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ABSTRACT

An aquatic inventory of the Hanging Woman Creek drainage,
the Otter Creek dralnage, Poker Jim Creek and 0'Dell Creek
was conducted during 1980 and 1981. The streams under

study were typical prairie type streams located in an
agricultural area. Hanglng Woman Creek and Otter Creek

were the most permanent streams investigated.
~

Twenty-five species of fish representing six families were
identified. The largest group of species were the cyprinids.
Five specles of sport fish including, smallmouth bass
(Micropterus dolomieui), northern pike (Esox Lucius), sauger
(Stizostedion canadense), walleye (Stizostedion viteum) and
channel catfish (Ictalurus punctatus) were identified in

the lowest reaches of Hanging Woman Creek and Otter Creek.
Northern pike and smallmouth bass utilize these waters in
the spring as spawning and rearing areas. Three other
specles, white sucker (Catostomus commensoni), shorthead
redhorse (Moxostoma macrolepidotum) and river carpsucker
(Canpoides carpio) also migrate from the Tongue River in

a particular pattern of movement to utilize these waters for
spawning. Streams were classifled according to Montana Fish,
.Wildlife and Parks stream classification procedure and
determined to have ratings of a limited fishery resource or
a substantial fishery resource,

Aquatic macroinvertebrate diversity was generally high in
The study area. The majority of individuals collected
represented seven orders of the class Insecta. Diptera was
the most common order, occurring in 90% of the streams
sampled.

In most Instances, the streams are characterized by a well
defined riparian zone. An analysis of stream conditions
indicate that the area has not suffered excessive use and/or
damage as a result of agriculture, stock grazing or natural
causes. A ratio of the pool, run, and riffle areas for

all study sites within the study area was determined to

be 7:11:1, respectively. Silt and muck-type bottoms were
the most common substrate encountered.



B O B )
WORSpisl oCiE” amigh SAERCEn sdf MR irGeETE allsu L-s_ B
j_|:=:|_-_|"| J_I = 1Y T % e = E 1\:{:_ |'|:t _ul"“f'u ﬂ‘__«t.‘llﬂuj d!q,
e R & TR S LERy wom Uh [ TRl .f\ r..1_Lgblnuu| g
VO PR LIS TR IR S R = .-_sl S T B !’Jlt = ompye plmoce

|E’9‘li"il Ay "i"' WS e Tt tetilt  oueraE IRE%H’ A A i il

it sl de mval weamic e ] 1 T U= S [ty S o VRV A1)

--__g,fl i ' "’:n r _I'| B . Tu":E BT ) ||_I'||,'| e Ellllﬂu'rl_ R e Rty i L
_'EL.'--;]_rq |=_rJ- = g l;_l\l',l-]l_.'ﬁi SRR TR T IS R OISR TH e ' L.‘jf‘__fl‘;i]_zlf
*a‘ Vikemm] | mgs |n'-"'| ",“lrr” |Jr=_'i v m LS Doy ||_|]\I|

W ,,.Ls.a'- Al mesfl el e L0 el swpaSuer i)
bile dfnps™ -t %! 'L"" S MR, seelids I'-u—fuﬂ =rifed 4 F‘:t-%&ﬁ L J'-}j'll
el AL LT :E 1ol S ILI A Sndn IJ!:"“!- WeolemE o IRl EnNS |l|: et

rAgta =yeha) I .lr‘l o _,JJ.:\'| IT“[ _”_H‘IE'__l Y 'I'|‘|l‘.“’|_:- : J‘.Eé‘m‘i. =&
al wpuesw eoeEET A ll'.l.l‘.l'u ERp L POpen et Done AR mal !
- |_|"4u w1 T L PN D TR gh,g" T owgu o fn ml arly Nll’iﬂ
i s J St vupmt gl o ue sy, eSS
(RSP '_:_lfll 1 'T-LH;”lm |i1|‘1_:<«||p. Ry ';mﬂ |.-rrel: vy
i S B DT T - BRI R Y (ReY TIS B A PUE T R 2 ru“- n !
n 9 I-I = sl L AT DAl Mt Ly e E AT EL “ll"" i
Jl,'l I__“;:"«_u LTI‘ p = L T e Trlf _‘_D _Ew TJre e R A Tl
Ui s ik et _|].'.|||"%-:-:_' [ s F”_III &3 0 " :Ji‘l_r‘.:r= 1:-1|_!i UM I ITT SR
i MRSy Pty peraes I @ b =m 17 B um s _l_::;_{jf_fﬂ{ql?‘.i_: Inls
=l NsEn Wy fES TR

fa ‘l'l'|,_| L = T ! fle FERT L 2igR S8 Ve o Al T
ppepgstii. mfpi-nds h_ll:\l' 1 S |_"'|[: =i _:nv: = ‘_llll"’!'l' L
WS | |r||i| o L -, = Yap _ompeo R 1w AN ST

salees sl e B0 & splesaere e pERsmcs S, s

SRR RTED

faga v 83 I Fostism ol = [ 2 e - woannd o1 A e
N L Il poTWeE ':f"_"' m wh [ 0 T T T Bt T - 1 Lu‘ L
_“I 1 = i 1= L L -y ' W "II‘_ o I' nil i
=aums e AwiriE peeEpe - L ] 1 ilamo g ops e iy
el YTeE AICE ST F AR A LR LU Y ol oae = y PR
=1 = UuT ae AR Sl =Y ARG el R ! T
wnzl acnil wt l=Yaris ot hd B ST 15 | Y
[ e s B [ w-b'EFiEE .,y Smns e ==t



INTRODUCTION

In recent years attentlion has been directed towards the coal
deposits of southeastern Montana and the potential for theilr
development. Within the study area, federal coal reserves
in the Hanging Woman Coal Area cover 30,178 acres (12,213 ha)
and contain 1,558,658,000 tons of coal. In the Otter Creek
area (Moorhead Coal Area) 2,369,314,000 tons of coal underlie
30,933 acres (12,519 ha) (USDI 1981). In anticipation of
mineral development, the Bureau of Land Management has
contracted with Montana Fish, Wildlife and Parks to conduct
baseline inventory studles on the natural resources of the
area prilor to coal reviews and leasing. This project was
designed as an aquatic inventory of the Hanging Woman Creek
and Otter Creek drailnages and Poker Jim and 0'Dell creeks.
The objectives were to collect basellne biological data on the
aquatic and riparian resources of the study area. The two
year project was initiated in April 1980 and field work was
concluded in November 1981. The information collected will
serve as a gulde during the coal lease reviewing process and
ald in decisions regarding resource development.

STUDY AREA
Location

The study area 1s located 1n southeastern Montana covering
portions of Rosebud, Bighorn, and Powder River counties.

The drainages are tributaries of the Tongue River and form
part of the Coalwood and Decker-Birney Planning Units of the
Miles City BLM District. A map identifying the area and study
streams 1s presented in Figure 1.

Study Streams

The Otter Creek basin drains an area of 1,831 km2.  The creek
heads near the Montana-Wyoming border and flows north 144.8
river kilometers to its confluence with the Tongue River near
Ashland. Thirteen side drailnages as well as the mainstem of
Otter Creek were investigated. The Hanging Woman Creek basin
drains an area of 1217 km2. It originates in Wyoming and flows
north in Montana, 48.3 river kilometers, entering the Tongue
River at Birney. The mainstem and eight tributaries of this
drainage were part of the study. Two additional streams, Poker
Jim Creek and 0'Dell Creek, located between the Hanging Woman
and Otter drainages, and also tributaries of the Tongue River,
were included in this aquatic inventory.

Stream Condition

Water in a stream is considered to consist of two sources. The
first 1s ground water that is discharged into the stream. The
second 1s direct-runoff which enters the system after precipitation
or snowmelt (Knapton and McKinley 1977). During 1980 and 1981,
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the major source of water to the stream channels in the study
area was ground water discharge. The mild winters during the
study contributed 1ilttle in the way of precipitation and runoff.
During the remaining portions of the year, especially early
spring and summer which are generally the wettest seasons,

this area experienced lower than normal precipitation levels.

In comparing the precipitation records for 1978 (a wet year)

and 1980, the average difference between the two years
(combining information from the Birney and Otter recording
stations) was 8.36 inches (USDC 1981).

Due to the lack of a replenishing water supply, the creeks did
not exhlbit typical high spring flows. Water levels at the
mouths of Hanging Woman Creek and Otter Creek rose only as a
result of backwater from the higher flowing Tongue River. Even
under dry conditions, Hanging Woman Creek and Otter Creek were
the most permanent streams in the study, containing water
throughout most of their lengths. The remaining streams which
were ephemeral or intermittent in nature contained water along
lengths of the channels intersecting the water table and in
areas fed by spring water. Occasional rains temporarily added
moisture to some dry sites.

The situations encountered during the study are part of the
natural periodic phenomena of the plains. Prairie streams are
considered to be a less than stable environment as a result of
fluctuations in water levels (Paloumpis 1958). Factors

affecting the aquatic community include depth of the stream,

rate of flow, permanency of the stream, temperature change

and variation in physical characteristics (Thompson and Hunt 1930).
These water quality characteristics, along with a host of other
environmental factors, interact to affect aquatic conditions

which determine the changing character of the stream and ultimately
the structure of the aquatic community. Thus, this study is

an observation of prairie streams as they exist under stressed
conditions. The qualitative and quantitative composition of

the biota reflect this environment and therefore, will act as
indicators of environmental degradation in the future.

Land and Water Use

At the present time, this area is predominately agricultural.

The principal use of rangeland is for livestock grazing. Fertile
lands adjacent to the drainages are under cultivation for hay.
Along Hanging Woman Creek approximately 1240 acres of land are
irrigated (Knapton and McKinley 1977), while in the Otter Creek
drainage approximately 4,200 acres are under irrigation. A
buffer strip of riparian vegetation separates the hay meadows

and grazing pastures from the actual stream channel for much

of both drainages. Another primary use of water in both drainages
is stock watering. Small reservoirs and stock ponds are numerous
throughout the study area.
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Coal

The interest in the Powder River Coal Region of eastern Montana
is for the known reserves of low-sulfur, subbituminous and
lignite coal that can be extracted by surface-mlning methods.
These deposits are earmarked for use in coal-fired power gener-
ating and coal gasification plants (USDI 1977). The North
Central Power Study (North Central Power Study Coordinating
Committee 1971) identified 21 potentlal power plants in the
Montana portion of the Northern Great Plains, many assoclated
with the coal reserves of these drainages. An indepth analysis
of the quality and richness of coal in southeastern Montana 1s
documented by Matson and Blumer (1973). The information detailed
in that report includes coal deposits associated with the creeks
and area comprising this study. Table 1 summarizes information
on selected strippable coal deposits underlying major portions
of the study area.

METHODS

Sample sites on Otter Creek and Hanging Woman Creek were
distributed throughout the length of each creek. Due to the
intermittent nature of the tributary streams, sites were located
where the most effective sampling could be accomplished. The
coordinates for all streams and sample sites is presented in
Appendix A.

Bureau of Land Management stream survey forms were completed

for each sample site in the study area using the formats described
in Cuplin et al. (1974), USDA (1975), Duff and Cooper (1976)

and Mt, Fish, Wildlife and Parks (1980) as a guide. The survey
summarized stream characteristics and conditions for each site.

In 1980, with the ald of the stream survey forms, input forms

for the Interagency Stream Filshery Data Base were completed

for each stream. This procedure, developed by Montana Fish,
Wildlife and Parks (1980), assigns each stream a fishery
resource value which includes a species and habitat value and

a sport fishing potential value. This system, utilized in

other recent aquatic studies and stream investigations has proven
of value in categorizing streams.

Each site was tested for several water chemistry parameters.

A Hach model AL-36B determined dissolved oxygen, phenolphthalin
alkalinity, methyl orange alkalinity, pH and CO,. Water
temperature was measured with a Taylor thermomeger. A Taylor
30-day recording thermograph was placed at the mouth reach of
Hanging Woman Creek and a Partlow 3l1-day recording thermograph
placed at the lowest reach of Otter Creek. Temperatures were
recorded in OF and converted to ©OC.

Agquatic invertebrates, sampled during both years of the study,
were collected using a modified kick sample technique with a
timed 60 second interval for each collection. Four 30-day
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basket samplers (Clancey 1978) were placed at the mouth reaches
of Hanging Woman Creek and Otter Creek on April 1, 1981. Each
invertebrate sample collected was preserved in the field with
10% formalin and later identifled in the lab. In conjunction
with invertebrate sampling, an analysis of substrate materials,
water chemistry data and collection site (pool, run or riffle
area) were obtained.

A major portion of fish sampling involved the use of seines.

A 9.0 x 1.2 meter, 6 mm bag seine was particularly effective.
During the early spring, traps constructed of reinforcing bar
and chicken wire were set at the mouths of Hanging Woman Creek
and Otter Creek. Movement upstream of the traps was effectively
blocked by placement of 2.5 cm mesh chicken wire on either side
of the trap, extending from the trap to the stream bank. The
chicken wire was secured on either end by metal fence posts

and the bottom edge was weighted with rocks. As backwater from
the Tongue River ralsed the water level of the two tributaries
such that fish were able to pass the trap area, electrofishing
gear was used. The electrofishing boat design is described

by Clancey (1980). Bailted minnow traps were utilized at sites
where other methods proved less successful.

Fish were identiflied and numbers of each species recorded
during the trapping collections and for each electrofishing run.
All fish were weighed, measured, and fin punched. Game fish of
sufficient size were tagged using numbered red Floy tags.

Scales were taken from below the dorsal fin on the left side
and age class later determined in the lab.

Photos recording stream condition were taken at each sample
site. Slides presenting an upstream and downstream view were
labelled according to the creek, site, date, and view.

An attempt was made to determine flows within the study area

using a pygmy current meter and metric wading rod, model 1205

and 1256, respectively (Scientific Instruments, Inc., Milwaukee,
Wisconsin). A lack of water movement at study sites resulted

in flow measurements at only two locations, the North Fork

Taylor Creek and Otter Creek site 6. A comprehensive reporting

of stream flow measurements for various streams in the study
arga)can be obtained from Water Resource Data for Montana (U.S.G.S.
1981).

RESULTS

Stream Characteristics

Several stream parameters were analyzed for each study site.
The percentage of pool, run and riffle are¢as of each reach was
determined. For tributary streams this rating was averaged
into one ratio on streams with more than one site. Each
stream was rated according to substrate types, and pools were
asslgned a pool class rating according to size, depth and



cover. An analysis of stream conditlion was also made and a
rating of excellent, good, fair, poor, or none given for each
of the categories: subsurface cover, stream channel stability,
high stream cover, stream bank condition, and stream bank
stability. Tables 2, 3, 4 and 5 summarize the results for all
study streams. The water stage during these surveys ranged
from moderate (bottom and one-half of lower banks wetted) to
dry (essentially no flow; water may stand in bottom depressions)
(U.S.D.A. 1975).

Summarizing the results for the pool, run, and riffle areas,

the overall ratio was determined to be 7:11:1, respectively.

A breakdown of these three stream characteristics for the Otter
Creek and Hanging Woman Creek sites indicates that runs comprise
the greatest portion of the stream sectlons analyzed. Considering
the intermittent nature of the streams observed, it would be
expected that the sites would be composed primarily of pools.
However, stream sections rated as a run often consisted of
standing water in a portion of the stream where the channel

was similar in width and depth along it's length. In contrast,

a pool was identified as an area of deeper waters, usually formed
by depression in the stream bottom and often characterized by
more sheltered surroundings. Riffle areas, which were uncommon,
were characterized by shallow, flowing water through stream
sections where channel width was greatly reduced.

On Otter Creek, runs comprised 50% or more of the stream

channel at all sites with the exception of site 8 which had no
water present. The ratio of pools, runs and riffles was 5:12:1,
respectively. For Otter Creek tributaries the ratio was 12:19:1,
indicating a more equal composition of pools and runs for sites
analyzed. The Hanging Woman mainstem consisted of pool and run
areas in almost equal proportion with riffle areas much less
abundant. The ratio was determined to be 12:15:1. A comparison
of this ratio by individual sites indicates that in four out

of six sites, pools and runs were of nearly equal proportion
with site 2 consisting of 85% runs and site 4, 70% pools.
Hanging Woman tributaries were largely composed of pools and
runs with a ratio of 5:4:1,

Each pool was rated according to size, depth, and cover, then
assigned a pool class. For each reach, the percentage of
pools in each pool class, using a 100% total, was determined.
Pool classes were assigned using the following criteria (Duff
and Cooper 1976):

Size (Measurements refer to the longest axis of the intersected
pool).

3 - Pool larger or wider than average width of stream,
2 - Pool as wide or long as average stream width.
1 - Pool much shorter and narrower than average stream width.
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Table 4, Stream drainage characteristics for Hanging Woman Creek.
Symbols represent: E - excellent, G - good, F -~ fair,
P - poor, N - none.

Hanging Woman Creek Sites

1 2 3 4 5 6

Ratio of (%):

Pool 4o 10 50 70 50 4o

Run 50 85 50 29 50 55

Riffle 10 5 1 5
Pool bottom types (%):

Boulders 5 5

Rubble 10 20

Gravel 5 10 20 5 5

Fines 90 80 80 70 100 95
Run bottom types (%):

Boulders 5

Rubble 5 10 15

Gravel 5 20 50 20 7

Fines 90 70 50 60 100 g3
Riffle bottom type (%):

Boulders 20

Rubble 10 10 10

Gravel 10 45 10 7

Fines 80 45 60 93

Proportion of pool area by
pool quality class (%):

Class 1 100

Class 2 60 100 4o
Class 3 4o 20

Class 4 80 100 60
Class 5

Stream condition ratings:
Subsurface cover
Stream channel stability
High stream cover
Stream bank condition
Stream bank stability
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Depth Ratings Cover Ratings Total Ratings Pool Class
3 -over 1 m 3 - abundant cover 8 -9 1
2 -60cm-1nm 2 - partial cover 7 2
1 - under 60 ecm 1 - exposed E - 6% 3
-5
¥ Sum of 5 must include 2 for depth 3 5

and 2 for cover

Otter Creek was composed of pools in all five classes, the
majority being in classes 3 and 4. Four reaches had pools rated
class U4 composing greater than 75% of the reach. Four reaches
had pools rated class 3 that comprised from 25% to 50% of the
reach. Site 2 on Otter Creek was the only station with class 1
" pools, which composed 50% of the reach. Otter Creek tributaries
consisted primarily of class 4 pools.

Hanging Woman Creek had pools rated from class 1 through class 4
with the greatest percentage of pools in class 2 and class U
categories. The lower sections of the drainage, sites 1 through
3, consisted of the higher classed pools while class U pools
composed the major portion of pools at the upper reaches.
Hanging Woman site 2 was the only site with class 1 pools. This
class composed 100% of the pools in that reach. The tributaries
of Hanging Woman consisted mainly of class U4 pools.

The substrate particle size was rated for each stream character
(pool, run, riffle). The four categories used were boulders
(over 26 cm), rubble (6.4-26 cm), gravel (2 mm-6.4 cm) and

fines (under 2 mm). The fines category included organic muck .
Hardpan or bedrock was also considered in the original analysis,
then eliminated when no sites included this substrate type.

The fines category, silt and muck-type bottoms, was the most
common substrate encountered. With the exception of a lower
percentage of fines on Cow Creek (55%), fines composed between

80 and 100 percent of the substrate in the pool areas of the Otter
Creek drainage. A similar high percentage of fines was observed
in the pool areas of the Hanging Woman Creek drainage. Run areas
in both drainages were also largely composed of fines with

the exception of Cow Creek, which was composed of 10% rubble,

70% gravel and 20% fines. Riffle areas, comprising a small
portion of the stream channels, consisted primarily of gravel

and fines. With the exception of Hanging Woman Creek, site 6,
all riffle areas included some proportion of rubble as part of
the substrate material.

Five categories of stream conditions including subsurface cover,
stream channel stability, high stream cover, stream bank condition,
and stream bank stability were classified for each reach., All
sites on the Hanging Woman Creek and Otter Creek mainstem were
analyzed. The tributarles were each given one rating. Results

are summarized in Tables 2, 3, 4, and 5.
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Subsurface (instream) cover was rated as good, fair, poor or
none as determined by the concealment (logs, rocks, underwater
undercut banks, turbulent surface, water color, bottom color)
for fish. The instream cover was rated fair on all Hanging
Woman Creek sites and fair to good on seven of the ten Otter
Creek sites. Instream cover for tributary sites, including
Poker Jim Creek and 0O'Dell Creek, rated from good to none
illustrating the variable character typical of prairie streams.

The category of stream channel stability was evaluated acc ording
to the criteria outlined in U.S.D.A. Stream Reach Inventory and
Channel Stability Evaluation (1975). The stream channel
analysis consisted of a subjectlve evaluation of various stream
components. The subsequent ratings provide a generalized
assessment of stream channel conditions. A rating of fair to
good was given for all sites 1n both drainages with the
exception of a "poor" rating at Otter Creek site 10. Raw banks
contributed to this rating. For Poker Jim Creek and O'Dell
Creek ratings of fair and good, respectively, were assigned.

The three remaining categories, high stream cover, stream bank
condition, and stream bank stability were rated using the criteria
outlined in Duff and Cooper (1976). The interrelationship
between these three categories led to a similarity in ratings
between the three. Overall, high stream cover for the study
streams was considered fair to excellent. In some instances,
grazing contributed to sites rated as poor, however, natural
conditions more often dictated present stream morphology. Stream
bank condition and stream bank stability rated fair to excellent
for the streams.

In general, this information on stream condition would indicate
that both drainages have not suffered excessive use and/or damage
as a result of agriculture, stock grazing or natural causes.
However, it should be emphasized that these ratings are a result
of site specific analyses and therefore should be considered
generalized ratings that do not necessarily describe conditions
for all portions of the stream.

Riparian Analysis

Plant species in the riparian zone, as defined in U.S.D.T. (1979),
were identified and the composition determined for each study
site. This information provides a summary, in qualitative form,
of the most prominent species and their percent composition.
Diversity of plants at various points within the drainages 1s
also indicated.

For each study site, the percent basal density for each of the

five categories: woody species, grasses-sedges-rushes, forbs,
litter, and bare ground or rock was determined using a 100% total.
Then, within each of the first three categories, individual species
were identified and basal density by species using 100% for each
category was determined. Tables 6 and 7 summarize the percent
basal density by category for all study sites.



02 0T - - 6§ - - 02 9 - = G G = %= = <«= = § = = = =g oOd %
punods ageq
A M TN AT T SHlESCmTT T O Tew BT T TR O =T e J919T1
e 8L 4L ¢ - = = 0¢ ML - Ol 4L & =~ = €& = 0T g8 0¢ 4L OT HL SOI0]
of 2t€ 00T 00T 06 G6 09 GG Gy g6 - G, G GE of 0f L ML GL g¢6 LL 06 2L #e SOUSTLL
sodpes ssean
o 09 4L - - § 0 &2 O0f § ~—- YL 06 09 09 0L 06 00T OT - £ OT QT T. SoT0ads ApPOoM
o 3 £ g IrEe T e~ T ¥ = ¢ T ¢ I ¢€ ¢ T 9 ¢ 1 & ¢ 1
5 B aTPpeM  TTeAL TBAIOD @ bnoals  ev] UBWOM — Yeaa) UeuoM BUTSUBH
H B o
— BuTsueH
m w04 95e
]
= *ofeuted p ¥ood) uewoy JFuiBurH 9Y3 UT S89Ts J0J LJo3eqed £q AqTsusp TeSBQ 84yl JO (3Juedaad uf) umopyeadq VY L STq®RL
]
=T QT 0= G ="ty 1 - G - =G 0T 9 i R A - G ¥L 0T § - & - = = = ¢TI Aood 3
PUNOLB aJeg
L - =i = i HtC I it Bt =R St = - ew= oS - - el s J939T71
OT - Gh¥L G - = H¥L- - - G = = 4L L 4L - - —~ MHL S 0£ = = HL € ¥dL 0T L uL 80104
09 G G YL 06 0£ 02 G 2¢ - 08 99 99 0G 00T 06 86 G2 00T OT G2 GL GG L9 00T 89 L9 00T 06 06 O2 SaYsNI
so8pas
SoSSRI
0f GT &G 00T G 0L 08 068f - 4T Oc 8 05 - O - 0L - 06 oL - § G = Ll 0¢ = HL 0T &9 saToads ApooM
%M%WNH:MNHMNHMMH%WWNHOHmwNmm:MNH
“ o 8 3 uerpul Moy J0TAR®L § @ w o 19330 ) ) H8s8d) 49330
m ) o o W AI04
< Qo H
w O 358y
P ()
o

*93BUTRAD Yo9od) J8430 dYl U S93TSs J0J LJ03B4BO £q A3Tsuep TBSBQ 8Ujl Jo (jJusodad UT) uMmopiesdq v

* 9 °TqElL



-15-

{
The grasses-sedges-rushes category composed the greatest
proportion of vegetation in the Otter Creek drainage. Sixty-
five percent of the sites had plants in this category comprising
greater than 50% of the reach. Twenty-three percent of the sites
in that drainage consisted of greater than 50% woody species.
Grasses-sedges-rushes were more prominent in the flat open areas
with woody species more common in rugged or varying terrain. A
small percentage of forbs were found in the Otter Creek drainage.
Bare ground never rated more than 15% at any site. Surrounding
characteristics dictated vegetative types.

Hanging Woman Creek, site 1, and sites on the lowest three
Hanging Woman tributaries consisted mainly of woody species.
The remaining Hanging Woman Creek sites and upper tributaries
were largely composed of plants in the grasses-sedges-rushes
category. Forbs were identified in small numbers as in the
Otter Creek drainage. Little bare ground was observed at most
stations with the exception of a rating of 20% at Corral Creek,
site 2. Horse Creek, an ephemeral stream, had no riparian
vegetation.

Poker Jim Creek consisted of 50% woody species and 32% grasses-—
sedges-rushes. O0'Dell Creek, parallelling Poker Jim Creek
through similar terrain consisted of U40% woody species and 409%
grasses-sedges-rushes. Silver sage [(Antemesia cana) was the
prominent woody species in both drainages.

Plants under each of the categories: woody species, grasses-
sedges-rushes, and forbs were identified, when possible, to
species. In several cases, particularly when the stream was
ephemeral, the streambank vegetation included plants other than
the characteristic riparian-type species or consisted entirely
of adjacent terrestrial vegetation. In these cases, the most
prominent terrestrial plants were included in the species list
(Appendix B) and their composition determined in relation to
other species.

Species identified under each category and their percent
composition for each site in the Otter Creek drainage are
presented in Appendix C, D, and E. Fourteen woody plants were
identified to species. Sites where woody species comprised
50% or more of the drainage included Otter Creek site 1, East
Fork Otter Creek sites 1 and 2, Threemile Creek, Lyon Creek,
Cow Creek sites 3 and U4, Indian Creek site 1, and Horse Creek.
Box elder was the most widely distributed woody species
occurring at 42% of the sites analyzed. Wood's rose was the
second most common at 39% of the sites.

Twelve plants in the grasses-sedges-rushes category were
identified to species in the Otter Creek drainage. Combining
all sites where this category made up 50% or more of the plants
present, the greatest portion of species were bulrushes.
Creeping sedge-rush, prairie cordgrass, and the common cattail
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were also very common. Pralrie cordgrass was the most widely
distributed occurring at 62% of these sites. Bulrush and
foxtail barley were also widely distributed, each occurring at
52% of the sites,. Species identified under the torbs category
were generally found 1n trace amounts throughout the Otter
Creek drainage.

Identification of species for the three plant categories and
their composition in the Hanging Woman Creek drainage are
presented in Appendix F, G, and H. Seven sites in this‘*drainage
were comprised of 50% or more woody species. Species with the
highest overall composition for these sites were willows (Safix
spp.) and green ash. These species were also the most widely
distributed for these sites. Considering species distribution
for all sites in the drainage, boxelder, Wood's rose and green
ash were the most widely distributed occurring at 36%, 32% and
27% of the sites, respectively.

Thirteen sites, including Hanging Woman Creek sites 2 through 6
and tributary sites in the upper drainage, were found to have
50% or more of each reach in the grasses-sedges-rushes category.
Of the species in this category, prairie cordgrass, creeping
sedge-rush and foxtall barley were found in abundance and also
were the three most widely distributed species. Very few forbs
were identified in this drainage.

Plant speciles distribution for the Otter Creek drainage is
presented in Table 8 and for the Hanging Woman Creek drainage

in Table 9. Speciles diversity was highest on the Otter Creek
mainstem. Of the tributaries, East Fork Otter Creek, Cow Creek
and Horse Creek had the highest vegetative diversity. 1In the
Hanging Woman drainage, vegetation along the mainstem was highly
diverse as well as along the tributaries, East Fork Hanging Woman
Creek and Stroud Creek. Topographic, geologic and edaphic
factors contribute to this diversity (U.S.D.I. 1977). Poker Jim
Creek and 0'Dell Creek were low in species diversity at the
sections observed.

Chemical Parameters

Water chemistry data is presented in Appendix I and J. All sites
on Hanging Woman Creek contained water. On Otter Creek, all sites
with the exception of site 8 contained water. The tributaries of
these creeks were intermittent or ephemeral in nature. Poker

Jim Creek and 0'Dell Creek were ephemeral. Often sites considered
dry, temporarily contained water followlng precipitation. A

site was considered dry when no water was present over portions

of the drainage actually observed or when small amounts (5 cm or
less) were present only in the lowest depressions of the stream
channel at isolated locations.

The pH ranged from 7.0-8.5. A similar trend in pH was indicated
throughout the Hanging Woman and Otter drainages. Eighty-two
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percent of the readings in each of these drainages ranged
between 7.4-7.8. For total hardness, a wide range of values

was determined for the area. In the Otter Creek drainage,
values ranged from 239.4 mg/l to 4668.1 mg/l. Tributary
readings were within this range and values were comparable to
the mainstem. Values in the Hanging Woman Creek drainage ranged
from 256.4 to 11,970 mg/l. Values on the tributaries were
generally lower than the mainstem of Hanging Woman Creek. Total
alkalinity values ranged from 171.1 - 940.5 mg/l1 in the Hanging
Woman drainage and 188.1 - 803 mg/1 in the Otter drainage.
Values for COp varled from 0-190 mg/l over the study area. The
highest readings were taken at tributaries sites in standing
pools of water. Readings were found to be between 20 and 70
mg/l, 75% of the time. Dissolved oxygen readings ranged from 0-17
mg/1l on Hanging Woman Creek and tributaries and 1-21 mg/l on
Otter Creek and tributaries. In using a field kit, a point is
reached where values for tests being run will no longer be
accurate measurements. Using the Hach AL-36 B kit, values
determined for total alkalinity and total hardness above 342 mg/1
cannot be consldered accurate. For COo, values are good up to
100 mg/1.

Water Temperature

Daily water temperature variations were recorded over both years
of the study at the mouth of Hanging Woman Creek and Otter Creek.
Information derived from the two thermograph locations is
illustrated in Figures 2, 3, 4, and 5.

On Otter Creek, the 7-day maximum and 7-day average temperatures
were higher in 1980 than in 1981. The range between the maximum
and minimum temperatures over corresponding 7-day periods was

also generally greater in 1980. In the spring, temperatures in
1980 increased earlier than in 1981. June temperatures in 1980
were as high as the highest temperature in 1981. The highest
temperature reached in 1980 was 29.40C (850F) on July 6. In 1981,
this high was 26.1°C (799F) on July 7 and 15.

Temperatures on Hanging Woman Creek, comparing the T7-day

maximum, 7-day average, and 7-day minimum, were all lower in 1980
than in 1981. The 7-day maximum temperatures in 1980 were lower
than the 7-day minimum temperatures of 1981 over almost every
7-day period. The highest temperature reached in 1980 was 2L.4oC
(76°F) on July 10. 1In 1981, the highest temperature was 31.70C
(890F) recorded on July 7.

In comparing the two thermograph locations, Hanging Woman Creek
exhibited a smaller variation between highs and lows over each
T-day period for both years. The average difference between the
7-day maximum and 7-day minimum temperatures for Hanging Woman
Creek was U,5 degrees in 1980 and 5.2 degrees in 1981 while on
Otter Creek thils range averaged 8.8 degrees in 1980 and 6.7
degrees in 1981. Accordingly, the average difference between the
7-day mean maximum and 7-day mean minimum temperatures was also
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smaller on Hanging Woman Creek. The average difference for

Hanging Woman Creek was 1.5 degrees in 1980 and 2.2 degrees in
1981. For Otter Creek this temperature difference was 5 degrees

in 1980 and 3.8 degrees in 1981. The difference between highs

and lows was greater during late summer on Hanging Woman Creek

in 1980 and on both creeks in 1981. The 7-day average temperatures
were higher on Otter Creek in 1980, while in 1981, Hanging Woman
Creek exhibited the higher 7-day average temperatures.

Aquatic Macroinvertebrates

Macroinvertebrate samples were collected. at all sites where water
was present during the period May 13-June 19, 1981. The summer
invertebrate samples, collected August 24 through September 1,
were taken at all reaches on the Otter Creek and Hanging Woman
Creek mainstems. Spring samples were taken in stream areas
designated as pools and runs in almost equal proportion. During
summer sampllng, as streams began to dry up, a higher proportion
of the sites were composed of pools. Fifty-four percent of the
pool samples were taken on substrates composed entirely of

fines (muck). Remaining pool samples were composed of fines with
smaller proportions of gravel and rock.

Seven of the nineteen samples obtained from areas designated

as runs were composed entirely of fines (muck). In the remaining
samples, gravel and sand comprised the greatest proportion of the
substrate.

The average water depth of pool samples was 34 cm while average
depth of runs was 17 cm. Spring water temperatures ranged from
8.90C to 26.7°C while summer temperatures at the sample sites
ranged from 15.60C to 32.20C. Data obtained on water chemistry
during summer sampling produced results correlating closely to
analyses conducted during fish sampling efforts. Sites were
generally characterized by thick aquatic vegetation in standing
water.

The identification of all macroinvertebrates sampled within the
study area 1s summarized in Table 10. Jewell (1927) states

that in smaller stream habitats where water flow is less, the
richness of aquatic fauna is higher. The diversity of organisms
at sampling locations within this study in most cases was high,
particularly on the Otter Creek and Hanging Woman Creek mainstems.
Tributary streams demonstrating high macroinvertebrate diversity
included East Fork Hanging Woman Creek, Home Creek, Taylor Creek
and Cow Creek.

The majority of individuals collected represent seven orders

of the class Insecta. Diptera, was the most common order occurring
in 90% of the streams sampled. Previous studies on eastern
Montana prairie streams (Elser et al. 1978; Morris et al. 1981)
reported similar findings, with Diptera representing the most
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common order of aquatic invertebrates in those study areas.
Diptera, represented by 11 families and 57 genera, had the

highest diversity of the orders. Thirty-four percent of the

total number of individuals collected were identified as

members of this order. The largest family represented was the
chironomidae which included 38 genera. This is not surprising

as chironomid species are adapted to a wide range of environmental
gradlents and are known to inhabit every type of aquatic and
seml-aquatlic habitat (Coffman 1978). Micropsectra and Chironomidae
pupa were the most widely distributed Dipterans, each occurring

at 58% of the sample sites.

Odonata (damselflies and dragonflies) were present on 65% of the
streams sampled. Five families and 11 genera represented this
order, with Tshnura spp. being the most widely distributed. This
genus alone represented 81% of the individuals collected in this
order. Morris et al. (1981) also found this genus to be the most
widely distributed of the Odonata group on tributaries to the
lower Yellowstone River. Elser et al. (1978) observed this

genus to be distributed throughout Beaver Creek, a stream in
eastern Montana similar to streams in this study.

Ephemeroptera (mayflies), a group found in a wide variety of
environmental conditions (Bell 1969; Schmidt 1977; Schwehr 1977),
were present at 70% of the sites analyzed. The two most widely
distributed of the mayflies were Callibaetis Sp. and Caendis sp.
These two genera were also dominant forms on Beaver Creek (Elser
et al. 1978) and Sarpy Creek (Clancey 1978).

Tricoptera (caddisflies), although not abundant, were distributed
throughout the study area. Cheumatopsyche Sp., a genus tolerant
of diverse environmental conditions (Schwehr 1977), was the most
common caddisfly encountered.

No individuals belonging to the order Plecoptera (stoneflies) were
ldentified. However, at three sites within the Tongue River (two
situated near the mouth of Hanglng Woman Creek and one near Otter
Creek), Gore (1975) identified five speclies belonging to this
order.

Hyatlela azteca was a common amphipod found to be widely

distributed in both drainages. Habitats where this specles was
encountered ranged from standing pools containing thick organic
debris and muck type bottoms to clearer stream channels

consisting of gravel substrates. In terms of numbers of individuals,
this species comprised 17.4% of the total number of individuals
collected.

Shannon-Weaver Diversity Indicies

Shannon-Weaver diversity indiciles for the macroinvertebrates are
presented in Table 1l1. An explanation of the indicies is
contained under the section on fish. It must be emphasized that
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due to the small sample size, asymptotic diversity is not
reported here.

In most instances, the higher diversity (d) values were obtained
on the Hanging Woman Creek and Otter Creek mainstems. However,
several tributarles including Home Creek, Taylor Creek and

Bear Creek had values greater than 3 indicating good species
diversity. The highest (d) value recorded was Cow Creek with
4,33, TFour tributaries had a value of 0 indicating the presence
of only one species.

Redundancy values were lowest (indicating a larger choice of
species) at the lower reaches of Otter Creek and several of 1its
tributaries. Values were generally higher in the Hanging Woman
drainage.

Evenness values were similar for most of the study area.
Calculations indicated that most specles abundances were nearly
equal. The raw data supports this conclusion. Although a large
number of different species were identified, only a few individuals
of each species were collected.

Equitability values were not good for the study area indicating
levels of habitat degradation as defined by Newell (1977).
However, these values have a similar range to those calculated
for Upper Young's Creek (Schmidt 1977), a tributary of the Tongue
River near the Montana-Wyoming border. These values may be
indicative of prairie stream conditions characteristic to this
area.

Species richness values, indicating the number of species present,
were higher on the Hanging Woman Creek and Otter Creek mainstems.
However, three Otter Creek tributaries, Home Creek, Taylor Creek
and Cow Creek reported three of the five highest values calculated.

Baseline data collected on the -aquatic invertebrates of the
area provides a general understanding of the community structure
and composition as 1t presently exists. Although diversity and
density of invertebrate communities vary seasonally as a result
of natural cyclic fluctuations, they remain relatively stable
from year to year (Isom 1978). The response of invertebrate
communities to a change in habitat quality is by adjustments in
community structure. Thus, aquatic invertebrates obtain
importance as indicators of both subtle and significant change
in water quality. By monitoring changes in the invertebrate
community, a change in the water quality of the area can be
detected.

FISH

Distribution

During the study, 25 species of fish representing six families
were 1dentified. A taxonomic breakdown of these families is
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All names are in accordance with

American Fisheries Society (1980) standard nomenclature.

Table 12, Taxonomic status, scientific and common names of fish
sampled in the study area.

Family Scientific Name

Esocidae Esox Lucdus Northern pike

Cyprinidae Cyprinus carpio Carp
Notemigonus crysoleucas, Golden shiner
Semotilus atromaculatus Creek chub
Hybopsis gracilis Flathead chub
Couesius plumbeus Lake chub
Notrnopis strhamineus Sand shiner
Hybognathus hankinsond Brassy minnow
Pimephales promelas Fathead minnow
Rhinichthys catanractae Longnose dace

Catostomidae Carpoides canpio River carpsucker
Moxostoma macrolepidotum Shorthead redhorse
Catostomus catostomus Longnose sucker
Catostomus commensond White sucker

Ictaluridae Ictalunus melas Black bullhead
Tcetalurus nataldis Yellow bullhead
Notunus fLavus Stonecat

Centrarchidae AmbLoplites rupestrnis Rock bass
Lepomis cyanellus Green sunfish
Lepomis gibbosus Pumpkinseed
Micropterus dolomieud Smallmouth bass
Pomoxis annulanis White crappie

Percidae Perca fLavescens Yellow perch

Stizostedion canadense
Stizostedion vitreum

Sauger
Walleye

The greatest number of species belonged to Cyprinidae, a
family well represented in the small streams of eastern Montana.
Four species of sport fish representing three different

famllies were found to occur in the aresa.

These specles

included northern pike, smallmouth bass, sauger, and walleye.
In previous sampling efforts, another game fish, the channel
catfish, was found at the mouth reaches of both Hanging Woman

and Otter creeks (Mt. Dept. FWP, unpublished data).

The rock

bass consldered a game fish in other states although not holding
that status in Montana (Brown 1971) was also identified.
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A distribution 1listing of all fish species occurring in the
study area is presented in Table 13. From this table, a
structure of species occurrence is revealed. Fishes
characteristic of larger bodies of water, noteably the
Esocidae, Percidae and most specles of Castostomidae, and
Centrarchidae, are shown to be present at the lowest reaches
of Hanging Woman Creek and Otter Creek. The cyprinids on the
other hand, as well as the white sucker, green sunfish, and
pumpkinseed, are more widely distributed through both drainages.
The lake chub, white sucker, and brassy minnow were the

three most widely distributed species, having occurrences in
the study area of 93.3%, 60.0%, and 53.3%, respectively. All
species identified were found previously in both drainages
(Elser et al. 1980).

Seven additional species are known to be present in the study
area (Elser et al. 1980), including emerald shiner, plains
minnow/western silvery minnow, smallmouth buffalo, channel
catfish, bluegill, and black crappie. Variations in stream
conditions, time of sampling, and changes in fish movement
could have contributed to the absence of these speciles during
the current study.

Species Composition

Specles composition for Hanging Woman Creek is tabulated in
Table 14. At the lowest reach, the white sucker is by far the
most common comprising 40.2% of the population. Through the
mid-portions of the drainage the fathead minnow, white sucker,
green sunfish and pumkinseed, in various combinations, dominate
the composition of fishes. Fathead minnow numbers remain high
in the upper portions of the drainage while brassy minnow
numbers lncrease to relatively the same proportion. At Hanging
Woman Creek, site 6, the lake chub comprises 92.4% of the total
sample. Species diversity decreased with consecutive upstream
sites as would be expected.

Table 15 shows species composition for Otter Creek. As on
Hanglng Woman Creek, the white sucker was the most common species
at the lower reaches, Otter Creek sites 1 and 2, where it composed
42.1% and 58.7% of the sample, respectively. This species remains
prominent at the uvstream sites. At site 3, the golden shiner,
brassy minnow, pumpkinseed, white sucker, and fathead minnow

make up 91% of the sample in almost equal proportion to one
another. The pumpkinseed increases in prominence at sites U

and 5 with the lake chub dominating the species composition at the
remainder of the upstream sites. In comparing the Hanging

Woman Creek and Otter Creek results, a similar progression in
specles distribution occurs with consecutive upstream sites.

Seven specles were identified on the tributary sites. The
speclies and their percent composition are shown in Table 16.
Thirteen of the twenty-two streams (59.1%) contained fish in
some portion of their drainages. Lake chubs were present in all
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streams containing fish with the exception of Lee Creek. 1In

five streams, the lake chub was the only species found. The
brassy minnow and white sucker were the second two most commonly
occurring species present on 8 and 7 streams, respectively.

Both species were identified on the same five streams. The

East Fork of Hanging Woman Creek had the greatest diversity of
species of all the tributaries. In earlier sampling efforts

(MT. Dept. FWP, unpublished data), the brassy minnow was also
taken in the East Fork. In general, the diversity of the
tributary streams could be considered low with one or two species
dominating the total sample. Due to the character of these
tributary streams it is not surprising that the diversity of
fishes is low. Without the higher flows of spring, fish movement
and reintroduction, even if only temporary, were inhibited.

The chances of survival of fish occupying an area were also
diminished as a result of an increasingly stressed environment.

Spring Trapping and Electrofishing Results

Traps were placed at the mouth reaches of Hanging Woman and
Otter creeks during the springs of both years of the study to
sample migrant fishes moving out of the Tongue River. During
June of 1981, electrofishing was employed when high water
rendered the traps ineffective. In 1980, traps were fished
from April 11 through June 20. In 1981, traps were utilized
from April 9 through May 25. Electrofishing gear was then
employed during the high water in June. By late June the
water levels of both creeks had subsided and traps were again
stationed in their original locations. By this time, however,
several days of sampling indicated that spring movements from
the Tongue River had subsided and the traps were removed.

During sampling, traps were checked generally every other day.

A record was kept of species, number of individuals, length-
weight information and those in spawning condition. The
results presented here emphasize data obtained using the traps
with inclusion of information obtained during the shocking runs.

Hanging Woman Creek

The number of fish collected on Hanging Woman Creek at each

trap set for 1980 and 1981 is illustrated in Figure 6. The
number collected was generally higher in 1980 with exception of
the June collections, probably as a result of using the
electrofishing gear in 1981 which may have been a more effective
means of sampling. Although numbers collected at each trap were
generglly greater in 1980, the diversity of species was higher
in 19381.

The first appearance of smallmouth bass for both years occurred
on May 6. In 1980, the first ripe female smallmouth bass was
collected on May 7. Individuals in spawning condition in 1981
were collected late in the sampling (June 11). Collections
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involved the use of traps in 1980 and both traps and the electro-
fishing boat in 1981. Other game fish collected included six
northern pike, May 13 through June 18, 1980, two sauger caught

on nearly the same date, 6-2-80 and 6-5-81, and three walleye
collected 6-4-80 and 6-16-81. One walleye was determined to be

a ripe female. No other individuals were found in spawning
condition. Seven rock bass were taken on June 4 and 13, 1980

and from May 22 through June 16, 1981,

The three most abundant speciles collected during trapping were
the white sucker, shorthead redhorse and river carpsucker.

Each comprised 52.5%, 12.7% and 12.3%, respectively, of the
total sample during spring trapping. A definite pattern in
movement of these species into Hanging Woman Creek was observed
during the spring of 1980 (Figure 7). White sucker numbers
were high during the early portions of April, decreasing rather
abruptly after April 22, and replaced toward the end of April
by the shorthead redhorse. Although their numbers don't reach
a high peak, they are more numerous than the white sucker.

The river carpsucker follows, moving into Hanging Woman Creek
during June. River carpsucker numbers peak by June 16, 1980
and quickly drop off to zero by June 20. A similar analysis
was attempted with the 1981 results, however, fewer numbers

of individuals of these three species were collected and the
pattern was not recognized.

Otter Creek

Trapping on Otter Creek extended from April 11 - June 20 in
1980 and April 9 - May 28 in 1981. As on Hanging Woman Creek,
electrofishing was employed during high water from June 5 -
June 22, 1981. The number of fish collected per trap set for
1980 and 1981 on Otter Creek is presented in Figure 8. The
numbers collected during both years was higher at this trap
than for the one located on Hanging Woman Creek.

The first collection of smallmouth bass during trapping in

Otter Creek was April 28 in 1980 and April 16 in 1981. The
smallmouth bass arrived earlier in Otter Creek than in Hanging
Woman Creek during both years of sampling. The first indication
of ripe individuals in 1980 was June 11 and in 1981, June 8.

In all, forty smallmouth bass were collected on Otter Creek.
Twenty-~eight percent (11 of U40) of all smallmouth bass were
collected on 5-14-80. A drift net was set at the mouth of

Otter Creek in an attempt to collect young of the year smallmouth
bass. Although efforts failed to obtain young by this means,
seine hauls on September 8, 1981 above the mouth site produced
an abundant number of smallmouth bass ranging from young of

the year to adults of various age classes.

Twenty-two rock bass were collected during trapping. Rock bass
were first collected in 1980 on April 25 and in 1981 on May 13.
Both of these collections are earlier than those made on Hanging
Woman Creek,
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The length-weight measurements for sport fish collected during
the spring sampling were averaged for both years of the study
and are summarized in Appendix K and L.

Sampling in 1980 on Otter Creek indicated that the number of
fish encountered during the early stages of trapping were high,
wlth a gradual decrease during May and another increase during
June. During 1981 on Otter Creek the number of fish collected
increased to distinct peaks a number of times throughout the
sample perlod. A comparison of fish movement with flow measure-~
ments (USGS, unpublished data) indicate that fish movement
increases in direct correlation with increases in spring flows.

Movements of the white sucker, shorthead redhorse and river
carpsucker into the mouth of Otter Creek during 1980 and 1981
are compared in Figures 9 and 10. In 1980, the white sucker
accounted for the high numbers in early April, followed by
shorthead redhorse numbers in late April and early May while
river carpsucker increased in June. This same pattern of
movement was observed on Hanging Woman Creek during 1980

and also observed on Otter Creek by Clancey (1980)., The
various peaks observed in 1981 (Figure 10) are readily compared
to the various peaks of movement of white sucker, shorthead
redhorse and river carpsucker movement illustrated in Figure 8.
White sucker numbers were consistently higher over a more
prolonged perlod of time in 1981. The peaks for white sucker
and shorthead redhorse were later in 1981 when compared with
the 1980 data.

During both years of sampling, sufficient numbers of ripe white
sucker and shorthead redhorse were collected on Otter Creek to
chart the timing and movements of the males and females of

both species. Figure 11 shows these movements. As noted
previously, the majority of the two specles had an earlier
migration upstream in 1980 than 1981. Thermograph data indicated
that water temperatures increased earlier in the spring of 1980
which might account for this earlier upstream movement. Meyer
(1961) states that the time of spawning for the shorthead
redhorse is influenced by comparatively slight changes in water
temperature.

In 1980, white sucker males preceded the females into Otter
Creek. The peak in movement of females occurred as the number
of males decreased. Much less pronounced peaks in the movement
of ripe individuals was observed in 1981. However, the number
of males was higher during early upstream migration with a
gradual decline as the ripe females moved in.

As the number of spawning white suckers decreased in 1980,

ripe individuals of shorthead redhorse increased. Although

the total number of males was less than the number of females
observed, the initial collections had a higher ratio of males to
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Movement of white sucker and shorthead redhorse females
(=) and males (---) into the mouth section of Otter
Creek by spvecies and year.
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females. Spring movement of shorthead redhorse in 1981 occurred
later than in 1980. Numbers of males and females collected were
similar throughout sampling.

Shannon-Weaver Diversity Indicies

The fundamental use of species diversity indicies applied to
biological communities is to provide an insight into community
structure. Aquatic organisms are continually subjected to
environmental changes both natural and man-caused. An expression
of high diversity would relate to places having a stable or
predictable environment while low diversity would indicate

places of instability (Newell 1977). The availability of
ephemeral habitats will also have a profound influence on the
diversity indicies of streams (Harima and Mundy 1974).

A direct result of additional environmental stress to a system

is a reduction in species diversity or a simplification of the
system. Diversity indicies therefore provide a means for monitoring
stress to biological communities by analyzing changes in diversity
patterns. Table 17 summarizes calculations made using the Shannon-
Weaver diversity indicies (Wilhm and Dorris 1968) for all sites in
the study area where values could be determined.

Diversity (d) is a useful method for summarizing community
diversity. It expresses the relative importance of each species
in the community. When all individuals belong to the same species
a value of zero is obtained. A diversity value of zero was
given to Fifteenmile Creek, Horse Creek, Pasture Creek, Stroud
Creek and PK Creek. The maximum value of (d) is dependent on
the number of individuals counted, and usually varies between 3
and 4 on clear water streams and less than one in polluted

areas (Wilhm 1970). Diversity values were low (less than 3) for
the study area. Otter Creek site 1 and Hanging Woman Creek

site 1 had the highest values measured at 2.77 and 2.91,
respectively.

Redundancy values are a measure of the repetition of information
within a community. It 1s an expression of dominance of one or
more species and 1is inversely proportional to the wealth of the
species (Wilhm and Dorris 1968). Creeks having smaller
redundancy values will therefore have a larger choice of species.
In the study area, values were generally higher at tributary
sites and upper portions of both Hanging Woman Creek and Otter
Creek. This is expected since it is a common trend for
diversity to increase with progression downstream.

Evenness indicates the disparity between species abundances
(Newell 1977). Maximum evenness 1s acquired when species
abundances are equal while the value becomes smaller with
greater differences in species abundances. Most values
calculated for evenness were similar. The lower evenness values
were obtained at the tributary sites and the upper reaches

of the two mainstems.
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Equitability, a ratio of the observed d to a maximum theoretical
diversity, is computed as though all individuals were equally
distributed among the species. Increases in equitability

values indicate a more even distribution of speciles. According
to Newell (1977), equitability 1s sensitive to even slight
levels of degradation. Good values are considered to be

from 0.0 to 0.3. Values for the study area are within this
range.

Species richness is a measure of the number of speciles present
with the increase in value indicating a larger number of species
(Hurlbert 1971). The highest values were obtained at sites

on the mainstems of Hanging Woman Creek and Otter Creek.

Classification of Streams.

Montana Department of Fish, Wildlife and Parks (1980) has
developed a procedure for classifying Montana streams which can
be useful in determining the importance of the aquatic resources
of an area. The system is designed to assign each stream a
species and habitat value and a sport fishery potential value.
The higher value class of these two criteria then 1s the assigned
fishery resource value.

The habitat and species value (criterion 1) was determined by

a point system in which the most points were awarded for important
habitats of fishes of special concern. Fishes of special concern
are defined as native fishes found in limited numbers and/or
limited waters. Fewer points were awarded to less important
habitats of fishes of special concern and/or the occurrence of
widespread species found in substantial numbers. The least points
were awarded for occurrence of non-indigenous species considered
of minimal value. Points were also given for spring streams,
esthetics, and the value to the local community for scientifilc
study, nature study, and/or recreation.

Sport fishery potential (criterion 2) was based on a point
system in which points were awarded for (1) fish abundance as
indicated by biomass or numbers and sizes of game or sport fish,
(2) ingress (legal rights of the public to fish the reach or
willingness of landowner to permit fishing), (3) esthetics,

and (4) fishing pressure.

Each stream was rated and then assigned to one of the six value
classes established. Each class is labelled as follows:

Value Class Class Identification

Highest value fishery resource
High priority fishery resource
Substantial fishery resource
Limited fishery resource

Low value fishery resource

Not yet classified

U1 Ew N+
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Each reach in Otter Creek and Hanglng Woman Creek and all
remaining study streams were classified and ranked according
to this system. The assigned points and value class for each
of the streams are presented in Table 18. These ratings
provide another block of information to be utilized in the
management decislon-making process. It also ranks the streams
in this study in relation to other streams in eastern Montana
which have also been classified under this system.

The highest value rating obtained was a class 2 (species and
habitat criteria) on Hanging Woman Creek, reach 1. This value
class 1s defined as a high priority fishery resource which

is of considerable significance in this area. Special consider-
ation should be given to this reach of stream and areas within
the drainage potentially affecting it. This will provide
protection against a loss in the quality of the fishery that
presently exlsts.

The remaining five reaches of Hanging Woman Creek, five reaches
of Otter Creek, and three additional streams, tributaries of
Otter Creek, received a value rating of 3. In all instances,
this value was given for the species and habitat value. The
source of high point accumulation for the Otter Creek and Hanging
Woman Creek reaches were a result of the large number of fish
species with additional points for esthetics and springs. The
tributaries, Horse Creek, Indlan Creek and Cow Creek, acquired
their point accumulation for esthetics and springs.

Of the remaining Otter Creek tributaries, five were rated

class 4, a moderate fishery resource, one was rated class 5,

a limited fishery resource and five creeks considered dry were
assigned class 6. The class 6 status is considered a negligible
fishery resource or one not yet classified.

For the Hanging Woman Creek tributaries, Stroud Creek, Lee
Creek, and East Fork Hanging Woman Creek (all situated in the
lower portion of the drainage) were rated class 4. The five
remaining tributaries were considered not yet classified.
Poker Jim Creek and O'Dell Creek were also assigned a class 6
rating.

DISCUSSION

The area encompassed in this study is an ecologically diverse
prairie ecosystem. Although low precipitation levels during

the course of the study intensified a generally harsh aquatic
system, the aquatic fauna were diverse and abundant where
conditions allowed. The water resources of the area are a
precious commodity both to aquatic 1life and the people inhabiting
the area. Water resource use at the present time by man

supports the local, agriculturally-based economy.

The study streams are characteristic of the prairie type
aquatic ecosystems associated with this region of Montana. The
streams are natural, structurally diverse water courses. Typically,
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Table 18 . Stream classification values for streams 1in the Hanging
Woman. Creek-Otter Creek study.

OTTER CREEK AND ASSOCIATED TRIBUTARIES

) Species & Habitat Sport Fishery Potential
Stream Points Value Class Points Value Class
Otter Creek
Reach 1 6.4 3 4 5
Reach 2 5.8 3 4 5
Reach 3 6.2 3 4 5
Reach 4 5.2 3 4 5
Reach 5 4.6 4 4 5
Reach 6 5.3 3 4 5
Reach 7 3.6 4 4 5
Reach 8 6
Reach 9 3.8 4 4 5
Reach 10 6
Pasture Creek 3.4 4 4 5
Tooley Creek 6
Bear Creek 4.0 4 4 5
Horse Creek 6.1 3 6 4
Indian Creek 7.1 3 5 4
Cow Creek 6.3 3 6 4
Taylor Creek 4.1 4 4 5
Lyon Creek 6
Elk Creek oL 5 4 5
Fifteenmile Creek 3.1 4 4 5
Tenmile Crieek 6
Threemile Creek 6
Home Creek .3 4 4 )
East Fork Otter 6

Creek
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Table 18 . Continued

Species & Habitat Sport Fishery Potential
Stream Points ‘Value Class Points Value Class

HANGING WOMAN CREEK AND ASSOCIATED TRIBUTARIES

Hanging Woman Creek

Reach 1 10.1 2 7 4
Reach 2 8.8 3 6 4
Reach 3 8.5 3 5 4
Reach 4 7.4 3 5 4
Reach 5 7.6 3 5 4
Reach 6 7.5 3 5 4

Waddle Creek 6

Trail Creek 6

Corral Creek 6

PK Creek 6

Horse Creek 6

Stroud Creek 3.3 4 4 5

Lee Creek .D 4 4 5

East Fork Hanging 4.7 4 4 5

Woman Creek

OTHER TONGUE RIVER TRIBUTARIES
Poker Jim Creek 6

O'Dell Cr%gk s
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streams of this type have a good buffering capacity. Meanders
lessen the effects of floods, pools offer refuge to fish during
dry times, and the shade produced by streamside vegetation
lessens heat loads and decreases the oxygen robbing effects of
algal bloom (Gorman and Karr 1978).

Stream condition ratings indicated that the drainages under

study are not excessively abused by agricultural activities nor
deteriorated as a result of natural processes. Stream bank
vegetation ranged from thick brush and trees to grasses to sparse
plant growth and sagebrush. In most areas, the riparian zone was
well developed, although several of the Intermittent and ephermeral
streams had less well defined riparian habitats. The riparian
zone and surrounding watershed play an important role in the
quality of aquatic habitat (AFS 1980). Often streams are energy
dependent on the riparian vegetation and the watershed (Kennedy
1977). Riparian vegetation also influences the ability of a
stream to support a fishery (Gerhart 1979) as well as determining
specles composition (Patton 1977, Karr and Schlosser 1977).
Protection of the riparian zone will insure a more stable aquatic
habitat and maintain the quality of the aquatic resources.

The diversity of aquatic macrolinvertebrates was generally high
in the study area. Diptera was the most diverse and widely
distributed order, which is typical of streams 1in prairie-type
habitats. Data collections were readily correlated with results
obtained in several other studies in eastern Montana. An
assessment of the structure of macroinvertebrate communities

in theilr present state provides a basis from which to determine
changes to the aquatic environment.

The most common fish in the study area consisted of species
comprising the Cyprinidae. The diversity of fishes was highest

on the Hanging Woman Creek and Otter Creek mainstems, particularly
in the lower reaches, as a result of an influx of speciles from the
Tongue River. At these sites, specles assoclated with larger
waters and game species were present. The upper portions of
Hanging Woman and Otter creeks and their tributaries supported
small stream fishes. Only the hardiest of species capable of
withstanding high summer temperatures and low oxygen levels were
identified in the less permanent, isolated waters.

In regards to species composition, it has been suggested that

in any grouping of fish populations there are two categories

of individuals, those that are sedentary and abundant and those
that are uncommon and highly mobile. Making this assumption then,
a majority of the individuals present throughout the year will
comprise only a few species (Harima and Mundy 1974). Within the
streams studied, this phenomenon characterized the populations
of fish sampled. It was particularly evident when comparing
individual sampling runs during the course of the fleld season
as well as in the final commulative results. Species which were
numerous in the sampling area tended to remain so throughout
sampling while composition of less common speciles was observed
to change.
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Hanging Woman Creek and Otter Creek can be considered to be
aquatic habitats of significant importance to game fish in the
Tongue River. Five specles of sport fish are known to enter
the lowest reaches of these two streams. Northern pike and
smallmouth bass migrate from the Tongue River in the spring to
utilize these slower waters as spawnling and rearing areas.
Considering the limited available habitat for smallmouth bass
and rock bass 1n eastern Montana, the value of these water
resources to the Tongue River fishery is evident. Protectlon
of habitat in the lower reaches of Hanging Woman Creek and
Otter Creek from degradation of the immediate surroundings
‘(stream bank cover, substrate characteristics and/or water
quality) should be a high priority in management considerations.

The fishery resource value ratings obtained for study area
streams indicate that the majority of streams were rated either
a limited fishery resource or a substantial fishery resource.
These ratings were derived for the specles and habitat

criteria. The highest value, identified as a high priority fishery
resource, was obtained for Hanging Woman Creek, site 1. It is
evident that the lower reaches of Hanging Woman Creek and

Otter Creek provide a viable fishery. In protecting these areas,
special consideration must be given to the affects that
developmental changes in the upper portions of these drainages
will have on the quality of these downstream sites.

The aquatic communities of the prairie are delicately balanced
systems. For example, it is a misconception that warm water
species have a greater capacity for tolerating temperature
increases. Tests comparing cold water and warm water species
indicate that warm water specles are more susceptible to
temperature changes since, in many cases, they are llving at or
near their lethal level (Karr and Schlosser 1977). Slight changes
to an aquatic ecosystem on the prairie in some areas then, might
have a devastating effect on organisms within the aquatic
community. Management decisions, therefore, must be thoroughly
evaluated prior to initiation of resource development, in order
to determine the magnitude of consequences to the aquatic systems
of the area.

In light of future energy development in this area, an assessment
of the aquatic resources in their present state was essentilal.

An adequate data base provides background information from

which sound management decisions can be made. It also serves

as a basis for detecting future changes to the aquatic environment
resulting from watershed degradation.
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Waters referred to:

Otter Creek 21-0725

East Fork Hanging Woman Creek 21-0400
East Fork Otter Creek no code
Home Creek no code
Three Mile Creek no code
Fifteenmile Creek no code
Elk Creek no code
Lyon Creek no code
Taylor Creek no code
Indian Creek no code
Pasture Creek no code
Cow Creek ' no code
Tooley Creek no code
Bear Creek no code
O'Dell Creek no code
Poker Jim Creek no code
Lee Creek no code
Stroud Creek no code
Horse Creek no code
Pike Creek no code
Corral Creek _ no code
Trail Creek no code
Waddle Creek no code

Key words:
Streams, Prairie
Habitat
Temperature/environment/
Bottom characteristics
Vegetation, riparian
Pike, northern
Minnows
Suckers
Catfishes, fresh-water
Sunfishes
Bass, rock
Perches
Insects, aquatic
Species diversity
Distribution
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Appendix A . A list of all study streams and sample sites investigated.
The location numbers are based on the federal system of
land subdivision.

Stream Sites Legal Description

Otter Creek and Associated Tributaries

T3S,RULE,S2 CD
T3S,R45E,S19 DB
T4S,RU5E,S22 BD
T5S,R45E,S2 BD
T5S,R45E,326 AB
T6S,R46E,S19 CA
T7S,R45E,S13 DB
T8S,R46E,S6 DB
T8S,R46E,S18 DA
T9S,RU6E,S4 BD
T33,R45E,S20 BC
T2S,R46E,S35 AC
T3S,R45E,S29 DB
ThS,R45E,S3 DD
T5S,R45E,S1 BB
T5S,R46E,S18 CD
T53,R45E,S25 BC
T6S,RL6E,S5 BC
T6S,R46E,S33 CA
T6S,RU6E,S35 AD
T7S,R46E,S10 AD
T6S,R46E,S30 BD
T6S,R45E,S25 BB
T6S,R45E,S21 AD
T6S,RU5E,S17 DC
T7S,R46E,S6 DC
T7S,RU6E,S22 DA
T6S,R45E,S33 BD
T7S,RU5E,S27 AC
T7S,R45E,S28 AA
T8S,R46E,S1T7 CB

Otter Creek

East Fork Otter Creek

Home Creek

Threemile Creek

Tenmile Creek

Fifteenmile Creek

Elk Creek

Lvon Creek

Taylor Creek
North Fork
South Fork

Cow Creek

Indian Creek

Horse Creek
Bear Creek
Tooley Creek
Pasture Creek

FRRPHORSFOWOHWRORFEFERFEEFDEOW O~ WU &SW N

Hanging Woman Creek and Associated Tributaries
Hanging Woman Creek T6S,R43E,S18 BD
T7S,R4U3E,S5 AC
T7S,R43E,S30 CB
T8S,R43E,S17 DD
T9S,R43E,S4 AD
T9S,R43E,S35 CA
T6S,R43E,S20 DB
T6S,RULE,S29 BD
T6S,RULE,S28 DB
T6S,RU3E,S32 DD
T7S,RULE,S18 BD

East Fork Hangling Woman Creek

Lee Creek

MEWMPDH O WM
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Stream

Sites

Legal Description

O

Hanging Woman Creek and Associated Tributaries Continued

Stroud

Horse Creek
PK Creek
Corral Creek
Trail Creek

Waddle Creek

Poker Jim Creek
0'Dell Creek

WRHNHNHERFFN

T7S,R43E,S32
T83,RU3E,S2
T8S,R43E, S22
T83,RU3E,S28
T9S,RU3E, Sk
T93,R42E, S1
T9S,RU3E,S3
T9S,RUUE, S27
T93,RU3E,S15
T9S,RU3E,S29
T10S,R43E,S5

Other Tongue River Tributaries

T53,R43E,S17
ThS,RU4E,S31

DD
AC
BC
AD
AB
BD
DD
AB
cC
DB
AC

DB
BD
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Appendix B . List of scientific and common names for streamside plant
species identified at study sites.
Catagory Scientific Name Common Name

Woody species

Grasses-Sedges~
Rushes

Forbs

Acen negundo

Antemesia cana

Cornnus stolondifera
Fraxinus pennsylvanica
Junipercus scopulorum
Pinus SPD.

Populus deltoides
Prunus virginiana
Ribes spp.

Ribes amenicanum

Ribes aunreum

Ribes cenreum

Ribes setosum

Rosa spp.

Rosa woodsil

Salix spp.

Salix exdigua

Shependia anrgentia
Symphoricarpos occidentalis

Agropyron spp.
Agropyron elongatum
Agropyron trachycaulum
Agrostis

Alopenrcus pratensdis
Bromus spp.

Bromus Ainenmds
Bromus japonicus
Carex Lanuginosa
ELeochanis palustris
ELymus cinerneus
Equdsetum

Hordeum jubatum
Phalanis arundinacea
Poa phratensis
Scirnpus  Spp.
Spanrtina pectinata
Typha Ratifolia

Asclepdia spp.
Cinsium spp.
Cinsium arvense
GLlycyrnnhiza Repidota
Humulus Luputus
Mentha arvensis
Helianthus spp.
Brassica spp.

Boxelder

Silver sage

Red dogwood

Green ash

Rocky mountain Juniper
Pine genus

Plains cottonwood
Chokecherry
Gooseberry-current genus
Black current

Gold current

Squaw current
Red-shoot gooseberry
Rose genus

Wood's rose

Willow genus

Slender willow
Buffaloberry

Western snowberry

Wheatgrass

Tall wheatgrass
Slender wheatgrass
Bentgrass

Meadow foxtail
Brome genus

Smooth brome
Japanese brome
Woolly sedge
Creepling sedge-rush
Basin wildrye

Horsetall; scouring rushes

Foxtail barley
Reed canarygrass
Kentucky bluegrass
Bulrush genus
Prairie cordgrass
Common cattail

Milkweed genus
Thistle genus
Canadian thistle
Licorice

Common hop

Field mint
Maximillion sunflower
Mustard
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Appendix I, A summary of water chemistry data for the Otter Creek

drainage, 1980-1981.

Total Total
Hardness Alkalinity COp D.0., Temp.
Stream Date pH mg/1 mg/1 mg/1l mg/1
Otter Creek 1 8-5-80 7.4 1350.9 632.7 50 8 -
10-14-80 7.6 940.5 615.6 30 7 7.2
4-1-81 8.0 1026.0 461.7 30 9 10.6
8-24-81 7.7 1008.9 581.4 25 - 28.9
2 L4-80 7.8 1248.3 530.1 30 9 13.3
8-14-80 7.5 T786.6 - 45 7 -
10-14-80 7.7 906.3 684,.0 65 9 10.0
4-.16-81 7.5 1179.9 615.6 50 5 11.7
7-6-81 7.6 923.4 581.4 45 6 21.1
8-26-81 7.7 718.2 564.3 55 9 21.7
3 4-80 7.7 1bo02.2 564,3 30 7 11.1
8-5-80 7.5 1556.1 495.9 20 9 -
10-14-80 7.6 1214.,1 513.0 105 12 10.6
4-1-81 7.5 1077.3 461.7 20 11 10.6
7-1-81 8.5 1111.5 188.1 45 21 32.2
8-26-81 8.0 1231.2 478.8 - 7 26.7
4 4-80 7.6 1453.5 307.8 30 5 -
7.6 1521.9 581.4 10 15 -
10-14-80 7.8 1214,1 530.1 4o 13 11.1
4-23-81 7.4 1761.3 547.2 4o 7 16.7
7-6-81 7.5 1316.7 410.4 10 14 28.9
8-27-81 7.8 1077.3 - 95 8 25.6
5 4-80 7.8 1453,5 530.1 30 9 14.4
8-14-80 7.6 1248.3 - 25 13 -
10-25-80 7.8 1008.9 4i1o.4 4o 12 3.3
4.8-81 8.2 1162.8 461.7 4o 8 10.
7-9-81 7.5 1094.8 410.4 20 20 26.7
8-27-81 7.8 940.5 376.2 - 10 21.7
6 U4-80 7.9 1504.8 530.1 35 10 -
8-14-80 7.7 1368.0 - 25 20 -
10-25-80 7.7 991.8 h61.7 4o 14 3.9
4-7-81 7.7 1402.2 513.0 25 10 8.3
7-1-81 7.4 1214,1 478,7 4o 10 25.0
8-25-81 7.7 1282.5 393.3 35 19 27.2
7 5-28-80 7.6 1710.0 - 40 18 -
10-25-80 8.0 1539.0 huy,6 10 13 7.2
7.6 1385.1 393.3 50 10 -
h-7-81 7.8 1641.6 huh,6 25 12 11.7
7-1-81 7.6 1692.9 564,.3 45 9 21.7
8-25-81 8.0 1710.0 342,0 35 13 32.2
8 u-80 Dry
7-22-80 Dry
9 5-28-80 7.8 3864.6 - hs 15 -
8"7"80 707 408609 29007 2 12 bt
10-25-80 7.7 2547.9 bgl,9 8 - 6.7
6-2-81 7.8 2308.5 huy,6 4o 10 24 .4
8-27-81 8.0 2599,2 290.7 - 12 26.7
10 L4-24-80 7.6 U4668,1 530.1 50 10 -
h-14-81 Dry
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Appendix I . Continued
Total Total
Hardness Alkalinity CO D.O. Temp
Stream Date pH mg/1 mg/1 mg/l  mg/l oC
Pasture 1 4-80 7.6 3266.1 - 50 17 -
11-6-80 7.4 2565.0 752.4 25 6.7
6-2-81 7.7 2240.1 h78.8 4o 8 29.4
Tooley 1 h-24-80 7.7 1265.4 S547.2 65 8 21.1
h-27-81 dry
7-8-81 dry
Bear 1 L4-24-80 7.5 1521.0 495.9 70 9 21.1
8-7-80 7.6 1675.8 h10.4 35 9 -
10-30-80 7.8 1675.8 547.2 55 N i
8-5-81 dry
Horse 1 5-12-80 7.6 1111.5 478.8 35 11 -
11-6-80 7.7 1145.7 564.3 25 - 3.3
h-14-81 dry
7-9-81 7.4 1111.5 513.0 90 5 12.2
Indian 1 5-15-80 7.6 2325.6 649.8 65 8 -
11-6-80 dry
h-14-81 dry
2 5-15-80 7.3 1487.7 513.0 55 7 -
10-~-29-80 7.6 1556.1 547.,2 35 - -
4-14-80 7.7 1727.1 359.1 85 11 18.9
Cow 1 4~10-80 dry
h-7-81: dry
2 4-80 7.5 632.7 547.2 35 10 -
8-5-80 7.0 718.2 huh,6 70 2 -
10-28-80 7.3 581.14 342,0 4o - -
4-6-81 7.9 684.0 376.2 Lo 10 5.0
7-9-81 7.5 718.2 393.3 Lo 9 17.8
3 4-80 7.0 324.9 376.2 35 9 -
10-28-80 T 239.4 256.5 24 - -
4-6-81 7.7 342.0 342.0 15 9 5.6
7-9-81 8.0 - 239.4 20 7 20.6
il 10-28-80 dry
h-6-81 dry
7-9-81 dry
Taylor 1 5-12-80 7.7 1214.1 495.9 bo 9 -
8-11-80 7.7 1162.8 478.8 20 18 -
10-29-80 7.6 97h.7 95,9 30 - -
4-7-81 8.2 1162.8 95,9 20 16 11.7
7-3=81 8.5 991.8 393.3 20 15 25.6
2 5-12-80 8.0 1162.8 478.8 50 8 -
8-11-80 7.7 1333.8 - 90 8 -
10-29-80 7.6 1128.6 564,.3 80 - -
7-3-81 7.3 1214.1 410.4 35 2 23.3
3 5-12-80 7.5 1248.3 h10.4 50 9 -
8-11-80 7.7 1077.3 - 55 9 -
10-29-80 7.8 1026.0 410.4 55 - -
4-8-81 7.7 1077.3 376.3 45 12 12.2
7-3-81 7.5 1231.2 324.9 50 8 26.7
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Total Total
Hardness Alkalinity CO» D.O. Temp.
Stream Date pH mg/1 mg/1 mg/1 mg/1 oC
Lyon 1 5-80 Dry
4_23-81 7.4 872.1 410.4 35 5 10.0
7-6-81 7.7 957.6 uny .6 15 12 27.2
Elk 1 5-80 Dry
8-14-80 7.6 1470.6 - 4o 4 -
11-6-80 7.6 - 684.0 50 - 6.1
4-23-81 7.5 1487.7 478.8 85 T 14.4
7-9-81  Dry
Fifteen- 1 5-1-80 7.8 1282.5 598.5 55 11 20.0
mile 8-14-80 Dry
6-2-81 7.6 1402,.2 615.6 4o 5 21.1
7-9-81 Dry
Threemile 1 5-80 Dry
10-80 Dry
7-14-81 Dry
Home 1 5-80 Dry
10-28-80 7.8 1350.9 752.4 110 10 5.6
h-16-81 7.6 1299.6 803.0 45 8 15.6
7-6-81 7.9 889.2 632.7 170 y 18.9
East Fork 1 5-80 Dry
Otter 10-80 Dry
4~16-81 Dry
8-81 Dry
2 5-80 Dry
10-28-80 Dry
4-16-81 Dry
8-81 Dry
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Aopendix J., A summary of water chemistry data for the Hanging Woman
Creek drainage, 1980-1981.

Hardness Alkalinity COp D.O. Temp.

Stream pH mg/1 mg/1 mg/1 mg/1 ocC
Hanging Woman 1 10-8-80 7.3 1333.8 547.2 60 10 -
3-24-81 7.2 923.4 - 30 10 10.0
4-1-81 T.7 9T7h4.,7 615.6 65 9 10.0
9-1-81 T.7 256.5 171.0 20 6 15.6
2 4-22-80 7.5 1521.0 547.2 45 8 -
10-8-80 8.5 1641.6 495.9 hs 9 -
4-13-81 T.7T 1453.5 478.8 25 10 11.7
7-8-81 7.8 1316.7 4e1.7 45 6 22.8
9-1-81 7.5 1197.0 461.7 20 7 20.0
3 4-22-80 7.7 1590.3 513.0 4o 9 -
8-18-80 7.6 1436.3 461.7 4o 10 -
10-9-80 7.3 1504.8 649.8 90 6 -
4-.13-81 TT 1316.7 513.0 30 10 11.7
7-8-81 7.6 1197.0 376.2 15 16 26.7
9-1-81 7.6 1282.5 427.5 45 10 18.3
4y 5-6-80 7.6 1710.0 564.3 65 9 -
8-20-80 7.8 1556.1 393.3 30 15 -
10-9-80 8.5 1607.4 342,0 35 9 12.8
h-15-81 7.6 1419.3 393.3 65 9 15.9
7-20-81 7.3 1162.8 290.7 35 8 22.2
9-1-80 7.5 1214,1 4io.4 25 10 20,0
5 5-6-80 7.5 2941,2 581.4 75 8 -
8-20-80 8.0 11970.0 307.8 0 9 -
10-10-80 7.5 2394,0 581.4 80 8 5.6
4_.15-81 7.8 2359.8 376.2 90 10 15.6
7-20-81 8.5 2240.1 513.0 60 9 24,
9-1-80 7.6 2120.4 393.3 20 15 23.3
6 6-19-80 7.4 3556.8 786.6 100 7 -
10-10-80 7.5 3933.0 940.5 22 3 10.0
4_.21-81 7.5 3420+ 872.1 60 8 11.7
T7-20-81 7.4 2565+ 598.5 U5 - 30.6
9-1-81 7.6 2821.5 598.5 125 9 20.0
Waddle 1 i0—24580 Dr{
-30-81 U 4086. :
725081  Dry 9 632.7 45 7  15.6
2 10-24-80 Dry

1%-21-81 DI'V
7-20-81 Dry
3 10-24-80 Dry
4-30-81 Dry
7-20-81 Dry
Trail 1 8§-20-80 Dry
10-80 Dry
4-30-81 Dry
7-20-81 Dry
2 4-30-81 T.7 5557 .5+ 649.8 50 11 15.6
7-21-81 7.9 3420+ 256.5 15 17 26.7
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Appendix J . Continued

Total Total '
Hardness Alkalinity CO2 D.O. Temp.
Stream pH mg/1 mg/1 mg/1l mg/l oC

Corral 1 8-20-80 Dry
10-80 Dry
4-21-81  Dry
7-20-81  Dry
2 10-80 Dry
4-30-81 Dry
7-21-81  Dry
PK 1 6-19-80 7.5 1197.0 615.6 75 7 -
8-20-80 Dry
4-21-81 Dry
7-20-81 8.0 1248.3 718.2 30 8 24,4
10-80 Dry
5-4-81 Dry
7-21-81 Dry
Stroud 1 10-24-80 7.8 - 564.3 10 11 3.9
4~21-81 Dry
7-21-81 Dry

'_l

Horse

4_-21-81 7.4 1060,2 598.5 30 5 12.8
7-20-81 7.5 1043.1 786.6 8 - 27.8
Lee 1 6-80 7.8 957.6 666.9 25 16 -
4-13-81 7.4 855.0 530.1 45 9 10.0
7-8-81 7.7 820.8 581.4 60 0 20.0
2 10-27-80 Dry
4-13-81 Dry
East Fork 1 6-9-80 7.6 820.8 547,.2 55 10 -
Hanglng 8-18-80 7.7 684.,0 513.0 4o 10 -
Woman 10-17-80 7.7 615.6 530.1 30 9 6.7
4-17-81 7.8 666.9 410.4 35 10 15.6
7-13-81 T.7 615.6 by, 6 35 8 18.3
2 6-9-80 7.4 872.1 410.4 75 9 -
8-18-80 7.4 837.9 547,2 5 10 -
10-17-80 7.4 701.1 478.8 14 10 u.u
4-.6-81 7.4 803.7 513.0 50 11 11.7
7-13-81 7.4 786.6 222.3 75 10 15.0
3 6-9-80 7.6 410.4 307.8 4o 8 -
8-18-80 7.5 393.3 342.0 35 9 -
10-17-80 7.4 359.1 359.1 35 7 10.0
4-6-81 7.8 376.2 239.4 35 6 6.1
7-13-81 7.4 376.2 393.3 25 6 15.0
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Appendix K . Information collected on sport fish, mouth of Hanging ¢Woman
Creek, 1980-1981.

Length Welght Tag
Species Date (mm) () Sex Number
Northern pike 5-13-80 961 082714
f 5-20-80 ;gg 2200 Male 7
2980 05796
6-2-80 724 2500 08287
6-11-80 225 150 08293
Smallmouth bass 5-6-80 222 140
5-7-80 298 350 Female 07518
5-8-80 366 650 08605
372 850 08606
342 560 08607
292 251 08608
290 303 08609
178 60
285 300 08268
350 620 08269
304 360 08270
280 250 08271
250 125 08272
267 270 08276
5-14-80 237 180 08281
5-30-80 L6y 260 08289
6-L4-80 240 180 Male 07526
6—7—80 225 150 08293
6-13-80 176 70
5-6-81 312 110
5—11—81 18“ 80
193 100
217 120 08725
231 150 08650
5-23-81 211 150
6-5-81 342 550 Female (ggg7
415 1020 Female
6-9-81 233 180
380 860 08690
286 300 Male 08691
6-16-81 438 830 08693
258 260 08691k
259 240 08695
Rock bass 6-4-80 145 85
6-13-80 187 150
5-22-81 196 110
5-25-81 173 )
210 60
6-16-80 166 110
6-2-8 352 300
Sauger ~-2-80 00
6-5-81 487 390 08288
Walleye 6-4-80 524 1380 08290
6-16-81 334 330 Female
339 310

Qanceve R-12-8n0 2”_N EEN NRO7E
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 Information collected on sport fish, mouth of Otter

Appendix L -
Creek, 1980-1981.
Length Weight Tag
Species Date (mm) (g) Sex Number
Smallmouth bass 4-28-80 224 140
' 4_29-80 394 820
5-1-80 349 620 08265
239 170
5-9-80 256 200 08266
209 110
5-13-80 255 210 08273
5-14-80 271 240 08277
259 210 08278
310 360 08279
247 150 08280
287 270 08281
269 260 08282
279 240 08283
195 - 90
237 180 08284
271 280 08285
242 200 08286
6-4-80 285 300 08291
6-7-80 239 170 08292
6-11-80 413 860 08187
397 870 08294
411 930 Male 08295
285 300 Female 08296
6-13-80 380 730 08297
277 225
6-18-80 331 450 Female 08299
261 260 08301
218 110 08302
241 220 08303
h-16-81 395 840 08721
5-11-81 320 450 08724
5-27-81 390 760 08685
5-28-81 450 1140 08686
6-8-81 4ol 900 08689
6-18-81 364 630 08696
382 780 08698
290 320 08697
151 50
6-22-81 231 150 08699
Rock bass 4-25-80 199 160
4-.29-80 172 110
206 170
5-13-80 217 225
6-16-80 205 160
185 130
230 120
159 90
170 100
6-18-80 230 245
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Length Weight Tag

Species Date (mm) (g) Sex Number
178 130
172 120
165 90
6-20-80 184 110
151 70
5-13-81 170 110
188 150
182 1hs
245 150
5-25-81 150 80
6-8-8% 167 100
Walleye 5-13-80 215 90
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