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INTRODUCTION

Upper Blue lLake, Lower Blue Lake, and Clear Lake . 
are. located in LakeQCount&,.California, and lie at an eleva-
tion.of HOQ.meﬁers;in.the:midst;of the northern Coast Range

about 70 miles.north of San Francisco Bay, midway between

-the Pacific Ocean and théfSacramento.Valleyg‘ Appendix A
shows: the relative positidnnand size of the lakes.. Upper
,BIue,Lake is 2,1 km long with a mean breadth of 0,19 km,
and a mean depth of 12 meters. (Report of NSF Study 9639,
1972).. Lower Blue Lake is the smallest.of the.thfee‘lakes,
and is only 0.8 km long with a mean breadth of 0.13 km (hap
measurement). and. a. mean: depth of 3.5 meters,. Clear Lake,
the.largesﬁ"natural.lake lying wnolly‘within California, is
30.6.Jm long with a mean breadth of 6.0 lum (Davis, 1933
:Mauldin,:l960) and a. mean depth.of 6.5 meters (Goldman and
Wetzel, 1963). | |
The fhree;lakes-are all part of the mountain-rimmed
Clear Lake basih drainage system which now flows: southeast-
ward through Cache Creek and the eastern gbrge into. the |
Sacramento River. In the Jurassic and Crétacedgs periods
of the Mesozoic:efa; the sédimentary strata,making‘up the
Franciscan,,Khoxville,_and-CretaceOustormations,were depose
ited, and covered the area where the northern Coast Range

~and the.Clear Lake,basin now~exist;. The northern Coast

1



‘Range was fofmed iargely from the upliftingg'folding,‘and
faulting of these strata during the_late'Téftiary and early
Quaternary periods of the Cenzoic era (Weaver,'l9h9; Miller,
1957), accompanied by moderate Volcanic activity in the
Clear Lake area (Anderson, 1936; Brice, 1953). During this
era, the Ciear Lake drailnage system originally consisted of

two lakes, the lower one draining into the Sacramento River

through Cache Creek, and the upper one draining through
Cold Creek and the western gorge into the Russian River. A
low range of hills at what is now‘the Clear Lake Narrows
separated the two lakes, A lava flow from a nearby fis-
éure:formed a lava dam éailed‘Red Bahkvwhiéh blocked the
outflow through Cache Creek and led to the raising of the
water level in the lower Clear Lake. The water eventually
broke through a low area in the range of hills;ét what is
ndw‘Buckingham Peninsula and flowed into the upper Clear
Lake system draining thfough Cold Creék.

- Approximately 250 years ago, a massive landslide
originétihg on the north side of Cow Mountain,,deécended
from the southern side,bf the western gorge west of thé
Blue Lakes. The landslide filled the gorge to a level high-
er. than the Red Bank lava flow at the eastern end of the
upper Clear Lake, andvthe.water broke through a iow saddle
"~ in the lava cutting a gorge, calledARedbank‘Gorge, across
the lavéuv Water once again. flowed through Cache'Cfeek and

the eéstern gorge,. but . now from a single Clear Lake composed
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of the original lower and upper Clear lLakes (Davis, 19333 .
Mauldin, 1960).. | | -

The overflow through Red Bank Gorge lowered‘tﬁe
level of Clear Lake about 18 meters below its highest level.
The water level of the western gorge was lowered sufficient-
1y to permit the separation of the two Blue Lakes lying in

the gorge from Clear Lake by the combined deltas of Middle

Creek and Scott Creek (Davis, l933)j However, as late as
1873, C. A. Menifee wrote that during the winter, when the
input of rainfall is at a maximum, the Blue Lakes were one
with Clear Lake. The Blue Lakes are presently‘éonnecﬁed to
Cleaf Lake iny by the meandering intermittent flow éf
Scotts Creek.. | |

Clear Lake appears to have héd a long eutrophic Lot
history because of its shallow lake basin, intermittent: :.

thermal stratification, and warm summer waters (lHorne, per-

. sonal communication). The lake waters have long been en-

riched by seasonél runoff from the watershed especially dur-
ing the winter rainy season from November through March
whén almost 85% of the mean annual. rainfall of 28 inches
oceurs. (Carpenter, ot al., l927; Stetson, 1957). Except
for brief periods during the summer months, the warm, large-
1y unstratified, and enriched waters.are maintained in;cir-
culation by éonsiderable.waveldevelopment created by wind.

The wind is funneled across the lake by the surrounding

mountains, and the large surface area of Clear Lake allows
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for = long feteh (Goldman and Wetzel, 1963). 411 of these
factors have favored the development of. turbid waters and
hign standing cropjof phytoplankton that. are character~
istic of Clear Lake.. N
Similar conditions have exlsted on a much smaller
scale at Lower Blue Lake, and it is probable that it has

long been eutrophic. also, Upper Blue Lake, with its deeper

lake basin and well established. summer thermal. stratifica-
tiongdoes not yet demonstrate the turbidity and large pop-
wlations of phytoplankters characteristic of Lower Blue
Lake and Clear Lakéc |

Futrophication is regarded as the natural aging pro-
cess of & lake and it normally_takes many thousands of
- years.. Younger Qligotrophic or ﬁutrientupaer lakes and
‘mesotrOPhic or moderately enriched lakes generally become
rich in nutrients, more productive, and shallower as they
mature into.eutrophié or‘nutrientnrich lakes (Hasler, 19%7).

Eutrophication has progressed at an accelerated pace
in many Buropean and American lakes in recent years appar-
ently due to increased enrichment from drainage of fertile
ized agriéultnral lands or from urban sewage.(ﬁasief$.19%7),
The increase in the rate of eutrophication due to the enw
richment of lake waters by the activities'of man 1s called
culiural.eutrophication,

Cultural eutrophication.can be considered to be g

factor augmenting the nalturally occurring enrichmeﬂt of the



.lakes,under study. The}lakee, hot.springs, mineral waters,
abundant fish, and mild elimate of Lake County combined to
lure settlers 1n 1ncre331ng numbers after the 1850's, and
many cleared the land and began farmlng (Palmer, 1881;
Carpenter et. al., 1931). The population of Lake County in
1877 was approximately 7,000, and 143676.acres-of land were

The population had grown ,tc 21,600 in 1972, and the farm~-
land and ofchard acerage in Lake Coﬁnty had grown to 26,105
acres in 1969 (California Statistical. Abstract, 1972). The
runoffrfrom thie fertilizedeagricultural land and the sew-
: age.from settlemeﬁts around ClearVLake, and to a leseer eX=
ttent around'Qpper and“waef Blue Lake, have been and are
now adding toﬁthe;naturally,eccurring enricbment of these
lakes.. o | |

There hes been'recent wbrk done on tﬁe primary pro=-
ductivity.of Clear Lake.(Goldman and Wetzel?,1963),ioﬂ phy=
toplankton blooms in Clear Lake (Horne et. al.;,l97l), and
on nitrogen fixation by blue-green algae in Clear Lake
(Horne and Goldman, 1972; Horne et. al., 1972). ‘Seme ﬁater
| quaiity and plankton studies have’been completed on ﬁpper
Blue Lake (Blue Lake Project, 1971; NSF Study 9639, 1972). |
HbWevei, there has not been a previous etudy inclﬁding the
concurrent sampllng of the water quallty and plankton of
Upper Blue Lake,. Lower Blue Lake, and Clear Lake.

Thls study was undertaﬁen to examine any p0551ble



‘associations between the measurements of water quality and

lake conditibns, and the quantity and composition of plank-

ton present in Upper Blue Lake, Lower Blue Lake, and the

Oaks Arm of Clear Lake during the sampling period.{LA sec~

-ondarywobaectlve of thls.gtudy was. to provide a. record of

these measurementsg ELhese measurements, when Laken collectw

Gk

~ively, are 1mportant TAdicators of the tropnxc svavc*o;

nutrient condition of the waters of the three lakes from

February through October 1972.



MATERTALS AND METHODS

Sampling’Area and Sampling Stations

Three sampling stations were chosen for this study
and are represented in Appendix A. Station 1 (39°10711N. x

1239001 26"W,. ). was off of a syimming raft in front of Blue

Lekes Lodge on the southeéstern end of Upper Blue'LaRé,
close to the outflowvleading‘to‘Lower Blue Lake., Station 2
(39009i45 N. x 122959151m4,) was located at the end of a
fishing pier in front of Foster's Resort located in the cen-

ter of the southwestern shore of Lower Blue lake, Station 3

- (39°081 271y, % 122043'14"w,)-was the end of a long pier ex-

tending from a private beach opposite Star Dust Court. in the

. Qaks. Arm of Clear Lake.

A boat was available only at Upper Blue Lake, and it
was used to reach Station 1. Station 2 on Lower Blue ILake,
and Station 3 on the Oaks Arm of Clear Lake were chosen to
prpvide;fhe maximﬁm sampling depth possible in the absénce

of an available boat.

Field Procedures

Water and plankton samples were collected during ﬁhé
last week. of each monﬁh at all Staﬁions from.February‘l972
through'October 1972. 'Befo:e.Sampling began at each station,
éertain peftiﬁent»information was recorded on a field data =

sheetl(Appendix B).. The date and time saﬁﬁling began was



recofded at each station, along with'thefaix femperature
and weather conditions.. The depth of the water was then
determined by lowering a Kemmerer water sampler gently to
the bottom, and then reading the depth from the line which
had previously been marked off in meterse

Fifteen-water”samﬁles.were'collected at each station

- .

Wit & 1200 ml Kemmerer water samplers Five water samples
were obtalned'from'the.waters_just above the station bottom,
et the station mid~depth, and just below the water surface,
Each of the first three of these samples at each depth'was
immediately analyzed at the station for water ﬁempereﬁure,‘
dissoiVed oxygen, and dissolved carbon dioxide.‘

Water temperature WES found.by'euiekly inserting a
therﬁometer under thevraised upper’Valve,of the-Kemmerer
sampler'into'the water sample,immediately aftef the Kemmer—
er was removed from the‘water». The thermometer was.fea& one
minute after insertion and the results were recorded=in de~
grees: C on the field data sheet for the station. Readings
from the temperafure probe of a Yellow Springs Instrument
(YSI)-ModeIVSHAOxygen Meter,iavailable duringithe;mohtns.ef
July and August,, were within 1C of the.thermometer.readings;
The oxygen meter was calibrated at the University of. the
Pacific according to the 1nstruction menual prior to the be-
ginnlng of sampling durlng these months. to insure that it

provided accurate temperature readingse.

Dissolved oxygen in the second sggﬁle,from each



depth at.eachlefationvwes meesured wiﬁh a Hach portable.
field test kit, Model AL 36 WR¥, using a modified azide-
Winkler method with a drop count titration (Hach, 1972),
The calibrated exygeﬁ-probeeof the ¥SI Model 5k
Oxygen Meter provided dissolved oxygen readings that were

within one ml per liter of the Hach kit tests at the same

station and depth during July and August. To further-de—
termine if the Hach kit tests werefgiving accurate readings,
a-precise.determination of the dissolved oiygenupresent in
the water samples. taken dufing the month of October was at-
tempted.using a:ZOO.ml sample and ‘the Winkler method for use
'in the laboratory (APHA, 1971). Biological activity that
7 would utilize and modify the,dissolved oxygen content of the
samples was arrested in the field by the addition of I ml of
2% sodium azide and 0,7 ml.of‘coﬁcentrated sulfuric acid _
(APHA, 1971). The samples were ﬁlaeed in a styrofoam cooler,
and were maintained at collection temperature until anhalysis.,
| The mg of dissolved oxygen per liter in each of the
surface samples tested was determined using the followlng

formulas-

*The. Hach kit, Model AL 36 WR, will hereafter be
‘referred to as the. small Hach kit,
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(1) mg Cp/liter =140 x Vi _(Vol, of 0,025M thiosulfate used)*
: Vs (Vol. of sample being tested)

(Giese, 1968)
(2) Solubility of O, corrected for elevation &=

(barometric pressure at.
3 nm sampllng elevation)
(‘"\

mg Oo/liter x

~

.
2L

U

I DETone: iric pressure av
sea level)

(Welch, 1948)

y The results of this precise Winkler test were with—

: in.i mg per liter-of.the Hach Wihkler,tests at the same sta-

tion and depth, Alljprevioﬁ&'determinations of dissolved .-

oxygen by. the small Hach Kit were Judged to be accurate be-~-
cauée.they,were‘consisténtly close ©to the readings of the

calibrated oxygen probde, aﬁd the precisezWinklef'oxygen de-~
termination during the months: that these tests were uséd.
Carbon dioxide dissolves: in water according to the

equilibriun reactions

5 + HL0 Ed 1{2503 =2 4+ HC gtz i+ cay

carbonic hicarbonate - ¢arbonate
aeid don ion -

G % 0ne liter of 0,025M thidsulfate: utillécd lndicatesv
Rhﬂ ml of oxygen (ulese? 1968/.
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The amount of carbon diokidé.ﬁhat aissdlves in the water de-
termines the amount of carbonic acid that is formed, and the
f_degreedto_which the pH is reduced in.the water sample. -

| The dissolved.carbonﬂdioxide.presént in a third
Kemmerer water sample from each depfh at.eacﬁ statibn'wés

measuréd with theusmall‘Hach,kitﬂusing sodium. hydroxide as

a_LiLLanL_and_OLl%_phgngiphthalgin%sgintinnﬁas_an;end;pginf
_ indicaﬁor.(Hach,vl972),. |

A;fourth Kemmérer water sample from‘each depth at
each station was.fun through a phyfoplaﬁkton net into é:la~
 beled ﬁlankton sample.bottle; ‘Thé‘plankton in each bottle
was.immediately killed and pregérved.by the addition of 8 to
10,drops.of a 7‘part‘70% methanol:énd 3 part 5% formalin v/v
v solution;(Weléh” 19%8)‘  A1l nine plankton sample bottles:
were thenhtransported;to the'léboratory for analysis.

The. fifth and final‘Keﬁﬁerer water~sam§le taken from
each station,,wasarun'into afciéén, dry, 300 ml water sample
.botfle,'maintainéd at<boiiectioﬁ tempefature.in a~styrofoam‘
cooler with ice as heedéd,,andlanalyzed in the laboratory
within 36vhourssfof diséolved orthophosphate, metaphoéphate,}
and nitrate and nitrite nitrogen.. |

| : A.Secéhiwdisk.was‘avaiiable during_thé months of
August, September, and. October, and was used. to measure‘the
depfh'of,Visibility;df.watef.tiansparency at‘all_thre§ sta- 

. tions.,..
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Field Recordsf

The field data sheet was désigned to be utilized to
conveniently record all pertinent. information and measure-

ments at each station.

Laboratorv_Procedures:

A Hach Portable Water Engineer's Kit, Model DR-EL,
employing colorimetric‘procsdures,_was used to measure dis-
solved orthophosphate,:metaphdsphate, and nitratesnitrogen”
in the samples returned to the 1aboratorye

' Orthophosphate or inorganic phosphorous IEPDH) %]
'wés;measured_by the stannous chloride method and direct
colorimetric-analfsis (Hach,, 1972). .

The amount of soluble metaphosphate [?P207) (PgﬁO;?]
present in eacb water sample was measured using the test for
total inorganic phosphate (ortho plus meta) (Hach, 1972).

" The metaphosphates: were first ctherted to orthophosphates.
by boiling, and then measﬁred bysthelstannoos.chloride meth-
od and direct colorimetricsanalysisstoigive‘total inorganic
phosphate. Finall?, the orthophosphate value for the sample
determined by the previous_test was subtracted from the.” .-
total inorganiciphosphate value tb-giveTthe:amount ofhmet;e
phosphate present. v | ‘ _

The dlssolved nltrate nltrogen and nitrite nltrogcn

in. each water sample was measured oy the cadmlum reductlon
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method with modlfled dJazotlzatlon using L-x aphthylamine—
sulfanilic acid followed‘by‘direct colorimetric analysis
(Hach, 1972). | |

' Thetnitrite nitrogen in the water samplés was meas-~
ured by the diazotization method using l-naphthylamine-

sulfanilic acid and direct colorimetric analysis  (Hach, 1972).

The'resulté-of this test gave the mg per Titer of nitrite
nitrogen in each water sample. This value is then subtract-
ed from the mg per liter of total nitrate and nitrite nitro-
gen value obtained from the previous test to give the mg per
liter of nitrate nitrogen present ;n each watef sample.

ﬁll.glassware used in . the field laboratory tests was

cleaned by lmmersion in an acid cleaning fluid made of one

pért potassium diéhromate, five parts distilled water, and
five parts cohcentratedvsulfuric acid (Johansen, 1940).
After immersion for an hour, the glassware was washed thor-
oughly under running tap watef;;soaked for a feﬁ:minutes in
distilled water, rinsed with distilled water, and flnally
allowed to drip dry on paper towellng.

Each 25 ml plankton'sample bottle was smoothly and
slowly shakén to freely suspénd all of the plankton organ-
isms in the sample. One ml of this freely suspended‘sample

was obtained-using.a one ml tuberculin plastic syringe with-

~ out. the needle. Half of this one ml sample was then deliver-

ed into each of the two open corners‘of a Sedgewick-Rafter

. Counting Chamber which had a cover glass placed obliquely
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| aéross,the.ceii;. The coverglass then rotated, sometimeév
with aséistaﬁéé;'tokfit‘squarely over énd sealbthe counting
chamber. Thé Sedgewick Rafter Counting Chamﬁer was then
ready to be counted.. This procedure was redone'if air bub-
bles were presente. -The.plankt6n organisms,were allovwed to

settle. for ten minutes, and the counting chamber was then

and studied at 125x%. The stage was moved forward and back-
ward ([1 171 ), and plankton was counted in strips the width
of the microsdopic field gt 125 magnification, for aidisw
tanée;of 20 mu which is the width of the counfing chamber.
During the first two months of thié study, the whole count-
ing chamber of 36 strips:was counted, This method proved
impractical due té the excessive counting time required for
~ each sample, and it was decided to cownt a poftion of the
chamber and then adjust the results to represent the number
- of organisms present in the whole counting chamber. During

the month of April,. three of the‘sémples for February were

analyzed by counting the whole chamber (36 strips), by count-

~ ing half of the chamber (18 strips),‘by counting one third
of the chamber (l2fstri§s),_and by counting one quarter of
the chamber (9 strips). It was found that by counting every
- third strip in the chamber aﬁd'tben multiplying the results
by three,;aLrepresentafion;of the_kind and total number of
: plaﬁkton preéent,in the chamber’Was obtained that was not

~significantly different than the results obtained when the
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whele chamber was counted. It was:then decided toicoﬁnt L
one third of the counting chamber and multiply the'fesults
by three to determine the number of each kind of plenkton
present per ml of water sample tested.

Certain, guidelines were followed in 1denb1fy1ng and

counting plankton. They are as follows:

q

—a+—The—Trenains— plarkt'rfﬁtuau ooviousky W
dead before the sample was preserved were not counted be-
cause. in a large percentage of these cases the plankter
.~ could not be 1dentif1ed.
| b Plankters, especially zoopJankters, at the edge.

- of the.microscoplc field were counted if nore than half of
their body was included in the field, and not counted if
-less than half of their body was included. . |

é., The average 31ze of a strand or clep of cer~
‘taln phytoplankters was determined and counted as one. Spec-
1mensyfstrands, or clumps of each phytoplankter that were
shorter or smaller then thie»average.were counted as. propor--
tionally less than one, whiie those longer or larger than " -
the average were countedﬁas,proeortionately'greater than one,

d.. Since most of the plankters either sunk to the
bottom of the chamber or rdse.to'ﬁhe top,;eaeh strip was:
counted twice.;‘The first count was made of all'plankton}ly-
ing on the bottom of the chamber and the second count was.
made of all. planﬁton lying Just below the coversllp along

thls strlp,



16

@.. Plankters were identified to genera in almost
all cases, and to species when possible.. Appendix C lists
the references utilized to identify the plankters.. Occax
sionally it was not possible to key out a plankter to genus,
'and this plankter was placed in the,moét appropriate family
and class so that it would still be counted in the division

tqtdlS‘for plankters.

_ f,_ A comma was. placed after each plankter listed on
the planktori count sheet after a strip was completed éven if
the plankter did not appear in the strip. This procedure
eliminated confusion about which row was béing counted and
permitted the counting of many plankters concurrently.

g. Samples with dense smounts of plankters were
diluted 10:1. | |
The number of each plankter per cubic meter of

walter was found using the following series of calculations:

(1) No. of each plankter/ml of sample

= no. of each plankter counted_x 3
fone third of chamber counted]

(2) No, of each plankter/sample

= no. of each plankter/ml of sample x 25
{volume of sample bottle =25 mIl])
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(3). No. of each plankter/M3 of water sampled

= no. of each plan%ter/sample»+ water volume
sampled in M
[Water volume sampled by Kemmerer used (O.OOlQME’Z]
(Darnell, 1971)

Laboratory Records:

Four forms wereused o TFecort
water quality analysis ahd plankton counts. The results of
the laboratory analysis of'water gquality were recorded on
the laboratory data sheet included in Appendix B of this
study. The initial.planktoh counts for each sample were
tabulated on plahkton identificaticn and counting sheets:
(Appendixzp) designed by the investigator which listed the
major divisions and classes. of the phytoplankters and zoo-
plankters found during a‘previous study of Blue Lake,

(Blue Lake Project, 1971). ’Belowyeach division or class,
the generic and speciflic names of the most commoniy ocour-
ring ?lankters of the grouping were listed. After the num-
ber of each plankter present per M3of water was detefmined,
the number was entered across from the appropriate_genus or
.species listing on a plankter per M3 sunmary sbeet (Appendix
E) for each station. The genus and species 1istings on
Appendix B are identical to the listings on Appendix D, but
are folldwed by the appropriate division or class so that.

the sum of the plankters in each grouping can be easily ob~
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talned. A master datavsheef of‘resulte (Appendices F.
through N) was obtained by oombining the‘fesults_for each
depth at each station on the field and laboratory data
sheets (Appendix B) with the appropriate results listed on
the plankter per meter3}of'water sampledﬁsummary'sheeta |
-(Appendithi; |
Methods of Data Analysis:

An examinatioh of the master data sheet revealed,the '

probabilitx of numerous: correlations.- To facilitate the ex-
amination of the corfelations; the data. on the master data
sheet were placedeon punch cardeg:‘The data.cards:Were then
afranged to present the data from. February‘through'0ctober
in Upper Blue Lake, Lower Blue Lake, and the Oaks Arm of
Clear Lake in the follow1ng sequence: (1) all suriace oata,
(2) all mid- depth data, (3) all bottom. datae |

“A multiple correlation analy31s was performed on

each of the three dataisegments=at the Un1vers1ty of the

Pacific Computerlcenter using a Burroughs ASSIST package.with

& Burroughs B~3500 Computer. Each of the 10 plankton meas~
urements served. separately as the dependent variable 1n 8
analyses utillzing the seven water quallty'measurements as.
independent variables.. Partlal correlations were obtained

between each plankton measurement and each water quallty

' measurement (Appendices. 0’ P, and Q). The partlal\eorrelaf

tions.represent the degree~to.whlch the fwo.measurements
7 under studj are assoclated, and excludes any indirect

associations via. the remaining measurements. ~The sign1f1~.'

S
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cénce df the;partiallcorrelations was'determined by uSing t )
value test statistics’provided_byfthe multiple corelation g
program.. | | |

The partlal correlations between the numbers of LT

plankters and the measurements of water qualily with levels

(o}

f significance less than 5% were considered to have associ-

4- e

®
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'RESULTS

The. surface water quality and plankton measurements.

obtained in Upper Blue Lake, Lower Blue lLake, and the Oaks
- Arm of Clear Lake are listed in Appendicéé ¥, G, and He-

The mid-depth water quality and plankton measurements for

these lakes are listed in Appendices I, J, and K, while the

measurements. of water quality and plaﬁktén for the bottom
samples of these.lakes.are listed in Appendices L, M, and
Ne | -

The partial correlations between each plankton -

- measurement and each water quality measurement in the sur-

face samples were obtained from the multiple correlation
:analysis;of the surface data from all three lakes. The
multiple correlation analysis of a;l midudepth_data=and of
ail.bottom data,yielded partial cofrelations between each
plankton measurement and each water quality measuremént of
- the mid—depth sanples: and the.botiom samples of all three
lakes. Matrices of all;surface, mid4depth, and bottom
sample partial correlatidhs.are‘giVen in appendices 0, P,
and Q,respectivélym | |

: Those.surface planktdn.and water qﬁality measure-
ment pairs having partia1~correiations with levels of
| significancevless.than 5% are listed in Appéndix R. The

‘plankton and water quality measurement making up each of

M
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these correlation pairs in the surface samples are graphed
to. display the association visually>(Appen&ix S, Figures 1

through 12)..




DISCUSSION.

The significant partial correlations obtained in
this study between some of the measurements of water Qﬁalu
ity and phytoplankton indicate that a direct relationship

may exist between certain of these factors in the aguatic

environment. This discugsion will center upon scme of the
possible explanations,for these relationships in the sur.
face samples of Upper Blue Lake, Lower Blue Lake, and the
Oaks Arm of Clear Lake. The mid-depth and bottom water
quality}and plankton measurements and the‘signficant COY~
relations obtained are ﬁoﬁ discussed in this study., This is
because the lakes are of different depths, and the mid-depth
samples were taken at a differeht depth in each 1ake, as
were the bottom samples. 'Meaningful.comparisong:between
lakes could not be made becausé the nmeasurements of correla=
tions being compared did not come from equivalent depths.

There is: a significant cdrr&lation between the mem-
bers of both the division Cyanophyta and the division
Chlorophyta and the volume of dissolved oxygen present in.
the surface samples. Phytoplankton contribute to the dis-
solved oxygen cohtent of waters in the eutrophic zone.by
1iberating oxygen as a product of photosynthesis. Figure 1
of A@pendix S shows that the dissolved oxygen centent of

surface waters of Upper Blue Lake steadily dropped from a
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maximum of 10 mg/l in February to a minimum of 5.5 mg/l in
July, followed by a steady increase to 8 mg/l by August..

The population51bf Cyanophytes and Chlorophytes'Were either
absent or present in.small numbers in Upper Blue Lake from
the beginning of the study through September (Figures:2 and

3 Appendix S). In October there was a dramatic increase

Lam  dela Tomonn o adt  (ymoan mamtoerds v man A e T b e e ,.-,_.m-
£ S

N eaenumoer oI —Gyanopn increase 1 uae
number of Chlorophytes; The increased volume of dissolved
oxygen recorded in October could be due to the increased
numbers of phytoplankton present at that time. However,

the slight invrease in dlssoLved oxygen that began in Aug-

"v ust and continued through October may be due to another face

tor or factors. The water temperature in Upper Blue Lake
deoreased from 2%C in Auvgust to 16C in October (Flgure 8,
Appendix 8). The resultant increase in the solubility of
oxygen in the cooler water may have been sufficient to ac-
count for tbé observed increase in dissolved oxygen from
August through October,

‘This example illuétrates the possibility that fluc-
tuations: of water quality and plankton may be significantly
correlated and yet may nolt be directly related. This condi-
tion,canvoccur when fluctuations in the monthly measurements
of;cne or both of these factors are induced by interaction
with one or mere Iactors. in the aquatic. environment., The

noz resula may be similar fluctuations in the measurements

of water quality end pianmton due to fthe interaction.of
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other environmental factors.,
The disSolved.oxygen content of the surface waters
of Lower Blue Lake followed a pattern similar to that de-

scribedhfor Upper Blue Lake except that'the'decrease in

oxygen values from February through July‘waS'interrupted by

a peak.valueAof’llmg/l.in.June.(Figufe 1, Appendix S).

plankton observed during June that could produce,thiS'high
oxygen reading. It is possible that the high June reading
could have beenvdﬁe to.a‘significantvincreaseiin the amount
of dissolved.atmospheric oxjgen in<thewsurfaceAwateré;v Such
an increase could occur as a result of wind created wave
action that would increase. the absorptlon of atmosPherlc
oxygen in surface waters (Reid, 1961). It does,not appear
that the June increase in oxygen can be. attrlbuted solely to
wind effects because the weather was clear, sunny, and warm

without any s1gn1flcant winds for two weeks prior to the

‘Juner28th sampllng.‘

Thereiwere'blooms,of Cyanophytes: and Chlorophytes in

Lower Blue.Laké occurring during the period from July

through October. (Figures. 2. and. 3, Appendix.S)*~,The increase

in dissolved oxygen.observed in .Lower Blue Lake during this

*Puring a.period:from 15 June to 25 August 1972, the

investigator resided at Saratoga. Springs less than one mile

from Lower Blue Lake while participating in a National
Science Foundation Study and passed by the lake daily.

e

[ -



- period (Figure 1, Appendix S) could be'due to‘the interac-
~tion bf increased-photosynthesis with~increased solubility
of oxygen in the waters as the water temnerature decreased.
In the Oaks Arm of Clear Lake, evidence for a direct
relationship between the numbers of Cyanophytes and dis-

solved oxygen appears to exist. There was a'blOOmvof Cyano-

phytes in March that corresponded with the March measure-
-ments of dlssolved oxygen of 16 mg/1* which was the maximum
value obtained in this study. The dissolved oxygen measure-
ments'in the Oaks Arm of Clear Lake showed two lesser maxima,
_occurrlng in June and in September (Blgure l Appendix &).
It 1s possible that the same factors that contributed to the
June increase in dissolved Qxygen in Lower Blue Lake were in
-operation in the Oaks‘Arm of Clear Lake. The populations of
Cyanophytes and Chloréphytes were small in June (Figuresi?
and 3, Appendix §), so that an increase in dissolved oxygen
in the surface waters due to extensive phétosynthesis.by
these plankters is dpubtful.. The second bloom of Cyano~
phytés~that occurred in July'(Figure 2,. Appendix §), and the
bioom of Chlorophytes that occurred in August (Figure 3,
Appendix sﬁ,did”ﬁot appear to significantly increase the
‘dissolved oxygen in theAsurface waters of Clear Lake, for

the. values of dissolved oxygen decreased in Julylto a mini-

- %It ig recognized that values of this magnitude do
not normally occur, but the large amount of algae present in
the sample interfered w1th the precise determination of the
titratlon endpoint. _ :

T
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mum of 6 mg/l in August (Figure 1§;Aﬁpendix 8l
The dissimilarities that were‘observed in oxygen
and plankton relationships betwéen the.lakes may be the re-
sult of differences in the size and shape of the lake basin
which subsequently determine the depth of the lake and the
volume of water contained within the lake. Lake basin char-~
T acleristicshaveJong been—considered by researchers to be
| sighificant in determining lake productivity and the trophic
condition of a lake (Thienemann, 1927; Rawson, 1939, 1955).
Both Upper Blue Lake and Lower Blue Lake are enclosed in the
steep sided westefn gorge which was the former outlet for
Clear Lake., The surface area upon which.wind can act to in-
duce water circulaticn and the littoral area where vascular
plant productivity is: highest are both reduced in these
lakes.. Clear Lake, which lies in a broad basin, exposes: a
large surface area to thé wind. The extensive shoreline and
gently sloping sides of the shallow lake basin favor exten-
sive littoral development.
ﬁpper Blue Lake is the deepest lake studied, with a
mean depth of 12 meters. The lake basin is sﬁfficiently
deéé‘to permit ﬁhermalvstratification during the warm summer
' months. The measurements of water temperature and dissolved -
oxygen at the bottom of Station 1 in Upper Blue Lake in July
and August weré significantly less than the surface and mid~
depth measurements, and were characteristic of waters of a

well established,hypolimhion (Odum,. 1971), The iﬁvestigator _
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verified. the presence of the hypolimnion beginning at ap~
proximately 10 meters in depth during three SCUBA dives to
the bottom of Station 1. in late July and early August.
The.mean'depth_of the Oaks Arm of Clear Lake is 7.1
meters (Horne and Goldmen, 1972)... All of Clear Lake strati-
fies oniy for very brief periods in mid-and late summer be-

cause of the shallow lake basin and because wind originated

wave.motion keeps the lake mixing (Goldman and Wetzel, 1963).
The mean. depth of Lower Blue Lake is only 3.5 meters which
appears to be sufficiently shallow to prevent stratifica—
tion.. ‘ _

-The fluxuations in the numbers of phytoplankton ob-
served in Figures 2 and 3 of Appendix S are sufficient to be
considered blooms according to two comprehensive definitions.
Mackenthum et al. (1964) defined blooms qualitatively as-fhe»
appearance of.an unusvally large number of cells of one or a
few species of plankton per unit of water, often sufficientn
1y;dense as to be visible. 'Lackey (1945) defined a bloom |
quantitatively as 500 organisms of one or a few species of
plankton per ml of water., The investigator has chosen.to
consider a bloom to be at least a tenfold increase in ﬁhe
nvmber. of a-plankter per M3 of water sampled within at least
two months time,_followed by a decrease to numbers approxi-
méting the base levels of the plankter Within two months.
This definition overcomes the objection of quantitative esti-

mates that do not consider the factor of time or the differ-

[T
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enices in volume of ihdividual.plankters when an arbitrary
number ie chdsenAto represent a‘bloomm In addition, it
eliminates the.subjectives-estimations of sizevand color
that very from investigater to investigator inherent'in the
qualitativevaefinitions of.a‘bloom.

‘Zooplankter populations also respond to the'disé

scivea OXygen cUnme~-e£~wa%e?s.= There was a significant

correlation. between the numbers. of copepods aﬁd'the digev
'solvedﬂoxxgen present in the surface sauples. Figure 4 of
Appendix B shows a bloom gff copepods in the Oake Arm‘of‘Clear
Lake in Mareh that corresponds with the high Merch reading
of diesolved oxygen obteined duriﬁg this study (Figure 1,
‘Appendix 8). This direct relationship did not exist in
August at the Oaks Arm of Clear Lake when a second bloom of
CopepodstGc@rred when the dissolved oxygen vwas at a mini-
mum (Figures 4 and l,gAppendix(S)wf The corresponding maxima
in March could be due to the preference'of the copepods: for
highly oxygenated wateréito meet.their respiretory needs.,
The copepodsAcould also faVor‘the oxygen=-rich waters‘becaﬁse
they' feed on thevphytoplankten of‘phyteplankton consuming
organisms;that,are:often most abundant in these waters.
(Pennak 19533, Odum, 1971). ‘ |

The presence of large numbers of copepods with a low
volume of dissolved_oxygen in.theeAugust Oaks Arm surface

samples indicates the possibility that factors other than.

; oxygen arelaffecting the distribution of'cepepods. Pennak |

.
H



(1953). has noted that copepods are in genersl tolaerant of a
deficiency of-oxygen;u Pennak has also noted that Cyclops
(a genus found in this study). has been collected from the
hypblimnion of strafified lakes during summer and wintér
periods of stagnatioﬁ and oxygen depletion. It appears

that ﬁhis copepod 1s feeding on anaeroblc bacteria present

at the surface. of the bottonm mudgj\aﬁa‘BBigiﬁE*ifé‘ﬁiygén*by
intermittently returning to the upper oxygenated. eplimnetic
layer. Food was the primary determination in'the distribu~
tion of copepods in this sample, and it may also be the

factor accounting for the bloom of copepods in the surface

- samples in August. During August, the maximum bloom of

Chlorophytes. and the large numbers of Cyanophytes still pre--

sent from the July bloom provided an abundant nutritional

- substrate upon which the copepods éould feed (Figures 2 and

3, Appendix S). N

There was a significant assoclation between the
Phylum Chlorophyta (Figure 3, Appendix S) and the levels of
orthophosphie (Figure 5, Appendix S) in the surface samples.
This relstionship was expecfed because mdst phosphorous is
absorbed by the phytoplankton as orthophosphate ions (Harvey,
1960} according to the following simplified stocichiometric

equations
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106605+ 16NO; -+ HPO, 4 122H,0+18H" (+trace elements;

N ;energyi'
P c : R
(Rate of : (Rate of
production. destruction
of ' e of
organic . , organic
material) S naterial)

N —
 {Croetae30110M6P 1+ 1380,
algae protoplasm

(Stumm and Morgan, 1970)

Algal growth is responsible'for the removal of sol-

uble orthophoSphate,aﬁd nitrate nitrogen from waters with a
molar ratio of 1:16. When the algae die, settle, and de-
, Compose,zorthophosphate and nitrate nitrogen are released
again with a molar ratio of 1:16. (Stumm and’Morgan,.i970)w
During periods: of algai blooms when the rate of production

of organic material is greater than the rate of destruction

of organic material, the phosphate and nitrate levels may be

reduced sufficiently to become limiting. -

| Phosphorus in-its various forms can be an elément:
',that.is,limiting‘to algal growth because of its limited
" abundance and'itS:dependence on_geochemiéél:factors,fbr re-
plenishment, (Hutchinson, 1957; Odum, 1970)..

The‘orthophosphate.ibn ccncentratién of 46 central -

I/
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than the nitrate ion concentration, and, during the summer

when most of_thése lakes were stratified, the orthophosphate

- ion concentration was reduced to traces less than 0,001 mg/l

(Thomas, 1969).. Sawyer (L952) concluded that phosphorus is
the limiting factor in algal growth based on his study of

17 southern Wisconsin lakes, and because of a laboratory

~study in which he obtained increased growth of blue-green

'algae in natural water With a plentiful. supply of phosphorus

and a deficiency of nitrogen.

I obtained some evidence indicating that ortho-
phosphate enrichment of lake waters results in increased
algal blooms0 The results of extensive laboratory algal
culture in media prepared to match the conditions present
in natural waters by Chu (1942) support this interpretation.
Chu found that 14 different planktonic algae representative
of the divisions Chlorophyta, Cyanophyta, and Crysophyta had
fairly similar requirements for nitrogen and phosphorous.
All of the algae flourished and were maintained for over two
years in a medla with nitrogen ranging from 1.0 to 7.0 mg/1
and phosphorus from 0.1 to 2.0 mg/l. Their.gr0wth was hine
dered when the concentration of nitrogen was less than 0,2
mg /1 and phosphoruswasiess than 0.05 mg/l, snd also when
the concentrations of nitrogen or phosphorus exceeded 20,0
mg/l.  Figure 5 of Appehdix S shows that the concentration

of orthophosphate at Station 1 in Uppér Blue Lske was great-

~er than this minimum during four months of the sampling
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péribd at Stati;ﬁ’é in Lower Blue Lake,. while at Stafion 3:.
in the Oaks Arm oi Clear Lake it was above thls minimum
durlno -eight months of the nine montb oanpllng perlod
Figures 3 and H of Appendix S show that Lhe.numbers_of
,Chldrophyfes and Cyanophytes, the two most abundant phyto-
plankters found duriﬁg most of this study, were loweSt.ih,

1 Tower Blue Take .  and hiochogt

Upper Blue. qkra —higher i

SRARST =R LENEN IR Y Y 2

the'Qaks Arm of Clear Lake. This increase appears to be in
" response to the concentration of orthophosphate which ex-

: ceeded the minimum established by Chu. the least often in
_Uppef Blue Lake, more often in Lower Blue Lake, and nost
often in the Oaks Arm of Clear Lake, The correlation be~
tween orthophosphate.content and Chlorophyta populatlons
uupports thls observation,.

There was a significant correlation between the
populations of the Class.Bacillariophyceae and the dissolved -
carbon,dioxide«present in the surface samples.. Figure 7
cf;Appendix SjshOWS a bloom of Bacillarioph&éeae occurring
in Upper Blue Lake in April, and maximum numbers of Bacil~
lariophyceae occurring in Lower Blue Lake in February and
continuing in slightly reduced numbers through June.
Throughout this period the dissolved carbon. dioxide in.béth
lakes was never less than 10 mg/lﬂ(Figure 6, Appendix §).
In addition,,the maximum pppulatioh'of Bacillariophyceaé.in
the.Oaks Arm of Cleér Léke-occﬁrredvin March Which'correw

sponded with the maximum level of dissolved carbon dioxide
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observed in the Caks Arm of Clear Lake. TFrom July through
October the>popu1ations'of Bacillariophyceae remained cone
-staht,and at ézlower level than the fluxuatihg populations
characteristicwof'the_period‘from Fébruary through June in
Upper and Lower Blue Lake.. At no time during the later
period did"the measured. carbon dioxide concentration in

the surface waters of these two lakes exceed 5 mg/le

Although Prescott (1960} observed that excessive
growths dfjphytoplankton can bééur only in lakes vhich are
amply supplied with CO, of with bicarbonates ffom which car-
bon-dioxide necessary for photosynthesis: can be extracted, .-
carbon dioxide is not often a.limiting'factor,, The level
of dissclved carbon dioxide within most lakeg is usuvally he-
ing sufficiently replenished by absorption from the atmoss—
phere, and as a respiratory by product of lake organisms
(Reid, 1961). Because of this, it is possible that the de-
crease. in the numbers of Bacillariophyceae and the corre-
sponding decrease in the amount of dissolved garbon dioxide
observed in Upper Blue Lake,}Lower Blue Lake, and to'a'less-
er extent in the Oaks Arm of Clear Lake is the result of in-
teraction with other factors in the aguatic environment.

Gaufin and McDonald (1965) observed that water tem-
pefatura.appeared toube;the primary factor correlated with
diatom populatiéns during the summer months. As the tem=-

perature of Deer Creek Reservoir in Utah approached 21C, the

population of the diatoms of the genera Asterionella and
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' StephanddiScus:declined rapidly. During the winter these

same diatoms, alohg with Fragillaria and Cyclotella,'becéme
domihantfin the colder icé.cdvered Waters. Representatives
of these same genera were domihant in Upper Blue Lake, Low=
. er Blﬁe Lake, and the Oaks Arﬁ~bf.Cléar Lake, A study of

Figures 7 and 8 of Appendix:s show: that'the maximum numbers

7 of Bacillariophyceae observed IH“?H]S'SVH@Y occurred during
the months of February,through Aprll,wnen the measured walter
temperature was. 16C or less, and the minimum pépulations
occurred,intJuly-through.Septembér.when the measured water
temperature was 20C or greater. | o

| Another factor ‘that can 1nteract with and influence
the volume of dissolved carbon dioxide present in the sur~
face{samples is'the:assimilation of carbon dioxide in photo-
synthesis: by a;gae‘ The lower conéentration of dissoived )
carbon.didiide.that was measured in Upper and Lower Blue
Lake from July through October may be the result of in-
éreased;déylight_assimilation of carbon dioxide in photosyn-
the#is;by;theAincreased,numbers.of Cyanophytes and Chloro-_
phytes present during this period (Figures. 2 and 3,.Appendix
~8).. In the Oaks Arm of Clear Lake, thé dissolved carbon
dioxide levels fluxuated between 5 and 15 mg/l throughout
‘the.stUdy with maximum~leveisJoccurring in. March andiJuly"
(Figure 6, Appendix,sj. There were'correspondinv peaks in
Vthe numbers: of Cyanophytes durlng these months: (Figure 2,

Appendix S)e It appears that the photosynthetic consumptlon

il
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of dissolved»carbon.dioxidé by fhe CyanOphyﬁéS;and other

| algae presentvinuthe Oaks Arm,surfage Samples'was not as -
significant a factor in redﬁcing the dissolvedbcarbon.diOX-l
ide'content as it was in Upper and Lower Blue Lake, It is
possible that the large‘and‘shéllow’lake basin of Clear

Lake is a'significant factor in detefmining the dissolved

across Clear Lake has a long fetch,. and is able to creaﬁe
small waves and induce. surface water circulation throughout.
the lake permitting maximum absorption of atmospherié.car~
bon dioxide. The fluxuations in the dissolved carbon dioxw
ide‘ﬁéaéurements in the 0Oaks Arm could_thenvbe due to vary-
ihg wind conditions across the lake.. | Vv

-  The correlation between the numbers of the Class
Ciliata and surface water temperature:indicateJthat.zodm'

' piankters also reSpoﬁd»to temperature chénges; The maximum
surface water températures were recorded in this study on
gll three lakes from June through August,;and.ranged'from
23C to 28C (Figure 8, Appendiz 8). During this three month
period, ciliates were present in small numbers during July
in Upper Blue Leke. and Lower Biue.Lake.. Pennak (1953) has:
noted that thefoptimum femperatureé.for protozoans generally
lie between 16C and 25C, which indicates that they favor

warm waters. Noland (1925).noted that most free living

‘species of protozoa, of which ciliates are predominant, show —

>widevranges of tolefahce to single enviroﬁmental factors
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such as’temperature,ldissolVed oXygen, dissolved carbon
dioxide, and water pH. The combined. effect of these physi-
cal factors in diffefent'localities_favored the production
of bacterial gfowth.or algal growth in varying degrees.
Most of the 65 species of ciliates}thaf Noland studied were

holozole, and ingested algae, bacteria, and other zooplankters,

—— although specific ciliateS‘févored.one of these foodfsourcesg
o Because one or more of the physical factors described previ-
ously consistently correlated with the food habits of the
ciliates: studied, Nolan concluded that the nature and amount
of food available in an aquatic environment was: the moat
significant factor studied in determining the distribution
of ciliates. In addition, the food source was often ob-

served Yo be less tolerant to. changes in the factors studied

Il

than were the ciliates feeding upon them and limited the
distribution of the ciliates. a K
In both Upper and Lower Blue lLake, the dissolved 7
oxygen content and nutrient levels were sufficient to favor
the growth of algae, and it is probéble that the maximum
population of Ciliata that develdped in. these lakes was due
- Yo the algal food source that became available at that time,
The correlation between populations of ciliates and water
temperature could then have. been due to the response of the
eiliates to fluxuations of the food supply partially brought
| about by changes in the wvater temperature.

There was a correlation between the Class Ciliata




and dissolved nitrite nitrogen.. - The production of nitrogen
in the form of dissolved nitrite is an integral step in the
- production of nitrates by the denitrificaﬁion of ammonia.
The first step in the denitrification cycle 1is the produc-
~tion of ammonia.in the aquatic énvironment by the decomposi~

tion of protoplasm and as én-excretory product of the metab-

oLisH of organic matter by aquatic consumers. Nitrites aTe
‘ produced by the oxidation of ammonia by nitrite bacteria
.accordnng to the formula:

nitrite

bacteria
— 2HN02~=- 002+ 3&20 +148 calorles

(L) 5043+ 30,

(Ruttner, 1963)

~ Nitrogen in the form of dissolved nitrite is an intermediate
and: transitory form of nitrogen in the dentrification cycle..
'The nitrites are immediately oxidized by nitrate bacteria to
form nitrates accofding to the following formula:
| ‘nitrate |

bacteria
ZHN024'02 — 2HNO3-P Lk calories

(Ruttner,'l963)b

Nitrogen in the form of‘diésolvedknitrate is the
most abundant form of inorganic nitrogen in the aquatic en-
vironment.. The algae and bacteria that make up the food

sourcé of moét_ciliates commonly utilize nitrate nlitrogen as



a source of nit?bgen for growth (Odum, 1971). The ciliate

foodﬁéuppiy wduld respond ta fluxuations in‘the leVels of

nitrate nitrogeﬁ'rather than nitrite nitrogen, and the in-

fluence of the food supply on the association between

‘elliates and nitrate nitrogen would not exist.

There were small population of ciliates in July in

Upper and Lower Blue Lake (Figure 9, Appendix S).. The

- nitrite nitrogen levels.in3all.three-lakes were consistently

0,015 mg/l1 or less except.for two higher readings in: the
Oaks . Arm of Clear Lake (Figure 10, Appendix §). Eﬁidence
for the associaﬁion betweén’ciliates and nitrite nitrogen
is. not clear from a study of Figures 9 and 10 of Appendlx S,
and is ‘not. supported. in the literature.. |

A negatlve,correlatlon between the Phylum Cladocera
énd,nitraté<nitrogen“indicates.that when the valuebof‘one
increases, the value of the other decreases. Cladocerans

are filter feéders, and digest-bits of algae, protozoans,

'}bacteria,,and‘organic detritus (Pennak, 1953). A reduction

- in the concentration of nitrate nitrogen could occur with an

increase in the population of cladocerans if:these:cladoe~ -

erans were responding to an increase in an algal food supply. -

Nitrate nitrogen would be utilized and reduced by the algae,
and the cladocerans would. thrive on the.algae or other food

organiéms‘ﬂssociated with the algae.. Ruttner (i963) ob~

- served that the utlllzatlon of nitrate- nltrogen durlng the

. summer stratificatlon of moderately eutrophlc lakes can lead

e 1
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ﬁo the reduction and complete disappearance of nitrate from
the epilimnion;, |

. There was a reduced amounf of nitrate nitrogen in
all three lakes in June (Figure 11, Appendix S), and in-
creased numbers of cladocérans at Upper Blue Lake and Lower

Blue Lake during this month. There were increasing numbers

of cyanophytes in all lakes in June (Figure 2, Appendix S),

and greéter numbers of Baéillariophyceae in.Upper and Lower
Blue Lake (Figufe 7, Appendix S). In all cases, the numbers
'were less than the maximum populations oﬁserved during this
study. Large. numbers of chlorophytes did not appear until

‘ Avugust (Figure 2, Appendix 8). Thé algae could'have been
reduced to the modest numbers observed by grazing by the
'ébundant cladocerans and other zocoplankters present. How-
ever, the algae present could have been sufficient to reduce
-the nitréte nitrogen to the levels observed in June.

Many investigators have gcearched for one or two lake
characteristics that would provide an accurate estimation of
the trophic state or nutrient condition of the lake waters,
Lakes have been classified by trophic type on the basis of
mean depth, water transparency, bottom sediments, total dis~
solved solids, elecfrical conductivity, oxygen, benthic
faune, and algae. No one of. these variables provided a con-
sistent, comprehensive, énd accurate determination of the |
trophic state of lake waters.

This study gives an indication of the difficulty in-
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volvedcwith‘attempting to classify lakes by tfophic type by

using a single variable.. The.small numbers of significant

partial correlations cbtaihed'betWeen'water quality measure=
ments. and plankton populations indicate that few factors act -
independently of other factors to pfcduce a direct effect on

another factor. Most of the'factorsvstudied,interacted with

lake, It is therefore difficult to apply a single measure-
ment of a lake characteristic that would provide an accurate
estlmatlon of the. trophic.state of lake waters.,. |

The 1nvest1gator has chosen to make g statement
about thc ‘trophic state of each lake studied by considering
some of the factors: that enrich lake waters, and those fac-
tors. within tﬁe lake that~respond'to or are affected. by en-

richment. ‘Rawson (1960). has been successful in classifying

lakes by considering more. than one variable and the investi-

gator feels. that thiSAprccedure should be emphasized in fu-
ture research. _ ‘

Upper Blue Lake appears to have theyleast potential
for enrichmeﬁt'of the lakes studied because of its-deép:lake
basin.. This basin permitsﬁthc development of a deep hYpow

limnion that;retainsnnutrients.received from the epilimﬁion

throughout summer stratification. TheseAﬂctrients:wculd-hot

be available to.phytoplankters.and.éooplankters until the
“stratification of the waters of Blue Lake was reduced suf-

ficiently by the cooler fall.surfaceVWatc¥mfémperatures to

R A
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permit«cifCulation.of the.wateré once agéin b& surface
winds.A ~ 7

The shailower laké basins of Lower Blue Lake and
'Clear.Lake areAnot-sufficient enough to permit strong sum-
mer.stfatification of‘their waters,'and to permit hypo-

limnetic development. A.large portion of the total volume

o EEP-TENES BN - evea A
efthewaters—of-theselakes Isoxygenated—and warm,and

- similar to the waters of the epilimnion of Upper Blue Lake,
The waters are more enriched with nutrients throughout the
Summer because nutrients are being recirculated rather than
migrating vertically~downwﬁrdland being absorbed. by a colder
nonéifculating‘hypolimnion. The waters of Glear Lake are
particularlyvfich in nutrients because of runoff from sﬁr—
rounding fertilized farm and orchard. land during the'winter
raihy season, and.because of fhe,large.input of sewage from
many shoreline settlements. f o - SRR

The limited Secchi disk readiﬁgs<taken from August
through October (Appendiceés F, G, and H) show a decrease
in water transparency as one progresses. from Upper Blue'Lake
to. Lower Blue Lake, and finally to.the Oaks Arm of‘CIeé:
Lake.. Hooper (1969) obsérved that changes.in'the trans-
parencyﬂofvthe water;column.ndt»due to suspended sediménts
‘can be indicative of the ébundance,of plankton organisms,
and. that transparency'changes have been used to assess. the .
~rate and degree of eﬁtrophicatién. Pigures 2 and 3‘of ‘

~ Appendix S show that Uppér BlueiLake has;the least amounts
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of Cyanophyta and Chlorophyta, the two most common divisions
phytoplankters observed'in this.studyw The maximam trange-
parency obtained in Upper Blue Lake w5545 meters which is
characteristic of a lake that ié;moderately enriched. Lower
Blue Lake, with larger amounts of Cyanophyta and Chlorobhyta
in the surface waters (Figures 2 and 3, Appendix 8), had a

reduced maximum transparency of 1 meter and is much more

eutrophic than Upper Blue Lake. The investigator noted
from plankton counts and the greeﬁ color of the surface
waters that the reduction in transparency‘in Lower Blue Lake
was due to extensive growth of algae and not due to an in-
creésevin guspended sediments. |

The Caks Arm of Clear Lake had the largest amounts
of Cyanophyta and Chlorophyta. in the surface waters (Figures
2 and 3, Appendix §), and had a maximum transparency of only
0.5 meters. The reduction of water transparency to less
than a meter because of extensive algal growth in the Oaks
Arm of Clear Lake indicates that this basin of Clear Lake is:
markedly eutrophics |

Changes: in the gquantity and composition'of"plankton
within a lake can serve as an index of the enrichment and
eutrophic state of a lake, Phytoplankton respond to in=-
creases.in essenﬁialﬂnutrients,Fespecially of nitrogen énd
phosphorus, with increased growth;,and excessive blooms of
phytoplankters are often the result of enrichment. Hasler

(1949) described many lakes which received increased amounts

[N
"
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of nitrates and>phosphates“invrecent years'from runoff from.‘

fertilized agricultural land, or from increased sewage in-

’ put:from'nearby settlements. The characteristic response

of these lakes was increased piankton blooms, especially of

Cyanophytes, during the summer months. FHammer (1964) found

Cyanophytes:tofbe.thé most common bloom producefs in-twehty—

PG AL o n_ G alratalharram 1alras nﬁb,nv%hm AAAAA Ao
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algae found were: Anabaena, Microcystis,. and Aphanizomenon,

and Hammer studied the effect of orthophosphate on these
plankters.. He found that Anabaena. blooms lagged orthophos~

phate.peaks by one to two weeks, while the concentrations of

.orthophosphate;appeared to influenbe the growth of‘Aghagi»

zomenon directly with the highest blooms developing in
lakes with the highest orthophosphate:concentrationw» Be=
cause of thé response of Cyanophytes to increased'nuﬁrient
availability,;someiinVestigators:feel that they are useful
indicators: of cultural enrichment.(Prescott; 19543 Brooks.
1969). |

Cyanophytes. were pfesent in all of the lakes. studied.

Howeverg;the qﬁantity of Cyanophytes in Upper Blue Lake was

 slightly less than the quantity in Lower Blue Lake, and

significantly less than the quantity in the Oaks Arm of

| ‘Clear Lake. (Figure 2, Appendix 3).. The compOSition of Cyano~ 

phytesfin all lakes was similar folthat found by Hammer with

“Anabaena, Microcystis, and Aphanizomenon, common,

The orthophosphaté concentration of Upper Blue Lake



was also slightly less than the.cbncentratidn of orthcﬁhos~‘
phate in Lower Blﬁe Lake, and significantly less than the |
orthophosphateAconCeﬁtration'of the Qaks Arm of Clear Lake.
It is possible that the,Cyanophyﬁes,were responding to the
increased levels of orthophosphate in a manner similar to

that described by Hammer;

studied indicates .that there is.a progressive enrichmeﬂt of
the lake waters as one considers Upper Blue Lake, then Lower

Blue Lake, and finally the Oaks Arm of Clear Lake.
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SUMMARY. AND CONCLUSION

Upper Blue Lake, Lower Blue Lake; and Clear Lake are
, three.popglar recreétional lakes in Lake County, California.
The. geological history of the lakes'waS-briefly traced.

‘Surface, mid~depth, and bottom water quality and plankton

populations of the. lakes were studied during a nine month

period;fromyFebruary through October,_1972°f Measuremenﬁs

were taken of water temperature, dissolved oxygen, dissolved

 ‘cérbon dioxide,vorth0phosphate, meﬁaphOSphate, nitrite
nitrogen, and nitraie nitrogen. All plankters were identi-
fied,.classified, and the number/M3 of water sampled was
.deternined.. e | | |
A partial correlatlon analy51s was performed on all
of the water quality and plankton data. Each of the major

plankton group;ngs servedAseparately as the dependent vari-

able and the water quality measurements served as. indepen-

dent variables. In the surface samples, the following posi-

tive correlations.wefe found to be‘signifiéant: Cyanophyts

density with dissolved oxygen, Chlorophyta density with dis-

solved oxygen,,ahd with'orthopHOSphate, Bacillariophyceae
density with dissolved carbon diqxide,!Ciliata density with
'-température,.and with nitrite,,and Copepoda denéity with.
dissolved oxygen. In éddition,;C;adocera density was in-

versely correlated with nitrate nitrogen.

Wi ¢
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Theé few significant_correlaﬁions,among the lafge
number.ofﬂwater quality and planktgn measurenent palrs cor-

related indicate'that few factors dct independently of

~other factors to produce a direct effect on another factor.

Most of the factors studied interacted with other factors to

produceAthe observed characteristics of each lake.

Upper Blue. Lake, LowerlBlueALake,band.theiOaks Arm

Qf Clear lake diffef in the characteristics of thé Lake

basin,;in"the-composition and quality of the plankfbn ob~
served,_and in the méasurements of water quality. All of

these factors contributed to the determination of the

. trophic state or nutrient condition of the lake waters.
Evidence from this study indicates that Upper Blue Lake has:

the least amount of enrichment of its waters,:whileiLower

Blue. Lake has a élightly greater amount of enrichment, and

the Oaks Arm of Clear Lake has: the greatest amount of en-

‘richment of its. waters.

[
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' APPENDIX. B.

Sample Field'andhlabbraﬁbry Data'Sheets

Field Data.
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Station No.. | | —‘ Location

Date — — —Time

Weather ~ N Adr Temp. (°C) 4

Sample Depth.(M).Sgrfacé._____fMid;Depth>_;;:_fédttoﬁ";___"
Water-Témperatufe (?G) >_*____ o —_— | e
Oxygen (mg/llter) | — — ;_,_‘
' Carbon,Dloxide (mg/llter) — _“;__w
Water Sample,Bottle.Nos, — v;__“;” I
Secchi Disk Clarity (M) o ./m | » |
vGeneral Notes:. |

| | | Laboratory Data
Sampie»Depth ). Ssurface _____ Mid-Depth Bottom

Sample Bottle No. -
Orthophosphate. (mg/liter)______
. Metaphosphate (mg/liter)
‘Nitrate,(mg/liter) |

Nitrite (mg/llter)

General. Notes
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. APPENDIX D

Plenkton Identification and Cownt Sheet | +

 Time/Date Station 'Sampling Sampling bIdentified and
Sampled -~ Number Method ~ Depth ~ Counted by

/_ _
‘Number.of Each Plankter/M3 of Water Sampled

X _Counting X Dilution ~= Vol of

T\Tnmho'r' Samnle

Counted. Vol (ml) - PFactor - Factor : Kemmereg =
- S . , (0.0012 ) -

«C )Y < )y« ) ¢

annophyta (Blue Green Algae)

Aphanizomenon flos agquae

Anabaena. spiroides

' Lyngbya subcylindrica

Oscillatoria. rubescens

s

Chlorophyta (Green Algae)

Closterium sp.. (  .)

Pediastrum sp. (. )

.Scenedesmus: quadricauda,

Spirogira sp.v‘(, ).

Genicularia elegans

‘Ulothrix zonata

~ Mougeotia sp. ( ) .

Stigeoclonium sp.. (. - .f) |

et LA




 APPENDIX D (cont.)
. Time/Date. Station . Sampling Sampiing
- Sampled  Number Methqd, - Depth

55

Identified and
- Counted by

Crysophyta (Golden Brown Algae)

Mallomonas éaudata

Dinobryon_ sp.. (. )

Bacillariophyceae (Diatoms)

Asterionélla formosa

Cymbella cistulg_

 FragilIaria sp. ( ),
Gyrosigma sp. C ).
Diatoma sp.. (A | i

Stephanodiscus. niagarae (sm)

Stephanodiscusgniagafae (lg;)”

Navicula sp.. (.~ = ),

Tabellaria fenestrata

Protozoa

Sarcodinia

Amoeba'hydrosoa
' Rugipes bilzi

M i
i



. APPENDIX D (cont.)

Time/Date. Station

Sampledf‘ - Number Method Depth
. , | .

Sampling  ‘Sampling‘

Identified and il
. Counted by

Mastigophora:

Ceratium hirundinella

Ciliata

Coleps: hirtus

'Testudinela’patina_

Keratella cochlearis:

‘LJNotholca:striata

Rotatoria:

Asplanchia priodonta_

H‘ !

Ascomorpha saltans

Kellicottia longespina

Conochiloides: dossarious:

Trichocerca.longiseta 

Polyartha vulgaris.

Braéhionusacalyciflorus

Brachionus,plicatilis

Brachionus sp. (. )




Time/Date Station
Sampled. Number

W

APPENDIX D (cont.)

Sampling Sampling
Method Depth

Identified and

. Counted by

vArthropoda'

Cladocera _

Daphnia pulex

Bosminag corregoni

Latona setiferaa

 Copepoda

'Gyclops vernalis

: Nauplius:‘

Diptera

Chaoborus: gstictopus

8



Plankter/M3 of Water Sampled Summary Sheet

APPENDIX E.

Time/Date  Station
’ Samp;ed. Number
. - / ‘
_ ORGANTSM (NO/M3) XS K.

- Aphanizomenon flos aquag

Anabaena spiroides

Lyngbya subcylindrica ;

Oscillatoria rubescens

Cyanophyta (B.G. Algae)

Closterium sp. ( )

Pediastrum sp. (. )

Scenedesmus quadricauda

Spirogira sp. ( . )

Genicularia: elegans.

Ulothrix zonata

Mougeotia sp. ( )

Stigeocionium sia..(w )

Chlorophyta (G. Algae)

I



APPENDIX

E (cont.)

Time/Date Station
- _Sampled. Number
—d
XS KM

KB

ORGANTSM (NO/M3)

'Mallomonas caudata

‘Dinobryon sp.. ( )

Crysophyta (G. B.. Algae)

.}Astefionélla,formosa

- Cymbella cistula

Fragilaria sp. ()

Gyrosigma sp. ( J )

Diatoma sp. ¢ )

Stephanodiscus niagarae - .
Stephanodiscus: niagarae

Navicula sp.. « )

Tabellaria fenegtrata

Bacillariophyceae. .

.~ (Diatoms). -

Amoeba:hydrosoa

-



 APPENDIX B (cont.)

Time/Date Station
~ .Sampled Number
_Av ,

. ORGANISM (NO/M3)

XS.

- Mastigophor&;

Rugipes: bilzi.

Sarcodinisa

Ceratium hirundinella.

Colepsahirtus:

Ciliata

Testudinela patina

.Asplanchia priodonta

ASCOmorpha.salfansA

Keratella.cochlearis

Kellicottiaxlongespinaﬁq

- Conochiloides. dossarious

Notholca striata.

Trichocerca. longiseta

Polyartha vulgaris

T 1 .
B



APPENDIX E (cont.)

Time/Date ~ Station
.Sampled Number
7

ORGANISM. (NO/M3)

K1

“Brachionus: calyciflorus.

‘Brachionus pilecatilis

Brachionus. sp.. (. o)

- Rotatoria

‘Daphnia pulex

' Bosmina corregoni.

Latona setifera:'

" Cladocera

Cycloszvernalis

. Nauplius

Copepoda

Chaoborus‘astictbpus

Diptera.

M &



APPENDIX F

‘_ Surface Water Quality and Plankton Measurements Taken at Upper Blue Lake

JUN,

SEPT,

8.0

WATES QUALITY FEB,  MAR.  AFR,  NAY JUL.  AUG, ocT.
, Watariﬁmyerahnﬁ.(Q3) "11.6 11,0 16,0‘ '23.9 25,0 24,0 24,0 20.0 15,5
»Dissoivéd oxygen (mg/l) 10,0 9;2 8,0 8.0 , 7.0 5.5 = 6.0 7.0

Dissolved carbon dioxide (mg/l) 10,0 150 150 150 10,0 | 50 50 50 50
Orthophosphate (mg/1) L060 010 .080 040  ,090 | ,015 . .020 030 | .030
Metaphosphate (mg/L) | 50 L0700 ,010 ,080 ,010 | .,015 . ,010 020 1,020
Nitrate hitrogen (mg/1) 5.0 4;5 7.5 6.5 1,0 6.0 k.5 5.0 Z.OV
Nitrite nitrogen (mg/1) .002  ,002 .002  ,001  ,002 .002  ,001 0 0
T:anépaiency (ﬁ) - ¥ e ———— ——— ——— S 5.0 3.0 2,0

¥Measurement not taken,

Pt

29



Surface Water Quaiity and Plankton Measurements Taken at Upper Blue Lake

APFENDIX F (cont,)

. Copepbda

>
PLANKTON (No/m3xlb3) FEB. 'MAR., APR, . MAY ‘ JUN. JUL, '. AU(‘}.‘ SEPT, OCT, |
Cyanophyta 0 6.5 185 ---% 8,850  1,680.5 2,000,0 8750 38,187.5
Chlorophyta w7 0 0 - 10h2 3125 5000 1,158  4,167.5
Crysophyta (ex- 20.8 0  0 e 0 'B?J.O 437,5  187.5 ‘62;5
cluding Diatoms) _ ‘ - o g o
Bacillariophycese  1,374.5 23,187.5 80,437.5 emmm 15,937.5 895.8 1,687.5 1,312.5 1,687.5
Sercodinia o o 0 e o7 M7 M7 0 0
Méstiggpﬁora -0 6 ' 208.3 -—— 520,8 187.5 458.3 62,5 o 0
Ciliophéra 0 .0 0 —— 0 20,8 . -0 0 0 |
Rotatoria 0 0 0 m—— 250, 0 187.5 0 20,8 62,5
" Cladocera 0o o 0 - 2,125,0 o o o 0
| ' 20.8 o 0 e 62,5 0 ",Q 0 0

FMeasurement not taken,

€9



APPENDIX G

SurfaééfWaier Quality and Plankton ﬂeésurements Taken at Lower Blue Lake

1.0

WATER ‘QUALITY‘ FEB,  MAR,  AFR, MAY JUN, | JUL. AUG. SEPT,  OCT,
Water temperature.(oc) 11,0 17.0 17.0 25.0 27,0 | 24,0 ‘ 23.0 21.0 15,0
Dissolved oxygen (mg/l) | 11,0 9.0 8.5_ 18,0 . 11.0 4,5 4,5 6,0 - 8;0
Dissclved ggrﬁsn dioxide (mg/1) 15.0 | 15.0 . 15.0 10,0 - 10,0 5.0 5.0 5.0 5,0

. _Qrt}mphospha{e (mg/i) - ' ;.dzo 020,120  .,075 ,002 | ,060 JO40 020 .110
Met__aphospha:te (mg/1) .580 190,015 115 - ,023 .ouo. .085 -‘.100 ’ _0 
Nitrate nitrogen (mg/1) . 2.4 1.0 1.3 7.9 3.0 | 6,0 2.5 4;0 v4;5 '
Nitrite nitrogen (mg/1) 013 006 015,006 . 0 0 . 005 0 .003
frénsparency (m) x . - ——— m—— | —— 1,0 0.5

*Measurement not taken,

H9



APPENDIX G :(cont,)

'Suxfacé_Water Quality and Plankton Measuréments Taken at Lower Blue Lake

PLANKTON (No/#3x103) - FEB,

 MAY

JUL)

SEPT.

41,7

T¥Measurement not'taken;‘

el

59

MAR,  A®R, JUN, AUG,
f»Cyanophyta ST .  0 '187.5 . 187.5 -—-=* 2,062,5 4,962,5 1,208,3 &4,375.2 38,687,5:
| Chlor;phyta . 208.3 . 250,0  604,2 ----  1,125,5  895,8 47,0004 ‘45,104.3 12;187,5
Crysophyta (ex—b : ‘ 0 187.5 ‘1,875.0 L el 62;5 ‘7,562.5. 0 L16.7
cluding Diatoms) : o e
_ Baciliariophyéeae — 28,750;0 54250, 0 3,18?.5 ~e-- 13,187.0 2,437,5 1.666,7 3,229,2 5,812.5”
Sarcedinia 0 0 20,8 - 208 0 0 0 0
Mastigophora o 1250 0 emee10M2 7,352 BL7 20,8
‘Ciliophéra 0 . 0 0 _;—-- 0 20.8 0 o 0
| ,Rotétbria; [\ 0 ? 20,8 ceem 20,8 125,0 62,5 125,0 83,3
N c1adocef§ 0 0 0 eeee 5.8 20,8 20,8 0o 203
' Gopepeda 0 1250 —— 0 8.3 625 0 203



_Surface Water Quality and Plankton Measurements Taken at the Oaks

APPENDIX H

Arm of Clear Lake

Transparency (M)

¥Measurement not taken,

i i

WATER QUALITY FEB.  MAR,  APR.  MAY JUN, | JUL.  AUG, SEFT.
WaterAtemperaturek(oc) YIO.O 17.6 16,0 22,0 27,0 28.0 25.0 22,0 15,0
Dis'sqlved‘oxygén (mg/1) 9.5 16,00 . 8,0 10,0 10.5 9.5 6.0 8.0 7.0
Dissolved carbon dioxide (mg/l)v 10.0 15,0 5.0‘ 5.0 5.0 15,0 10,0 5,0 1040‘
_Qrtﬁophosphate (mg/1) | 160 150 . 025 140 . 070 ‘.OSO +250 170 .180i{
Metaphosphate (mg/1) o  .,300 ,%5. ,170  ,080 | .40  .190 050 o
 Nit£ate nitrogénr(mg/i) | 7.0 1.5 b,5 L,o 3.0 3.0 4,0 7.0 b5
Nitritv.e nitrogen (mg/l)v b.‘030 . 014 ’.015' . 005 .070 . 002 004,002 .007.
coe® e e 05 05 03

99 -
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 APPENDIX H.(cont.)

Surface Water Quality and Plankton Measurements Taken at the 0Oa

ks Arm of Clear Lake

PLANKTON (No/M3%103) ~  FEB. MAR, APR, MAY JUN, JUL, AUG, . SEPT, g ocr,
Cyanophyta -~ 416,7- 112,500,0 '1,‘312. 5 | _---_-* 15»,062. 5 '60,1251&5 32,625,0 19,793;.7 2,243,8
Chlcrophyta 395.8 0 395.8 " E— 145,8 ‘1,8 L, 2 .75,875.0 15,020;9 | 1,270.8
Cryscphjta {ex- 0 0 0 - L0 10 875.0 0 0
cluding Diatoms) _ ‘ = : ' : | 4 o
Baéiilariophyceae ‘395.8 6,250.Q l562.5 . ——— 1,791.7 1,333.3  3,041.7. 833.3 "500.6‘“
Sarcodinia 20,8 o0 41,7 e 0 J 0 0 o o
' Mastigdphora ) 0 0 - —— 0 1,001‘3.0 187.5 83.3 62,5
Ciliophoré 0 0 O ———— 250,0 0 ‘O' 0 a 0
Rotatoria - 0 0 187.5. ———- .0 187.5 291.2 62,5 0
" Cladocera 0 0 83,5 S— 41,7 0 166.2 20,8 o
Copepoda 0 2,500,0 .0 —— 41,7 20.8 '291.2;' o 208

¥Measurement not taken,

49



APPENDIX I

Mid-Depth Water Quality and Plankton Measurements Taken at Upper Blue Lake

WATER QUALITY FEB., = MAR,  APR, MAY JUN,  JUL. AUG.  SEFT, OCT.
Watéfitémperaturev(GC)‘ o * —— 19,0 23,5 23,0 19,0 15,0
Dissclved oxygen (mg/1) —— 9.2 | 9,0 8,0 9,0 5,0 6.0 7.0 8,0
Dissolved carben dioxide {mg/1) ———— 15,0 ‘10.0 10,0 10,0 5.0 10,0 5.0 5.0
Orthephosphate (mg/1) | - L,100 ,030  ,030 014 0 .030  ,060 020
Metaphosphate (mz/1) —— .150  L010 050 0 o010 ,010 0 .030 .
Nitrate nitrogen (mg/1) [ 5.5 9.5 5,0 1.3 6,0 2.8 4,0 3.5
. 005 0 0 0

Nitrite nitrogen (mg/1) —— . 002 . 007 . 002

. 001

¥Measurenent not taken,

T B ooma T

89



Mid-Depth Water Quality and Pla.nktoh Measurements Taken at U

APPENDIX I (conmt,)

pper Blue Lake

PLAI@:TON (No/M3x103) FEB, VAR, APR, MAY JUN, JUL( AUG, sEPr. | CCT,
Cyanophyta o é&,5 0 ———* 14,625,0 1,250.10 2,812.5 30,000, 0 41,875.6
Chlorophyta 0 | 0 0 ——— 125.0 . 125.0 = 1,375.0 1,854.0 5,000,0
Crysophyta (ex- 208 €25 0 .emee 0 708.3 o 229.2  187.5
~ cluding Diatoms) ' - | -
Ba.ciliariophyce'aé‘ _ 2,179.2 62,250,0 54,937.5 --=- 40,916,7  458,3 4.937.5 2,687,5  4,000,0
‘Sarcodinia 0 o o0 —— 0 0 0 o0 o -
Hastigophora - "o 312.5 187.5 e 750.0' 166.7' 250,0 - | 83.':3 1;1.7  |
Ciliophora 0 312,5 o —— 0 20;8. 0 20,8 0
Rotatoria 0 1250 0 ~--- 229,2 1458 83.3 417 145.8
“Cladocera 0 o 0 ——— 3,041,2 .O 0 ;0 O v
Cbpépoda | 20.8 o 20,8 ——- 0 20,8 0 0  20.8
*Measurement not taken, N



APPENDIX J

Mid-Depth Water Quality and Plahkton Measurementé Taken at Lower Blue Lake

WATER QUALITY

MAR,

FEB. APR,  MAY JUN. | JUL.  AUG. SEPT, OCT.,
 Water ﬁemperature (°c) b S ———— ———— 23.0 23,0 22,5 20,0 1 4,0
- Dissolved oxygen (hg/l) m—— 8,0 9.0 ‘8,0 - 10,0 4,0 h,5 6,0 8.0
Dissolved carbon dioxide (mg/l) -=== 15.0 .ZO.Q" 10,0 10,0 5.0 5.0 5.0 | -735'
rthophosphate (mg/1) ——- .150 . .080 070 o | .080 0 .070 070
. Netaphosphate (mg/1) -—--  ,070 . ,050  ,020 015 o .120 0 . 050
Nitrate nitrogen (mg/1) - 5.0 7.5 6.0 1.5 | 4.0 3.9 5.0 ko
“ ——— ,012 ,013  ,006  ,005 0 .001 0,003

S itrite nitrogen (mg/l)

. *Measurement notitaken,

TR T

oL



APPENDIX J (cont,)

Mid-Depth Water Quality and Plankton Measurements Taken at Lower Blue Lake

41,7 ———

PLANKTON (No/M3x103)  FEB. ATR, MAY . JUN. JUL.,  AUG. SEPT, . OCT.
Cyanophyta - SO 562.5 —eee  2,125.0  6,201,7 4,062.0 35,1042, 36,256.2
Chlorophyta — 958.3  ----  1,250.0  2,395.8 56,687.5 65,5210 6,875.0
crysoghyta (ex~ —— 6,562.5 I 0 1,500,0 62.5 416,7 4', 0
cluding Diatoms) o | : _ o e , ,
Bacillariophyceae e 1,687.5  ----  7,020,8 3,604.2 2,333.3 3,750,0 3,375.0
Sarcedinia — 20,8 eeen 20,8 o - o ‘o e
Mastigophora . — 0 ——a 750.0 © B,437,5 62,5 0 9'A Lo
Ciliophora R 0 SR 0 o o 0 0
| Rotatoria —- 62,5 e 270.8 2917 20,8 -395.8 62.5
- Gladocera e T U I 145.8 20,8 20,8  250,0 20,8
Copepoda - 20.8 1250 1250 0  20.8

*Measurement not

taken .

Mt

T4



Mid-Depth Water Quality and Plankton Measurements Taken at the Oak

 APPENDIX K

5 Arm of Clear Lake

WATER QUALITY

ocT,

FEB.  MAR.” APR.  MAY  JUN, |JUL. ~ AUG,  SEPT.
“i- Water temperature (°C) ¥ moe e == 25,0 |26,0 24,0 . 20,0 14,0
© Dissolved oxygen (mg/1) s e=s 1,00 10,080 | 7.0 5.0 6.0 6,0
.Dissolved.carﬁon dioxide (mg/l)_ -—=- ——— 10,0 | 10,0 15.0 15,0 7.5 10,0 ~ 10,0
Orthophosphate (mg/1) | - ——— . 030 .170 .050 | ,120 270 .180 ,280 L
'I'Metaphos‘pha,te (mg/1) cee emee ,095 © L050  L090. | .00 | ,150 . .040 0
v ﬁitrate nitrogen‘(ﬁg/l) m——— b——— 9,0 6.0 5.5 | 5,0 3.0 4;0 ,.'u;o
Nitrite: nitrogen (mg/l) ———— - . 002 004 <005 ,002 . ,003 ;010»

", 005

*Measurement not taken,

Z



APPENDIX X (cont,)

- Mid-Dé;mh-Waiér Quality and Plankton Measurements Taken at the O ks Arm of Clear Lake

FEB,

MAY

[T

PLANKTON (No/M3x103) MAR,  APFR. JUN, JUL, | AUG, SEPT,
Cyanophyta 4583 22,500,0 < 4,125,0  ----x 6,218.8 21,937.5 35,625.0 39,375.1 4,b06,2
Chlorophyta 229,7 0 2917 — 0 7,583.3 55,000,0 54,7918 4062, 5

:: Crysophyta (ex- 0 0 0 C— b 62,5 2,500,0 O : 0

© cluding Diatoms) =~ BN ' B S
" Bacillariophyceae : 645,8 ?,500.0 2,333.3 —— 0 2,187.5 6,875.0,.'2i395;8 1;375,0
- Sarcodinia e o 0wy - 0 20,8 0 0 62,5

Mastigophora 0 0 0 — 0 2,750,0 o 62,5 0
“Giliophora - 0 0 0 ——— 20,8 fnomm,_ 0 . o
'Rotatoria. - £ 0 1,250,0 1458 - 0 791,7 0 W5,8 0

Cladocera 0 1,875.0 83.3 - 20,8 625 0 229.2 20,8

Copepoda 0  625.0 20,8 —— 0 102 ‘1,041,7_ 12'5,.‘0 20,8

_*ﬁeasurementfnot taken.



APTENDIX L

‘ Bottom Water Quality and Plankton Measurements Taken at Uppesr Blue Lake

|

'WATER QUALIT FEB. AFR.- MAY  JUN, |JUL.  AUG,  SEPT,
Watéif temperature (°C) e e - e 16,0 13,5 15.0 18,0 ' 15.0 .
Dissolved _oxygeh (mg/1) et 7.2 5.0 6.0 7.0 1.0 1.5 i 6,0 7.0
Dissolved carbon dloxide (mg/l) -=== 15.0 ‘20.0v' : 15.0 25,0 10,0 5.0 5.0 5,0
. : Ortheéhosphate (mg/1) | ' -—-- 300 .050 L 040 . 085 ,010 o4O 040,030
neiaphosphate (mg/1) S 0 .020 ,100  ,055 0 010 ". 010  .020
&Iitra&te nitrogen (mg/l)‘ ———— 3.0 5.0 6.0 2,4 6.0 3.2 5.0 3'.5 
Nitrite nitrogen (ng/1) ceee 007,003 .004  ,003 | .00% 001 0 .00l

*Meésurement not taken,

. '-hé '



Bottom Water Quality

APPENDIX L (cont,) -

and Plankton Measurements Taken at U

pper Blue Lake

AUG,

SEPT, =

Copepoda

83.3

o .

LU

*Measurement not: taken,

et o I

PLANKTON (No/t3x103) FEB, MAR, APR, MAY - JUN, JUL, oCT, -
Cyanophyta 62.5 4305 3750 ems * 3,875.0 3.962{:.5 750.0 28,500,0 12,437.5
Chlorophyta - 20,8  250,0 0 e 61,7 2017 750,0 6,750,0  875,0
Crysophyta (ex- 20,8 62.5 I o 333 0o 65 - o
-~ cluding Diatoms) - _ ' - } | |
_3a.c111a:iqphycjeae 2,375.0 32,937.5 59,250,0 —e- 13,229.2  1,020.8 13,583.3  6,250,0 1,479.2
‘Sarcodinia o . o z20.8 — 0 o o o '
Méstigophora 0 250,0 [+ J— 187.5 208.3 éo.é 62,5 20,8 .
Ciliophora o 0 0 L 0 0 0 2.5 "0
Rotatoria 0 0 750,0 —ee-  250,0  166,7 62.5 . 83,3 ¥,7
| Cladocera 20,8 187.5 R A cee- 1,208,3 62,5 20,8 ' 0 0
20,8 0 3 83.3 ——— 0 ¥1.7 0

A



APPENDIX M

Bottom Water Quality and Plankton Measurements Taken at LoTer Blue Lake

WATER QUALITY

MAR,

ATR,

MAY

oCT.

FEB, - “JUN, | JUL, AUG.  SEPT.,

Waier.téﬁperatﬁre (°C) ' R ——— —— 22;0 .1 23,0 - 22,5 19.0 14,0
vDissolved oxygen (nmg/1) — 8,0 7.0 2.0 4,0 3.0 3.5 4,0 7.0
Dissolved carbon dioxide (mg/1)  ---- 15,0 20,0 150 250 | 5.0 7.5 5.0 5.0
* Orthophosphate (mg/1) | ——- 17.080 060 080 OO | 040 025 060 . ,020
‘Metaphosphate (mg/1) —— .130 065 . 090 0 .030 - ,085 030 070
Nitraﬁe.nitrcgen (mg/i) e 3.5 6.5. b,5 0.8 5.0 4,5 6,0 3.0
' Nitrite nitrogen (mg/1) —— .005 . 017 .015 . 004 0 .00 - V_O‘. . 006

*Measurement not taken,

P

9/



PENDIX ¥ (cont,)

} Botiom Water-Qﬁality and Plankton Measurements Taken at Lower Blue Lake

v

- PLANKTON (N0/i3x10°) FEB, MAR, APR. MAY ' JUN. - JUL, AUG, - SEPI‘; | oCT. -
Cyanophyta sme® 0125,0 2,083.3  -——m-  2,062.5 5,375.0 1,468.8 3,187,5 142,812.5
Chlorophyta — 562,5 1,604,2. B ¥37.5 9375 20,395.8 28,812,5 14,812,5
. Crysophyta (ex- e 250,0 8,812,5 —-e- 0 1667  125.0 62.5 o
~cluding Diatoms) oo e | _ | e
Bacilla;:iophyéeae ———- 15,312,5 5,145,3 c——- 5,604,2  1,541,7 2,625,0 2.312.5 6._562.0
Sarcodinia — 62,5 (208  ____ 20,8 o o 0 o
Masfigophora : ——— 312, 5%  '0 —— 0 1,87f.0 62,5 o éO.B‘
='>Ciliophora. —— 0 S -0 0 0 o o 0
L Rbtatoria N —— 2.0 299,2 —— .0 166,7 166,7 ,41.?7 1»37.5
101adocéra ——— >0 62,5 ——— - 83.3 20,8 o-v» o 62,5 _'
Copepoda — L 6_ 41,7 a—— 62,5 10?4}.2 41,7 20,8 62}..5 -

‘ *¥Measurement not takén.

Ll



APPENDIX N

- Bottom Water Quality and Plankton Meésurements Taken at the Oaks Arm of Clear Lake

WATER QUALITY

écr,

FEB, - MAR, APR. MAY JUN, | UL AUG.  SEPT,
Water temperature (%) ceee®coeeceee eeee 25,0 |25.0 23,5 20,0 14,0
-Dissolved oxygen (mg/lj ——— "11,0 - 9,0 -10,0 8.0 5;5 5.0 8,0 6.0
DissélVed carbon dioxide (mg/1) —— 15.0 15.0 10,0 25.0 10,0 7.5 10.0 12.5
- Crthophosphate (mg/l)‘ ' —— . 040 . 060 . 090 .280 | ,220 .280 .240 320
’Netaphosyhate (mg/1) ——— ‘.210 .120 . 050 .060 | ,110 .150 .010 0
Nitrate nitrogen (mg/1) - 2,5 3.5- 5.0 2.5. - 2,0 2,0 4,0 4,0
‘Nitrite nitrogen (mgy/1) e .008 .010 . 003 015 o v.obs . 002 . 006

v‘*Measurement not taken.

o7/



Bottom_Water Quality and Plankton Measurements Taken a£ the QOaks Arm of Cléar Lake

APFENDIX N (cont,)

o o ©o © o .

- ¥Measurement not taken,

PLANKTON (No/3x103) - FEB, - MAR, ATR, MAY JUN,’ JUL.|  AUG, SEPT. = OCT.

Cyanophyta 4S8.3 3125 6,966.7 ---—  5,375.0 1,625.0 16,875.0 140,000.4 6,739,6

Chlorophyta 7808 625 62,5  --—- 297 7,166.2 84,5633 32,6003 8750

Cryso?ﬁyta.(ex-: 20,8 0 0 —m-- 0 0 0 0 0

" cluding Diatoms) ' o | | o v
) Baciilariéphyééae' 541,7  1,187.5 7.705;3 ’-;—-“ 7,125.0  187.5 6,875,0 1,979.2 833.3

Sarcodinia 0 o R 0 s o 0
Mastigophora 0 62,5 0 e 0 729.2 o 8.3
Ciliophora 0 LI Jp— 0 K 0 0

Rotatoriai b’ 0 - 20,8  --e- 20,8 83.3 416,7 | 62,5

Cladocera o 0 833 memn 20,8 ¢ 0 62.5

Copepoda - 0 2500 208 s 0o 20, ¢ 0 41,7

6L



APPE"IDIX 0

. " Matrix of Partial Correlations Between BEach Plankton Measurement

and Each Water

-~ Quality Measurement of A1l Surface Samples ]
WATER QUALITY
PLANKTON - - “' °c . 62 '. COp o P04"3 Pgo?“4 _ NO3~ NO2™
‘ Cyanbphyta : | 0,1688. - 0, 4598 - -0,1714 - 0,2865 -o.o%éu -0,2422 0,2571
Chlcrophyta  o.0930 o, 3745 S0.0776 0,Lh3 10,2528 . -0,1853 -0, 0669
" Crysophyta (excluding 01069 -0,175 © -0,1030  -0,0131 0,1136 0,111%.. 40.0524‘
- Diatoms) . SRS TR ' . . : ' : -
Bacillariophyceae'_ 0.1568 ~0,0943 00,3339  -0,1191  -0,0337 . -0,0160.  -0,0028
Sazcodinia PR 0.0169 . -0.028% -0.055%  -0,1787 . -0.1553 00017 0.0665
5 Mastigophora oo ~0.1512  -0,0363  -0,0206 0.0605' ' 0,0587° -0,0514
Ciliophora - . o302 -0,0728  -0,0708 | -0.2085  -0,2329 '-0.2251- .~ 0,8823
Rotatoria o 0,404 -0.2741  0,0075 . 0,2492 0,0046 , -0,2804 -0, 0491
Clédocera - | 10,1219 ~0,1480 0,2279 01524  -0,2520 -0,395% 0. 0311
Copepoda -  0.1039 0, 5873 -0,1050  0,3135 0.0478  -0,1729 -0,2525

08



APPENDIX P

Natle of Partial Correlations Between Each Plankton Measuremeni and Each Waier
: Quali ty Measurement of All Mld«Depth Samples ( ‘

WATER QUALITY

PLANKTON - o o 02 cop POy~ PZQ?‘a | NOT3 - NOp™ e
Cyanophyta ez, .1261 -.2152  ..,2517 .o5£9 L0639 -.0860

| Chloropﬁyta o 4509 L1369 -1696 3265 .36%7 2724 -.3351
‘C*ysophyta (exluding‘ L3463 -.26301_ | -.0906.'» 26 .OéLl | .2943 -y

Dlatoms; - i _ . ' _’ e

Bacillariophyceae = -,197% 1334 .2005  -,1551° 1186 1765 —.2637
Sarccdinia ©-,1966.  -,0016 | .1827_ | ~.2619  -.2393 = -.1512 L2070
Hastigophora L4036 -,2022 o o ke o6 -nes
Ciliéphora:- ' -,2169 -,1071 3739 E -,1420 L4572 . -.2086 : - -.4845.
Rotaiofia B ;2059 . -2123 2135 -.1602 -,1105 -.0838 -,0885
Cladocera . 0109 ,0947 1343 -.1707  -.2119  -3279 L0990

Copepoda a8 -,2603 -,0M6 3705 3726 0692 -, 2614

18




APPENDIX Q

Matrix of Partial Cor*elations Between Each Plankton Measurement and Each Water
: Quality Measurement of All Bottom Samples ' ’ ;

WATER QUAL;TY'

PLANKTON EREEREERRI | 0y ~ cop PO, B0 S oNoy WO
Cyahcphyta ' L5518 ;4810. ' - L69 - 2594 ‘ -.2564 | -,1800 3455
-.vChlorophyﬂa. . ‘ .2909 | .2350 -.2471 . Lm101 Sl | ,1818 ) -.1089_"
Crysophyta (excluding | L1118 ik -.2065 -LO546 -.1127 .A ;.1035 N . 5986 ' .ZZiO

" Diatoms) | ‘ S : : ‘ .
Bacillariophyceae 4 -.3581 -, 0748 | L4250 0 ,2087 —,0934 : ,1079. T -.3132
Sercodinia -.1275 | -.0377 3039 ': -,0370  ,1018 1005 -,1717
| Mastigoéhora .2093 -, 0797 . 0195 L . 0472 1326 .17&7. .-;1sjsj
Ciliophora Lonée 2388 -,1k92 - k24 -8u6 L0568 0022
Rotatoria . 112h . -,1229 .1718 -,0096 1051 237 -,1293
. -Cladoce£a | o . 0750 , 0413 4390 -,0892 -, 0812 = 1173 .;.1988
Copepoda o L2469 L1342 23 -.23 1235 -,0329  -,0018

28
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APPENDIX. R

THE SIGNIFICANT PARTIAL CORRELATIONS BETWEEN THE NUMBERS OF
PLANKTERS AND MEASUREMENTS OF WATER QUALITY IN THE SURFACE
SAMPLES OF UPPER BLUE LAKE, LOWER BLUE LAKE, AND THE CAXS
ARM OF CLEAR LAKE, AND THE LEVEL OF SIGNIEICANCQ OF EACH OF
THESE CORRELATIONu ‘

- . LEVEL oF
CORRELATED PAIRS “VALUE SIGNIFICANCE

| Cyanophyta x oxygen 0.14598 ' 1.0%

| Chlorophyta x oxygen - 043745 T 5.0%.

_Chlorophyta x orthophosphate C0Jhhh3 - 1.0%

k» Bacillariophyceae x Co, 10,3339 1 5,.0%
Ciliophora x temperature. .. 0.4302 2;5%
Ciliophora x nitrite ©0.8823 o 0.1%
Cladocera!x nitrate | - =0.3954: ' -a.ﬁ%f

Cdpepodafx.oxygen} - o 0.5873 ' ] 1.,0%
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APPENDIX. S.

Figures Showing Monthly Changes in
Plankton Density and Measurements
of Walter Quality of the Surface
Water Samples of Upper Blue Lake,
Lower Blue Lake, and the Oaks Arm
of Clear Lake,
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Figure 1, Monthly Changes in the Dissolved‘Oxyg&m Content of the

Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and the

Oaks Arm of Clear Lake,
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Figure 2, Monthly" Changes'in the Cyanophyta Density ofrﬁhe

Surface Water Samples of Upper Blue ,
Oaks Arm of Clear Lake.

*May-plankton‘data not available.

Lower Blue Lake, and the
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Figure 3, Monthly Changes in the Chlorophyta Density of the
Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and the
Oaks Arm of Clear Lake,
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Figure 4, Monthly Changes in the Copepoda Density of the
Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and the
. Oaks Arm of Clear Lake. ' '

"¥May plankton data not available, =
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Figuré 5; Monthly Changes in the’Orthophosphate Content of the
Surface Water Samples of Upper Blue Lake, Lower Blue Lake, -and the

’Oaks Arm of Clear Lake,
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Figure 6, Monthly Changes in the Dissolved Carbon Diox*de Content
of the Surface Water Samples of Upper Blue Lake, Lower Blue Lake,

- and the Ozaks Arm. of Clear Lake,
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Flgure 7. Monthly Changes in the Bacillariophyceae Density of
the Surface Water Samples of Upper Blue Lake, meer Blue Lake,
and the Oaks Arm oi‘ Clea.r Lake.
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“Figure 8, Mon’chly Changes in the Water Temperature of the

- Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and

the Oaks Arm of Clear Lake.

¥llay plankton data not available, .
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Pigure 9, Monthly Changes in the Cililata Density of the
Suxface Water Samples of Upper Blue Lake, Lower Blue Lake, and the

Ozks Arm of Clear Lake,

)
-
”~

>
<
P

12 ~

o

Nitrite Nitrogen (mg/1x103)
¥ o
”~

AN N s
\ M \ /#‘*\ /

&

<

M%

&m--au'—

Feb Mar Apr  May  Jun Jul Aug  Sep  Oct

Filgure 10,

Monthly Changes in the Witrite Niirﬂﬁvn Content of the

Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and the

Daks Arm of Clear Lake,

*May plankton data not available
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' Blguré 11. Monthly Changes in the Nitrate Nitrogen Content of the
Surface Water Samples of Upner Blue Lake Lower Blue Lake, and the
Oaks Arm of Clear lake,
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Flgure 12, Monthly Changes in the Cladocera Density of the
Surface Water Samples of Upper Blue Lake, Lower Blue Lake, and the
Oaks Arm of Clear Lake, -

*May plankton data'ndiiavailabier
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