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WATER QUALITY SllJDY OF LAKE HAVASU, ARIZONA NEAR THE CAP INTAKE AREA* 

by 

Simon !nee, David L. Kreamer, Don W. Young, and Charles L. Constant 

ABSTRACT 

Throughout 1974 and 1975 the Department of Hydrology and Water Resources, University of Arizona, 
conducted a water quality study on Lake Havasu, Arizona, near the Central Arizona Project intake. This 
investigation was funded jointly by the Arizona Water Comnission and the U.S. Bureau of Reclamation. 
The University study evaluated the hydrography and hydrology, sediments, turbidity, temperature, chemis
try, dissolved oxygen (and biochemical oxygen demand), benthic invertebrates, phytoplankton, zooplankton, 
biomass analysis, and electrical conductivity to establish baseline data for the CAP intake area. The 
results showed weak stratification and generally good aeration in the lake and high turbidity in the 
Bill Williams River. Biological quality was good with low amounts of benthics and numerous zooplankton 
and phytoplankton species. The extensive data from chemical analysis generally conformed to public 
health standards. 

INTRODUCTION 

It is of importance for the U.S. Bureau of Reclamation and the Arizona Water Commission to know 
the quality of the water delivered to the Central Arizona Project (CAP) aqueduct system through the 
Havasu Pumping Plant. For this reason the Hydrology and Water Resources Department (HWRD) of the 
University of Arizona and the U.S. Bureau of Reclamation Lower Colorado Region (USBR) devised a coopera
tive water quality monitoring system in the CAP Intake area beginning April 1, 1974, and ending January 
15, 1975. Under this contractual agreement HWRD was to monitor the physical, chemical and biological 
characteristics of the waters of Lake Havasu, whereas the USBR was to monitor the bacteriological char
acteristics. The HWRD' s survey was funded jointly by the Arizona Water Commission and the Lower 
Colorado Region of the USBR. 

Due to a number of logistics problems, HWRD was not able to start a complete observation series 
until mid-June, although some sketchy data is available for the period April to June. The USBR 
experiencing similar difficulties, was unable to start the bacteriological monitoring until September 
15, 1974. 

The parameters monitored and/or investigated by the HWRD are: 

A: Hydrography and Hydrology 
B: Sediments 
C: Turbidity 
D: Temperature 
E: Chemistry 
F: Dissolved Oxygen and Biochemical Oxygen Demand 
G: Benthic Invertebrates 
H: Phytoplankton 
I: Zooplankton 

The sampling locations are shown in Figure 1. The highway bridge over the Bill Williams River was 
designated section 0 and six transects were established west into Lake Havasu numbered 1 to 6, while 
transects east of the bridge into the Bill Williams River were numbered -1, -2, etc. Three sampling 
points were established on each transect labeled N (north}, M (middle), and S (south). 

A. HYDROGRAPHY AND HYDROLOGY 

Lake Havasu is formed by Parker Dam, a concrete arch dam completed in 1938. The lake is approxi
mately 45 miles long with depths ranging from a few feet to 75 feet. Lake widths vary from 500 feet 
to approximately 3 miles. The usable capacity based on a 1957 survey, is 619,000 ac-ft between eleva
tions 400.54 feet and 450.54 feet above mean sea level. These elevations represent the lower sill and 
top of the regulating gates at Parker Dam. At full capacity the lake covers an area of 25,000 acres. 
The lake is used for flood control, power generation, regulation of the river for irrigation demand, 
and as a reservoir from which water is pumped by the Metropolitan Water District of Southern California. 

*Research supported jointly by the U.S. Bureau of Reclamation and the Arizona State Water Commission 
through U.S. Dept. of the Interior Contract No. 14-06-30D-2511 to the University of Arizona, Department 
of Hydrology and Water Resources, Tucson. 

Professor, Graduate Research & Teaching Associate, Lecturer & Research Associate, and Research 
Associate II, respectively, with the University of Arizona, Department of Hydrology and Water 
Resources, Tucson. 
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Water for the CAP will be diverted from Lake Havasu by means of the Havasu Pumping Plant which 
will be located on the south shoreline of the Bill Williams ann of Lake Havasu approximately 2.5 miles 
upstream from Parker Dam. The intake channel ts formed between the south shore of the Bill Williams 
arm of Lake Havasu and a 2600 ft. landform embankment extending from the south shore in a northwesterly 
direction as shown in Figure 1. The primary purpose of the Havasu Intake Channel is to minimize wear 
on the pumping units by preventing sediment inflow from the Bill Williams River within Lake Havasu. 
The intake channel, through whtch a maximum flow of 3000 cfs will be drawn, will have an average bottom 
elevation of 424 feet. For a flow of 3000 cfs the flow velocity at sections 2a and 2b will be approxi
mately 0.23 fps, based on a lake level of 449. With lower or higher operating water levels, the intake 
channel flow velocities will slightly increase or decrease. 

N 

t 
............ ~..._ __ _ ..._ __ _ 

LOCATION MAP 

Figure 1. Bill Williams Ann of Lake Havasu and the CAP Intake Area 

Cross-sections -2, -1, 0, 1, 2, 2a, 2b, 3, 4, 5, and 6 were taken for bottom depth. It should be 
noted that the cross-sections vary with the lake elevation, particularly sections 0, -1, and -2. 
Measured water quality parameters indicate that the shallow reaches of the Bill Williams delta are 
distinctly separate from the main body of water in Lake Havasu. Temperature, turbidity and TDS all 
indicate that under normal conditions with lake levels around 448 feet above MSL, section 1 is the 
approximate dividing line between Lake Havasu and the Bill Williams delta. The currents in this and 
other areas of the lake resulting from flow through Parker Dam Powerhouse and MWD Pumping Plant are 
too small to be measured without sophisticated equipment. It is a reasonable estimate to say that the 
effect of pumping 3000 cfs through the CAP Intake structure will draw the water from the main body of 
the lake and essentially maintain the separation of the waters, with some minor mixing along the 
dividing streamline. The currents in Lake Havasu would be negligible. 

The Lake Havasu area has a mean annual temperature of 72°F with temperatures ranging from 2l°F to 
120°F. The mean annual precipitation near Lake Havasu is less than 5 inches and the mean annual 
evaporation amounts to approximately 95 inches. 

There is no mean monthly evaporation data from Lake Havasu near Parker Dam; however, comparing 
monthly evaporation data from Lake Mead and Lake Mohave near Davis Dam, the following monthly values 
can be estimated. 

January 
February 
March 
April 
May 
June 

4.50 inches 
5.00 
8.00 
8.00 

11.50 
ll.50 
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July 
August 
September 
October 
November 
December 

Tota 1 Annua 1 

12.50 
12.00 
9.00. 
5.00 
4.00 

_..i:.QQ. 

95.00 

The lake levels fluctuate as a function of the operation of the system of reservoirs on the Colorado 
River. Some flows reflect the releases from Alamo reservoir, and by the time they reach Planet Ranch 
much of the water has percolated into the sandy bed. The real contribution of the Bill Williams River 
to the hydrology of Lake Havasu is when large releases from Alamo Reservoir coincide with storms over 
the drainage basin of the Bill lllill iams River lie low Alamo Dam. Such an event has not occurred in 1974, 
however, calculations liy the Corps of Engi'neers indicate that in a maximum 24-hr period the inflow into 
Lake Havasu from the 790 sq. mi. tributary area below Alamo Dam could be approximately 36,000 ac-ft with 
a peak flow of 45,000 cfs and that for a 4-day general winter storm the inflow volume and peak discharge 
could be 45,000 ac-ft and 46,000 cfs, respectively. The peak outflow from the Alamo reservoir is esti
mated at 14,000 cfs. These are possible, but conservative estimates the probability of occurrence of 
which is not known. The effect of such inflows into Lake Havasu, besides increasing the lake levels 
between 1.5 to 2 feet, would be to flush sediment and physical, chemical and bacteriological parameters 
associated with the soil and water in the Bill Williams delta into the CAP intake area. 

Strong winds, and resulting wind set-up, and circulation could also bring wat.er and associated 
water quality parameters from the Bill Williams delta into the CAP Intake area. There is visual evidence 
that during strong winds the turbidity extends to section 2, which is due to mixing, wind set-up, and 
return flow and wave action on bottom sediments. Due to the difficulty of measuring and separating 
these parameters in the field without an elaborate and expensive and lengthy survey, it was deemed more 
advantageous to qualitatively study these effects on a small laboratory model. 

B. SEDIMENTS 

No·special sediment sampling program was initiated, mainly because it was felt that first it would 
be extremely difficult to interpret the results and second it would be redundant in view of USSR's 
investigation of the problem. However, fathometer soundings were made in May 1974 and cross-sections 
plotted of all transects. These were compared with the soundings obtained by the USBR in 1970. At 
sections 0 and 2 the comparison was very favorably indicating that there was no discernible change in 
the bottom configuration between 1970 and 1974. All variations are within the accuracy of the survey. 
Section 1, however, which corresponds very closely to section 13S-13N of the USBR survey, indicated 
additional sedimentation. 

C. TURBIDITY 

The turbidity of the Lake Havasu waters from the highway bridge to the MWD Pumping Plant were 
measured with a Secchi Disk. The shallow sections in the Bill Williams delta have a high turbidity 
extending to Section 1, and then gradually decreasing westward. In the absence of measurable flows 
from the Bill Williams River, the level of turbidity is mainly a function of the wind, and to a minor 
degree, of lake levels. This has been confirmed in a qualitative way by visual observation. An effort 
was made to compare wind data from Lake Havasu City with the Secchi Disk data for sampling points 0-M 
to 6-M, and to establish some kind of correlation, but no reliable results were obtained. An analysis 
of the data shows that in general the sampling points 2a and 2b in the CAP Intake Channel exhibit the 
same turbidity characteristics as sampling point 2-S at the mouth of the intake channel and at sampling 
point 2-M. However, wind waves as well as waves generated by speedboats are causing erosion of the 
embankment, resulting in higher local turbidity inside·as well as outside the intake channel. The eroded 
sediment eventually settles on the bottom, as verified by bottom samples. This is, of course, a tempo
rary phenomenon and will disappear when the embankment is protected with rip-rap as planned. 

D. TEMPERATURE 

The thermal structure of Lake Havasu is in a continuous state of flux. The greatest changes are due 
to the yearly cycle, with frequent random disturbances superimposed thereon. 

The temperature data begins on March 30, 1974, when the lake is beginning to warm. The lake stabi
lity is low at this time because of the low thermal gradient, and relatively weak winds can induce 
mixing and destroy the stratification. The water temperature increases from l4°C at the bottom to l8°C 
at the surface. Heating of the upper strata and mixing continues until in early June a weak thermocline 
is developed at about 3 m depth. By early August the thermocline has reached a depth of 8 m. 

Meteorological conditions in spring are of great importance in determining the temperature of the 
deeper strata of the reservoir. If heating is slow with a great deal of wind activity, the entire lake 
will gradually warm up before stratification occurs. If, on the other hand, the heating is rapid and 
there is little wind, a stable stratification would occur in early summer and the bottom waters would 
remain relatively cold. 
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In sullliiE!r, the temperature is consistently higher in the shallow Bill Williams River delta, which 
has no more than a few meters depth up to a mile downstream (west) of the highway brfdge. Because of 
the shallowness and the relatively low volume of nearly stagnant water throughout the sullliiE!r the strati
fication continues and the thermocline depth increases to about 8 meters in August at the sampling 
stations of 10m depth or greater. The hypolimnion and epilfmnion are more consistent at these deeper 
sampling stations. The shallower sections exhibit the characteristics of the epilimnion with minor 
fluctuations due to local effects of currents, winds, etc. For all practical purposes the temperature 
structure of Lake Havasu in the CAP Intake area can be considered to be the same at all points at any 
given time, with only the very shallow sections in the Bill Williams River delta exhibiting temperature 
anomalies. The thermocline at 6 m depth essentially separates the epilimnion and hypolimnion throughout 
the reservoir, except at section 0. The recognition of this fact, which was arrived at by plotting 
vertical temperature profiles for all sampling points for a given date, reduces the sampling program and 
facilitates the graphical presentation of results. 

In the summer months, the temperature structure of Lake Havasu is that of a weakly stratified 
reservoir, except perhaps for a short time in August when a stronger stratification occurs. Summer 
temperature data ranges from 27 to 30°C on the surface. Below 9 meters the temperature is a constant 
22°C, with the thermocline increasing from 3 to 8 meters. 

Beginning in September the heat loss is greater than the heat gain, the surface layers begins to 
cool setting up the fall overturn and breaking down the thermal stratification. The temperature diffe
rence between upper and lower strata is reduced, with a consequent reduction in the stability of the 
reservoir. As a result of the fall turnover assisted by wind-induced mixing, Lake Havasu becomes 
completely isothermal at 18° by mid-November, and continues to cool until in December the isothermal 
temperature reaches 12.5°C. The depth in the CAP Intake channel is approximately 8 meters. Water 
drawn into the Havasu Pumping Plant would be drawn mainly from the epilimnion during a strong summer 
stratification, i.e., the warmer water with the assodated· chemical and biological characteristics. 
However, the period of strong stratification is short. In a weakly stratified system, such as occurs 
in Lake Havasu for most of the time, it is to be expected that some water from the hypolimnion will be 
drawn through entrainment. When the lake is isothermal the source of water is determined by the stream
line configuration. Additional study indicates that the CAP will have little effect on thermal structure 
in Lake Havasu (Kreamer, 1976}. · 

E. CHEMISTRY 

The study of the chemistry samples at all sampling points shows that all chemistry data taken from 
April 30, 1974 through January, 1975 are very similar. In fact, values for individual chemical species 
for all stations are roughly within 10% of one another on any particular date. Only near the Bill 
Williams River delta at section 0 is there a significant change in water chemistry as compared to the 
lake proper. It should also be noted that the chemical Quality of the water at sections 0, -1, and -2 
is very similar on any particular date. 

The average total "soluble salts" at 3-M Surface and 3-M Below Thermocline is approximately BOO ppm, 
while it is slightly higher at 0-M Surface with a mean value of 870 ppm for the eight month period. 
The increased mean concentration and a standard deviation which is nearly twice as large as those at 
the other stations would indicate a consistently high but somewhat random variation. The water samples 
from Planet Ranch have a much lower value of "soluble salts" concentration being at least 100 ppm lower 
than that at 3-M; hence, even if there were a noticeable flow in the Bill Williams River, this would 
tend to decrease the concentration at 0-M. The cause for the increased salt content at sampling point 
Q-M is most likelY due to the fact that the water in the Bill Williams River delta is shallow and 
stagnant and subject to higher evaporation. 

The TDS at all stations exceeds the U.S. Public Health Service Drinking Water Standard of 500 ppm. 

Calcium and magnesium are the main constituents of hardness in water. Taking an average of 90 ppm 
calcium and 35 ppm magnesium and utilizing the formula given by Sawyer and McCarty (1967}, 

++ 50 
Hardness (in ppm} as Caco3 = M (mg/1} X equivalent welght of M++ 

M++ = divalent cation 

equivalent weight of Ca++ = 20 

equivalent weight of Mg++ = 12.2 

one arrives at an average hardness of 340 ppm as CaCO . According to Sayer and McCarty this is hard 
water. The relatively low standard deviations on botA calcium and magnesium tends to indicate that 
these two species remain relatively constant throughout the year. 

Average sodium and chloride concentrations are not extremely high at 112 ppm and 98 ppm, respec
tively, and should cause no problems. The U.S. Public Health Service Drinking Water Standard on chloride 
is 250 ppm. 

The average sulfate concentration for the representative stations is 295 ppm. This exceeds the 
U.S. Public Health suggested limit of 250 ppm. The high standard deviation at station 3-M Surface 
could indicate a proximate source of sulfate. 
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Average fluoride concentration for the representative stations was approximately .55 ppm. Roughly 
1 ppm of fluoride ion is desirable fn public waters for optimal dental health. It is interesting to 
11ote that the Bill Williams appears to be acting es a fluoride source to the lake. Fluoride concentra
tion steadily increases as one goes from the lake proper back into the Bill Williams. A fluoride con
centration at the representative stations tends to indicate that the fluoride source in the Bill Williams 
is fairly constant with ttme. 

Nitrate concentrations are extremely low at an average value of .6 ppm. The U.S. Public Health 
Drinking Water Standard for nitrates is 45 ppm. 

Phosphates, being a nutrient like nitrates, are extremely low at the representative stations with 
an average value of .35 ppm. 

F. DISSOLVED OXYGEN 

Dissolved Oxygen (D.O.) follows the expected trend from the period of May to January. As water 
temperature decreases dissolved oxygen increases. Sample station 4-M (Surface}, which is representative 
of surface water conditions of all deep water stations, shows less fluctuation than either of the other 
two points plotted [4-M(Below Thermocltne) and 0-M(Surface)] for two probable reasons. First, due to 
the formation of a thermoclfne beginning tn May, various aerobic planktonic and benthic organisms 
become isolated below the delineation layer. By their metabolism, the D.O. in the hypolimnion is readily 
reduced and replen:ls!Jnent by the epflfmnion is negligible due to the physical barrier presented by the 
thermocline. The D.O. curve for 4-M (BT) shows that this condition persists into September when lake 
turnover occurs. The D.O. levels for the surface waters pretty much follow the saturation levels 
expected for respective ambient temperatures. Secondly, in the shallower stations represented by 0-M 
(Surface), little or no stratification occurs. The rapid rise in surface water temperature during the 
sul1llll!r months associated with the higher concentration of plankton organisms and their higher metabolic 
and reproductive activities effects a severe and rapid depletion of D.O. during this time. The slight 
rise in D.O. exhibited in July may have been due to species shift and/or various meteorological 
phenomenon. 

Lake turnover in the fall and associated cooler air temperatures effectively equalizes D.O. levels 
throughout the entire profile at all sample stations due to reoxygenation of the hypolimnion and reduced 
metabolic activities by the organisms present. 

Biochemical Oxygen Demand (BOD) analyses, although segmented and sketchy, indicate a trend of 
steady increase from very low levels in the late spring months to high levels during the "bloom" summer 
months. High BOD levels during and after the period of turnover may actually be more representative of 
chemical species oxidation due to the upsurge of reduced inorganic hypolimnic and benthic materials. 
Data to support this is not at present available, however, further analyses of benthic deposits may 
lend itself in support of this idea. Tapering off of the numbers and kinds of planktonic forms during 
the winter months and into early spring would create a condition of low BOD and COD, consisting of 
mostly remaining "seed" organisms and oxidized nutrient materials in preparation for the subsequent 
repetitive growth and reproduction cycle of the summer months. 

G. BENTHIC INVERTEBRATES 

Periodic benthic.t~~mpling was carried out during the period between March 27, 1974 and January 7, 
1975 employing a PONAKlli bottom sampler. Approximately 1000 cubic centimeters of bottom sediments were 
regularly pulled from stations ~-M, 1-M, 2-5, 2-B, 2-M, 3-M, 4-M, 6-5, and 6-M and returned to the 
laboratory in sealed plastic containers for physical, chemical and biological analyses. 

Bottom sediments were generally black to gray-black in color, and silt/clay in texture. The mate
rial was extremely adhesive in nature. A certain amount of organic material was obviously present, 
especially in those samples close to the mouth of, and within the Bill Williams River (Stations 9J-M and 
1-M), however, in general, the samples consisted mainly of inorganic clay materials. 

Exhausive screening and sorting through representative aliquots of each sample indicated very low 
anaerobic or~anism numbers present in the bottom sediments of Lake Havasu. Only occasionally were 
blood worms (Chironomids) and Tubiflex discerned in the bottom sediments. The presence of fresh water 
clams (Family Unionidae) located in mud samples from Stations 4-M and 6-5 indicate the present of 
dissolved oxygen throughout the entire central depth profile of the lake within those regions receiving 
maximum flow and mixing. Due to the weakly stratified (thermal} condition of Lake Havasu, compounded 
by thorough mixing during lake turnover, it is understandable to expect at least marginal aerobic condi
tions to exist as far down as 15 meters throughout most of the year. Relatively high velocity water 
moving through the central portions of the lake undoubtedly inhibits the over development of a permanent 
anaerobic state at the bottommost depths. 

The presence of anerobes was somewhat higher in those samples drawn from Stations 9l-M and 1-M (near 
the Bill Williams), however, again, the flow conditions from the Bill Williams and shallow depth here 
prevent the establ is!Jnent of a surplus anaerobic co11111unity except during those periods when the flow is 
negligible and stagnation occurs. The upper reaches of the Bill Williams river also supports large 
populations of various water-born insect larvae (Leipdoptera, Trichoptera and Odonata). 

The construction of a diversion dike at the point of withdrawal from the lake could conceivably 
aid in the temporary development of an anaerobic state toward the bottom (Station 2-B), however, this 

85 



is not considered to be a sustaining condition once withdrawal begins since adequate velocities and 
mixing would then occur throughout the impounded area. 

In general, it can be concluded that lake Havasu is basically oligiotrophic in nature and is capable 
of supporting high numbers of diversified aerobic species which feel upon, and maintain a balanced 
control over, the anaerobic community. 

H. PHYTOPLANKTON 

Phytoplankton samples were collected and fixed beginning on May 16, 1974 and continuing until the 
end of the year. Only surface samples were collected from May through September. During the period 
October through December, samples were also collected at depths of two meters and four meters. During 
this period samples were collected below the thermocline if a thermocline existed. 

Procedure for phytoplankton identification consisted of filtering 10 ml of sample through a grided 
HA MilliporeR Filter. The filters were allowed to air dry prior to mounting on microscrope slides and 
clearing with cedar-wood oil. The samples were then enumerated for phytoplankton using a compound 
microscope at 400X. Phytoplankton counts are expressed as cells per liter. 

Thirty genera of algae were enumerated from Lake Havasu phytoplankton samples. Of these, seven 
genera of Chlorophyta (Green Algae), two genera of Euglenophyta, one genus of Chrysophyta (Yellow-Brown 
Algae), eighteen genera of Bacillariophyta (Diatoms), and two genera of Pyrrhophyta (Dinoflagellates) 
were noted. Only six organisms occur in sufficient density during the sampling period to be considered 
dominant forms. A brief description of each of the dominant algae follows. 

Dinobrfn sp. lChrysophyta). Free-swimming arborescent colonies of vase-like lorica, each enclo
sing a sing e pigmented protoplast which is attached by a slender stalk to the base of the envelope. 
Widely distributed lake phytoplankter. 

Anomoeoneis vitrea (Bacillariophyta). Valve lanceolate; transversely and longitudinally symmetrical 
in shape. Adapted to a wide range of ecological conditions, but seems to prefer alkaline waters. 

or 

The successional changes throughout the sampling period are, in general, similar for all the 
sampling stations. In mid May, when sampling began, Dinobryon ~ and Fragillaria crotonensi s are pre
sent at high densities. From May 16 to June 19 a significant snTTt occurs. Both Fragillaria crotonensis 
and Dinobryon ~populations sharply decline. Concurrently there is a sharp increase in Melosira 
granulata and Sj)naerocystis schroeteri which assume a dominant role in the phytoplankton comun1ty for 
the following month. It should be noted that Dinobryon !11_,_ was present in the phytoplankton only in 
the May-June samples. From mid-June to mid-July another-sKift occurs. A marked decline in the popula
tions of Melosira granulata and Sphaeroclstis schroeteri occurs while the density of Fragillaria croto
nensis, Anomoeoneis vitrea, and Cyclotel a meneghiniana are markedly increasing and becoming the domi
nant forms. These three algae constitute the dominant forms for the remainder of the summer. Their 
highest densities occur in early August, and significant declines can be seen in early Seotember. 
Fragillaria crotonensis, Anomoeoneis vitrea, and Cyclotella meneghiniana populations then increase and 
reach lower peaks in early October. From this point until year-ena the populations of these summer 
dominants continues to decline with a corresponding reappearance of Sphaerocystis schroeteri. 

I. ZOOPLANKTON 

MATERIALS AND METHODS 

Surface zooplankton samples were collected at most ' stations from 6-M to -2-M through 
September 5, 1974, when a regular program of deep sampl initiated on October 12, 1974, for both 
phytoplankton and zooplankton. Stations 6-S, 6-M, 4-M 2-M, 2-S, and 2-B were then sampled at 
the surface, 2 meters and below the thermocline. To be, 1ustrate population dynamics in the zoo-
plankton, stations were placed into two groups. The central lake stations will be comprised of all the 
deep sample stations listed above plus station 1-M. A median transect of the lake to the Bill Williams 
River will include stations 6-M through -2-M. 
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All samples were collected with a 6 liter Van Dorn sampler and strained through a standard macro
plankton mesh (20). Samples were killed and fixed in 10% formalin. Organisms were counted in the 
laboratory with a Lietz Labolux microscope under 40x magnification. Counts were made with consecutive 
sweeps over a rectangular counting chamber fitted on a movable stage. The identification of organisms 
was facilitated by having the sample chamber on a standard microscope with instant access to higher power. 

RESULTS AND OBSERVATIONS 

Fresh water zooplankton can be divided into five major groups. Divisions occur between the phyla 
Protozoa, Rotatoria, and Arthropoda with the later broken into the orders Calanoida, Copepoida, and 
~ladocera. 

The phyla Rotatoria was found to be the most numerous and diverse group observed. Eleven different 
rotifers were found with seven identified. Protozoans were the next most numerous with only two iden
tifiable individuals. All three orders of Arthropoda showed very few numbers, but good seasonal varia
tion with exception of the Calanoida which were found only rarely. The major Cyclopoida was ~ 
bicuspidatus thomasi with Mesocyclops edax the next most numerous. The order cladocera was d1Vi()eil 
between BosminaToligirostris and Daphnia~ 

The data suggest that the most c011111on macroplankter was the rotifer Keratella cochlearis. There 
were two maxima observed for this genus, the first occurring between June and August and a second in 
October. Minimums occurred very abruptly during May, September, and November. Distributions throughout 
the stations show no definite trends. Data for the only complete depth sampling, November 10, occurred 
at a minimum for this organism giving no depth profile. 

The second most persistent rotifer was Polyarthra having a maximum between May and June and another 
through October and November. Minimums occur between June and August. It should be noted that the peak 
in May increases from stations 6-M to 1-M while the November maximum increases to the 3-M station 
decreasing to both the 6-M and 1-M stations. Depth profile for November 10, 1974, shows the maximum 
occurring at 2 meters and minimum below the thermocline. 

Bosmina longirostris was found in low concentration during its maxima in May and September practi
callyaropjil"ng out of existence between June and August. Both maxima increase from 6-M to 4-M and 
decrease to 1-M. Bosmina was found to be at its minimum at most of the littoral stations (the Met. 
Water Dtstrict intaKeT-C, >tatton 1-M, and 2-S}. The d!!!pth proftle for November showed little discerni
ble data due to small numbers of organisms). 

The periodicity of ~aqh;Jla showed a similarity to Bosmina in that its maxima occur in May and 
September; however, spat a stributions decrease fromSta"tlOn 6-M to 1-M, decreasing in general to the 
littoral stations. Copepods or the Cyclopoida and their nauplii both showed maxima during May with 
another occurring between September and November. In most cases, the naupl i i outnumbered the adult 
copepods by approximately three to one. The adult copepods reach their largest numbers during both 
maxima at station 4-M, decreasing to both stations 6-M and 1-M. The nauplii increase from stations 1-M 
to 6-M during the May increase, but are found to peak at the 4-M station decreasing to the 6-M and 1-M 
stations in September and November. The November depth profile showed the highest density of naupl i i 
below the thermocline. 

MEDIAN TRANSECT TO BILL WILLIAMS RIVER 

There were two other zooplankters occurring in Lake Havasu that did not show significant numbers in 
the central lake stations. They were two rotifers: Fillinia longiseta and Brachionus bidentata. The 
highest population density recorded to date occurred on May 16, 1974, at station -2-M with F. longiseta 
reaching 516.9 organisms/liter. The results show a highly pronounced decline from the BillWilliams 
River (-2-M) to upper Lake Havasu (6-M). B. Bidentata also showed a similar maximum at station -2-M 
dropping to very small numbers toward the station 6-M. 

This increase was exhibited by Polyarthra during its May maximum reaching almost four times that 
found in the central lake stations. It seems from the data that the Arthropods decreased to the -2-M 
station on this transect, however, no figures were prepared for this report. 

Several spot samples were taken on October 12, 1974; one each at Casa Del Rio, Planet Ranch, and 
one below Parker Dam. These samples were very much like the central lake stations in that the rotifers 
Polyarthra and Keratella dominated numerically with very few Arthropoda. In all cases, there were no 
abnormal numbers of zooplankton. 

Throughout the study period it was noted that there was a differentiation in length of the posterior 
spine of Keratella. Spine length ranged from the reduced tecta form with no spine to a form with the 
posterior spine one- half the length of the lorica. It has been suggested by Ahlstrom (1943) that these 
changes are cyclomorphic. 
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DISCUSSION 

Without extensive depth sampling or migratory studies, only a few general patterns can be discerned 
from the zooplankton of Lake Havasu. Numerically, the rotifers were dominant throughout the study 
period for all stations. The highest concentrations occurred at the Bill Williams River (-2-M) during 
the May maximum. Keratella cochlearis was found to be diacmic over this study period having a very 
broad maximum between June ana August and a late summer maxima reaching to 98 organisms/liter in October. 
Polyarthra ~was also diacmic preceding K. cochlearis with a May maxima with 363 organisms/liter at 
the 8111 Williams River station. The dataShows Polyarthra following Keratella in November with a 
second maximum. 

The arthropods were found in very low numbers throughout the study. Calanoid copepods were a rare 
occurrence leaving the cladocerans and cylcopods to dominate. Daphn~a ~and Bosmina longirostris 
proved to be the dominate cladocerans, both being diacmic for May an September-:--oen5ities of 26.9 
organisms/liter were attained in May for DaphnlJe while Bosmina reached 8.8 organisms/liter in May. 
Cyclopoid anuplii also showed two maxima fort study period. The first early summer with 46.6 
organisms/liter and a September maximum. This would indicate that adult cyclopods were also diacmic 
showing a very low May increase but giving a maximum of 12.2 organisms/liter in September. 

The increase of rotifers toward the Bill Williams River would seem to indicate an increase in 
nutrients as phytoplankton and detritus in this direction. It seemed that the nutrient input was the 
intermittent flow of the river, however, West-East prevailing winds may be pocketing some of these 
nutrients to the east border of the lake. This variability of nutrient input may account for the dif
ferences of zooplankton distribution between maxima as seen in the data. 

The rotarian genera Asplanchna, Brachionus, and Fillinia seemed to be almost entirely eulittoral 
in Lake Havasu encompassing stations -2-M arid -1-M. PolY8rihra was found extensively in the euplankton 
with Keratella, Bosmina, DaRhbia, and Cyclopoida. It should be noted here that diurnal migration of 
zooplankton as observed by o ert D. Staker {1974} in Lake Mead for Keratella, Bosmina, and Polyarthra 
may cause some variability in the surface counts of these and possibly other macroplankters observed. 
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