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Abstract:
Abstract Temperatures, turbidity, and plankton were measured in the river above the reservoir, in the
reservoir proper, and in the river below during the summers of 1960 and 1961 to observe effects of the
reservoir on the river below. Water temperatures below the reservoir were found to be influenced by
the level and volume of release as well as by atmospheric conditions. Average daily water temperatures
below the reservoir averaged 12° F cooler than those above in 1961. The reservoir had a marked effect
on temperatures for at least 24 miles below the dam. The upper end of the reservoir which was most
affected by the inflowing river had the highest average turbidity readings and lowest average
transparency. Average turbidity immediately below the reservoir was 14.1 ppm less than above in 1960
and 10.3 ppm less in 1961. Runoff from a severe storm increased turbidity in the river below the dam
to the maximum 465 ppm. Plankton productivity was found extremely low in the reservoir as well as in
the river. Diatoms comprised over 90 and 85 per cent of the total phytoplankton population at each
river station above and below the reservoir during 1960 and 1961, respectively. Cladobhora grew in
very dense mats in the riffle areas in the first six miles of river below the dam. The plankton in the river
below the reservoir was largely indigenous and not a contribution from the reservoir. Following high
water and increased turbidity in 1961, the average total phytoplankton population was lower at all
stations below the reservoir than in 1960. 
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Abstract

Temperatures, turbidity, and plankton were measured in the river 
above the reservoir, in the reservoir proper, and in the river below 
during the summers of 1960 and 1961 to observe effects of the reservoir 
on the river below. Water temperatures below the reservoir were found 
to be influenced by the level and volume of release as well as by 
atmospheric conditions. Average daily water temperatures below the 
reservoir averaged 12° F cooler than those above in 1961. The reservoir 
had a marked effect on temperatures for at least 24 miles below the dam. 
The upper end of the reservoir which was most affected by the inflowing 
river had the highest average turbidity readings and lowest average 
transparency. Average turbidity immediately below the reservoir was 14.1 
ppm less than above in 1960 and 10.3 ppm less in 1961. Runoff from a 
severe storm increased turbidity in the river below the dam to the maximum 
465 ppm. Plankton productivity was found extremely low in the reservoir 
as well as in the river. Diatoms comprised over 90 and 85 per cent of 
the total phytoplankton population at each river station above and below 
the reservoir during I960 and 1961, respectively. Cladobhora grew in very 
dense mats in the riffle areas in the first six miles of river below the 
dam. The plankton in the river below the reservoir was largely indigenous 
and not a contribution from the reservoir. Following high water and in
creased turbidity in 1961, the average total phytoplankton population was 
lower at all stations below the reservoir than in I960.
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Introduction

The present study was initiated to determine certain physical and 

biological effects of an impoundment on a river. Observations were made 

from June to September of both I960 and 1961. Temperature, turbidity,, 

and plankton were measured in the river above the reservoir, in the 

reservoir proper, and in the river below. The effects of large impound

ments on the temperature of outflowing water have been reported on TVA 

mainstream reservoirs by Dendy and Stroud (194.9), Pfitzer (1954), and 

Churchill (1956) and on Tenkiller Reservoir in Oklahoma by Finnell (1953). 

The action of large impoundments in reducing stream turbidity is well 

known. Descriptions are given by Ellis (1940) for Elephant Butte Reser

voir, New Mexico, and for several other impoundments (1942). Turbidities, 

as measured by secchi disc readings,' are reported on Lake .Mead by Anderson 

and Pritchard (1951) and on Atwood Lake in Ohio by Wright (1954). The 

effects of impoundments on river plankton have received very little 

attention. Damann (1951) presented general information on the plankton of 

reservoirs across the Missouri River and its tributaries. Galstoff (1924) 

studied plankton above and below impoundments and in slow water areas of 

the upper Mississippi River, while Hartman and Himes (1961) analyzed the 

phytoplankton downstream from Pymatuning Reservoir in Pennsylvania.

Brook and Rzoska (1954) studied the plankton in and below a reservoir on 

the White Nile River in Sudan.

Description of Study Areas Tiber Reservoir and the Marias River 

were selected for study because of their relatively small size and lack of
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tributaries. These are located in north central Montana and are tributary 

to the Missouri River. Tiber dam is 196 feet high and was completed by 

the U. S. Bureau of Reclamation in 1956 for irrigation purposes, however, 

the resulting reservoir has been used only for flood control and recre

ation, Tiber Reservoir is the only impoundment on the Marias River,

During the study period, constant water levels were maintained at ele

vation 2983 feet m.s.l. in I960 and at 2984 feet m.s.l. in'1961, but dur

ing the intervening time the level of the reservoir was lowered about 10 

feet to provide for storage of spring runoff. The approximate surface 

area was 15,000 acres. Some morphometric characteristics of Tiber Reser

voir are given in Table I.

Observations were made on 10 miles of the Marias River above the 

reservoir and on approximately 80 miles below the dam extending to the 

mouth of the Teton River. The river both above and below the reservoir is 

relatively sluggish. It had a gradient ranging from 2.8 to 3.4 feet per 

mile and an average width of about 200 feet. The river meanders through 

a flood plain and is flanked by steep eroding banks. Sagebrush, cotton

wood, and willow are common adjacent to the stream channel. The only 

rooted vegetation found in the river channel was sparse growths of 

Potamoqeton pectinatus. Some debris was present in the channel but no

where did it obstruct the flow of the river.

Chemical analyses of these waters found the pH to range from 7.5 in 

the river above to 7.6 below the reservoir on August 2, I960. Dissolved 

oxygen in the lower depths of the reservoir as well as in the outlet water



Table I. Morphometric characteristics- of Tiber Reservoir.

Water
surface
at

Elevation* 
(feet nus.l'.)

Area*
(acres)

Capacity* 
(acre feet)

Max.
length
(miles)

Max.
width
(miles)

Max. 
depth 
■ (feet)

Shore
line**
(miles)

Shore
line
devel
opmentMaximum

operating
level

3012.5 22,180 1,337,000 25 4 182 91 4.37
Spillway
crest 2980 14,400 741,000 . 23 -4 150 75 4.48
Minimum
operating
level

2967 11,300 575,000 20 3 137 51 3.42
River
outlet 2870 ' 1,480 24,000 5 0.5 40

*  a z s a . : :  Reclamation)
** ^rom1a Preliminary Evaluation Report on Fish and Wildlife Resources in Relation"to the Water 

Development Plan for the Lower Marias Unit, Missouri River Basin Project, U. S. Department of 
Interior, Administrative Report, November, 1951. ^
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iimmediately below the dam was never found to be lower than 7.8 ppm during 

July and August of both years. Total dissolved solids averaged 395 ppm 

10 miles above the reservoir, 350 ppm in the reservoir, 429 ppm one mile 

below the reservoir, arid 392 ppm 80 miles"below. Total hardness was 300 

ppm above the reservoir and 320 ppm immediately below. These data suggest 

Tiber Reservoir caused an increase in total dissolved solids in the river 

immediately below.

Acknowledgementss The writer extends thanks to those individuals and 

agencies that assisted in this investigation. Nels A. Thoreson of the 

Montana Fish and Game Department suggested'the problem and gave advice 

during the study. Dr. C. J . D. Brown directed the study and assisted in 

the preparation of the manuscript. Dr. John C. Wright aided in the 

identification of plankton. Eugene B.- Welch, James A. Posewitz, and 

William J. Hill aided in the field work. The U. S. Bureau of Reclamation 

supplied maps, flow data and other information. The Water Pollution . 

Branch of the State Board of Health made the chemical water analysis.

The Montana Fish and Game Department provided equipment and financial 

support under Federal Aid Projects F-5-R-10,11.

Temperatures

One station was established approximately 10 miles above the reser

voir and eight stations below at approximate distances of I, 5, 11, 24,

42, 48, 54, and 80 river miles (Fig. I). Dickson Minicorder thermographs 

(seven-day type) were used at stations I and 5. In I960 these were en

closed in heavy metal cases and external atmospheric temperatures in-



IO MILES
ILLOW 
CR. (

TIBER RES.

ISSOURI
RIVERTETON R.

Fig„ I. Tiber Reservoir and Lower Marias River Drainage sampling stations.
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fluenced the recording device so that water temperatures were inaccurate. 

Temperature data for these stations are excluded. However9 during 1961 

these thermographs were enclosed in light colored insulated wooden boxes 

and satisfactory results were obtained. Taylor thermographs were used in 

place of Minicorder thermographs during the latter part of the study 

in 1961.

Surface and vertical water temperatures were regularly taken at three 

stations on Tiber Reservoir (Fig. I), in addition, they were also taken 

at 2.5 mile intervals from the head of the reservoir to the dam during 

1961. Surface and air temperatures were secured with a pocket thermometer 

and vertical temperatures with an electrical resistance thermometer. The 

latter were taken at five-foot intervals except in the thermocline where 

they were measured at one-foot intervals. Samples were collected as 

followss 1960 —  July 8 , August 12, 18, September 8; 1961 —  June 14,

July 11, August 2, 30, September 7, 19.

Temperatures were taken at the remaining stations below the dam with 

Taylor maximum-minimum thermometers mounted on wooden frames and bolted to 

steel posts that were driven into the river bed. They were placed ap

proximately 18 inches below the surface of the water to allow for fluctu

ations in the river level. Maximum and minimum temperature data were 

secured for both 1960 and 1961 but there are fewer data for I960 because 

extreme fluctuations in river flow made it difficult to maintain ther

mometers below the water surface. River water temperatures were taken 

semi-weekly or weekly. All temperatures are given in degrees Fahrenheit.
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Above Reservoirs A continuous record of the water temperature was 

secured between June 5 and September 20, 1961. Fluctuations generally 

followed changes in air temperatures (Fig, 2). The maximum and minimum 

water temperatures for each month are as follows: June and July —  81°,

53°; August —  84°, 55°; September —  65°, 46°. The average maximum and

minimum temperatures are given in Table 2»

Table 2. Maximum, minimum, and average maximum and minimum water tempera
tures taken in the Marias River during 1960-61.

Stations
I . 5 6 7 8 9 10 11 12

June 12 to September 20, 1960
Maximum 63 71 70 78 84 83 82 86

Average maximum 61 67 66 71 78 73 72 77

Minimum 52 47 45 47 53 46 42 53

Average, minimum 53 51 . 52 53 60 56 55 60
. June 5 to September 20, 1961 '

Maximum 84 76 76 80 79 84 84 87 86

Average maximum 71 60 66 72 70 74 75 77 76

Minimum 46 41 48 47 45 47 34 45 47

Average minimum 63 51 54 56 59. 60 58 59 62 .

Reservoirs The maximum surface temperature of Tiber Reservoir was 

70° (August) in 1960 and 74° (August) in. 1961. Surface temperatures taken 

from the head of the reservoir to the dam ranged as follows:. June 14, 

60-72°5 July 11, 67-71°; August 2, 71-73°; August 30, 70-74°; and Sep

tember. 19, 54-590O

Thermal stratification existed on the first sampling date each year
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(July S9 1960; June 14, 1961). fiber Reservoir temperature profiles 

taken in I960 and 1961 (Fig. 3) illustrate the downward depression of the 

metalimnion throughout both years. Data obtained in 1960 show greater 

variation in the depth of the metalimnion on any given sampling date than 

for 1961. This may he due to generally cooler atmospheric temperatures, 

wind action and inflow of cool water into the reservoir. On June 14,

1961 a large inflow of cold water was passing through the reservoir as 

a density current. The temperature profile near the head of the reservoir 

(station 2) averaged 4.5° cooler than the temperature profile near the 

dam (station 4). Isotherms for June 14 (Fig. 4) show a metalimnion be

tween the surface and 10 foot levels in addition to the presence of a 

density current flowing down the old river channel and seeking a level 

between 40 and 50 feet at the dam. The density current extended approxi

mately 20 miles through the lower part of the reservoir. It had dis

appeared from the upper end at the time of sampling. Temperatures in the 

river above the reservoir averaged 58° one week prior to sampling the 

reservoir, the temperature of the density current was identical with this. 

The temperature gradient through the metalimnion at the surface averaged 

4° while that through the density current averaged 7.5°. The temperature 

of the outflow on June 14 averaged 64° and there was no indication of 

density current water in the outflow. By July 11, only one metalimnion 

existed and its location between 50 and 55 feet suggests that it origin

ated from the density current. During September of both years the volume 

of the epiIimnion was found to be greatly increased and nearly homo-



Fig. 3. 
Tiber Reservoir temperature profiles at station 4 1960 and 1961
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Fig0 4. 
Isotherms in Tiber Reservoir showing a surface metalimnion and 
density current June 14, 

1961.
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thermous arid the thickness of the metalimnion was reduced due to cooler 

atmospheric temperatures and increasing winds. The metalimnion no longer 

existed at stations 2 and 3 on September S9 1960 or on .September 19, 1961, 

however, it was observed at-stations nearer the dam on these dates. On 

September 19, 1961 the metalimnion was not horizontal. It ranged from 

75-80 feet near the dam to 60-65 feet approximately 10 miles up the 

reservoir. There may have been a seiche resulting from persistent winds 

which blew from the head of the reservoir toward the dam the day before 

sampling.

River Below Reservoirs Water temperatures below the reservoir were 

found to be influenced by the level of release, by the volume of the re

lease, and by atmospheric conditions.

In 1960, water releases from Tiber Reservoir were exclusively from 

the hypolimnion between June 12 and September I. After this time some 

water was released from the epiIimnion. The average maximum and minimum 

temperatures recorded at each station show a general increase from the 

dam to the mouth of the river (Table 2). Most of the temperatures at 

station 9 were taken during the hottest part of the summer thus the high 

average water temperatures. The maximums shown for all stations in I960 

(Table 2) occurred during late July and early August, when highest 

atmospheric temperatures existed, the minimums generally during June 

when atmospheric temperatures were lowest.

In 1961, water temperatures were recorded continuously from June 13 

to September 20 (station 5) except on July 8 , 9, and 10 when the thermo
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graph was molested. Daily temperatures below the reservoir averaged 12° 

cooler (Tig. 2) than those above. This was primarily due to the release 

of water from the hypolimnion, throughout most of this period. Moffett 

(1949) found temperatures averaging about 13° lower downstream from Shasta 

Dams Californiag (June-September) than before the dam became operational. 

Churchill (1956) reported a drop in temperatures of approximately 25° 

after releases were started below Watauga Reservoir, Tennessee, during 

August. A. drop of 8° at station 5 on June 22 below Tiber Reservoir re

sulted from an increase in flow on June 21 (Fig. 2). Even though water 

was drawn entirely from the upper surface of the epilimnion the increased 

flow probably pulled cooler water from below the surface causing the drop 

in temperature. Due to the discharge of water from the epilimnion (Tig.

2 ) daily temperatures in the river below were warmer than the river above 

on June 13-14, 2°; September 2-3, 3°| and September 13-15, 2°.

Diurnal fluctuation of river temperatures was measured above (station 

I) and below (station 5) the reservoir during 1961. The average from 

June 13 to September 20 was about the same above the reservoir (8.1?) as 

below (7.9°) and was identical for the months of June and July. The 

greatest variations occurred during August (10° above and 13° below) and 

September (7° above and 3° below).

Water releases were from various levels during 196.1 and observations 

were divided into four periods. The first period, between June 12 and 

June 27, water was released from the epilimnion. Average maximum and 

minimum temperatures for all stations were highest below the reservoir
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(Table 3)= The maximum temperatures for the entire summer also occurred 

during this period and reached 760, 76°9 and 80° at stations 5, 6,..and 7, 

respectively= The second period, between June 28 and July 31, water was 

released from the epilimnion and hypolimnion, There was a drop in the 

average maximums of 4=1° and in. the average minimums of 5=7° for all 

stations during this period (Table 3)= Sometime between July 19 a.nd 24 

a temperature of 34° was recorded at station 10 (Table 2). The tempera

tures at stations 7, 8 , and 11 were 48°, 52° and 45°, respectively= These 

■low temperatures followed a storm (hail and rain) on July 21 which caused 

a sudden increase in flow. The third period, between August I and August 

31, water was released from the hypolimnion. The average maximums rose 

1,9° and the average minimums 0=6° (Table 3). Sutomer maximums occurred 

at stations 8 , 9, 10, 11, and 12 (Table 2) even though water was being 

released from the hypolimnion. However, summer maximums at stations 5, 6 , 

and 7 were not reached during this period= The most pronounced gradient 

occurred in the temperatures downstream from the reservoir to the mouth 

of the river= The maximum and minimum temperature for each station was as 

follows; 5— 65°, 41°; 6— 67°, 55°; 7— 76°, 63°= This represents an 

average of about 1=2° rise in temperature per mile for 11 miles downstream. 

The minimum at station 5 was the lowest recorded for the summer= Finnell 

(1953) reported a rise of about 3° per mile for seven miles of stream be

low Tenkiller Reservoir (Oklahoma)= Tiber Reservoir had a marked effect 

on river temperatures at least 24 miles below= At stations below this 

point temperatures were approaching those of the river above= Tempera-
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Table 3» Average maximum and minimum water temperatures for 1961 in the 
Marias River in relation to water releases from Tiber Dam.

Stations
Release .POriods 5 6 7 ■ 8 9 10 11 12 Average
Average maximum 66 71 77 73 76 78 80 80 72.6

June 12-27
Average minimum 59 61 60 62 63 62 63 67 61.1

Average maximum 57 6 8 , 72 72 77 78 80 79 68.5
June 28-July 31

Average minimum 49 54 55 60 62 58 61 65 55.4

Average maximum 61 65 74 76 78 78' 81 79 70.4
Aug= 1-31

Average minimum 47 52 60 63 63 62 62 64 56,0

Average maximum 
Sept. 1-20

54 58 62 58 62 63 63 63 58.7

Average minimum 50 . 50 49 49 49 47 48 49 49.4

tures would have been higher had water not been drawn from the hypolimnion. 

The fourth period, between September I and September 20, water was re

leased from the epiTimnion and hypolimnion. The average maximums and 

minimums including all stations showed a decrease of 11.7° and 6 .6° when 

compared to the preceding release period (Table 3). This was not entirely 

due to the release itself but to the drop in atmospheric temperatures 

(Fig. 2). Minimum temperatures occurred during this period at stations 6 , 

7, 8, 9j and 12 (Table 2). The average maximum and minimum temperatures 

for each station show similar trends for both I960 and 1961 (Table 2).

Flows had an influence on the maximum and minimum temperatures for 

1961. Maximum and minimum temperatures occurred above the reservoir in 

August, during the period of lowest flow (HO cfs). No appreciable rise 

in temperature was found below the reservoir (station 5 ). during the period
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of lowest flow (120 cfs) which occurred between August 12 and September 1» 

This was primarily due to release of water from the hypolimnidn and the 

proximity of station 5 to the dam. However, stations at greater distances 

below the dam showed an increasing correlation between low flow and high 

maximum and minimum temperatures.

.Turbidity

Turbidity samples were collected at the same river stations as 

temperatures. Reservoir samples were collected on transects at 2.5 mile 

intervals from the head to the dam at each 10 foot contour (stations I to 

13) and some were taken in the Willow Creek Arm (station 3). Surface 

samples were secured directly with dark bottles and sub-surface samples 

with a Kemmerer Water Sampler. All determinations were with a Hellige 

Turbidimeter.

Transparency was measured with a standard Secchi disc (20 Cm in 

diameter). Most readings were made in conjunction with turbidity samples.

Above Reservoirs Turbidity ranged from 1.8 ppm to 75 ppm during 

I960 and from 4 ppm to 63 ppm during 1961= Maximums occurred both, years 

during spring runoff.- Turbidity averaged 16.6 ppm in I960 and 16.5 ppm 

in 1961 (Table 4).

Reservoir: The shores of Tiber Reservoir are steep and soft. During

periods of vigorous wave action the water was observed to change from a 

blue-green to a milky-brown color within a few hours. A few samples col

lected near shore in the zone of highest turbidity (l to 3 feet in depth) 

during heavy wave action showed a range from 127 ppm to 158 ppm.
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Table 4» Maximum, minimum, and average turbidity (ppm) in. the .Marias 
River during 1960 and 1961.

Stations -
I . 5 6 7 8 - 9 10 1 1' - 12

1960.
Maximum 75.0 6 .0 6 .5 10.4 12.0 8.7 13.5 12.0 28.5
Minimum 1.8 0.06 0.3 0.43 0.35 0.35 0.35 0.28 0.59
Average I6 .6 2 .5 3.1 3.8 4 .0 3.8 4.2 5 .3 8 .8

1961
Maximum 63=0 33.0 69.0 72.0 '89.0 158.0 180.0 276.0 465.0
Minimum 4.0 0.11 0.06 0.06 1.5 2 .2 1.5 2 .7 3.1
Average 16.5 6 .2 • 11.9 14.5 16.1 24.4 32.6 37.9 69.4

The average turbidity for samples taken on each transect from the 

head of the reservoir to the dam- are as follows; I960 —  June 23, 28 ppm; 
July 21, 10 ppm; August 30, 12 ppm; 1961 —  June 14, 20 ppm; July 7, 11 

ppm; August 2, 8 ppm; August 30, 11 ppm; September 19, 17 ppm. Highest 

averages were reached during June of both years coinciding with spring 

runoff. The increase found in September 1961 was due to wave action and 

shore erosion which occurred just prior to sampling. The range of turbid

ity at the regular sampling stations was from 0.7 ppm to 185 ppm during 

1960 and from 0.06 ppm to H O  ppm during 1961 (Table 5). Highest average 

turbidity readings were obtained in the upper end of the reservoir which 

was most affected by the inflowing river. Ellis (1940) reported a de- - 

crease in turbidity from the upper end of Elephant Butte Reservoir (Mew 

Mexico) toward the dam.

Secchi disc readings ranged from 0.8 to 15.5 feet during I960 and 

from 1.0 to 13.4 during 1961 (Table 6 )_. Transparency was lowest near the 

head of the reservoir and increased progressively toward the dam. The 

average values were greater in 1961 for all stations except 6, 8, and 9=



Table 5„ Maximum, minimum, and average turbidity (ppm) for Tiber Reservoir during I960 and 19610 
Stations are arranged in order from the upper end toward the dam.

Station I 2 3 4 5 6 7 8 9 10 11 12 13 WCA* *
1960

Maximum 95.0 28.5 27.0 60.0 75.0 17.0 20.0 25.0 11.0 12.5 32.0 75.0 185.6 20.0-Minimum 15.0 21.5 8.5 11.0 6 .0 4 .5 5.0 2 .2 2 .6 2 .6 3.1 2 .7 0.7 4.5Average 46.8 25.0 23.5 26.2 2 8 .2 12.3 10.6 7.0 6.1 7 .4 7 .2 7 .9 8 .2 8 .7
1961

Maximum 69.0 82.0 51.0 O
'

O O 110.0 33.0 24.0 22.0 22.0 9 .2 10.4 25.5 30.0 7.5Minimum 14.0 4.5 13.0 3.1 5 .0 4.0 2.3 1.5 0.9 1.1 1.1 0.06 0.45 0.6Average. .32.5 ■ 30.5 25.0 26.3 .26 .0 15.6 10.0 7 .0 6.2- 4 .4 4.0 4.5 3.3 4.1
* Station 3 (Fig. I). ' ""

Table 6 . Maximum, minimum 
1960 and 1961.

Station I 2 - 3

Maximum 1.8 1.0 1.5 
Minimum 1.0 1.0 1.3 
Average 1.4 I.Q 1.4

Maximum 2.1 3.6 3.5 
Minimum 1.0 1.1 1.1 
Average 1.8 2.1 2.1
* Station 3 (.Fig. I).

, and average secchi disc readings (in feet) for Tiber Reservoir during

4 ■ 5 6 7 8 9 10 11 12 13 WCA*
1960

3 .5 8 .0 9 .2 7.5 15.5 5 .5 6.-3 3.0 6.5 12.0 7.5Ooti 1.0 1.1 1.6 2 .4 2 .4 3.5 2.5 3 .0 4 = 6 4.72 .2 4 .5 5 .2 4.6 . 8.8 4.0 4 .9 2 .8 4.8 8.0 5.7
1961

4 .7 5 .6 5 .6 7.0 9.7 10.3 11.0 11.8 13.4 12.8 6.81 = 0 1 .0 1.3 1.5 2 .0 2 .5 3 .7 4 .7 5.0 6.4 5.83.0 3 .8 4.1 4 .7 6.6 6 .2 6.6 7.4 7.8 9.0 6 .2

IV
H-*
I
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Wright (1954) and Anderson and Pritchard (1951) reported transparency low

est at the head of the reservoir and increasing toward the dam on Atwood 

Lake and Lake Mead9 respectively.

. River Below Reservoir: Turbidity was found to be affected by settling

of suspended material in the reservoir, by the volume of water released 

from the dam, and by runoff.

The average turbidity was 14.1 ppm less at station 5 than at station 

I in 1960 and 10.3 ppm less in 1961 (Table 4). The range of turbidity at 

station 5 was also less during both years. The reservoir reduced turbid

ity immediately below the'dam (station 5), however9 stations farther down

stream became influenced by other factors.

The daily volume of water released from Tiber Dam was generally the 

same both years. However9 releases were much smaller during the peak of 

spring runoff (2170 cfs) in June 1960 than they were in June (3071 cfs) 

1961. The period of low flow occurred during August of both years. The 

smallest release in 1960 was 216 cfs and that in 1961 was 122 cfs. An 

increase in release volume occurred both years during the first eight days 

of September. There were no extreme releases in i960. However9 on June 

59 19619 when 2862 cfs were being discharged from the dam turbidity ranged 

from 3=5 ppm at station 5 to 152.0 ppm at station 12. The average turbid

ity for all stations was 49 .-6 ppm. Qn June 12 turbidity ranged from 0=11 

ppm (station 5) to 20.0 ppm (station 12) and averaged 5=1 ppm after flows 

began to decrease (Fig= 2)= No corresponding rise in turbidity was found 

on June 249 25, apd 26 when the discharge was increased to 1378 cfs (Fig.
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2). The lack of a corresponding rise in turbidity was due to the larger 

flows just prior to this which scoured the river channel so that subse

quent flows had little effect. The volume of release affected turbidity 

/ on September 5, 8, and 12. The flow on these dates had risen to 8459 887, 
and 892 cfs, respectively (Hg. 2). Although these were much lower than 

any observed during June they were high enough to agitate materials de

posited in the river by a previous flood. Turbidity on September 5 ranged 

from 12.3 ppm (station 5) to 127.0 ppm (station 12) and averaged 56.9 ppm 

for all stations. On September 8 it ranged from 7.0 ppm (station 5) to 

100.0 ppm (station 12) and averaged 34.1 ppm for all stations. By Sep

tember 12 turbidity ranged from' 3.1 ppm (station 5) to 395.0 ppm (station 

12) and averaged 59.7 ppm for all stations. The average for all stations 

on September 18 was 13.0 ppm and on September 21 was 18.8 ppm.

The effect of runoff on the turbidity below the reservoir was first 

observed on July 6 , 1961. Samples on this date taken progressively from 

stations 5 to 12 were as follows: 1.9, 2.6, 3.1, 3.5, 5.9, 54,0, 73.0,
and 6.0 ppm, respectively. The high readings (stations 10, 11) were due 

to runoff from a heavy rain the previous night. It should also be noted 

that turbid water had not reached station 12 at the time of sampling. 

Another example of runoff effect on turbidity occurred on July 24 follow

ing a severe storm (rain and hail) which caused a sudden increase in flow 

pnd at the same time washed large quantities of soil and debris into the 

river. The turbidity taken at stations 5 to 12 progressively downstream, 

after the flood had subsided, were as follows: 33.0, 69.0, 72.0, 89.0,
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158.O5 180.O5 276.O5 and 465.0 ppm5 respectively. The average for this 

date was 167.7 ppm for all stations. Following this flood turbidity 

samples remained higher the rest of the summer averaging 51.6 ppm op July 

27, 44.3 ppm on July 31, with the lowest average for the rest of the 

summer (7.0 ppm) occurring August 10.

In 1960, Tiber Reservoir had a marked depressing effect on the tur

bidity in the river below the dam (Table 4). Ellis (1942) reports the 

general reduction effects reservoirs have on the turbidity below. During 

1961, the effect of Tiber Reservoir was much less, however, these were 

obvious at the stations immediately below the dam and slight downstream. 

Runoff created unstable conditions in the river as well as along its banks 

and large releases subsequently carried away loose materials which result

ed in rising turbidities. River turbidity ma'y have been affected by the 

activity of numerous carp and suckers particularly during the period of 

lowest flow (August) 5 however, this was probably minor to the other causes.

Plankton

Plankton samples were collected at the same stations as temperatures 

(Fig.' I). All samples were taken with a No. 20 silk bolting cloth 

plankton net. The original volume of each river sample was 100 liters of 

water. In I960, each reservoir sample consisted of 100 liters of surface 

water, however, in 1961 composite samples of 400 liters were taken at the 

10, 20, 30, apd 40 foot depths. Collections were made with a pump and 

hose. A funnel was attached to the distal end of the hose to insure 

against the loss of plankters resulting from rheotactic reactions. The
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concentrate from each sample was immediately preserved in 5 per cent 

formalin. Each sample was further concentrated to 20 ccs mixed thoroughly 

and then one milliliter was withdrawn with a Hensen-Stempel pipet. A. 

Sedgwick-Rafter cell and Whipple micrometer were used to make quantitative 

determinations. Zooplankton counts were by the survey method and phyto

plankton by the differential method. In each sample, 10-60 fields of 

phytoplankton were counted depending on density. Classification of phyto

plankton followed Smith (1950) and zooplankton followed Ward and ,Whipple 

(1959) (Table 7). Samples were collected from the reservoir on the fol

lowing dates: I960 —  July 8 , August 12, and September 8 , 1961 —  June

15, July 13, August 3, and September 7. The river above and below the 

reservoir was sampled approximately every two weeks from June 14 to Sep

tember 22, 1960 and June 5 to September 12, 1961.

Above Reservoirs The average total phytoplankton at station I was 

greater during 1960 than 1961 (Table 8 ). However, Chlorophyta increased 

in percentage composition from 3.7 per cent of the total in 1960 to 13.23 

per cent in 1961 (Table 9). This was due to greater numbers of Spiroqyra 

and Closterium. Chrysophyta comprised 95.9 per cent of the total number 

of phytoplankton in 1960 and 85.53 per cent in 1961. The most abundant 

diatoms both years were Svnedra. Asterionella. and Navicula. Pyrrophyta 

and Cyanophyta occurred in extremely small numbers.

Water levels were much higher in 1961 than in 1960. The smaller 

amount of plankton in 1961 may have been due to high water. Galstoff 

(1924) reported that the Mississippi River, at high stage, greatly affected 

the plankton population by washing it away.
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Table 7, List of organisms (starred organisms indicate those found in 
the reservoir,) n

CHLOROPHYTA 
Vplvocales 
Chlamvdomonas 
Pandorina 

Tetrasporales

Ulotrichales 
Ulothrix 
Hormidium 
Mi crospora 
Stiqeoclonium

Draparnaldia 
Cladophorales 
Cladophora 
Rhizoclonium 

Chlorbcpccales 
Schroederia 

*Pediastrum ' 
Hvdrodictvon 
Ankistrodesmus 

*Closteriopsis 
^Scenedesmus 
*Cruoiqenia 
Zygmematales

Zygnemoosis 
^Spiroqyra 
^Closterium 
^Cosmarium" 
Staurastrum 
Hyalotheca 
Dtesmidium

CHRYSOPHYTA 
.Centrales 
*Mtelosira 
PenriaIes 
*Tabellaria 
%Diatomella 
*Diatoma 
^Fraqilaria 
*Synedra 
Âsterionella 
Ceratoneis 
Achnanthes 
Cbcconeis 

*Navicula 
Caloneis 

*Angmgeoneis

^Gomphonema
*Cvmbella
Hpithemia
DenUcula
Cvmatoolteura

*Surirella

PYRROPHYTA
Pteridiniales
*Ceratlum

CYANOPHYTA
Oscillatoriales

Phormidium
Lyngbva

^Anabaena 
Nodularia

ROTIFERA' 
Brachibnus 
Diolbis 
Euchlariis 

^Kellicottia 
^Keratella ' 
Nothblca 
Trichbtria

Iolga 
CplUrella

Lecane
^Monbstvla
Cephalodella
Eothinia
Pleurbtfocha

4fLindia
4fTrichbcerca
Ascomorpha
Asplanchna

4fPolvarthra
Filinia

-CLADOCERA
4fDaphnia
Macrothrix
ChYdgrus

COPEPODA

.Pafacvclops 
4fCvcloos' 
4fAauplii

Very few zooplankters were found above the reservoir either year 

(Table 10)„ Mbnostyla and Ascomoroha were the most abundant Rotifera and 

nauplii of Copepoda were abundant in 1960. In 1961 Monostvla. Polvarthra. 

Trichotriaa and Keratella were the most common RotiferaChvdorus was the
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Table 8. Maximum, minimum, and average numbers of phytoplankton (cells.
or colonies per liter) at each river station collected at "bi- ' 
monthly intervals for the periods June 14 to September 22, I960 
and June 5, to September 12, 1961„

_____  •______  Stations_____  , ___
I_____5 6 7 ___8 9 10____11 - 12

Chlorophyta /
1960 132 388 480 360 160 140 84 144 64

Maximum 1961 376 172 224 576 164 216 144 108 156

1960 10 10 12 5 0 0 12 8 16
Minimum 1961 48 20 8 16 0 12 0 8 12

1960 67 156 93 77 42 58 44 54 ' 41
Average 1961 164 64 74 124 65 80 65 44 56

Chrysophyta
1960 4670 2928 1452 3320 1740 1505 1644 1944 2056

Maximum 1961 1926 2232 2808 4296 1944 2214 3792 2160 3192

1960 416 30 180 112 25 236 668 175 88
Minimum 1961 356 212 164 244 200 168 168 196 52

1960 1715 1586 606 1094 582 702 1012 866 764
Average 1961 106 70 105 123 57 75 88 69 68

Pyrrophyta
1960 12 56 88 80 60 36 4 20 4

Maximum 1961 ' 4 28 32 36 24 • 28 8 32 16

1960 ' 0 0 0 0 0 0 0 0 0
Minimum 1961 0 0 0 0 0 0 0 0 0 '

1960 2 15 15 13 10 . 8 2 3 I
Average 1961 I 8 16 9 6 8 2 5 4

Cyanophyta
1960 8 8 10 0 10 8 24 36 36

Maximum 1961 96 48 20 16 72 56 40 52 90

1960 0 0 0 0 0 0 0 0 0
Minimum 1961 0 0 0 0 0 0 0 0 0

1960 3 3 3 0 2 3 8 11 9
Average 1961 15 7 7 9 9 8 12 12 16

Average 1960 1787 1760 717 1184 636 771 1066 934 815
Total 1961 286 149 202 265 137 171 167 130 144
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Table 9. Percentage composition of total phytoplankton sampled at each 
station during 1960 and 1961„

Stations
I 5 6 7 8 9 10 11

I C
M

 

I '—1

1960
Chlorophyta 3.7 8 .9 13.02 6.53 6.55 7.5 4.12 . 5; 77 4.97
Chrysophyta 95.9 90.2 84.5 92.42 91.6 91.1 94.98 92.79 93.79
Pyrrophyta 0.2 0.8 2.1 1 = 05 1.57 1.0 0.14 0.32 0.12
Cyanophyta 0.2 0.1 0.38 Q.O 0.28 0.4 0.76 1.12 1.12

1961
Chlorophyta 13.23 8.17 6 = 46 9.04 9.99 9.38 6.80 5.92 7.34
Chrysophyta 85.53 89.96 91.62 89.68 87.71 88.77 91.79 91.87 90.03
Pyrrophyta 0.04 1.0 1.35 0.66 0.92 0.91 0.16 0.67 0.55
Cyanophyta 1.2 0.87 0.57 0.62 1.38 0.94 1.25 1.54 2.08

only Cladocera9 and nauplii of Copepoda were also common.

Reservoir: Thirty-three genera of plankton were found in the reser

voir (Table 7). These included eight Chlorophyta9 13 Chrysophyta9 one 

Pyrrophyta and one Cyanophyta. The zooplankton included six genera of 

Rotifera9 one of Cladocera9 and three of Copepoda.

Both phytoplankton and zooplankton were extremely scarce in Tiber 

Reservoir during both years (Table ll) 9 however9 in 1960 a green flagell

ate was occasionally abundant. The only Chrysophyta found during the 

study were diatoms. Ceratium was the most numerous phytoplankter en

countered, however9 it was not abundant. A small number of Cyanophyta 

was found in I960 but none in 1961.

Diaptomus9 Cyclops, and their nauplii were- the only zooplankters that 

were more numerous than a trace either year (Table 11).

River Below Reservoir: During I960, Chlorophyta was mainly composed

of Cladophorao This was observed growing in very dense mats in the riffle 

areas. It was abundant in the first six miles of stream below the dam.
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Table 10. Maximum, minimum and average numbers of zooplankton (number of 
organisms per liter) at each river station collected bi
monthly for the periods June 14 to September 22, I960, and June 

___________5 to September 12, 1961.
Stations

I 5 . 6 7 8 9 10 11 12 '
Rotifera

1960 I 5.6 6 .8 7.2 10.4 10.8 8 .6 10.4 3.2
Maximum 1961 8 o,4 2.4 5.0 15.6 4.8 3.2 3.0 2.4 3.8

1960 0 0 0 0 0 0 0 0 0.4
Minimum 1961 0 0 0 .2 0 ,2 0 0 0 .2 0 0

1960 0;3 2 .0 1.8 1.8 2 .2 2.1 2 .2 2 .0 1.3
Average 1961 2.3 0.6 1.3 2 ,6 1.4 1.4 1.1 0.7 0.6

Cladocera
1960 0 4.4 0 .8 0 .6 1 .0 0.8 0 0.4 0

Maximum 1961 0.6 1 .2 1 .2 3.6 0 .2 3.6 2.4 2.4 2 .2

1960 0 0 0 0 0 0 0 0 0
Minimum 1961 0 0 0 0 0 0 0 0 0

1960 0 0.3 0 .2 0.1 0 .2 0.1 0 0 0
Average 1961 0.1 0 .2 0.1 0.4 0 0.5 0.4 0.4 0.2

Copepoda
I960 0.8 14.4 13.6 7.4 4.8 5.8 6 .8 3.2 10.4

Maximum 1961 3.2 21.4 21.6 28.8 12.0 15.6 16.8 10.8 10.8 ■

1960 0 0.6 0.4 0 0 0 0.4 0 0
Minimum 1961 0 0.4 0 0 0 0 0 0 0

1960 0.4 4.6 4.5 2 .8 1.4 1.0 1.4 0.7 2.0
Average 1961 1.2 4.9 5.6 4.5 2 .1 2 .2 2.7. 2 .0 2 .0 ■

Average 1960 0b7 6.9 6.5 4.7 3.8 3.2 3.6 2.7 3.3
total 1961 3.6 5.7 7.0 . 7.5 3.5 . 4.1 4.2 3.T ” 2Jd' ' ■

i' s r ' ; ■ -

Cladophora occurred in the plankton at every station below the reservoir 

but was most numerous at station 5 (Table 8 ). Chrysophyta comprised over 

90 per cent of the total population of phytoplankton sampled at each 

station below the dam except at station 6 (Table 9). The dominant genera
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Table 11. Maximum, minimum, and average number of planktefs (organisms, 
cells,, or colonies per liter) collected from .fiber Reservoir,

__ ________ 1960 Surface Only_____________________1961 Composite _
Stations Stations

___ ,2 . 3 4 2 ' ' 3 4 1
Phytoplankton
Chlorophyta
Maximum 840 1540 0 2 2 3
Minimum O 0 0 I 0 . 0
Average 285 534 0 1 .7 0 i5 0 .7

Chrysophyta
Maximum 36 20 24 77 13 35
Minimum 4 4 0 3 I 0
Average 16 10 9 28 , 8 .12

Pyrrophyta
Maximum 32 80 44 18 28 21
Minimum 16 12 0 0 3 6
Average 21 40 14 8 10 8

Cyanophyta
Maximum 16 4 0 0 0 0
Minimum O 0 0 0 0 0
Average 5 I 0 0 0 0

Zooplankton
Rotifera
Maximum 0.6 0 .2 0.6 1 .7 0.8 0 .4
Minimum O 0 0 0.8 0 0
Ayerage 0 .2 0 .06 0.2 1.2 0 .2 0.1

Cladocera
Maximum O 0 .4 1.2 2 .7 0.1 2.5
Minimum O 0 0 0 .2 0.1 0.1
Average O 0.1 0 .5 0.8 0.1 0 .8

Copepoda
Maximum 11.0 38.2 28.4 22.3 26.1 2 0 .4
Minimum 2 .0 1.6 1 .2 2 .4 4 .0 7 .2
Average 6 .6 13 .8 13.2 9 i7 17.0 13.1

in order of decreasing abundance were Navicula. Gomphonema. Asterionella. 

Diatomella. Svnedra. Gvmbella. and Diatoma.

The total average phytoplankton population (Table 8 ) was found to be
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approximately the same below (station 5) as it was above the reservoir0 

However, Synedra and Asterionella decreased greatly, below the.dam. 

Pyrrophyta was most numerous at all stations in the river below. Cyano- 

phyta was most common at stations 10, 11, and 12. ,There was a general 

decrease in the average total phytoplankton population downstream from 

station 5 to station 12.

In 1961, the average total phytoplankton population was lower at all 

stations below the reservoir than in 1960 (Table 8 ). The number of 

Chlorophyta genera was found to be less abundant as well as the number of 

organisms. Cladophora was less abundant than in I960. Spiroqyra and 

Closterium were the most abundant organisms. Over 87 per cent of the 

total population of phytoplankton below the dam was Chrysophyta (Table 9). 

The most dominant genera in the order of decreasing abundance were Navi- 

culag Asterionella, Svnedra. Cvmbella. and Gomphonema. Cyanophyta was 

again most common at stations 10, 11, and 12.

The total average phytoplankton population below the reservoir was 

less than above (Table 8 ). The average populations of Chldrophyta and 

Chrysophyta were smaller at station 5. The organisms which showed the 

greatest decrease from station I to station 5 were Spirogyra. Gosmariurn. 

Tabellaria. Synedra. Navicula. and Cvmbella. Pyrrophyta was most numerous 

at all stations below. No general decrease in the total average phyto

plankton population was found at the successive stations below during 

1961.

Zooplankton was scarce both years (Table 10). In 1960, Keratella and 

Monostvla occurred at every station below the dam. The latter was the
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most abundant Rotifera and was most numerous at stations 7-11 while Poly- 

was most abundant at stations 5 and 6 and absent at stations 11 and 

12* ,Daphnia was the only Cladocera found and was most numerous at station 

5» It decreased at downstream stations and was absent at station 12. 

SyaIqPs; Diaptomus„ and unidentified nauplii were the most abundant zoo- 

plankters,* All three reached maximum numbers at stations 5 and 6 and de

creased at successive stations downstream. Cyclops and undetermined 

Copepoda nauplii decreased slightly downstream while Diaotomus was absent 

at stations 10, Il9 and 12.

In 1961, Keratella, Monostyla, Trichotria. and Colurella were record

ed at all stations in the river below. Monostvla was the most abundant 

Rotifera with maximum numbers at stations 7, 8, and 9. Daohnia was found 

occasionally below the reservoir. Diaotomus was the most abundant Cope- 

poda at station 5 and it progressively decreased at successive stations 

below- the dam. Copepoda nauplii decreased in abundance from station 5 to 

12. In general the total average population of zooplankton was greater 

below than above the reservoir with a gradual decrease downstream (Table 

1:0). A list of plankton organisms encountered in the river is given in 

Table 7.

The lower average counts of phytoplankton observed in 1961 correspond 

to an increase in turbidity and releases from the dam. Berner (1951) re

lated the paucity of plankton to the characteristics of the Mississippi 

River which promote turbidity. Ellis (1936) found that increased turbid

ity reduced the number qf plankton organisms. Blum (1956) found that silt
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rendered Cladophora rigid and heavy either killing it or causing it to be 

torn away by the current. Greater water releases in the spring of 1961 

scoured and rinsed the stream which resulted in lower plankton productiv

ity.

The abundance of algae immediately below storage impoundments has 

been observed previously. Finnell (1953) reported large quantities of 

filamentous algae in the Illinois River below Tepkiller Reservoir.

Pfitzer (1954) noted the dominance of algae below TVA impoundments follow

ing their construction. He found the most abundant form to be Cladophora 

crispata. Hartman and Himes (1961) found an increase in the phytoplankton 

population below Pymatuning Reservoir at a point where water released from 

the dam was slowed by the river. Damann (1951) found that artificial 

lakes and reservoirs in the Missouri River Basin were not highly product

ive but that waters below these reservoirs without exception were more 

productive. An increase in productivity below Tiber Reservoir was indi

cated, by the abundance of Cladophora. however9 this organism is not read

ily sampled in the plankton because of its benthic habitat. The dominance 

of the total net phytoplankton by the Chrysophyta at every river station 

above and below the reservoir during both years indicates that the major

ity of the phytoplankton is produced in the benthic communities of the 

river and not contributed to the stations below by the reservoir.

Summary

I. Observations to compare temperature9 turbidity9 and plankton in 

the Marias River above Tiber Reservoir, in Tiber Reservoir, apd in the
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Maria s River below during the summers of 1960 and 1961 were made.

2. The reservoir stratified thermally both years and a density 

current occurred in 1961.

3. Water temperatures in the river below the reservoir were in

fluenced by the level and volume of release as well as by atmospheric 

conditions.

4. Daily water temperatures below the reservoir averaged 12° cooler 

than those above in 1961. Maximum and minimum temperatures increased 

approximately 1.2° per mile for 11 miles downstream. The reservoir had a 

marked effect on temperatures at least 24 miles below the dam. At sta

tions below this temperatures were approaching those of the river above.

• 5. The shores of Tiber Reservoir are steep and soft and were easily 

eroded. A few turbidity samples collected near shore during heavy wave 

action ranged from 127-158 ppm. Turbidity in, the reservoir ranged from 

0.7 ppm to 185 ppm during I960 and from 0.06 ppm to H O  ppm during 1961. 

Highest average turbidity readings were obtained in the upper end which 

was most affected by the inflowing river.

6. Secchi disc readings in the reservoir ranged from 0.8 to 15.5 

feet during 1960 and from 1.0 to 13.4 feet during 1961, Transparency was 

lowest near the head of the reservoir and increased progressively toward 

the dam.

7. The average turbidity immediately below the reservoir was 14.1 

ppm less than above the reservoir in I960 and 10.3 ppm less in, 1961. 

Turbidity increased downstream during periods when large volumes of water
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were released from the dam.

8» Runoff from a severe storm increased turbidity in the river below 

the dam to the maximum recorded (465 ppm).

9. Plankton numbers were extremely low in the reservoir as well as 

in the river. The plankton in the river below the reservoir was largely 

indigenous and. not contributed from the reservoir. Diatoms comprised over 

90 per cent and 85 per cent of the total phytoplankton at each river 

station during 1960 and 1961.

10. Cladophora was Observed growing in very dense mats in. the riffle 

areas in the first six miles of river below the.dam.

11. Following high water and increased turbidity in 19619 the average 

total phytoplankton population was lower at all stations below the reser

voir than in I960.

12. In general, the total average populations of zooplankton were 

greater below the reservoir than above and a decrease in the population 

at successive downstream stations occurred.
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