SOME EFFECTS OF CLARY CANYON RESERVOIR OW THE LIMNOLOGY
OF THE BEAVERHEAD RIVER IN MONTANA
by

FENNETH MICHAEL SMITH

4 thesis submitted to the Graduate Faculty in partial
fuifillment of the regquirvements for the degree

of
MASTER OF BCIENCE
in

Fish and Wildlife Mansgement

Approved:

Head, Major Department

Chairman, Examining Committes

Graduate Dean

MONTANA STATE UNIVERSITY
Bozeman, Montans

June, 1973

s

AT A LAY

[

4

-



bk
i e

VITA

Kaenneth Michaal Smith was born in Sante Barbara, Californis,
February 26, 1943 to Col, Sydney and Arkie 8mith. He graduated from
Pacific High School, San Bernardine, Califormia in 1961, whereupon
he entered Santa Barbara Clgy College, Sants Barbara, California
in the fall of 1961, After avtending college for one semester he
enlisted in the United States Air Force for four years in 1962
While enliered in the U. §. Alr Force, he married Judy Gail Walter
of San Angelo, Texas in 1965. In the summer of 1967 he entered
Angelo State University where he graduated in June of 1970 with
a Rachslor of Science degree in Blelogy. He and Judy have three
daughters, Gayla Joyce, 5 years, Darla Jean, 3 years, and Elaina
Kay, 15 months,



iid

ACEROWLEDCHMENT

The asuthor wishes to extend his appreciation to those who assisted
him during the course of the investigation: Dr. Richard J. Graham
directed the siudy and asssisted in the preparation of the manuscripi;
Dre. John C. Wright and Dom €. Quimby critically read the manuscript:
Dr, Richard E. Lund assisted with statistical snslyses; Dr. Loren
Bahls of the Montana Depariment of Epvivommental Quality identified
the plankton: Rodpmey Berg alded in field work; the Montana Fish and
Game Department loaned squipment and vehicles; the Buresu of Reclamation,
Fast Bench Unit, Dillon, Monvanz, and the U. 8. Geclogical Burvey,
Belena, Montana provided hydrologic data., To my wife, Judy, 1 wish o
give special thanks for her support and encouragement. The investi-

gation was fipanced by the Montana Cocperative Fishery Unit.



TABLE OF CONTENTS

VITA . &+ & « & 2 & o = s
ACENOWLEDGMENT . . . . .+
LIST OF TABLES . . « « & =
LIST OF FIGURES . . . - .
ARSTRADT . « & = + s + s =
INTRODUCTION . . . & & » o
DESCRIPTION OF STUDY AREA
METHODS . . <« o & o « ¢ o«
RESULTE & & & o & & s o o
Physical Parameters .
Chemical Parameters .
Biological Parameters
DISCUSSION o & + & o o« o =
Physical Parameters .
Chemical Parameters .
Biological Parameters

APPENDIX . . & 5 « & & & s

LITERATURE CITED . . . .

iv

Page
ii

idid

vid

ix

it
1t
22
30
38
38
41
43
45

&1



Table

10,

iL,

12,

v

LIST OF TABLES

Flevations and capacities of Clark Canyon Reservolr
gnd Dam . ¢ . ¢ s = 2 5 & 2 o = s ¢ 6 v 5 o 8 s = s s 3 o o

Maximum, mean and minimum monthly temperatures {°C)
for all stations during the study period . . . = . - « & &

Turbidity means (JTU} for the summer of 1971, 1972 and
winter perded . . & & & ¢ 4 s s s 4 s a2 s oz o= & 8 s 2 8 e

Maximum, mean and minimum ammonia {ppm &ﬁgmﬁ} for the
summer 1972 . . . . 4 o 4 s s s e e s s 6 s 5 s s e = s % o=

Relative abundance {percent) for those algae which had
10% or more sbundance zt least once during the eight
sampling dates during the spring and summer 1972 . . . . .

Phytoplankion which had five percent relative azbundance

or greaster during the spring and summer of 1972 and the
net number of times the relative abundance by genus at
gtations three and six were significantly differvent
{p=0.058) from the relative abundance for the same genus

at stations one and two. {+ for greater than; - for less
than: confidence intervall . : ¢ + ¢ 2 5 o o o » o o &« » o

Maximum, mean and minimum summer concentration {organisms/
liter) for Daphnia and Cyclops at all statioms . . . . o »

Sampling schedule of turbidity, conductivity, water
chemistry and plankfon samplas . ¢ & &« & ¢ s o o s = o o <

Turbidity (Jackson Turbidity Upits) by sampliing date for
the summers 1971, "72 and intervening winter . . « « .« o

Conductivity {(umhos @ 25°C) by sampling date and stations
for the summers 1371, '72 and intervening winter . . . - .

pH walues by sampling datre and staticns for the summers
1871, "72 and dntervening winter . . ¢ s s 6 ¢ s o 4 5 @ &

Digsolved oxygen {(ppm) by sampling date and stations for
the summers 1871, "72 and intervening winter . . . . . . .

Page

17

20

28

32

35

37

46

47

48

49

50



vi

LIST (OF TABLES
{Continused)

Table Page
13. Dissolved oxygen (percent saturation) by sampling date
and stations for the summers 1971, 772 and

intervening winter . . . ¢ & s o ¢ o 5 5 s 5 s 5 s s = 0 51

14, Total alkalinity (ppm CaCO3) by sampling date and stations
for the summers 1971, '72 and intervening winter . . . . . 52

15, Total hardness {ppm CaC0Oy) by sampling date and stations
for the summers 1971, 72 and intervening winter . . . . . 53

16. Ammonia (ppm NH3-N} concentrations for the summer 1972
by sampling date . . . &+ o 2 : & s 5 s s b s s e s s o6 o s 54

17. Nitrate (ppm NOF-N) by sampling date for the winter 1971-
72 and summer 1972 . . . . ¢ s s s 4 6 s o o & 2 o4 5 8 s s 55

18, Witrite (ppm NO7-N) by sampling date for the winter 1971~
72 snd summer 1972 . . & & ¢ s 4 4 s s o s & s 2 e 5 s e 56

19. Orthophosphate {ppm PGE) by sampling date and stations
for the summers 1971, '72 and intervening winter . . . . & 57

20. Classification of algae and stations where observed during
the spring and summer of 1972 . . . « « ¢ o = s 5 ¢ & o o 58



Figure

1.

16,

ii.

1Z.

vii

LIST OF FIGURES

Map of the Beaverhead River drainage area showing the
iocation of sgampling stations . . . : = « = & & 5 2 & e o

Percent of total anumual flow by month for Barretts (station

five) and Dillon {station six) by pre- and postimpoundment
periods and computed postimpoundment flows for the Beaver-
head River below the Barrvetts Diversion Dam for May and
Ootober o o« s & s o 6 5 8 & 8 5 8 o o8 & s % = = & 8 5 s

Percent of total annual flow by month on an annual basds
for rveservoir inflow and releases . . « o o 5 o 2 5 o+ = =

Diel periodicity temperature for three consecutive days
at station one, three and six during a warm (upper curve)
and cold period (1971} . . . & < ¢ ¢ s 2 s o= o= o6 o s o= &

Conductivity maximum, mean and minimum at all stations
for the combined summers and winter peried . . o . = + -

pH maximum, mean and minimum at all stations for the
summpers of 1971 and 1972 combined and intervening winter

Dissolved oxygen percent saturation by month at stations
one, twe and threa . . o ¢ 2 ¢ o o o ¢ & & o o ¢ 5 o & =

Dissolved oxvgen percent saturation maximum, mean and
minimum at sll stationms for the summers 1971, 72
combined and winter 1971-72 . . - o - s o o s s s s e o s

Total alkalinity maximum, mean and winimum at all stations
far rhe combined summers data (1971, '72) and intervening
Winker . o o o s 5 s + s = s s & = & 5 & 3 = 8 3 8 3 = =

Total hardness (ppm CaC0y) by month for statioms one, fwo
and thTee . . 2 o o ¢ e o o o v = & s s v e s 3 & 3 & & o

Total hardness maximum, mean and minimum at a1l stations
for rhe combined summers data (1971, '72) and intervening
Wink&T . + o o s s s s s ¢ o & o 8 s & = a4 5 5 a2 o 8 5 =

WNitrate {ppm NOS-N) maximum, mean and minimum at all sta-
rione for the winter of 1971-72 and summey of 1972 . .

FPage

13

15

i9

21

21

24

24

25

27

27

29



Figure

13.

14.

wiid

LIST OF FIGURES
{Continued)
Page
Nitrite {(ppm &ngx} maximum, mean and minimum at all
stations for the winter of 1871-72 and summer of
19?2 L & Ll & o = -3 o @ & e k] a = &= 2 k] & 5 2 3 = 5 L] 3 k] 13 29

Orthophosphate (pprm POE} maximum, nean and minimum at 8l
stations for the combined summers data (1971, 72} and
intervening winter . « « ¢ + < ¢ ¢ o = s 5 & e & s o o & o 31



1%

ABBTRACT

A study to determins the sffects of Clark Canvon Reserveoir on
the Besverhead River was conducted during the summers 1971 and 1972
and intervening winter. Sampling stations were established on sach
of the tws tributaries to the reservolr and on the Beaverhead River
from the dam site to 43 km downstream. Discharge and water temperature
were the most altered physical parameters. Postimpoundment flows for
24 km downstream from the dam were less than preimpoundment flows during
the autumn and winter sesasons and greatey during spring and summer.
Diel temperature Tluctuations below the dam wers negligible while
fluctuations In the reservolr tributaries covered & ten degres (C)
ranga. During August 1971, 1972 and September 1971, monthly mean tem—
peratures were (3-4°C) higher immediately below the reserveir than in
the major tributary to the reservelr. Mesn dissolved oxvgen levels in
the tailwaters were well above ssturation levels (108~1487) while the
reservolr tributaries had mean saturation levels bslow or near satura-
tion (89-99%). The pH increased slightly below the dam when compared
to levels observed in the tyibutaries. Ammonia and nitrite incressed
while nitrate decreased in the tailwaters. Peviphyvtic phytoplankton
wag greatly reduced while planktonic types of algae increased immedi-
ately below the reservolr. Forty-five kilometers below the dam ths
planktonic types were nearly nonexistent while most of the periphviic
types were restored to levels similar to those observed in the reservoir
tributaries. A substantial increase in zooplankton (Daphnic and
Cyclops) was noted immediately below the dam but decreased considerably
within 24 km downstream.



INTRODUCTION

Clark Canyon Dam, on the Beaverheazd River in southwestern Montana,
was constructed in 1964, The impoundment crested by this dam covers
the lower portions of Red Rock Biver and Horse Prairie Creek which
previcusly Joined to form the Beaverhead River 0.48 km above the
present dam site. Personnel of the Montans Fish and Game Department
initiated studies in 1969 o determine the figh populsation of the
reservolr and the effects of the reservolr and altered stream flow
patterns on the fish populations on the Beaverhead River.

I conducted field resesarch during the summers of 1971 and 1972
and intervening winter on the limnclogy of the viver with emphasis on
chemical sznalysis but discharge, warer temperatures and plankiton wers
also considered. A concurrent study was conducted by Rodney Berg on

rhe limnology of the rasevrvoir.



DESCRIPTICN OF S5TUDY AREA

Red Rock River drains an area of 4,092 km? with half of the drain-
age on the slopss of the Continental Divide. The mountains are of
igneous and sedimentary rocks (sandstone, limestone and quartzite) and
alluvial gravels (Rvder, 1967). Upper and Lower Red Rock Lzkes and
Swan Lake are located In the headwater region and comprise the Red Rock
Lakes National Wildlife Refuge. From the refuge to Lima Ressrvoir
{21.9 km) the Red Rock River is a meandering, slow, aggraded stream
{Fish and Wildife Service, 19536, Henceforth abbreviated F. W. 8.}.
Relow Lima Reservoir, the river is approximately 15.24 m wide with an
average gradient of 5.7 w/km and meanders through wountain meadows for
almost the entire distance {48.4 km) to its termimation at Clark (anvon
Reserveoir {F. W. 8., 1958). Thsa principle land use in the Red Rock
Yalley is farming and many irrigation diversions are present below Lima
Reservelr (F. W. 8., 1936). Flows at Dell, 25.9 km above Clark Canvon
Reservoir, varied from a high of 41.9 m°/sec on June 9, 1944 to a low
of zero during May, 1961 (U. 3. Geel. Surv., 1%67). No annual mean
flow dats is available due to winter ice conditions, Water remperatures
at Dell for the peried 1949-65 had & maximum and nioimum of 17.8° € and
0.6° C, respectively (Aagaard, 1969}.

Horse Prairvie (reek draing approximately 1,765 km? and is about
103 &m long with an average width of 10.6 m (F. W. 8., 1956, 1938}.

The gradient of the lower one-half of the stream 41 7.2 m/km., Maximun
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snd mwinimum discharge flows for the upper one-half of Horss Pralrie
Creek for the period 1946-53 were 25.Z2 and 0.34 m’/sec, respectively
(U, 8. Geol. Surv., 1953). The lower half of the stream iz severely
dewatered by irvigation during the summer and fall months (Wipperman,
1964). Spotr observations on water temperature for the period 1963-64,
near the reservoir site, showed a maximum of 23.9° C on June 24, 1964
and a minimum of near freezing on many days during the winter menths
{Aagaard, 1969).

The Beaverhead River is presently formed at the ocutlet from Clark
Canyon Reservoir. The river is 99.75 km in length with a total drain-
age area of sbout 12,950 km? (F, W. 8., 19536) and an aversge streanm
gradient of 3.6 m/km. Maximum and minimem flow data for the period
1907~60 at Barretts 24,4 km below the dam {Fig. 1) were 105 and 1.9
m°/sec, respectively, with a 53-vear average of 11.5 m?/sec (U. S,
Geocl. Surv,, 1960). Maximum and minimum water temperatures at
Rarretis were 21.6° C and 0° C, respectively, for the pericd 194967
{Aagaard, 1969). Within the study area, Grasshopper Cresk is the
main tributary, draining an ares of approximately 906 km?. This creek

+

has a 2J2-year average discharge of 1.49 mi/sec (U. §. Geol. Surv.,
19607,
Clark Canvon Dam and Reservoir, aleng with Barretts Diversion Dam,

the East Bench Canals, irrigation laterals and drains, constitute tha

Buresu of Reclamation's Hast Bemch Unit at Dillon (Fig. 1). The
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primary functions of Clark Canyon Dam are flood control and irrigation
with some recreation and fish and wildlife functions {Dinzick, persomal
communication}.

The dam 1g 40.53 w high with the invert cutlet located G.15 m
ghbove the old stream bed {Table 1). When filled to the top of the
irrigation storage level {1685.23 m zbove mean sea level} the reservoir
holds 198.97 x 10°% m® of water and covers an area of 20.24 kwm® (Dinzick,
personal communication). The impoundment inundated the farming com-
munity of Armstead and important stream fisheries in 1Z.07 km of Red
Rock River, 13.8 km of Horse Prairie Creek and 0.48 km of Beaverhsad
River (¥, W. 8., 1838).

Past and present flows in the Beaverhead River drainage are some-
what different from other drainages in Montana. Fall and winter run-
off is proportionally greater during this pericod on a total annual

‘s reservoir

flow basis, Conseguently, the Bureau of Reclamatvion
operation plan calls for storage of water in the period from November

through April. During this period releases may be as low as 0.71 mo/

gec or egqual ©o or greater than the total inflow when storage approaches

s

Z . T o
the 176 x 10% wm® level. BReleasses from the dam for irrvigstion purposes
generally cccur from mid-May through September bubt may extend two weeks

on either side of this period (Dinzick, personal communication}.
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HODS

Sampling stations were located oo Red Rock River, Horse Prairie
Creek and the Beaverhead River {Fig. 1}. BStation one waz on Red Rock
River, 4.3 km upstream from the 1,689 m, normal operation elesvation of
Clark Canvyon Reservolr. Statlon two was on Horse_?fairie Creek, 0.24
km from the operation elevation. Stations three through six were on
the Beaverhead River at 0.40, 16.0, 24.2 and 43.5 km downstream from
the dam. Stations one through five were established in June, 1971,
while station six was established in April, 1972.

Discharge dats were collscted Irvom U. 8. Geclogical Burvey records,
where applicable, from the following locations: BEeaverhead River near
Grant, at my station three; Beaverhead River at Barretts, at station
five: and Beaverhead Biver at Dillon, =zt station six., Heservolr re-
lzase and inflow data were supplied by the Bureau of Reclamation.

Continuous water temperature recordings were cobtainsad through the
uyze of Tavlor and Foxboro recording thermographs at all six staticns
from June 16, 1971 through August 31, 1%7Z.

Saempling for turbidity, conductivity and water chemistry wes dons
at near biweekly intervals from June 29 through Beprember 15, 1971 and

T ¥ 1 g s & 5 g e

June 16 through August 26, 1872, and st ntarval
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5 to Uecember 21, 1971 and in Apvril and Mawy, 1872,

famd

YWater samples for physical and chemical analyses were collscred

in twice-rinsed: 0.9 1 plastic botties with plastic caps: 300 =l
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les with

s

glass dissolved oxveen bottles: and 250 ml standard glass bont
glass stoppers. The 230 ml water sample was used for the orthophosphats
determination and the 300 nl sample was used for the dissolvad omxygen
analvsis, while all other analvses werse accomplished from the .9 1
water sample. The contsinsrg were completely immersed in the waier and
filled to maximum capacity, capped end immediately veturned o g field
laboratory in Dillon for analvses.

Analyvses for turbidiry, conductivity, pH, diszsolved oxvgen, total
alkalinity, total hardness, orthophosphate, nitrate, nirtrite and

ammonia were carvried out at nsar periodic intervals st 21l staiions

(Table B). Difficulties in analytical procedures precluded the use
of October 9 and November 20, 1971 data for orthophosphate; the entire

gummeyr, 1971, and September 153, 1971 dats for nitrate and nivrive: and
the entire summer and winter, 1971 date with the exception of May 6,
1972 for swmmonia.

Hourly readings for ezch day were taken from the thermograph
records and anzlyzed for dally maximum, mesn and minimum and monthly

maximum, mean and zminimum. This analvsis was carried cut by the use

o
"

of the Montana State University Compurer Center's Sigma-/
Turbidity was measured in s HACH Field Eit using the HACH IR
Colorimeter,
Conductivity was determined by the uss of a Sclu-Bridge Con-

ductiviecy Metar (Model RB3-338-Y147%.
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The oH was measured with an Orion Ionslyzer (Model 407) using
a Sargent combinatien pH electrode.

Dissolved oxygen determinsations were carried cut via the Standard
Winkler Method {(Alsterberg modification) using vhenylarsene oxide in-
stead of sodium thiosulfate as the titrant solurion {(HACH, 1969). A
nomegram from Mortimer (1956) was used tc comnvert ppm DO to percent
saturation.

Total alkslinity, total hardness and ammonia determinations were
made as described by the American Public Health Association (19653},

The orthophosphate, nitrate and nitrite analyses were carrvied out
as outlined by HACH (1969). A Bausch & Lomb Spectronic 20 was used for
the various colorimetric measurements.

For analytical purposes the turbidity, conductivity and chemistry
data were divided into three groups: group one, first summer, contained
five sampling pericds dating from June 79 through September 1, 1371
group two, winter, contained six sampling periocds, from September 15,
1971 through May 6, 1972, sxclusive of Janusry through March, 1972;
group thres, second summer, contained six sampling pericds dating from
June 16 through August 26, 1972 {Table 8). Data for the two swmers,
groups one and three, were combined into a summers mesn for comparing
differences between stations.

Plankton samples were collected only during the spring and summer

of 1972, during eight sampling dates from April B through August 26,
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1672 {(Table 8). TFor each collection five liters of river water were

125

£

pasgsed through a #20 plankton net and each sample was adjusted t
ml and preserved with Lugol's sclution for later analysis. FPhyto-
plankton were identified and enumerated by genera for each sample. Fer-
cent relative sbundance was computed for each genus from a total count
of 300 cells per sample. Phytoplankton genera with at least Iive per-
cant raelative sbundance during any sampling were compared for signifi-
cant differences using a modified Binomial Confidence Interwval with a
level of probability of 0.03. Five percent was used as a cut off point
for comparisons because the lower part of the confidence Interval was
less than zero. The confidence interval was calculated for all
necessary percentages using the equation:

J——

Confidence interval = p = ¥2 p{i-p}) = 1.96

i3l

4

proportion (percentage)
sample size )

P
n

i

Zooplankton were identified to genera, counted in a rotating
grooved chamber {(Ward, 1955} and converted to number of organisms

per lirer.



REBULTE

The complete results of all determinations except [lows, tempera-
tures and plankton for all dates at all stations are given in the

Appendix {Tables 8 through 18).

Physlcal Parameters

Yo determine the effect of the raservoir on flows of the Begver-
head River, comparisons were made between the pre- and postimpoundment
Flpws at station five [Barrvetfs) and station six (Ddllion) and between
reservoir inflows and velesses. The preimpoundment datas for station
five and station six encompassed the 1950 water vear to July 1964, and
the 1950, '51 and 1963 water years, respectively. FPostimpoundment data
sxtended from July 1964 to September 1972 for statiom five and to
October 1970 for station six. Above and below flow dats were obtainad
from reservoir inflow and discharge vecords from Septembar 1964 through

August 1872,

fub
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Runoff from October 1963 to September 1971
drainage was high when compared to the 33-year (1907-60} preimpoundment
discharge mean at station five. Theses highwafer years had 76% and 24%
greater maximum and mean flows, respectively, than the 33-year average.
Due to postimpoundment high water years the pre~ and postimpoundment
flow data were averaged by month for both periocds, while the above and

below dats were averased by month on an annusl basis. Both sets of
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data were converted to monthly percentage of the annual flow.

Evaluation of preimpoundment (176 months) and pestimpoundment
{168 months) mesn discharge at station five revealed s similarity in
the annual flow patteyns {Fig. 2). However, postimpoundment flows were
less during the low water period and greater during the high water
period than preimpoundment flows. The postimpoundment December flows
averaged only 74% of the preimpoundment flows., The four months of May
through August had 40%, 8%, 26% and 44%, respectively, higher flows
relative to preimpoundment flows.

Analysis of 3Z and 88 months of pre- and pestimpoundment flow data
at station siz showed a close conformity during May, and between the
November through March and the August through September months in both
pattern and magnitude of flows (Fig. 2). A three percent differvence
was noted for these eight months. Postlmpoundment flows were less than
preimpoundment flows during the months of April and October by 237 and
12% each, while June and July had a 297 and 507 increase in post-
impoundment flows, respectively.

Postimpoundment calculated flows for the river Immediatsly below
the Barretts Diversion Dam {(Fig. 1} for May through Sseptember were ob-
tained by subirvacting the monthly mean water diverted from the monthly
mean river flow for the eight vear pericd. These means were converted
to monthly percent of annusl flow. The maxinum and minimum smount of

river water diverted during the eight irvigation seasons was 807 and
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Percent of total annual flow by month for Barretts {station
five) and Dillen {station sizx) by pre- and postimpoundment
periods and computed postimpoundment flows for the Beaver-
head River below the Barvetts Diversion Dam for May and

October.
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30%, respectively. In comparing the calculared postimpoundment river
figw below the diversion to that at station six, only the menth of June
was noted to be approximstely the same. This lack of continuity for
all other pestimpoundment months could be due to dirrigation losses and
returns plus contributions by ground water between the two stations.

in comparing dam veleases to reservoir inflow, a defdnite reser-
volr manipulated slteration in the rviver flows was evident {Fig. 3.
Of the 63 months studied after normal operaticn began in June 1967,
and assuming that discharge and inflow were equal if deviations were no
greater than plus or minus five percent, 34 months had less, 11 months
had equal and 18 months had greater discharge than inflow. October and
November alwavs had less discharge than inflow, while May was predomi-
nantly egual in flows, August and September were mainly months with
greater discharge than inflow. Maximum differences in discharge and
inflow were exhibired durding August and July, 1967. August had a dis-—
charge rate three times greatsr than the inflow while July had only 247
of the inflow being discharged.

An azpprecisble difference was noted between mean monthly Ilows fov
1971 and 1972, Annual flows into the resservolr and at Barretls were
2.4% and 107, resepecitively, lesa during 1972 than during the 19%/1 water
veayr. For the months of major interest, June, July and August, the
reaervolir inflows were 32% and 31% less and 72% greater, respectively,

“Y

for 1872. TFlows at Barrstts during these thres months were 45%, 40%
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and 36% less, respectively, during 1972.

Maximum temperature recorded during the two summers was 23° C at
station two, while a minimum of aif ov near zero degress was recorded
during the winter monthg at all stations {Table 2). Station two had
the greatest daily fluctuations and apnuasl range. Considering the
maximum temperature occurring each month, station three had maximum
monthly temperatures that were sgual to or lower than at station one
for a1l months except September 1971 and August 1972, lower than station
one during the spring, summer and winter months, but higher in the fall.
Except for fall, monthly maximum temperatures ab station six were gen—
erally equal fo or slightly grveater than the maximums obssrved at
stations opne or fhree.

Monthly mean temperatures were mostly within a four degree (C)
range each month for all stations. The greatest annual monthly mean
temperature range was observed at staticn two (16 to 0% C). Btation
two exceadad station one in monthly mean femperatures during the spring,
summer and early fall ssasons. It was lowsr during the late £all and
winter (Table 2}. 7The monthly mean temperatures at station thres
egqualled those at station one during the months of December, 1971 through
April, 1972, but were lower during November 1971 and May~-June, 1972,
During the remaining seven months {(June-Uctober 1971, July-August 1972,
station thres had higher mean temperatures than station one. Meonthly

mean temperatures graduslly inorsased downstrean. Statlon slz equalled



Table

I

Z. Mazmimum, mean and minimum monthly temperatures {°C) for all
statiens during the study period.

Stagion #

Station #

Date i 2z 3 4 5 & Date i Z 3 4 5 &
Max. 17 23 14 14 17 == Max. 18 22 18 18 19 --
6/71 Mean 12 16 14 12 14 =~  7/71 Mean 14 16 15 14 18 -
Min. g 10 12 11 12 - Min. 10 10 13 12 13 --
Maw, 1% 21 19 18 20 2o Max, 15 17 1% 12 1% 18
8/71 Mean 14 1% 17 18 16 16 9771 Mean 10 10 14 14 146 13
Min. 11 5 14 13 11 Min. & 3 g 10 g 8
Max, 12 13 i1 13 12 1z Max. & 3 3 5 5 &
10/71 Mean 7 5 8 3 8 B 11771 Mean 3 1 z 3 3 3
Min. i & 2 & 4 G Min. 1 4] i i 2 Z
Max, 4 i 3 4 4 4 HMax, 4 0 3 5 & 3
12771 ¥ean 1 a 1 y Z Z 1/72 Hean 2 o 2 3 2 2
Min. 4 G g i o 1 Min. o & i i 8 G
Max, 7 i 3 7 6 7 Max. EES 7 & g £ g
2772 Mean 3 ¢ 3 4 3 4 3/72 Maan 4 Z 4 5 5 5
Min. g 6] 1 2 g 1 Min. 1 §] 3 3 3 2
Max, 11 14 g g 11 1z Max., 17 22 11 13 15 17
4/72 Maan 6 6 & & & 7 5/72 Mean 10 11 9 9 30 10
Min. 2z 1 & 4 3 3 Min. 4 Z 7 7 & &
Max. 17 23 14 16 1B 18 Max, 18 21 17 18 18 1%
6/72 Mean 13 16 12 12 14 14 7772 Mean 14 13 15 15 18 15
Min. g 15 10 10 12 1o Min. G 5 13 i3 13 10
Max. 17 2Z 18 19 20 19
8/7Z Mesn 14 15 iV it 18 1
Min. 11 10 16 15 16 12
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during three months and excseded during fen months, the mean Lemperas-—
tures at staticn one.

Diel tempevature curves for three consecutive days duriog 8 warm
gummer period {(1971) and during a2 colder winter pericd were compared
concurrently for stations one, three and six to ascertain ressrvolr
gffect {(Fig, &), During the warmest summer peried, stations sne and
six had very similar daily gurves, with the temperature at station six
being slightly higher. Both the stations had a daily rvange of about
five degrees. Daily temperatures ar station three were more stable and
fluctuated approximately one degree. The same situstion existed for
all three stations during the warmest summer peried dim 1972,

During the cold winter peried, December 1971, 24 hour tempervarure
fluctuations were one to two degrees al stations one and six, and less
than one degree at station three. As in swumer,; station six was warmer
than station one and station three was most stable.

Turbidivy ranged from a maximum of 22 Jackson Turbid
to a minimum of zero JTU {Table $3. Station one had the highest mean
purbidity levels and was followed by gtation two {(Table 3). Stations
chree and four almost always had less turbidity than station one and
had generally less than station two. Station five reflected an in~-
crease in average turbidity over stations rhree and four which might
have been due to the infliow from Grasshopper Cresk. Turbidiiy at

station six was comparazble to turbidity at station one.
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Table 3. Turbildity means (JTIU) for the summer of 1971, 1972 and
winter period,

s
e s

Station

Pariods 1 2 3 4 5 &
Summer 1971 11 8 7 7 8 -
Winter 10 & 4 4 5 15
Summer 1972 8 & &4 & 7 5

Conductivity readings ranged between 420-6530 pghos at station one,
Z80-380 umhos at station two and 400-695 umhos for stations three
through siz {(Table 10). BSeasonal conductivity at station twoe fluctustsd
congidersbly (300 umhos) and appeared to be velated to fluctuations in
flowg. Conductivity at station one was more stable and less Influenced
by changes Iin flows than at station two. Conductance at station thres
wag very similar to that at station one, even considering the time lags
for retention time in the reservoir. Approximate retention times ranged
from a low of 2.7 months to a high of 25.6 months during the study
paricd,

Mean conductivity at stations three and five for both the combined
summers and winter was generally the game with a2 slight increasg at
gration four and decrease at station five (Fig. 3). The siight decrease
at station five could have been caused by the inflow from Grasshopper
Creek., Station six had a slightly higher mean conductivity in winter com-

pared to all upstream stations and a mean approximately 100 umhos
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Figure 5. Conductivity maximum, mean and minimum at all stations for
the combined summers and winter period.
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Figure 6. pH maximum, mean and minimum at all stations for the summers
of 1971 and 1972 combined and intervening winter.
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greater during the summer than stations three-five, The mean conduc-
tance at stations ome through five ranged from 86 to 108 umhos greater

during the summer of 1972 and may have resulted from less flows in 197Z.

Chemical Parameters

The pH values ranged between 7.4--8.4 for station one, 7.4-8.3 fox
station two and 7.9-8.6 for stations three through sixz (Table 11). The
pattern of fluctuations for the sampling periocds, June, July and August,
wag similar in 1971 and 1872 but the magnitude of fluctuastions was
greater in 1971, Oreatest differences in pH between stations one and
three cccurred during September 1971 and April 1972, 0.6 and 0.7 pH
unite, respectively. The pH values for these two stations were more
gimilar during the two summers than during the winter.

The mean pH increased at station three to a level above that at
stations one and two {(Fig. 6). The maximum pH was observed at stations
four and five during the summer pericd and at station four only during
the winter pericd. The mean pH at station six returned to the level
of station one during both the summers and winter periods.

Percent saturation of dissolved oxvgen (D0} ranged between 90-114%
(7.06-11.08 ppm) at station one, 78~112% (6.24~11.60 ppm) at station
two and 94-148% (7.40-12.80 ppm) for stations three through six (Tables
1Z, 13). The patterns of DO (percent saturation) fluctuatiomns at
stations one and two were not similar from June to December 1971, while

an almost identical pattern was present from April through August 1972
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(Fig. 7). Percent saturation for stations one and two averaged about
94% and 98%, respectively, during both summers and the winter period.
Stavion three had higher DO readings than stations one and two duving
all sample periceds with the exception of August 18, 1971, and at no
time did the DO fall below the saturaticn level (Fig. 7, B). DO
fluctuations at stations four and five were similar to station thres
but the mean DO level was approximately 3.5% less for the summers and
winter at station five. Mean percent saturation was greatsy at all
stations, except station twe, for the summer of 1977 than the summer
of 1971. There was no correlation between percent saturation and disz-
charge rate at stations three or five (R values less than 0.14}.

Total alkalinity {(ppm Cal03) ranged between 110-225 ppm for
station ong, 55-219 ppm at station two, and 98-223 ppm at stations
three through six (Table 14). For stations one and three the overall
annual progressions of total alkalinity weve similar but with slightly
higher alkalinity at station ons. Station tweo had a2 lower level of
total alkalinity than stations one and three, and was subject to greater
fluctuation in the amount of azlkalinity present {(Fig. 9

The mean alkalinity at stations three and four were sssentially
identical for the winter and summer periods (Fig. 9. tation five had
slightly lower mesn alkalinity than stations three and four, which
could have been the result of inflows from Grasshoppsr Cresk. Station

gix had a 15% increase in mean total alkalinity over station five for
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the summeyr of 1972,

Total hardnesz {(ppn £a£93} ranged berween 170-323 ppm at station
ong, %0~230 ppm at station two and 167-392 ppm for stations three
through six {Table 13). Total hardoess at stations one and two wera
similar in pattern of fluctuation but lowsr levels werse present at
gstation two (Fig. 10). Station thyvee had hardness levels which
fluctuated only slightly through June, July snd August. In general,
hardness appearad to increase through the summers and winter at station
three buil decline seversly duvring the spring runcff. The declipe in
total hardness was also noted for stations one and Two. Mean havdness
at stations three and four were mostly intermediate to that found at
stations one and two. During the suvmmer of 1977 total hardness lavels
at statieon siy dncressed over stations three, four and five to a level
comparable with station one {Table 13, Fig. 113,

A greater range in total hardness readings was noted during the
winter pericd than during the summeyr perieds (Fig. 113,

Armonia {pﬁm NH4~N} for the summer period of 1977 ranged between
0.00-0.05 ppm at svatdion one, 0.00-0.17 powm at station two and 0,00~
0.24 ppm at stationms three through six (Table 16). HMean ammonia
concentrations at stations one and two were below that at station
three which had the greatest mean concentration (Table 43). Mean
concentration of ammonia progressively decrsassd from station thras
through six with the latter station having a mean comparsble with station

ONE.
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Table 4, Maximom, mean snd minimes szmmonia (ppm §E3“N} for the
swmer 1972,

Stations Max. Mean Min.
#1 0.05 0.02 (.00
#2 6.17 0.05 0.00
#3 3,22 0.14 0.063
#4 8.24 0,08 0.05
#5 .11 0.05 0.00
#6 0.03 0.02 G.00

Nitrate (ppm NO3-N) readings ranged between 0.037-0.375 ppm at
station one, 0.003~0.199 ppm at station two and 0.000-0.305 ppm for
stations three through six for the winter and summer (1%72) perdicds
{Table 17%. Station two had the lowest mean levels of nitrate, while
gtation one had the highest mean levels and appeared to be the major
source of nitrates in the study area (Fig. 12). Mean nitrate at
stations three, four and five were intermediate to veadings at stations
one and two., Mean nitrate during the winter was very similayr at
gtations three through five while the summer mesn nitrate readings at
these three stations were more variable. Station six had the highest
mesn nitrate levels of 311l stations during the summer.

Nitrite (ppm NOF-N) levels ranged between 0.000-0.010 ppm at
starions one snd two and 0.000~0.041 ppm for stations three through
gix {Table 18)., Station one had a sllghtly greater mean amount of

nirricte than station two but both stations had the lowest pitrite means
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for the study area {(Fig. 13}, Sravion three had z 577 and 6307 incresss
over the mean niltrvite at station one for the winrter and summer pericd,
respectively,. Ststions four and five had egual or higher mean concen-
trations of nitrite than station three. Hean nitrrite at station six
decreased considerably from that st station five, but was still higher
than at station one and two for the summer period.

Orthophosphate (ppm PG§§ readings vanged between 0.005~-0.14 ppm
at station one, $.09-0.36 ppm at station two and 0.0E-0.18 ppm for
stations thres through six (Table 19). Station two appeared o be the
major source of phosphate in the study area. Station one had the low-
est levelg of phosphate during the combined summers only and was second
in phosphate to sztation fwo during the winter pericd (Fig., 14). HMean
phosphate at station three was intermediate to stations one and two
during the combined summers but was lower than either during the wintey
period. In general, & decrease in mean crthophosphate was evident

progressing downstream from station three through station zix.

Bislogical Parameters

A total of 43 geners were cbservad during the spring and summer,
1872, and are listed in Table 20. Major plankters werse species of
Fragilaria, Diatoma, Asteronelic and Oszeillatoriq, while major peri-
phyton forms included species of Naoviocula, Gomphonema, Cymbella,
Fragilaria and Dicfomz. A distinct spring diatom bloom was sevident

{Tahle 5},
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Takle 5. Relative abundance (percent) for those algas which had 107 oy
more abundance at least once during the eight sampling dates
during the spring and summer 1972,

Date
Genera Li8 577 &/17 7711 7714 7726 8713 BiZe Mean
Station #1
Digtoma 12 38 21 i6 12 2 11 & 17.75
Fyagilaria i 3 8 & i0 ik 3 3 7.13
Gomphonemna iz Z & 4 15 18 7 22 13.24
Navieula 38 22 19 52 43 46 42 B 32.00
Tabillarta ¥ o 31 4 4 TR O 0 4.4
81,07 Toral
Station #2
Agtercnelly o 18 2 0 IR 4 TR 0 3.17
Cymbella 7 3 4 Z 6 15 30 24 11,50
Digtoma 2 2 31 36 30 22 & 18 i8.38
Fragiiaria 5 5 i1 5 it " 2 7 5.8%1
Gomphonema 44 g 8 12 13 g il g 14,38
Melloaira 0 0 o 11 i 2 2 7 2.88
Navieula 25 6 19 ié 15 30 27 14 i8.75
Synedra & 16 3 12 5 10 6 5 8.50
Tabillaria i), 31 5 TR Z & g O 4,81
88.06 Total
Station #3
Asteronella 50 11 i D 4 TR 0 TR 7.12
Diatoma 20 46 35 &0 78 69 43 ii 45,25
E’yagﬁf,apig 1 33 16 Z 1R 2 R =’ 13.19
Hannasa TR TR 30 g Z 2 g TR 5.44
Hallosira H 0 3 i 10 4 TR 0 2.31
Osetillatoria 0 ¥ 1 1 O Z 45 82 16.530
87.25 Total
Statien #6
Agteronella i8 5 Z ¢ TR i o 0 3.1%
Digtoma 57 54 28 77 64 24 iz 10 40 .25
Gomphonema Z 8§ 10 3 1 3 4 12 5.38
Hovioula 718 24 12 21 57 62 58 32.00
Rhoicosphenia 1 5 10 3 2 4 3 5 .12
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OF the 43 genera observed, only 12 genera were found te have had
& relative abundance greater thap or egual o fen percent in at least
one collisction date during the collection pericd (Table 5). Stations
one, two, three and six each had five, nine, siz and five gensrs,
respectively, which had & relative abundance of ten percent or grester
at lezst once during the spring and summer sampling period (Table 5}.

Of the five genera which had a ten percent or greater abundance
at station one, Navicule had the greatest mesn relative abundance of
39%, followsd by Diatoma and Gomphonema with 17.75% and 13.25%,
regpectively (Table 3). Station two had four genera out of nine with
& mean sbundance grester than ten percent. These were Navicula, 18.75%;
Diatoma, 18.38%; Gomphonema, 14.38%; and Cymbella, 11.50%. Three of
rhe six genera with at lezst ten percent or greater relative gbundance
during at least one of the sampling dates at statdion three hed a mean
relative abundance in excess of ten percent. These wers DMatoms, with
45.25%, Oscillatoria, with 16.530% and Fragilaria, with 13.197. Atr
station six Diatoma and Faviculc had the highest wmean rvelative abun-
dance with 40.25% and 32.00%, respectively.

0f the nine genera found at station two which had ten percent ox
greater relstive agbundance, at least once during the sampling periocd,

T

Diatoma, Froagiiaria, Gomphonema, Navicula znd Tabillaria were also

found at svation ome, Cymbella and Synedro were only found at station

swa., Four of the six genera which had at lssst ten percent asbundance



at station thres ware prasent ai

5

same daves {dsterionella, Digfom

and Ogeiliatoric were only present at station three. The five genera
at station siz with at least one ten percent occurrencs during the
sampling dates, included Asteronella and Digioma which were present

at station three also, and Gomphonena and Naviculo which were not pre-
zent abt station three bubt were present ab stations one and wo.
Rhoioeosphenia was only abundant at station six.

To ascervtain if 3 significant difference {p= 0.05) existed between
two stations for a particular gensra of phytoplankton, the coniidencs
interval for the larger velative pevcent abundance was compared o the
smaller, Comparisons were made bevwesen stations one and fwo versus
three, and one and two versus siz, for the 15 geners which had &8 rela-
tive sbundance of five pevcent or greater at lesst once during the
collection period.

Since station two was unigue in having wmore phyrtoplankionic
diversity than station one {Table 5}, comparisons were limited to
gtations one, thres and siz.

Four of six peviphviic diatom geneva had g significant decrease

betwesn station one and stations thres and siz (Table &), Cocooneis

L

and Cymbelia decreased in two while Gomphonems and Novicula decressed
in six of eight samples. Stober (1%962) found Novicula and Cymbella

greatly decreszsed below the Tiber Heservoir in Montana. Compared to
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Stations
Geners Typa® S wvs 1 3 v 2 6 vs 1 & ve 2

Agteronslla {F1} +1 0 +1 G
Cocoorners (P’ -7 -1 O 0
Cyelotella {EL) o -1 o -1
Cymbella {Pey -7 -5 - -5
Diatoms {Bi} +& +5 +6 +
Dinobryon (FL1) +1 +1 1 +1
Fragilaria {Ei% g Aol -5 -3
Gomphorsme {Paj -6 -5 -4 -3
Hornmgea {Pe} +2 41, g -2
Hellosira {EL) +1 -5 & -2
Novioula (Fal —& -7 1 +3
Ogotllatort {Fi} +2 +7 s G
Fhotocosphenia {Pe} +1 +1 g o
Synedra {Ei3 & -7 o -7
Tebiliaria {Eiy =1 .t -1 -1




T
levels found at statlon one, Fhoioeosphenia and Honnaeo had greater
significant abundance at station three in one and two of eight samples,
respectively. The planktonic Asteronella and Dinobryon each had an
increase st station three in one of the eight sample periocds. Of those
genera which are sither planktonic or periphytic, Digtoma increased
significantly at station three in six ocut of eight samples.

Comparison of phytoplanktonic relative sbundance between stations
one and siz revealed a general recovery of algae to levels found at
station one, Phytoplankton at station six changed in type and abun-
dance to levels which were more similar to stations one and two with
Favicula, Gomphonema and Cocconeis recovering the most. Hawnaeg,
Mellosira and Ogseillotoriaq were only abundant at station three and
decreased considersbly at station six.

Diatoma, which had the grestest increase at statien three, was
also of great sbundance at station six. This generas has species which
are planktonic and others which are periphytic. While species identi-
fication was not carried out, there were indications that the epecies
at station thres were primarily planktonic aznd those at station six were
probably periphytic (Berg, Bahls, personal communication}.

Overall, of the 15 geners with a relative abundance of five per-
cant or more, three genera were not significantly different between
grations one and three while seven of the 13 genera were not signifi-

cantly differsnt between stations one and six.
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Daphnic and Cyelops were the most abundant zooplankters in the
river gamples. Berg {(pevsonal communication) also noted this for his
regservoir samples ag did Stober (1963) for the Marias River below Tiber
Reservoir.

Summer mean concentrations, organisms per liter, reflected an
increase in both Daphnia and Cyclops at station three when compared to
mean concentrations at stations one and two {(Table 7). Daphnia had an
approximate three and flve fold increase at station three versus stations
one and twe, respectively. Cyclops had an eight fold increase at sta-
tion three over stations one and twoe. Concentrations of both Daphnia
and Cyclops wers observed to dacrease with progression downstream from
station three, with the exception of Cyclops at station four which was
slightly higher than the mean at station three. The mean concentration
at station six was below the mezn concentration at stations one and two
for both speciles.

Table 7. Maximum, mean and minimem summer concentration (organisms/
liter) for Daphwniq and Cyelops at all stations.

Stations
1 2 3 4 5 &
Max. - 17.5 iz.3 45.0 52.5 20.0 2.5
Daphnia  Hean 7.5 4.7 21.9 9.0 2.8 0.9
Min. 2.5 0.0 5.0 0.0 G.0 0.0
Max. 2.5 5.0 27.5 60.0 25.0 2.5
Cyelops  Mean 1.2 0.9 8.1 B.4 3.1 0.6
Min. G.0 6.0 G.0 0.0 6.0 0.0




DISCUSSTION

Physical Parameters

0f the physical parameters examined, flows znd water Lemperature
were altered most by the presence of the ressrvoir.

Even though 1971 and 1972 were high water vears, with 1972 having
slightly less runoff thean 1971, a distinct zlteration in annual flow
pattern was noted below the reservolr. Both pre~ and postimpoundment
and reservelr inflow-release comparisons revealed that monthly nean
postimpoundment flows from the dawm site to Barretis Diversion Dam were
altered. Mean monthly flows for thisz region of the Beaverhead Hiver
nad less water during the low water szsessgon of autumn and winter and
graater flows during the high water season of spring and summer,
December postimpoundment flows only had 747 of the prefmpoundment flows,
while May and August each had sbout 407 increases in postimpoundment
flows.

Vincent {1969, 1971) reported flows in the Madison River during
the late winter and early spring wers much veduced during 1967 by re-
newed storage in Hebgen Reserveir., The resulting late winter and/or
garly spring dewatering of the Madison River resulted in lowered sur—
vival and weight gain of brown trout. Good sarly spring flows were
maintained during the years of 1968~71 with a resyiting increase in
survival and weight gain in brown trout. While severs low Fflows were

not experienced from the dam site to Barretts Diversion Dam or balow
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durding winter and early spring, future low water yearvs could result in
survival problems for trout in this ares.

Honthly mean flows at starion six were found to be essentially

£

unchangad except for rhe months of April, Jume and July. April had less
postimpoundment flows than preimpoundment flows while the rEVerse was
true for June and July.

Stabilization of diel fluctuations ar station three was the greatest
gffect of the reserveir on water temperatures, Suwmer disl fluctuations
at stations one and six were essentially the same with s fluecruation
range of about five degrees (C). Station three had a disl temperature
range of only one degree during the summer. During the winter staricns
one and six had diel temperature ranges of one or two degress while sta-
tion three had a diel range of less than one degree. The lack of a diel
fluctuation at station rhree was the result of the hottom draw found at
Clark Canyon Reservoir. The water which was released from the reservolr
was from the deeper part and conseguently of uniform tempearsture.

Station three had lower monthly maximums than station one by at

i

s

least three degrees during Juns and November, 1971, and February, Apr
and May, 1972. Only during the month of September 1971 did the monthly
mawimum temperaiure at station three exceed the monthly maximunm temnarg—
turs at station one. During Septembar 1971 the reservoir had 407 of

the active storage remaining and was fzirly uniform in temperature

{top: 14.8; bottom: 14.5° €} throughout its entire depth (Berg,
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personal communication). This condition in the reservolr resulted in
a warmer monthly maxdimum av station three than at statien one. The
greatest difference in wonthly mesn temparatures betfwsen stations one
and three occurred during September 1971, four degrees, and August 1971
and 1972, three degrees, when the tempersture at station thres ex-
ceeded those at station one. As previocusly noted, August end September
wers months where dischavge from the reservoir greatly exceeded inflow,
This may have drawn water from the warmer epilimnion which resulted in
the higher mean temperatures at station three. Stober (1963) reported
finding cocler water below Tiber Reservoir during the summer and early
fall. These differences in results betwsen my study and Stober’s can
be explained by the depth of the ocutlet works, and the size of the
reservoirs. Tiber Reservoir is twice the size of Clark Canyon and
about twice zs deep at the level of the ocutlet works,

Monthly mean temperatures at staticn three cerrssponded very closs—
1y to the monthly mesn temperature found within the veservoir (Berg,
personal communication).

Turbidicy in the Beaverhead River was decreased somewhat by the
pregence of the veservoir. This slight effect was not unexpected since
the Red Rock River and Horse Prairie Creek are clesy water stresms
except during the spring runocff. The Marias River, immediatelvy below
Tiker Reservoir, had = marked decrease in turbidity due ro the reser-

voir'e presence {Stohar, 1963).
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Chemica]l Pavameters

0f the chemical parameters studied, the reservoir had its greatest
effect upon the dissolved oxygen levels in the tailwaters. The pH,
ammonis and nitrite were also aliered enough to be considered changed
by the reservoeirs presence.

The pH immediatsly below the reserveir was higher than the pH cb-
served at statlons one and two. The pH reached lts highest level at
approximately ten kilemeters and preceeded to decrease to a level at
station six which was comparable to the levels found at station one.

Comparisons of the pH on the bettom of the reservolr {Berg,
personal communication} with the pH observed at at station three for
the same dates revealed that the pH at station thres was 0.2 pH units
higher during the summer of 1971, generalily the same during the winteyr
and approximately 0.2 pH units less during the summer of 1872,

Mesn dissolved oxygen levels in the Beaverhead River were found
to be wall above the saturation level while stations one and two were
very near saturation but not above. While oxygen levels at the borttom
of the reservoir were at their lowest levels during June, July and
August {0.Z-3.0 ppm DO) (Berg. personal communication), the dissolved
oxvgen at station three was always above the saturation level. These
D0 lavels at station three %&re contrary to results reporied by Fish
(1959) at the Kerr and Roanoke Rapids Reservoire in North Cavelina.

Sylevester and Sesbloom (1963) found that the DU level in water
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released from the Howard A. Hanson Reservolr st Tacoma, Washington was

at gaturatlion duving the summer,

High DO at station three may have been caused by a hydrelic ram

situation in the ocutlet works., The presence of a 30.8 om aiy intake

pipe immediately behind the dam gates may have been the source of

oxygen which was physically forced into solution as the water passed

under the dam. The presence of high DO at ail stations below the

regservoir may have been an

artifact caussed by suspended microbubbles

of gasecus aiy belng present in the water samples. In any case,

critically low DO due o the relesase of water from the bettom of the

reservoir (Fish, 195%) is not likely to become a problem.

Nitrogen, in the form of ammonia (WHo-N) and nitrite {NHO3-N}, was
3 2 H

found to increase at station three above amounts found at siations

ong and two. The incressse
from reduction of nitrstes
in the deeper parits of the

evar, to be ruled out as 2

August 1972, ammonls concen

in emmonis and nitrite probably resulred

andfor the decomposizion of organic matter
reservoir. Nitrogen fixation is not, how-
source of inorgsnic nitrogen. During May-

vrrations on the bottom of the reserveiyr

were higher than observed at station threse, while nitvate and nitrite

concantrationg were spproximetely the same azs st station three {(Berg,

personal communication’}.

With progression downs

tream, fvom station thrss to station six,

ammonia decreagsed to a level comparsble to concentrations found st
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station one. Nitrite, during the winter and summer, decreased with
progression downstream while nitrate increased., This general decrease
in ammonis and nitrire with corvesponding increase in nitrate iz

probably attributable to oxidation.

Biological Paramstars

Periphytic forms were greatly reduced immediately below the dam
from kinds and numbers found in the two veservolr tributaries. These
conclusions agree with Stober’'s (1963) findings on the Msrias River.
Ar Dillon most of the periphyviic forms which were affected immediately
below the reserveir were back to or near lesvels obmerved in the two
reservolr tributaries. Generally, planktonic forms which were much
increased in numbers and kinds below the dam were raducad or nearly
nonexietent by 43 km downstreasm from the reservoir.

Concentrations of Daphmic were highey at staticn three than ob-
servaed in the reseyvelr duving April, lower during May-June and
essentially the same during July-August. C(yclops concentrations were
approximately the same in the reservoir and at station three {(Berg,
personal communication).

The presence of Daphnia and Cyelovs et stations one and two could
be explained by the presence of Lims Reservolr zbove station one and

the sidewaters and irrigation returns on both tribulary sirveams.

by
B
£
[
P

Stober (1963) also found small numbers o o and Cyclops in a

tributary to the Tiber Reservoilr.
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A substantial dincresse in zooplankiton below the reservolr was noted
in this study, as chssvved earlier by Stober (19633, As the Beaverhead

4 3 -

River progressed downstream, the Dgphnia and Cyclops were reduced in
numbers to levels Found av srardion six, which were less than fhose ob-
sgrvad in the tributaries to the reservoir. The zooplankton may provide
additional food for small fish rhrough at least the first ten kilo-

maters of viver below the vesarvoir.
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Table 9, Turbidivy (Jackson Turbidity Units) by sampling date for the
_ summers 1971, '72 and intervening winter.
Stations
Date #1 2 #3 4 #5 #6
6/28/71 22 19 19 20 21 -
7/14 10 7 1 2 2 e
7/28 g & z 2 4 —
8/18 & 3 5 5 4 e
9/1/71 10 7 8 3 -
Mean 11 8 7 7 8 e
9/15/71 10 2 3 2 Z e
10/9 9 3 0 Z 2 e
11720 8 3 3 5 3 e
12721771 1 O 4 3 & -
478772 18 10 8 9 13 13
5/6/72 12 20 8 6 8
Maan io 6 5 i0
6/16/72 10 18 g 7 i8 i3
7/1 8 & 4 3 3 2
7/14 8 8 4 6 8 5
7728 4 & 3 4 6 5
8/13 g 3 4 3 5 2
8/26/72 10 2 o o 3 L
Mean .8 5
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Tahle 10. Conductivity {umhes @ 25°C) by sanpling date and stations
for the summers 1971, '72 and intervening winter,

Stations
Date #1 #2 #3 #4 #5 #4
6/29/71 495 280 460 462 418 R —
7714 518 315 485 510 485 —
7/28 465 337 420 435 400 e
8/18 520 485 462 470 475 —
g/1/71 545 485 460 485 485 e
Mean 507 380 457 472 453 e
9/15/71 520 525 498 510 510 R
10/9 500 390 495 510 495 ———
11/20 495 360 500 515 495 —
12/21/71 525 365 510 520 505 e
4/8/72 420 295 495 515 495 505
5/6/72 4535 360 475 510 495 525
Mean 486 372 496 31 499 515
§/16/72 850 340 570 575 510 560
7/1 800 410 540 545 520 545
7714 &20 520 370 570 570 625
/26 580 465 575 585 580 635
8/13 590 48O 585 590 585 640
8/26/72 545 580 550 565 563 695

Maan 598 466 5635 572 555 517
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Table 11. opH values by sampling date and stations for the summers
1971, 7% and intervening winter.

Stations
Date #1 #2 #2 4 #5 #6
6/29/71 8.0 7.9 8.2 8.3 8.3 e
7/14 8.2 8.3 8.2 8.3 8.4 e
7/28 8.3 8.1 5.2 8.2 8.3 e
8/18 8.4 g.2 8,1 .3 8.3 ——
9/1/71 8.1 8.2 8.3 8.6 B ——
Maan 8.2 8.2 8.2 8.3 8.4 —
9/15/71 8.0 8.1 8.0 8.6 8.5 e
10/¢9 7.7 g.1 8.1 8.5 8.4 e
11/20 8,3 8.2 8.4 8.5 2.4 —
iz2/21/71 8.3 LAY .3 B.4 8.5 e
478772 7.4 7.4 8.1 8.1 B.0 7.8
5/e 8.3 7.9 ___8.3 2 8,z 8.1
Mesn 8.0 7.9 8.3 8.4 8.3 8.0
6/16/72 7.9 7.6 8.1 8.2 8.2 8.0
7/1 8.0 8.0 8.0 8.4 8.5 8.5
7/14 8.0 8.0 7.3 8.0 8.0 g.0
7/26 8.0 B0 8.1 B.1 8.1 8.0
8/13 8.1 B.1 8.1 8.1 8.2 8.0
8/26/72 8.0 8.0 8.3 8.4 __ 8.4 8.2
Mean 8.0 7.9 8.1 .2 8.2 8,1
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Table 12, Dissolved oxvgen (ppm) by sampling date and staticns for
the gummers 1971, 772 and intervening winter,
; Stations
Date #1 #2 #3 it #5 #6
6/29/71 7.48 7.68 9.14 5.90 B.42 e
7114 6.72 8.24 9.16 3.00 9.22
7/28 7.24 7.26 8,70 8,04 7.88 e
8/18 g.38 9.12 §.20 8.66 7.%8 e
8/1/71 7.06 g.78  8.38 8.82 8.80 e
Mean ?358‘ 8.22 8.72 8.68 8.46 e
$/15/71 7.80 B.42 8.62 8.58 8.96 e
16/9 B.40 10.24 9.96 10.30 9.80 e
11/20 10,60 11.60 11.9¢ 12,20 12.10 o o
i2/21 11,08 9.44 11.96 11.80 11.96 R —
478772 16.40 11,3106 12.50 11.40 11.00 1G.60
5/6/72 9.40 g.60 12.00 11,90 10.70 10.40
Mean 9.61 10.07 11.18 11.03 10.75 10.50
6/16/72 7.44 6,24 10.862 16.84 16.22 9.66
7/1 8.80 9.00 9,80 11,40 11,20 12.80
7714 7 .40 7,40 g.00 8.20 740 8,80
7/286 8,06 8.20 G.65 §.46 8.32 8.40
8/13 8,20 8,40 2.00 8.40 8.00 9,40
8/26/72 8.20 9.00 9,24 _11.00 i0.70 16.70
Mean 7.85 2,04 8.57 .72 9,31 9.96
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Table 13. Dissolved oxygen (percent saturation) by sampling date and
‘stations for the gummers 1971, 772 and intervening winter.
Stations
Date #1 #2 #3 #4 #5 #6
6/29/71 g2 89 114 108 101 e
7714 B0 104 113 i1z 117 ]
7/28 86 89 111 160 58 —
8/18 114 112 167 106 163 e
9/1/71 83 102 g 116 115 .
Mean 89 95 111 108 w7 —
/15771 a7 85 108 108 110 ———
1678 B8 108 110 113 110 e
i1/z20 106 102 108 11z 1190 e
iz/z21 ga 84 108 110 08 ——
478772 101 102 128 118 110 107
5/6/72 a9 100 174 124 116 108
Mean a7 g7 1i4 114 139 108
6/16/72 g4 75 122 128 R 112
7/1 104 137 119 142 142 148
714 89 91 113 101 94 102
7/i6 95 kb 123 1ge 1564 100
8713 g7 101 118 109 102 112
8726772 94 _ 162 iz &2 137 130
Mean 94 a7 119 121 117 i17
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Table 14. Total alkalinity {ppm Cal0g) by sampling date and statiouns
for the summersz 1%71, '72 and intervening winter.
B Stations
Date #1 #t2 #3 #4 #5 #6
6/29/71 255 123 192 188 172 o
7/14 240 140 191 192 188 ——
7/28 z3g 148 195 188 190 —
8/18 246 202 195 194 193 e
a/1/71 252 i%4 0l 202 202 e
Mean 246 161 195 123 189 e
8/15/71 238 209 206 206 204 ——
10/9 217 152 206 209 204 e
11720 217 141 211 205 198 e
12721 230 139 223 223 206 e
4/8/72 110 55 98 100 100 100
5/6/72 209 102 8 203 195 199
Mean 204 133 150 1%0 184 156
8/16/72 248 111 202 202 182 204
7/1 250 152 193 198 180 218
7/14 246 172 i8s st 38z 217
7/28 247 169 199 200 197 222
8/13 250 219 200 200 198 234
8/26/72 242 206 20z 204 202 218
Mean 247 188 198 199 190 Z218
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Table 15. Total hardness (ppm CaC03) by sampling date and stations
for the summers 1971, 72 and intervening winter.
Stations

Date #1 #2 #3 f#4 #5 6
6/28/71 243 185 203 208 i75 e
7/14 234 132 186 187 168 e
7/28 230 145 182 192 167 —
8/18 233 161 201 204 188 e
9/1/71 266 186 206 213 213 e
Mean 241 148 198 200 182 m
2/18/771 2338 209 224 228 2724 s
10/9 176 166 211 192 189 e
11720 222 13z 228 234 218 ——
12721771 264 152 252 257 244 ——
478772 325 226 392 330 334 219
5/6/72 178 109 169 9z 183 189
Mean 233 168 246 239 23z 204
6716772 210 50 220 124 19g 215
7/1 256 140 220 226 267 251
7/14 267 172 214 257 2ii 257
7726 264 170 222 229 274 262
8/13 258 230 2319 226 224 268
8/26/72 248 205 224 233 229 280
Mean 250 168 220 230 216 252
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Table 16, Ammonia (ppm NHBwN} concentrations for the swmer 1972 by
sampiing date.
Stations

Date #1 #z #3 #a #5 #é
5§/16/72 .00 0.17 0.12 0,03% 0.05% G.00
771 G, 05 G.05 0.22 0.24 0.05 0.00
7714 G.,00 .00 .18 .03 G.00 0.0
7726 .00 .00 .16 0,05 3,05 0.00
8/13 .00 0.05 6,11 0.03 G.05 0.05
8/26/72 .05 0.65  0.05 0.05 0.1l 0.05
Mean 0.02 0,05 G.14 0.08 0.05 0.0z

%#Trace readings were arbitrarily assigned a (.05 ppn value for

computation of means.
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Table 17. WNitrate {ppm NO3-N) by sampling date for the winter 1971-72
and summer 1972.
Stations
Date #1 #2 #3 #4 #5 #
10/9/71 G.15% $.019 0.090 0.19: 0.273  wemee
11720 G.180 0.060 0.160 0.192 0.1B3 e
12721771 G.373 0.199 3.305 0.245 03.259 e
478772 .08¢ 46,010 G.005% G.005% G.009 G6.059
5/6/72 0.059 0.010 0.080 0.016 0,017 0,047
Mean 0.173 0,060 0.130 G.13% 0.149 6,053
6/16/72 0.074 0.005% 0.005% 0.03% 0.0z22 G.324
771 0.197 .005% 0.080 0,125 0.007 0.060
7714 0.057 0.009 0.070 0.1453 0.116 0.264
7/26 0.199 (3.015 £,000 0.083 G.174 0.404
8/13 0.370 0.020 0.16¢ 0.256G 0.221 G.359
8/26/72 0.359  Q0.005% 0,020 0.011 0.000  0.237
Mean 0.269 8.010 G.057 0,110 0.089 0,285

*Trace readings were avbitravily assigned the value of 0.003 ppm fov
computation of means.,
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Table 18, WNirrire {(ppm NOT-N) by sampling date for the winter 1971-72
and summer 1972,
Statioms
Date #1 2 #3 #4 #5 #6
10/8/71 0.006 0.001 G.010 0.035 $.037 e
117260 0.010 G.010 0.0198 0.018 8.013 ——ome
12721773 4,000 0.001 0.005 0.005 0.011 e
478772 4.060 0,040 0.900 $.0005% (.0061 0.001
5/6/72 0.001 0.0005% 0,001  ©0.004  0.003 0.003_
Mean 0,003 0.002 0.005 0.012 0.012 0.002
6716772 0.00% 0.002 6.006 G.011 0.008 0.006
771 0.063 g.000 0.010 0.015 0.003 5.G00
7714 0.003 (.001 0.020 0.025 G.020 G.006
7/26 0.001 $.000 0.005 0,007 G.026 0,011
8/13 0.000 0,000 6.061 0.040 ¢.029 0.011
8/26/72 0.001 0.0005%  0.010 0,009 0.005 0.003
HMean 0.002 0.0005%  0.015 8,018 0.015 C.006

*Trace readings were arbitrarily assigned the value of 0.0003 pom for

computation of means.
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Table 19. Orthophosphate (ppm POL) by sampiing date and statioms for
the summers 1%71, 72 and intervening winter.

Stations
Date #1 #z #3 #4 #5 #6
8718771 0.04 0.17 0.16 0.18 £.19 -
9/1/71 0.05 0.11 0,06  0.04 0,04  ——mm
Mean .04 0.146 G.1% .11 0.12 ——
9/15/71 0.08 0.09 0.03 0.0% 0.02 ——
12721771 0.02 0.09 0.02 5.0z G.G3 ——
478772 0.14 0.13 0.08 0.05 0.04 e
5/6/72 .09 0,16 0,01 0,02 0.04 0,03
Mean §.08 0.12 0.04 0.02 .03 0.03
6/16/72 0.005% 0.36 0,08 0.06 0.09 0.05
771 0,07 0.26 0.16 0.18 0.09 0.05
7714 0.01 0.16 .18 0.12 G.10 35.03
7726 0.G05% 0,12 0.10 0.09 0.10 0.08
8/13 0.02 0,11 0.09 0.10 0,11 0.07
8/26 §.005% G.14 0.04 0,02 6.0z  0.02
Mean 6.0z 0.19 0.11 0.10 0.08 0.08

#Trace readings were assigned & 0.005 ppm value for computation of
mEANS.



Y

Table 20. Classification of algae and stations where chserved during
the spring and summer of 1572,

DIVISION: Chlorophyta
CLABS: Chlorophyceae
ORDER: Tetrasporales
FaMIlY¥: Tetrasporaceae
GENUS: [Tetraspora (3)

ORDER: Ulotrichales
SUBORDER: Ulotrichinsae
FAMILY: Ulotrichaceas
GENUS: Ulothriz (1,3,4.3,6)
FAMILY: Chaetophoracese
GENERA: Draparnaldia
Stiggoclovium (4,5,6)

ORDER: Cladophorales
FAMILY: C(Cladophorascess
GENUS: C(ladophora (1,2,4,5,8)

ORDER: <Chlorococcales
FAMILY: Oocystacsas
GENUS: Ankietrodesmus (1,3,4,5,6)

ORDER: Zygnamatales
FAMILY: Zvgnemataceszs
GENERA: Mougeotia (2,3)
Spirogyra (1,3,4)
Zygnema (5}

FAMILY: Desmidiaceaas
CENERA: C(losteriwn (3,4,3)
Staurastrum (&)

DIVISION: Chryscphyia
CLASS: ZHanthophyceas
CEDER: Heterocotrichales
FAMILY: Tribonematacess
GENUS:  Tribonerms (1)

CLASE: hrysophyceas
ORDER: <(hyysomonadalsas
FAMILY: Ochromonadsceas
GENERA: Dincbryon (3,4,5,6)
Urcglencpsis (3,4}



Table 20. {Continued}.

CLABS: Bacillariophyceas
OFDER: Centralss
SUBORDER: Cosinodigeiness
FAMILY: {Ooscinodiscacess
GEWNERA: Cyclotella {(2,3,4,5,6)
Melosira {all)
Stephenodiscus (2,3,4,5,6)
ORDER: Pennzales
SUBORDER: Fragilarineas
FAMILY: Tabellariagceas
GENERA: Tabellaria (1,2)
Tetracyclus {1,2,5,6)

FAMILY: Diatomacsaae
GEWTS:  Digromg {all)

FAMILY: FHunotiszceas
GENUS: Howmoeo {(all)

FAMILY: Fragilariacsae
GENERA: Asterionellic {(all)
Frogilaria {(all)
Synadra {all}

SUROEDER: Achnanthineas
FAMILY: Achnanthaceas
CENERA: Cocooneis {(all)
Rhoiocosphenia {all)

SUBCRDER: Havirulinaes
FAMILY: Havieculscsase
GENERA: Cyrosigma (6}
Novicuic (all)
Pinnularia (1,2,6)

FAMILY: Gomphonemaiaceae
GEWUS: Comphonema {(all)

FAMILY: Cymbellaceas
GENERA: Amphora (3,4,3,6)
Cymbella (all)
Epithema (1,23

SUBORDER: Surirslliineas
FAMILY: HNitzachiaceas
CENERA: Denticula (23
Nituechia (211}



Teble 20. {Centinusad}.

FAMILY: Surireilsceas
GENERA: Cymotopleura (1,2,5,6)
Surirellc {2,4,5 a}

DIVISION: (Cyanophyta
CLASS: Hysophvoese
ORDER: Chroococcales
FAMILY: Chroocoecaceas
GENUS: Anaoystis (3)

ORDER: Oscillatorizlss
SUBORDER: Oscillstorinese
FAMILY: Oscillstorisceas
GENERA: aolliatoria (2
Spiruling (1,2,

> 3,65
$ 3

w.,,_,p ‘w‘-?

SUBORDER: HNostochioese
FAMILY: Hostooacsas
GEMIS: Anabaena (2,3,4,5.6}

FAMTILY: Hivulariaces e
GENERA: wJugﬁz
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