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ABSTRACT

Most White Mountain lakes are eutrophic manmade reservoirs which 

support summer put and take trout fisheries. Cooley Lake, chosen as the 

primary study area, was found to have midsummer water quality comparable 

to two of three other lakes in the area. Cooley is a eutrophic, dimictic 

lake which exhibits physical and chemical stratification. In July and 

August 1976 a prolific bloom of the blue-green alga Anabaena spiroides 

caused elevated pH values and dissolved oxygen concentrations above satu

ration. Concurrent live box studies and a gill net survey indicated that 

the summer water quality was toxic to rainbow trout. It appeared that 

toxic concentrations of un-ionized ammonia and high pH values were respon

sible for the mortalities of the test species.

Possible sources of nitrogen and phosphorus were evaluated. 

Nitrogen appears to come from two sources (a) nitrogen-fixation by blue- 

green algae and (b) an oxidation pond which empties into the tributary 

stream during times of heavy rainfall. Phosphorus contributions are from 

diffuse sources such as forest litter and soil dissolution. It is sug

gested that control of public use of the watershed and/or grazing might 

lessen future eutrophication of Cooley Lake.

ix



INTRODUCTION

Most manmade lakes on the Fort Apache Indian Reservation in the 

White Mountains of Arizona may be classified as eutrophic within a short 

time after impoundment, many in less than 8 years. Water quality degra

dation is indicated by massive algal blooms, extensive growth of rooted 

aquatic plants, and occasional fish kills.

Cooley Lake is representative of the eutrophic conditions of 

White Mountain lakes. Applications of copper sulfate are used each year 

to control algal blooms and maintain the lake as a sport fishery. U.S. 

Fish and Wildlife records (Personal communications Ronald Gumtow, U.S. 

Fish and Wildlife Service) show that in 1973 the copper sulfate treatment 

was omitted and a summer fish kill occurred.

Eutrophic lakes generally have a succession of algal blooms which 

begin in early spring and last until the ice cover returns in the fall. 

Blooms which cause the greatest degradation of the water quality are the 

mid-summer blue-green algal blooms. These occur when water temperatures 

are elevated and other less heat-tolerant algae cannot compete (Shapiro 

1973). Lakes having algal blooms and eutrophic water quality often ex

hibit extremes of high pH values, dissolved oxygen concentrations above 

saturation, and nocturnal decreases in dissolved oxygen (Wetzel 1975). 

Many algal blooms have been observed to reach a peak in population size 

which is frequently followed by a rapid die-off of the algae. Summer 

fish kills have been reported to occur during the collapse of blue-green 

algal blooms (Barica 1975a), with mortalities due either to a lack of
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oxygen created by decay of the algal material, or the release of toxins 

by the algae. Barica (1975b) also suggested that un-ionized ammonia 

might be present in toxic concentrations.

While many naturally occurring lakes are originally oligotrophic 

and gradually accumulate nutrients until a eutrophic condition develops, 

manmake lakes may be eutrophic from the start. This may result if or

ganic matter was deposited in the basin prior to impoundment (Hutchinson 

1957). Allochthonous nutrients from the watershed can further the eutro

phication process. Potential sources of nutrients are grazing (Vollen- 

weider 1968), waterfowl use (Manny, Wetzel and Johnson 1975), erosion 

(Gifford and Busby 1973), soil dissolution, organic litter accompanying 

runoff (McConnell 1969), rain and snow (Junge 1958), and sewage from 

human habitation. A limitation of nutrients may reverse the eutrophica

tion process, as was observed in Lake Washington where a decrease of the 

nutrient concentration and algae population density was achieved after 

diversion of a sewage inflow (Edmondson 1972).

Nutrient sources can be internal to the lake making nitrogen and 

phosphorus available to phytoplankton. Nitrogen fixation by blue-green 

algae has been found to supply as much as 43% of the annual nitrogen 

budget to Clear Lake in California (Horne 1972), and up to 0.9 gm/m^ per 

day in Canadian lakes (Barica 1975a). Sediment-water exchange of ions 

followed by mixing with overlying waters may also provide significant 

quantities of nutrients in terms of furthering eutrophication (Porcella, 

Schmalz and Luce 1972).

White Mountain lakes support valuable sport fisheries and are thus 

dependent on good water quality. The purposes of this study were:
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(a) to investigate the water quality patterns of Cooley Lake from March 

to October of 1976 with emphasis on the temperature, pH, and dissolved 

oxygen, (b) to evaluate the impact of the water quality on the summer 

trout fishery, (c) to suggest the cause of the eutrophic state of the 

lake, and (d) compare Cooley Lake to other White Mountain lakes.



DESCRIPTION OF STUDY AREAS

The White Mountains are located on the Fort Apache Indian Reser

vation along the east-central border of Arizona. Four lakes in the White 

Mountains were chosen for this study: Cooley Lake, Cyclone Lake, Horse

shoe Cienega, and Shush be Zahze. All are located in the general vicin

ity of the town of McNary (Figure 1). The elevations of these lakes 

range from 2100 to 2450 m.
The White Mountains area is of geologically recent volcanic ori

gin. The parent rock in all four watersheds is Quarternary or Quarter- 

nary-Tertiary basalt. The inflow stream beds and lake areas consist 

mainly of fluvial sandstones, shales, and conglomerates of the Tertiary 

age. Soil types at all of the lakes were judged by Eric Granfelt of the 

Bureau of Indian Affairs, Whiteriver, Arizona, to be of similar charac

teristics.

Vegetation on the watersheds and around the lakes is a mixture 

of gamble oak (Quercus gambelii), juniper (Juniperus sp.), pine (Pinus 

sp.), aspen (Populus tremuloides), and mixed conifers. All four areas 

contain grassland suitable for grazing either by domestic cattle, horses, 

and/or wildlife.

Two types of rooted aquatic vegetation are common to the four 

lakes. Myriophyllum sp. and Typha sp. occasionally appear in large 

stands, at times dominating the littoral areas. Cyclone Lake with its 

clearer water also contains Chara sp. growing at depths of 2 to 3 m.
4
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Rainfall ranges from 46 cm annually at the elevation of 1524 m 

to greater than 61 cm per year on Mt. Baldy. Winter snowfall is usually 

heavy and many lake surfaces freeze, resulting in partial winter anoxia 

at times. Thaws begin in March at the lower elevations, producing swol

len rivers and raging streams which carry large amounts of silt and 

organic matter. Later in the season these waterways will have reduced 

flows and in many cases be dry during low rainfall periods. Summers are 

mild with the major rainstorms occurring in July and August.

All of the White Mountain lakes are manmade impoundments or pre

existing lakes improved by earthen dams. The dams characteristically 

have a side, surface spillway. In some cases tributary inflow is peren

nial, in other cases, it is intermittent. Pre-impoundment land prepara

tion consists of removal of large trees and brush, leaving behind most 

of the litter and understory vegetation.

Cooley Lake was chosen as the primary study area. It is a small 

4.45 ha impoundment which was filled in 1963. Since that time the 

primary use of the lake has been recreation, fishing, and boating. Some 

erosion is found on the access road which encircles the lake. Land use 

within the watershed includes: grazing, with a cattle tank located up

stream of the lake and cattle at times grazing on the Cooley shore; the 

resort town of Hon Dah; and a nearby trailer park. Sewage from the 

trailer park is held in two small oxidation ponds located 50 m from the 

main Cooley tributary.

The bottom of Cooley Lake was a stock tank and cattle-holding 

area for 25 to 50 years prior to construction of the dam in 1963. With

in two years after filling, the moderate growths of rooted aquatic
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vegetation had developed, and by 1969 copper sulfate treatments were 

used to control prolific algal blooms (Personal communication, Ronald 

Gumtow, U.S. Fish and Wildlife Service). This measure is continued in 

order to reduce the pH and to protect the approximately 12,000 rainbow 

trout (Salmo gairdneri, Richardson) which are stocked each year.

As is common to most reservoirs on the Fort Apache Indian Reser

vation, the lake basin of Cyclone Lake was heavily grazed at one time; 

however, during the 25 to 30 years prior to dam construction, grazing was 

limited. The dam was built in 1966, and the lake filled by two inter

mittent streams. Cyclone Lake is now designated as a "walk-in only" lake 

and thus receives light use from recreation (Brickler and Utter 1975). 
Grazing and a small amount of logging are permitted within the watershed.

Horseshoe Cienega was constructed in 1964 and is located in a large 

cienega which was heavily grazed in the past. The perennial stream 

which feeds the lake is channelized and provides little opportunity for 

suspended sediments to settle. The lake and surrounding area is pres

ently used for camping and year-round fishing, and has a large cattle 

holding area near the north shore. Logging and considerable grazing 

occur within the watershed.

The basin of Shush be Zahze has been less intensively grazed due 

to limited meadows within the basin. Dam construction was finished in 

1966 and since that time catchable size rainbow trout have been planted 

weekly each summer. Shush be Zahze is filled by one intermittent and 

one perennial stream. Two other lakes, Bog Tank and Shush be Tou, are 

located upstream and may serve as nutrient sinks.



These four lakes exhibit varying degrees of euthrophication. 

All exhibit periods of high pH values and intense algal blooms which 

are controlled by the application of copper sulfate. These conditions 

are of concern because the lakes support important sport fisheries, 

primarily stocked with rainbow trout.



METHODS

The period of study for Cooley Lake was March 17 to October 9, 

1976. The frequency of sampling was increased as the pH and algae con

centration in the lake water increased. Cyclone Lake, Horseshoe Cienega, 

and Shush be Zahze were each sampled at least once in mid-summer. Sam

ples were obtained from the tributary to Cooley Lake at those times when 

flow entered the lake.

Water Analysis

Water samples were obtained from the lakes for determination of 

nutrient levels and the chemical characteristics of the water at loca

tions chosen as most likely to be representative of lake conditions.

Three stations were sampled at Cooley Lake for comparison to determine 

if one value could be extrapolated over the entire lake.

A Kemmerer bottle was lowered to the desired depths, from sur

face to bottom, and water samples obtained. Any samples which could not 

be analyzed within 24 hours were acidified with concentrated HgSO^ to a 

pH of less than 2, then nuetralized before testing. Chemical analysis 

samples were placed in one liter polyethylene bottless and kept on ice. 

Algae were preserved in 125 ml bottles to which Lugols solution was 

added.

Oxygen, temperature, and pH measurements were made at 0.6 m verti

cal intervals. Oxygen and temperature measurements were obtained using

9
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a YSI Model 54 Oxygen Temperature Analyzer. An Analytical Measurements 

Model 707B pH meter was used for pH determinations.

The Hach Chemical Company method of direct Nesslerization was 

used for the determination of ammonia-nitrogen. All colorimetric analy

ses were made using a G.K. Turner Associates Spectrophotometer, Model 

330, at a wavelength of 420 nm.

Orthophosphate was measured using the Hach Chemical Company 

modification of the Ascorbic Acid Method. The samples were unfiltered 

and were analyzed at a wavelength of 700 nm.

Secchi disk measurements of water transparency were made using 

a 20 cm diameter standard black and white disk.

Algae

Samples of algae were taken concurrently with those for water 

quality analysis, to determine population size and to identify major 

bloom species.

Depending upon the concentrations of algae present, a sample 

volume of 10 or 50 ml was allowed to settle onto a plankton chamber.

A Zeiss, inverted, phase contrast microscope was used for enumeration 

and identification of algae. Random strips 1 cm long across the base 

plate of the plankton chamber were examined until at least 100 of the 
dominant species and at least 500 total organisms had been counted.

All algae were identified to genus and the most abundant were 

identified to species using Smith (1950) and Prescott (1970). Polaroid 

photographs were taken for documentation of identities.
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Diel Studies

Fluctuations of the water quality were examined during diel 

studies. An afternoon sample series represented the daytime conditions. 

A second series of measurements was made before dawn at the time when 

photosynthetic activity in the lake would be lowest and the cumulative 

effect of respiration greatest. The parameters measured were oxygen, 

temperature, and pH.

Live Box Bioassays

In situ bioassays were conducted in Cooley Lake during the time 

period when water quality appeared to have deteriorated to a point which 

might be harmful to rainbow trout. Containment boxes were cubic in 

shape with a 0.6 m side dimension. The frame was constructed of 38 by 

6 mm wooden slats and covered by stapling 12.7 mm netting to the out
side, forming a collapsible and portable cage. The large netting

allowed some food organisms to enter, while retaining the test species. 
The test fish were rainbow trout reared at the Alchesay and

Williams Creek fish hatcheries on the Ft. Apache Indian Reservation.

Fish for tests were taken from hatchery trucks making regular stocking 

trips. Approximately 20 trout plus water were transferred to an 

insulated chest and transported to Cooley Lake. The insulated chest 

was placed in a boat and oxygen concentration maintained above 5.0 mg/1 
by aeration. The test fish were acclimated to lake water and ambient 

lake temperature by gradual water exchange for about 45 minutes to avoid 

transplant shock. Ten fish were then placed in each of two live boxes. 

Live boxes were located at sample stations 1 and 3 in Cooley Lake,
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representing both a deep and a shallow, heavily vegetated area. The 

boxes were suspended 0.6 m below the lake surface where the oxygen 
concentration exceeded 5 mg/1 and temperatures were lower than at the 

surface.

Live box: bioassays were conducted for five consecutive weeks. 

Observation intervals were 8, 24, 48, and 72 or more hours until either 
mortality had occurred or the fish were released to introduce a new 

group. Percent mortality was recorded.

Trout Stock Evaluation

On August 5, 1976, 1000 catchable size rainbow trout were 

stocked in Cooley Lake. On August 7 (1600 hours) an experimental gill 

net was set in a major channel across the lake which had both deep and 

littoral areas to check survival rate of the stock. The net was re

moved the following morning (0800 hours). The catch was identified and 

counted. Captured fish were then given to a tribe warden.

Sediments

Two cores were taken from Cooley Lake, one from the fluvial 

plume and the other from a deep point exhibiting deposition of silt and 

autochthonous organic matter.

A Phleger Corer, Model 840A, with removable plexiglass core 

barrels was used to sample the sediment. A hand winch was bolted in 

the boat to lower and retrieve the core sampler. A sample depth of 

approximately 12 cm was obtained. Cores were immediately removed from 

the barrel and transferred intact to a jar. A 4 cm long portion from 

the top and bottom of each core was analyzed for total nitrogen and
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total phosphorus by the University of Arizona Soils and Water Testing 

Laboratory.

A portion of each sample (2 or 3 g) was retained for determina

tion of total percent organic matter by weight. The dry sediment was 

placed in a dry crucible, ashed in a muffle oven at 550 C for 2 hours, 

cooled in a desiccator and weighed a final time with a Mettler Type H-16 

balance. Weight loss was considered to be due to organic matter.



RESULTS

Data collected from Cooley Lake during the spring to early fall 

of 1976 indicated that physical, chemical and biological stratification 

occurred in the lake. Water quality deteriorated in late summer so that 

the habitat was no longer suitable for rainbow trout.

The waters of the four White Mountain lakes and their tributaries 

were found to vary in concentrations of nitrogen and phosphorus. In 

Cooley Lake the sediments were probably a major contributor to the 

nutrient pool.

Water Analysis

By March 17, 1976 Cooley Lake was beginning to stratify, with 

surface water elevated 3 C above the bottom water temperature. During 

April and May, the lake developed a strong thermal stratification which 

was maintained throughout the summer until cooling and mixing began in 

September and October (Figure 2).

On July 21, a summer thunderstorm occurred within the Cooley 

watershed, and as a result runoff water of 18 C accumulated in the trib

utary channel. The temperature of the tributary at the entrance to the 

lake was the same temperature as the water in the lake’s thermocline, 

also 18 C. The runoff water which entered the lake was detected as a 

turbid area in the thermocline during sampling.

Dissolved oxygen stratification in Cooley Lake occurred by March 

with anoxia below 6 m (Figure 3). Between mid-July and late-August the

14
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lowest depth at which the oxygen concentration was greater than 1.0 mg/1 
was between 2 and 3 m. During that time there was a steep gradient pres

ent where the dissolved oxygen concentration changed from 3.0 to 8.0 
mg/1 within a vertical distance of no more than 1/2 m.

The pH in Cooley Lake showed a similar distribution pattern to 

that of temperature and dissolved oxygen. A fairly uniform vertical pH 

regime existed during the spring and early fall. Stratification of pH 

began in June, becoming more pronounced in July and August. Midsummer 

surface pH values ranged from 9.5 to 10.2. In waters just above the 

thermocline there was a rapid change from pH 9.0 to pH 7.0 below which 

the hypolimnion remained between pH 7.0 and 7.2.

A critical period occurred wherein only a portion of the lake 

was habitable for rainbow trout. The area of the lake which contained 

greater than or equal to 5 mg/1 of dissolved oxygen is herein referred 
to as the zone of suitable habitat or "habitable zone" (Figure 4). Be

tween July 1 and September 1 this zone became very narrow, restricted to 

2 m or less. This represents the summer period, a time of primary concern 

in this study. The same zone of suitable habitat illustrates the tem

perature distribution within that summer period (Figure 5). Between 

July 1 and September 1, the upper 2 m of the lake were above the thermo- 

cline. Water temperatures ranged from 19 to 25 C within that zone. The 

pH of the zone remained above 9.0 and ranged up to 10.2 (Figure 6).
Nitrogen in the form of ammonia (NH3-N) was present in the lake 

water at all times. Increases in concentrations were noted in late-April 

and late-July, the latter corresponding to the algal bloom peak. Un

ionized ammonia was calculated for July and August using constants given



Figure 4. The Habitable Zone, with Emphasis on the 
Critical Period. Dissolved Oxygen 5.0 
mg/1 or Above.
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by Trussell (1972). Values were greater than 0.100 mg/1 for most of that 
period. Orthophosphate concentrations ranged from <0.010 to 0.125 mg/1 

(Figure 7). This nutrient was not detectable in the lake waters at all 

times.

Algae

Cooley Lake experienced continual growth of algae within the 

epilimnion during the entire study period. During March and April, 

spherical and rod shaped blue-green algae predominated (Table 1). From 

late April to mid-July a population of single and double flagellated 

algae were present. A large increase in population size and organism 

size began in early July and continued through August. It was composed 

primarily of the blue-green alga Anabaena spiroides, with diatoms and 

others comprising another 10 percent of the population.
The algal population density used for comparison is the surface 

concentrations in cells/ml (Figure 8). The peak numbers of algae cor

responded to low secchi disk values, except on April 27 when turbidity 

from runoff caused a low secchi disk reading.

Summer algal population levels fluctuated with surface oxygen, 

pH, and ammonia values (Figure 9). It can be seen that the peak oxygen 

and pH values occurred prior to the maximum algae biomass, or within the 

period of rapid algae growth. Ammonia-N concentrations were highest 

when peak population size was reached and when it began to decline. 

Oxygen values ranged from 11 to 13 mg/1 during the rapid algae growth 

phase of mid-July when the population size increased from 15,000 to 

50,000 cells/ml.
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TABLE 1. The Algae of Cooley Lake, March-August, 1976 

Dominant summer species was Anabaena spiroides.
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Chlorophyta Pyrrophyta

Ankistrodesmus sp. Ceratium sp.

Cosmarimn sp. Unidentified dinoflagellates
Golenkenia sp.

Cyanophyta

Euglenophyta Anabaena spiroides

Trachelomonas sp. Merismopedia sp.

Chrysophyta
Spirulina sp.

Dynobryon sp. Cryptophyceae

Bacillariophyceae 

Cocconeis sp. 

Cymbella sp. 

Epithemia sp. 

Fragillaria sp. 

Navicula sp. 

Nitzchia sp. 

Scenedesmus sp. 

Schroederia sp. 

Staurastrum sp. 

Trochiscia sp.

Chilomonas sp.
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Diel Studies

A total of nine diel studies were conducted. Data presented 

includes only that for water which had a dissolved oxygen content of 

greater than 5 mg/1, thus constituting the habitable zone. The after

noon sample series were generally stratified with respect to tempera

ture and oxygen while the pH of that segment of the water column remained 

fairly uniform. The subsequent predawn samples had uniform to inverse 

temperature stratification, and the pH and oxygen were uniformly mixed. 

The dissolved oxygen tended to increase overnight by approximately 0.25 

mg/1 during the algal bloom peak, while it showed a nocturnal decrease 
of 0.09 to 1.43 mg/1 during the bloom growth and dieoff phases (Table 

2). The greatest afternoon to predawn change in pH, a decrease of 0.25 

pH units from 9.61 to 9.36, was found at the peak of the bloom on July 

30-31.

Live Box Bioassays

Mortalities of 100 percent, 75 percent, and 25 percent respec

tively were found for the three test dates (Table 3). All mortalities 

occurred during the algal bloom when the pH was greater than 9.5 and the 

un-ionized ammonia concentrations were greater than 0.100 mg/1. At that 

time the average depth of the habitable zone was 1.5 to 1.6 m.

Trout Stock Evaluation

One thousand rainbow trout were stocked in Cooley Lake on 

August 5, 1976. An experimental gill net was placed at 1600 hours on 

August 17 and retrieved at 0800 hours on August 18. The catch was one
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TABLE 2. Change in Dissolved Oxygen Concentration and pH From Afternoon 
to Following Predawn Sample»—  Negative value denotes nocturnal decrease, 
positive value is nocturnal increase.

Date

Change in 
Dissolved oxygen

(mg/1)
Change 
in pH

July 2-3 1 s r—1Hf

July 12-13 -.57

July 18-19 -1.43 —.08

July 24-25 +.28 -.06

July 30-31* +.25 -.23*

Aug. 5-6 +.25 -.01
Aug. 11-12 -1.30 +.02
Aug. 17-18 -1.39 -.16

Aug. 31-Sept. 1 -1.31 -.02

*Diel Study when algal bloom was at peak population size
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TABLE 3. Live Box Bioassay Study Data—  Cooley Lake, 1976.

Date

Un-ionized 
Percent ammonia 

mortality (mg/1) pH

Habitable
zone depth Algae
in meters concentration 
(5 mg 02/1) (cells/ml)

Secchi 
Disk 

(meters)

7-21 to 7-22 100 .188 
to
.185

9.78
to
9.72

1.6 29,000 .8

7-27 to 7-28 75 .299
to
.161

9.70
to
9.80

1.5 49,000 .8

8—4 to 8—5 20 .170 9.80 1.5 35,000 1.1

8-5 * .1/0 9.80 1.5 35,000 1.0
8-12* .131 9.58 1.6 23,000 1.1
8-17* 1 trout .135

captured
9.50 1.8 23,500 1.3

* Trout Stock (August 15, 1976) and Gill Net Survey (August 18, 1976)
in Cooley Lake.
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rainbow trout and 22 green sunfish (Lepomis cyanellus). From August 5 

to 18 the habitable zone varied between 1.5 and 1.8 m deep (Table 3).

The pH ranged from 9.50 to 9.77 and the secchi disk depth was 1.0 to 1.3 

m. The water temperature ranged from 19.2 to 23 C. Un-ionized ammonia 

concentrations ranged from 0.131 to 0.170 mg/1 during that time.

Lake and Tributary Nutrients

In many cases both the ammonia and phosphorus were higher in the 

stream than in the Cooley Lake water. Ammonia-M and orthophosphate 

varied with distance in the tributary stream from above the sewage 

oxidation ponds until after the water entered the lake. The two dates 

chosen for illustration were during substantial stream flows (Figure 10).

On May 18, 1978 orthophosphate in the tributary increased from 

<0.10 to 0.27 mg/1 as it flowed towards the lake water which contained 
only 0.10 mg/1. The July 30 samples indicated that the tributary and 

lake water had approximately the same orthophosphate concentrations,

0.70 to 0.85 mg/1. The highest concentration of ammonia-N was found in 

the tributary just below the oxidation ponds. The below sewage station 

had ammonia-N concentrations of 1.07 and 1.25 mg/1 on May 18 and July 30 

respectively. The lake water contained 0.27 and 0.18 mg NH3-N/I on 
those dates.

Sediments

Sediment core samples were obtained from two locations in Cooley 

Lake, one from the deep Station //I and the other from a side arm of the 

lake at Station //3. The average nitrogen content of the cores was 1,946 

ppm and the average phosphorus content was 1,104 ppm. This gives an
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N:P ratio of 1.76:1. The cores contained an average of 14.5 percent 

organic matter by weight (Figure 11).

Other White Mountain Lakes

Both Cyclone and Horseshoe Cienega had positive hetrograde oxygen 

concentrations (Table 4). The pH reached and exceeded 9.0 in Shush be 

Zahze and Horseshore Cienega respectively. The waters of these two 

lakes also contained ammonia and orthophosphate while Cyclone lacked 

ammonia. The tributary to Cyclone Lake also was without ammonia.
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TABLE 4. Mid-Summer Conditions of White Mountain Lakes.

Depth
(meters)

Temp.
(c)

Dissolved
oxygen
(mg/1) pH

NH3-N
(mg/1)

P04-P 
(mg/1)

(Cyclone Lake deep station on July 15, 1976)

Surface 20.2 7.50 8.4 0 70
1 19.6 7.61
2 19.0 7.78
3 18.8 7.82
4 18.3 7.64 8.5 0 70
5 17.0 10.40
6 12.2 10.45
7 9.5 9.30
8 . 8.0 8.10
9 7.2 5.90 7.5 0 70
10 7.0 4.90
11 6.8 3.30
12 6.5 1.35

Tributary 0 105

(Horseshoe Cienega deep station on June 17, 1976)

Surface 16.2 8.50 9.20 385 40
1 16.1 8.58 9.40
2 16.0 8.80 9.52
3 15.5 8.70 9.56 315 40
4 15.2 8.57 9.51
5 15.2 8.50 9.35
6 14.5 7.10 8.60 435 70
7 12.7 3.00 7.36
8 11.0 0.70 6.95
9 10.2 0.35 560 70

Tributary 85 105

(Shush be Zahze deep station on June 16 , 1976)

Surface 16.8 8.40 9.00 170 10
1 16.4 8.48 8.95
2 16.0 8.20 8.85
3 15.0 6.80 8.55 65 30
4 13.9 6.80 7.97
5 11.2 6.70 7.40
6 8.0 3.55 100 10
8 285 10

Tributary 350 40



DISCUSSION

Cooley Lake is an example of a eutrophic, dimictic lake having 

both thermal and chemical stratification during the summer months. It 

serves primarily as a recreational summer trout fishery; however, water 

quality conditions in July and August make it unsuitable for that pur

pose. The importance of the "habitable zone", as defined previously, 

must be understood to allow a meaningful comparison of the physical and 

chemical data with the biological aspects of this study.

Stratification

When first sampled in March 1976 the water below 6 m was already 
anaerobic, indicating either incomplete vernal turnover or rapid deoxy

genation of the newly forming hypolimnion. The anaerobic zone increased 

in thickness through July and August during which time it extended into 

the lower portion of the epilimnion. The habitable zone decreased from 

a depth of 6 m to 1 m by July 31, and fluctuated between 1 and 2 m in 
depth throughout August. This resulted in a reduced volume for trout 

habitat with limited access to benthic food organisms.

During the summer, the lake developed strong thermal stratifica

tion. Surface temperatures ranged between 21 and 25 C while the lake 

bottom remained at 5 C. At night this stratification was disrupted by 

surface cooling, allowing nocturnal mixing of the water to depths of 1.2 
to 1.8 m. Oxygen and pH profiles also indicated mixing, which at times 

increased the habitable zone by 0.6 m or more for a few hours. However,
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within the summer habitable zone, the temperature remained between 19 

and 25 C. This is above the advisable upper limit for trout of 19 C.

The high temperatures may affect the trout fishery by causing a decrease 

in feeding, slowed growth, and increased metabolic rate (Hela and 

Laevasta 1961). Temperature in this case is not a limiting factor, but 

it can be considered an unsatisfactory condition.

Algal Bloom and pH Stratification

As with the oxygen and temperature, a pH stratification developed 

during the summer months. Within the habitable zone during July and 

August, the pH was never less than 9.0 and on occasion was elevated to 

10.2. Between July 24 to August 15, the pH was consistently greater 

than 9.5.

The high oxygen and pH values were the result of a prolific 

bloom of the blue-green alga, A^ spiroides, which occurred during July 

and August, with its maximum in late July. At two periods during the 

summer pH values above 10.0 were recorded. The time spans with pH 

greater than 10.0 corresponded to the two periods of rapid increase in 
algal population size. A break in this growth was caused by a summer 

thunderstorm which temporarily slowed the bloom. The greatest pH values 

occurred immediately prior to the peak population size. Dissolved 

oxygen was also at its highest concentration during the rapid growth 

phase, attributable to algal production.

In summary, the conditions within the habitable zone during the 

algal bloom in July and August were (a) oxygen concentrations of 5 to 

13.8 mg/1, (b) temperature range of 19 to 25 C, and (c) pH of 9.0 to
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10.2 with pH of greater than 9.5 between July 24 and August 15. Dis

solved oxygen concentrations were acceptable; however, the high tempera

tures and high pH values would stress exposed trout. However, the 

combination of these conditions in many cases was not sufficient to 

cause mortalities in resident fish. Transplant shock and resulting 

death could be an important factor for fish coming from cool, oligotro

phic waters. This is believed, in part, to account for the poor sur

vivorship of the August stock.

Diel Studies

It is an accepted fact (Wetzel 1975) that during periods of 

intense photosynthetic activity such as the Cooley algal bloom, a lake 

will undergo diel fluctuations in at least pH, oxygen, and temperature. 

The pH commonly reaches 10 in the afternoon and will drop below 8 during 
darkness. Dissolved oxygen also commonly fluctuates by 4 to 6 mg/1 
(Wetzel 1975). This was expected in Cooley Lake and it was anticipated 

that nocturnal oxygen reduction in the epilimnion would be the cause of 

summer fish kills. However, changes did not follow the classical pat

tern. The diel fluctuation in pH values from afternoon to predawn sam

ples ranged from a decrease of 0.23 pH units to an increase of 0.02 pH 

units. These changes are much smaller than the anticipated 2.0 pH units 

or more.

A nocturnal depression of 1.3 to 1.4 mg/1 of dissolved oxygen was 

measured during both the growth and dieoff phases of the algal bloom. 

However, during the bloom peak a nocturnal increase of 0.25 to 0.28 mg/1
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was observed on three occasions. The expected dissolved oxygen depletion 

of 4 to 6 mg/1 was not observed or even approached.
The lack of diurnal decreases stems from production being much 

greater than respiration in the lake. The amount of respiration was in

sufficient to utilize oxygen present and produce carbon dioxide in quanti

ties which would lower the pH. There does appear to be more respiration 

in relation to production both before and after the bloom peak, as shown 

by the average nocturnal loss of 1.35 mg O2/I.

Live Box and Trout Stock Evaluation

Live box studies were initiated when the water quality, as evi

denced by the temperature, pH, and bloom density, indicated an unsuitable 

trout habitat. The experimental mortalities of 20 to 100 percent confirm 

that the water quality was poor.

At first analysis it appeared that the fish had been over stressed

by the high temperatures and high pH. The hatchery waters from which 
they were being transferred were cool with a pH of 7.2. Oxygen was not

suspect because it was adequate in a portion of the lake at all times.

It was then noted that ammonia-N was present in rather high concentra

tions within the habitable zone. Studies by Rice and Stokes (1975) 

showed that the 24 hour TL^ for rainbow trout was 0.097 mg/1 NHg.The un

ionized ammonia concentrations during all three live box studies were 

above this referenced toxic value of 0.097 mg/1.
Results of the gill net study on August 18 indicated that surviv

al of the August 5, 1976 plant was low and appeared to confirm the live
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box mortalities. Fishermen at this time also reported little luck in 

catching trout.

Once again the un-ionized ammonia in the range of 0.131 to 0.170 

mg/1 appeared to be the toxic element. Elevated pH and temperatures 

served to further stress the fish which were confined in a narrow habi

tat. From these studies it appears that stocked hatchery trout have a 

very poor chance of survival in Cooley Lake during the bloom months of 

July and August.

One additional relationship can be seen, that of the secchi disk 

depth to fish mortality and pH. Secchi disk depth is a measure of the 

transparency of the water and thus of algal bloom density. Live box 

mortalities occurred when the secchi depth was 0.8 to 1.1 m, and during 
the period between the fish stocking and the gill net set the secchi 

disk depth was 1.0 to 1.3 meters. Also, a pH value of 9.5 or above was 

usually recorded when the secchi disk depth was 1.6 m or above. This 

can be correlated to the toxic concentrations of un-ionized ammonia 

which were present when the pH was above 9.5. This pH value of 9.5 and 

the secchi depth of 1.6 m could be used as a management tool.

Autochthonous and Allochthonous Nutrients

Cooley Lake and other eutrophic lakes have one thing in common. 

Their waters contain adequate quantities of nitrogen, phosphorus and 

other nutrients to support abundant algal and bacterial growth. Two 

conditions are believed to effect summer fish kills in Cooley Lake: 1) 

algal blooms causing elevated pH and producing organic matter which 

settles through the water column to the sediments and 2) bacterial
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decomposition of organic matter resulting in anaerobiosis within the 

meta- and hypolimnion and recycling of the nutrients in forms such as 

ammonia. Ammonia which mixes with or diffuses into the high pH epilim- 

nion is converted to the toxic un-ionized form.

Ammonia-N and orthophosphate were present in significant quanti

ties in Cooley Lake. During summer stratification, only nutrients con

tained in the upper 2 m were available for biological assimilation. The 

quantity of both nitrogen and phosphorus indicates that sufficient and 

possibly excess nutrients were available for prolific algal and bacterial 

growth, which together caused the poor water quality of the lake.

An important source of nitrogen for Cooley Lake is nitrogen fixa

tion by blue-green algae, specifically the bloom alga A^ spiroides. This 

alga has been demonstrated to be capable of nitrogen fixation by Lund 

(1965). The nitrogen becomes a part of the lake’s nutrient cycle when 

the algae die and the organic matter is bacterially degraded.

Sediment regeneration of nutrients is another autochthonous 

source of nitrogen and phosphorus. Analyses showed that two sediment 

cores from Cooley Lake contained an average of 1,946 ppm of nitrogen and 

1,104 ppm of phosphorus. Much of these nutrients might eventually be 

made available to the overlying water column by sediment mixing or dif

fusion of interstitial waters out of the sediments (Porcella et al. 

1972; and Keeney 1972).

The major identifiable source of allochthonous nutrients would 

be the intermittent stream which feeds Cooley Lake. This stream flows 

past a trailer park at the town of Hon Dah where there are two open
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sewage oxidation ponds within 50 m of the stream bed. During heavy rain

fall, sewage overflows into the stream and enters the lake as evidenced 

by Duckweed (Lemma sp.) from the oxidation ponds in the lake after heavy 

rains.

During the summer the tributary water contained higher concen

trations of ammonia-N than the lake water of the same temperature. Thus, 

the stream provided nitrogen enrichment. Less data are available for 

phosphorus; however on May 18 after a heavy rain, water entering Cooley 

Lake was contributing 1.24 mg P O 4 / I  and 0.35 mg NH3-N/I to the lake’s 
nutrient supply. The ammonia-N appeared to have come from the oxidation 

ponds whereas the phosphorus came from diffuse sources between the ponds 

and the lake. Soil dissolution, manure, and decay of organic litter 

have been found to contribute phosphorus in runoff waters (McConnell 

1969; Vollenweider 1968). Because flow in the tributary stream is in

termittent, it is difficult to quantify its contribution to the lake, 

but it is no doubt a source of entering nutrients.

Other Nutrient Sources

There are many other possible contributors to the nutrient pool 

of Cooley Lake including the lake basin itself. This area was used as a 

small tank and cattle holding area for 25 to 50 years prior to impound

ment. Over that period of time a large amount of manure must have ac

cumulated. When the dam was constructed, the only bottom preparation 

was the removal of large trees. All other organic material was left to 

decay and form the nutrient-laden sediments.



41

The earthen-fllled dam is typical of others in the White Moun

tain area in having a surface spillway. When nutrients are leached 

from the sediments and released into overlying water they become trap

ped in the lake because the surface spillway permits little purging of 

nutrient-rich hypolimnion water. Instead the relatively nutrient de

ficient water from the epilimnion flows into the stream below.

Present uses of the watershed and lake shores may also enrich 

the lake. An unknown amount of grazing occurs on the watershed and 

around the lake (personal communication, Eric Granfelt, Bureau of Indian 

Affairs). Camping, fishing and boating may also contribute nitrogen and 

phosphorus through erosion and lechate from pit toilet wastes.

Management of nutrient sources such as cattle within the tribu

tary and the oxidation ponds may help to lessen the future nutrient load

ing of Cooley Lake. Nutrients from the earlier usage of the lake basin 

and the spillway design should be considered prior to construction of 

new dams.

Is Cooley Lake Typical?

Three other White Mountains lakes were sampled to evaluate the 

applicability of data gathered at Cooley Lake. Of the four lakes, 

Cooley and Horseshoe Cienega were the more eutrophic, followed by Shush 

be Zahze and Cyclone Lake. This order is based on the number of algal 

blooms requiring copper sulfate treatment which occurred in the life- 

history of each lake (personal communication, John Anderson, U. S. Fish 

and Wildlife Service).



Both Horseshoe Cienega and Shush be Zahze experienced prolific 

algal blooms with concurrent high pH values during the summer of 1976. 

Each also had an anaerobic zone in the bottom of the hypolimnion. On 

July 22, the surface pH was 10.0 and the algal bloom in an advanced stage 

in Horseshoe Cienega. The lake was treated with 0.4 ppm copper sulfate 

on July 22 and 24. After those treatments, the pH remained below 9.4 

throughout July and below 8.9 for the rest of the summer. Although no 

ammonia-N values were measured we can assume that the un-ionized ammonia 

would not have been at toxic levels after the treatment due to the 

lowered pH. Shush be Zahze received a similar treatment on June 29 with 

a reduction in pH from 9.4 to 9.1 for the remainder of the summer. Trib

utary input into both lakes contained ammonia-N and ortho-phosphate.

Cyclone Lake did not experience the large algal bloom or high pH 

and did not have an anoxic hypolimnion. A major difference between this 

lake and the other three is that grazing and recreational use of the 

watershed has been controlled since the lake was built. This is evi

denced in the low nutrient content of the tributary waters. Grazing in 

the preimpoundment lake basin was also limited for the 25 to 30 years 

prior to construction (personal communication, Eric Granfelt, Bureau of 

Indian Affairs).

The water quality information gathered at Cooley Lake is consis

tent with conditions seen at Horseshoe Cienega and Shush be Zahze. The 

algal bloom and high pH values can be temporarily arrested by copper sul

fate treatment; however, the nutrients will continue to cause similar 

blooms in the future. It also appears that nutrient entry into the 

lakes can be controlled to some degree by watershed management.
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CONCLUSIONS

The nutrient-rich condition of Cooley Lake causes prolific algal 

blooms and a large anoxic zone which extends from the sediments up to the 

epilimnion. Oxygen stratification during the months of July and August 

forms a narrow habitable zone within the upper two meters of the lake. 

When pH values exceed 9.5, ambient ammonia-N shifts toward the un-ionized 

form, producing conditions toxic to rainbow trout. High temperatures of 

19 to 25 C serve to degrade the already poor water quality. The 

lethality of this combination was confirmed by live-box bioassay studies 

and a gill net survey of stock survivorship.

Nutrients which contribute to this situation may enter through a 

variety of allochthonous and autochthonous pathways. Management of 

sources such as the oxidation pond overflow into the intermittent tribu

tary might serve to slow the further enrichment of the lake.
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