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FOREWORD

Although historical records are incomplete, unwanted summer-
time blooms of blue-green algae have appeared in Klamath Lake for
many years, For this reason, and because of an interested local
citizenry, the lake wag consldered a favorable site for research
on eutrophication--the aging process in lakes, Moreover, the area
is especially interesting from a scientific viewpoint becsuse there
is little cultural development on the watershed, the lake does not
receive municipal sewage to provide nutrients for algae, and the
lake remains uniformly mixed from top to bottom throughout the
year, For these reascns, research was undertaken here to seek under-
standing of the basic mechanisms in production of blue-green algae.
One of the first needs toward such objective 1s a clear picture of
the input, use, and loss of nutrients in the lake, This has now
been provided by the work completed thus far, The results, and
how the research was done, are the subject of this report.

A, F. Bartsch
Chief, Eutrophication Research



ABSTRACT

This report defipes the water quality in Upper Klamath Lake
watershed during the period March 1965 to April 1966, It identifies
the sources of algel autrieats and other constituents in water flow-
ing into and out of Upper Klamath Lake and compares the quantity of
these constituents in pristine streams, canals, rivers, agricultural
drainage, and springs, Chemical analyses were also made of algae,
lake sediment, and bottom fauna samples, Algal species were jdentified
and messured; during the period of the study Aphaniyomenon flos-aguae
represented about 90-99 percent of the total algal crop during the
summer,

Limit{ing nutrient studies using the isotope Carbon-14 to measure

Iaboratory, data from these studies were difficult to 1nterpret.
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INTERIM REPORT
UPPER KILAMATH LAKE STUDIES
OREGON

INTRODUCTION

The Klamath Lake Project was initiated by the Pacific Northwest
Water Laboratory in August 1964 to evaluate the nuisance algal
blooms in Upper Klamath Lake and to gather information necessary
for outlining economical, safe, &nd efficient methods for reducing
or controlling the nuisance,

Various civic groups in Klamath Falls, Oregon, sesking a way
to contrel the nuisance blooms of algae, interested the Public Heglth
Service in the problem, The studies were continued under the
Federal Water Pollution Control Administration after the Public
Health Service functions on water pollution were transferred to
that Administration, The Pacific Northwest Water Laboratory,
Corvallis, Oregon, was asaigned to investigate the problem and
to suggest how it might be solved,

Klamath Lake had been studied with varying intenaity for many
years, Concentrated studies of the Klamath lake algzl nuisance
originated from the Oregon State University Botanical Department
in 1957 {18) which reported that nuisance blooms of algae, pre-
dominantly Aphanizomenon sp., occurred annually with no known
control, After reviewing technical information availadble as of
February 1962, a panel of experienced aquatic biologists concluded
that: (a) chemical control of algal production in this lake would
be uneconomical and dangerous; (b) &lgal control through intro-
duction of biological agents has no scientific basis; (e) the
magnitude of the job precludes harvesting of algae; (d) opportunities
for curtailing slgal nutrients are limited; and (e) control through
artificially reducing light penetration would be both costly and
dangerous, Persomnel of the Pacific Northwest Water Laboratory and
the Klamath Lake Project planned an experimental program to determine
the validity of conclusion "d'" in the light of technology developed
atws~a 10£9

The primary objectives of the Klamath Lake Project study during
the period March 1965 to April 1966 were to determine the role of
the watershed as a source of algal nutrients and to learn if omne
or more nutrients could be diverted and, thereby, limit the growth
of algae, Future objectives were to examine potential chemical,
physical, and biological methods for contrelling algae,



This interim report presents informstion on {(a) inorganic
elements known to serve as nutrients for some groups of algae;
{b) biora that sffect the growth of algae; (c) measurements of
inflow and outflow of Upper Klamath Lake; {d) hydrographic char-
scterizations of the Upper Klamarh Lake drainage basin, and (e)
other studies that are needed to increase knowledge as to the
sustenance of nuisance blooms of algse and means for controlling
them,



SUMMARY AND CONCLUSIONS

A, Summery
The study to date has accomplished the following:

The water quality and nutrient loading of the watershed
have been defined,

The pristine mountain water, major tributaries, and
sgricultural drainages all contribute phosphorus, nitrogen, and
iron,

The loading pattern of the watershed shows that the com-
bined sources of the Wood and Williamson Rivers drainage systems
contribute 43 to 79 percent of the inflowing nutrients ialo Upper
Klamath Lake,

To date, no single source of an essential nutrient has
been found,

Studies to define the trends of nitrogen, phosphorus,
and iron before, during, and after algal blooms did not show the
classical ratioc of nutrient decline to increased algal production,

Agricultural drainage contributed approximately 20 per-
cent of the nitrogen, 10 percent of the iron, and 26 percent of
the phosphorus entering Upper Klamath Lake during the period March
1965 to April 1986.

The quantity of nitrogen and phosphorus contained in
only the upper 1 inch of lake-bottom sediments is equal to the
amount which would flow into the lake during the next 60 years if
the present rate of inflow continues. It is imperative to know
the extent to which nutrients in the sediments can interchange
with overlying waters,

Collections of algae from the Upper Kiamath Lake during
1965 and 1966 showed that Aphanizomenon flos-agquae represented
about 90 to 99 percent of the total algal crop during the summer.

Periods of abundance of phytoplankton (mostly Aphanizomenon
flos-aquae) were similar in 1957 and in 1965, indicating a somewhat
stable ecosystem in Upper Klamath Lake for &t least this period of

time,



The totsal tons of nutrients tied up in bottom fauna
represented less than 0,1 percent of the available nutrients in
the lake and its bottom muds,

Trace element analyses of water from the lake, Williamson
River, Denny Creek, and from bottom sediments of the lake indicate
that these areas have concentrations of copper, molybdenum, cobalt,
ginc, and manganese that are adequate to support nuisance blooms
of some algae 1if other elements are present in sufficient supply.

B. Conclusions

The following conclusions can be made within the framework
of our existing knowledge:

Although it is likely that complete chemical control
of algae in Upper Klamath Lake would be expensive, annual limited
application of algicides to small areas might provide temporary
relief, Algicides must be applied with extreme caution to insure
the preservation of the ecologic system during and after applica-

tion,

No biological control of the algal production is yet
known, Blue-green algae that dominate Upper Klamath Lake are not
palatable to known organisms that ordinarily feed on algae; the
possibility of introducing a grazer that would effectively comtrol
algal production will be considered,

Physical control of algae has been in practice for some
time. Algal growth might be reduced through deepening of the
lake by dredging. This wethod of control would be costly unless
the dredging were justified for other purposes such as obtaining
a larger holding capacity for the lake or for increasing hydro-

electric power.

The inorganic nutrient concentrations found in Upper
Klamath Lake meet or exceed the levels known to be necessary for
the support of nuisance blooms of some algae,

Research is needed to define the minimm concentration
and quantity of inorganic nutrients necessary to support the
production of nuisance blooms of Aphanizomenon flos-aquae,

Data from experiments on limiting nutrients were difficult
to interpret, This difficulty indicates a need to study the require-
ments of the algae in question in pure cultures where known amounts
of elements are present in the culture medium and where these algae
can be more precisely manipulated.



HYDROLOGY

Hydrology #¢ #pplied to the Klamath Lake Project deals with
surface water circulation in the Upper Klamath Lake drainege
basin, The Upper Klamsth Lake hydrologic unit, including Crater
Lake 1/, has 2 drainage area of 3,810 square miles, and i3 located
in the Modoc-Oregon geomorphic province which includes the southern
portion of the eastern Cascades and sdjacent high mountain plateaus

and valleys.

Upper Klamath Lake has a mean depth of 8 feet and 2 storage

capacity of 584,000 acre-feet. Some of the Jlake hed has been re-
claimed by diking, The lake sarves as & reservolr for frrigation
TE?E?‘:EH‘?EF';TfEtricaI power production, The altitude of the

lake surface is controlled between 4,136 and 4,143 feet, The con-
trolled outflow passes steeply down the Link River less than 2
miles in length into Leke Ewauna &t Klamath Falls, The lake is sub-
ject to wind action and shows no evidence of physical or chemical
stratifi{cation, Water enters Upper Klamath Lake from pristine
mountain streams, rivers, irrigation canals, agricultural drainage,

springs, and by precipitation.

The U, §. Geological Survey operated 13 continuous stresm-flow
gaging stations during the period March 1965 to April 1966, Filgure
1 shows these gaging stations, Klamath Lake Project personnel ingtalled
flow-monitering equipment on 90 Eercent’gﬁ_;hg_i;;;gggigg_gfgggg and
80 percent of the agricultural drainage wagers for the area. e
locations of this equipment for the agricultural drainage are shown
48 sumps in Figure 1 and those for the irrigation waters are near the
sumps,

The U, 5. Geological Survey furmished monthly basic hydrologic
reports which were used for the computation of monthly and annual
water budgets, Table 1 presents the water budget for Upper Klamath
Lake for the pericd Msrch 1965 to April 1966, Sixz major tributaries,
including springs, contributed 90 percent of the inflow to the lake;
fow winor tributaries which are small and intermittent are included
in the water budget., The water budgets were used for the compllation
of monthly and annual inorganic {nutrient) loads contributed to Upper

1/ Most maps arbitrarily place Crater Lake in the drainage basin
of the Klamath River, but the actual direction of its leakage is
unknownt; the lake could be considered as contributing to the Rogue
River or to the Umpqua River,



TABLE 1
WATER BUDGET, MARCH 1965 TO APRIL 1966
UPPER KLAMATH LAKE

Source CPSDOYS  pcracpesr o Sotal
Incoming
Denny Creek 4,500 8,830 0.4
Varaney Creek 888 1,760 0.1
Fourmile Creek 5,470 10,850 0.5
Rock Creek 1,310 2,600 0.1
Foyrmile Canal 21,550 42,740 2.0
Seven Mile Canal 50,720 100,600 4.6
Central Canal 12,840 25,470 1.2
Wood River 160,370 318,090 14.7
Williamson River 503,820 999,310 46,2
Crooked Creek 36,250 71,5800 33
Agricultural
drainage 55,790 110,650 5.1
Precipitstion 48,040 95,290 4.4
Estimated springs 189,590 376,060 17.4
Total Gain 1,091,140 2,164,250 100.0
Outgoing
Link River & 'A’ Canal 851,620 1,689,170 78.0
Evapotranspiration 222,980 442,280 20.4
Irrigation pumpage &
diversion 16,540 32,800 1.5
Total Loss 1,091,140 2,164,250 99.9
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Klamath Lake from each representative source of inflow, The in-
organic nutrient budget for esach of these sources is shown in Table
2, In most cases, the total amount of nutrient entering the lake
is egual or almost equal to the total amount of the same nutrient
leaving the lake for the same period. If the loss is greater than
10 perceat of the total incoming, it is considered significant,

Only two elementa, nitrogen and iron, showed significant losses.
Three hundred four tons of total iron were lost from the system,
This represents 1,4 times more iren in the outgoing water than there
is in the incoming water. Possible explanations for the largeloss
of iron from the lake may be: (a) wind action during the months of
Septecber through December of 1965 ceused the suspension of bottom
materials, csusing concentrations of total iron leaving the system
to be almost five times greater than those entering the lake, and
(b) larger amounts of water left the lake than came in during this

Eighteen hundred gixty tons of total nitrogen were lost from
the system, This is 2.6 times more nitrogen in the outgoing water
than there is in the lucoming water. Possible explanations for this
nitrogen loss may be: (a) same as above for iron; (b) mitrogen fix-
ation mey sccount for large amounts of nitrogen in the system, and
(¢) decomposition products of algae, which inclunded ammonia and
nitrate nitrogen, were present during this period of increased out-
flow from the system,

The percentage of inflow into Upper Klamath Leke from each rep-
resentative source for the period March 1965 to April 1966 is pre-
sented in Table 3. The Williamson River, the msjor tributsry to the
lake, contributed 46 percent of all incoming water to Upper Klamath
Lake during the reporting period,



TABLE 2
INORGANIC NUTRIENT BUDGET FOR UPPER KLAMATH LAKE
MARCH 1965 TO APRIL 1966
EXPRESSED IN TONS

Priatine Agricultural Total Total

Constituent Streams Canals Rivers Drainage Springs Incoming Outgoing Balance
Boron 1 11 138 12 97 259 172 87
Calcium 132 1,652 16,276 1,884 3,478 23,522 23,477 ~55
Chloride 18 253 4,369 226 1,432 6,298 4,600 1,698
Iron 2 86 687 86 2 863 1,167 =304
Magnesium 3 295 2,594 508 1,534 4,962 4,058 904
Nitrogen 4 118 702 241 137 1,202 3,062 -1,860
Potassium 12 284 2,259 323 716 3,59 3,227 367
Total POy

ag P 2 '26 216 133 125 502 298 204
8ilica 602 4,005 47,857 814 14,320 67,598 54,671 12,927
Sodiam 129 1,260 15,911 1,794 3,785 22,879 21,754 1,125

Sulfate 78 373 3,480 2,075 1,637 9,643 9,752 -109




TABLE 3
PERCENTAGE OF INFLOW INTO UPPER KLAMATH LAka
FROM EACH REPRESENTATIVE SOURCE
MARCH 1965 TO APRIL 1966

Source Percentage
Pristine streams 1.1
Capals 7.8
A;ricultural drainage 5.1
Major rivers 64.2
Springs 17.4
Precipitation 4.4

Link River and "A" Canal represented 7R percent of the outflow
from Upper Klamath Lake while evapotrenspiration and irrigation
pumpage including diversion represented 20 and 1.5 percent, respectively,

during the reporting period,

10



CHEMISTRY

A, Methods
1. Sampling

All stream samples were depth-integrated at midpoint of flow.
Lake samples were composited along a transect of the sampling site.
Each composite consisted of four vertically integrated samples
collected by a Plexiglas cylinder, 1 3/4 inches x 8 feet, The
stream and agricultural drainage sampling stations are shown in
Figure 1 at the same location as the geging stations and sumps;
the lake sampling stations are at the locations designated ''Lake

Transects"”,

2. Analytical Methods

Most chemical methods were selected from ''Standard Methods K"
(2). Minor modifications were made in certain procedures to enhance
the analyses. Modifications were verified with related methods
outlined in "Standard Methods."

The following parameters were determined:

Parameter Method
Alkalinity (HCO4, CO3, and OH) Potentiometric (2)
Ammonia Nitrogen Distillation/Nesslerization (2)
Boron Curcumin (2)
Calefom EDTA (2)
Chloride Mercuric nitrate (2)
Total Hardness EDTA (2)
Iron (Total & Diesolved) 1, 10~Phenanthroline (2)
Magnesium Calculation (22)
Manganese Ammonium persulfate (22)
Nitrate Nitrogen Modified Brucine (2)
Nitrite Nitrogen (2)
Organic Nitrogen Kjeldahl (2) !
Phosphate-Ortho (as P) Stannous chloride (2)
Phosphate-Total (as P) Persulfate modification (2)
pH Electrometric (2)
Potassium Flame photometric (2)
Sodium Flame photometric (2)
Sulfate Turbidimetric (2)
Total Solids, and Total

Volatile Solids Gravimetric (2)

11



Analytical determinations were made at the laboratory of the
Klamath Lake Project, 2261 South Sixth Street, Klamath Falls, Oregon,

Selected samples for spectrographic trace metal analysis were
sent to Robert C. Kromer, Chemist, General Laboratory Sepvices,
Water Quality Activitiee, Basic Data Program, Cincimnati, Ohio,

B. Results and Digcussioms

1. Watershed

The significance of the watershed as a source of 2lgal nutrients
was investigated for the period March 1965 to April 1966, During
this period 445 weter samples were analyzed., A series of lake~bottom
sediments and specific samples of algae, mostly Aphanizomenon, were

also analyszed,

The major rivers, the Wood and Williamson, contribute 43 to 79
percent of all incoming nutrients into Upper Klamath Lake, No source
of inflow has been found to be the sole contributor of such elements
as nitrogen, phosphorus, and ironm into the lake system, The repre-
sentative sources of inflow and their percent nutrient contributions
are presented in Table 4, The range in nutrient concentrations ex-
pressed Iin milligrams per liter for each representative source are
presented in Table 5, In most cases, the concentrations found in
agricultural drainage were considerably higher than those found in
major rivers, springs, and pristine streams. Agricultural drainage
contributed approximately 20 percent of the nitrogen, 10 percent of
the iron, and 26 percent of the phosphorus entering Upper Klamath
Leke during the reporting period,

The inorganic nutrient requirements for some algae are listed
in Table 6, The information in Tables 5 and 6 indicates that the
concentrations of the corresponding elements found in Upper Klamath
Lake zre sufficient to support nuisance blooms of algae, The Bus-
tenance of these blooms may be enhanced by the putrient concentrations
contained in the bottom sediments,

2. Bottom Sediments

Bottom sediments from Upper Klamath and Agency lLakes were
chemically analyzed., The quantity of nutrients, expressed in tons,
contained in the bottom sediments over an area of 130 square miles
at a depth of 1 inch, is showm in Table 7.

The total impact of the bottom sediments in a dynamic eutrophie
lake system is not understood, Further investigation is being con-
ducted to determine the chemical interchange between the bottom
sediments and overlylng water. However, Table 7 shows that there is

12



REPRESENTATIVE INFLOWS AND THEIR PERCENT

TABLE &

BUTRIENT CONTRIBUTION, MARCH 1965 TO APRIL 1966

Constituent (Zistine ‘::::Tl‘ Canals Springs Najor
streams Drainage Rivers
Boron 0.4 5.0 42 (31.8) 530
Calcium 0.6 8.0 7.0 1‘&'.8 69.4
Chloride 0.3 3.6 3.9 22.7 69.3
Total iron 0.2 10.0 9.9 0.2 79.6
Magnesium 0.6 10.2 5.9 30.9 52.2
Total
nitrogen 0.4 20.1 9.8 11.4 58.4
Total
phosphorus 0.6 26.5 5.1 24,9 43.0
Potassium 0.3 9.0 7.9 19.9 62.8
Silica 0.9 1.2 5.9 21.2 70.9
Sodium 0.6 7.8 5.5 16.5 69.5
Sulfate 0.8 21.5 3.9 17.0 56.9

13
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TABLE >

NUTRIENT CONCENTRATION RANGES IN MG/L

Agricultyral
Hutrient Lake Pristine Streams Springs .Hajor Rivers Drainage
Total Alkalinity 10 to 55 15 to 40 30 to 40 30 to 45 35 to 265
Ammonia Nitrogen 00 to 1.8 .00 to 05 00 to 06 .05 to ,30 .00 to 5.7
Boron ,000 to 0,30 .000 to ,25 .000 to .20 ,000 to .20 004 to L35
Calcium 5 to 15 5 to 10 5 to 15 5 to 12 -5 to 150
Chloride 1,9 te 5 0.0 to 0,6 0.3 to 11 0.5 to 6.0 0.7 to 10
Cobalt ,005 vo 007 .003 to ,005 .003 to ,005
Conductivity* 80 to 225 30 to 100 65 to 130 70 to 100 80 to 1000
Copper 004 to 006 .003 to 004 004 to 006
Hardness (Total)} 20 to 35 10 to 30 20 to 45 20 to 35 25 to 400
Iron 000 to 2.5 ,000 to 70 000 to ,004 .000 to 2.7 000 to 5.5
Lead 0l4 to 045 010 to .20 000 to .020
Magnesium 0.8 ta 2,5 0.6 to 1.5 0.5 to 3.0 0,0 to 2,5 .1 to 17
Manganepe ,004 to ,183 .003 to ,005 014 to .09) .005 to .20
Molybdenum 003 to ,030 ,000 to .010 ,000 to .010
Nitrate Nitrogen .00 to .20 .00 o ,02 .00 to .06 .00 to .10 .00 o 1.3
Organiec Nitrogen .15 to 10,4 .00 to .10 .10 to .25 .00 to ,60 .05 to 5.5
Total Phosphorus
" as P .03 to 2,0 .00 to .20 .05 to .24 .05 to .33 .08 to 2.0
Potassium 1.0 to 2.9 0.2 to 1.6 1.0 to 14 1.0 to 2.0 1l to 20
Silica 10 to 35 10 to 35 20 to 35 15 to 35 1 to 45
Sodium 7 to 12 1.5 to 4.5 3,5 to 1le 5 to 10 6 to 70
Sulfate 0.0 to 5 0,0 to 4.0 2.4 to 7,7 1.9 to 5.0 0.0 to 195
Total Solids 65 to 240 10 to 145 70 to 145 40 to 165 60 to 3000
Total Volatile

Solids 0 to 90 45 to 60 0 to 45 0 to 555

Zine 007 to 058

* Expressed in micromhos

007 o 072

013 to 031



TABLE &
ALGAL REQUTREMENTS POR INORGANIC ELEMENTS

Percent Dry

Chemical Range Weight Composition
Boren 0.1 mg/1 (blue-green)(7)
Calcium 20,0 mg/l 0.08(5cenedesmus)
{Anabaena ¢ylindric)(1l) (14)
Cobalt 0.5 mg/l (blue-green)(4) 0.0003(Scenedesmus)
(20)
Copper 0.006 mg/l (29) 0.004(Scenedesmus)
{14}
Iron 0.00065-5.0 mg/1 (24,26) 0.55(5cenedesmus){14)
Magnesium (Probably trace 0.80{Scenedesmus)
quantities) (14)
Manganese 005 mg/1 (20) 0.01(Scenedesmus)
(14)
Molybdenum Trace quantities
Total nitrogen (0.3-5,3 mg/l
(6,25 (As anmonjum ions) 2.77-11.13)
(0.3.0.9 mg/1 Yas N{3)
(nitrate)} )
Phosphorus 0.018-0.09 mg/1 0.14-1,60
(5,6,25) (3,11,19)
Potassium (Probably trace 1.62(Scenedesmus)
quantities) (14)
Silica 0-5-0-8 msll (diatm!)
(15) 0.012 (Table 8 )
Sodium Up to 5 mg/i 0.29 {mixed algae)
(Anabaena spd (17} (Table 8 )
Zinc 0.01-0.1 mgf1l (21) 0.004(Scenedesmus)
(14)
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& tremendous potential source of algal nutrients in the bottom

mediments of the lake, The guantity of nitrogen and phosphorus in
only the upper 1 inch of lake sediments is as great as that guantity

Which would flow into the lake during the next 60 vears if the

present rate of inflow continues, This, of course, assumes no change
in quality or quantity of water entering the lake during the next.

60 years. Because of this relationship, it is imperative to know
the extent to which nutrients in the sediments can interchange with
overlying water,

3. Algae

Representative samples of slgae from Upper Klamath Lake con-
teiningg %0 to 99 percent Aphanizomenon flos-aguae have been analyzed
for the constituents listed in Table B8, The Kjeldehl mitrogen,
calcium, potassium, and total phosphorus content of the algae com-
pares favorably with work dome by Phinney (18).

The tons of constituents contained in the algal mwass in Upper
Klamath Lake for the period March 1965 to April 1966 are presented
in Table 8.

The 2lgal mass contained quantities of iron and phosphorus equal
to S54mnd 25 percent, respectively, of the incoming load entering
Upper Klamath Lake during the reporting period. The total nitrogen
in the algal mase was 9.4 times greater than the total gquantity of
nitrogen entering Upper Klamath lake from all inflow sources far the
same period. The source of the nitrogen contained in the algal mass
may be from: -(a) nitrogen fixation and (b) chemical interaction
between the bottom sediments and overlying lake water, Previous
investigation (30) has shown that Aphanizomenon 5p, does not fix
rirrogen., Other workers a&re presently evaluating the nitrogen fix-
ation abilities of Aphaniromencn sp. 1/ studies to define the trends
of nitrogen, phosphorus, and iron before, during, and after algal
blooms did not show the classical ratio of nutrient decline to inp-
creased algal production, This may reflect the great surplus of
nutrients in relation to rate of uptake by algae combined with re-
Plenishment from the bottom sediment as use proceeds,

Research is needed to define the minimum concentration of
inorganic nutrients necessary to support the production of nuigance
blooms of Aphanizomenon flog-gquae,

1/ Personal Commumnications: Dr, Constance Delwiche, University
of California, Davis, Californis,
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TABLE ?
BOTIOx SEDIMENT ANALYSES [ACID SDLURLE)

Constituent Micrograms/gram Tons in lake Area
Dry Weight 1 Inch Deep

Aluminum 1,750 34,665
Barium 25 496
Beryllium 0.04 0.8
Boron . 98 1,942
Cadmium 14 28
Caleium 3,900 77,271
Chromium 4 7%
Cobalt 7 139
Copper 4 79
Iron 11,400 225,870
Lead 14 278
Manganese 183 3,626
Nickel 7 139
Ammonia Nitrogen a8 N 270 5,349
Nitrate Nitrogen a3 N 150 2,972
Organic Nitrogen as N 3,400 67,364
Total Phosphorus as P 1,600 31,701
Potassium 1,560 30,910
Silicon as Si 24,000 475,517
Silver 0,70 14
Sodium 780 15,453
Strontium 5 89
Sulfur as 5 2,500 49,533
Vanadium 14 28
Zinc 14 28

17



TABLE 8
CHEMICAL ANALYSES OF ALGAE FROM UPPER KLAMATH LAKE,
ARD THE TONS OF CONSTITUENT IN ALGAL MASS
FOR THE PERIOD MARCH 1565 TO APRIL 1966

ercentage sition(a) Tons

Constituent Klamath Falls Literature In
Lab (18) Lake (a)
Boron 0.0088 -- 8.3
Calcium 0,602 0.54 1047
Chloride 0.42 -- ass
Total iron 0,510 -- 466
Magnesium 0.151 -- 138
Manganese 0.0056 -- 5.4
Ammonia Nitrogen as N 0,022 -- 20
Nitrate Nitrogen as N 0,017 - 15
Organic Nitrogen as N 12,320 10,05 11,2581
Total Phosphate as P 0.43 0.60 128
Potassium 0.95 1.08 870
Silica 0,012 -- 11
Sodium 0.29 -- 265
Sulfate 0.795 -- 728

(2) Based on dry weight
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4. Trace Elements

The complex physical snd chemical equilibrium between mono-
valent and polyvalent cations and its relationship to algal production
is not known. The role of "organics," including humates, in the
chelation of polyvalent metals to increase their ability to enhance
or inhibit the metabolism of algae is not understood,

One concept for ecological control of algal blooms assumes that
algal growth can be impaired if a trace element, necessary in minute
quantities as a vital micronutrient, can be withheld, In pursuit
of this concept, the availability of candidate micronutrients was
examined,

Trace element analyses of water from Che lake, Williamson River,
Denny Creek, and from bottom sediments of the lake (Tables 7, 9-11)
compared with Table 6 indicate that these areas have concentrations
of copper, molybdemum, cobalt, zinc, and manganese that are adequate
to support nuisance blooms of some algae if other elements are present
in sufficient supply,
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TABLE 9
SFECTROGRAPHIC ANALYSES, LINK RIVER OUTFLOW

Suspended Material Dissolved Material

Constituent micrograms /1 micrograms/l
Zianc 12 34
Cadmium <10 <10
Arsenic -af <50
Boron 13 T
Phosphorus - 125
Iron 500 210
Molybdenum <1lo 20
Manganese 4 26
Aluminum 525 104
Beryllium < 0,03 < 0.03
Copper 4 -]
Silver < 0.5 < 0.5
Nickel <5 <3
Cobalt <5 <5
Lead 35 a8
Chromium 5 6
Vanadium <10 <10
Barium 10 12
Strontium <1 38

a4/ Interference from high iron
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TABLE 10
SPECTROGRAPRIC ANALYSES, WILLIAMSON RIVER

Suspended Material Dissolved Material

Soaski e micrograms/] micrograms/1
Zine 13 28
Cadmium <10 <10
Arsenic -af <50
Baron 43 34
Phosphorus - af 150
Iron >1,000 362
Molybdenum ~ b/ <10
Manganese 14 34
Aluminum _ >1,500 256
Beryllium ¥ 0,03 < 0.03
Copper 6 &
Silver 0.5 < 0.5
Nickel <5 5
Cobalt <5 5
Lead 20 12
Chromium 5 6
Vanadium <10 <10
Barium 12 24
Strontium <1 38

a/ Interference from high {ron
b/ Interference from high aluminum
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TABLE 11
SPECTROGRAPHIC ANALYSES, DENNY CREEK

Suspended Material Dissclved Material

Constituent micrograms/1 micrograms/1
Zinc 7.0 72
Cadmium <10 <10
Arsenic - af 50
Boron 11 9
Phosphorus - af 75
Iron 400 135
Molybdenum <10 <10
Manganese <3 5
Aluminum 460 75
Beryllium < 0,03 < 0.03
Copper < 3.0 4,0
Silver <0,5 < 0.5
Rickel < 5,0 < 5.0
Cobalt <5,0 < 5.0
lead 20 <10
Caromium <3 <3
Vanadium <10 <10
Barium 8.0 11
Strontium <1.,0 20

a/ Interference from alumimum

22



BIOLOGY

A, Methods

Samples for algal analyses were taken at the same times, places,
and in the same manner as chemical samples. Samples for benthic
animal analyses were taken with an Elman dredge from various points
in the lake (Figure 1),

To concentrate the phytoplankton, a method of centrifugation
similar to that used by Mackenthun et al., (16) wae employed. From
aggregate samples, 100-ml portions of water were poured into each
of eight 100-ml centrifuge tubes; 5 ml of a liquid detergent (GSA
grade) were added to each tube to settle the algae, These tubes were
spun at 1500 r.p,m. for 20 minutes, The supernatant liquid was de-
canted and the concentrate was transferred with s pipet to Constable
tubes graduated in 0.005-ml increments. The Constable tubes were
spun at 2000 r.p.m. for 10 minutes, The smount of concentrate in the
Constable tubes was measured and the quantity of aggregate sample in
terms of milliliters per liter was calculated, The concentrate was
then transferred to a tared drying pan, dried at 90° C for 6 hours,
and weighed,

The velumes of concentrated materisl in the Constable tubes
varied according to the density of various components in suspension
in the sample at the time it was taken, Therefore, dry weights were
eonsidered to give a more accurate estimate of the material in the

aggregate sarmples,

Benthic fauna were screened and picked and the percent compo-
sition of various major groups was estimated. Dry weights of in-
dividual samples were recorded after drying for 4 hours at 110° C,

Chlorophyll & values were determined using methods outlined
in Strickland and Parsons (28).

Limiting nutrient studies Y using the isotope Carben-14 to
measure the variations in primary productivity were conducted in situ

1/ Any condition which is above or below the limits of tolerance for
&ny organism i said to be a limiting factor. Therefore, nutrient
elements in the aquatic environment that are 8o abundant as to be
toxic and prevent algal growth or are so rare that algase cannot grow
are considered limiting nutrients,
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and in the laboratory using techniques similar to those of Goldman
(12). In the field, samples of lake water with the natural concen~
trations of algse were cultured in situ with additions of elements
listed in Teble 12 and with l4C having an activity of 6.0 milli-
curies. In each experiment, one sample was ““"“1“52 only with 1"0
22 2 contrel =nd other samples were inngulated with *9C and with
varying conizntrations of elements (Table 12), Variations in the
amounts of “7C uptake by the samples {other than in the control)
were analyzed to determine if there were no response, inhibition, or
increased productivity (Table 13). Personnel in Charles Goldman's
laboratory at Davis, Californis (University of California) counted
the uptake of 4C from filters of the various samples and returned
i e data to Klamath Falls, The date were calculated in uptake of

C in counts per second., The laboratory experiments differed from
the field experiments only in that water from the lake was incubated
under cocol-white fluorescent lights at 16,0° € with constant rotatory
movements, Samples in the field or in the laborsatory were incubated
for &4-hour perilods,

B. Results and Discussion

Upper Klamath Lake has annual blooms of blue-green algae that
reach nuisance proportions, Recorded history offers little insight
into the length of time that nuisance blooms have occurred in Upper
Klamath Lake, However, as early as 1933, collections from the lake
showed blue-green algae to be dominant {18). Algae collected in
1933 were dominated by Anabaena spirocides var, crassa, Collections

s

Although A, flos-aguae has dominated the algal blooms during the past
few summers, other blue-green species have also become fmportant com-
ponents of the summer bloom, Phinney (18} listed the following
species of blue-green algae that have been important segments of algal
blooms irn Upper Klamath Lake:

Aphanizomenon flos-aguae {=FPhinney's &, oregonensis)
Ansbeena spiroides var, crassa (=A, circinalis)
Microcvetis (Polvcystis) aerugiposa

Gloeotrichia echinulata

The usual pattern of seasconal change for algal specles in lakes
and impoundments is a epring bloom of diatoms, green algae in early
sumner, blue-green algae in mid and late summer, and & returm to
diatoms in late fall and early winter. This pattern is not followed
in Upper Klamath Lake, Here, the early winter through late spring
algee are similar to the above pattern, but in late spring, blue-green
algae increase and are dominant from March through November,
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TARLE ]2 14
LINITING NUTRIENT EXPERIMENTS USING ~°C TO NEASURE
VARIATIONS IN PRIMARY PRODUCTIVITY
(LABORATORY AND IN SITU EXPERIMENTS)

Mg/l of 14
Date Areg Element Element Elament ¢ a/
Form Added Uptake 2
10/11/66 Lab N0, KNO4y 0.033 79
0.066 58
0.099 90
0.132 a2
10/11/é6 Lab N0, NaNOq 0.033 75
0.066 15
0.099 15
0.132 85
10/13/66  Lab L KNO, 0.000 238
0.033 207
0.066 10
0.099 222
10/13/66 Lab Ko, NaNO, 0,033 227
0.066 226
0.099 139
0.132 101
10/14/66 Lab N03 !N03 0.000 911
0,033 967
0.066 997
0.09% 1088
10/14/66 lLab RO5 N.NO3 0,033 1126
0.066 1053
0.099 1152
0.132 918
10/17/66 Lab NH, CH;COONH,, 0.000 328
0.033 335
0.066 275
0.099 301
10/17/66 Lab c1 NH,C1 0.033 322
0.0686 33
0.099 288
afUptake of 1% in counts/per second
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TABLE 12 (Continusd)

Mg/l of 14

Date ATaa Element !:-'“t Zlement Upl? %
orm ﬁ_ﬁd.d aKe

10/18/66 Lab NE, CHyCOONH,, 0.000 1312
0.033 1063

0.066 699

0.099 752

10/18/66 Lab c1 NH,C1 0.033 766
0.066 752

0.099 691

10/19/66 Lab ro, (W¥H,) ,EPO, 0.33 363
0.66 361

0,99 351

10/19/66 Lab 2.0 Nay?,0,10R,0 0.33 406
27 12 0.66 132

0.99 341

10/20/66 Lab 0 (NH yxP0, 0.00 1253
4 0.33 1265

0.66 1298

0.99 1344

10/20/66 Lab P,0 Na P,0,10H,0 0,33 1281
7 TN oTee 1252

0,99 1274

10/24/66  Lab a KaCl 0.00 92
9 87

18 105

27 111

10/24/66 Lab Na NaHCO, 9 76
18 55

27 52

10/25/66 Lab Na NaCl 0.00 443
9 515

18 576

27 504

10/25/66 Lab Na NaHCO4 9 435
18 355

27 254
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TARLE 1% (Continued)

Mg/l of 14
Date Ares Element :l-mt Ilemant X
(1, Added Uptaka
10/26/66 Lab N, Ry, Cl 0.00 16
0,70 226
L& 234
2.1 264
2.8 23}
10/26/66 Lab Te FeCitrate 0.30 241
0.60 253
0.9%0 220
0.00 1009
16/27/66 lLab NE, AH,Cl 0.70 975
1.4 997
2.1 1128
2.8 1378
10/27/66 Lab Te FaCitrate 0.30 987
0.60 1168
0.90 1028
8/4/66 Field MO, KNOy 0.000  1477.19
0.025  148B.564
0.050  1200,85
0.075  1220,61
8/22/66  Pleld NO4 NaNO3 0.000 123.50
0.025 123.70
0.05¢ 12030
0.075 107.14
8/23/66  Field NH, RH,C1 0.000 Tia bl
0.50 81.58
1,00 87.03
1,50 93,18
8/24/66  Field PO KH,PO, 0.00 91.55
0.43 79.30
0.86 76,91
1,29 70.03
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TABLE 12 (Continued)

Mg/l of 14
Element
Date ATea Element Element
Fora Added  Uptake
8/25/66 Field 2207 Hn?20710320 0.00 185,10
0.43 167.38
0.86 144,68
1.29 187,77
10/1/66 Field YaCitrate Ferric
Citrate 0,00 86,35
0.30 85.55
0.60 61.33
0.90 60.39
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Collections of algas from Upper Klamath Lake during 1965 and
1966 showed Aphenizomenon flos-aguat representing about 90 to 99
percent of the total algal crop during the sumner, Unislgal blooms
are not comwon but have been recorded by other workers (9). The
snnual patterns of algal cyclas in Upper Klamath Lake have been much
the same since at least 1956 when Phinney (18) showed A, flos-aquae
as the dominant summer bloom, PFigurs 2 compares dry weights (in
willigrams per liter) of phytoplankton 37 made of collections taken
in 1965 and counts of algal cells made by Phinney (18) from collections
taken in 1957, The similarity of the curves findicates that periods
of phytoplankton abundance were gimilar in the two years,

Figure 3 shows the average tons of algae present in Upper Klamath
Lake for 1965 and part of 1966 and the average tons of carbon assimi-
lated per hour by the algae for part of 1965 and 1966, The average
tons of carbon assimilated per hour during the photosynthetic period
were calculated from chlorophyll a data using a factor of 3.7 mg
carbon being fixed per hour per mg thlorophyll a (23). However, this
factor must be used with caution as it was based on data taken from
marine collections, and the factor for converting chlorophyll s to
total plant carbon can vary between about 20 and 70 (28). Taking
the above limi{tations into consideration, Figure 3 can be interpreted
ir a general manner to indicate that there is a high potential for
primary productivity in Upper Klamath Lake. Findenegg (8) has pointed
out that: .
"The effect of production of & given quantity of algae
varies from hour to hour. It may be reduced by ilncrease
and decrease of the light intensity to which the species
are adapted,.,,. In most cases an inverse correlation was
found between the guantity of 2lgal biomass and production
per unit of freshweight, Below one square meter of lake
surface 1 g of phytoplankton assimilated 0.4 g carbon per
day when only small quantities of algae were present but
only thousandth (sic) when crowded masses of cells were
present.”

Although Findenegg's data were from marine observations where pro-
duction is usually much lower than in freshwater, the same principles
apply, which i{ndicates a need for much caution in interpreting Figure
3 too liberally,

2/ The dry weights vere really of all suspended matter, but visual
observations under the microscope showed that at least 90+ percent

of the material was made up of algae,
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1. Limiting Nutrient Studies

Results from the limiting nutrient studies are shown in Table
12, Although there were many variations in amounts of léc assimilated
by the addition of different amounts of nitrate, ammonia, phosphorus,
iron, and sodium, it is difficult to interpret the causes for the
variations, Goldman {13) stated:

"In my experience, it is not at all uncommon to find inhibition
by trace element additions at as low a level as 1 pg/liter,
Although enviroummental levels of one or more trace elements

may be at toxic or near toxic levels for most algae, we still
find certain species which apparently thrive under these con-
Aditions, Adding more of an element already at an unfavorably
high level is likely to produce an inhibition, and it is
probable that particular specles or races have develeped which
are especially adapted to these toxic levels, in the Bame manner
that the low levels of certain elements may favor other species,”

He also stated that negative responses should be compared with elemental
analyses of the water involved, giving particular sttention to pos-
sible ipteraction of the various metals, However, in waters such as
Upper Klamath Lake where unknown amounts and qualities of meny orgenic
and some inorganic constituents occur with large amounts of known
inorganic elements, it becomes difficult to locate and isclate causative
agents for negative, positive, or lack of response, especially when
variations of such responses occur even after repeating the pame test
seversl times, In field experimente with nitrate, ammonia, phosphorus,
and iron, all additione of the various substances in different forms
showed inhibitory responses except for ammonia which wes positive
(Table 13). In different tests where CH3COONH,, and Na,FP507.10H20 were
added in the same concentrations, some of the tests showed no response
and others iphibitory or increased productivity responses (Table 13),
The difficulty in interpreting these data indicates a need to study
the requirements of the algae in question in pure cultures where known
amounts of elements are present in the culture medium and can be more
precisely manipulated, Goldman (13) pointed out that there is &
possibility of controlling algal populations in nature by increasing
one or more nutrients that have been found to produce inhibition, Suf-
ficient knowledge of algal physiology is not now available to permit
this,

2. Bottom Fauna

Analyses of bottom fauna in Upper Klamath Lake during 1964-1965
are presented in Table 14, The data are too limited to allow inter-
pretation of the differences observed from 1964 to 1965, but are
sufficient to show that the total tous of bottom faunz comprise less
thar 0.1 percent of the avalleble nutrients in the lake and its
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TABLE 13

RESPONSE OF ALGAX IN UPPER KLAMATH LAKE CAUSED BY
THE ADDITION OF VARIOUS INORGANIC ELEMENTS (TABLE 12)

AS MEASURED BY CARDON-14 UPTAKE &/

Form of Field Teat Tsst  Tsst Test
Element Element Experiments 1 2 3 &4
Nitrate KNO4 (-) 0 0 0
NaNO3 () 0 (-)  O&t
Ammonia NH,CL + 0 0 0 0
CH3 COONH, o (->
Phosphorus  (NHg)oHPO, v 0
KH2PO4 )
Na4P207 - 10820 (-) (-3 o
Iron Ferric Citrate - 0 0
Sodium NaCl 0 0
NaHCO3 -3 3
&/ 1o Teaponse

0=
{-) = iphibitery response
+ =

increased productivity
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boettow wuds, However, bottom fauna may be important as inter-
mediaries in the recycling of variocus elements betwesn sediment and
overlying water, A study of various types of bottom fauna to determine
the role they play in recycling should result in a better understanding
of the interchange of algal nutrients between sediment and water,

TABLE 14
TONS OF BOTTOM FAURA IN LAKE

No, of Ritrogen Phosphozus Tons
Samples Date 28 N as F Bottom Fayna
72 6-64 125 12 1,352
10 7-65 50 4,6 545
11 : 865 132 12 1,425
11 9-65 112 10 1,517
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ABSTRACT: This report defines the water quality Upper Klamath Lake
in Upper Klamsth Lake watershed during the Eutrophication
period March 1965 to April 1966, It identifies Algae
the sources of algal nutrients and other con- Algal nutrients
stituents in water flowing into and out of Blue-green algae

Upper Klamath Lake and compares the quantity

of these constituents in pristine streams,
canals, rivers, agricultural draipage, and
springs, Chemical analyses were made of algae,
lake sediment and bottom faune samples. (over)
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the sources of algal nutriente and other con-
stituents in water flowing into and out of
Upper Klamath Lake and compares the quantity

of these constituents in pristine streams,

canale rivers apricultural drsinsos and
¢ 1g, rivers , 8gricultural drsins ga  =and

springs. Chemical analyses were made of algae,
lake sediment and bottom fauna samples, {(over)
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ABSTMA.CT: This report defines the water gquelity
in Upper Klamath Lake watershed during the
period March 1965 to April 1966. It identifies
the sources of algal nutrients and other con-
stituents in water flowing into and out of
Upper Klamath Lake and compares the gquantity
of these constituents in pristine streams,
canals, rivers, agricultural drainage, and
gprings. Chemical anzlyses were made of algae,
lake sediment and bottom fauna samples. {over)
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Algsl spacies wera identified and mesaured;
during the period of the study Aphanizomenon
flos-aguse represented about 90-99 percent of
the total algal crop during the summer,

Limiting nutrient studies using the isotope
Carbon-l4 to measure variationsa in primary
productivity were conducted in situ and in
the laboratory; dsts from these studies were
‘difficult to interpret,
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Algal species were identified and measured;
during the period of the study Aphanizomenon
flos-aquae represented about 90-99 percent of
the total algal crop during,the sumer,

Limiting nutrient studies using the isotope
Carbon-14 to measure variations in primary
Productivity were conducted in gitu and in
the laboratory; data from tie se studies were

difficult to interpret,
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Algal species were identified and measured;
during the period of the study Aphanizomenon
flos-aguse represented about 90-99 percent of
the total algal crop during the summer,

Limiticg nutrient studies using the isotope '
Carbon-14 to measure varistions in primary M
productivity were conducted inp situ and in ]
the laboratory; deta from these studies were :
difficult to interpret, ;

R N N N R RN R I I I IR I R A N A ) LR R LR



In its assigned functicn as the
Nation's principal natural ra-
source agency, the Department of
the Interior bears & special
obligation to assure that our
expsndable resources are con-
served, that renewable resocurces
are managed to produce optimum
ylelds, and that all resources
contribute their full wessure to
the progress, prosperity, and
security of America, now and in
the future,
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