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ABSTRACT

Physical and chemicaì characteristics together with phytopìankton

parameters in six ìakes of southwestern Manitoba were investigated from

FebruarV 1976 to February 1977 with a special emphasis on relationships

between di;solved oxygen, nutrients, and phytoplankton. These lakes

varíed în mean depth (1.5-3.4 r), average Secchi disc transparency

during ice-free period (O.A-l "5 m), total ions in mid-summer (659-1691

ng/1), maximum winter ammonîa nÌtrogen (l¡l-eeg ug/l ), maximum winter

soluble reactive phosphorus (8-159 vg/1), maximum summer chlorophyl l-a

content (lZ-ZAO trg/l), and maximum summer gross primary production (l.l-
,

6.2 gC/n-lday).

They were classified as non-stratified, shal low, eutrophic,

moderately sal ine to sal ine Iakes wi th Mg++, S04=, and HC0, as

predominant ions" 0xygen depletion in w¡nter (winterki I I ) developed

between February and March in lakes where the mean depth was 2.8 m

or less. No winterkill was observed in a ìake with the mean depth

of 3.4 m" Oxygen depletion in summer (summerkill) occurred in a

wínterkill lake that contained maxîmum winter concentrations of 669

ug/1 ammonia nitrogen (nHr-tl) and 159 vg/ I soluble reactive phosphorus

(SRP), and consequently developed a noxious bloom of Aphanizomenon I_lg-
aquae with a maximum of 260 Vg/l chlorophyll-a. The coìlapse of the

bìoom caused the dìssoìved oxygen to drop down to near zero (O.l n7/l).

The high phosphorus content of the lake appeared to be the cause of this

bloom. A maxímum winter concentration of 150 pg/l SRP or more was found

to be the critical leveì for a high probabiìity of the surnmerkill
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occurrence, A high concentratîon of nutrients during the summerki I ì

period was recorded. These nutrlents did not Iead to further

AphanÌzornenon bloorns since weather cond'(tions in earìy fall became less

favorable for the growth of thîs aìga. High winter concentratîons of

nutrients were observed în both wlnterki I I and non-winterki I I Iakes. A

di rect relatÌonship between winter nutrient concentration and summer

algal standing crop was found în three lakes where the water was well

mÎxed by wind action" This reìationship was obscured in three other

lakes by submerged macrophytes or nutrient accumulation in the bottom

water durÎng the summer months. Higher nutrient concentrations in the

foilowing winter in these lakes also appeared to be related with higher

chlorophyll-a concentrations în the previous summer.
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I NTRODUCT I ON

Most of the Canadian prai rie pothole lakes experience periodic

seasonal oxygen depìetion of varying duration. and severity" These are

cornmonly caìled winterki I I or summerkiìî, depending on the time of

occurrence. A cover of ice and snow extending continuousìy for several

months in southwestern Manitoba lakes. has a. great impact on the aquatic

environment" lt limits the gaseous exchange (Greenbank .l945) and phyto-

plankton photosynthesis (Wright ì964) " Respiration of organisms and

chemical reduction processes under the ice cover make substantial demands

on the limited oxygen supply. lf oxygen demand exceeds the supply during

this period, suffocat ion of aerobi c organ ì sms may occur. Wi nterki I I i s

ê common term used to describe this phenomenon (Greenbank 1945; Scidmore

1957; Hoyle and C lothier lg5Ð. Duri.ng summer months, noxious biooms of

blue-green algae may occur in Iakes that contain high winter nutrient

concentrations. The collapse of blooms and subsequent oxygen depletion

due to bacterial decomposition of dead algae may brîng about fish mortality,

usual ly cal ìed summerki I l. (Mackenthun et al. 1945; Abel iovich 1969;

Barica 1g75b; Ayles et al. 1976).

These winter and summer oxygen depletion may be considered as the

major factors governing the nutrient cycìes in the ìakes. The release of

nutrients under anoxÌc conditions has been reported by many researchers

(Mortimer .l94.l, l9\2; Hutchinson 1957; Ahl 1966; Burns and Ross 1972t

Schindler and Comita 1972:. Barica 197\a). These investigatïons have

been confirmed by the ìaboratory experiments of Grill and Richards (1964)

and Foree and Barrow (lgZo).



tt is known that nutfient concentrations can be used to determine

the qagnîtude of algal popuìatÌons. Many investigations have attempted

to correìate the in situ phytoplankton development with nutrient

concentrations" The best known is the relationship between spring

total phosphorus and summer chloroph;.1 I (Sakamoto 1966; Dí I lon and Rig ler

1974). However, a significant correlation between winter maxima of

arnmonIa nitrogen and summer maxîma of chlorophyìì-a was also reported by

Barica (lgZ¡¡). High concentratIons of nutrÎents, especial ly ni trogen

and.phosphorus, are also consîdered to be an inducement for bìue-green

algal bìooms (Sawyer 1947i Prescott 1960; Hammer 1964; Schindìer et al.

l97l; Renolds and Ì,/alsby 1975).

The winterkill and summerkiìì lakes of southwestern Manitoba

received practical ly no study prior to 1963. Driver (ì965) studied

Timnological aspects of six ìakes in west central Manitoba. Between

1969 and 197\, a serîes of limnological investigatîons were carried out

in southwestern Manîtoba lakes. Geography and lake morphometry were

reported by Sunde and BarIca (lglS). Nutrient cycl ing, effect of

sediment mixing on water qual ity, predicting the summerki I I risk, and

geochemistry were studied by Barica (197t+., b and 1975a, b respectively).

Phytopìankton successions and species distribution were reported by Kì ing

(lglS). The changes Ìn physîologicaì characteristics of Aphanizomenon

flos-aquae durîng the course of some blooms were also studîed by Healey

and Hendzel (lgZg).

There are no studies conparîng nutrient chemistry and phytoplankton

cor¡munîtîes in winterkîì I and non-winterkiìl lakes as well as no primary

production data reported from southr.icstern l'lanit.oba lakes. The purpose



of thîs study is to deterrnine the e'f'fect of oxygen depletíon on

nutrient concentratir>ns which consequently relate to phytopla¡kton

production by comparing the nutrients and phytoplankton in summerkÎ ì l,

winterkÌ I I , and non-wInterki I I lakes. This study also further documents

changes in water quality of the Aqua;ulture ExperÍmental Lakes of the

Freshwater Institute.



DESCRIPTION OF THE STUDY AREA

The study area Ìs located Ìn centraì Canada at about !0o 30,N,

l00o l0tW and 500 to 650 m above sea level. The area is characterized

by morainal deposits resultîng from a serîes of glaciatîons during the

Pleistocene. Most of the area is cultivated with natural forest

remaIning on hillsides and lake shores (Sunde et al. 1970). The input of

nutrÎents from rich prairie soils, agrîcultural fertil izers, and wastes

from cattle farming are responsîble for the high trophic state of the

lakes În this area. More details of the description of the study area

were reported by Sunde and Barîca U975)"

Six lakes involved Ìn thîs study (take 885, Lake 255, Lake 200,

Lake 675, Lake 879, and Lake 0l!).were seìected in the Aquaculture Experí-

mental Lakes Area in the Erickson, Eìphínstone, and Minnedosa district

of southwestern Manitoba (fig. l). The selected lakes represented the

ùarlety of seasonal oxygen depletion. Two of them (take 885 and Lake

679) were known to undergo both winter and summerkill; in two others

(take 255 and Lake 675) winterkilì regularly occurred but no summerkill

was expected; in two last lakes (take 200 and Lake 0ì9) winterkill had

never been observed. The hydrographic maps and sampl ing sites of these

lakes are shown În Fig. 2a-2f. Some morphoìogical characterlstics of

these lakes are also given in Table ì" The lakes studied have no

perrnanent inf ìow or outf ìow. The main sources of water înput are

surface runoff, ground wðter ìnflow, and precipitatîon fal I ing directly

on the water surface. !/ater loss îs mainly by ground seepage and

evaporat î on.
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Table I * Horphometric data for six ìakes of southwestern f'lanitoba.

Lake Surface area Maximum depth Mean depth

(km2) (') (*)

Vo I ume

(*3)

Water leveì
f I uctuat ions'!

(m)

885
255
200
675
879
0tg

0"024
0.032
0.095
0.097
0"126
0.287

3.0
2.7
6.8
l+.2
2.4
6.8

ì.9
t"7
2.8
2.6
t.5
3.4

45 ,600
54,400

266 ,000
252,200
I89,ooo
975,800

0.4r
0.4t
0. 43
0.37
0.24
0.55

* During the study period"
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METHODS

Sampl ing procedures

The selected ìakes brere sampìed from February 1976

unti I February 1977. Sampl ing rate was monthly during winter, biweekly

in spring rnd fall, weekly during summer and twice a week during the

summerki I I period. Al I samples were taken between !:00 a.m. and l2:00

noon. The lakes were sampled at or close to the site of their maximum

depth (Zn) for physical and chemîcal measurements êt the depths (except

as otherwise stated) of 0, ì, 2 meters and bottom in Lake 8B!, Lake 2JJ,

Lake 675 and Lake 879; 0, l, J meters and bottom in Lake 200; and 0, I,

3, I meters and bottom Tn Lake 019" Bottom sampìes for each lake were

taken at about 0" I m above the bottom.

Phys i ca I meas u remen ts

' Estimates of I ight penetration were made in two ways. Routinely,

Secchi visib¡ I ity was measured with a 25 cn diameter Secchi disc. From

July to October, a Whitney submers ible photometer (cadmium sulphide ceì I )

h/as also used to measure per cent líght transmittance. One hundred per

cent transmittance was taken at 0.0! meters under the lake surface. Total

solar radiation was recorded by means of a Belfort pyrheliometer mounted

on a tower êt Erîckson camp, within l0 to 30 km of aìl study lakes.

Temperature was measured in situ wîth a ysl tele-thermometer

(accuracy to about 0.2'C).
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Chemical analysis

lrrater samp ìes uere col lected by Kemmerer bott Ies. Water samp les

Ìvere partial ly processed for pH, dissolved oxygen, inorganîc carbon,

ammonia nîtrogen, and solubìe reactive phosphorus in the fîeld laboratory

within 2 to 3 hours of sampling. Samples for dissolved organic carbon,

nitrate nitrogen, total dîssoìved nitrogen, total dissolved phosphorus,

major Îons, and specific conductance were preserved and anaìyzed in the

Freshwater lnstitute (Ft/l) in l,/innipeg"

pH, C0r=, and HC03- were determined potentiometrically on unfiltered

samples usíng a Radiometer Model 4 pH-meter and titration with 0.1 N HCI

(from pH exceeding 8.3 to pH 8.3 for C03=, and from pH 8.3 to 4.5 for

HCO3-)" Free C0, was determined by titration on unfiltered samples with

0.1 N NaOH (frcm pH less than 8.3 to pH 8.3). The sum of carbon conrent

in COr=, HC03 , and C0, was expressed as dissolved inorganic carbon (DIC).

Dissolved oxygen was determined by the azide modification of the

tlinkler method (American Publ íc Health Association 1976).

The remaining chemical analyses of water were done by standard Ft^Jl

methods (Sta i nton er a I . 1977) .

Port ions of water sampìes were f i ltered through t¡/hatman GF/C

filters and filtrate was anaìyzed for dissolved organic carbon (DOC) by

photocombustion with short ultraviolet ì ight and the resuì tant CO, was

measured by specific conductance.

Part of the fiìtrate was used for determining ammonia nitrogen (NH¡

-N) and soìuble reactive phosphorus (Snp) on ê spectrophotometer (Spectronic

88, Bausch and Lomb) using the phenoì-hypochlorite and acid molybdate-

ascorbic acid methods respectiveìy. N¡trate nitrogen (ruOr-trt) was
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determîned on the basis of reducing nitrate to nîtrite, The ¡esulting

nîtrIte was measured wîth an automated colorimetric method.

The remaining filtfate was Irradiated with ultraviolet I îght for

anaìyzing total dissoìved nîtrogen (fOru¡ and totaì dîssolved phosphorus

(f0p) " Concentrations of dissolved organîc nitrogen (oO¡¡) and dissolved

organic phosphorus (D0P) were obtained by subtracting the inorganic

forms from TDN and TDP.

Samples for major ions and specific conductance were taken twice

(February 1976 and August 1976) during the study period from the surface

and bottom of each lake. Analyses for ca++, Mg**, N"*, F"***, and Mn**-'

were done by atomic absorption spectrophotometry on fi ltered, acidified

samples. K+ was analyzed by atomic emission spectrophotometry on the

same samples. S0U= and Cl- were determined by an ion exchange method.

The sum of all determined cations and anions was expressed as total

ion concentration (rt¡. conductivity wês measured at 25"c using ysl

conductivity meter calibrated against 0.001 and O"OOOI N KCI standard

solution.

Phytoplankton study

Sampì ing for estimating chìorophyl l-a and major phytoplankton taxa

was conducted from February 1976 to February lgl7. Samples for measuring

primary production were taken from June 1976 to October 1976. The

frequency of samplÌng was as mentîoned before" lntegrated samples from

0-2 m for measurement of primary productIon, chlorophyl l-a, and

phytoplankton taxa were coìlected using a 1.6 inch dîameter and 2,2 n

long PVC tube at the site of maximum lake depth during the ice covered
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perÌod,and at three sîtes in each lake during the Ice-free period.

Water sampìes were transferred to a 4-l iter poìyethylene bottle. Upon

arrÌval at the field laboratory, the samples were processed as quickly

ês possible under conditÌons of reduced I ight. The 4-l iter sample

bottle was shaken to hornogenlze the sampìe. The prîmary production

sample was transferred to twelve 60 mì Pyrex reagent bottìes using a

siphon" Two hundred ml for chlorophyl l-a and 50 ml for phytoplankton

counts were also collected from the same sample"

' Primary production was measured using the I îght and dark bottle

oxygen method of Gaarder and Gran (1927). Samples in 60 ml reagent

bottles were incubated in the laboratory using the method of Fee (lgll)

as modified by Shearer and Fee (1974)" 0f the twelve 60 ml bottle

samples, two bottles were immediately ênê lyzed for the initíal dissoìved

oxygen concentration and eight were used as light bottìes at different

intensities. Two I ight bottles were placed in each of the four

ìncubation chambers b/ith known light intensity as measured by a quantum

meter (Lambda lnstr. co", model Ll-'l85)" The remaining two were used for

dark bottles and were wrapped in aluminum foîl and bìack PVC tape. These

two bottles were placed in a light tight, cool, box. Samples were

Tncubated for 6 hours. The incubation temperature was maintained w¡thin

2"C of the în situ temperature by addition of ice when necessary. The

dark bottles were changed from 60 ml to 300 ml and their încubation times

extended from 6 to 24 hours after the first week of experiment, since

the smal ler volume was insufficient to provide accurate respI ratîon data,

The dÎssolved oxygen was measured b;'a modified WÌnkler method. Additions

of 0.5 ml each of manganese sulphate, alkaline iodîde azide, and
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sulphuric acid were made to 50 ml samples. A 2 ml microburette reading

to the nearest 0.002 ml was used to tÌtrate sampìes wlth N/ì0 Narsr0r.

The precîsion of this method at 13. ì mg 0rll was I 0. ì 5 nS 0r/ I (.M.

stainton, personal communication). The readings of two replîcate

samples krere averaged. Oxygen incre¿se in the I ight bottle was

interpreteC as a measure of net photosyrithesîs, oxygen decrease in the

dark bottle as dark respiratÌon, and the sum of these changes as gross

photosynthesis" The value of .l.0 was assumed for photosynthetic

quotient and respi ration quotient. The carbon values were obtained from

the oxygen values by mulriplying with 0.375 (strickland 1960). The

numerical model of Fee (lgll) was used to calculate daily areal production

rates (ng c/n2 /day) .

Fi lters for chlorophyl l-a analysis (uncorrected for phreophytins) ,;:

''vere frozen and stored ín the dark- The f ilters were ground in a 90% acetone

solution and the fluorescence of the extract wês measured on a Turner Model

I l l Fluoromerer (Stainron er al. lg77).

Phytoplankton sampìes were immediately preserved on col lection

with Lugolrs solution (rl ¡ns and Holmgren lgTz). phytoplankton counts

were obtained with an ínverted microscope using the UtermUhl technique

described by Margalef in vol lenweider (1971 ). The ceì I numbers were

converted to total phytoplankton voìume by approximation to geometrical

shapes (Vollenweider ì971). The cell volume was then converted to per

cent composÎtion for each taxonomic group.
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RE SU LTS

Presentatîon of the data

The physical and chemîcal data obtained from samples taken at

individual depth intervals of six ìakes are gÌven in the Appendices.

These data were averaged from the surface to 2 m in shaìlow ìakes (take

885, Lake 255, Lake 675, and Lake 879) and from the surface to 3 m in

deeper lakes (take 200 and Lake 019) and presented separately in the

Figures. Phytoplankton pêrameters from the integrated sampìes (O-Z m)

êre also presented graphicaì ly" The lakes in the Figures are arranged

according to the increasing surface area" The annual or seasonal mean

va I ues were ca I cu I ated us i ng the month I y averages "

lce thickness, snow cover, and I ight penetratíon

The study lakes were covered with ice from late October until late

April (Fig. 3). The ice reached a maximum thickness in March 1976,

ranging from 0.44 m in Lake 0.l9 to about 0.86 m in Lake 675. The average

depth of snow cover in mid-winter (February-March) ranged from 0.25 n

(l-atce ol9) to 0.28 m (Lake 200, Lake 675, and Lake 879). Maxîmum snow

depth was recorded in February 1976, ranging from 0.30 m (take 885)to

abour 0.35 m (take 200).

Secchi disc transparency in most of these lakes was relatively low

during sprIng, high în earìy summer and decreased again during mid summer

and fall (Fig.3). The exceptions to these are Lake 885 and Lake 255.

The Secchî disc readÌng in Lake 885 was relatively high in late summer

af ter the sunnrer aìgaì bloom collapse, whiìe în Lake 255 the Secchi disc
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reading reached the bottom (Z.S ù most of the ice-free period. The mean

transpa !-ency dur ing the ice-f ree per iod ranged f rom 0. B m (l-at<e 879) to

1.5 m (tafe 2oO), excluding Lake 255, The greatest difference between

the minimum and maxi'mum values of Secchi disc transparency was 2.8 m

{0.7-3.5 m) in Lake 6Jl, whi le the least difference was l.l m (o.S-1.9 m)

in Lake 0ì9 and Lake 200 (l.l-2.2 m)"

The approximate l% I ight transmîttance was frequently reached

between 2 and 3 m in these lakes except Lake 255, where approximately l0%

I ight transmittance was recorded at the bottom throughout the monitoring

period (Appendix l). The average extínction coefficient (k) in summer

(.tuly-nugust) ranged f rom 1.2 in Lake 675 to 2.9 in Lake 8B!. Lake 255,

where the Secchi disc readîng always reached the bottom, had an extinction

coefficient of about 0.8. Good agreement between Secchí d isc

measurementsand extinction-coefficients was observed (F¡g" 4). This

indicates that Secchi disc reciprocals can be used for estimation of the

éxtinction coeff icient within a single lake. A similar result was

reported by Graham (1966).

l./ater temperature

Al I of the study lakes developed inverse temperature gradients

duríng winter (FiS. 5). The mean difference between surface and bottom

temperature durÌng this period ranged from 2.OoC in Lake 200 to 3.1'C in

Lake 019. Average winter temperature (December-March) for the upper

0-2 or 0=3 m layer ranged frorn l.2oC in Lake 675 to l.9oC in Lake 255.

Lakes were homothermic just before the ice break-up. The warming trend

tended to be a very rapid rísing to B-ì0"C (upper 2 or 3 m layer) within



g
t-*
z-
UJ
O
LLlr
Ltl
O
O
z.o
t--
O
z.
l--
X
trl

o

4
0.5

L B79

r = 0.96
Y=O.34+

L 200

F rgure q.

r =0.96
Y=0.54 +

Relationship between
studied (take 255 was
July to October 1976.

1.675

0.5

LOr9

SECCHI DISC RECIPROCAL (l/m)
Secchi disc reciprocals and extinction coefficîents
excluded because Secchi disc reading always reached
Al ì significant at lZ level except Lake 0l 9 at 5%.

r =0.98
Y= 0.56 + lO2 X

0.5 1.0 1.5

r = 0.67
Y=0.t6+1.24X

0.5 LO

l'.)

in lakes
the bottom),



22

O
:-
LrJÍ.
lF
E.
bl
o_

LJ
F

E-
Lil
F
B

25
20
r5

to
Ã

o
25
20
t5

ro

5

o
25
20
t5

to

5
ô

25

20

ICE COVER

l5

to

5

o

25

t5
lo
EJ

o

25

r5

ro
q

o

V .g 
--'^.ì

FM A M J J A S O
t976

Figure !. l/ater tenìVeratures (0-2 m or
i n s i x I akes of sou thwes te rn
February 1917.

ICE COVER

L BB5

- 
O-2 m overoged

--- 2.7 m ( botlom )

L 255

- 
O-2 m overoged

---- 25 m (botlom )

L 200
m overoged

--- 5.4 m ( bottom )

1 675
m overoged

--- 3.4 m ( bof lom )

L B79
O-2 m overoged
2.3 m (bottom)

L Or9

- 
O-3 m overoged

-_ 
6.t (bortom)

:----------*-------

NDJF
1977

0-3 m ìayer ancì the bottom)
llan i toba, [--ebruary 1976 to



23

a week after the ìakes were free of ice in late April. Thermal

stratification was found at this time; it rvas, however, destroyed by

wínd action throughout the Ìce-free per¡od except for Lake 200 and Lake

019 which showed a thernal stratification in the summer. The summer

fluctuation patterns of water temperature in the upper ìayers were similar

for all six ìakes. The mean temperature for the upper layer during the

summer months (June-August) ranged from lg.6"c in Lake 0lg to 20.4"c in

Lake 255. The mean dîfference between surface and bottom temperature

during this perîod in four of the ìakes studied was ress than l.7oc,

but Lake 0l! and Lake 200 where the mean differences were as much as 3.2"C

and 5-7oC resPectÎvely. However, the thermal stratification in these two

lakes was not clear and only p"rtially deveìoped. The epilimnion în these

lakes extended down to about J m, from where the metalimnion continued

ciown to the bottom" Lake 200 and Lake 0l! were homothermíc once again in

mid-September. By Iate September the temperature throughout the lake

dropped to about l/loC and to about 6oC by early 0ctober in all six lakes.

Dissolved oxygen and per cent saturation

ln 5 of the lakes, low dissolved oxygen (oo) concentrations (.1.0

ng/l) were observed during February and March (fig. 6). 0nly Lake 0l!
showed a high concentrat¡on of D0 in the upper layer. The mean D0 of the

uPper layer in Lake 0l! in this period was 5 ng/1 (37% saruration) whiìe

the bottom water was under anoxÌc conditions. D0 in the upper Z or J n

was high in al I six lakes immediately after ice disappearance. The

maximurn values Ìn this tîme ranged from 9 ng/l (gOZ saturation) ín Lake

255 to 16 mg/l (14ìZ saturation) in Lake 885. D0 concentrarion in the
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upper Iayer during the summer rnonths remained high except for Lake 885

which showed oxygen depletion în late August (summerki I I period). The

greatest range of D0 in summer wqs found Ìn Lake 885 (O.t-14 mg/ì or

.1.160% saturation) whi'le the smallest range was 7=9 ng/l or 84-l I l%

saturation in Lake 255. VeftÎcaì stratificatlon of D0 in the summer was

found în L.rke 200 and Lake 0ì9, both of which showed a marked decrease in

D0 with increased depth. During the fall circuìation the D0 tended to

increase and reached a maximum in mid November, ranging from 9 ns/l 0l%

saruration) in Lake 885 to 16 ng/ì (ll9% saturation) in Lake 879.

Hydrogen ion concentrat ion

Hydrogen ion concentration varied seasonal ly within and between lakes

(f¡g. 7) " Lowest pH values occurring during the winter, were probably

caused by bacterial C0, production. Minimum winter values ranged from 7. ì

(Lake 675) to B.O (take 88¡). Highest values occurred during summer

months, and were probabìy caused by the uptake of C0, by phytopìankton,

and ranged from 8.6 (tafe ZOO) to 9.4 (take 885). However, during August

2l'26 (summerkill period) th"r. was a significant drop of pH by 0.9 units

in Lake 885. This was probably caused by the production of C0rby

bacter¡a, combined with the cessation of algaì consumption of COr. A

drop in pH was recorded for alì lakes in late November as uptake of C0,

by algae sJowed. The greatest variation of pH during the ice-free period

was l.ì units in Lake 885 (pH 8,3-9.4). The smaìlest variation was 0.5

units in Lake 255 (pH 8.3-8.8), Lake 200 (pH 8.1-8.6), and Lake 675 (pH

8.2=8.7). The annual average pH ranged from B.l (tare zoo) to 8.5 (Lake

885). the high pH values (never below 7) and the stability of pH
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throughout the yea¡ in these lakes îs probably due to their high content

of HCO,= (y.arly average 268 nsll = 444 mgll) which acts as a strong

buffer 
"

Specifîc conductance and major ions

ln all study Iakes in both winter and summer, the surface and bottom

values for specîfic conductance and concentration of individual major

Îons were símilar (Appendix 8). Specific conductance and major ions were

higher in winter than in summer presumably as a result of the freezing

out effect and the consequent reduction of the lake volume. These values

decreased in summer, and h/ere probabìy caused by the ínput of water from

ice and snow melt and sprîng runoff as well as biological processes of

precipitation of some salts" Based on summer values (fa¡le 2), specifíc

conductance in srudy Iakes ranged f ron 195 (t-at<e 879) ro 1945 (Lake 675)

pmhoslcm and the tota I ions (T I ) ranged f rom 659 (Late 829) ro I 691 (tat<e

675) nS/1, Values for specific conductance and Tl do not differ very

much; therefore, for al I pract¡cal purposes, the value of specific

conductance might be used in place of Tl concentrat¡on because specific

conductânce is a measure of major ion concentration (Roahe ìg4g). The

relationshíp between specif ic conductance and Tl (r = 0.99, df ='/8,

P <0.01) was reported by Barica (lglSA).

The order of concentration of major cations as per cent miìli-
eguîvaìents is Hg++ rc"** rNa* tK+ for most of the study rakes except

Lake 885, where the order is Hg++ rNat rca++ tK*. The order of major

anions is 50,,= rHCor- +C0" ,Cl=, except for Lake 0Ì9 where the order is4 J --3
-==HC03 +C0, tS04 >c I



Table 2. Specific conductance and concentration and relative proportlonstl of major
lakes of southwestern Manitoba, during August l0 to 12,1976, Surface and
are averaged

Speci f i c
Lake Cond.

( umhos /cm)

885

255

200

675

879

0ìg

1360

885

1330

t9\5

795

860

Un its

n9/ |
o/
to

ns/ |
o/

ms/ I
O/
/o

ns/ 1

o/
to

nsl I
o,
/6

Na
+

Cat ions

+
K

93
25.6

t3
5.6

lt
3.2

69
12.5

IB
8" I

26
10.2

[4g**

36
5.8

r9
I+,7

t9
3.2

36
3.7

20
5.0

27
6.5

l 13 28
59.6 9.0

83 57
63 .5 26.2

l13 ì02
60.4 33.1

l8l l0¿r
62.0 21 .7

++
Ca

Vaìues are given as equivalent percentage of total cations or total anions respectively.

ns/ I
o/
to

ct

An i ons

44
7.3

4B
12.3

23
4.0

=¡s0, Hco_'q J

tons tn 5rx
bottom samples

t+12

52.4

242
\7.2

498
70.3

BBO

71.5

213
44. 4

r6r
33.3

72
59 .6

75
57 .4

29t+
29.3

232
35.8

23t+
25.7

386
2\.6

220
36. \

270
\\.3

55
27.3

57
25.9

c0 --
J

t9
t.9

25
7.1

32
9.1

53
ll.0

tota i
lons

l4
\.7

0
0.0

r6
t.g

36
t2. t

38
l3.l

107 3

708

I 000

l69l

659

686

¡..)
oo
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Ca rbon

The max(num values of DIC were found in winter= (pig, 8) , ranging

fron 72 ngll (take zoo) to 142 ngll ftake 885), There was a sharp

decrease of DIC in Apriì for alì six lakes when runoff from rain and

melted snow ran under the ice. Schîndìer and Comita (lglZ) noted a

similar decrease in carbonate alkaì înity values in mid Apri l. DIC

concentratíons remained low during the summer months. The average summer

values ranged from 4! mgll (take 200 and Lake 879) to 75 ns/1 (t-at<e 885

and'Lake 675). There was a gradual increase in DIC from November to

Feb rua ry "

DOC concentrations showed a simi lar pattern of seasonal distribution

but fluctuations were less pronounced (f¡g. 8). The maximum values were

found in the winter, rang ing f rom 25 nS/ I (Lake 200 and l-ake 0ì9) to

\O ng/ I (Lake 675). The concentration decreased in summer ranging from

15 ng/ I (l-ake 019) to 24 mg/l (tate 67Ð . The yearly average values

ianged from l7 nS/l (Lake 019) to 2J ng/l (take 675), approximately 3-4

t imes I ess than D I C concentrat ions.

N i t roqen

Two peaks of NOr-N were found in the study lakes (fig. 9¡. One

occurred în early spring (April) just before the ice disappeared, and

ranged fron 26 vgll (Lake BB5) to 5lO vg/l (Lake 879). DO at rhis rime

ranged f rom 3 mg/l (t-at<e 255) to ì0 mglì (take 885). These high

concentrat¡ons of NOr-N were probabìy due to oxidation of NHr-N to N03-N

(nitrification) as well as the input of NOr-N from surface runoff. Ahl

(1966) also observed an increase of NOr-N at or near the end of the ice
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break-up. Another peak of NOr-N occurred in early w¡nter (Novernber-

December), at the time of an încreasing NHr=N concentration, and ranged

f rom l0 ilg/l (Lake ol9) ro 147 ysl I (take 8S5). D0 in this period ranged

f rom 4 mgll (t-at<e 879¡ to l0 mg,/l (Lat<e 019) . lt can be assumed that

this NOr-N peak was caused by gradual nitrification of NH3-N also. The

N03-N concentrat¡ons were relatively low durîng the summer months (June

to August) for all sîx lakes presumably due to utilization of NOr-N bV

phytoplankton" The average values durîng the summer months ranged from

below the limit of detectability (<5 pl/l) in Lake 255 to 12 vg/l in Lake

8lg "

NH3-N was present in greater concentrations than was N03-N (f¡S. 9).

Hlgh concenträtion of NH3-N were found duríng the ice cover period in the

wÎnters of both 1976 and 1977. Maximurn NH3-N in winter (February-March)

1976 ranged from 331 trg/l (tatce 255 and Lake 0t9) to 669 vy/t (l_afe 885)

and maximum in February 1977 ranged from 334 yg¡l (t_ate 255) to 2340 W/1

(late 88s) " Duríng the ice-free period NH3-N concentrat¡ons were

relatively low for most of the study lakes except Lake 885. The average

sur¡mer NH3-N concentrat ions ranged f rom l2 vg/ I (l-ate zoo) to 4l vs/l
(take 879) wf,iìe NH'-N in Lake 885 increased rapidìy under low oxygen

conditions fron 42 pg/l on flugust lo, to 388 pgll on August 17, and l2ol
yg/l on August 31, and remaîning high thereafter untíl winter. Evidence

frorn numerous studies which were reviewed by Brezonik (1912) and Horne

and Goldman (lglZ) indicated that nirrogen fixation could contribute

substantial amounts to the nitrogen input to the lakes. The increase in

NH3-N concentration in this lake is probably due to the nÌtrogen fixation

by Aphanizomenon which presumably took place on a large scale duríng the
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períod of bloon.

DON was the most abundant component of dissolved nitrogen in these

Iakes but its seasonal fluctuations were not as great as those of NH,-N

(fig. 9). DON concentrations tended to increase in winter and remained

at uniformly low Ievels during the ice-free period for most of the study

lakes except Lake BB5, which showed a ncticeable peak during the

summerkill period. The yearly mean concentrations of DoN during the

study period ransed f rom I 213 vS/ I (Lake Oì9) ro 21 45 tts/ I (take gg¡).

Phos pho ru s

SRP concentrations were high during the ice-cover period (Fig. lo).
The maxima in wínrer (February-ltarch) l!/6 ranged from g vs/I (Lake 019)

to 159 pS/l (Lake 885). The maxima in u¡inter (February) 1977 ranged from

Z ul/l (Lake Ol9) to 222 pg/l (take 879). lhe SRp concenrrar¡ons were

relatívely low during the ice-free period for most of the study lakes.

Lakes 885 ana 879 w.re exceptions and showed an încrease in SRp after
each algal bloom collapse. The mean values of sRp during the summer

months never exceeded 3 u\/l for most of the study lakes while the mean

values in Lake 885 and Lake 879 were 3l vg/l and l5 vg/l respectively.

The vertical gradient of NH3-N and SRP during ice-cover period in

Lake 019 (Fig. ll) was much higher than that in the other lakes (Appendices

l0-14 and l6-20). High concentrations of NH3-N and SRp were observed

near the anoxic bottom of strati'fied lakes (take 200 and Lake 019) in
surnrner (f i9. l2 and Fis. ì3). In wel ì circulated ìakes (lake gg5, Lake

255, Lake 675, and Lake 879), these nutrients were low th¡oughout the

water column (Appendices l0-14 and l6-20).
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The concentrations of DOP v¡ere aìso high during the iceîcoyer

Per¡od (fig. ì0). The average values during winter 1976 ranged from

22 pgll [n Lake 019 to 90 ug,/] in Lake 879. DOP concenrrarions tended

to decrease dur"ing the ice-free period. The mean values during June to

August ranged fron 2l vsll (Lake Ol9) to 44,¿g/1 (take 8lÐ.

The ìncrease in concentrat¡on of both DON and DOP during ice-cover

period indicated that they were produced by decomposing algae (Watt and

Hayes 1963; Grill and Richards 1964) and also the freezeout effecr.

These organic nitrogen and phosphorus compounds tended to decrease during

the ice-free period but the concentrations remained high suggesting that

they urere also excreted by aìgae (Kuenzler l97O; Fogg ì971).

Phytop ì ankton

The chlorophyl l-a concentrat ions during the ice-cover period in

mid-winter were low for most of the Iakes studíed (rig. l4) and ranged

from 6 to 26 vg/|. However Lake 675 and Lake 879 showed some algal growth

under the ice in mid-winter wíth a chlorophyll-a concentration about J!

lrg/1 (MarchlB, 1976) and 54 uglì (February 19, l976) respectively.

The chìorophyll-a concentrations in Lake 255, Lake 200, Lake 625 and

Lake 019 were low throughout the year. The yearly average ranged from

7 vs/l (Lake 255) to 22 ttg/l (take 019). ln contrasr to rhis the ìargesr

peaks dur Ing the ice-f ree period were found in Lake 885 e6O 1tg¡1¡ and

Lake 879 lz4 vg¡1¡. Horvever, chìorophyl ì-a ín Lake 879 was relarively

hish throughout the year with a yearìy average of 45 vg/l ivhile in Lake

885 in spite of the highest sunlrner peak the average was 39 vs/1. During

the bìoom períod in Lake 88!, the increase of chìorophyl l-a concentration
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wqs found to coincide with the decrease of HCOI- and a rise in pH (laOle

3).

Most of the study lakes showed several pronounced production peaks

during the measuring period except for Lake 255 in which no pronounced

peak was observed over the growth season (n¡g. l5a and ì5b). Maxímum

gross primary production was found during July and August. The mean gross

product¡on rates Ìn summer (June-August) ranged from 0.6 g c/nz¡aay

(t-atce 255) to 3. z g c/nz/aay (take 885). The gross production rares

gradual ly decreased in late september in al I lakes studied, which

coíncided with the start of the drop of water temperatures. Negative

net production was observed when the rate of respirat¡on was higher than

the oxygen production rate. The net production rates in these lakes

were low in relation to gross values (fa¡le 4). The average net production

in summer ranged fron 23% (t_afe zoO) to 557. (t_atce 879) of the gross

production. vinberg (lggo) aìso found a low net production (z3z of gross

production) in eutrophic Lake Beìoye, u.s.s.R. The low net production

in lakes studied was probably due to high respiration by non-algal

organisms (i.e. bacteria, zooplankton). pratt and Berkson (1959) studied

the sources of error in light and dark oxygen method and reported that

bacterial respiration was responsible for 4z% to 62% of the total

respiration. The total respiratîon in this study contributed to 45"¿ of

the gross production ín Lake 879 and to 772 in Lake 200 (ra¡le 4). There-

fore the net production in this study is underest¡mated as it was not

possibìe to separate the respiration of bacteria and other organlsms from

tha t of the phytop ì ankton .

The reìationship between gross primary production and chìorophyl l-a
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Table 3, Chlorophyl I-a
Lake BB5.

(uglt) - ucor- (mgll) - pH reìationships in

Da te HC 03Chlorophyl ì -a pH

June 27

July 6

July l3

Ju ly 20

7

7B

204

260

(max imum)

415

384

336

275

8.5

8.9

9.1

9.4
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Table 4. Mean values (¡u
production, net
ng C/n¿/day of

ly-August 1976) of gross prlmary
primary production, and respiratÌon in

lakes studied.

La ke 885 255 200 675 879 0t9

Gross primary productÌon
(c. p. )

Net primary production
% of G.P.

Resp i rat ion
Z of G.P"

3863

t 478
38

2385
62

63t

281
45

350
55

2136

485
23

t65l
77

2ta5

I 087
52

l0rI
4B

3652 28r o

1996 667
55 24

1656 2t\3
45 76
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in these lakes is shown in Fig, 16. The correlation coefficients fange

f rom 0.59- (Lake 675) to 0.97 (tat<e 885) which are s imiìar ro rhose reporred

by Qtooschenko et al. (lgl4) for Lake Erie (o.Sz) and Lake 0ntario (o.gl).

The lov¡er yaìues of r in Lake 675 and Lake 255 are in part a function of

lower range of both primary productîon and chlorophyl l-a. However, it can

be seen from this figure that the ìinearity of this reìationship is not

qui te perfect. I t looks more I ike a curvi I inear relationship when the

scatter po¡nts are considered. The most I ikely explanation is that the

rate of photosynthesis depends not only on the chlorophyl l-a concentration

but also on many other factors (i.". water temperature, changes in species

composition). The effect of I íght on primary production was not a

factor in this case since a constant light intensity was applied throughout

the study period.

ProductÎon per unit chlorophyl l-a or assimi lation numbers (mg C/mg

chlorophyll-a per hour) were high in summer and decreased in fall (ta¡le

5). The average summer values ranged f rom 4.0 (l-at<e 885) to 6.3 (take

67Ð. These values are similar to those reported by flanning and Juday

(lgql) for lakes in northeastern Wisconsin (l.Z to 5.1).

sumrner chlorophyll-a content was related to winter nutrient

concentration (FiS. 17). The correlation coefficients were significant

(r = 0.77, df = 5, P <0.10 for NH,-N and r = 0.93, df = 5, P <0.01 for

SRP). Nutrient concentration in the fol ìowing winter was also reìated to

summer chlorophyl l=a content (fig. l8). The correlation coefficients

were signif icant (r = 0.99, df = 5, P <0.0ì for NH'-N and r = 0.78, df = 5,

P <0.10 for sRP). since the nraxiDum gross prinrary production in this

study did not occur at the same tíme as the maximum chlorophyìl-a
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Assîmilation numbers (rg C/ng chlorophylì-a per hour) for
six lakes of southwestern l'lanitoba, June to 0ctober 1976.

Da te
mg C,/mg chlorophyll-a per hour

L. 885 L. 255 L. 200 L. 675 L. 879 L. 0lg

June I -3
8- l0

l3- l6
22-25
27-30

July 6-8
13-15
20-22
26-28

Aug" \-6
l0- l2
17-20
22-24

Sept.9-13
20-22

oct. 6-9
1g-21

3.9
4.8
5.1
e:o

5.2
3.5
2.7
2.9

2.6
3.1
2.3
r.9

3.3
3.0

ì. ì

r.3

13.2
9.4
2.0
5.3
5.2

12.9
4.6
3.5
6.6

3.6
5.3
5.7
3.\

4.1
3.4

0,7
4.3

9.3
6.6
5.5
7.2
5"\

7.8
\.6

5.4

5.5
\.5
4.8
4.1

3.4
3.0

1.4
r.9

7.8
\.4
5.1
5.4
5.8

8.5
6.t
5.1
6.1

9.3
5.8
5.t+
6.0

4.5
5.3

2.6
2.5

4.2
4.1
5.2
3.0
1.8

4.6
5.2
5.2
2.6

6.2
5.2
4.6
5.3

3.8
4.7

2.9
2.4

8.5
5.7
4.5
4.3
5.2

6.6
\.3
4.0
5.6

4.3
4"2
4.8
4.3

3.3
3.3

r.8
2.0

Hean 3.2 4.9 4.5 5.2 4. t 4.1
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concentratIon, the production in nrg C/n3/nr

chlot'ophyì l-a is given ín brackets in the f

between N:P ratío and chlorophyl l-a content

Table 6.

a t the t ime of max imum

igure. The relationship

in lakes studied is given in

The seasonal distributîon of major groups composing the phyroplankton

in the study lakes varied within and between lakes (fig. l9a and l9b).

ln Lake 885, cryptomonads and green algae were abundant during

wínter and spring respectively. Both decreased during summer months and

were repìaced by blue-green aìgae ühroughout the summer. This períod was

dominated by a nearly pure cuìture of Aphanízomenon flos-aquae. lt

composed about 96-1002 of the total biomass from July to september.

Cryptomonads were once again dominant in October comprlsing 8l% of the

biomass. From November to February, green algae were dominant but

occurred in low standing crop (averaged 3 vg/ ì chlorophyì ì-a).

The winter phytoplankton in Lake 255 was composed mainly of

Euglenophyta and green algae in late winter" The spring phytoplankton

was dominated by cryptonlonads. ln June dinoflagel lates were most

abundant (g4Z aiomass). After the dinoflagel late pulse, bìue-green algae

increased to form 652 of the biomass in summer. This population declined

ín fall with a change in dominance to cryptomonads during the ice-cover

period.

The phy.topìankton composition in Lake 200 showed more diversity than

that In Lake 885 and Lake 255. BìLrs=gFeen aìgae contributed rnost during

the ice-free period but at a lower standing crop than in Lake 88!. Diatoms

and chrysomonads were dominant in spring, green algae and bìue-green

algae in mid-summer, d inoflageì lates and bìue-green algae in late sumner
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Tabìe 6. The relationship
solubìe reactîve
stand i ng crop i n

between w¡nter ammon ia n itrogen (¡lHa-¡t) :

phosphorus (sRp) r"tio and summer afgaì
sîx lakes of southwestern Manitoba.

Lake Maxîmum winter concentrat îon Maximum summer
chlorophy I 1 -a

(usl I )
NH3 -N

(uglì )

SRP

(usl I )

NH,-N: SRP

885

255

200

675

879

019

669

332

579

374

549

331

t59

28

5o

ì4

53

I

4:l

12: 1

l2: I

27 :1

l0: I

4l : I

260

l2

3l

28

124

4z
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and cryptonlonads and chrysomonads were abundant in faII,

ln Lake 6/5, dinoflageì ìates were abundant during late winter (86%

biomass) and early summer (8ìZ bionass). Dinoflagel lates were scarce

during m¡d-summer and falì and were repìaced by diatoms. ln winter 1977,

dinof lagel lates ìdere once again dominant.

The v:inter phytop'lankton in Lake 879 was composed mainly of dino-

flagel lates and cryptomonads. Diatoms vrere abundant during spring (87y"

biomass). The summer phytoplankton showed more diversity with d¡atoms

and blue-green aìgae the most important constituents. Hov¡ever, green

algae were dominant in late Juìy composing 77% of the biomass (124 uS/l

chlorophyl l-a). The fal I phytoplankton was dominated by diatoms, green

algae, and chrysomonads. Cryptomonads were once again dominant in wínter

1977 .

The phytopìankton composition of Lake 019 showed more diversi¡y

throughout the year than did that of the other lakes. Blue-green aìgae

and diatoms were the most important constítuents and composed 317, and

28% of the yearly average biomass respectiveìy

Based on the yearly average per cent composition, Lake BB5 and Lake

019 are basical ly blue-green algal ìakes (faUl e 7). Lake 200 and Lake

879 are diaËom lakes. Lake 255 and Lake 675 are cryptononad and dino-

flagel late lakes respectively.



Table 7. Mean values of percentag" group composition of phytoplankton in six lakes of southwesternManítoba, February 1976 to February lg7l.

Lake Cyanophyta

885

255

200

675

879

019

35.9

t3.B

t5 .5

rìo

t0.3

32.1

Chlorophyta

26,5

l5. r

12. 0

q,

13. ì

6.5

Eug I enophyta Ch rysomonad i nae D i atomeae

4.2

6.1

0.7

3.\

5.0

1.4

0.0

1.7

lB.9

5.0

8.4

B.¡

6.5

B. t

19.2

26.2

26. B

28.4

Cryptomonadinae Dinophycinae

25.2

\t .7

15.7

6.7

21 .0

l6"t

1.7

13.5

rB.0

48. 6

ì5.4

7.2

\¡
Lrì
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DISCUSSION

Trophic state of the lakes studied

Varîous morphometrTc and I imnological characteristics can be used

to classify the trophic state of ìakes. Rawson (lgSS, 196ì) emphasized

ín various publ ications the importance of mean depth in the productivity

of lake. Sakanroto ( I 966) suggested that among var ious character i sti cs

of lakes affecting the production of phytoplankton, the morphometry of

lakes, especially their depth, is the most important. He also found that

shal low lakes were more productive than the deeper ones. The ìakes

stud¡ed are shalìow with mean depih range from 1.5 m to 3.4 m (faUle l)

and can be c I ass i f i ed as product i ve.

The seasonal average of Secchi disc transpêrency also provides a

useful physical variable in lake classification (Rawson l96l). Dobson

et al. (1974) classified eutrophic lakes as having a yearly average

Secchi disc transparency ìess than 3 m. The average Secchi disc

readings during the ice-free period in these ìakes range from 0.8 m to

1.5 m except for Lake 255 where the Secchi disc readings always reach to

the bottom.

Most of the lakes studied (except Lake 200 and Lake 019) have a

bottom temperature similar to that of the surface and exhibit continuous

circulatíon except under the ice cover (fig. 5). This type of lake can

be classif ied as a third order temperate ìal<e (Welch 1952) or a thernrally

unstratified ìake (Hutchinson 1957). The temperature conditions of Lake
ll tÌ

200 and Lake 0l! (f¡s. 5) are simiìar to that of Lake 0sbysjon described

by Ah1 (1966) r^rhere no real hypoìimnion þ/as fornred. The epilimníon of
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these lakes extends down to about 3 m where it changes into a metalimnion

contînuing down to the bottom (fig. ì2 and Fig. l3).

I'lajor ions have been used to class ify the level of sal inity of the

lakes. Barica (lgZ¡U) in accordance wîth Rawson and Moore (1g44) defined

the ìakes as moderately salÍne with total ionic (Tl) ìevel below 1000 mgll

or saline w¡th Tl level more than 1000 mg/1. The Tl concentrations í¡r

rhe lakes studied ranged from 659 to l69l ns/1 (raUle 2). Therefore,

the salinity of these Iakes is moderateìy salíne to saline according to

Barica (1975b). The dominance of Mg++ and S0U= is obvious for all six

lakes although the HC0, concentration in Lake Ol9 is hÎgher than that of

So4= (ra¡le 2). Rawson and Moore (1944) also found the predominance of

HCO,- and S0,.= as a typical feature of prairie and parkland lakes in54
Saskatchewan. According to Fi latov's system which was mod ified by Earica

(lglSO), the lakes studied are classified as intermediate S0r= - HC03 ,

-r!Mg- type except Lake 0l!, which is an intermediate HC0r- - S04-, Mg"

tYPe.

The concept of nutrient loadíng was developed by Vol lenweider (1968)

to classify the lake trophic states. There are no nutrient loading data

available to classify the trophic state of these lakes because their

sources are diffuse. However, algaì blooms can be expected from winter

concentrations of inorganic nitrogen exceedinS 300 pgll and inorganic

phosphorus exceeding l0 psll (Sawyer 1947). Maximum concentrations of

inorganic nitrogen about 6\0 vg/l and soìubìe reactive phosphorus (Snp)

about 23 vg/l were found in eutrophic western Lake Erie (Dobson ei al.

1971+). The maximum winter (lgle) concentration of ammonla nitrogen

(tlt-1.-ru) and SRP in the lakes studied ranged f ron 331 to 669 vS/l and)
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8 us/l to 159 ps/\, respectiveìy (fig. 9 and

nutrient concentratÎons presented by Dobson

these lakes are eutrophic.

g. l0). Comparíson with

aì. (lgl4) indicates that

Fi

et

The classification of ìake trophic status based on the chìorophyl l-a

concentrations has been proposed by many limnologists. Vol ìenr,reider

(lg68) stated that hishly productive lakes contained chlorophyl l-a

concentrations greater than 30 vs/1. Sakamoto (lgee) indicated that

eutrophic lakes contained chìorophyl l=a concentrations from 5-ì40 ug/ì.

Dobsón et al. (lglt+) have also attempted to cìassify ìake trophic

status on the basis of average chlorophyl l-a concentrations. They

consídered that lakes having average chlorophyì l-a levels during the

ice-free period of more than 8.8 ugll were eutrophic. The average

chlorophyl l-a during the ice-free period in the ìakes studied ranged

from 9 ugll to 63 vg/\.

A classification of ìake types on the basis of primary production

has be"n also attempted. Vinberg (ì960) summarized the data from lakes

of the ltloskovsky and Kal ininsky provinces in U.S.S.R. and concluded that

the gross primary production in mid-summer of highly eutrophic ìakes was

betv¡een 2.8 and 3.7 g ClnZ/d^y. Rodhe (1969) restricted the term

rrnatural eutrophicttto lakes havíng a range of primary procluction between

0.3 and ì.0 g C/nz1aay and "polluted eutrophicrt between 1.5 and 3.0 S

.)

C/n'/day. The average surnner gross pr ¡mary production in our lakes is

f rom 1.9 to 3.2 g C¡nz/aay, which is in the range of highly eutrophic

ìakes according to Vinberg, or in the range of polluted eutroph¡c lakes

according to Roclhe. An exceptIon is Lake 255 (O.e n C/nz/aay) , which

can be classifÍed as natural eutrophic (Ro¿he 1969). I t is noticeable
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that the algal production in Lake 255 is low. This is probably due to

competÌtion between phytopìankton and submerged macrophytes, which

developed derrse growths in this lake. The maximum daily primary

production of the lakes stuclied (2.7-6.9 S C/n2, excluding Lake 255) is

close to that of highly eutrophic western Lake Erie (4.8 s c/nz) ês

described by Gìooschenko er al. (1974).

The relationship of primary production to chlorophyr r-a or

assimilation number can be used to interpret the nutrient stêtus of the

lakes and Îs consequently related to the trophîc state. Curì and Smaìì

U965) measured primary production of marine phytoplankton communi ties

using the l4C t"ahod and reported on the basís of their experiments and

the work of others that assimilation numbers between I and 3 indicated

very ìorv nutrient supply and between 5 and ì0 nutrient-rich waters.

Glooschenko et aì. (l?lh) reported that mean assimiìation number from

April to December 1970 in Lake Erie was r.9 (range 0.8-3.8). Based on

the assimilation number presented by Curl and Small, this vaìue wouìd

meên a low nutrient supply in Lake Erie. Glooschenko et al. (lglt+)

explained that the low assimilation numbers in Lake Erie might be due to

inherent differences between marine and freshwater phytoplankton

communities. However, they felt that mean assimi ìation above 2 índícate

nutr¡ent enrichnent in their studies. The average assimi lation numbers

(June-0ctol¡er) ín our lakes (l.z-S.Z) indicated nutrient enrichment in

comparison to Lake Erie. However, the higher assimi lation numbers in our

lakes than that of Lake Erie might be due to the different methods in

measuring primary production. tf the oxygen methocl is supposed to

measure gross photosynthesis and the l4c r"thod approximately net
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photosynthesis, the assimi lation number according to the oxygen method

should exceed those found by the l4C m"thod. I feel, however, that there

is no general correìation between assimi lat¡on number and trophic state.

ln ol igotrophic lakes generaì ìy nannopìankton are the major components of

phytoplankton. lde could have a high assimilation number in an oligotrophíc

lake where the algal biomass was being controìled by grazing. 0n the

other hand, a ìow assiniilatíon number might be found in an eutrophic lake

where larger forms of phytoplankton are domínant. These algae are not

liable to grazing, therefore, the turnover of the algal standing crop in

the oligotrophic lake will be more rapid than in the eutrophic one. ln

our lakes, the lowest summer mean assimilation number (4.0) was found in

Lake 885 where the nutrient supply was high and the bloom dominated by

Aphanizomenon. 0n the contrary, the highest summer mean ass imi lation

number (6.3) was found in low nutrient supply lake (l-ate 675) where

dinoflagel lates were dominant. This indicates that assimi lation number

does not depend upon nutrient supply aìone but aìso depends upon the

species composition as wel ì as physiologicaì state of the aìgae.

The dominance of the aìgal populatíon by bìue-green algae is also

an indication of the degree of eutrophication (teil¡ng 1955; Rawson 1956).

Bìue-green aìgae were found in summer in all six ìakes (fig. l9a and l9b)

but they dominated only in three lal<es (tate BB5, Lake 255, Lake 2C0) and

co¡posed a variabìe percentage of the standing crop. There is no relation-

ship between winter nutrient concentration and composítion of phytopìankton

in the following summer. For exanrple, Lake BB5 (trign v¡inter nutrients) and

Lake 255 (low wînter nutrîents) were donìinated by blue-green algae in

sumrner. Th¡s indicates that the avai labi I ity of winter nutrients may be
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responsîble for the mqgnitude of algal production but ¡ts foìe in

determining succession is Iess obvIous.

0n the bas is of selected morphometríc, physical , chemical, and

biological characteristics, the lakes stud¡ed can be classified as non-

stratified, shal low, eutrophic, moderateìy sal íne to sal ine lakes with

Mg*, SC4=, and HCO, comprîsing the most of major ions.
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Dissolved oxygen-nutrients-phytoÞlankton relat ionsh ips

ges: e: -g[-ryit !9r=9 !d=: gïucl-gIy9e!-g ep] 9-tjg!

The minimum D0 concentrat'ion at which f ish can live is not easily

determined because of differences in resîstance to D0 deficiency ín

different species. Ayles er al. (lglí) quorecl Merkens and Downing (1g57)

that a .l00 min. LC 5o of D0 at l.B ms1ì was found for rainbow trout

acclimated to .l5.2"c. Doudoroff and shumway (1970) reviewed the D0

requirements of freshwater fishes and reported that the ìethal levels of

D0 for carp (cyprinus carpio), â9ê 2 years, at 5-8'c were onìy 0.3-0.8

ns/1.

Based on the above-mentioned reports, it was assumed that winterkill
or summerkill might occur when the oxygen concentration in the whole water

column drops below 1.0 mglì.

0n the basis of oxygen depletion in winter and summer (r¡g. 6),

Lake 019 is a non-winterkill lake and the rest winterkilì. Among the

winterkiìl lakes, Lake BB! is also a summerkil I ìake.

Oxygen demand exceeds suppìy beneath the ice causing complete

oxygen depìetion (Greenbank I 945). The decomposition of organic matter

produced during the ice-free period by bacteria and resultant consumpt¡on

of oxygen plus the respiration of organisms under the ice appear to be the

rnajor demands on the oxygen supply. The formation of ice and snolv cover

usually affects the gaseous exchange and recluces the amount of light
penetratÎon which further limits photosynthetic oxygen production.

Greenbank (.l945) and Nickum (1920) reported that oxygen deplerion in

winter was essociated with snow cover. wright (lgg¿l) found that an

accumulatíon of 0.29 n of snor^¡ on the ice reduced I ight penetration to
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0.2% of incident light. This caused a decline în phytopìankton

abundance. Hglever, the presence or absence of snow on the ice in six

lakes of northern Michigan had little effect on the fluctuations and

decl ine of oxygen (eatriarche and Merna 1970). The thickness of snow

cover ir, this study was similar in all six lakes and close to that

observed by l{r:i9ht (1964) and yet no v¡interkilì occurred ín Lake 019.

Therefore, snol depth is probably not the principal factor affecting

oxygen regimes beneath the ice. Patriarche and Merna (lgzo) suggested

that phytoplankton pulses under ice in non-winterkill lakes might have a

greater influence on the oxygen regime than the presence or absence of

snow. ln this study, no algaì pulses in mid-winter were observed in the

non-winterki ì I ìake but they occurred in some winterki I ì lakes (f¡S. l4).

This shows that oxygen produced by the algaì pulse in winter does not

increase the net concentration of oxygen since the overall oxygen uptake

is much higher. Therefore, the poss¡bility of a phytoplankton pulse having

a'significant effect on the oxygen regime in winter is unlikely. Winter-

k¡ll lakes may be associated with high salinity under ice sínce the

solubility of oxygen decreases wirh increasing salinity (Rei¿ 1965).

The total ions of winterkill lakes in mid winter ranged from 990 to 2003

mgll whi le the non-winterki I I lake was about Bg2 ng/1, However, saì inity

ítself may not be sufficient to cause the lvinter oxygen depletion. There

ís a possibîìity that the depth of the lake can differentiate a non-

winterki I I lake fron a winterki ì I lake because the shal low lakes have less

storage capac i ty for the oxygen under h i gh oxygen consumpt ¡ on cond i t ions .

Nickum (lgZo) reviewed ì imnolog¡.ul conditions in South Dakota lakes and

reported that winterki I I lvas rarely observed in ìakes greater than 5 m in
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maxinìum depth. Jn this study, no winterkîl ì was found în a lake (LaL"

Ol9) r^¿ith a maximum depth (Zm) of 6.8 m. l4ost winrerkills were found in

lakes w¡th Zrn less than 4.2 n, except Lake 200 with Zm about 6.8 m.

However, the mean depth of Lake 200 (2.8 m) is ìess than Lake 0ì9 (¡.1+ r).

Tile basic cause of summer oxygen depletion is the collapse of heavy

blooms of l,ìue-green algae and the subsequent high oxygerl uptake by

bacterial populations which break down the aìgal naterial. The genera

which most commonly form blooms are Anabaena, Aphanizomenon, Gloeotrichia

and Microcystis (Reynolds and Walsby l915). Mackenrhun er al. (1945)

reported that the primary cause of the fîsh mortaìity in Yahara Rîver,

wisconsin was the depìetion of dissolved oxygen rryhich was caused by

decompositíon of excess growth of Aphanizomenon fìos-aquae. This species

is also found to be most commonly responsible for heavy blooms in south-

u/estern Manitoba lakes (Barica 1975a). ln Lake 8E5 tnis noxious bloom

started about Juìy 6 (ris. l4) and reached its maximum on July 20 (260

vg/1 chlorophyl ì-a). Phytoplankton in this period consisted almosr

entirely of Aphanizomenon (F¡s. l9a). The dominance of a single species

in this blue-green aìgal bloom may be due to the extra-celìular by-

products by which one species can inhibit the growth of another

(Prescott .l960; 
Vance 1965). flurphy et al. ( l976) recently reporred thar

blue-green algae excrete a hyclroxamate chelator which is effective in

suppressing other algae. S¡nce amrnonía nitrogen was undetectabìe during

the main bìoom period, the .rbil ity of Aphanizomenon to f íx nitrogen

probably pernrits Ît to grow vrhen concentrations of ammonia nitrogen are

suff iciently ìow to linit the deveìopnrent of other algae. Aphanizomenon

which contributed up to 99-l0OZ of biomass, began to die off rapidly after
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it reached the maxinum bloom. The chlorophyì l-a concentration (fig. l4),

dropped fron 260 vg/l to 24 ug/ì wîthin one month and gross Primary

producrion (Fig. l5a) from 4.6 g c(n2lday to 0.8 g c/nL/¿uy. This bloom

collapse and subsequent decomposition of dead cells caused D0 to drop to

near zero (O.l ng/l or l.l% saturation) throughout the whoìe water column

(Fig. 6). What caused the actual coìlapse of the heavy bloom ís not yet

knov¡n. The exhaustion of nutrlents may be associated with the bloom

col ìapse. Healey and Hendzel (1976) suggested that phosphorus deficiency

seem to play an important part in setting the conditions for a collapse but

it was not the factor that triggered the collapse. The phosphorus

concentration (Snp) in Lake BB5 (Fig. l0) was ìow to undetectable during

the bloom period (one r^reek prior to and at the time of maximum bloom)

which indicated phosphorus shortage. Excretion of self-inhibiting

substances (Prescott ì960; Vance 1965), or attacking and lysing of algal

cells by viruses and bacteria (Sfr¡lo l97l) may also be involved in the

bloonr col lapse.

.Liri tils-!s !ri.e!!s-e ld - !hs- rqls-qf - 
pbssphglse-i !-s9!lrq] l.ils

!er igse - Þleer

ft is kno|n that severai nutrients are required for the growth of

algae but few are líkely to act as ìimiting factors. Carbon in either

dissolved inorganic (DlC) or dissoìved organic fornr (D0C) causes Iittle

or no increase in standing crop (Scnindler et al. l9iì). DIC is unlíkeìy

to I imit algaì production because aìgae can utí I ize HC0, eîther

directly or through equiì ibrium with C0, (t<¡ng 1970; Schindler 197ì).

Goldrnan et al. (lglZ) suggested that when free C0, content was insufficient

to meet the denrancl of algae, HC03 ion could continuaì ly suppìy C0, for
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algal uti ì ization through a readjustnent of the C02-HC03 -C03

equilibrium. This process results În a rise of pH, as demonstrated in

Tabìe 3 (for Lake BB5), Dissoìved organic nitrogen (DON) and dissolved

organic phosphorus (D0P) were present in hìgh concentrations even when

ammonia nîtrogen (t'tHr-ru) and solubìe reactive phosphorus (Snp) we;-e

undetectable, indicating that not al I dissolved organic compounds were

utilized directìy by phytoplankton (Sc¡'indler 197ì). The comparison of

the nutrient chemistry (fig. 8-10) indicates that NH3-N and SRP are

perhaps more critical in determiníng phytoplankton production than other

nutrients because both NH3-N and SRP concentrations were low during the

summer months. However, N03-N concentration was also low in summer, but

there was no reìationship found between the spring maximum concentration

of N0"-N and the summer algal standing crop in this study.
5

Most limnologists have assumed that phosphorus is the most limiting

nutrient in determining the size of algal blooms. The abil ity of blue-

green algae to fix atmospheric nitrogen and the ability to use C0, from

llC0,- through the equi ì ibrium make phosphorus the most probabìe)
control I ing nutrient. Hammer (1964) found that Aphanizomenon bìooms

developed in lakes w¡th high phosphate concentrations. Prescott (lg0g)

reported that a mînimum of 30 uS/l orthophosphate was critical for blue-

green algae. S¡nce Aphanizomenon was found in both Lake 885 and Lake 879

but the noxious bloom occurred onìy ín Lake 885, this bloom may have been

due to higher winter SRP concentration (l¡9 ug/l) than that of Lake 879

$3 vgll), lt might have been also directly caused by the high

concentration of SRP (t4e ¡,n¡1¡ found pr¡or to the noxious bloom. !n

Lake 879 this pre-bloom concentration reached only 57 yg/1. The lower
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5RP concentration of Lake 879 in both winter and pre-bìoom might have

not been enough to cause a noxîous bloom. 0n the basis of the above,

it might be expected that the hi'gh SRP concenrration of Lake 885 OIS u7ll)

and Lake 879 QZZ vlll) in winter 1977 (FiS. l0) rvould bring about

noxious blooms in both lakes in the folìowing summer. ln fact, sunmer-

kills (totaì in Lake BB5 and at ìeast partial in Lake 879) did occur in

both l-a-kes in sunlmer 1977 (¡. Barica, personal comnrunication). From this

point of vieur, it can be arbitrariìy assumed that summerkiìl wouìd occur

in a'lake whÌch contains maxinum wînter concentrations of SRP exceedíng

150 vs/\ "

l-rs!r ier!:-s!d -pbv!gp.Le n!.!sl- cI!er- s- lerre!:- Þl ss!- cglrcp:c

High concentrations of nutrienrs (gl7 vg/ I NH3-N and 22 yg/r sRp)

were observed during summerkiìl period in Lake 885 (ris. ! and Fig. l0).

Hov¡ever, these avai ìable nutrients did not support further blooms of

phytoplankton. The algaì puìse in early fal ì was \z 11g/l chlorophyl l-a

and Aphanizomenon composed of B0% of biomass. phosphorus appeared to

become I imi ting in thi s time. Hammer (1964) reported from observations

in Saskatcher,van lakes that Aphanizome.non bìooms occasional ly persisted

ínto late fall when temperatures were low. He aìso found that growth

of this bìue-green algae sharply increased above 20"c. The water

temperature in Lake BB5 in earìy falì was about l4.C as compared to that

at maxinum bìoom períod of about 20"C (Fig. 5). lt is possit¡ìe that the

v¡eather conditíons in this period became less favorable for the growth of

this blue-green alga.
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Hortimer's (1941,1942) and Hutchinson's (lgSl) theories of nutrient

regeneratîon under anoxic condîtions have been widely accepted. Hovrever,

oxic regeneratîon of nutrient has also been reported. Vol lenweider (.l968)

suggested that denitr¡fication by bacteria seemed not to requi re anaerobic

conditions but might also occur în ìayers where oxygen was plentiful.

Burns and Ross (1972) found that duríng oxic degradation of organic

materials approximately 452 of the nîtrogen and 25% of the phosphorus

contained in the organic material was returned to the water in soluble

form. Bloesch et al. (1977 ) calcuìated the decomposition of aìgae under

oxic condition in epilinnion and found that 77-79% of the total

phytoplankton v¡as decomposed in the epilimnion before it could sink into

the hypol imnion. Nevertheless, the anoxic regeneration of nutrients

seems to be higher than oxíc regeneratÍon. 0tsuk¡ and l-lanya (1972)

found relativeìy higher concentrations of dissoìved organic matter in

anaerobic decomposition than in aerobic decomposition. Burns and Ross

(lglZ) reported that the anoxic regeneration rate of phosphorLrs was ll

times greater than the oxic rate. High winter concentrations of NHr-N

(Z86-616 ylll) and SRP (B-157 ugll) were observed in alì wìnterkiìl ìakes

(take 885, Lake 255, Lake 200, Lake 675, and Lake 879). This îndicates

regeneratìon of nutrients at Iow oxygen ìevels (0.0-0.9 nS/l). However,

high concentrations of NH3-N (ZgB psll) and SRP (6 vs/l) were aìso found

at h¡gh oxygen ìevels (5 mglì D0 or 372 saturation) in the upper 3 m of

the non-v,rinterkilì lake. lt appears that the decomposítion of organic

matter and consequent reìease of nutrients occur even at reìativeìy high
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oxygen concentrat¡ons., No data are ayai labìe for comParison between

Oxic and anoxic fegenefation of nutfients in this studv. Hovrever,

substantîally higher concentratÌons of NH3-N (792 vsl1) and SRP (¡8 uglì)

near the anoxic boltom in the non-winterkilì lake (t-at<e Ol9) than that

of the upper 3 m oxíc layer suggests that anoxíc regeneration of nutrient

was higher than oxic regeneration. This high nutrient concentÌ'at¡on near

the bottom is also a result of gradual settling of particulate organic

rnatter.

The reiationship betlveen nutrient concentrations and algal standing

crop has been reportecl by nany researchers. Sakamoto (1966) found a

I inear relation between chìorophyl I content and the total nitrogen or

total phosphorus content in many Japanese lakes. Di I lon and Rigìer

0974) denonstrated a high ìeveì of success in predicting summer chìorophyl

concentrat¡ons fronr spring total phosphorus. Barica (lglSU) found a

significant correlation between winter maxima of NH3-N and sunrmer maxima

óf chlorophyl l-a concentration in southwestern Hanitoba lakes. ln this

study, the sumi¡er maxima of chlorophyll-a were plotted against winter

maxima of NHr-N and SßP (fiS. l7). From this correlatíon, it appears

that higher winter nutrient concentrations wi I I yield the higher algal

standing crop and production in the foì ìowing summer. However, SRP

appears to be more sígnificant in relating with aìgal standing crop than

NH"-N. This can be seen more cìearly fron the N:P ratio (fa¡le 6) since)
the ionic ratio indicates vihich ion is likely to be limiting algal

production (scn¡ndler et aì. ì97ì). Flett (lgl6) caìculated the I'l:P

ratio from dissolved inorganic nit!-ogen:total dissolved phosphorus.

Haertel (ì976) calcuìatecl from clissolved inorganic nitrogen: orthophos-
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phate. Since NHr-N and SRP vrere hîgh in winter and are known to be

readîly availahle to aìgae, N:P ratio ín lakes studied v¿as calcuìated

from NH.-N:SRP. lt can be seen fron Table 6 thar the highest aìgal)
standing crop occur in Laek 885 where the winter N:p ratio is ìowest.

This lor¡ ratio is also related to the summer dominance of Aphanizomenon

because a low N:P ratio favors nitrogen fixing blue-green algae over

other aìgae that cannot compete wî th blue-greens at low ni trogen

concentrations because they are unable to fix atmospheric nitrogen.

Schindler (1977) concluded from his nutrient enrichment experiments that

the bloom shifted from green algae to bìue-green algae when the N:P ratio

by we i ght changed from about I 4: I to 5: I .

Summer algal stand ing crop and production cannot be expìained only

by winter nutr ient concentrat ions because popu lat íon changes i n nature

depend on many other factors (Hasler ì964). Hasler and Jones (ì949)

have demonstrated that algae are inhibitecl by the presence of aquatic

macrophytes ín small test ponds. The low standing crop and production

in Lake 255 was probably caused by the extensive growth of submerged

macrophytes. The accumulation of nutrient in the bottom water of stratified
ìakes during the sumnrer months also ìimîts algal grov,rth. Sakamoto (1966)

suggested that phytopìankton production in a ìake depencls on the

concentrat ion of nutr¡ents ês weì I as thei r recycl ing. Haertel (j976)

assuned that the correlation between nutrient levels and wínd stress wês

the result of v"ave action recirculating nutrients released at the sediment

surface. H¡gh winter nutrient concentrat¡ons in Lake 200 (as high as

in Lake 879) yieìded low sumrner aìgal standing crop and production (Fis.

17). This is probabìy caused by the facr that Lake 200 ís ìocated in a
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sheltered basin and is deep enough to prevent direct stirring of bottom

sed iments by waves, and th i's may in turn I imi t transpof-t of nutr ients

from the bottom into the upper layer. Most of the nutrÎents ín this

lake were accumulated in the bottom (under anoxic condítîon) during the

summer months (r¡g. l2). As mentioned before, the nutrients were

accumulated near the anoxíc bottom during the rvinter in Lake 019 (n¡s. ìl),

but only the upper J nr layer was considered. The ínitial winter nutrient

supply i s therefore under-est imated and should be higher than that

presented in Fig. 17. However, summer algal standing crop and production

in this lake uras st¡ì ì ìower than expected. Thís v¡as caused by the

accumulation of nutrients near the bottom (FiS. l3) as in Lake 200. The

higher standing crop and production in Lake 88! and Lake 879 than other

lakes are reìated to the higher winter nutrient supply and the re-

distribution of nutrient I iberated throughout the whole lake by wind

action during the sunlmer. The low standîng crop and productÌon in Lake

6/l appears to be caused by ìow initial wínter nutrient supply. The

e.ffect of submerged macrophytes was probably less pronounced here than

in Lake 255 and the lake water rvas also well circulated. lt should be

pointed out here from Fig. l7 that the relationship between winter

nutrient concentration and sLrnlmer algal standing crop as welì as primary

production wi ì I be more pronounced if al ì lakes studied had simi lar

environmentaì factot's (i .". no dense grorvth of submerged macrophytes and

no accumuìation of nutrient in the bottonr water during the summer months).

Since the algaì standing crop and production as v¡elì as the

accunuìation of organic mater¡ql during growing season in Lake BB5 and

Lake 879 are higher than the rest of the lakes studied, it couìd be
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expected that the concentrat ion of nutrients in the fol lcwing wintef

llgll) in these turo lakes urould be greatel-, To demonstrate this

expectation, the nutrient concentrations in winter (lgll) were pìotted

against maximum chlorophyl ì-a from the previous sumner (Fig. ì8). I t

can be seen from this cor"reìation that the higher winter nutrient

concentrations seem to agree with higher sunlmer chìorophyi l-a in the

previous surTrmer.

It can be concluded that both winter and summer oxygen depletion

played an important roìe in governing the nutrient cycles in these lakes.

The winter ammonia nitrogen and soluble reactíve phosphorus can be used

to determine the magnitude of the summer algal standing crop and primary

product i on.
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Appendix l. Per cent I ight transrnittance (Z) in six selected lakes.
July 1976 to 0ctober 1976.
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56
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Appendix l. (cont')
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Depth (t)
Da te

0. 05 0.?5 0.5 2.O 3.0 4.0
( uot tom)

14 l0
7t
42

ì6 6
125
73
93
72
l0 2

6z
t4 4

Jul I
t5
22
2B

6
l2
20
2t+

13
22

9

Aug

Sep

0ct

100
100
t00
ì00
t00
100
100
t00
100
ì00
t00

85
BO

76
B4
B4

90
82
B2

80

5t+

5tl
58
70
62
62
60
60

48

32
3\
26
36
3B
30
34
26
44
.1,L1

52

1.2
0.2
0.5
2.3
2.0
0.4
0.9
0.5
0.8
0.5
ì.0

0. 02
0.01
0. 08
0. 0l
0. 0l
0. 0l
0. 0l
0.01
0.01{
0. 04
0. 40

ì8
t4
l0
26
20
t4
r6
r4
20

7
28

Lake 675

Depth (t)
Da te

0. 05 0.25 0.5 1.5 2.0
( uot t om)ì.0

Aug

seP

0ct

100
ì00.l00

ì00
t00
.l00

t00
.l00

100.l00
.l00

6B

B4
68
72
65
62

56
trj
40
\(,
4o

6o
56
42
36
3o
40
r4
20
l2
20
l2

7.8
2.\
2.9
2.Lt
t.6
2.2
0.8
a.7
0.2
0. ì

0.5

2B

3tl
2\
2\
r6
IB
l0

8
6
ö

7

86
90
8l+
oo(JO

84
90
Q1UL

8z
7\
78
8o

7
r4
21

27
5

ìt
IB
23
ì0
2l

7

Juì 20
ì8
IB
l2
l0
12

7

3
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3

3



B2

Appendix. l. (cont.)

Lake 879

Depth (t)
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0.3
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0.7
0.8
0.6
0.3
0.6
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0.1
0.3
0.3
0.2
0.3
0..|
0.4
0.2
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24
l0
I
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9
5

¡5
4

6
13
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76
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9
20

6

7
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3
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3
2

2
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I

3

I

Lake 0ì 9
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0.7
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0.2
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0.2
0.5
0.1

0.7
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0.2
0.2
0.3
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0. 05
0. 05
0.1
0.1
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0. 03
0. 0l
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0. 0B
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5
4
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7
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9
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Aug

B

t5
22
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t3
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52
66
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4?_
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34
\rt
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24
20
22
ìQIU
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Appendix 2. V/ater temperäture ('C), dîssolved oxygen (mS/l), and per c,lent Saturêtion (%) in Lalce BB5.
February 1976 to February 1977.

Date
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Mar 2

,)ì

Apr l2
?'7

r"lôy I 0

Jun 1

'Temp

o:o

o:5

oÊ

llr.0
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r^ Oi).r)
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20 .4
20 .5
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ll+.0
5.0
3.2
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0.0
0.0
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ì0
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a
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0.4
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ó.,
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1O

6.0
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0.3
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Õ.1
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Ò
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20. 0
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5.0
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r.B
0.6
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7.0
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1.0
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0.3
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7.1
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0.6
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Dec
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9
1
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I
I
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I
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1
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'1
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7
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7
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7
7
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7
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3
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0
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c
ì
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11 0

20. 0
t7 .3
t9.B
rB.0
19.0
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1'.)

6.0
5.0

ì3.l
12.6
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9
6
o
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t04.7
20 .)

6t.B
z\.0
0.0
6.8

56.0
92.0(,. r

58.2
6g.l
\4.2
il.3
5.3
0.0

0. B

c.6

Tenrp

¿-.1

3:o

u:o

DO

0.1
0.l
0.1
L. t

r5.9
ô.1_
a .')

ì.t
71
5.t4
l+,3

ì2.9
12.2
9.0
/.ô
0.2
0.0
nn
0.0
0.0
ì.t
9. r

5.7
0.¿
5.8
5.3
1.2
0.7

5

9
6
()

7
4

I

4.8
ì3.5
17 .2.I7.0

20. 0

19.0
18.5
2t .g
19.8
17.1
l9.B
t7.0
t8.0
rB.0
t9.5
19.2
t6.4
ì3.4
r4.0
5.0
/r. 0
2.8
3.0
3.0
3.0

% Sat

0.2

0.8

rzzls
Bt.3
23 .6
tì.7
80.3
59.9
\7 .5

r 50.9
137 . t;

96.0
85. 6
2.\
0.0
nn
0.0
0.0

tì.6
90. 0
57 .1
66.t+
\5.7
40. 4

ôt

>.q
0.0

4

0
3

0

co



Apperrdîx 3. V/ater temperature ("C), dissolved oxygen (mg/l), and per dent saturðtion (Z) in Lake 255.
February i976 to February 1977.

Da te

Feb 18, 76
Mar 2

tö
Apr 13

')o

l'1ay i 9
Jun 2

7
j5
23
)a

Ju I 7
l4
1t

Aug 5
ll
ìB
a)
L)

Sep l0
2i

Oct 7

?_0

ì'lov lE
Dec l5
Jan 18, 77
Feb l6

Te,'np

0.0

0.8

lt.¡
r6.0
2ì.0
2ì.0
17.8
20. I

tó.ö
2\.8
l9.B
21 .0
22 .0
19.0
¿t.ö
LU.ö
20.0
14.4
ì3. B

4.8
1.5,^
1.2
0.0
0.0

0

DO

t.l
0.4
0.8
\.6

n.5
9.0
8.9
9.0
7.6
o. Iôô0.ö
q7

7.6
9.4
O¡(J.J

/.ö
Þo

9.l
-Ol.o
8.5
O.o.L

r0.6
12.7
ì4.9
ôr
l.l
0.4

Z Sat

0.0

5.8

I oalo
94. I

102 .6
103.7
82. \
98. 5
o1 )

ìr9.0
85. 4

108.3
97 .3
86.6

104.0
10\.2
BB. z
85. 9
Bl.6
85.2
93. l{

11tt .2
69.3
7.9
2.8

Temp

Deptli (r)

':o
1.0

DO

I olg
15.0
2ì.0
2ì.0
17.6
20.0
]B.B
23.8
ì9.8
21.0
22.0
19.0
21 .5
20. 0
19.9
t+.4
t3.B
4.8

¿,)
3.5
2.5
0.8
t.B

0.2
0.0
0.8
).¿
tì.2
9.6
9.0
8.9
7.5
8.7
8.9
9.0
7.5
q?
8.3
Q"

B.B
8.9
/,o
õao. /
Qn

10.7
12. \
15.2
9.9
ì.0
0.0

% Sat

'_u
5_9

104.7
98.9

ì03.6
r02.4
Bì.0
aÊ, L

98.4.l09.1

84. 4
105.9
96.9

92.1
102.2
t00.7
85.7
BB. O

8t.7
86. o
93. B

il8.r
7\.9

77
0.0

Temp

,_o

3_o

10.2
15.0
2',Ì .0
20. B

17.6
20. 0

lB.2
23,0
t9.5
20. B

22.0
lo.0
2ì.0
19.0
19.5
ll{.4
13.2
4.8
3.0
?q
rOL.O
2.0
1OL.U

D0 % Sat

0.1
0.0
0.3
1.0

lr.2
9,6
8.9
9.0
1Ê.
ñô0. o
8.9
8.9
7.5
9. ì

o.5
B.o
0. b
B.B
7.9
9.0
9.0

10.6
12.6
15.2
8.5
1.0
0.0

o_7

,-3

103.0
98.4

102 .5
r03.3
8t.0
99.5
97 .3

106.2
83.5

104.5
97 .3
BB. 5
99.1
97 .7
Õ0. )
91.0
BE.7
85.z
96.5

1 r3. r

64. B

7,5
0.0

Temp

L.)

L.>

t;J

9.8
l5.o
20.0
20 .5
17.2
ì9.5
rB.2
23 .0
19.0
20 .5
21 .5
rB.0
LV, )
19.0
t9.4
ì 4.1{
13.2
4.8
3.0
3'. B

3.0
2.6
3.5

DO

0.0
U.J
0.0
0.8

10.3
o2

9.0
ooo.u
b.ö
9.0
oa
Õ. J
/.4
aa
8.6
7.7
7.7
6.3
l.L
9.3
7.6

ì0.5
12. t+

ì5.0
B.l
0.6
0.0

% Sat

o-u

0.0

93. B

95. ì

t0r.8
l0i.0
72.9

100. B

96.0
9B.B
Qr ì

roì.0
ì00.l

Q? o

87 .9
Á,o o

80. 5

9lì.0
7\.7
Blr. I{

95. o

117.5
62 .1
L(
0.0

co



Appencjix 4. \{ater temperature ("C), dissolved oxygen (mg/ì), and per cent saturatìon (U) in Lake 200.
February 1976 to February 1977.

Da te

Feb

Mar
Apr

May
Jun

ì8,
/_o
rOIU

12
1OL\)

lg
'))

l0
t6
/-5

3o
B

ì5
22
2B

Þ

12
20
24
t?

9
¿t
IB
l5
löt
r6

76 o:o

o:o

Temp DO

Juì

9.0
14.0
20 .5
23.0
t7.B
21 .\
19.5
22.?_
lB.0
20.1
lo ?

'I o a\

2r.0
21.0
21 .t+
r3.9
13.0
b.u
2.0
3.0
0.5
0.0
0.0

2.5

0.5
6.6

l?_.5
9.0
7.1
6. B

6.9
1')

9.9
5.l
6.4
5.?_
\.6
8.0
/.o
7.0
/.4
7.6
8.0
9.8

lt.0
rl.b
ö.L

lo

% Sat

17 .6

3_U

ilì.7
on?
Bl.6
Bì.3
75.4
84.7

il 0.9
60. 0
69.7
58. B

5t .2
BB. B

87 .7
80. 6

BB. O

76,0
78. t1

Bt.3
82. I

BB. 9
58.7
L). )

ì3.4

Aug

Temp

Depth (m)

o_5

o:5

8.0
ì4.0
20 .5
22.5
t7.B
21.0
19.0
22.1
ì8.0
20.1
19.2
l9.o
21 .0
20.9
21 .2
r3.9
13.0
6.0
2.0
3.0
ìOt.u
ì.4
0.5

sep

0ct

DO

¿.1

Nov
Dec
Jan
Fet¡

% Sat

0.2
6.6
2.5
9.3
l.L
7.1
6.7

8.6
c2
þ.)
5.3
4.3
Oro.L

7.5
6.8
7.5
7.6
8.0
9.7
0.9
1.5
8.l
3.8
t.¿

ì5.0

t.4

t08.9
93.2
82.2
83.9
1a 1

Bl.g
95.t+
62.0
70.7
60. 0
t17.9

9ì.0
86. 4
78.2
86. 5
76.0
78.4
0u. Õ

Bl.3
BB. I
60. I

27.9
ö. /

Temp

77

':t 
,_o t4.B ,_o

DO

0.9

?n

il+.0
17.0
21 .5
r7.0
20. 4

ìB.B
20 .0
17.0
rB.0
lB.5
rB.2
20. 0
20. 0
20. B

13.9
ì3.0
6.0
2.0
?')
2.0
r.9
l.B

% Sat

0.0
0.4

12.5
o,

4.6
4.8
6.7
7.0
7.6
4.2
6.1
2.5
c./_
6.6
6.2
5.\
7.t+
7.5
O1o.L

9.6
ì0.9
ìr.6
7.7))).)
0.7

Temp

o:o

5.4

106.3
9ì.9
\9.6
55.7
71.5
79.7
84. l
\7 .5
65 .5
?_7.8
t+6 .6
72,1
7o.o
6t.l
84. g

75.0
Bo. 4
Bo. o
Qr )wt.J

89. lr

57 .5
zh .5
5.2

DO

o:7

nO).(-)
13.5
ll{.0
16.0
15.5

o-o

0.0
0.0
2.0
orì
0.0
¿.>
o:u

0.5
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
7.5
7.6
9.6

ì t.0
t0. 7

5.8
2 .11

0.7

Z Sat

0.0

o:o

15 .7
ñÕ a
Ö). L

0.0
26.1

¿+.1

5.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

75.0
7tt.5
Bo. o
Oa roL. I

B;.9
\3.9
ìB.j
5.2

t5
ìl{
t3
l5
12

l3
ì4
tq
ì3
ì3
ìtt)

6
2

3

2
2
2

5
,)

0
n

0
q

0
6
q

9
0

co\¡

.0

.0
o.o
q

o

.5



Appendix 5. Water temperature ("C), dissoìved oxygen (mg/l), ancl per cent saturation (%) in Lake 675.
February 1976 to February 1977.

Date

Feb .l8, 
76

Mar 2

IB
Apr l3

29
May ìE
Jun ?-

'/

l5
23
?q

Ju I 7

l4
21
,1

Aug 5
ll
IB
1a

Sep ì0
21

Oct 7
20

Ncv 17
Dec ì4
Jan lB, 77
Feb l5

Tenrp

o:5

0.5

DO

9.9
t4.0
20. 0
20.7
17.9
19.0
ì8.2
22. \

20.0
l9.B
2ì.0
19.0
20 .5
20 .0
t9.8
t4.0
13.5
5.0
2.0
)(\
0.5
0.0
0.0

t.5
0.9
1.6
6. B

9.9
9.6
7.9
5. b
6.0
b. )
6.0
6. /
6.4
/.6
Alr
7.6
7.5
7.7
6.5
7.3
8.4
ôo

il.6
I2,TI
6.7
2-.3
0.5

% Sat

I 0.7

ìr.4

Temp

gO. l+

96.2
8g.i+
64. I

65.1
7 2.0
6s.e
78.6
12 ?

85.7
73.7
Bt+ .2
Õ). t)

87 .5
73.t
73 .1
83.0
80. 0

86. 6
92.5
\7 ,9
16.?-
3.7

Depth (r)

,-,

0.7

DO

9.\
13.5
20,0
20 .5
17 .9
19.0
18.2
21 .5
20. 0
t9.B
2ì.0
l9.o
20 .5
19.2
ì9.5
14.0
t3 .5
5.0
2.2
2.8
t.¿
0.8
0.0

r.6
0.6
l.l
6.t
9.4
9.0
7.8
4.3
6.l
6.t1
6.0
6.6
6.0
/.o
6.6
7.5
7.5
7.7
6.1
1)t.)
8.6
0. t

r.3
¿.>
6.2
r.6
0.3

% Sat

ì t.7

7.9

Temp

84. B 6.9
89.2 r3.o
EB.z 19.0
4g . I zo.3
66 .1 t7 .B
7l.o r9.o
b6. r t8.z-
76.6 21 .z
67 .8 I 9.8
85.6 l9.B
76.0 2 ì .0
83.5 ì8.9
85. 8 20.5
85.7 I 9. 0
71.1 19.3
73 .1 13 .9
85.2 t3.4
81.6 5.0
B4.B z.z
95.3 2.8
45.2 l.B
ìr.5 1.2
2.1 I .5

2.0

r.9

DO

r.4 ì0.4
0.2
0.8 5.9
4.8
6.9 58.5
8.7 85. 3
6. r 67.7
\.2 \7.8
5.9 64. o
6.5 72.1
6.0 os.0
6.4 7t+.2
5.9 66.2
7 .3 82.2
6.6 ' 75.8
7.t+ Bt.9
7.6 86.5
7.3 B0.B
6.2 69.l
7.2 72.0
9 ..1 90. 5
0.0 80.8
I .4 85.5
2.7 96. 8
6.2 47.2
ì.9 t3.9
0. 3 2.1

oz C^+/o JO L Temp

J.¿l

3:o

1OL. l)

DO

1.0
0.2
0.0
0.0
rO

8.9
3.9
21

5.9
5. B
tro
5.2
tro

3.¿t
6.2
7.1
3.11

3.7
6.0
6.9
7.5
0.0
ì.4
/-.4
5.9
1.2
0. ì

5.8
l3.o
tB.0
19.9
17 .3
19.0
rB.2
21 .2
ì9.0
r9.0
20.5
lB.5
20. 0

ì9.0
ì9.0
]? o

13.2
5.0
2.2
z.B
2.6
2.0
2.0

% Sat

7_7

0.0

t+/.ö
O? .ol.¿-
u2 .5
30.5
63.t+
AL lJ

64.5
60. ì

65.5
37 .7
?l )

78.2
39.0
l+1.5
66 .6
69.0
73.9
BO. B
Or .o). )
9tt.5
4\.7

Qo

0.8

coo\



Appenclix 6. \ltater temperature (oC), dissolvecl oxygen (mS/l), and per cent sâturation (%) in Lake 879.
February 1976 to February 1977.

D¿te

Feb i9, 76
2B

Mar 2l
Apr l3

/-/
May lB
Jun ì

rJ

ì3
?_2

11

Ju ì 6
1)t)

20
26

Aug 4
IU

17

22
sep 9

20
Oct 6

Norr 17

Dec 14

Jan iB, 77
Feb l5

Temp

o.o

0.0

B.o
14.0
?_3.0
2_0.0
2_0. B

19.0
19.0
22.0
20 .0
j9.0
ZU. Ö

20.0
20 .5
tg.0
20.0
ra Lt).'1
13 .5
4.5
).L,^
1.0
0.0
0.0

DO

2-.14 16.9
1.5
rôO-t,L o.)
7.8

\ \ .7 128.2
8.0 80.2
8.7 r03.8
5.5 6z.z
7.6 87.z
ì0.2 ìt3.2
8. r 89.9
9.5 ì 1l.l
1 1 Q'7 l
l.l (Jl. t

10.9 l2ì.0
g. o t03. g

9.8 lì0.8
B. r 93.0
B'6 95'4
7 .1 Bo.3
7.5 7t+.?-
7.6 75.3

ì o. 4 B2.g
lr.B 90.g
20.0 1L¡9.2
5.9 42.8
1.0 7.1
0.0 0.0

Z Sat Temp

Depth (*)

o:5

0.8

B.l
ì4.0
22.8
20.0
^^ 

OLV. O

ìo n

18.?-
22.0
20. 0
ì9.0
20. l
20. 0

20.0
I B. B
lo o

t3. 4
13.5
L¡q
3.5
3.0
ì.5
0.t
0.0

DO

rO1.(J

0.4
0.7
7.2

14 .7
-70

8.3
b.J
7.6

ì0.2
(). t

oo

7.h
t0.4
9.1
oo
7.1
O¡o.)
6.9
7.3
7.5

10.8
ìr.B
r4.r
5.1
0.0
0.0

% Sat

12.9

5.0

t28.5
79.\
93.6
71 .3
Or .ol.L

ìr3.8
Õó. )

116.6
Bt.l

t15.4
103.3
r ìr.9
80. 5

9ì.8
77 .9
1a o
l/-.L

7t+.3
86. 4
01 1

108.0
37 .5
0.0
0.0

Temp

2

,-o

':t
8.0

r4.0
21 .5
20.0
20. B

19.0
17 .g
.ì OLl.l)
t9.B
rB.0
19.9
18.2
19.2
rO otrJ.L
r9.5
12.9
13.5
li(
I+.2

3.2
2.5
2.0
2.5

DO

2.0
0.3
0.2
B. r

t4.4
7.9
7.9
5.6
7.6.l0.0

7.0
9.0
7.2

10. ì

6.2
6.8
3.7
6.3
6.0
7.1
7.5

r0.6
t0.7
12.9
3.9
0.0
0.0

% Sat

ìl{.9

r_5

125.5
79 .1

91 .7
6l.l
R't )

ilt.0
76.1

t05.1
80. 7

1i0.0
70.2
7\.7
4t.4
68. B

67 .2
69 .5
?¿r ?

84. 5
84. 6
qq L¡

29.5
0.0
0.0

TeFp

2.3

¿.,

¿.¿

5.6
t4.0
l9.B
ì9.8
20. B

IB.B
17 .5
2r.B
ì9.0
\7 .5
'r o Q

t7 .5
ì9.0
rB.0
l9.o
\2.9
13.2
Àq
4.5

3.0
?_.5

3.0

DO

0.8
0.2
0.0
b. t

14.¿r
-70

!. ì

/.o
o?
6.9
0.y
/.u
3.9
4.3
1.0
/-. >

5.4
-r.'l
6.7
7.5

I 0.0
9_5

3.1
0.0
0.0

% Sat

,-o

0.0

il 8.2
79. I

39.11
46.,1
Bt .2

t0r.6
7\.3

l0l.r.0
7V.B
t)¿. i

54.0
ì1.3
a1 a

58. B

59.e
65 .5
73.9
79.7
75. t-

23.7
0.0
0.0

co.\J



Appendìx 7. \later temperature ("C), dissoìved oxygen (mg/ì), and per cent saturation (Z) in Lake 019.
February .l976 to February 1977.

Da te

Feb

Mar
Ap i-

May
Jun

7-0 ,

))
12
29
20

')ì

lt
ì6
25

30
o
U

ì5
22
1O/,u

6
t/_

20
7-4

r3
22

9
¿t
IB
l5
ìOlor
16

76 O_O

1.0

Temp DO

Q?

13.7
20.0
20.0
17 .2
2t.0
20.0
2r.B
rB.0
20. 0

tB.5
19.2
21 .5
20.5
2l .0
t4.4
ì4.0
7.0
?n

ì.0
0.5
0.0
0.0

6.0 \2.\ 0.0
õ./-
5.I 37.0 1.3
6.4

\2.5 ì09.8 B.z
9.1 90.6 13.7
7.9 89.4 20.o
B.5 96.r 20.0
6. B 73.0 17 .2
6.8 78.0 20.5

il.5 l30.r tg.3
7.5 87.\ 2l.B
6.0 65.9 lB.o
8.2 92.g 20. 0

6.7 73.6 tB.B
8.6 95.8 r9.o
9.4 109.2 21.5
B. 6 89.z 20. ì

7.2 83.1 20.8
8.2 82.9 14.4
7.\ 7t+.1 ì4.0
r0.2 86.7 7 .o
13.0 99.6 l.o
ll.7 Bs.o 2.5
10.5 75.2 1.5
6.4 h5.5 0.4
5.0 35.3 0.5

% Sat Temp

Ju l

Aug

Depth (r)

DO

sep

0ct

6.0
(a
4.7
B.l
4. t
ooO.(J

/.ö
8.5
7.0
o. /
r.3
7.1
5.9
8.4
6.6
B. B

9.4
8,5
6. B

8.2
7.7
0.4
1.2
2.2
0.2
6.4
5.0

% Sat Temp

Nov
Dec
Jan
Feb

\2.\

34.4

123 .6
O- Oo/ . o
BB. Z

96.1
75.0
76.5

126 .1
82.g
64.3
95.0
73.0
97 .7

t08.9
96.3
7 8.6
82. 9
77 .1
88. 4

B¡. a

92.3
75.0
46. I

35.8

':o
,-3

DC

17

5.4
\.6
3.4
5.8

12.9
9.0
/.Ll
8.4
6.8
6.4
9.6
7.2
5.6
8.3
6.5
-t/.4
6.6
5.3
6.5
O.)

7.6
t0. t

t2. t
1a atL.)

10.0
5.6
4. t

8.0
13.6
19.0
l9.o
17.0
20 .5
rQ .
t(J.L

21.0
17.2-
19.5
'l-7 f
1O Ot().()
20.5
19.2
20.\
14.4
r4.0
7.0
3.0
¿"ô
2.0
0.8
2.0

% Sat Temp

39.2

25_

112.5
Bg. s
82.6
93.2
73 .1

73.0
r04. g

Oo OoL. \)

60. ì
o?o

70.0
Bì.8
75.1
59.0
7tt.o
82.9
76.1
85.9
92.7
93.7
/4.t¿
40. 4

30.5

,_o

3.ì

DO

c./
ì2.8
i6.0
ì6.5
17.0
20.2
l7 0

l9.o
to.o
17 .5
17.2
rB.0
l9;o
tB.5
20. 0
ì4.4
r 4.0
6.5)^
3.0
L.>
t.3
2.5

2

a

':
3.
7.
0.
)).
6.

4.
l{.

5.
t.
6.
t.
0.
0.
')

ô

7.
0.
I

,)

0.
lJ

3.

Z Sat Tenp

15 .7

B. lr

l+

B

4
)
o
'))
B
ô
0
aL

2

6
Õ

n
q

5

2

ì

0

4

6

3

3

0

6. ì

3-,

4.0

27.3
76.7

4.2
3t+.9
/¿.Þ
60. ì

52.2
53.2
55.3
12.9
70.7
19.6
0.0
5.5

40. 0

DO

¿,. O

11.4
ì1r.0
ì4.0
t6.9
lg.0
17.5
t6.5
ì6.0
t6.B
15.2
r7.0
r7.0
rB.0
19.0
t4.4
ì4.0
o. )
3.0
3.0
3.0
?.1
J.0

0.1
0.0
0.0
)')
0.0
6.7
0.0
0.0
4.4
0.6
0.0
0.0

,^ 
?

0.0
0.0
0.0
0.0
0.0
0.0
O1o.L

7,5
10,0
r0.6
il.4
7.2
1.9
7a

% Sa t

o.u

o:o

0.0
63.2

0.0 B
46.8

6.6
0.0
0.0
?7
0.0
0.0
0.0
nn
0.0
0.0

82.9
1C I

B¡.9
öt.¿
87 .3
55.2
1\ .z
26.?_

82.9
7l.l
83.9
87 .3
96.5
77.9
?l )
)t.)

22.7



Appendix B. Spccific conductance and ionic compositìon
Lake 5urface and bottom sampìes except HCO,

Lake Da te
Specific

Depth Conduct.
(nl) (urnhos/

cm)

BB5

Feb l9

Aug l0

0 rB35
l-
2.7 r 845

255

Feb 1B

0 1350
t-
?-.7 1370

Na

Aug ìl

il 5.0

ìt2.0

0 lr50
ì-
2.5 ì l3o

200

Feb lB

in six selected lakes'.
and C0, at ì m depth.

44. l

\\.3

0 870
l-
2.5 900

e:.e

ot o

Cations

l"1g

Aug 12

1,. 
_7

37 .1

0 ì470
¡

5.\ t450

t2'7

t4.9

,!,
l/+4

0 2lB0
Feb lB ì -

3.\ 22oo
675

Ca

22. \

22.2

o l33o
t-
5.\ 1330

'1''
t2.g

']5
lH

7\

62

mq/ I

Fe

Aug ìì

'tt )t).)

i.L,

ì9.1

lB.5

o: o¡

0. 03

Ll

10

95

9o

February 1976 and August ì976.

Mn

22.t+

21 .\

o l95o
l-

,1.3

il.4

0. 04

0. 04

0. 40

0.35

79

79
j

8B

,2.u

76.1

.lr 1940

cl

B

ì9. ì

lg.l

0. 0B

0.ll

r.OtLíJ

r¡l

5_6

5B

0. 01

0.15

An i ons

)w

it

S0 r, HC0"
IJ

69.0

40. 0

39 .5

0.04

0. 04

':5
104

'1,
il4

620

631

0. 5B

0. 60

I+4

44

69. 0

35.3

0. 03

0. 03

':'
199

102

ì02

6\7

4rì

414

0.01

0.0ì

co3

t+0

:,
Jo

Tota I

lons

0 .04

0. 04

,2\

2t+

17_6

l86

o- u,

0. 83

9B

ôO
)t)

,?,

?o?

2',
4ll

0. 06

0.ll

r 709. 53

ì7r0.68

53

r03

r06

u:'

0. 60

0. 20

'2u
229

ì0

9

r07ì.65

r075. r9

0. 04

0. 04

,2'

nlu

8I+

0. 28

0.35

l9

L/

28t

ì,,

99\ .7 6

518

l+7I

0,01

0. 01

2

lt

85.8r

I 070

I 083

zlr,

721 .55

695 . \5

ô

ìB

l9

co
\o

r 209.56

ì r 93.66

512

8lz

oo
OL)

r0 r7.04

985.7/+

ì998.74

20r9.06

1675.35



Append i x 8. (Cont. )

Lake Date
Specific

Depth Conduct.
(r) (pmhos/

cm)

879

0
Feb 19 I

ôa
L. )

Aug ì0

0tg

Feb 20

ì r90

I ì90

0

I.) ')

Na

0

Aug 12 ì

6.1

leo
8oo

,2.u

26.7

0
I

6. t

:60
950

242

)a1

tB.4

t8.5

Cat i ons

Mg

850

870

20_.6

19.7

3l' 
'

30. 0

9_7

B9

Ca

'2'u
25.9

39'5

30.2

Õ0

;_ö/

7-2

l¿

Fe

27-. t

27 .1

0. 06

0_08

B2

77

:'
qg

l'1n

0. 04

0. 04

0. 5B

0.60

54

,t
O1OL

Zg

ct

0. 00

0. ìl

An i ons

0. 00

0.01

57

57

ì6

IB

S04 Hc03

0: 00

0. 00

u17

Ltll

0. 03

0.20

)^

ì,

Itl

,r_,

215

0. 0l

0. 01

c0.)

30

20

Tota ì

I ons

220

,2'

252

?u

3o

r05ì.74

ì 0q5.08

Jb

ult

,!,
r5ì

656. oi+

66\ .25

27-o 3B

9oB. 63

817.51

706.9 1

668. 0 l

\o



9l

Append ix 9. Dissolved organic carbon (D0C)
l--ebruary 1976 to Februa ry 1977 .

ng/1.

ín six selected lal<es.
Concent raL i ons are i n

Lake 885 Lake 255

Depth (tn) Dep t h (t)
Date Da te

20 2.7 2.5

Feb l 9 25.1
Ma r 2 26.2

21 ?2.\
Apr 12 ì0.5

27 15 .7
May .l 8 21.2
Jun I ì9.8

B t7.s
l3 19.0
22 17.8
27 17. 8

Ju I 6 19.2
ì 3 20.g
20 20.9
26 23.2

Aus 4 24.1
r o 24.3
t7 24.9
22 25.8

Sep 9 22. I

20 26.A
ocr 6 26.9

ìg 26.0
Nov 17 25.5
Dec l4 3l.l
Jan I B 33.7
Feb ì 5 39.9

25.1
27.\
25.1
12.6
t4.B
20.1
?_0. I
lB.4
ì B. ì

19.2
17 .5
17 .5
21 .2
2r.8
24.3
24.1
24 .6
25 .8
26 .0
25.5
28.3
26.3
26.9
25.8
zó.õ
28.6
38.5

26.9 25.1
25.6
2ì.8 21 .3
I 9.3 ?_5.3
20.7 t7 .3
ì9.8 lg.o
20. ì tg.0
18. ì tg.5
I B. 4 18.7
tB. ì tg.2
tB.7 17.5
20.1 tg.B
19.5 22.4
2ì.8 21 .5
24.3 23.2
25.2 24.1
25 . B 22.9
26.6 2t+.3
26.9 25 .5
27 .7 27 .7
26.3 26.0
26 .6 2t+ .l
2\.6 25.5
28.g 26.0
25 .8 28.9
32.0 30.9
38.2 38.5

Feb lB 2t4.2
Mar 2 23.6

ìB tB.6
Apr 13 8.3

29 19.5
Hay ì 9 16.7
Jun 2 17.5

7 16.\
15 16.4
23 15 .3
29 t7 .0

Jul 7 16.1
r4 16.7
2t I8.4
27 17.8

Aus 5 17.5
I I 17.5
ìB ì8.l
23 19.8

Sep l0 20.7
21 22.1

Oct 7 22. I

20 21 .2
Nov I B 23.2
Dec l5 26.3
Jan ìB 28.9
Feb 16 3.l.4

19.7 ì 9.3
lB.4 18.6
17.3 17.9
t7 .9 I 9.3
t7.B l8.l
17 .3 16 . t',

16.7 18.4
15.3 16. \
t5 .6 17.3
15.8 r6.t
17.8 17.5
16.4 ì 6. 4
r8.4 17.3
rB.4 tB.l
17.3 ìB.i
t8.4 17.5
ì8.7 ìB. r

17.3 ì8.4
20. | 20.7
20. I 22.1
22.6 23.5
22.1 2?.4
2t.B 22.4
22 .6 22. t1

26.3 26.9
28.3 28.3
31 .7 32 .3

22.7
ì9.3
20. t4

12. I

17 .5
i6. r

t7.3
t5.6
t6.4
t7 .5
t7 .3
r6. r

ì7.0
ì8. r

17.3
17.8
t7 .3
17 .5
20. \
20. h
22.6
22. 1

21 .B
22.4
27.2
28. 0

3t .7



92

Appendix 9. (cont.)

Lake 200 Lake 675

Depth (*) Depth (*)
Da teDate

5.1+ 0 3.tl0-

Feb l8 .l8.6

28 22.0
Mar ì8 lB.4
Apr 12 9.9

28 tU.7
May l9 l5.B
Jun 3 15.6

r0 14.4
t6 13.6
25 15.3
30 15.3

Jul B ì6.4
t5 r6. ì

22 19.2
28 15.6

Aug 6 16. \
12 15.0
20 16.7

. ZI+ 17 .3
Sep l3 ì7.0

22 r9.B
Oct 9 20.7

21 l9.o
Nov II 20.t4
Dec I 5 23.8
Jan lB 22.t+
Feb l6 24.9

17.3
rB.8
t6.8
8. r

14.4
15.6
15.6
t\.7
t5.0
t5.0

7.0
6. r

4. r

6. t+

7.0

18.2
18.2
17.3
t 4.4
17.0
14.4
12.5
| 5.3
t5.0
15.0
14 .2
12.7
14 .2
15 .3
13.0
19.5
10.2
16.7
t7 .5
tg.0
20. ¡

20.4
ì9.0
20.1
23.2
?_5 .5
25.2

tô t

t6.4
16.4
15.6
t6.r
r8. r

t7 .3
t9.B

5.6
7.5
7.5

8.1
8.4
9.5

23.2
26.9
25.5

14.4
t\.7
15.6
15.3
15.6
r6.4
15.6
t7 .5
t7 .5
t6.4
t7 .3
t6.4
15.3
16 .7
t 8. r

20.3
20.\
18.7
t9.B
23.2
25.5
22.9

Feb lB 21 .2
Mar 2 29.2

lB 30.t
Apr 13 7.2

29 22.4
Hay l8 2\.3
Jun 2 27.5

7 2\.9
r 5 73.5
23 22.9
29 r8.r

Jul 7 22.6
t 4 23.5
2t 25.5
27 23.2

Aug 5 22.9
1 r 23.8
r B 23.8
?3 25.5

Sep I 0 29.\
21 27.2

Oct 7 27 .2
20 26.9

Nov 17 30.9
Dec I 4 32.3
Jan lB 35.4
Feb I 5 39.6

28.5 27.\ 28.5
28.7 30.5 31.4
27.\ 29.\ 31.4
ì o. B 26.5 28.A
22.9 22.6 26.0
25.8 25.2 25.2
2u .3 2\ .9 22.1
T .B 2?-.9 22 . t+

23 .B' 23 .B 24. I

22.9 2\.9 B.B
23 .5 23 .8 2L+ .1
22.9 25 .2 2\.3
?.\ .6 23 .B 2t+ .3
23 .5 24 .9 2t+.1
2\.3 22.6 Ltr.3
2\.9 26 .o 23 .5
22.9 2\ .3 25 .2
23 .5 2t+ .1 2\ .1
28.3 27.5 26.0
28. o 27 .7 28.3
28. o 28.3 27 .7
27 .5 2t+ .6 27 .7
27 .5 ?6 .9 27 .7
3ì.ì 32.0 30.6
32.6 36.2 34.E
35.\ 35.\ 35.7
40.5 4t.t 38.5
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Appendix 9. (Cont. )

Lake 879 Lake 019

Dept h (r) Depth (*)
Date Date

2.3 0 6. ì

Feb 19 I 8.6
2B 19.5

Mar 21 17 .9
Apr 13 6.1

2l ì6.1
May lB 14.4
Jun ì 15.6

B t5.6
I 3 15.6
22 ì8.4
27 ì6. t

Jul 6 15.B
l3 16.7
20 16 .7
26 17.8

Aus 4 t6.4
t0 t7.3
t7 17.3
22 31.7

sep 9 lB.7
20 ì9.5

oct 6 22.1
t9 21 .5

Nov 17 2h.9
Dec ì4 27.5
Jan lB 32.6
Feb l5 39.1

20.\ 20.t4
t8.6 19.3
r7.0 17.o
9.6 tB.6

15.3 I 5. o
13.9 l6.l
16. I t7 .o
1\.7 ì4.4
15.6 15.6
15 .7 15 .3
r5.0 l5.B
l6. r t7.o
17.3 17.0
16. L, 16.7
tB.4 t8.l
17.5 11.3
ì6. I ti .3
t5.6 l7.o
2A.7 rB.4
18.7 I 9. o
rg.8 20.7
2t.2 21 .5
2l.B 22.r+
26.3 2\.6
27.7 27.5
31 .7 3?-.6
32.3 34.5

Feb 20 15.5
29 13.9

llar 22 1l .9
Apr 12 ll.2

29 l5.B
May 20 1t+.7
Jun 3 15.6

I I tt+.7
r6 r3.0
25 14.4
30 14.7

Jul I 17.3
15 ì5.0
22 ì6. t

28 15 .6
Aus 6 15.3

12 t5.0
20 ì4.4
24 16.7

S.p l3 lB.4
22 19.5

Oct 9 IB.l
2t 17.5

Nov I B 19.5
Dec I 5 23.8
Jan lB 2\.6
Feb l6 25.5

1\.6 ì4.l
t6.4 r5.0
l4. t 13.5
- 14.4

ì 7. 8 15.6
15 .3 13 .6
t4.4 13.6
1t+ .7 12.5
t3.6 13.9
13.9 13.9
I 5. 0 12.5
15.6 r5.6
r5.0 t\.2
th.7 13.6
16.r il.3
15.3 j5.0
r3.6 r0.B
14.7 t\.2
16. r ì7.0
17.5 l8.l
19.0 rg.0
17.5 19.5
ì8. r ì9.0
tg.2 19.5
22.1 21 .2
2\.9 2tt.9
22.9 22.9

19.7
t7 .9
17 .5
16.6
15.0
t5.0
16.7
t4.4
15.3
ì6.4
16.7
t5.B
16.\
17.0
ì9.0
17 .3
17 .5
16.t+
20. I

18.7
20.9
22.6
22.4

29.2
3t.7
34.0

15.2
15.2
t7 .7
13.5

ì6.4
15.6
t5.0
1\ .7
13.9
t4.4
lÉ,.4
t\.7
ì6. r

15 .3
| 5.6
1\.2
t5.3
16.\
t7 .5
tB.7
tB.4
17 .5
r9.5
20 .7
25.2
ztt.3

5.0
5.0
tr.6

2t.8
15.6
15.3
t6. ì

ì4.4
ì3.9
13.9
14.2
16.7
15.3
16. t

t5.0
t5.B
lt+.7
t\.\
16 .7
t7 .5
rB. r

ì7.8
17.3
ì8.7
21 .2
2\.9
23.8



trogen (ooH), and totaì
Concentraiiorts are ín

TDN

2 r 87 2B5o
2o5o 2640
2142 2875
2336 2B7o
1290 I 290
r4go r qgo

1550 ì550
t\72 r4'Bo
1482- rqgo
156\ I 730
l34l t7ìo
1629 ì 650
I 860 ì goo
r g5o ì 980
rgì6 r99o
2327 2B ì o

z}|3 3 Bf 0
2562 3370
2589 3350

n itrogen (ttHa-tl) , d issoìved organ ic n ì

BB5. Februar! 1976 ro February 1977.

N03-N NH3-N DoN

)l

\-o

663

590
733
tgg

0

0

0
0

0
'1c.3

353
t5
35
¿4

7\
4ö1
997
BOB

761
ì 052
tr.Öb
636
532

I 096
1\7 6
ì6t8
ì B5o
2346
2\30

<5
<5
<5

35
¿E

<5
<5

(J

TDN

27 A0

2u60
287 5
I 950
rB10
r6ì0
ì 630
1370
I 370
1l20
I 89o
ì 780
ì 860
2060
21 60
1?1^
23 Bo

307 o

3 450

N03-N NH3-N DON

669 23ol
6ì0 r850
631 2?-ht4

I B 192t1
0 ìBl0

1 8 t5g2
ìr ì619
0 t364
0 r36l

l48 ì569
331 I 545

l 0 1764
40 lBì5
ì 5 2o3g
35 2125
1 2319

5\ 2326
l+26 26t+t+

727 2723
893

il55
658 2222
598 236\

1192 2\\g
I 37r 261 0
l 621 25\7
1779 2439
nt+I+ 2666
2396 2864

Depth (r)

Snmon I a

i n Lake

ztt,^ ¡ãlo
2500 301{0

2675 3B I o
2t+61 4ooo
2608 !380
2507 4450
2924 5270
3020 5h50

21?-1 27 90 <5

r 949 2520 <5

2167 2730 <5

to94 il60 B

I 3go i 3go <5

I 503 1 530 <5

1729 1730 5

1693 I 7oo 6

t42l ì430 g

1720 rBB0 3

1527 l860 l/1
1639 l650 6
1764 rBr0 5
2112 2120 6

200\ 20\0 <5

Zt+15 2\30 <5

2354 2380 <5

z6g1 3070 <5
2616 3340 5

TDN

it rosen (ruor-¡t) ,
nitrogen (Íou)

N03-N NH3-N DON

669

571
563

tb
0

27

I

0
0

157

319
5

4l
L

Jo
l5
26

379
7 2t+

B9z
1229
6\3
596

Ir60
131+5

15t+7
17 48
2307
2351

zãeo
2970

3 6Bo
r+060

43zo
\360
501 0

5260

Nitrate n

dissolved
vs/t.

63
r 54

93
¿tr

<5

¿i

<)
<5
q r'ì

\)
<5
<5

7

9
))

ILl

6

5
6

<5
<5
<5
<5

E

TDN

2 BBO

2960
2665

990
ì 440
I 590
167 0

r510
1 600
I 650
I BBO

I 660
j7ì0
i940
2040
2320
2310
287 0

3l90

Appendix ì0.

DON

669 2211
604 2356
557 2roB
408 561

0 r440
ì6 157\
I 1669
0 1504
0 1579

l 9ì 1\56
314 1552

I 0 16\L+

56 1 64g
B r926

37 2003
l B 2302
46 226t1

358 2512
7\o 2\50
893

1a)a
I L)L

6t+5 2185
533 2329

1175 2596
13tt2 Zt+89

I512 2t427
lSll 2tt29
2258 3132
2274 3\96

N03-N NH3-N

2417 3060 <5
2296 2goo B

Zt;sj 3650 39
24rB 3B4o 79
2292 3gB0 152
2430 tú20 142
30r3 53?-0 <5

3 I 99 5550 <5

Date

76 <5
<5
<q

21
<5
<\
<5

/
Þ

2l
))

r4
6

5

6
<5
/L

<5
¿tr,

5

<5
I

39
79

r4t
IIJU

77 <5
<5

19,
2

21

12

27
rOt(J

I

B

t3
22
a1

6
ìtt)
2A
26

f1

t0
t7
22
26

)t
9

20

Feb
Mar

Apr

May
J un

2830 <5
2870 I
38ì0 39
39ì0 77
4080 t \7
4380 t42
5390 <5

5770 <5

Ju ì

Aug

sep

0ct 6

9

7
I
4

E,
5

Nov
Dec
J an
Feb



n i t rogen (0OU ) , anci tota ì

Concentrations are in

r 630 ì 950
ì51+6 tg50
r58r rB20
t5o2 I El0
r 280 ì 280
1270 l27o
lq3l ì4Bo
ìi+3 ì llr80 \o1352 1360 \rì

1226 ì 230
tì45 il50
r3or l3ì0
r q07 ì 410
1275 ì 350
1366 I 370
| \52 I I+60

I 432 I !60
t68r ì7io
r5l6 t52o
t65b I 670
r 543 r 560
16t2 162-0
r 530 r 530
1770 tli0
1B?2 ì g2o
2023 2240
2i95 25\a

IUN

1C

dissolved organic
to Februery 1977.

N03-N NH3-N DON

3t5
404
¿JJ
313

0

0
\2
Jö

c
0

0
L¡

33
70

4
o
O

.OLO
?a

I
r+

l4
t7

:
0

5B
177

3\5

5
<5
<5
t5
<5
<5

7

-

:

n i trogen (t'lH.ì-N) ,

255. Februarí 1976

TDN

2-r30
l9i0
r 6go
ICqt)
il60
r r70
I 530
I 300
1330
r 280
ll00
129C
l4l0
1400
1 520
152.0
r 440
r 700
r5ì0
1530
ì 59C
r 700
I 580
ì 700
197 )
2360
255A

N03-N NH3-N DON

822

^Lt
u5l
171
160
125
IJA')

270
3t2
276
095
278
377
379
5\5
r^?

\?-o
696
489
5t0
579
692
580

r 69l
I BBO

¿r82
)-21\

308
263
233
268

0

33
21

l0
0

0

l2
33
r6

5

l3
20

4

21

20
ìì

0
0

5\
172
3\6

Depth (t)

ammon i a
i n Lake

¿tr,

<q
¿8.

105
¿i

oo

5

9
B

4

5
<5
<5

5
<5
<5
<5
<5
<5
¿Ê

<5
B

¿tr

<5

Jb
6

¿tr

TDN

N itrate n itrogen (ru0.r-t'l) ,

ciissoìved nitrogen (fON)

vs/1.

r93 ì 2?_30

1759 2070
I 606 r 820
16\7 2200
lrB0 ìtB0
lrB0 ì180
1543 t57o
1382 l4l0
1323 I 340
12\6 r 250
rì65 il70
t3c2 r 330
1256 r 290
1247 r 330
1342 r 350
1367 ì 380
I 438 ì 450
1744 t750
1655 I 680
1602' 1620
ì602 r6r0
16ii2 I 650
I 580 r 580
I -7r^ I -7f^
| / )w t I )w
rBr3 rBgo
1933 2-lr0
2224 2550

N03-N NH3-N DON
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0

0
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0
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O

0
0
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q
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4¡o
<5
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6

9
oo

4
5

<5
<5

5
¿E

<5
<5
<5
¿tr
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B

<5
¿C

)L

t4
¿E

TDN

2587 2990
2537 2860
r 832 2070
1773 2l B0

1260 1260
ìì70 llTo
l3B5 r4ì0
12tg I 260
1292 r3l0
1296 I 3oo
)205 l2ì0
1203 1250
1267 r 300
1767 r 830
ì405 r4ro
1427 I ¿r4o

1399 r4ro
)570 1570
I 509 I 560
1667 r 690
1639 r 650
1692 I 700
1470 1470
1791 I 800
I 899 r g8o
l 865 2060
22?0 2550

N0a-N NH3-N D0N

Appendix I I
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ni trogen (D0N) , and totaì
Concentrat¡ons are in

1356 ìBl{0
1599 20Ii0
I 260 2ogo
1617 2860
ì330 1330
il70 ìì70
1355 ì 850
1092 r 200 xì
1090 Iì60
ì 035 l0¡r0
ir90 lr90
983 2B7o

l 020 .r730

ììl{3 ì520
l l 07 24go
3849 5 ì 40

3\5 | I{ 4lr 0
2170 368o

12733 ì 3800
l28t ì3ì0
ì r 83 t22o
1250 I 300
1212 1320
1372 ì 630
r 348 r 850
1625 2210
ì531 2140

TDN

5.tl

d i ssol ved organ i c
to February 1977.

DONTDN N03-N NH3-N

tt79

441
830

12\3
0

0

\95
ot
OU

0

0

I BB7

7ì0
377

l383
ì29 ì

989
r5ì0
1067

2g

37
50

r0B
249
t+7 \
575
609

n i t rogen (ruHr-u) ,

20o. Februari 1976

q

<5
<5
<5
zE

<5
<5
t6

ì33ì lB00
ì B6B 2400
tt27 r 690
t5l5 2 I 20
I 080 I 080
lr50 ll50
il60 ìr60
ì089 il30
I o5o I 060
l0c5 l0i0
1270 1270
I 060 I 060
1243 1270
1322 I 340
ì156 t2t0
1209 1220
r ì50 r r50
1 t73 1230
1220 1220
ì288 r3ìo
12\5 r 280
1293 I 340
I l70 1270
1328 I 530
1532' 1 780
1565 2ì r0
1\92 2090

DONTDN N03-N NH3-N

Depth (r)

464
5 -?2

563
533

0

0
0
6

^
0
0
0

27
rOIO

5\
ìl

0

57
0

22
35
\7

100
r94
224
531
598

ammon i a
i n Lake

5

<5
<5
l2
<5
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<5
35
ì0

5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
<5
¿Ê

ö

24
14
<5

i t rogen (¡t0..-¡t) ,
n i t rosen (l-0ru )

I 606 2o7o
1872 2360
1269 1 860
538 990
960 960
lìr0 lll0
il30 ll30
ì 075 ì 2oo
I o4o I o5o
1005 r0l0
r 068 r 070
r 080 I 080
ìr76 r2jo
1261 1780
lr6t t2ì0
I l3¿l I 140
r lgg r210
1,223 1230
126C 1260
1326 r 350
I r 83 1220
1?-83 1330
l l68 t7-go
1282 r 480
t3r0 1690
1579 2 r 00
lr,r87 2o5o

DONTDN N03-N NH3-N

;
2B

l0
<5

t+59

468
591

O-\)l
0
0

0
B

0
0

2
n

)1,

ìot)
49

6

ll
7
n

24
37
tr7

122
ì90
356
506
563

Nitrate n

dissolved
vs/1.

q

¿Ç

<5
365
<5
<5
<5
ti7
l0

tr)
<5
<5
<5

¿C

<5
<5
<5
<5
\)
<5
<5
<5

B

24
ì5
<5

2270
2IúO
2160
ll{50
127 0

ì t40
il70
ì 100
I 050
I 080
I 200
I 130
I 100
r3ro
I 140
I ì60
rr60
1230
l2l0
lz90
127 o
ì 280
r 360
1520
20 B0
2210
2790

Append i x 12.

NO"-N NH3-N DON

i75
951
57 (,

006
zl0
140
tb¿
084
04c
a75
200
t¿o
064
¿/)
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t52
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212
2t0
266

230
275
319
/oJ
662
719
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<5 tr79

<5 534
3!o r 04
<50
<50
6t-
BB

t0 0
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<50
<5 2

<5 36
<5 37
<5 5\
<58
<5 l
<5 ìB
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<5 33
<5 5o
<5 85

9 t92
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<5 571
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t5
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t rogen ( 0OU ) , and tota I

Concentrations are in

TDN

nitrogen (ttttj-ru) , dissolved organic ni
'o75. Februar! 1976 to Febi-uary 1977.

2317 3720
2 r 06 2500
2197 27 t 5
686 tì80

3.h

-N DON

!

xill

I 790
l5-?0
lgr0
r 870
r 850
r7B0
i 900
2030
r 890
r 890
r 890
I 8oo
2040
Igrro
2090
ì 900
I 940
I 840
2l 30
2 r40
2770
2990

-Oa)() )
394
5t3
l+6ot

0

39
23
ì0
t,)
IL

)')
)L

?q

TDN N03-N

751
500
UU(]

B¿iB

808
/Jo

20
<5

C)
L)

oo
<5

7

:,

:

";LO
'10

<5

2272 2630
2128 2480
24t+ 2605
r r60 t23o
1571 r 5Bo
r 780 1790
rgoT l9lo
I 842 ì 850
tE37 I E5o
17 3t4 177 o

r 682 1730
rBB2_ ì900
I 864 I 890
175t I 870
r 826 r 830
ì 870 ì 870
rB0ì ìBr0
r 980 ì 980
r 948 r 970
r 883 r 890
I 920 r 920
I 930 I 930
r 830 r 83o
2060 206c
2306 2\30
25\1 2880
2719 3ll0

2

N03-N NH3-N DON

200¿r

17 57
] BE5

rE90
ì7Bl{
2040
r 90l
2 083
l9oo
r g4o
tB40
2127
2008
2\t g

2599

3t+3
1 C')
) )L
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¿U

0

l0
3

L

3
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'2 ')'))
ìB
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lt4
4
U
.))
0

2Z

7
0

0
0
0
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330
391

LÐ

r28
5

0

ì0
0

7
0

0
0

3

ì04
34 ì

391

Depth (t)

êmmon I a
i n Lake

2337 2680 I 5
24\6 2800 <5
2783 3r40 <5
1g7g 2ì80 50
106ì roTo 9
I 900 r 900 <5
2260 2270 <5
1852 I 86c 6

ìBro rBSo to
rB3r rB70 r0
1715 1760 t5
2003 2020 <5

I 860 r Bgo <5
1829 r B7o 5

I 845 r 850 <5

I B3B I B4o <5
1757 1770 6

2060 2060 <5
ì 860 I 860 <5
I 863 ì 870 <5
2000 2000 <5
I 900 I go0 <5
I 790 I 790 <5

2090 ?ll0 <5
2284 2420 28
2583 2930 9
269tr 3050 <5

TDN

itrogen (uot-t't),
n i trosen (Tou)

N03-N NH3-N D0N

')a)
)L)

35t1
1tr1

36
0

0
l0

0

l0
90

30
17
')^)v
)o

5

2

7
0

0

7
0

0
0
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ì05
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Nìtrate n

d i ssolved
us/t.

?-\38 2790 20
24\o 2Boo <5
2866 3265 <5
2967 3tBo r65
ì430 r430 g

r 870 r B7o <5
I gg5 2000 <5
ì805 rB20 B

t8o7 rB2-o lo
1719 1750 lo
l 546 r 590 15

i 7Bo r 790 <5
tBor rB3o <5
t7 _i3 1750 5

1760 1770 <5
1779 r 78C <5
172\ l7¿r0 6

1875 r 8Bo <5
l 944 I 950 <5
201+5 2050 <5
I 930 ì 930 <5
2020 2û20 <5
1720 172A <5
2240 22Bo <5
2389 2560 31
2495 2B4c B

2875 3250 <5

TDN

Appendix 13.

N03-N NH3-N DON
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Appendix ìq. Nitrate n'i
d issolved
vs/1.

Da te

Feb

l'la r
Apr

May
Jun

trogen (ru0..-ru),
n i t rosen (l'0ru )

lot),
.O
1_O
,)ì
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t?t)
2'7
rOt(J

I

S

r3
22
a1

6

t3
20
26

L¡

l0
t7
2?_

9
20

76 60
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<5

4r0
<5
<5
<5
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lÕ

l4/-o/
-)
<5

5
<5

7

l5
<5
<5
<5
<5
<)
<5
27Ll

70
77 <5

<5

N03-N NH3-N DON

a,mmon ia
i n Lake

5A2
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!31
r06

0

0

60
t06

6
6I+

20t
0

2B

5

34
I
,)

2\
?n

ll
b

0

0
14

E))

973
1292

Jul

nitrogen (NH..-N), ¿

879. Februar! 1976

l 9gB 2560
20r r 2590
1674 2105
l4ì4 lg30
ì 370 1370
tìgo ilgo
t25o lll0
ì 308 r 440
r306 r33o
1432. 15r0
t 452 \720
ì 350 I 350
t4ì2 r440
l5oo r5lo
1286 r 320
ì 501 r 5l0
1473 I 490
1706 t73o
r680 ì7ro
1699 lTlo
I 534 I 540
16?_0 167C
r 540 ì 540
2179 2230
2398 2990
2651 3630j098 4390

TDN

Aug

N03-N NH3-N DON

Depth (nr)

qq

20
<5
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\)

<5

3o
r4
t4
67
<5
<5

5
<5

15
<5
<5
<5
<5
<5
<q
') tr.

11
<5
¿C.
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0ct

\ge
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369
t58

0
0

0

ìì0
0

6I+

i88
0

26
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30
7
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t5
35

5

7

0

)
3

35t
o(?

1229

i ssol ved o rgan i c n

to February 1977,

Nov
Dec
Jan
Feb

6
o

7

4
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5

I 847 2- /r 00
r 340 I 940
I 901 22lO
1202 2130
I r40 I 140
lltrO ll40
1520 1520
r 450 r 590
1t+26 1440
\622 r 7oo
1435 I 690
i 420 1t+20

1444 ll+70
1512 1520
l35o l380
1526 r 540
l4B4 t5l0
r 605 1620
1565 I 600
ì705 ì710
1533 ì 540
1790 I 790
1607 r 6r 0
1952 j gBo

2?_82 2710
2737 3700
304l \z7o

TDN N03-N NH3-N D0N

c5
l0
<5
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¿Ê
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<5
oOLt)
l3
t4
67
<t:

<5

5
<5

7
t5
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<5
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<5
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<5
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OL
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i trogen (D0N) , and tota I

ConcenIrations are in
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526
97

0

56
t4

ll0
0

(1
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0

/_6

0

I

bJ
12

l0
I

0

0

IB
0

383
977

1234

l 944 2470
r 482- 2000
r 704 2230
1203 I 650
1270 l?_70

r 244 r 300
1266 ì 280
1252 I 3go
i267 r2-Eo
1539 ì 620
1 436 r 720
ì 530 I 530
1 lr0! I 430
r 5l 5 1520
1517 I 540
\592 I 600
1t+92 l57o
1628 I 640
ì 690 I 700
I 649 r 650
r 580 i 580
I 700 r 700
1722 r 740
197 1 2000
2325 279c
2853 3830
2976 4?- 10

TDN N03-N liH3-N D0N
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<5
<5

1ì5
<5
<5
<q

33

:

2.3

563
609
615
303

0
.)Ê

I

t29
0

5l
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5
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0

t/
4
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4

22
q

t?t)
0

55

ì

?-

I

I

6t+7

06 ì

990
982
120
?-05

259
rtQ

306
4lj
7lo
tf<\

I+52
c1tr

403
699
536
576
598
795
107
700
7t5

TDN

?250
267 0

?_605

I 400
ì 120
r2 j0
1260
t lBo
l l2_0
llr90
r gB0

llr40
Iti80
ì 520
I 420
l7r0
r 630
ì 580
t62-0
ì 800
11? A

ì 700
r830

\o
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B6
<5
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4l o 2294 2790
9Bo 27\o 3720

l2l 4 2826 40lro



totaì dissoìved

TDN N03-N NH3-N D0N TDN

509 2l80
3l+7 20oo
\t6 2h7o
t99 1530
9r4 2950
090 r 090
0gB ì 2gc
ìlì 2\2A
127 t Z4O \
007 ì 210
tì0 l3Bo
g\2 222C
955 ì 600
?-34 ì 65C

527 27 \a
e7 zt)Bo
-i< ^^l ^J// LU.]U

20r 1560
304 1¡-2C
277 r 290
ì35 I ì40
100 ì100
ì50 ll50
ìBti ì2 ì0
009 I 260
35t I Boo
\tt?- lE60

orgånic nitrogen (oon), and
Concentrations are in pg/.l.

b. t

671
653

lo5t,
306

ro36
0

'I O?I jL

I 300
L

224
270
t27B
bq)

'4t6
r2r3

0¿1-1

663
? tro

.41 6
t?

q

0

c
21

,)?f
L))
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4tB

<5
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') c,

<5
<5
¿E

?
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660
7_20

TDN N03-l.l NH3-N D0N

I 0q0
t2l2
I ¿/-)

(ruH j-tl) , dissoìved
to February 1977.

ì20
ì00
ì00
ì70
t30
270
/-LV
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280
320
020
oo^

230
ì50
210
2?_0

i70
ì20
090
r30
220
700
82o
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q4Õ
ltAT

O

0

0
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0

9r
)o
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12
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3l

2

7t)
7
0

r3
5

0

U
))
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385
\22

'ìl.)
I tL
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089
llg
170
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090
208
224
qBq
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t56
t43
2t0
207
t65
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090
127
085
309
398

l
l

ì

I

l

I

l
l

I

l

5
<5
?^)w

t
<5
<5
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:

:

r

,;
¿(
ì5

6
<q

291 1331+ ì 640
286 r024 ì3r0
350 1215 1575
253 1157 l49o

o 856 B7o
0 li34 lìl+0
0 lì20 ll20
7 ilìo lj60
0 i06g roSo

95 1296 r 400
t0 ro70 r0Bo
0 ri60 il60

62 lt38 t2oo
ìg ilBr l2o0
2t+ 996 ì020
2 1o3B I o4o
0 r070 ì070
9 ll5ì 1l60
0 ì130 il30

l B l2r+2 1260
5 1075 l0B0
0 llrrC ll60
0 r070 1070
3 11?-7 lì30

I llr I I l5 1240
321 1362 I 690
363 1tt47 lBl0

(ru0 j-il) , ammon ia ni trogen
LaÉ.e 0l 9 . Feb rua rv 1976

Depth (rn)

N03-N NH3-N DON
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5
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l

I
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l
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I
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l^4)
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9
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ìl

7
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N03-N NH3-N D0N TDi']
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8r0

N i trate ni trogen
nitrogen (ioru) in

265 r 340
278 14hz
306 1524
8r r052
0-
0 1il4
0 ll35
9 il53
o il49
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0 1230
1 1259

55 I 045
23 1227
12 r 008
2 r0ìB
0 t060

12 Ir68
0 lr30

l3 121+7

9 ll0l
0 il60
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25 ll25
t08 1123
313 l39l
33\ ì 406
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lB0
t30
260
ll0
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7 t+o
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o
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5
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9
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<5
<5
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9
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NHl-N D0N TDN
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408 I 930
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r50 r r50
r3r il40
054 I 070
079 i090
lrrB \25A
140 il40
lt0 llì0
o2g I 080
l82 ì210
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970 970
820 820
t72 ìrEo
100 ll00
112 r r30
07r loBo
ilo il10
0\6 r o5o
r68 ì2r0
r07 t240
351 I 670
926 z?-EA
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Appendix ì6. Solubìe reactive
phosclrorus (roP)

Date

Feb
Mar

Apr

May
Jun

19, 76
2

2l
12
a1L/

t0
l
I

l2t)
11/_L

L/

b
l?t)

20
¿L)

4

ì0
t7
22
/,6
)t

9
20

phosphorus (sRP), dissoìved
in Lake 885. February 1976

SRP

tbl
r60
ì45
75

I

22
22
a1

26

9B
t45
tó

2
r)
B

ì4
6
2)

tì
2\
i?
ll
13

?')

))
56

r56
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Appendix 17. Soìuble reactive
phosphorus (r0P)
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Appendix 18. Soluble È.eective
phosphorus (roP)
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Appendix 19. Soluble ieactive
p hosphorus (foP)
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Appendix 20. Soìuble r.eactive
P hosPhorus (roP)
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(oOP), and total dissoìved
Concentrations are i n pg/l .
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