€ AL °III 9°2L-076 9¢-4
et 91 8é §¢ ITD °I1 6°8-07/ 4SA LY
L9 G1 £t 8¢ I 6°9-0"§ noJy A9TBM 1118
182 L 75 Ot I1 ‘I 6'v-6'¢ GL-G  moquLey AA04 TSBY
A9p |0 8¢-d4 J8ALY
pue A o4l A91BME] LS
98¢ el 8% {9 °IIT °II ¢ el-L7F G/-0L moquiey 4404 3594
A3p10 pue 22-4 JASALY
801 tL 8¢ 2% AL *111 6°CL-6"/ o4y ASIBMI L3S
69 ol 1€ €2 IIT “1I1 °I 8°L-€°% ¥.-0L moquiey 4404 1SaM
49p10 pue 3N047
Ly 0l 6l g¢ I °1 ‘0 0°FL-9°¢  G/-6 1e04YIIN]
43p |0
6l g8 0l Gl pue TI1T  #'€L-0"01
A8p |0
87 6l Ll 62 pue III°11 6°6-L°9 Ino4g
9¢ g8 6l Ll 1T °I 9°G-G°¢  G/-6 umo.g
A8p |0
G¢ el 02 9l pue I] €' 11-¢'8
A8p |0
8¢ 0t Gl 6l pue I ¢'8-8"9
Le 6 Ll L I L°9-%°G Inosy 9l-4 %9343
[ L g1 Lé L0 £°G-¢°¢ 4L-6 10049 Utd 393014
BIBUWLYSD a|dues sldwes  payaew  (S)9by (seydui) a3eG sotosd§ daqunu u0L393§
43GUNN aanjdesad ut ysij danidesads ul  ysij Jo dnoub pue uesdls
pajxJ4BUW JO JBQUNN  YSL4 JO 4BQUNN  ASGQUNN yabuan

"SajeuwL)sd uoljeindod Bulxew ut paanided ysit 40 sadqunu pue pasn sdnoab yibusi

"7 Xipuaddy

™



- -

YihuaT

"Sa3ewllse uopjeindod Bulvew ul padnided ySij SO SuBQUNU pue pasn

Sv 6L ﬂ,mva Elm.m “U 6
06 G Eh €9 doplog 11 6'8-07L
ABp1LO
OLL Ly LL 6G pue II °I 6°5-L7§ 10043
61l € A 6% I 9°6-8°¢  G/-p mMoquley
48p |0
6L 2l el gt pue 11T £°91-0°¢l
49p10 pue
691 9¢ ¢l 68 11T 11 6°2L-0°0L
66 9¢ A I 11 676076
041 LE 19 LL 1T °1 6°8-v"L
191 1 £9 0L I £°L-9°§ -4 A9ALY
971 91 &S 9% 0 5°G-0"% 11047 AFFRM] [ LTS
A% O Lil R4 G 67€-L72  S/-¥ umMoug 4404 }SeM
. Jap1o pue
39 8 G2 £2 AL FIII L1076
Aaplo
pue Al
36 574 A 66  III °II 6°8-0"/
val 9¢ LS 1L IT °I 6°9-0°9
001 ve Ly 64 11 °1 6°5-0"G
95¢ 7 96 8il 1 b y-0"y 1no4y
LGl 7l A IA° 10 6°E-0"C PL-G  MOquLmy
ABP 10
[ 8 6 al pue [11 2'6L-0"6 L1=4 4BALY
9¢ 6 A L1 IIT °I1 6°8-L"9 1noay ADIRME LS
201 62 &Y 99 I 0°8-6"t  ¥Li-G Mo g 4404 3584
49p10
v 81 IAY 7 pue TT1 6°1L-0°6
671 122 £ 0L 1T °I1 6°'8-07L
G5 9¢ G ¢e 11 °1 6°9-0"9
@ 68 8 82 12 1 6°6-0°%
791 Le €6 6§ I 6°%-0"¥ 1no4y
vl 6 £y Le I °0 6°e-¥'E  E£/-9 MOgquley
43P |0 L1-4 ABALY
LZ L 61 el pue IT1 9°L1-8°8 Inod} A91BML LIS
59 8 6l ¥l 1T °1 L°8-¢'%  €L-§ umoug A40] 1SaM
B1RWEYSD apdwes  pajaew  (s)aby {saysul) o3eq saL2’dg  Jsqunu uolL}Dag
J2qUNY aanjdesad uL ysiy adanideoad Ul ysi4 Jo dno.b g : pUR Weadls
paNJell JO JBQUNN  USLY 40 JBQUNN  ASQUINN

sdnoab yybusl -7 xipusddy

152



49p 10

Gl ¢l Al 61 pue 11  &°G1-0°C}
48P0
L0y 89¢ 8tt £ee pue [] 6°¢L-076
43P0
0ve 08l Lye gpg pue 11 °I 6°8-G'9
A% gl LE 3¢ I ‘0 6°5-0°G
ELY L8 _ 602 P81 0 60"
63% 09 061 Al 0 b'E-E°E 1043 £g-4
0gy & 9/ 44 0 AR AN A T A 1 umo.Lg el 9L15e]
A3PLO
85 Ly A LS pue 11T 9°¢L-0"1L
J4Bp10
09 9¢ 4% Ly pue 111 6°01-0°0L
43plO pue
661 601 oyl GGl I1r i1 66074
bed LG £6 921 1 °I 6°9-0°4 104y Ld~4
AT LE 26 Otl [ bt GL-6 umMo.rg A@ad) 2{1se)
43P0
6 L 8 , 8 pue 17 G 2108
Aap o
6t gl 4¢ Qg bue II ‘I 67/4-0°9 1nou]
9t 9l 9¢ éé I 6°v-9°¢ GL-01 umMo.1g
61 St 91 gl IT ‘1 0°01-07L
gl €9 L8 68 I 6°9-0°t
0et Ze a9y 84 0 6°€-1L"¢ 1noJy
6¢ 8 gl g1 0 0c-€°¢d 4L-01 10049
NE e
6 L L 6 pue I °I 9°01~G"§
7 ¢¢ 0€ 0¥ I P°G-6°¢C 1Nl
68 L GE 6l 0 8'¢-0'¢ SGL-¥ umo.ag
& L L 6 11 ‘1 9°6-07L
0¢ Ll 0¢ Ll I 6°9-¢°§
el 69 0ol 78 0 1°6-07"¥% nody §¢-4
661 06 6l 6el 0 6°€-8°¢  GL-¥ 300449 J8ad] 2[3se)
aleliL1se a|dwes ajdwes  pajdew  ({s)aby {sayout 81e(  SatoadS  JA3gUnuU U0L1oag
ABGUINY asnjdenad uL ysty aunidedad uk  ysi4 Jo dnoub pue weaJls
POYJABUW LO JBQUNN  YSL4 JO JDQUNN  JSQUNN y1bua

"sajewt)se uoljegndod butyew ul padnided ysiy 10 sdaqunu pue pasn sdnosb yibusy -7 xipuaddy

153



g1 6 69 G¢ 111 ‘11 9'LE-L'8
8§l g 0P ') 11 °I 9°'8-0"v 1043
BL6 g1 201 LGl 1°0 6°€-8°L €Ly moquiey
beEY 6 6L2 ol 111 °I1 L'¥1-0°8
iy Lt 681 6¢ 1T °1 6°L-0"9
B9¢ | 22 £6¢ - g2l 10 6°G-0"Y 2N04%
1949 5 9iv veS 0 6'€-2¢°¢ EL-¥ #0044
43pL0 pue
. 90¢ 6 LS 89 AT "II1 67 te~L7IL 043
0ee LL A GG IIT 11 °I 9 li-L"v  2i-v  Mequiey
86 . vl 0t LY II1 “11 6'eL-0"8
766 G 691 q98¢ 11 °1 67L-L"F : INoU] f-4 A9ALY
8L A vel G8L 0 9'v-¢"¢  Zl-¥ 1004g AR hog
48p 10
L€ A 31 e pue AT §'9L-9°¢L
ABPLO pue -
% §¢ (87 £E AT ‘111 §°€l-0°0L o
L2 oL 8L A 11T 11 6°6-0'8
4] 7l Le 5¢ 11 °1 6°L-0°G gl-d
48 L ’ 9¢ Ll I 7 A 1nouay Aoad] dBa(
46 L £ LE I ey-v'e £/ umo.4g ASMOT
ABPLO >
£5 11 £2 92 Pue 11 6°S1-0°2I
> 4P| 0
® L8 (01 WL PR AT 67TT-0°01
pue
wmm e 191 2.1 11T 6'6-01
fee o Y&l 691 I ‘0 6°9-0"%
05t o1 ¥S 78 0 6°e~1"¢ 1n041
8Y £8 0 0°€-0"¢ &/-01 UMOAg
) PUWLYSS aduwes aldwes  payuew  (5)8by (sayouir) 93eq S5109dS  JAqUNU UOL1D3S
ADGWNN auNLARIBL UL YSt) aunidedas UL ysiy Jo dnoub pue HeBA1S
pOYJBUL 3O J2QUNN  UYSL} 4O J2quny  J2GUNN y1bua7

"sajewilse uotjeindod Buiyew ul paanided ysiy Jo susqunu pue pash sdnoab yibust -7 Xipuaddy



A8p 10

pue Al
YA b 89 (2 “IIl “IT 9°6L-0701L
48P0
pue *AfL
At 6 8¢ 92 Il ‘11 676-0°¢
59¢ LL 84 £ 11 °I 6 L-0"8 IN0A} 12-4 49ALY
891 ¢l 09 472 1°0 6 9='2  Wi-6  Moquiey A9p [NOg
ABD1{0
L g Al A pue AT ¥7¢22-0°8l
ABP10
ol 6 St 0€ pue AT 6°/LL-0791
ASpLO
18 Ol a7 GE pue AT 67GL-L7WL
4BpPLO pue
59 G e r 8¢ AT TI1I OvL-0°2L
ABpLO pue AL
89 L 81l 82 ‘111 “II 61166
96l L 8¢ £g - I ‘I ‘0 6°8-9°¢
AT 61 LL L6 0 7'E-0°¢ nouy
G261 0g 92¢ 29¢ 0 6°2-8°L  bL-p MOquUiEy
43P 10
79 1 £e 62 pue II °I 7 el-074L
£E9 GE rel 651 I 6°9-0°9
99¢ G¢ 9/ £t 10 6 ¥-0'F INnoal
il 8¢ $0¢ G0¢ 0 6°E-v'¢  ¥Ll-¥ 40044
42p10 pue
661 Gl 8y 2% AT 111 L7id-076t
49p10 pue
74 £e 8¢ 8y AT (11T 6°vL-L7¢lL
ABPLO bue
91i LE 99 G4 AT SIIT Q'el-L71L
SLBULLSS @ dues aidwes peydew  (S)eby (sayout) 9leQ S8LOBAS  JIqUAU UOLIDBS
ABGENN aanydesas UL Ysii aanjdesad UL ysi4 4o dnoub pue wesuls
peyJeE O JBquny  YSL 40 Jequny  A9GUNN yabuan

‘s370w1159 worye(ndod Butyew ul paJanided YSLy JO Sa3quNU pue pasn sdnoub yibual 7 xipuaddy

155



43D 10
ac L7 LE £e pue Al [7€1-0"6
T 49p10 pue
> 9. £9 Al ‘111 6°8-v°L
wmw mw 78 £9 111 °I1 muﬁam”m
OLL gt L9 69 WH 8°59-0°9
€9 . L2 6g 43 11 °1 6 @;oow IN0AY
8ie L GL G9 I°0 6°€-G°¢ pL-6 MOqULERY
43P L0
£e 91 éc L1 pue AT €°GL-07LL
J8p|o
g g 3 3 pue AT 6°0L-0°0L
A3p 1O
25 7 8¢ 6€ pue Al °III 6°6-0°8
C ) 56 L2 LY ep  III°11  6°470°9 | W
gt 0! el Al I 6°6-0°G 1neay 0g-d oAty
86 91 8¢ A I 6'V-¢'€ VL6 UMOUG 4opinog 15e]
A9p L0
99 02 L€ g pue A ‘Al L70L~1"8
8Lt Y7 BL L Al 0°'8-07¢
91 G¥ 124 (L AT CIII 6°9-8°4 9
76 v 59 L9 11 °1 L7617 3nouay -
L1 6 Le 9¢ I 0 0'v-€°¢ €L~ MOquley
JapLo
8t el Le 0c pue p *Al 6°¢l-¢’L
Al
LG 0L L te  °IIT °1I L°£-079 noay
ve & vl éc IT I 6°v-8°¢ €[-8 Umodg
Lt 9 8 8 A CAT 6°L1-0°6
6E Ll Le 9l Al 6°8-6°L
LE Ll 0¢ Ll AT ‘111 8 Li-¢'L
() L6 gl 5t € 1T L4979
BLe 9g LUt G01L 111 °I1 £€°9-0°§ Inody
LEL 6 12 LE 11 °1 6'F-L7€ Z2[-8 moquivy El-4 J9ALY
43p10 pue
9¢ 8 7l SLOACAL fIII 6°2L-69 10043 49p N0y
LS LL £e 8¢ IIr °11 8°9-L'¢ 2/[-8 UMOU4g 1s5e3
Pleutlss a[duwes slaues  pajydew  (s)aby (sayoul) @83eq sai1d3dg  J4LqWAU HOLIDBS
ADCGHINYN aan1dedsad ut ysty sanidesad Ut Usit 40 dnouib pue Wesuls
padJARIl JO JBQUINN  USLJ JO JBquNN  JBgUNY uibua

"sagewigse uotjeindod Suiyeuw ut paanided ysiy L0 sJasgunu pue pasn sdnoub yzbust 7 xitpusddy



43P0

8t L vl 0¢ pug AT 67/L-871L
4SpLO pue
£ L Ll 41 AL ‘TIT  L7LL-9°0%
oF Ll 6¢ 61 111 “11 G'QL-0'8 3noa} LL-4 224D
68 Zl 62 8t IT 6°L-0°9 dL-L umodg LEEIYSES
ABpLO pue
£9 6 LZ ée 111 *11 6°0L-L7¥
vl g8 £€ LE 11 °I 9'p-£°¢  £L-L
43P0 pue IN0AL 6-4 48349
92 8 ¥l g1 I1T “II G L= 2/-L MOqQuLleY [LeIUSES 358]
43p|0
. LS 8 8¢ L1 pue 1] €0L-v"9
£6 0¢ Ly Or 1 €'6-6'¢  £L-L
ABPlO pue 1N043 OL-4 %2840
591 ) $14 G¢ 11 °1 £'6-L°E  ¢Ll-L 1ooag LLRIYSLS 3SOM
48P0
i Al LL OL pue 1711 9°0L-076
ée Ol 0¢ Li I “11 6°3-0'8
Ly 6l Ly 61 I 6°L-07L
06 Le 0L 5¢ II 6°9-6°9
0L L1 7 Ll I 8°6-0°9
SR 9¢ 9¢e 08 [ 6°%-0"1% inouy
0Lt 8 £9 £ I 6°€-8'¢ €4-9 10049
Ly bl L £e 1L °11 6°L1-0"6
99 e L LE ITI °II 6°8-0°8
§9 gL 9¢ £t ITI °I1 6°L-0"L ¢4
. Le 51 5¢ Al IT °I 6°9-0°9 304y LEERM
547 174 60¢ 691 I 6°6-G'¢  <L-9 400.44g SLAAOW
29 L 0¢ £¢ Al 111 67°6L-8°ElL
¢b Gl 9¢ LE 11 L°¢L-L701
LLL Gl Oy 99 111 °11 9'0L-¢7° L Inodl fl-4 49AlY
Gel LL g¢ ey I Lii-vv LL-LL umo.ag pngosoy 15e7
2LRULYSD 8| dues ajduwes pajaew (s)aby (ssyouL) 23eQ S2LO9dS  JIQUINU UOE}DRS
A3quny aanidesad ul usty adanidedsa Ut usij 40 dnoab pue iesuls
pPOYNJB JO JBQunN  YSLI JO J42qUnN  ABQUNN y3buay

s9qewL1se uoryeindod Bupyew up padnided ysi} j0 sdsqunu pue pasn sdnoub ybusl -7 xipuaddy

157



£g 61 0¢ £S INL fIT votl-£00t
042 £€ A 36 il S0L-47L 3043 4
86E Ll €L 96 i1 °1 9°/[=8"%  dL-b uMo.ag A9ALY
Gig Al LS 8L Il °1 °0 L0724~ pue jooug AS1BMI LIS
48p1{0 pue
eel 3 Le v 111 °II °1I £€°61-0°G
891 6l 8t 89 I 6 v-L°Y
6L L Le 62 I 0°9-G°¢ 04T
G916 L g8 A I ‘0 ve-LTL £L-G  Moguiey
08 L 0¢ 0¢ 1T °1 6°0L-L79
gLy 6S 16l GelL I°0 9'9-L"¢ InoJl
c0¢g g8 19 (9472 0 9'€-2'¢  £/-§ 40049 L-4
£8 LL Gt Le 1“1 0°GL-0"9 oA} JBALY
. 6EE 0L 601 £E I1°0 6°G-L"¢  2L-§ 40049 4BTEME[ 1S
Aap|lo pue
A 81l 5¢ 92 AT 11 8'2l-6'8
§¢ £l L L1 [11 3°8-0°8¢ 0
G 6€ 0G q¢ 111 11 67/4-07¢ ki
LL Ly 99 8t I1 6°9-0°9
£6 A% L9 3 1T °1 6°49-0°G
£0e LG 9t L LL 1 6 b0 Anody
voL 8¢ 991 LEL 1°0 6°t-8°¢ £/~ moguiey
J48p|0
0% 31 Q¢ 24 pue AT - p'8L-L72L
57 ¢l L¢ 22 AT STIT  9°21-8°LL
LS G SP ¢€ 111 L7 LL-T'6
§¢ L 92 £l 11T *I11 £'6-1'8
LE £l &e Z¢ I 0'8-0°4
3Ll €t 68 4% I °I 6°9-0°9 noUg LL-4 2347
. vl 8¢ 8 28 I 6 v-0"v €/-8 umoag LLeIYSL
ABpLO pue
LY L g1 £e AT °III 0'¢i-L'8
LS A e 61 I11 *11 0°8-0'9 noJay
A 0l LE 94 1l 6°G-0"v ¢/~L moquiey
I1RWLISS ajdwes aldues  pajdew  (s)aby (sayoul) a3eq sSatdedg  JOGUNU UDLIDIG
ABCUINY aanidedssa ul usiLy aanidessd UL ysty 4o dnoub : pup Wesuls
payJdew JO J3quny  YSL) 4O JSBQUNN  JRquny y3buaT

"sejeuit}se uotje|ndod Bupew ul pauanided ysit JO SJAqunu pue pasn sdnoab yibusy 7 xipusddy



43D 0 pue

tve £e L vil AL TIIT 6°12-2°2L
8¢ tL £y 74 ITT °I1 L72L-976 In0a} £-d ASALY
866 g1 73 L8l 11 °1 vre-L7€ LL-LL UMO.A( AI1BM{ [ 1S
ABP|O pue
9¢ vl Ll 0¢ AT CIIT 67/L-0°€EL
gt L€ g€ be II1 ‘I 6°2L-0"1L1L
bv Ll 6t 62 IIT *I1 6°01-0°6
0P gl ée £e 11 6°8-€°8
el <l 801 gli 1“1 2'8-0"9
09l 6¢ 86 79 10 6°6-0°¢
161 0¢ g9 29 I ‘0 670" nou] ¢-4 4OALY
928 L€ 861 AN G 6°€-9°¢  Wi-v uMoag J931eM{ 13§
LE L vl 91 1T °1 2'6-2"L
6e L 8l 9l I L17£-0°9
t 8 6 0l I 0 6°6-0"§ 1043
88 Al A% ¥€ I ‘0 6'v-G'¢ WLV A004g
43p10
L A Ll el pue AT 9°0¢-8" %L
ASp1O pue
G5 el A4 £e AL CIID L°bL-L7ElL
L9 62 9¢ bY 11T C°Cit-¥7 1L
Le Le G2 92 IIL 11 €'lL-¥°0L
¢l Ot 8y 09 It £0l-¢'8
£ ot it 6L II ‘I £°8-9°L
¥8E 89 891 9g1 H G L-0"G 1no4g
0421 Gl Ele 76 1°0 6'v-v'¢ €L-¥ uMoag
¢l L1l £y 6< II °1 Y oL-G"9
L2 AR 61 el 1“0 6'G-£°G 1noal
T A L 301 76 0 2°6-9'¢  ¢L-¥ 300449
A3pio
3¢ el 0¢ G¢ PUR AT 67€2-L"¥L
0L 6i A7 0% Al *IITI 9 °¢L-0°€lL
£6 £¢ ¢t L9 ITI  6°2L-97L1L
D)PWLYS 9| dwes ajduwes  pajdew  (s)aby (sayout} e@1eg satdads  J2quNnU u0l1d3S
ABQUINN aanpdesad ut Ysiy aanydeosd Ul Ysi} 1o dnoub puE WeaJls
PINJRU JO JBQUNN  YSLJ JO J3QUNN  A3qQUNy ya16ud

‘sonewlysa uvorje(ndod Butyew uL paanided ysij 40 Sdaaqunu pue pasn sdnouab yibusy 7 Xipusaddy

159



Ov 6L 6¢ 9¢ 11 °1 9°/-0"§
A L 91 6l 1 6 -0t ncay G4
gl g 6 9l 1 6°€-6°¢ £L-9 10049 98d)
IN0AL MO LA
LEL £ 8¢ 0t 11 °1 0°0L-¢'¢  2L-9 10049 ULBIUNOY
48p Lo n04g
£L 8 21 6 pue I1 °I €LY £L-9 10044 9-4 89J4) AN
43P0
Ly 91 A 0t pue JI 9°6-0°/L
ABPLO
LE 0¢ 5¢ 0 pue II °I 6°9-0'9
LGL £e A 99 I 6°6-0°G
. ) L 85 yL I 6 -0"%
Zel G¢ a8 ¥G I 0 6°€-6"¢ IN043
219 Gl 762 LG1 0 @ e-LL w8 UM g
92 G g1 ¢e IT1 °11 60108
09 Ly Ly JAY 1T °1 6°L-0°9 2
get o (8 78 1 6°6-0°G =
A 89 P01 58 1 °0 6 v-0°¢ IN04L
466 9% 662 641 0 b 2=L'L  £L-9 UMO.LG
0P 21 124 L2 ITT °11 L701-0°8
6 LE gy 8¢ 11 6°£-0"9
28 91 97 L€ i1l 6°G-9°% INno4g 9947}
61¢ L 3% Le 1 °0 Gp-L71 2L-9 umo.Ag ABALLS
43P0
6% 8¢ Gv LE pue Ti1  8°/1-0°¢lL
J3p10 pue
{01 ¥e Ly A ITT ‘1T 672L-0° LY
‘ 42P1L0 pue
8 £l Le 9¢ 111 *I1  6'01-0°01
L9 8 el Ly I 66176
AN £r il A 1 °I 0°6-07£
1% LE tel 201 I ‘0 6°9-0°9 noul 6L-4 49ALY
G¢01L 1723 Lot 8L 0 6'v-8°¢ vi-¥ UMoAg AFEML L LIS
IIeWLLS alaues Bldues mmxgma {s)aby (saunpui) 91eQ $9L0adS  Jequnu UOL}IRS
ABQUInN B4N14YIa4 UL YSiL} adanjdesaa ul  ysLj Lo dnoub puUe Weauls
peyJdeW O ABQUNN  YSt4 JO JSQUny  Jaquny yabuan

"sejeuilss uworje|ndod Buidew ui paanided ysty 40 sdaqunu pue pasn sdnoub yibus 7 xipuaddy



vL-d1-9
L2189

vl-61-L
2L-€19

vi-11-9
L8309

i~
vL-11-L
plL-8l-L
pL-1i-L
yL-81-L

vi-61-L

fL-o1-8
bL-¢1-8

bL-0T-L
YL-01-L

k-‘oﬁ;m

vi-60-L

ae(

308(] @scubugi=pu

€ 483ONG 8SOUBUOT=NGNT $IN0LL UMOAY=T] $3IN0J4L %004g=Q3 $3N04[ TBOLYIIND=1) $3N0A] MOQULEBY=QY 184R SUOLIRLABUQQY -

~ 5°¢ 1

- - 0

- - O

- - 0

- - 0

- - 0

- - 0

- - 0

- - 0

- - 0

- - 0

- §°9=-0"y 1%

- 29 H

- £78-9°9 ¢

AR SART L el-6"% £

- - 0

£ 21 5°8-9°¢ I

21 £°6-0"v £

- - 0

- 8¢ 1

1 Ve 1

21 8 L-L7E 6
(s)abe {sayout) 1ybneos
Ystd abhued A2qunN

yzbuan

anyd =%e] 0v9
- 00¢%
- 005
- 0261
- 0001
- 06381
- 00%
- 00§
- 005
- 06s
- 005
puT
nasut
4y
11 004
- 00t
q3 005
43 00S
- 00S
43 006
11
edd 0001
(1957)
saloadg . yzbusy
uoL328s
Wesu3s

0¢
I¢

0¢
8¢

€222

Gl
¢t

8¢

ld
le

G¢

42

9¢

351
361

341
491

361
341
391
391
391
391
191

191

991
191

391

391
391

391

55

55

54
59

55
54
54
5§
SS9
S5
S5

SY

S5
S§

54

S§
5SS

S4

L

3B MILA ULRIUNCK 0 13[3IN0
YINoW aA0ge SILLW G/ 0

}P0947 MILA ULRIUNOK
uessob BAOQR JUBALND POOM Jpau
ylnow Jaesu

FEEFRIEIRLEITEN

uLseq 8AN UOMOL-493d]) BN

Yinow Jesau-%as4) 2AN Yinog
BULSSOAD PROL JBBU Y404 1587
UINoU J4B8YU 340) 3563
QUL MOQUY BACUR NA0F FSaM
Yanow Jesu 3404 159M
dwey S01LAUBS 1S40 1@

yanow u4eau
A98a] A300Y 3113
YInow 2Acqe Sa|il ¢ ¢
a1ebpeay yo3ip Jesu
9847 LLeIYSLE Isep
ynow Jeau
AA0F 1SSM L0 A0) 1Se]
Yinouw 9A0ge Sl §° (O
yanow Jaeau
A0 1SoM IO JA0I IS9M
yinow Jeau MU0} 3153M
Hosu) [ EeIYSLd 3SB3

U013d140S8p UOLIRIO| PUR WeAUYS

“BULYSLIOLIDDLD ABAANS JO SIINSAY  "yy xilpuaddy

161



i =1
H

i

-
H

I3
i

L

H

¢
WY oaTy At

i
Qo0 oo

-

=¥
i
[
b
s
e

sL-78-L
20081
578~
0(-52-3
V[ -52-8

vi-le-d

H

H
O

H
—-; 1
H

4

H
L
(48]

H
i

=1

i g
[ S e
H
o
Y et et
i
P P e

=

EE LT
e §
i

i
N e

&

g
W et 0
t
on o0~

P
¥
e

W FEE AN NN NEE MG DB DR DN NN DR RO D il Ui S Omiie C ems

- - 0 - 006
- - 0 - 0041
- - 0 - 00§
+G 201 1t 1
ARAR R A g pLAGAY 30-0Y
pretetl L°8-8°¢C 6 4y 004
- - G - 00G
- - 0 - 00%
- - 0 - c0g
Vg v e-dL £ qy 06¢
vee 5'01-€74 € ay 008
Z VAR T 43
w T°¢1 1 pLAGAY qy¥-30 004
- 976 1 b 006
- - 0 - 006
- - 0 - 004
- - 0 - 008
- - 0 - 0001
- - 0 - 009
VARSRPAN) ¢ 11-9°¢ ) Gy 0091
- 2 F 1 93
- 8°9-0°9 1Y 17 00¢
- 6°9-1°¢ L1 i 042
- 6'g-€°¢ ¢ q3
- g 6-L°¢ 1€ iy 0sy
(3991)
(s)abe {sayoul)  3ybned satoadg  yibusy
Usi abueu J3quiny uoL3108s
u1buan wesud3s

q¢
4€
9¢

!

OO O O D

TARES!

8
11
i1

91
91

91

3tl
del
EI!

et

vl
Eial
Eia
Ei!
vl

vl

E1
vt
vt
vl

B!

i
vt

151
361

491

1Y
St
St

Sb

84

BULSSOUD PROL MOLAG 3| LW BUo
HB9AY) 9B UMOLG BADGR B LW BUO
48347 T UMOLY AR

¥oa.43 uckue) aeau
ARALY JA8pinog 3se3

aueT] Uld 324014 YIN0S 40 13[3n0
UINOW ABBU NA0J UTJION

WINOoW AR3U U04 YIhog

BULSSDAD pROL 4B3U

L LuMes pLo MOLaq se LW g1

Wooan) uad Jeag J4eeu
P8d) Uld 3994314
WIhou Jdesu y8sdg Ledpayies
(ARG eau 3824y [PLIIU]
UINOIL ARBYU NA04 YIAON
YINow J4Pau 3404 YInog
ULRIUNOY UOA] 40
1589 SIL LW 2 MOpESU
yInow sA0ge @ auo

Fasdg Uod]

YINOW BAOGR S| LW G270 U0 YIAON
YINOW BACGR S3| LW GZT0 H404 ULNOS

SRA04 JSOM pue 1569 Mojaq jsnl
Naad) JBALLS

UoL3dLADSEp UOLIRD0[ PUB WRIUALS

penuLIu0) gy xipusaddy

162



o O
s
s B

i

6°6-L"

]

801
G°/-€°8

i O =F

et (O (03 L oo — OO OO

=i O

o e OO O

43
qy
93

43
gy

G0
g13

006
009

005
0001

004
cov

009

004
00¥

009
009
0049

004
005
008

005
005
004
0041
004t

{saydul)
sbued
y3bua

1ubnes
J3quiny

satnadg

(1934)
y3bua|
uoi308s
Wesdlsg

£
61

Ve
Al

0t
5é

9¢

Le
Le
9¢

o O

¥l
vl
P11
11
i1

3€1

Sh
Svl

i

“utBrao Auayniey 40 ysi4 =q

o294 S|1eq jesdn

Uinow Jesu-3asd) s||ed
Yinow aAoqe
St G 1 DULSSOUD | Lledy
ulnow Jesu

#O94]) weyedy
WINow sA0qe Saltw 7
HINOW 2A0QR 1394 0001

yanow 4esu

$0au) A19Ne|g
yinaou 24a00Ge safpiw g1
Yinow Jesu

jead AddLuyy ysel
Yinow aA0qge Sa| L oMy
YInow BA0CQR 3| LW 3u0
Yinow J4esu

834 39| UMOAg
YINOW JB3Y %U04 YIhOS
YINOW 48U Y404 Y40\
upnow Jesu

Jgaa] 8buao
YInow JABdU N0} SN
YINOoW ABIU %404 3Se]

BULSSOAD PROA BA0QR 3| LW BUO

butssoud peod uiseg aadeld
DulLsso4D peod uLseg J4aoce|d

panuLlu0d J8AlY J4ep|nog 315e3

UoL3dLA0S3p UOLIBDO0]| pue WeaJd3s

panuULquo) gy xitpuaddy

163



. "paanided j0u sem UsLi sty Ing ‘Buoy ./ Apegewixoudde 1nouy moguiey osuo mes {0
&

- 0°9 L 43 ooy OL 321 sy G6//4/8 yinou Jesu

%BAUA) Y389(-01-9Z044

- - 5" - 00g Ge 321 S8 G//5/8 Yyinow Jaesu

. Hovu) Aomey

" 6 6-bE 6l gy 00¢ 22 AL 8§ GL/%/8 Yinow Jesu

984 Wlequaapes

- - 0 - 0se 62 Il St GL/82/1 A1) sSed 1O yinow

SA0qR-%234] 311589

(syobe  (saysui) shuex 1ybned saloadg (1994) ulbusi Sy 1L o310  U0L3dLADSAp U0L1e50]

1881 ylbue) ADGUNN UOL1D8S Wweals pue weadls

panuLiuo) Yy XiLpuaddy



Appendix BBE. Concentration {microaram/aram wet weight) of metals in fish muscle

tissue.
Length Weight
Species® (inches) { pounds ) Mercury Copper Nickel Cadmium Lead

Fishtail Creek-Section F-11 - July 1977

RbD 4-5 - <0.05 0.4 2.4 0.1 <1
Rb 6.5 0.10 <0.05 0.4 3.5 0.2 <1
Rb 6.5 0.14 <0.05 0.2 1.0 <0.1 <1
Rb 6.8 0.12 <0.05 0.2 1.0 0.1 <1
Rb 8.0 0.20 <0.05 0.2 <9.5 <0.1 <1
Rb 8.0 0.19 <0.05 - <0.5 <0.1 <1
Rb 9.6 0.32 <0.05 0.1 1.5 < 0.1 <1
Rb 10.0 0.38 <0.05% 0.2 1.0 0.1 <1
Rb 11.8 0.65 <0.05 0.1 1.0 0.1 <1
Rb 13.0 0.78 <0.05 0.4 <0.5 < 0.1 <1
LD 4-5 - <0.05 0.1 <0.5 < 0.1 <1
LLb 4-5 - < .05 0.2 1.0 0.7 <1
LL 6.5 0.10 <0.05 0.1 1.0 0.2 -
LL 6.6 0.10 <0.05 0.2 1.0 < 0.1 1
LL 7.0 0.11 <0.05 0.4 1.5 0.2 i
LL 7.4 0.16 <0.05 - <0.5 0.1 <1
LL 8.8 0.22 <0.05 0.2 <0.5 0.2 <1
LL 9.3 0.32 <0.05 0.3 <0.5% < 0.1 <1
LL 9.7 0.34 <0.05 0.1 1.0 < 0.1 <1
1L 9.9 0.38 - 0.2 <0.5 < 0.1 <1
LL 12.0 0.64 - 0.4 Q.5 < 0.1 <1
LL 12.2 0.72 <0.05 0.7 <0.5 < 0.1 <1
LL 12.5 0.80 < Q.05 0.1 <0.5 <0.1 <1
LL 15.3 1.47 < 0.05 0.1 <0.5 0.1 <1
Eb 7.5 0.20 <0.05 0.1 <0.5 <0.1 <1
Eb 7.7 0.20 <0.05 <Q.1 <Q.5 0.1 <1
Fb 10.7 0.50 <0.05 0.5 1.0 0.2 <1
WE 15.0 1.30 <0.05 0.1 <0.5 <0.1 <1
Stillwater River-Section F-1 - May 1977
RbD <5.0 - <0.05 <0.5 <0.5 0.2 <1
Rb 7.4 0.12 < 0.05 0.5 1.5 0.2 <1
Rb 7.8 0.14 < 0.05 0.5 1.0 0.1 <1
Rb 7.8 - < 0.05 <Q0.5 1.0 0.1 <1
Rb 11.1 0.51 0.15 <0.5 0.5 0.6 <1
Rb 13.3 0.81 0.45 <0.5 0.5 0.6 <1
Pl 6.8 0.11 < 0.05 <0.5 <0.5 0.2 <1
LL 7.1 0.13 < 9.05 <0.5 0.5 0.2 <1
LL 8.1 0.21 < 0.05 0.6 < 0.5 0.5 <1
LL 13.3 0.64 0.20 < 0.5 <0.5 0.5 <1
LL 13.5 0.86 < 0.05 0.5 3.5 <0.1 <1
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Continued

Appendix BB,

Boulder River-Section F-4 - April, 1972
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