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Abstract:

A limnological study was conducted on Clark Canyon Reservoir during 1971 and 1972 with particular
efforts being made to determine the relationships between primary and secondary productivity and
selected chemical and physical factors.

Runoff at 159% of normal reduced the average retention time. Turbidity never exceeded 10 JTU.
Euphotic zone depth varied from 5 to 15 1/2 meters. Storage of advected and solar heat during summer
in the reservoir was attributed to deep water withdrawal. Conductivity ranged from 420 to 650
micromhos. Pronounced vertical conductivity gradients were not observed. Levels of DO in the deep
zone decreased with time following each of the three observed overturn periods. pH ranged from 7.80
to 8.63 with highs and lows occurring during overturn and severest stagnation periods, respectively.
Ranges of total alkalinity and total hardness, respectively, were 177 to 222 ppm and 157 to 230 ppm.
Reductions in the levels of euphotic zone plant nutrients following vernal and autumnal overturn were
attributed to uptake by phytoplankton and transfer to the deep water zone by sinking.

Thirty-one algal genera were observed in the euphotie zone during the study period. The five genera
with the largest mean annual standing crops were, in descending order of abundance, Asterionella
Aphanizomenon, Cvyptomonas, Rhodomonas and Synedra. Mean total phytoplankton standing crops
during winter, spring, summer and fall, respectively, were 2.67, 3.34, 4.05 and -4.10 mm 3/1 Water
temperature was the most significant variable measured influencing phytoplankton standing crop.
Mean euphotic zone chlorophyll a concentrations during winter, spring, summer and fall, respectively,
were 3.36, 9.86, 5.57 and 8.03 ug/1. The small correlation coefficient, 0.34, between chlorophyll a
concentration and phytoplankton standing crop was attributed to seasonal variation in the taxonomic
composition of the phytoplankton community.

Daphnia schodleri and Cyclops bicuspidatus thomasii were the dominant zooplankters during all
seasons and averaged 11.86 and 6.18 organisms/1, respectively,' on an annual basis. Regression
analyses revealed that Asterionella Cvyptomonas and Rhodomonds may have been used as food by
herbivorous zooplankton. Instantaneous birth and mortality rates of D. schodleri averaged near 0.06
annually. Water temperature and chlorophyll a. concentration were the only measured variables
significantly affecting D. schodleri population dynamics.
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ABSTRACT

A limnological study was conducted on Clark Canyon Reservoir
during 1971 and 1972 with particular efforts being made to determine
the relationships between primary and secondary productivity and
selected chemical and physical factors.

Runoff at 159% of normal reduced the average retention time.
Turbidity never exceeded 10 JTU. Euphotic zone depth varied from 5
to 15% meters. Storage of advected and solar heat during summer in
" the reservoir was attributed to deep water withdrawal. Conductivity
ranged from 420 to 650 micromhos. Pronounced vertical conductiv1ty
gradlents were not observed. Levels of DO in the deep zone decreased
with time following each of the three observed overturn periods. pH
_ranged from 7.80 to 8.63 with highs ‘and lows occurring during over-
turn and severest stagnation periods, respectively. Ranges of total
alkalinity and total hardness, -respectively, were 177 to 222 ppm and
157 to 230 ppm. Reductions in the levels of euphotic.zone plant
nutrients following vernal and autumnal overturn were attributed to
uptake by phytoplankten and transfer to the deep water zone by sinking.

Thirty-one algal genera were observed in the euphotic zone during
the study period. The five genera with the largest mean annual
standing crops were, in descending order of abundance, Asterionella,
Aphanizomenon, Cryptomonas, Rhodomonas and Synedra. Mean total phyto-
plankton standing crops during winter, spring, summer and fall, .
respectively, were 2.67, 3.34, 4.05 and 4%'10 mm3/1, Water temperature .
was the most significant variable measured influencing phytoplankton
standing crop. Mean euphotic zone chlorophyll a concentrations during
winter, spring, summer and fall, respectively, were 3.36, 9.86, 5.57
and 8.03 ug/l. The small correlation coefficilent, 0.34, betweem=
chloxrophyll a concentration and phytoplankton standing.crop was attri-
buted “fo .seasonal varidtion in the taxonomlc comp081tlon of the
phytoplankton community.

Daphnia schodleri and Cyclops bicuspiddtus thomasii were the
dominant zooplankters durlng all seasons and averaged-11.86 and 6.18
organisms/l, respectively, on an annual basis. Regression analyses
revealed that Asterionella, Cryptomonas and Rhodomonds may have been
used as food by herbivorous zooplankton. Instantaneous .birth and
mortality rates of D. schodleri averaged near 0.06 annually. Water
temperature and chlorophyll a concentration were the only measured
variables 51gnificantly affecting D. schodZere population dynamics’




INTRODUCTION

Clark Canyon Dam was constructed on the Beaverhead River, south-
western Montana, during the period from 1961 to 1964 as a part of tﬁe
East Bench Unit of thé‘Pick—Sloan Missouri Basin Program. The princi;
pal features of. the unit include Clark Canyen Dam and Reservoir,
Barretts Diversion Dam, East Bench Canal, and a system of irrigation
laterals and drains. The primary functions of the reservoir are
flood control and irrigation.

Personnel of the Montana Fish and Game Department initiated
studies in 1969 to evaluate the fish poﬁulation,of the reservoir and
toidetermine the efﬁect of the reservoir and altered stream flow
patterns on the fish poepulation of the Beaverhead River. I conducted
a supporting study on the limnology of the reservoir with emphasis
on primary and secondary productivity in relation to certain control-
ling chemical and physical environmental factors. Field research
was carried out frem June 23, 1971, through November 4,I1972¢ A
concurrent study was conducted on the limnology of the inlet streams

and outlet river (Smith, 1973).




DESCRIPTION OF THE STUDY AREA

Clark Canyon Reservoir (Figure 1) is an artificial impoundment
of fﬁe?Beavefhead‘River located approximately 32.2 kilometers (20
miles) upstream from Dillon, Montana. The reservoir is. formed behind
a 40.08 meter (131.5 ft) high zoned eérthfill dam with concrete control
works and spillway. The imp0undﬁent'covers the lower portions of Red
Rock Rivér and Horse Prairie Creek which previously had joined to form
the Béaverhead River 396 meters upstream from the present damsite.

Water.storage began on August 28, 1964. The ‘reservoir has a
useable storage capacity of 405.721 X 106 i3 between the'inverted out-
let works. and the maximum water surface (Table 1). Dead storage
capacity below the inverted outlet works amounts to 0.075 X 106 m3.’
Morphometric characteristics of the reserveir at-the average operating
level.of 1688.6 m (5540 ft) are given in Tabie.Z.

Water can be discharged from.the reservoir throﬁgh two outlets;.
(1) the spillway (uncontrolled5—— elevation l6§4;8 m and (é)-the in-
verted outlet works—- elevation 1662.7 m. Normally, all water is dis-
charged through the inverted outlet works .which is 1ocated.2.6 m above
the old streambed. Discharge consequently comes from the deepest
water of the reservoir; 25.9 m at the average operating level.

The major inlet streams to. the reserveir are Red Rock River and
Horse Praifie Creek which drain largely from the Centennial and

Tendoy Mountains. - According to Alt and.Hyndman‘(1972) the Centennial
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Figure 1. Contour map of Clark Canyon Reservoir showing the location
of the sampling station.




Table 1. Surface area and capacity of Clark\Caﬁyon Reservoir at various defined
operating levels. (Bureau of Reclamation data)

Surface Area - Capacity -
Elevation - ' mZ X 106 m3 X 10°
meters (feet) (acres X 103) (acre-ft X 103)
Top of Dam 1700.2 (5578.0) = ——=———o- S em————
Maximum Water Surface \ 1698.3 (5571.9) 26.710 (6.600) 405.796 (328.979)
Top of Flood Control Storage :
(Uncontrolled Spillway Crest) 1694.8 (5560.4) 23.889 (5.903) 317.197 (257.152)
Top of Joint Use Storage 1689.2 (5542.1) 19.971 (4.935) 194.724 (157.863)

Top of Active Conservation Storage 1687.3 (5535.7) 18.195 (4.496) 157.427 (127.626)
Top- of Inactive Storage 1667.4 (5470.6) 0.846 (0.209) 1.861 ( 1.509)

Top of Dead Storage
(Inverted Outlet Works) 1662.7 (5455.0) 0.093 (0.023) 0.075 ( 0.061)

01d Streambed 1660.1 (5446.5)  -—————  —me——
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Table 2. Morphometric data for Clark Cényon Reservoir at the average
operating level--elevation 1688.6 m (5540 ft).

Maximum Depth 28.5 m (93.5 ft)
Mean Depth 9.35.m (30.68 ft)
Maximum Length 6.47 km (4.02 mi)
Maximum Breadth 5.01 km (3.11 mi)
Mean Breadth . 3.06 km (1.90 mi)
Area 19.789 X 10° m? (4.890 X 103 acres)
Volume ' 185 X 106 m3 (150 X 103 acre-ft)
Length of Shoreline 26.01 km (16.16 mi)
Shoreline Development 1.65

Mountains are composed of cémplexly folded Paleozoic and Mesozoic
sedimentary rocks covered by much younger 1ight colored volcanic rocks,
while the-Iendoy'ﬁountainS'contain Precambrian igneous and metamorphic
basement rocké overlain by Paleozoic sedimentary rocks. The drainage
area of Red Rock River is approximately 4092 km? while Horse Prairie
Creek drains approximately 1765 km2. Minor basinS'&hich drain into

the resérvoir account for an additional drainage area of 154 km?. Thus
the entire drainage area of Clark Canyon Reservoir is appreximately

6011 km?2.




METHODS

Monthly reservoir elevation and volume data were obtained from

the Bureau of Reclamation, Upper Missouri Region, Billings, Montana.
‘Dischérge data were obtaineé from the United States Geological Survey
- in Helena, Montana. The data were recorded at the Grant gaging station
which is located on the Beaverhead-kiver 0.64 km downstream ffom Clark
Canyon Dam.

.A sampling station was established near the dam site where, at
the average operating level of the reéervoir, the depth was 25.0 m.
Water samples and field measureménts were taken at near biweekly in-
tervals during the_éummer (mid June-mid September) and at near monthly
intervals duriﬁg the remainder 6f the year except when hazardous ice
conditions prevailed in the spring and fall.

Water samples Wefe taken during early morning from the surface
and at 5 meter intervals to the bottom of the reservoir. These samples
were used for chémical and physical determinations. A composite
euphotic éone.sample, consisting of equal amounts of‘watef taken at one
meter intervals from the surface of the reservoir to a deptﬁ of eight
meters was collected. This sample was used for chlorophyll.analysis
and phytoplankton couﬁtso A 3.0 liter Van Doren water bottlg &as used
to obtain the samples.

Measurements of temperature, conductivity and turbidity were made

at one, five and five meter intervals, respectively, from the surface
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of the reservoir to the bottom using an ARA Model FT3 All-Weather
Hydrographic Thermometer, a Solu-Bridge Model RB3-338-Y147
Conductivity Meter; and a Hach DR Colorimeter contained in a Hach
Field Kit.

Secchi disc depth was determined using a standard Secchi disc in
accordance with the procedure outlined in Welch (1948). It has been
estimated that the Secchi disc disappears at approximately the zone of
10% transmission of totai surface radiation (Wright, personal communi-
cation). The compensation point for most phytoplankton organisms is
reached at light intensities of about 1% of total surface-radiation
(Verduin, 1964). Thus, the depth of. the euphotic zone was defined as
that region where there was 1% 1ight tragsmission. _Euphoetic zone
depth was approximated usiﬁg the following formula derived by Wright
(personal communication):

| 'Depth of Euphotic Zone = 2.7 X Secchi Disc Depth.

The method used for dissolved oxygen analysis was the Alsterberg
modification of the Winkler technique using phenylarsene oxide (PAQ)
instead of sodium thiesulfate as the titrant solution. The pH waé-
measured with an Orion Ionalyzer (Model 407) using a Sargent combina-
tioﬁ pH elecfroded Aﬁalyses for total alkalinity, total ﬁardness and
aﬁmonia followed procedures: outlined in Standard Methoés for the
Examination of Water and Wastewater (APHA, 1965). Orthophosphate,

nitrate and nitrite determinations were made according to methods




-8-
outlined by Hach (1969). A Bausch & Lomb Spectronic 20 Spectrophoto-
meter was used whenever colorimetric procedures were required.

Dissolved oxygen, pH, and total alkalinity determinations were

made within 2-6 hours after field collection, and the remainder of the

chemicai determinations were made within 48 hours of collection.

The chemical analyses described above were made throughout the
course of the study. A more extensive chemical analysis was done on
a weter'sample collected from the euphetic zone of the primary etetion
on September 23, 1972. Colerimetric or titrimet;ic procedures as out-
lined in Standard Methods fo; the Examination of Water and Wastewater
(APHA, 196?) were used for all determinations except sodium and potas-
sium were analyzed using a Beckman Atomic Absorption Flame Spectro-~

photometer, and carbonaceous components were measured using a Beckman

‘ Carbonaceous Analyzer.

'For phytoplankton analyses 125 ml was taken from the cemposite
euphotic zone water sample. This water was placed in a French square
bottle and preserved with 1 ml of Lugel's solution. .Phytoplankton
were identified,leounted, and measured in a Sedgewick-Rafter cell,
and staeding crop (mm3/1) was calculated for each taxon.

Chlorophyll g_concentrations were determined by filtering (0.45

micron Millipore* filters) a known volume of the euphotic zone

%Registered Trademark, Miliipore Filter Corporation, Bedford,
Massachusetts. : :
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composite Water-sampie. The filter was then dissolved in. 5 ml of 90%
acetone and allowed to stand in.tﬁe dark for 24 hoﬁrsr The: selution
Was-theﬁ-centfifuged, and thé oﬁtieal.density-of the supernatant was
meaSureé at 665 millimicrons uéing a Bausch & Lomb Spectronic 20
Spectfophotbmeﬁer. The. micrograms of cﬁléfophyll_g per liter were
calcﬁlated according to the methed of:Odum“et'al;—(lQSS).

Zﬁoplankton samplés-were collecfed‘by making an. oblique: tow: frem
the bottom of the resgrvoir to'tﬁe surfacé ﬁith a Clérk—Bumpué plank~
ton sampler. A #20 plankton.net waSFuée&,uénd‘the célléctioﬁ-was
preserved'in the field.usiné 95% ethanol..

In the 1aboratory_the t§ta1 volume of’ the. zooplankten sample was
;éaSure&, aﬁd ubon:uniformly suépending the organisms in-the'sample\By'
éhaking, 1 to S‘ml-aliquotvaére removed and placed in a modified
" circular coﬁnting cell of the type described by W;rd (1955); Succes-
sive aliquots Wefe examined with a BOX binocular microscope until at
least 150 individuals of the most common taxon had been counted. From~
the daté collected pofulation.density (number/liter) was calculated for
each taxon in the éooplankton community. Population dynamics‘of!Daphnia
‘sehodleri. were estimated following the methodSV&escribed by Edmonson
(1960), H;Ii (1964).and Wright (l965; except .instantaneous birth.rates

were calculated using Casewell's (1972) cerrection.

.




RESULTS

Hydrology‘

Due to excessive runoff- Clark Canyon Reservoir and Dam handled
an abnormal volume of water throughout 1971 and 1972 (Figure 2); ‘In
1971 the January-March inflow was high at 68.743 X 106 m3, 123% of
normal based on a 1963-1970 average (Table 3). On April 1, the
April-July runoff-wés forecast to be well above normal, and conse-
quently the discharge rate was gra&ually increased to 28.317 m3/sec
(1000 ft3/sec) on May I2 and maintained at this level through July 26.
This i#s the maximum rate desired toﬂmeet-establishea floed control
objectives in thé Beaverhead River below Clark Canyon Dam.: In spite
of maximum release rateé, the reservoir was in the flood pool (above
elevation 1690.5 m) between June 12 and Jply 26 reaching a-'record bigh
storage of 228.198 X 106.m% (185.000 X 103 acre-ft) at elevation 1690..
86 m on July 2'(Figure‘3). The‘realized April-July inflow was 280.511
X.106 m3, 190% of normal.. Fiftj—one percent of the tetal net inflow
for 1971 occurred during this' 4 menth périod; Inflows duriné the inter-
vening fall and winter period remained unusu;ily high gt 196.052-X 106

y i .

mé, 1597% of normal during August=December, 1971, and 97.323 X 106 m3,
' 178% of normal. during January-March, 1972, Duriﬁg this perio&,
reservoir releases were necessarily higher thanshormal té maintain
the reservoir at no higher than the maximum'wintér operating level.

The accumulation of snow in the reservoir's watershed was at near
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Figure 2. Mean daily inflow at Clark Canyon Reservoir during 1971 and 1972 compared
to normal daily inflow based on an 8 year (1963-1970) average.
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Table 3. Monthly inflow, discharge and storage change (X 103 m3) at Clark Canyon Reservoir during

1971 and 1972 compared to normal monthly inflow based on an 8 year (1963-1970) average.

1971

Jan. Feb. Mar, Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
Net .
Inflow 21,512 23,079 24,152 41,939 90,835 94,326 53,411 28,691 50,290 50,006 39,756 27,310 545,307
Total
Discharge 21,636 24,929 24,769 34,415 64,191 69,779 67,102 62,489 61,391 46,676 34,328 33,847 545,552
Storage
Change -124  -1,850 -617 47,524 426,644 +24,547 -13,691 -33,798 -11,101 +3,330 +5,428 . -6,537 =245

1972

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
Net
Inflow 24,608 22,869 49,846 55,890 46,848 66,510 38,041 40,644 38,720 42,432 40,459 25,978 492,845
Total ’ . .
Discharge 22,758 21,512 33,440 56,013 56,593 48,748 56,790 63,340 34,156 26,890 32,811 24,991 478,042
Storage o ’
Change +1,850 +1,357 +16,406 -123 -9,745 +17,762 -18,749 -22,696 +4,564 +15,542 +7,648 +987  +14,803

1963-1970 Average

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Total
Net .
Inflow 18,315 17,250 20,437 26,372 32,526, 55,145 33,545 . 21,309 24,832 27,685 22,543 326,719

26,760

_,Z‘[_
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Figure 3. Water levels of Clark Canyon Reservoir during 1971 and 1972 compared to
normal reservoir levels based on a 3 year (1968-1970) average.
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record high Ievels during the 1951—1972 winter, and the spring (April-
July) runoff was again forecast to be well abeve normal. Consequently,
the discharge was gradually increaéea to 22.654 m3/sec (800 ft3/sec)
and maintained.at :this level through May 22 when it appeared that the
major portion of the spring runoff had occurred. This abnermally high
discharge rate coupled with a realized spring runoff which was well be-
low the anticipated‘aﬁoﬁnt led to an.abnormal spring water storage
pattern where, in .contrast to normai yvears, the reservoir water level
declined. from April~tﬁrough ﬁay, 1972 (Figure é). Peak storage of
199.210 X 10 m3 at elevation 1689.46 m occurred on June 30. The real-
ized April-July inflow was 207.290 X 106'm3, 140% of normal. Forty—tWo
percent of the net inflow for 1972 occur;eﬂ during this 4 month period.
Inflow remained high at 188.232 X 106 m3, 153%f normal’ during August-
Decembef, 1972.

On an annual basis, the normal net inflow for eight years prior
to this study was 326.719-X 106 m3 per year. Net inflow was 167% of
normal and 1517 of normal during 1971:and 1972, respectively. The
excessive runoff was accommodated largely by increased discharge rates
and, except during thé above mentioned periods,-it‘hadjlittle.effect

upon reservoir storage patterns (Figure 3).

Light Conditions and Turbidity
Approximated euphotic zone depths on each sampling date during

1971 and 1972 are given in Table 4. In general, it appears that
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Table 4. Euphotic zone depths at Clark Canyon Reservoir during 1971

and 1972.

Euphotic Zone Euphotic Zone

Date Depth (meters) Date Depth (meters)
6/23/71 6.75 5/12 13.91
6/29 7.16 5/20 12.83
717 9.05 6/15. 11.21
7/14 10.80 7/5 9.18
7/21 9.59 7/15 15.39
8/18 - 6.35 7/26 9.45
9/1 6.35 8/6 7.56
9/15 5.00 8/19 9.45
10/9. 15.53 8/26 9.66
12/15 13.23 9/10 8.64
1/8/72 , 12.02 9/23 6.48
2/5 11.88 10/8 9.18
4/21 5.00 10/21 12.56
4/28 7.16 11/4 13.50

euéhotic zone depths, in Clark Canyon Reservoir were erratic with spring-
(April) and fall (August-September) lows possibiy due to turbid spring
runoff and Aphanizomenon flos-aquae phytoplankton blooms, respectively.
Specifically, the euphotic zone depth varied from a low of 5.00 meters
on September 15, 1971 and April Zi, 1972, to highs exceeding 12 meters
on 8 of the 28 sampling dates.

Turbidity ranged from a maximum of 10 Jackson Turbidity Units

(JTU) to a minimum of zero JTU (Appendix Table 9). Vertical turbidity
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gradients were not well defined but, it was noted on several sampling
dates that the lowest turbidity occurred at the reservoir's mid-depths.

Turbidity was higher in 1972 than on comparable sampling dates in 1971.

Temperature and Conductivity

All profiles of temperature are given in Table 10 of the Appendix.
The data indicated that the reservoir was stratified into well defined
thermal zones from late June through early Septembér each year. Spring

ldata available in 1972 suggested. that a less pronounced thermocline be-
gan to form in.late April at a depfh of 3 meters (Figure 4a). As the
season progressed the thermocline was driven deeper until it reached

la maximum depth of 22.0 meters on July 5. Thereafter, it fluctuated
erratically between 9.5 and 22.5 meters until the reservoir overturned
in mid September. In 1971 sampling began on June 23 Wheﬁ the thermo-
cline was at 8.0 meters. Thereafter, it fluctuated erratically between
4;5 and 22.0 meters until the reservoir overturned, again in mid
September. The surface temperature at the onsef\of the fall overturn
was around 14° to 15° C each year.. The thermocline was consistently
deeper in 1972\than on comparable sampling dates in 1971.

Yearly reservoir bottoﬁ temperature regimes showed close simi-
larities on all comparable sampliﬁg dates during 1971 and 1972 (Figure
5). Surface temperature regimes were éimilar except from late:June
through mid July. In late June, 1971, the epilimnion was warmer than

in 1972. However, a prolonged cold spell during the last week of June
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during 1971 and 1972.
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through mid July, I§7l} led to. a cooler early July epiiimnion than
was found in 1972. ’

Vertical and seasonal changes in temperature: are illustrated in
Figure 6. The successive tempe?ature profiles illustrate the effective-
ness of Clark Canyon Reservoir as a heat trap. Because of deep water
withdrawal, the reservoir stores advected heat during the summer in
addition to heat absorbed from solar radiation. Martin (1967) and
Wright and Soltero.(lQ?éD-also report storage of heat during the summer
in other Montana reservoirs with deep zone discharges.

The conductivity in the reservoir ranged frem a low reading of
420 to a high of 650 micromhos=(Appendix‘Tabie 11). Pronounced vertical
gradients of conductivity were not observed in .Clark Canyon Reserveir
in contrast fo the findings of Martin (1967), Arneson (1969)'and Wright
and Soltero (1973) on other Montana reservoirs. A slight vertical
profile with conductivity increasing frem 521.62 micromhos on the sur-
face of the reservoir to 539.79 micromhos on the bottom is detectable
if ‘the mean readings of each strata over all the sampling dates are
considered (Appendix Table 11).

In Figure 7 seasonal and yearly differences in mean conductivity
for the complete strata of water sampled are illustrated. In general
it appears that the lowest concentration of electrolytes occurred
during the spring runoff pe;iod, April through June, with increasing

amounts through the remainder of each calendar year. On:all comparable
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sampling dates the mean conductance was higher in 1972 than in 1971.

This may be due in part to decreased surface runoff during 1972.

Water Chemistry

'DisSolved oxygen (DO) ranged from 6.46. to 10.80 ppm and from 0.20
to 11.08 ppm in the water near the surface and on. the bottom, respec-
tively (Appendix .Table 12). The data reveal the presence of a strong
ciinogradg DO curve during each summer and a less pronounced clinograde
éurve during the intervening wintgr. PO depletion on the reservoir
bottom became progressively more ﬁronounced with time following the
overturn periods with the most severe depletion occurring immediately
pPrior to each of the three observed overturn periods. Lows of.0.20 and
0.36 ppm were recorded on the reservoir bottom prior to fall overturn
in 1971 and 1972, respectively, while a low of 3.98 ppm was recorded
on the nearest sampling date preceding the 1972 spring overturn. Thus,
on a seasonal basis, the highest DO budgets occur during the overturn
periods and during early winter, while lowest budgets occur during
winter and summer stagnation, especially during the latter. On an
annual bésis, mean DO concentrations for the entire strata of water
sampled were higher during 1972 than in 1971 except from late August
through mid September (Figure 8a).

Results of nuﬁerous studies which have been made pertaining to the
minimum DO concentration required to sustain a healthy trout population

seem to indicate that 4 ppm or less will affect trout growth and/or
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distribution (National Technical Advisory Committée, 1968; Needham,
1969). Marcoux (1969) reported that DO reducfion to 2-4 ppm in the
deeper water (17 to 21.m) of Clark Canyon Reservoir limited the use
of this portion of the reservoir by all fish species. In my study
during.197l the 4 ppm isoline was first detected on June 29 -at a depth
of 22.75 meters (Figure 4b). As the season progressed the isoline
crept gradually upward until it reached 9.50 meters on August 18. The
isoline diéappeared from the reservoir by September 15 when a low of
5.20 ppm DO was recorded near the bottom. In 1972 the isoline was first
detected on July 5 at a depth of 18.50 meters. As the séason progressed
the isoline again. crept gradually upward, but to a lesser extent than
in 1971, reaching a depth of 16.00 meters on August 26. The isoline
disappeared by September 23 when the reservoir had overturned. During
both years the isoline's location appeared to be largely dependenf upon
thermocline depth (Figure 4). Consequently, the severest depletion
occurred from mid July through late August. This is in contrast to
depletien on the reservoir bottom which, as previously explained, was
sevefest immediately prior to everturn in early September.

The pH readings ranged from 7.80 to 8.63, and, in general, the
éﬁrve‘of“vertical-distribution.of the pH followed that of dissolved
oxygen (Appendix Table 13). Thus, in both years the highest mean pH
" occurred during the-overturn-periods while lowest means coincided with

periods of severest stagnation (Figure 8b). Lowest pH occurred near
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the ‘bottom during. the stagnation periods.

Previous studies have shown that total alkalinity and total hardness
act in a relatively conserﬁative manner. Data at Clark Canyon Rese?voir
strongly support this contention. Ranges of toetal alkalinity and total
hardness, respectively, were 177 to 222 ppm and 157 to 230 ppm
.(Appendix Tables 14 and 15). The vertical distribution was relatively
homogenous. On comparable sampling dates mean readings Were.slightly
higher in 1972 than in 1971 (Figure 9).. This is 1a¥ge1y attributable
to lower inflows during 1972. On a:seasenal basis, the lowest mean
total alkalinity.occurredlfrom June‘th¥ough mid August while highs were
reéorded during tlie winter months. With respect to total.hardness, it
appeared that the higliest concentration'of‘pdlyva;ent cations occurred
during the fall overturn periods.while lows occurred during summer. N

Orthophosphate cencentrations ranged from 0.00 to 0.54 ppm
(Appendix Table 16).. In general the. values found were quite high in:
comparison to average natural waters: Vertical-ﬁomogeneity was ob-
served during the overturn periods with concentrations ranging-betwéen'
0.05-0.12 ppm (Table 55;- Phosphate reduction to 0.02 ppm was observed
in the euphotic zone during the winter peried. The deep:z0ne concen-—
tration remained essentialiy unchanged f;om that observed during‘thq
. preceding autumnal overturn. As summer stratification progressed fol—
lowing the 1972 vernal overturn, phosphate accumulatien in the hypo-

limnion was observed, reaching a maximum of 0.20 ppm or - 3 times the
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Table 5. Plant nutrient concentrations in the euphotic zone (0-8 m)
and in the deep zone (15-bottom m) during 1971 and 1972;
Phosphate Nitrate Nitrite Ammonia
PPM © ppm PPM PPM
Date 0-8 15-b 0-8 15-b 0-8 15-b 0-8 15-b
8/18/71 0.29 0.11 - - - - - -
9/15 0.07 0.07 - - - —= - -
10/9 - -~ 0.03 0.04 .001 .002 - -
1/8/72 - 0.03 0.07 0.24 0.31 .005 .006 - -
2/5 0.02 0.06 0.15 0.21 .005 .005 - -
4/21 0.06  0.07 0.03  0.03 Zero Zero Zero - Trace
4/28 0.06 0.06 0.03 0.03 Zero Zero Trace 0.02
5/12 0.04 0.05 0.01 0.02 .001 .001 0.01. 0.05
5/20 0.03 0.05 0.02 0.02 .001 .001 0.02 0.11
6/15 0.06 0.10 Trace 0.02 Zero .003 0.03 0.12
7/5 0.07 0.20 0.01 0.05 .003 .012 (.01 0.27
7/15 0.04  0.16 0.01  0.06 .002  .012 0.06  0.19
7/26 0.10 0.17 0.01 0.06 .005 .012 0.06 0.24
8/6 0.05 0.14 Trace 0.03- .005 .014 0.03 0.25
8/19 0.04  0.11  -- R — —~  Trace 0.03
8/26 0.35 0.11 0.01 0.03 008 .010 0.02 0.07
9/10 0.05 0.05 0.01 0.0L .003 .002 Zero. 0.01
- 9/23 0.11 0.12 0.01 Trace Trace Trace 0.0l 0.03
10/8 0.11 0.11 Trace 0.02 Zero Zero. 0.22 0.08
10/21  0.06  0.07 0.01 .0.02 Zero  Zero 0.17  0.20
11/4 0.03 0.03 0.01 0.02 Zero Zero 0.05 0.07
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euphotié zone concentration on July 5.» Subsequent reductions in the
hypolimnetic phosphate concentration ma& be attributable to reservoir
drawdown during July and August due to irrigation releases. 'Euphotic
zone phosphate concentrations during fhe summer stratification period
were erratic with values ranging between 0.03-0.35 ppm. Phosphate re-
duction was observed in both the euphotic and deep zones as autumnal
circulation progressed in 1972.

Nitrate coﬁcentrations ranged between 0.00-0.36 ppm (Appendix
Table 17). Vertical uniformity of nitrate concentration at 0.01 te
0.03 ppm was observed during overturn periods (Table 5). Highest
nitrate concentrations, 0.15-0.36 ppm, were observed during the winter
months. Nitrate réduction between January and February was observed
in both the euphotic and-dﬁsphotic zones. Dysphotic zéne concentrations
during winter exceeded euphetic zone values by one-third. With thé
advent of summer stratification following the 1972 spring overturn and
throughout the summer stagnation and fall mixing periods, nitrate. in
the euphotic zone remained at a low concentration, averaging 0.0l ppm.
As time advanced following the vernal overturn, nitrate accumulation
in the hypoliﬁnion occurred; reaching a maximum of 0.06 ppm or 6 times
the euphotic zone concentratiqn during July.- The subsequent reduction
in hypolimmetic nitrate concentrations may again be attributable to

reservoir drawdown.
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Nitrite concentrations ranged between 0.000-0.020 ppm (Appendix
Table 18). The vertical distribution of nitrite génerally followed the
pattern of nitrate, with inéreased concentrations deeper in the reser-—
voir. Seasonal trends were also similar eXCept'during overturn periods
when, in the presence of an increased DO budget, the nitrite was.
effectively eliminaéed (Table 5).

Ammonia analyses were conducted from April 21-November 4, 1972.
Concentrations ranged between 0.00-0.56 ppm (Appendix Table 19). A
near uniform vertigal profile with concentrations ranging between 0.00-
0.01 ppm was observed during the vernal overturn. As summer stratifi-
cation progressed, hypolimnetic concentrations increased, reaching a
maximum of 0.27 ppm or 27 times the euphotic zone concentration on July
5 (Table 5). Euphotic zone ammonia concentrations during the summer
were erratic, but genmerally increased to a late July maximum of 0.06
ppm and subsequently declined. Vertical homogeniety of ammonia was
restored with the adQent of the fall everturn. The increased ammonia
concentrations during October may be attributable to the nature of the:
autumnal circulation period (Hutchinson, 1957).

Results of a more thorough chemical anaiysis of a euphotic zone
water sample téken from the reservoir on September 23, 1972, are shown
in Table 6. Similar euphotic zone analyses conducted during the 1965 |
fall overturn on Hebgen Lake and Quake Lake by Martin (1967) and

Arneson (1969), respectively, are alsc presented along with the mean -
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Table 6. Euphotic zone chemical characteristics during fall overturn
in 3 Montana reservoirs compared to the mean composition of
river water of the world.

Measurement

1 2 3 4
pH 8.47 8.35 7.79 -
Total Alkalinity (me/1) 4.13 1.47 1.50 -—
Total Hardness (ppm) 232.8 —— —_— 55
Calcium Hardness (ppm) 149.6 -— -~ —_—
Magnesium Hardness (ppm) ' 83.2 -— -— —_—
cat™ (me/1) 2.99 0.21 0.73 0.750
Mgt (me/1) 1.66 0.18 0.23 0.342
Nat  (me/1) ©0.90 1.48 1.02 0.274
XY (me/1) 0.10 0.11 0.11 0.059
HCO3™ (me/1) 3.95 —— -— 0.958"
S04~  (me/1) 1.22 0.23 0.14 0.233
Cl- (me/1) 0.27 0.58 0.38 0.220
C03= (me/1) 0.18 —— -— —
F1~ (me/1) 0.02 — 0.11 -—
Silica as 5105 (ppm) 18.8 45 31 13
Total Carbon (ppm) 59.5 —-— - -
Organic Carbon (ppm) 5.0 ——- - ——-
Inorganic Carbon (ppm) 54.5 17.6 —_— —-—

. Total Iron (ppm) 0.00 0.13 0.07 0.67

1. Clark Canyon Reservoir, 9/23/72 (present study).

2. Hebgen Lake, 9/23/65 (Martin, 1967).
3. Quake Lake, 9/14/65 (Arneson, 1969).

4. Mean composition of river water of the world (Livingstone, 1963).
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composition of river water of the world as'compufed by Livingstone
(19635f. In general it appears that Clark Canyon Reservoir contains
2 or 3 times more total dissol?ed solids (TDS) than either Hebgen Lake
or Quake Lake and 4 times more TDS than "average' river water. Reid
(1961) presents a classification scheme for bielogical productivity

based on calcium ion concentration as  follows:

Ca-H'T concentration. Bielogical. productivity
Less than 0.50 me/l "Poor"

0.50 - 1.25 me/I. "Medium"

Greater than 1.25 me/1 "Rich"

By this criterion Clark Canyon Reservoir must .be regarded as a very
"rich" reservoir. The order of abundance of specific ions in Clark
Canyon: Reservoir is in. accoerdance with typical North American fresh

waters,

"Phytoplankton Standing Crep and Chlorophyll

" A total of 31 algal genera (6 classes) were observed in the
euphotic zone of Clark Canyon Reserveir from.December 15, 1971 to
November:4;-19i2 (Appeﬁdix Table 20), - Thirty-twoe genera (7 classes),
2é'genera (érclasses), and 50 genera (7 classes) were reported by
Martin (1967), Arnesen (1969) and Wright and Solteroe (1973) respec-
tively, in studies of‘othef.Montana reservoirs, Smitﬁ (1973) observed
43 genera (5. classes) in.Clark Canyon Reserveir's inlet. streams and

outlet river.
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For seasonal analysis, all-biological data were divided into four
groups: (1) winter,ﬁcontained three sampling dates from December 15,
1971 through February 5, 1972; (2) spring, contained four sampling
dates from April 21 through May 20, 1972; (3) summer, contained seven
sampling dates from June 15 through August 26, 1972; (4) fall, con-
tained five sampling dates from September 10 through Noevember 4, 1972.

The five genera with the largest mean annual standing crops were,
in descending order of abundance, A4sterionella, Aphanizomenon,
Cryptomonas, Rhodomonas and Synedra. The seasonal abundance of these
genera is shown in.Figure:-10.

The dominant genus during winter was Asterionella (Table 7). Its
standing crop ranged from 1.00. mm3/1 to 1.14 mm3/1 and. averaged 1.053
mm3/1. Synedra, Cocconetis, Rhodomonas, Cryptomonas, Chlamydomonas and
Cymbella each achieved mean winter standing crops of- between 0.1l and
oyﬁo mm3/1. The remaining Winter genera averaged less than 0.10 mm3/1.,
Alga, whose mean biomass during winter was at least two times that ob-
served- during any other seasomn, included. Pediastrum, Cocconeis,
Cymbella, Gomphonema and Dinobryon, Blue-green. and dinoflagellate
genera were conspicuously absent during winter.

During spring Asterionella remained the most abundant genus with
a mean density of 1.105 mm3/1. The peak annual standing crop of
Asterionella at 1.46 mm3/1 was reached on April 21.. A gradual decline

in its abundance was 6bserved~througﬁout the spring and summer until
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Figure 10. Seasonal abundance of the five major algal genera in Clark Canyon
Reservoir.




Table 7.

Seasonal rank order of abundance of algal genera in Clark Canyon Reservoir during 1971 and 1972
Winter m3/1 Spring m3/1 Summer mm3/1 Fall md/1 Annual Avg. mm3/1
1. Asterionella 1.053 Asterionella 1.105 Aphanizomenon 1.003 Aphanizomenon  1.486 Asterionella 0.732
2. Synedra 0.293 Cryptomonas 0.537 Cryptomonas 0.767 Cryptomonas 0.516 Aphanizomenon  0.622
. Cocconeis 0.257 Rhodomonas 0.265 Asterionella 0.443 Synedra 0.422 Cryptomonas 0.516
. Rhodomonas 0.257 Synedra 0.258 Rhodomonas 0.330 Fragillaria 0.390 Rhodomonas 0.280
5. Cryptomonas 0.223 Chlamydomonas  0.258 Ceratium 0.327 Asterionella 0.328 Synedra 0.245
6. Chlamydomonas  0.123 Diatoma 0.200°  Diatoma 0.261 Rhodomonas 0.266 Fragillaria 0.197
7. Cymbella 0.117  Staurastrum 0.155  Fragillaria 0.226 Ceratiun 0.184 Ceratium 0.128
8. Chlorella 0.093 Chlorella 0.105 Anabaena 0.226 Uroglenopsis 0.102 Diatoma 0.118
9. Fragillaria 0.087 Stephanodiseus 0.088 Schroederia 0.080 Staurastrum 0.072 Chlamydomonas  0.115
10. Gomphonema 0.050 Fragillaria 0.083 Staurastrum 0.070 Melosira 0.060 Cocconeis 0.087
11. Pediastrum 0.043 Cyelotella 0.075 Uroglenopsis 0.046 Chlamydomonas  0.048 Staurastyum 0.074
12. Hannaea 0.023 Uroglenopsis 0.048 Cocconetis l_0.037 Rhoicosphenia 0.030 Chlorella 0.059
13. Dinobryon 0.023 Cocconetis 0.040 . Chlamydomonas 0.031 Hannaea 0.024 Anabaena 0.057
14. Navieula 0.015 Navicula 0.020 Navicula -0.024 Chlorella 0.022 Uroglenopsts 0.049
-Seenedesmus 0.012 Rhoicosphenia  0.020 Stephanodiscus  0.024 Cymbella - 0.016 Cymbella 0.036

15.

;75_
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the annual minimum of 0.09 mm3 /1 was observed on August 26. Cryptomonas
accounted for the second largest mean volume during spring. In contrast
to Asterionella, a gradual increase in its standing crop frem 0.29
mm3/1 on April 21 to 0.80 mm®/l on May 20 was noted. The mean volume
of Cryptomonas for the spring was 0.537 mm> /1. Rhodemonas, Synedra,
Chlamydomonas, Diatoma, Straurastrum and Chlorella attained mean spriné
standing crops ranging between 0.10 and 0.27 m®/1. The remaining
spring genera-averaged less than 0.10 mm3/1. Alga whose mean biomass
during:spring was at least. two times that observed during any other
seéson iﬁcluded Ankistrodesmus, Chlamydomonas, Staurastrum, Cyclotella,
Nitzschia and Stephanodiscus. As was the case during winter, blue-
green and dinoflagellate genera.were not present in the spring samples.

Aphanizomenon was dominant duriﬁg the summer season with a mean
standing crop of 1.003 mm3/1. It first appeare& on.July.S at a density
of 0.03 mm371 and sharply increésed thereafter until a peak was ob-
served on August 19 ag 2.99 mm3/1.. A slight decline in its abundance
in late August was followed by the annual peak of 4.04 mm3/1 on
September 10. With the demise of this second peak, a gradual decline
in the abundance of Aphanizomenon followed, and on October 21 its
presence was no longer detectable. Cryptomonas,. Asterionella,
Rhodemonas, Ceratium, Diatoma, Fragillaria and Anabaena each achieved
mean summer standing crops: of between 0.22 and 0.77 mm3/1° The re-

maining summer genera. averaged less than 0.10 mm3/1.. A "bloom" of
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the blue-green algae, Anabaena, was recorded‘in‘eafly July when its
biomasé reached 1,24rmm3/1. Alga whose mean biomass during summer was
at least two times that observed during any other: season included
Schroederia and Anabaena.

In the fall season Aphanizomenon remained thé dominant algae
averaging 1.486 mm3/1. Cryptomonas, Syned?a, Fragillaria, Asteriénella,
Rhodomonas, Ceratium and Uroglenopsis attained mean fall standing crops
ranging between 0.10 and 0;52 mm3/1. The'remgining fall genera averaged
less than 0.10 mm3/1. Alga whose mean biomass during fall was at least
two times that observed during any other season includedAMblasira and
UrogZenObsisb

The seasonal abundance of Clark Canyon algae by class is ghown in
'Figure 11. The Bacillariophyceae were the dominant class during all
seasons comprising 71:2, 57.3,-31.9 and 40.8% of the total cell vol-
ume duriné winter, spring, summer and fall, respectively. Myxophyceae
were present only during the summer and fail when they coentributed 25.8
an& 26.9%, respectively,.to the tetal standing crop. ;The standing crops
of Bacillariophytes and Chlerophytes were depressed during Myxophyten
"blooms". The Cryptophyceae occurred with notable consistency during
all seasons, comprising 17.8, 24.4,_27.2 and 19.4% of the total cell
 volume during winter, spriﬁg, summer and fall, respectively. The
Chlorophyceae were not an important class-on a cell volume basis as

they contributed only 10.1, 16.6, 6.1 and 4.8% of the total cell volume
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during winter, spring, summer and fall, respectively. Chrysophyceae
were present in insignificant amounts during all seasons. Dipophyceae
were present only,during-the-summer and. fall seasons when they con-
tributed 7.8 and 6;0%, respectively, to. the total standing crops..

Euphotic zone chlorophyll a concentrations ranged from a.maximum
of 14.43 ug/l on September 10, 1972, to a minimum of 1.19 ug/1l on July
26, 1972 (Appendi% Table 21). ' The highest qgantities reported for
Hebgen Lake (Martin, 1967), Quake Lake (Arneson, 1969) and Bighorn Lake
(Wright and Soltero, 1973), respectively, were 6.47, 13.84 and 77.0
ug)l° The thrge peak- concentrations of chlorophyll a observed in- Clark
Canyon  Reservoir during late April, early July and early September were
due, respectively, to a spring diatom- gregn;algae-"bloom", an Anabaena
spp. (blue-green algae) "bloom" and an Aphanizomenon flos-aquae (blue-
green algae) "bleom". On a.seasonal basis, mean euphotic zone
chlorophyll a concentrations during winter, spring, summer, and fall,
respectively, were 3.36, 9.86, 5.57 and 8.03 ug/l. The~annual average
was 6.71 ug chlorophyll a/l.

The relationship between.euphotic zone chlorophyll a concentration
and phytoflanktén standing crop is shown in Figure 12. A simple corre-
lation coefficient of 0.34 (P=.16) was obtained by a.regression analysis:
of all simultaneous measurements of-chlorophyli a and phytoplankton
standing crop.- On a -seasonal basis, the chlofophyll'g/ cell volume

ratios during winter, spring, summer and fall, respectively, were 1.26,
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2,95, 1.38 and 1r96'(Ap£endix Table 21). This yields an annual aver-
'age ratio of. 1.89 ug chlorophyll a/ mm3 of pﬁytoplankton cells. Similar
values were ¥eported-by Martin (1967), while Wright and Soltero (1973)
found slightly higher ratios averagiﬁg 3.4 ug chlorophylli/mm3 of
phytoplankton cells from April through November at Bighorn Lake.
Zooplanktbn Sfanding Crop and Daphnia
sehodleri Population Dynamics
The major zooplankton taxa eﬁcountered.during the study, exclﬁding
rotifers, were Daphnia échodleri, Cchops.bicuséiddtus thomasii and
Diaptomus spp. Bosmina spm‘and Macrothrix sp.. were found rarely in
some samples, especiall& from December through mid July. The mean an-
nual numerical densities of D. schodleri, C. bicuspidatus, D.- spp. and
copepod nauplii, respectively, were 11.86, 6.18, 1.10 and 7.87 orga-
nisms/1 (Appendix Table 22).. Wright (1965) found ‘similar numerical
densities of D. schodleri on comparable sampling dates at Canyon Ferry
Reservoir, but the C.. bicuspidatus population densities which he en-
countered were much higher than those found in Clark Canyon Reservoir.
In Quake Lake from late spring through early fall, Arneson (1969) re-
ported mean numerical densities of D. schodleri, C. bicuspidatus éﬁ&‘
D. spp., respectively, of 3.63, 0.14 and 0.29 organisms/1.
D. schodleri.was~the deminant zooplankter during all seasons,

averaging 10.69, 13.94, 18.47 and 4.32.organismsJ1 during winter,

spring, summer and fall, respectively. The D. schoedleri population
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ranged from a low of 3.10 organisms/l on October 8, 1972, to a peak
annual density of 33.28 on July 15, 1972 (Figure 13a).

C. bicuspidatus was the second most ébﬁhdant zooplankter during
all seasons, averaging 3.77, 11.42, 8.55 and 0.92 organisms/i during
winter, spring, summer and fall, respectively. The C. bicuspidatus
population ranged from a low of 0.26 organisms/l on October 21, 1972,
to a peak annual density of 21.62 on April‘21, 1972. TUnlike D.
sahodleri.and D. spp. which achieved their highest annuai populétion'
densities during the summer, C. bicuspidatus was most abundant during
the spring.

D. spp. rankéd as thé fhird most. abundant zooplankter during ail
seasons, averaging'0.23, 0.0b, 4.01 and 0.14 organisms/1 during winter,
spring, summer énd fall, respectivel&. The D. spp. pbpulation ranged
from a iow of zero organisms/l during the entire spring to a peak aﬁ—
nual density of 10.78 on July 15, 1972, coincideﬁt with the peak annual
concentration of D. schodlert.

The copepod nauplii were most abundant.during the spring when they
averaged 23.31 organisms/1l. Mean numerical densities during winter,
summer and fall, respectively, were 0.14, 7.64 and 0.37 nauplii/l.

Instantaneous birth rates of D. schodleri ranged from 0.004 on
May 20, 1972, tora peak annual rate of 0.141 on December 15, 1971
(Table 8). Average birth rates during winter, spring, summer and fall,

respectively, were 0.128, 0.031, 0.030:and 0.038.. - The -high birth-rates
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Table 8. Population data for Daphnia schodleri in Clark Canyon

Reservoir,
Instanta- Instanta-
Finite neous Population neous
Egg Birth Birth Changé: Mortality

Date Duration* Rate Rate Rate Rate
12/15/71 28.4 0,141 0.141 +0.,005 +0.136
1/8/72 28.4 0.123 0.123. +0.006 +0.117
2/5/72 27.8 0.121 0.121 -0.004 +0.125
4/21/72 18.2 0.036  0.035 +0.037 -0.001
5/12/72 13.6 0.054  0.053 -0.037 +0.089
5/20/72 9.2  0.004 0.004 +0.011 -0.007
6/15/72 5.8 0.048 0.048 -0.009 +0.057
7/5/72 3.4 0.037 °  0.035 " +0.077 -0.039
7/15/72 3.8 0.041 0.040 -0.007 +0.047
7/26/72 4.0 0.019 0.020 -0.080 +0.103
8/6/72 3.6 0.010 0.010 -0.035 +0.045
8/19/72- 3.4 0.041 0.041 -0.034 +0.075.
8/26/72 4.2 0.013 0.013 -0.023 +0.036
9/10/72 4.6 0.034 0.034 +0.002 +0.032
9/23/72 6.6 0.045 0.045 -0.035 +0.080
10/8/72 10.4 0.036 0.036 +0.017 +0.019
10/21/72 12.0 - - - -

#From data reported by Hall (1964).

during winter are attributable to high egg denéitieSa,‘The mean annual birth
rate of D. schodleri was 0.057. Wright (1965) found a mean birth rate
of 0.152 from April through early September, 1958, in Canyon Ferry

Reservoilr. Extremes ranged from 0.59 to 0.01.
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On anm annual basis, instantaneous mortality rates of D. schodleri
averaged 0.061 and ranged from less than zero on several sampling dates
to a peak annual rate of 0.136 on Décember%¥§; 1971, coincident with
the peak annual instantaneous birth rate (Figure 13). The occurrence
of negative mortality on several occasions reveals that birth rates
were sometimes underestimated. Wright (1965) and Martin (1967) also
report negative mortality rates as a réSulf of problems encountered in
the processing of zooplankton samples and data. Average mortality
rates during winter, spring, summer and fall, respectively, were 0.126,
0.027, 0.046 and 0.044.

The instantaneous rates of population change for D. schodleri
ranged from ~0.080 on July'26, 1972, to‘+Q.077 on July 5, 1972 (Table
8). Mean population change rates during winter, spring, summer and
fall, respectively, were +6.002, +0.004, -0.016 and -0.005. Positive
"r" values indicative of an.increasing population were generally
characteristic of D. echodleri from December 1971 through July 1972
(Figure 13b). Negative.popﬁla;ion change rates characteristic of de-
clining. populations were prevalent from mid July through late September.
.By early October the D. schodleri population had recovered and was
characterized by a positive population changé rate. Wright (1965)
found population change rates ranging from -0.21 to +0.15 ét Canyon

Ferry Reservoir.
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Relationships Among Physical,. Chemical
and Biological Parameters

Statistical analyses were used to quantitatively evaluate relation-
sﬁips am&ng fifteen variables 1iste& in Appendix Table 23. Simple
correlation coefficients between the variables are given in Appendix
Table 24; Significant multiple linear regression analyses are shown
in- Appendix Table 25.

A total of sixty-three multiple linear. regressions were performeq
usiﬁg various combinations of independenf variables in an attempt to
describe or explain eleven different dependent variables.. Seventeen
which wefe most plausible and/or most significant based on F-tests were
selected for presentation in this report. To faciiitate interpretg;ion
the multiple linear regression'anélyses were classified into 'descrip-
tive" and "explainative" types.. A '"descriptive'" analysis includes:
independent variables which are correlated with the dependent variable
by cause and effect, interaction, reaction to an extraneous variable
and/or coincidence. "Explainative' models include only cause and effect
and/or interactive variables. Thus the "explainative' models include
only independent variables which have a plausible direct or indirect
influence upon the dependent variable based on results of other studies.
The "descriptive" models include additional significantly correlated
but noﬁ influential variables whose levels, if known, will aid in pre-

dicting the level of the dependent variable.
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Simple qorrelation revealed a. significant positive relationship
between water temperature and total phytoplankton standing crop. Witﬁ
regard‘to the four major phytoplankton genera, water temperature was
positively correlated with the standing crops of Aphanizomenon and
Cryptomonas , negativel& correlated with the standing crop of Astério-
nella, and not significantly correlated Wiéh the standing crop of
Rhodomonas. Water temperature was not significantly correlated with
any zooplankton standing crop measurement (Daphnia, Cyclops, and/or
total zooplankton standing crop), but significant negative cérrelations
existed between water temperature and the instantaneous birth and déath
rates of Daphnia. Aphanizomenon.standing crop was negatively correlated
with all zooplankton standing crop measurements. Chleroephyll a con-
centration was negatively correlated with the instanfaneous death rate:
of . Daphnia and positively correlated with its populafion change rate.

The multiple linear regression analysis of the variables affecting
éhlorophyll g;conceﬁtration is not presented becaﬁse of the low B value
(0.09) obtained. This is explainable by the e#clusion of one or several
influential, but unmeasured, variables, such as light intensity, from
the regression. This also accounts for- the relatively’low R? values
obtained by regression on all phyteplankton measurements (total standing
crof and standing crops of the four major. phytoplankton geﬁer@; Rz,
the square of the-multiﬁle correlation coefficient, is the proportion

of the variation of the dependent variable measurements removed by the.
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multiple regression.

The multiple linear regression equation best "explaining" the
observed variation in ph&toplankton standing crop is:

P = 2,383 + 0.116W + 1.937P0 R? = 0.34 (1)
where P = phytoﬁlanktén standing crop (mm3/1)

W = water temperature (Centigrade degrees)

Po- = orthophosphate concentration (ppm) .

Water temperaﬁure was the moest significant measured "explainative"
variable affecting phyteplankten standing crop (r = 0.53, P = .01).
The partiai correlation coefficient, r, iskthé correlation between the
dependent variable and the named indepéndent variable when the‘otﬁer
independent. variables. are held constant. P is its level .of significance.
Orthophesphate concentration was insignificant (r = 0.13, P = .31).
Removing orthophosphate concentration from the regression équation de-
creased the R2Z value to'0.33.“ Wright and Soltero (1973) foun& thét the
most'significant variables explaining the observed variatidn in phyto-
plankton-staﬁding crop in Bighorn. Lake were, in decreasing order of
siénificance, solar radiation, euphotic zone deﬁth; and ammonia nitrogen.

"Descriptive" and "explainative' regression analyses for the four
major-phytopl;nkton genera are included iﬁ Appendix Table 25. The -
"explainative" regression modeiS'reveal that: water temperature.was the
only sigﬁificant measured variable affécting the standing crops of
Asterionella, Aphdnizomenon, .and Rhodemonas. Both water temperature

and orthophosphate concentration had a significant influence upon the
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standing crop of Cryptomonas.
The best '"descriptive'" model for zooplankten standing crop is:

Z =~—13;46 + 2.376W - 0.649€C - 7.767P + 31.70As + 17.36Cr

+ 41.95Rh R? = 0.86 (2)
where Z = zooplankton standing crop (organisms/1)
W = water temperature (Centigrade degrees)
C = chlorophyll a concentratien (ug/l1)
P = phytoplankton standing crop (mm3/1)
As = Asterionella standing crop (mm3/1)

Cr = Cryptomonas standing crop (mm3/1)
Rh = Rhodomonas standing crop (mm3/1)

The most impoftant variables, in decreasing order of significance,
were Water-temperature.(r = 0.81, P <.005), Asterionella standing crop
(r = 0.78, P <.005), phytbplankton-standing:crop (r = -0.69, P = .01),
Rhodomonas standing crop (r = 6%61, P = ,02), Cryptomonas standing crop
(r = 0;55, P = ,04), and chlorophyll a concentration (r = -0.36, P =
.14). Removal of chlorophyll a concentration from the regression re~
duced the R® value to 0.83.
| The best "explainative' model for. zooplankton standing crop is:

7 =-37.08 + 2.479W + 41.17As + 9.690Cr R = 0.63  (3)
where Z'= zooﬁlankton-standing crop (organisms/1)

W = water temperature (Centigrade degrees)
As = Asterionella standing crop .(mm®/1)
Cr = Cryptomonas standing crop (mm® /1)

The most important variables, in decreasing order of significance,
were Asterionella standing crop (r = 0.77, P <.005), water temperéture<
(r = 0.7, P <.005).and Cryptomonas. standing crop (r = 0.25, P = .18).

Removal of Cryptomonas standing crop from the regression reduced the
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R? value to 0.60.
The best "descriptive' model for Daphnia standing crop is:
D=14.910 + 1.121W - 6.184P + 10.76As + 11.41Cr +'20.59Rh
RZ = 0.75 (4)

where D = Daphnia standing crop (organisms/1)
W = water temperature (Centigrade degrees)

P = phytoplankton standing crop (mm3/1).
As = Asterionella standing crop (mm3/1)
Cr. = Cryptomonas -standing crop (mm3/1)
Rh = Rhodomonas standing crop (mm3/1)

The most important variables, in decreasing order of sigﬁificance,
were phytoplankton standing crop (r»=-0.74, P <.005), water temperature
(r = 0.67, P = ,01), Cryptomonas standing crop (r = 0.52, P = .04),
Asterionella standing crop (r. = 0.5%, P = .04) and Rhodomonas standing
crop (r = 0.45, P = .07). Removal of Rhodomonas standing crop from the
regression reduced the R? value to 0.69.
| The best "explainative'" model for Dgphnia sfanding crop is:

D = ~15.22 + 1.2330 + 19.40As + 4.686Cr R = 0.45  (5)
where D = Daphnia standing crop (organisms/1)

W = water temperature (Centigrade degrees)
As .= Asterionella standing crop (mm3/1)
Cr = Cryptomonas standing crop (mm3/1)

The most important variables, in decreasing ordéf of significance,
were Asterionella standing crop (r = 0063, P = ,01), water temperature'
(r = 0.58, P = .02) and Cryptomonas standing crop (r = 0.18, P = .27)..

Removal of Cryptomonas standing crop from the regression reduced the

R? value to 0.43.
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"Descriptive" and "explainative' regression. analyses for Daphﬁia
population dynamics parameters are included in Appendix Table 25. An
"explaiﬁative" regréssion model reveals that water femperaturé was the
only significant measured variable influencing:the instantaneoﬁs birth
rate. Chlorophyll a.concentration was the only significant measured

variable affecting the instantaneous death and pepulation change rates.




DISCUSSION

Above normal runoff and discharge rates during the study period
led to a relatively high rate of water flow through the reservoir.
This effectively reduced the average retention tiﬁe of a given segment
of water.

The low turbidity readings encountered. may be explained partly by
the down reservoir-lodation of the sampling station. The increased
annual turbidity in.1972 may be at;ributable to reduced and therefore
more "concentrated" inflow compared to 1971. Smith (1973) believes
that turbi&ity in the Beaverﬂéad River Below Clark Canyon Dam is
decreased somewhat by the presence of Clark Canyon Reservoir:

Thermociine.depfh fluctuations-in.Glark Canyon Resérvoir'wefe
greater than those nérmally'encountered in lakes and reservoirs. This
was ﬁrobably duellargely to the reservoir's unprotected, "windswept"
location and its relatively small surface area. Vertical eddys caused
by the bottom zone withdrawal -and above normal turnover rates may alsq
have. been influential.

Heat storage during summer due to- deep water withdrawal probably
has a significantleffect on the taxonomic composition of the phyto-
plankton community of Clark Can&on Reservoir. Studies conducted on
Hebgen Lake (Martin, 1§67) and Quake Lake (Arneson, 1969) which'have
bottom and surface water withdrawal, respectively, demonstrate the‘

effect of stored heat on phytoplankton. These lakes are located only
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three miles apart on the upper Madison River drainage in Montana, but
the higher surface temperature in Hebgen Lake caused by deep zone with-
drawal, was considered the primary causitive agent effecting a late
summer blue-green algae "bloom". A diatom— flagellate phytoplankton
community was associated with the lower epilimnion ?eﬁperatures in
Quake Lake. If Clark Canyon'Reservoir had surface water withdrawal,
the resultant cooler epilimnion temperature might retard or entirely
inhibit the now characteristic late summer-- early fall Aphanizomenon
"blooms".

Numerous investigators have .reported additional limnological
effects of dams with deep water withdrawal. Wright (1967), Martin
(1967) and Wright and Soltero (1973) believe that the discharge of
nutrient rich bottom water may effect downstream eﬁtrophication while
at the same time depleting the reservoir system of essential nutrients.
My data suggest that the‘reservoir system was not full& depleted of
essential nutrients by the deep water withdrawal. Other studies have
shown that the downstream BOD could not be satisfied due to the re-
lease of deep water with a low DO content. DO near the bottom of
Clark Canyon Reservoir was below 4 ppm from late June through early
September during my study, but Smith (1973) found DO concentrations
above saturation in the Beaverhead River immediately below Clark
Canyon Dam due to the "hydrolic ram" type outlet works. Marcoux (1969)

reported fish kills in a two mile section of the Beaverhead River
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immediately below Clark Canyon Dam due té the- release of hydrogen sul-
fide laden hypolimnial water. Subsequent analyses conducted during
the present study and by Peterson (1971) and Smith (1973) revealed that
hydrogen sulfide was not present in measurable quantities in the
reservoir's epilimnion or in the Beaverhead River below Clark Canyon
Dam. Apparently the con&itions conducive tdwéﬁe formation of hydrogen
sulfide gxisted‘only in the early history of the reservoir, probably
in response to newly decomposed organic matter.

A beneficial effect of deep water withdrawél, which. alene may out-
weigh all the detrimental effects, is fhe maintenance of water tempera-
tures in the Beaverhead River beiow-Clark Canyon Dam during summer which
are suitable for coldwater biota. éurface water withdrawal could raise
the downstream temperature during summer to levels above those found
before impoundment. Trout populations could be depressed and rough
fish encouraged by the resultant warmer temperature. A second benefi-
cial effect-of deep water withdrawal relates to fhe pPlausible use of
zooplankton, especially D. schodleri, as food by small fish in the:

. !
Beaverhead River immediately below Clark Canyoen Dam (Smith, 1973).

Euphetic zone depths could not be correlated with phytoplankten
standing crops in Clark Canyon Reservoir because: the phytoplanktoen
sémples were taken from a '"'fixed" euphotic zone. - Some studies have
described an inverse correlation between phytoplankten density and

light penetration due to self shading. Wright and Soltero (1973)

-
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believed that Aphanizomenon in Bighorn Lake may have limited the growth
of other aléae due to its characteristic water bloom and shading effect.
Conversely, Martin (1967) and Arnesen (1969) found no correlation be-
tween extinéfion coefficients of light and phyteplankton standing crop
measurements in Hebgen Lake and Quake:Lake, respectively.

Plancvnﬁtrient reduction in the euphotic zone of the reservoir
following vernal and autumnal overturn may be attributable to uptake
by phytoplankton and transfer to the deep water zone by sinking of
plankton. Epilimnion orthophosphate and nitrogen regeneration by
zooplankton probably prevented full depletion by phytoplankton of‘tﬁeir
nutrients..

Tﬁere are several plausible .operative factors. leading to seasonal
changes in the' taxonemic compoéitioﬁ of the phytoplankton community in
Clark Canyon. Reservoir. - Temperature has been reported as the primary
causitive agént in phytoplankton ''succession" by Martin. (1967) and
Wright and Soltero (197é)~ Different species predominate at different
times because of the interaction between prevailing temperature and
other environmental factors. The Myxophycean "bloems" in Clark Canyon -
Reservoir provided the clearest example of temperature's effect on-
phytoplankton "éu;cession“; Anabaéna did not. appear in the reservoir
uﬁtil thefeupﬁotic zone temperature reached 15.5 to 15.9° C.
Aphanizomenon was not encountered until the. temperature rose to 17.4

to 17.8° C. Wrightmand.Soitero'(1973) observed Aphanizomenon
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development in Bighorn Lake wheﬁ water temperatures were about 18° C,
with blooms appearing shortly thereafter. Algal "succession" may also
be effected by seasonal variability in the concentrations of single
inorganic nutrients and/or combinations of nutrients. The highest an-
nual diatom standing crops in Clark Canyon Reservoir were observed dur-
ing the spring season. Martin (1967) explains that the main occurrence
.of diatoms uSuélly'coincides with the higher levels of inorganic
nutrients presenf in .spring. Biue—green algae were encountered in
Clark Canyon Reservoir from mid June through early October. This time
period coincides with the lowest annual nitrate nitregen levels and the
peak annual phosphate/nitrate ratios. Hutchinson (1957) says that the
position of blue-green algae in the '"successional' pattern is usually
accompanied by low.levels of nitrate nitrogen and/or high phosphate/
nitrate ratios. Other factors in algal '"succession'" which were beyond
the scope of this'study include organic chemical environment, the pro-
duction of grawth inhibiting substances and the concentrations of
"trace" elements.

The poor correlation between euphotic zone chlorophyll a concen-
tration and phytoplankton standing crop is explainable ;argely by
seasonal variation in the taxonomic composition of the algal com-
munity. Certain phytoplanktoen species would attenuate more chlorophyll
a per unit volume than others. Heavy cell walls and/or sheaths around

certain algae could make chlorophyll extraction more difficult and




-56—
possibiy incomplefep

Numerous- investigatoers have measured phytoplankton standing crops
in an attempt to explain observed variation in zooplankton standing
chPSa‘ At Clark Canyon ReserQoir multiple linear regression analyses-
revealed that Asterionella, Cryptomonas- and Rhodomonas standing crops
were positively corfelated with zoeplankton standing crops, suggesting
that these three ph&toplankters may have been. used as food by herbi-
vorous zooplankters. Martin (1967). believed that-CTyptomonas,
Rhodomonas, Asterionella, Chlamydomonas, Chlorella,. and.Chrysococcus:
constituted the most important.food spécies in Hebgen Lake. Wriéht and
Sdltéro‘(1953) suggest ‘that organisms such as Cryptomonasand Rhodomonas
and other microplankton may be heavily grazed as foéd species in Bighorn
Lake, but thé foed value of such organisms as Aphanizomenon which com-
prise the‘bﬁlk of the phytoplankton standing drop.in late summer and
early fall was questibnable. Hall (1964) says, "filamentous greenior~
blue-green algae may be abundant but are considered unavailable as food:
for the zooplankten, resulting in low zooplankton densities.'" Data
collected at Clark Canyon Reservoir lend support~t6-this contention be-
cause 1oﬁ.zooplankton standing.chPS‘were encountered during the blue-
green-algae'”blooms“;.

"Explainative" multiple linear regression analyses revealed that
water temperature and chlorophyil a concentration were the only signif-

icant measured variables influencing the population dynamics. of




_5 7_
Daphnia schodleri in Clark Canyon Reservoir. Hall (1964) indicgted that
food and temperature strongly influenced the instantaneous population
change rate of Daphnia galeata mendbtae'in Base Line Lake, Michigan.
He concludéd:that other-variables either tended to remain relatively
constant in the zone of the lakes inhabited by Daphnia or seemed.to be
of little importance. Because of the low R values obtained in my
regression analyses, it is believed that food and‘témperature aloﬁe do
not regulate the population dynamics and subsequent Standiﬁg.crpps of
Daphnia schodleri in Clark Canyon Reservoir. Other significant, but

unmeasured, variables such as predation by fish must be influential.
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Table 9. Turbidity (Jackson Turbidity Units) of Clark Canyon
Reservolir during 1971 and 1972.

Depth (meters)

Date 0

5 10 15- 20 Bottom- 0-8-
7/7/71 1 1 2 2 3 3 1
7/14 1 2 2 1 2 3 2
7/21 2 2 2 2. 2 3 2
8/18. 2 3 4 4 4 5 2
9/15 2 2 2 1 2 2 2
10/9 0 0 0 0 0 0 0
12/15 0 0 0 1 0 2 0
1/8/72 1 0 1 1 1 2 1
2/5 1 1 1 1 1 1 1
4/21 7 7 8 5 8 8 7
4/28 7 7 7 4 8 8 7
5/12° 6 7 5. 3 8 10 6
5/20 - 6 5 5 4 7 9 6
6/15 6 4 2 2 3 6 6
7/5 5 5 5 5 9 10 5
7/15 3 4 3 2 4 6 3
7/26 5 5 4 3 5 6 5
8/6 8 7 6 5 7 8 7
8/19 6 5 4 3 4 5 5
8/26 1 2 2. 3 4 4. 2
9/10 2 3 3 4 4 ‘ 4 3
9/23 6 6 6 6 8 8 6
10/8 4 3 3 2 3 5 3
10/21 2 2 2 1 1 2 2
11/4 2 2, 2. 2 2 2 2



































































