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RATTONALE

Detailed studies have been carried out on the effects of logging

strean wateîsheds, for exanple, Likens eú q.L. (L970), Bormann et aL,

(1974) or Aubertin and Parríc (1974). However, líttle work of this

nature has been directed towards lakes. The Experínental Lakes Area

(El,A) in Northvrestern Ontario (see Volurne 28, No. 2, J. Fish. Res, Bd.

Canada) provided an ideal location for such a lake study since excellent

field facilities were available in an area whích rvas actively being

logged by the Minnesota and 0ntario Pulp and Paper Conpany (MANDO).

Lake !20 (Figure l) located southeast of Kenora, ontario, (93"50r1¡,

49o39tN) rvas chosen in 1968 folr this study for a nurnber of reasons. It
was estinated by MANDO thåt its watershed would be logged in Ig70-7I

¡¿hich allowed 2-3 years to describe the lake prior to any dis turbance.

From a practical point of view, Lake 120 was of the type that would nobt

typically be deemed important econonically ot: aesthetically; that is, the

water is relatively clear and of high qualíty and the take is of such a

depth and norphology that ther.nal stratification occurs during the sunner.

Hydrologically, the systen appeared to be a relatively sinple one. The

lake is a headwater lake (see map ins ert Volume 28, No. 2, J. Fish. Res.

Bd. Canada) in an apparently sealed graníte basin and the narroh¡

(approxinately 20 rneteÌs) outflohr channel with bedrock sides allol,led the

neasurenent of. discharge (Figure 2). There is little littoral vegetåtion

in the lake and the soils and terïestrial vegetation are rather uncomplicated.



FIGURE 1. Aerial view of Lake 120. octoben, 1970.

I
FIGURE 2. Weir and recording well at the outlet of Lake 120.

Novenìber, 1970. The weir rvás built at the second
of a series of three aged beaver dans. Note first
beaver dan in foreground.



This nanuscript is a linnological description of the h,atershed

and lake ecosystem before logging.



DESCRIPTION OF THE STUDY AREA

The surface of Lake 120 is approxinìately 410 meters above sea

level. A strean which flows inter:mittently enters the låke at íts
south end (Figure 3). The lower half of this stream flows through a

black spruce bog with mosses and Labrador tea (Ledzun gz,oenTanåLcum

Oeder,) , Runoff in ¡nost other parts of the r,ratershed is direct to the

lake, not Ðid streamflov¡. Bottomley (1974) describes in detail nmoff
processes and mechanisnis in ELA. Water leavíng the lake through the

outflow progresses through a series of sma1l lakes to Dryberry Lake,

fron Dryberry Lake to Lake of the Woods which drains into the Winnipeg

River to Lake l{innipeg, l,ake Winnipeg flows to Hudson Bay and the

AÏctic Ocean u¿a the Nelson River (see Figure 1, Brunskill & Schindler

1971) .

With exception of tlìe above-nentíoned black spruce,

the predominant tree species on the ratheï steep, well-drained. slopes

of the watershed is jack pine (pirws banksíara Lanb,). Balsarn fir
(Ab'ies balsanea (L.) Mi11.) is usually the predonínant specíes in the

understory of jaclt pine or black spruce (picea naz"tarø (Mill.) BSp.).

There are tk'o stands of trenbling aspen (populus trernuLoides lrlichx.) in
the tr¡atershed and there are red napLes (Acer rubz,ton L.) interspersed.

anong black spruce in and just upslope fron the bog. A description of
the vegetation in ELA, including a species list of aquatic nacrophytes

is given by Brunskill and Schindler (1971). There is little littorat
vegetation about Lake 12 0.
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FTGURE 3. outlíne and conËour map of the Lake 120 watershed. contour íntervêls
are 50 feet.



. Geologically, the draÍnage basin is as described by Brunskill and

schindler (1971) ' Detailed discussions of tr.re chemistry and weathering

of the granodiorite bedrock and the gi.acial tilr in the region are found
in Brunskill et aL. , (197f) and Schindler et aL,, (f976), An account of
the glacial history of the area may also be found in Brunskirr and

Schindler (197I).

Most of the Lake 120 drainage basin is exposed bedrock covered

only rtrith an organìc layer. However, in the depression where bog is
located, the bedrock is overlain by a sandy till deposit. In the slightly
sloping, well drained areas of this depression, soils are typically
degraded dystric brunisols (after tl.re The systen of soil classification
For Canada, Canada Department of Agricu1tue, 1970J. The L_H 

'orizon 
is

an organic black nat about 5 cn thick. The leached, grey Aej horizon varies
fron 2-5 c¡¡r in thichness. A Bmr horizon of about 7 or g cn overlies coarse,
rusty brown sand [Bn2 horizon) up to 30_40 cm deep. Al1 sand grains and

pebbles comprising the Bn2 horizon are rounded suggestíng that the till
overlying the bedrock has been water worked. Towards the center of the
depression, the surface revels off and the organic nat thickens to about
10 c¡n. Drainage is poor here and. gleyed dystric bn¡nisols have d.eveloped.

In the center of the depression, surface deposits are saturated with water
and are overlain by peat and noss. There is no profile development and

these soils would therefore be classified as regogleysols.

Based on neteotological. records fron stations in the vicinity of
ELA, Brunskill and schindler (197r) reported annual nean temperatuïes
between 0,5 and 2.2ÞC. January rnean telnperatures ranged fron _19.4 to



-16.1oC and July nean terper:atures fron lg.s to 20oC. Schindler et aL

(1976) recorded at the ELA canp site, during the years Ig70_75,, an.Illal

precipitation ranging from 700 fm to g70 nn. Evapotïanspiration averaged

about 65% of annual precípitation during those four years. Runoff on

the Lake 239 watershed was between 220 anð, jSO nrn per year, MaxÍnum

runoff occurs during and imnediately after ice melt, Lake LZ} beco¡nes

free of ice between April rs and May 15. The lake is usuarly ice-covered

by the third week in November,

A brief history of the hunan populatíon and" Iand use of the area may

be found in Brunskil1 and Schindter (1971).



MET}IODS

Physical Measurenents

Figure 3 is fron a portion of a formlíne. map provided by L.A.

Srnithers, director of the Great Lakes Forest Research Centr:e, Sault

Ste. Marie, Ontario. Contours on this nap were used to delineate

the boundary of the Lake 120 hratershed. Drainage area (AO) was

deterrnined by planimetry.

0n July 20, 1969, a lake level datum nark was cut into a rock

ledge on the east shore (Station 20, Figure 4). The surface of the lake

u'as 0.91 meters belo!ù datun, Sonâr tïansects (a Raytheon Model DE 1I9D

200 kc Fathoneter was used) and construction of the batlìynetric chart

were perforned as described by Brunskill and Schindler (1971J. Length

of shoreline (L), and rnaximurn length and width of the lake were deterrnined

by chartometer. " A planineter was used to calculate lake surface area (Ao)

and are¿s at 2 meter contour intervals, Volunes at 2 neter intervals,

total lake volune, nean depth (ZJ, shore developnent (Dr) and volume

development (Du) were calculated after Welch (1948).

Between Septenber, 1969 and August, 1972, tífty vertical profiles

h'ere taken at the point of rnaxirnum depth (see Figure 4, for exact

location of the sampling statíon). In the inítial stages of the

investigation, samples were also taken approxinately half way up the

north arn of the lake (depth about 8-9 neters). However, no difference

was found between the quality of the water in the noïth arm and that of

the 0 to 9 meters stratum at the south station. So,in Novenber 1969,
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samPling at the north station was discontinued and profiles from the

south station taken to be representative of the entite lake. During

the open-hÌater season, outflow samples were also collected.

Estirnates of light penetration were nade in two h'ays. Routinely,

Secchi visibility was neasured with a 25 cn dianeteÌ SecchÍ disc. In

I97I-72, a Whitney nodel L[{T- 8A subnersible photoneter (cadmium sulphide

ce1l) was also used to measure líght transmittance at depth intervals

of l Tneter or less. 100% transnittance tr¡as taken to be at 0,1 meter.

Total solar radiation was recorded by means of an Eppley pyrhelioneter

nounted on a tower near the middle of Lake 23g. Elaboration on subsurface

light neasurenent including how to calculâte photos).nth et.ical ly useful

light reaching a given depth may be found in Voltenweider (1961, 1969)

and Schindler (1971). Schindler (1971) also gives an equation probabty

only applicable to ELA which relates Secchi disc visibility to light
transmission. In this study, visual colour of the disc was also recorded

at half Secchi depth.

Tenperatures were ¡neasured ín situ at 1 neter intervals with

either a Yellow Springs nodel 43 TD tel e-thernorneter (readable to about

0.2oC) or a l\rhí tney thermistor TC-SA (readable to about 0.02oC), These

instrurnents were calibrated against a U.S, National Bureau of Standards

nercury thernoneter.

Conductivity was also measured in sítu at depth intervals of 1

neter or 1ess. A Beckman RB3 Solu Bridge Conductance Meter calibrated

against 0,001 and 0,0001 N KCl standard solutions (Arnerican public Health

Association, 1965) tr'as used.
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Chemical Measurenents

Ivater sanples were routinely collected fron the lake at a rninimurn

of seven depths, nanely 1, 5, 8, 11, L4, 16 and t8 meters. A S-litre,

clear, plexiglass van Dorn sampler was used. From each depth, a l-litre
polyethylene bottle wâs rinsed and filled for chemical analysis, a 300:;rl

glass BOD bottle for oxygen neasurenent and a 150 nl capped bottle for

phytoplankton counts. Phytoplankton sanples were irunediately preserved

with Lugol's solution (Kling and Holmgren, 1972),

Dissolved oxygen was deternined by the azide nodification of the

Winkler nethod (Anerican Public Health Association, 1965) within hours

of col l ect ion.

At each depth, three sanples of suspended particulate nateriaf were

collected by filtration through pre-ignited (16 hours at 550'C) 4.25 cm

diameier lïhatnan GF/C filters. The Mandel Scientific Company Ltd. claims

these glass fiber filters retain particles as snall as 1.2 pn. Filters

for particulate phosphorus (PP) analysis r{ere stoïed in screw-cap vials

and shipped to the Freshwater Institute (FWI) in lttinnipeg for analysis.

Phosphorus was extracted fron the filter and converted to orthophosphate

by heating with dilute IlCl (Stainton et aL. , 1974), and or:rhophosphate

was then deternined by the rnolybdate nethod of Murphy and Riley (1962).

Filters for particulate carbon (PC) and particulate nitrogen (PN)

analysis were desiccated in the dark and stored in individual plastic

petri dishes. PC and PN were deternined simultaneously at the FWI

on a ¡nodified Carlo Erba Model 1102 Elenental Analyzer (Hauser, 1973

and Stainton et aL., 1974). Filters for chlorophyll analysis were frozen
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and stored in the dark when it was not possible to analyze the same

day as collection. The filters were ground ín a 90% acetone rnediurn

and the extract fluorescence was neasured on a Tuïner Model III Fluoro-

neter (Strickland and Parsons, 1968), The ínstrument responds primarily

to chlorophyll a. However, equivalent concentrations of phaeopigments

elicited a fluorescence of 50% of the chlorophyll a standard. In

natural water systens it is unlikely that phaeopignents are absent. As

a result, the chlorophyl l rneasure¡nents reported in this study represent

rmknown proportions of chlorophyl l a and phaeopi gments, and are probably

an overestimation of chlotophyll a.

The filtrate from above was divided into two aliquots. After

preservation with I nl of lN HCl, 100 nl was set aside for major cation

analysis in liinnipeg, Total dissolved calciun, (Ca), nagnesiurn (Mg),

sodiun (Na), potassium (K), iron, (Fe) and manganese (l&r) were deteûnined

using a Perkin Elmer l'Íodel 40S atomic absorption spectrophotoneter

(Stainton el; aL. , L974).

The remaining filtrate was used for anatyses perforned in the field
laboratory. Dissolved organic carbon (DOC) was neasured by gas

chronatography (a Fisher Hamilton Model 29 gas partitioner was used)

after oxidation to C02 (Menzel and Vaccaro, 1964; Stainton, 1973).

Nitrate was reduced to nitrite in a cadmiun copper red.uction column

(Nood et aL., 1967). The sum of nitrate plus nitri te -nitrogen in the

vrater sanple was deterrnined as nitrite eithe¡ nanually or by an automated

method using a Technicon Autoanalyzer (stainton et aL., r9T4). phosphate-

phosphorus (PO4-P) hras detemined by the molybdate nethod of Murphy and
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Riley (1962) either nanual ly or by Technicon Aútoanalyzer (StaínlLon et

aL., L974), It should be noted that the method is apparently capable

of hydrotyzing labile organíc phosphorus compounds, resulting in an

overestimate of P04-P and hence biologically available phosphorus

(Stainton et aL., 1974). Henceforth, the phosphorus deterrnined. by this
method will be referred to as soluble reactive phosphorus (SRp). Total

dissolved nitrogen (TDN) and dissolved phosphorus (TDp) were deternined

afte:c ultravíolet photochenical conbustion (Armstrong and ribbitts,196g).

Acidification, additíon of HZO2 and U.V. photo-oxidation for 4 hours as

described by stainton et aL, (l9z 4) conveïted organic phosphorus compounds

to phosphate which was determined as outlined above. Similarly, at pH 9

with addition of H2OZ and U.V, irradiation for 16 hours, organic nitrogen

cornpounds and anmonia were essentially a1l deconposed artd oxidized to

nitrite with e small residuar of nitrate rvhich was determined. as above

(stainton et aL-' 1974), However, for sorne h¡ater saÍples rich in nitrogen

and organic carbon, determinations of TDN gave values less than

corresponding indepen.lent measuLenents of arnmonia-nitrogen (NH3-N). It
has since been discoveied by stainton (personal conrnunication) that for
TDN levels greater than 35 umoles litle-l a sígnificant fïactíon of
anrnonia usually persisted after phot o- oxidation . Since such waters

are vexy high in organic natter it is likely that, during irradiation,
oxygen was depleted before all arnrnonia was converted to nitrite or

nitrate. This problen may be overcone by deterrúning NHr-N as well as

NOa+NOr-¡. Staínton et aL. (I97 6) have also develdped a new nethod for
TDN whereby organic nitrogen conpounds, nitrate and nit¡ite are conveïted.
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to and ¡neasured as anmonia. At any rate, due to the unreliable nature

of the nethod used in this study, TDN concentrations greater than 35

umoles litre-l have not been reported.

Hydrogen ion concentration (pH), specific conductance, NH,-N,

dissolved inorganic carbon (DIC), methane-caïbon (CHO-C) and. soluble

reactive silicon (Si) were determined on unfilteïed water in the fietd
laboratory. NH3-N was done by the phenol -hypochl orite method of solorzano

(1969). Both nanual and âutomated adaptations of the method are

described by Stainton et aL. (1974). Measurenent of total carbon

dioxide concentrations (C0, or DIC) was done by heliun stripping into
a Fisher Hanilton Model 29 gas partitioner (Staínton 1973).

Concentrations of HrCOr, COr= and HCOJ- were calculated. fron total
carbon dioxide measurenents, tempeïature and pH (Garïels and Christ,

f965). Methane was derermiDed b;: the method of Ru<id eú aL. (ig7 4) ot

Rudd in stainton el; aL. (1976). Iltethane was stripped from sorution with

heliun into a Pye r04 gas chromatograph equipped with a flane ionization

detector and a phenyl i socyanate/porasi 1 C column. Soluble reactive

silicon h'as deternined after the nolybdenum blue nethod of Armstrong

and Butler (1962). Both the manuar and automated procedures as outlined.

by Stainton et aL., (1974) were used.

A Spectronic 100 sp ectrophot ometer was used for all colorimet¡ic
analyses described above which were performed nanual1y. precisions to
be expected when the above methods a[ used on r\¡aters collected in the

Experinental Lakes Area a::e given by Stainton et aL., (I9Z 4 or 1976) .
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Hydrol ogy

In order to conpute ùrater and elemental budgets, it was necessary

to monitor the outflow of the lake. A V-notch weir was constructed and

a recording r¡ell installed (Figure 2). Water Sutvey of Canada fi¡st
obtained a fu1l yearrs hydrologic dâta iî 1973, l1¡ater budgets during

the years 1970-72 were coinputed by extrapolation from the Lake 299

watershed (Schindler et aL., I97(:).

Sedi¡ent Traps

On 8 April, 1970, traps for the collection of sediment (Brunskill,

1969b) falling to the lake bottom were installed at a depth of 17 neteïs,

approxinately 25 meters south of tlìe sampling statíon show¡ in FiguÌe 4.

The traps were removed from the lake on 20 Septenber, 197J. The tubes

r,rere kept in the dark and refrigerated at SoC prior to analysis in

Itllnnipeg.

hrater content of the sediment was deternined by freeze-dr:ying at

about -30oC. Ashed weight of the sedirnent w¿s neasured. after ignition

at 550oC for 4 hours. Freeze drying was done in a VirTis Mechanically

Refrigerated Freeze Mobile Cabinet Model I0-146MR-BA. procedures rvere

outlined by the supplierts manual . Deterninations of chlorophyll,

total phosphorus, nitrogen and carbon were performed on the sedinent

trap sa.nples as described above fo¡ suspended sedinents, Carbonate

(inorganic) carbon (COr-C) was liberated from the sedinent into 1ow

carbon water as C0, (Stainton, 197i). The liberated C02 l^ras deternined

as for DIC described above. Calciun, potassium, iron, manganese, silicon,
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aluninun (Af), and titaniun (Ti) were deternined sinultaneously by X-ray

fluorescence spectronetÏy.. on an A.R.L. multichannel vacuun X-ray quånto-

meter (Wilson et aL., 1965). Precisions are reported by Wilson et aL,

(1e6e) .

Phytoplankton and Prinary Productivity

Approxinately once a month during the open-water seasons of l97l
1,1

anð 1972, '-C primary productivity experinents were carried oút in s¿tu

at depths of 1, 3, 5, 7, 10 and 13 meters. Procedures in the field h'ere

as described by Schindler and Holngren (i971). Two light bottles and.

one dark bottle were suspended at each depth, usually between 10:00 and

14:00 hours. Prior to incubation, each 125 ml sample was inoculated

with 1 nicrocurie of tOa (0.05 nI of 2 uc n1-1 solution). Uptake of

totâ1 carbon (particulate plus extracellulal products) was determined as

described by Schindler el; aL., (7972). Formulas used in conputing

incubation prod.uction (mg C litre-l) and fu11-day photosynthesis (ng C

-l ,1litre ^ day -) are given by Schindter et aL., (L972) and Schindler and

HolÍìgren (1971), respectively.

Phytoplankton counts r{ere done on 1 to 10 nl of preserved sample

(see above for sample collection and preservation) after sedimentation

in a settling chanber using the Utermuhl technique described by Margalef

in Vollenweider (1969J. I denti fi catj_ons and counts were done using a

lVild Model mn 40 inverted microscope with phase contrast illumination

(Kling and l{otngren, 1972). Taxononíc keys used are listed by Schindler

and Holrngren (1971). Live bionass was computed by assurning a density of



1 gran n1-1 and estinating ce1l volunìes frorn geonetric shapes (Findenegg

iz Vollcnweider, 1969).
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RESULTS

Physical Lirurdlogy

The terrestrial drainage area of Lake IZ0 (Figure 3) and lake

surface area were deternined to be 60.4 ancl 9.31 hectares, respectively.

lvfaxinum relief in the watershed is approximately s5 neters. Maximun

length and htidth of the lake are 788 and 304 neters, Tespectively, and

length of the shoreline is Z,!30 meters. Areas and volumes at 2 metet

contour intervals are reported ín Figure 4. The naximum depth (Zr) of

Lake 120 was fou¡rd to be 19.0 neters and nean depth was calculated to

be 7.55 neters. Shore development (Dr) = I.97 was highelc than any

reported by Bnrnskil l and Schindler (1971) for 14 other EI-A lakes. A

high D, as well as ¿ low slope of the hypsographic curve (Figure S,

constructed after welch, 1948J beth¡een 6 and 10 neters are reflections

of the two relatively shallow ar¡ns which radiate to the north and east

from a rather circular, deep basin (Figure 4). About 42% of the lake

botton lies at a depth of between 6 and 10 meters. Vollxre developnent

(Vr) = 1.19 indicates that, overall, the lake basin walls are concave

tor.rards the hraters.

Depth distïibution of temperature with tine is given in Figure 6

and Table 1 of the appendix. Ice melted from the lake during the last
week of April or first rveek of May. warming of the surface h'aters took

place very quickly with the establishment of a thernocline at about 3

neters depth by the end of May. During the sulnmer, the theïnocline

rested at 4-5 neters. Terperatures to 24oc were recorded at the surface
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during July and August. Coincidental with the r,rarning of the upper

strata, cooling of the h'aters at depths greater than I0 meters took

place. In this lower stïaturn, mininum temperatures for the yearr were

recorded during June. A coolíng center was observed between 14 ar'd 16

neters. l1¡i th the onset of autumnal cooling and circulation in

September, the thernocline was depressed to 6 or 7 neters. By late

October or eaÌly November, waters above 14-16 rneters had reached

homotherny.. However, honothermy was never observed frorn surface to

botton. At all times of the year, a rise in tenperature of 0.1 to

0.3eC occurred between 16 neters and the botton. Ice cover was usually

established by mid Novernber.

Sunrner, winter and total annual heat budgets (Hbr, Hb, and \r)
r^¡ere calculated after Hutchinson (19571 , The formula

H =V l0 -4olz z'z '

was used to calculate at 1 neter depth intervals the heat energy (Hi)

required to raise or lower the recorded te¡rperature to 4"C

where V- = volune of 1 neter thick stratum at depth zz

0 = temperature (oC) at depth z,z

Since the botton waters were cooling while overlying waters were gaining

heat (see above), separate heat budgets were computed for the 0-14 and

14-19 rneter strata, Since !¡ater teÍperatures below 14 meters nevetc



dropped loh¡er than 4oC, for this region on1y, an annual heat budget was

calculated based on the difference betv"een maxi¡num and nrininun heat

content. Heat budgets for the entire lake (0-19 neters) were also

derived. The latent heat of nelting of the ice cover rdas included in

winter heat budgets. Maxinum íce thickness was usually recorded in

February and ranged fron 30-42 cn. A sunmary of the heat budgets for

Lake I20 during the years 1969-72 is reported in Table 1 For rhe 0-14

meter straturn, the average annual heat budget was 12,890 cal "r-2 Ao,

Thirty percent of thís budget (3,930 ca| cm-2 Ao) was attributable to

raising the water from the winter nininum to a state of homothenny at

temperature of naxirum density (4oC). Almost 70% of the \* (2,710 ca|
_')

cn - Ao) was accounted for by the heat energy required to nelt the ice

cover. Consunption of heat energy was naxinal during May and June at a

raie of about 115 ca7 cm-2 Ao day-l. In teïms of total calories consumed

(or released), the average annual heat budget for 14-19 neters was

extremely sna|t (27.6 x 109 calories) cornpared to that of 0-14 meters
1')(12.0 x 10^- calories). Figure 7 is a plot against tine of the total

heat energy (calories) that would be consuned or liberated in achieving

a stâ.te of honothernry at 4oC. It shows clearly that, duríng the open-

water season, thermal trends in the 14-19 metel stratum are the inverse

of those in the 0-14 neter stratun. While the waters from 0-Ì4 neters

were warrning during June and July, the 14-19 neter stÏatun reached a

state of ninimun heat content. Sirnilarly, during the fall when the

surface waters Ì{ere cooling, the ùiaters frorn 14-19 meters were usually

warmer than at any other tine of year.



TABLE 1' Heat budgets for Lake 1,20, 1969-L972, computations were d.one after Hutchinson

(1es7).

YEAR STRATUM

(neters )

1969 0- 19
0-74

74-79

7970 0-19
0-14

14- 19

1977 0- t9
0-14

14-19

SUl"Î,{ER

H
bs

(calories
_')

cm Al
o

9586
9s51

8915
8897

8s66
8538

8866
8846

r972

WINTËR

H-
bw

(ca lori es
_')cm-A)

o'

0- 19
0-r4

14-19

¿.?q\
4300

ANNUAL

DA
(calories (cal ories

-2 -)cn -Ao) crn 'A14)

3294
3304

3520
?ç?¿

4s86
45 91

13881
13851

30 .95

I2209
72207

46.36

72086
72072

18.09

'I <L<)
r3437

23 ,09

357.9

536. 1

209.2

267 .1
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According to Birge (i9i6),

. - 
v r'z(lP)

z,
o

gives the rvork performed per cm2A^'o
of a layer of water 1 meter thick,

in distÎibuting the annual heat income

where V = volume of the 1 aeter thick stÎatum
z

Ap = the thermal density change corresponding to

minimun heat content and rnaxímun heat content.

No r\'ork was calculated for the latent heat of nelting of the ice cover.

Depth distributions of work aecomplished in the 0-14 meter sttatun and

the 14-19 meter s¿Tatun during 1970, 197I and 1972 ate illustrated in

Figure 8. It can readily be seen fro¡n this figure that about 90% of the

work was done in the first 6 meters, th¿t is most of the work was used in

depressing the thernocline, The total ânount of work (B) performed in

distributing the annual heat incones of the 0-14 netelr stratrr]n and the

14-19 meter: stratr¡In was derived by su[rTnation. These data are presented

in Table 2. ltlork perforned in the 0-14 meter strâ.tun ranged from 228-252
_) -1cn cn - Ao Iear ', Nhereas that done ín the 14-19 meter stratum rvas fron

._L
0.3 to 1.5 g cn cn - 4,, year -.
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TABLE 2. Work (B) performed in distïibuting the annual heat incones of Lake j.20 ín 1970,

L97L and 1972, anð, efficiencies (%a*/B) of the work. The method used in

deriving B was after thar of Biree (1916) for computing work of the wind. ttrll
as a ¡neasure of efficiency was described by schindler (1921). Meltíng of the

ice cover is excluded from Hnr* and B.

YEAR STRATUM

(meters)

L97 0

L977

7972

0-14
14-19

0-L4
14-19

0-14
14- 19

ll
¡"'ro'i3l "'-2no)

9811
46.36

9363
18.09

10091
23.09

woRK (B)
, -')(g.cn cn -Ao)

232.9
7.45

228.I
0,384

251 .7
0,34L

EFFICIENCY

(qa"/B)
(calories per g.cm)

42,r
32 ,0

41 .0
47 ,7

40 .1
67.7



Hutchinson (1957) concluded that B/\, is an indicator of the

efficíency of wind work in distributing the srrrnmer heat income of a

1ake. Schindler (1971), however, has pointed out that since heat

incone depends on wind hrork the ratio Hbs/B is a measure of efficiency;

the higher: the ratio, thc greater the efficiency, For Lake L20, Hba*/B

(HOr* does not include heat used in nelting ice cover) is presented in

TabLe 2. For the 0-14 neter strâtun, the average HOa*/B was 4l.l
calories per gratn cm. The average HOa/B for the 14-19 meteï stratrlrn

was 50.0 calories per gran cn.

In general, Secchi visibility was relatively constant during spring

and sumrner at depths of 4-5 neters (Tal:Ie 2, appendix). Also constant

was the depth at which light transparency (as rneasured by photometer)

becarne less tlnan 7% (Table 3, appendix). This depth was usually 8 neters

and average vertical extinction coefficients (ã)) variea litt.le, ranging

from 0.59 to 0.72 (Figure 32). Only late in October during the tine of

rnaxinun circulation was Secchi visibility reduced considerably; for

example, 2,6 neters was a minirnum on October 23, 1972. 0n October 23,
l

1972, maximum ef of 0.92 was also recorded. Colour: at half Secchi depth

was usually yellotv-green during spring and sumrner but intensÍfied in the

late falI to orange or brown.

Chemi.cal Linmolo

fn situ conductances at depths 0-13 rneters were generally less than
,t

50 urnhos crn - at 25'C (Figure 9, and Table 4 in appendix). However, a

narked i.ncrease was observed from 14 meters to the bottom. Conductance
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of the bottom waters was up to 50 tines that of the surface r{aters.

Maximum conductances of 800-1100 ¡rrnhos cr-l were alhrays reco¡ded between

18 and 19 meters. Little tenporal variation in the conductivity gradient

was obs erved ,

Hydrogen ion concentration (as pHJ ranged fron 5.8 to 7.0 (Table

5, appendixJ. Profíles of pH were found to be díclìotomous with nininun

pH between LI and L4 meters depth. For only very brief tirnes, coinciding

with spring and fal1 circulation, pH at depths 0-14 ¡neters was rather

uniform but consistently lor{'er than that of the deeper waters. Only in

very deep waters (18 neters) could it be said that pl-l renained constant

(6.6-6.7) fron season to season (Figure 10).

During the course of this study, dissolved oxygen was never

detected below 16 neters (Table 6, appendix). Oxygen occurred at depths

as great as 16 neter:s only during tines of vernal and autrimnal circulation.

Under lvinter ice and during sunner stratification, further depletion of

oxygen was observed in the deep waters, Depletion was more severe d.uring

the surnner than during the r,rintèT (Figure 11), By late sunìner,

concentrations were usually less than I ng 02 liter-l beloh' 10 oï 11

neters whereas at the end of winter concentLations were lot{eï than 1 ng
_1

liter ' at depths greater thaÏt about 13 neters. Maximun oxygen

concentration was observed during late sunnel at or just be10w the thermo-

cline. lt{axíma during the winteï were observed directly belolr the ice

surface.

Depth-tirìe distributíon of total dissolved carbon dioxidc (C0, +
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I'IGURE 10. Depth-tíme distribution of -1og hydrogen Íon
concentration (pH) in Lake 120' I97l-I972.
Isopleths are pH units.
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HzCo 3 + HCo3 + COg ) appeared inversely related to trends ín dissolved

oxygen. The deep anaerobic waters were C0, enriched. Up to 12,000

-1umoles XC02 líter - were neasured at 18 meters, whereas at depths less than

14 neters, xC02 concentrations greater than 300 urnoles liter-l "ut. ,rn"or*on

(Tab7e 7, appendix) . 2CO2 concentïations greater than 300 pmoles liter-l

at depths less than 14 neters (Fígure 12) coincided with sunmer and

winter oxygen depletion. Sinilarly, rnininum ¡C02 concentrations of less

than 100 unoles liteï-l w.re observed in the surface waters during the

sumner which at least in pat t coincided with oxygen maxima. Although

the deep waters (14-18 meters) were always grfeatly enriched in tCOz with

respect to the overlying kraters, it sl]ould be noted that in terms of

absolute concentrati ons a rnarked decrea.se was observed in the bottom

r'¡aters during the winter. In this stratum, XCo, during February to

April rr'as appLoximately one half, that observed during rnid and late sumrner.

Concent.rations of dissolved nethane in the botton vraters equalled those

for total carbon dioxide (Table 8, appendíx) . As with ICO,, Figure 13

shows that amount s of netllane in the bottom waters during winter hrere

also about one half the sunner lîaxinum of almost 11,000 umoles líter-l.
In the aerobic stratun, nethane hÌas usually not detectable. A narked

concentration gradient raâs also evident for dissolved organic carbon,

DOC fron 0-14 neters ranged from about 50 to 500 uÌnoles liter-l but at

18 neteîs ranged fron 2,300 umoles liter-l during late winter to over

9,000 umoles liter-l ín nid surruner (Figure -I4 and Table 9, appendix).

It should be noted that, on an âverage, fron 0-14 meters ¿lmost 70% of

the total dissolved carbon was organic tvheïeas fron 14-19 netel:s less

than 30eo was organic (Table 3).
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FIGIJRE 12. Depth-tÍEe distríbution of total dissolved carbon
dioxÍde ( C02+H2CO3+HCO:-+Ç0:=) ín Lake I2O, I97I-
f972. Isopletñs ãre pñoles-liter-I.
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FIGURE 13. Depth-Èine distribution of dissol-ved methane (CH4) in Lake i-20 during 1972.
. IsopLeths are pmoles Liter-l.



IIGURE l-4. Depth-tÍne dísËribution of dissolved organíc carbon
(DOC) in Lâke_120, 1977-797 2. Isopleths are
¡rnoles lÍter-l.



TABLE 3. Average concentrations of dissolved inorganic,
of carbon, nitrogen and phosphorus measured in
contribution of each fraction to the total.

C Dissolved inorganic
( xc02+cH4)

Dissolved organic (DOC)

Suspended (PC)

N Ðissolved inorganic
(Nltg+N02+N0g)

Dissolved organic
(TDN- [NHs+N02rN0s] )

Suspended (PN)

P- Dissolved inorganic (SRP) I
Dissolved organic (TDP-SRP)

Suspended (PP)

MEAN CONCENTRATION C6NC'N z=14-19
(¡rmoles liter-l) ¡õñõrñ z= 0:I?

z=0-74 z=74-L9

dissolved organic, and suspended fractions
Lake 120 during 1971 and the percentage

235

498

73.6

3,03

J.2.7r

¿ q1

0,06

0.23

0. 19

x

Fron deternìinations carried out in 1974.

Most individual determinations of P were
enployed during this study.
Probably includes sorne dissolved organic

7 353

2939

352

% OF TOTAL

z=0-L4 z=1.4-I9

822

0.33

0 .82

1,00

<1

6

5

27L

29

oz

9

In 1974 NH'+NOZ+NO' nitrogen was 91% of TDN.

at or below the linits of detection of the methods

phosphorus (see Methods Section).

6

5

6

4

5

69

28

3

61

z4

15

48

40

8

3

t5

38

47
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From Tablè 3 it can also be seen that dissolved nitrogen from 0-I4 neters

was predominantly organic (80%). Hoh'ever, as for dissolved carbon, the

trend was reversed from 14-19 neters. The organic fraction in that part

of the lake h,as only about 8% of the total dissolved nitrogen. (Recall

that in the nethods section it was stated that during this study

determinations for TDN >35 umoles liter-l were found. to be unreliable

for these kinds of sanples. As a result, no TDN data will be reported

here for the 14-19 meter stïatun. More reliable TDN deterninations

carried out in 1974 rvere used to conpute the dissolved organic fraction

cited above where dissolved organic nitrogen = TDN - [NH5+N0Z+N03-N]),

A paucity of dissolved inorganic nitrogen was obsen¡ed in the oxygenated

waters (Tables 10 and 11, appendix), Noa+N0r-¡ concentrations ranged

fïon undetectable (<0.07) to less than 10 unìoles liter-1; NH3-N was

usually less than I ¡nole liter-l. TDN (Table 12, appendix) v,¡as usualLy

between 10 and 20 ¡rnoles liter-l. From the depth-tine d.istïibution shollll

in Figure 15 it can be seen that a buildup of N0S+N02-N, centered usually

at about 11 meters, occurred twice each year. These buildups concurred

with times of rnaxirnun oxygen depletion under wínter ice and during sunmer

stratification. Levels of NH3-N (in essence, dissolved inorganic nitrogen)

ín the 14-19 neterc stratun were well over 2,000 umoles liter-l by.turu

summer (Fígure 16). As for dissolved carbon, in these waters concentrations

of NHS-N were reduced by at least one half by late h,inter. NOa+NOr-¡

reported at depths belolv 14 neters should probably be looked upon with

suspícion since no correction was ¡nade during analysis for absorbance

due to the natural colour of the wat.er; also, it is possible that during

sample collectíon and preparation exposure to air oxidized a snall
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I'IGURE 15. DepÈh-ÈÍÐe disrríburion
(N03+N02-N) in Lake 120,
umoÍes iiter-l .

of nítrâte plus nitrite nitrogen
L97O-I972. Isopleths are
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I'IGIJRE 16. Deplh-tinûe dÍstribution of amonÍa nitrogen (NH"-}I) in
Lake J-20, f969-1972. Isopleths are pmoles litei-].



4I

fraction of the NH3-N.

Since SRP deterninations (Tab1e 13, appendix) v¡ere usually at the

linit of detection of the nethod, and since detection of some organically

bound P as ne1l as dissolved inorganic P (P04-P) was likely, the dat.a

nust be interpreted with caution. At any rate, SRP fron 0-14 meters

ranged from undetectable (<0.03) to 0.2 unoles liter-l . In the bottom

waters, concentrations increased to ¡naxirna of 2.0 unoles liter-l during

surnner but during nLid and late winter decreased to about 0.2 umoles
_t

liter ' (Figure 17). Concentrations of TDP (Table 14, appendix) were

a,fso considerably higher in the botton vraters than in the surface watelcs.
_,1

Up to I.0 umole liter'of TDP was recorded at depths 0-14 meters. Greater
_l

than 5 }rnoles liter ' were obserrred at I8 lneters in late sunner but duïing

winter concentrations rtrere usually less than 2 pnoles liter-l (Figure lg].
A concentration of TDP greater tltan 72 umoles líter-l "as recorded in the

surface rrraters on one occasioll (August 7, Ig70), It is possible that

such high levels recorded on that day resulted from contanination d.uring

analysis. Unlike carbon and nitrogen, no marked shift to a predominance

of díssolved inorganic P over dissolved organic p was observed in the

botton r,raters. Dissolved inorganic P in the 0-14 meter stratunr was less

than 2090 TDP; in the 14-19 neter stlcatum dissolved inorganic p r,¡as still
less than 30% TDP (Table 3).

Individual deterninations of suspended carbon, nitrogen and

phosphorus are reported respectively in Tablês 15, 16 and 17 of the

appendix. Average concentrations of pC, pN and pp in the 0-14 neter

stratum durjng i971 were 75, 5 and 0.2 unoles liteï I res¡ectively. . ¡ri,;
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FIGURE 17. Depth-time dístrlbutíon of soluble reactíve phosphorus
(SRP) Ín Lake L20, 1970-T9'12. SRP is not only a measure
of dissolved inorganic phosphorus (PO4-P) but also to
some extent a measure of organically bound phosphorus
ín solution. Isopleths are Umoles lÍter-l.
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Depth-time distribution of totai- dissol-ved phosphorus (TDP)

irr Lake L2O, Ig70-L972. High 1eve1s determíned at 5"8 and

l-l- meters on August 7, L97O may have been a result of 
-lcontamÍnation durÍng anal-ysis. IsopJ-eths are ¡mo1es liter '

T'IGURE 18.



Sharp rises in concentration were observed from 14-19 neters. In thís

stratun, avelcage concentrations of PC, PN and pp were S tirnes higher

than in overlying waters (Table 3). Depth-tj¡ne distribution of pC, pN

and PP are shown in Figures I9,20 and 21, respectively. Nutrients in

the suspended phase in both the surface and bottom waters r{,ere at a

¡ninimurn dur.ing the wintelc. At 18 neters depth, pC concentrations rose

from winter minir¡rns of about 150 pnoJ.es liter-l to greateï than 1,000
_l

unoles liter ' during sÌ¡nmer. Similarly, concentrations of pN at this
depth were observed to increase from 1ess than 20 to greater than 75

uïnoles liter 1 and PP increased frorn less than I to greater than 3 Umoles
_1liter *. During sunùner stTatification, the highest levels of particulate

nutrients in the 0-14 meter stratua were recorded at depths corresponding

to the lower reaches of the thermocline.

Concentrâtions of solublei leactive silicon (si) at depths 0_14

neters r*anged fro¡n about 40-70 Umoles liter-1 (Table lg, appendjx). Si

was depleted to levels less than 50 Umoles liter-l at depths 0 to about

8 meters during sumner stratification. Values less than S0 prnoles liter-l
weÌe also observed under k¡inter ice during J anuaty and February of l97l

(Figure 22). Concentrations of Si gïeater .than 400 ymoles liter-l
were observed at 18 neters during the sunner. By the end of winter,

concentrations in the deep waters had usually halved. Average concentrations

of si observed during 1971 in the 0-14 meter and 14-19 rneterc stTata a]re

reported in Table 4. 0n an average, levels of Si in the 14-19 neter

stratun were four tines those of the 0-14 rneter stratun.

Average concentrations of dissolved Ca, lilg, Na, K, Fe, and Mn in
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rIGURE 19, Depth-Èjme distrÍbutíon
carbon (PC) iq l,ake 120,
¡rmoles lÍter-I.

of suspended part ículate
797I-L972. Isopleths are



5
I
o-

ô

I'IGURE 20. Depth-EÍne distrÍbution of
nitrogen (PN) in I,ake 120'
are uuoles liter-r.

suspended particulate
f97I-I972. Isopleths

:=+



FIGURE 21. Depth-tíme distrÍbution
phosphorus (PP) i4 Lake
are prnol- es LÍter-r.

of suspended particuLâËe
720 " 797L-I972. Isopleths
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FIGI]RE 22 . DepËh-tíDe distribution of soluble .reacÈíve silicon
(Si) ip Lake 120, L969-I972. Isopleths are umoles
liter-r.



TABLE 4. Average coDcentrations of soluble reactive sílicon (Si),

dissolved calciun (Ca), magnesium (ù1g), sodiurn (Na),

potassium (K), iron (Fe) and nanganese (lvln) in Lake 120

during 1971. .

AVERAGE CONCENTRATION (pnoles liter-l)
z = 0-IA z = L4-L9

CONC|N z = L4-19
eõNC¡'{ z -- o-i4

Si

Ca

Mg

Na

K

Nln

56

38

31

6

5

2

224

330

40

38

19

1260

48

4

9

2

I

3

250

24
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the 0-14 and 14-19 neter strata are also reported in Table 4, For all

the above-mentioned cations, enrichnent wâs observed in the 14-19 meter

stratum. However, the degree of enrichment varíed considerably. The

concentration of Fe in.the bottom waters was 250 tirnes that of the

surface waters whereas that for sodiun l{as only slightly greater than

1 (Tab1e 4). Individual determinations of Ca, ltlg, Na, K, Fe, and I'fi

are reported respectivêly in Tables 19, 20,27, 22, 23 and 24 or ttre

appendix, As a rule, concentrations of najor cations in the 0-14 meter

stratum varied little frorn season to season (Figures 23, 24, 25, 26, 27

and 28). Hohrever, noticeable decrcases in Ca, Mg, Na and K levels weïe

observed during January and February of 1971 . The relative order of

abundance (moles) of these dissolved cations in the surface traters was

Ca>Na>Mg> K>Fe>Mn. In the 14-19 neter stratun the order was ve¡y different

rvhere Fe>Ca>Mn>Mg>Na> K. In the botton waters there was a rnarked seasonal

variation in concentration. Without exception, concentrations of the

above-ûìentioned cations were much lower during the winteL than during

the sunner.

Hydrological and Che¡nical Budgets

Annual water budgets for Lake 120 during 1970, 797I and 1972 wete

conputed by extrapolation. Precipitation, runoff, and evaporation were

measured on the nearby Lake 239 r¡iatershed (Schì.ndler et aL., L976).

Storage in the lake was assuned to be zero (storage never accounted for

nore than 49o of. the annual input of water to Lâke 259J. Outflow fron

the lake was calculated by subtracting lake sr:rface evaporation from the
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Ï'IGURE 23. Depth-tine
Lake 120'

' t371t

distribution of dissolvecl cal-cir.m (Ca) in
],]g6g-Lg72. Isopl-eÈhs are ¡rmoles liter-l.
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FIGIJRE 24. Ðepth-ti,ne distribution of dlssolved riragnesiurn (Mg)

in Lake L20 " !969-1972. IsoPleths are pmoles
l-iter-l .
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IIGURE 25. Deprh-rime dÍsrriburÍon of dj_ssolved sodir:n (Na) in
. Lake l2O, 1969-197 2. IsopLeths are umoles liter-r.
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I'IGURE 26. DepÈh-tÍne dÍsÈríbution of dissolved iotass:.:um (I{) in
Lake 120, J-g69-7972, Isopleths.are puoles líter-r.
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¡'IGIJRE 27. Depth-time disÈributíon of dj.ssolved Írqn (Fe) Ín Lake 120,
!969-197I. Isopleths are pmoles l-iter-].



É

F

ô

FICIIRE 28. Ðepth-tixûe distribuÈion of
!24,. 1969-7971. Isopleths

dissolved rnanganese in Lake
are umoles líter-f.
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total ínput (total input = runoff + precipitation direct to the lake

surface). Fron Table 5 it can be seen that computed outflows (1970-

7972) ate in reasonable agreenent when cornpared with that rneasured

directly by l{ater Survey of Canada during 1973. Abo.j't 7 0e" of the total

input of water to the lake was by runoff,fron the terrestrial watershed.

The rernaining 30% was by precípitation direct to the lake surface. It

is un1íke1y that in a granite basin such as that of Lake 120 that there

exists subsurface inflow fron adjacent watersheds. over 80% of the water

that left the lake ð.id so uia the outlet. Less than 20% of t]ne totaL

water loss was by evaporation. A nininum esti¡nate of wateï renewal tine

(r = 3.0 to 4.8 years) was computed by dividing total annual outflow into

lake volune.

Annual chenical budgets were also conputed for Lake 120 by

extrapolatíon of ð.ata frorn the Lake 239 watershed (Schindler et aL., 7976).

Input of an elenent to Lake I20 u¿a precipitation was deternined by

direct application, on an areal basis, of values for inptt uia precípitatíon

to the surface of Lake 239. Input ÐI:a..Turrof f was sirnilarly computed by

extrapolation fron the Lake 239 Norf:hwest sub-basin rvhich best represented

the characteristics of the Lake 120 watershed. Loss of an element in a

year from the lake outflow was obtainecl by multiplying amìua 1 outflow

(Table 5) by the mean concentration of the element measured in the Lake

120 outflorv (annual nean concentrations rr'ere derived from the individual

determinatíons reported in the appendix, Tables 7-23 inclusive). Lake

rrretentionrr of an element was conputed by taking the difference between

total input and outflow uia the outlet.



1'ABLE 5. Annuat water budgets for Lake 120. Precipitation, Tunoff and evaporation ne¡e ¡neasured on the Lake 239 watetshed
(Schindler etal.,1976). Storage in the lake r,¡as assumed to be zero. Outflow fron the lake ?.r¿a the outlet
d\trinr 1970-72 ¡¡as calculated by subt¡acting surface evaporation frorn total input. Residence tine of water in
the lake was co¡¡puted by dividing lake volu¡ne by annual f1oì{ through the outlet.

Plecipiration direct to 89,900 0.967
lake surface

Runoff 179,300 L.928

Total 269,200 2.895

Evaporation from lake 45,700
surface

outflow through outlet 223,500

Toral 269,200

Residerce time - (years)

3
m

* Mçasu¡ed directly by Water Survey of Canada

L97L 7972

¡lìÌInn

74,700 0.803 65,200 0,701

196,800 2.It6 134.600 t.447

271,500 2.919 199,800 2.I4a

0.491 37,900 0,407

2.404 233,600 2,s12
2.39s 27L,slo 2.919

3,1 3,0

3
¡¡l

s2,300 0.562

L47,500

199,800

1.586 154,200*

4.8 4.6

MEAN (1970-72)
3¡lr ¡t

76,600 0,824

L70,200 1.830

246,800 2.654

4s,300 0.487

201, S00 2.167

246,800 2,654

(¡
co
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Annual budgets of total (suspended + dissolved) carbon (IC),

nitrogen (XN) and phosphorus (fPJ and dissolved calciurn (Ca), nagnesiun

(Mg), sodiun (Na), potassium (K), iron (Fe) and silicon (Si) are

reported in Table 6. . Usually, over 90% of the total carbon as h¡el1

as the dissolved Ca, Mg, Na, K, Fe and Si entering the lake rvere supplied

by runoff. In contrast, slightly more than half of total nitrogen and

phosphorus was supplied by precipitation direct to the lake surface.
rrRetention'r ( input - output) by the lake was 50-60% for total carbon,

nitrogen and phosphorus and dissolved silicon (lake rrretention'r,

especially of carbon, nitrogen and phosphorus, is elaborated upon in the

discussion), The renoval of dissolved Ca, Mg, Na, K and Fe uia tlne

outflohr rlias âbout equal to their input to the lake uía precipítation and

runoff (also see discussion).

Sedinentation

A comparison of the elemental composition of the sediment collected

in sedinent traps fron f970-73 with surface (0-20 cm) botton sedinent

analyzed by Brunskill et aL, (197I) is presented in Table 7. It can

readily be seen that the elemental compositions were very similar.

Approximately 95% of the weight of the fresh unaltered sedinent was

r,rateï. About 50% of the weight of freeze-d.ried. sedinent tvâs lost upon

igaition which is an estínate of sedi¡nent organic måtter. Net (over a

period of slightly nore than 3 years) sed.imentation rates (grans 
^ete.r-2

-1.yean -J of freeze-dried sedinent as well as rates for individual elenents
-) -r(noles neter -year ^) are also presented in Table 7. It was obvi_ous when



TABLË 6. Estinated annual budgets of total (suspendêd + dissolved) carbon (tC), nitrogen (tN) and phosPhorus (tP) and dissolved
calcir¡r¡ (Ca), ¡¡agnesiu¡n (Mg), sodiun (Na), potassium (K), iton (Fe) and silicon (Si) for Lake I20, 1970, 1971 8nd 1972.

INPUT To LAKE lrnoles x 103)

Year erecip'n@ runo¡r@ rot"r@

EC 7971
7972
Meârl

197L
1972
Mean

T97I
r972
Mean

I970
I9 71
1972
Mea¡

r97 0
19 7l
r97 2
¡qean

197 0
19 7t
1972
Mêari

1970
19 71.

Mealr

1972

).97 A

!971.

Mean

34.L6
20 .60
27 .34

4 .86
4.77
4 .82

0.158
0.073
0,116

t.21
0.768
0.6s1
0.876

0.344
0.387
0.337
0.356

a.a47
0.7 41
0,363
0.6s0

0.383
4.236
0, r.60
0 .260

0.062

0.47 4
0.46.ç

587.5 42L.7
234 .t 254.7
310.8 3n8.2

5.88 10.74
J. tr4 t -óL
4.46 9.28

0.140 0.298
0.049 0.r22
0.095 0.211 ..

6.09 7.30
10.39 11 .ls
4.51 s. t6
7.00 7. BB

5.34 5.68
7.09 7.48
3.33 3.67
5.25 5.61

8.03 8.88
10.75 t1.49
4.4A 4.84
7,75 8.4C

1.03 1.41
L.77 2.0r
0,787 0,947
t.20 1.46

0.643 0.643

23.72 23.78
34,O3 35.29
16,71 16,78
24.32 25.29

OUTFLOW VIA OUTLET

rotarO % of
(rnotes x 103) lnput

Fe

si

256,5
82.01

169.3

6.38

4.68

0.158
0.047
0. 103

9.77
10. 58
6.20
8.85

5.54

4.77

6.66
7 .3L
4.31
6.09

1.40
1 .42
0.826
t.22

0.s90

11,53
12,36

10.41

cor"rPUrED RETENTToN (@ - o)
Total %

(notes x 103) of Inpur

61

50

38
50

53

49

95
120
112

98
77
81

7S
64
89
73

99
7T
87
84

44
4L

165. 2

L72.7
168.9

4.36
4.83
4,60

0.140
0.075
0.108

0.57
-1.04

0.r4
1 .69
0.68
0. 84

4. r8
0.53
2.3r

0 .01
0.59
0.121
0.24

0.053

22.93

14.88

39
68
50

4t
62
50

47
bt

-34
5

-20

2

36
11
27

I

16

8

65

59
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TABLE 7. Conparison of Lake 120 bottom sedinent (fron Brunskill
et aL., 1971) with Íìaterial collected in sediment tTaps
duríng L970-75 and estimates of annual net sedinentation
rates in the south basin, Al1 concentrations are per
gram of dried sedinent. ,sedinentation rates are for
freeze dried sediment. The sedinentation rate of naterial
collected in the traps and freeze dried was computed to be. 13,3 grams per neterZ lake surface per year or 91.J grans
per rneterz chemocline area per year.

BOTTOM SEDIMENT
SEDITÍENT COLLECTED

(0-20 cn) IN TRAPS

SEDIMENTATION RATE PER
METER2 PER YEAR

Chenocline Surface
(Ar¿) (Ao)

Water content (%

of fresh unaltered
sedinent) 94.5

Ashed weight (% of
dry weight) 57.9

Chlorophyll a plus
phaeopi grTrents (ug) 15.6

C (mMoles) 16. Ss

CO'-C (nMoles) -
N (rTùlol es ) t.Zg
P (nlVol es) 0.07
Ca (nMoles) 0.I2
Mg (mMoles) 0.07
Na (nMoles) 0.I2
K (nMoles) O. OA

Fe (rMol es) 0. 51

Mn (nMoles) 0.01
Si (nl{ol es ) 7,47
A1 (nMotes) 1.54

Ti (nMoles) 0.03

95

48. 0

r0.8
2r .04

0. 88

1.66

0 .07

0. 04

o. o,
0.96

0.03

6. 99

1.58

0 .02

986

r920

80. 3

ts2
6 .39

3.65

7 .30

87 .6
2.74

63B

144

1.83

r44

280

LI .7
)t 1

0.93

0.53

1.06

12.8

0. 40

93. 0

21 .0

0.27
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co¡nparìng concentrations of suspended C, N and p in tlÌe 14*19 neter
stratum with concentrations in the 0-I4 meter stratum (Table g) that
sedinent was, in effect, being cóncentrated by funneling into the

snaller volu¡ne of the deep anaerobic ù¡aters, As a result, if the

anounts of sedinend collected in the traps were applied directly to the

lake surface area, gïeat overestinates of sedinentation rates would be

obtained. If the amount of p collected in the traps tvas applied diïectty
to Ao to conpute a total annual sedinentation rate of p to the lake

bottom this value would be S.S times the retention (input_output)

conputed in Table 6. The assumpt.ion was then nade that sed.inent

collected in the traps actually estinatecl the sedimentation rate at
depth 14 neters and tlLe lake surface area under which this sedinent musl:

have been derived to give a S,S tines overestimate for p was then conputed..

Tlre lake surface area so computed was 44,27s n2 whicrr is reasonabry close

to the 55,000 *2 lrk* surface area of trìe south basin (if the northern rinit
of the south basin is tâken to be a transect between shore stations 6 and 1g,

Fígure 4). so, it seems that essentiarry all of the autochthonous and

allochtlìonous sedinents depositecr in the soutrì basin were funneled into ìe

bottom waters and sedinìents below a depth of 14 neters; sedimentation rates
per square neter lake surface area have been corputed on that basis,

Phosphorus was chosen in cornputing a larre surface sedinentation correction
factor because it was the only elenent for rvhich budgets were dete¡nined.

in total (suspended prus dissorved) and for nhich it could positively be
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said that no gaseous flux would occur at the surface of the lake (as is
not the case for carbon and nitTogen), That is, the agreenent between

rrretentionr, conputed in Table 6 and rneasured sedimentation should. be

better for phosphorus than for any of the other erenents studied here.

The average net annuar sedinentation rate of freeze-d.ried sediment was

conputed. to be 13.3 grans meterz Ao Iu"r-l Õr gl.s g ^-2 Aro !r-I . The

net sedinentation rates of specific elements are gíven in Table 7.

Phytoplankton and Pr:itîary pnoducti.vity

Concentrations of chlorophyll ranged fro¡n less than ! to 22 tg
_tliter - (Table 25, appendix). In nidwinter, concentrations of chlorophyrl

in the 0-14 neter stratum were less than 1 ug liter-l. However, in the

14-19 neter stratun, levels rarely dropped below 3 pg liter-I.
concentr:ations of chlorophytr in,the botton waters increased during the

sunner to 5-10 ug liter-l, Higher chlorophyll concentrations (up to 20
_l

ug titer ') were usually recorded ín the ïegion just below the thermo_

cline in July and August (Figure 29).

rndividual determinations of the biornass of live phytoplankton (r,iet

weigìÉJ æepresented in Table 26 of the appendix. Average biomass of phyto-

plankton in the 0-I4 ¡neter water column on any given sanpling date is
given in Figure 30 and Table 26 of the appendix. Average phytoplankton

biomass was at a ninimum (250 ng r-3¡ in mid winter when depth profile
maxi¡na were located between 0 and 3 neters (Figure Jl). ChTysophyta*

accounted for at least B0% of the total biomass (Figure 30). From 0_11

neters depth Bol;z,yococcus bz,auwii r\¡as the najor contributor to algal

* In this studv- Chïvsophyta includes only the Xanthophyceae and Chrysophyceae.The Diatomeaâ'have'beèn' tïeated separatLty.



rIGURE 29. Depth-Èime dÍsrriburíon of chlorophyl-l a plus' phaeophytÍn in Lake LzO, 1969-1972. Isopleths
are ¡rg liËer-I.
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take 120, \970-197 2. Isopleths are mg o-J (wet weight).
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bionass. At 14 neters, horvever, the Chrysophyta were not usually

dominant. Rather, small blue-greens or the Cryptophyceae (usually

czyptomonas play fuñs ot: cz'yptønonns obotsata) were dominant. Inmediatery

after the ice cover nelted, average bionass rose to 500-600 ng m-3.

During this tine a short-lived pulse was observed for the crlptophyceae;

that is there was a rise in the totar bionass such that they constituted

up to about 15% of the total algal population (Figure S0). Hohrever, in
tems of the depth profile there was no change fron winter in the 1ocåtion

of doninant groups. The Cr¡ptophyceae (and. usually small blue-greens)

accounted for a najor portion of the biomass at 14 n€ters on1y. At

depths above 14 neters Bot,gococcus braunii and, irregula.rly, Dirøbz,yon

species were the najor fraction. During late May and early June the

average biomass remained constant or declined slightly. similarly, little
change was observed in the composition of the population. By nid to late
June, however, the standing cïop began to increase rapidly, attaining a

rnaximun level of greater than 2,000 rg,-3 ir., July or August. During

this rise in biomass, a snall pulse was observed foï both the Cyanophyta

and chlorophyta (each of these divisions constituted up to s% of the total
bionass at this tine). These pulses were due to the predoninance of
Ankisl;t'odesnus species at a depth of I neter and. a pr.ed.oninance of snall

blue-greens at 14 neters. It should be noted, ho'ever, that the biomass

at these depths renained relatively constant or even d.ecreased (Figure

31). The rapid increase in bio¡nass was attributable to a buildup of
standing cr.op just below the thenmocline at depths of 5_g ¡neters.

c?rgsosphøeneLLa col-o¡íes were the nain contributors of bionass in this
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stratun; secondary contributoTs weTe BotrAococcus bnaun¿¿, DinoLtxyon

species anð, MaL1ønorøs species. It should be noted that during the

surnmer of 1971 the peak bíomass attained was just under 700 ng m-5

(Figure 31). Untike the sunners of 1970 and. 1972, Cht y sosphaeneLLa

species were not âbundant. Rather, only BotTAococcus byaunii was

predoninant in the 5-8 meter stratum, Following peak bionass in July
and August, a gradual declíne was observed throughout late suru[er and

early fatl. The Cyanophyta and Chlorophyt¿ each usually con-stituted up

to 5% of the total biornass during that tine of the year and a second.

weak pulse in the Cryptophyceae was obseryed in August or Septenber.

This second pulse was due to the presence of CrAptomoms species at depths

of 11-14 netersr althougir small blue-gÎeens tvere also pïesent in large

numbers. The exceptional pulse in Chlorophyta (about 25% of totaL
bionass) observed onry in Novenber of 1970 was the result of a p"evalence

of Oocystis species fron g-14 rneters. As a rule, Botzgococcu.s bz,aunii

L,as proninant throughout the water colunn by the tine of fall turnover

although small blue-greens were sonetines of secondar), inportance at 14

meters depth. Average biomass by this time had declined to about 500 0r
-a600 mg m " (Figure 30). Maxinum bionass in the water co rrmn v,ias centered

at 8 neters depth (Figure 31). rt was not untit after ice cover had been

establi-shed that maxinuTn bionass relocated immediately belo!ù the surface.

Vertical profiles of prinary productivity ín Lake 120 were alrrrays

dichotonrous (Figüe SZa and 32b). peak autotrophic net uptake of carbon

by phytoplankton was usually observed at I or i neters and at l0 or 1g

¡neters, Maxinum productivity occurred during spring (J54 mg C 
^-2 d^y-l

on June 2L, 7g7I and, 240 rng C m-2 day-l on June 5, 1972). Minimu¡n
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productivity occurfred. during the suÌnmer stagna tion (29 
^g 

C ^-2 ðry-L

on July Ig, 1g71and 6 ng C ^-2 d^y-I on July 24, IITZ). Alrhough no
14C 

"*purir"rrts r{ere carried out in winter on Lake 120, Schindler

(1972) estimated thãt in the ELA, 16% of annual phytoplankton production

occurred during the six nonths when ice covered the lakes. Thís

estinate was used in conputing annual production in Lake IZ0 to be 25.0

and 18.9 g C ^-2 in 1971 anð, IgT2, Tespectively. Milligrams of carbon

fixed per neterS per day at specific depths as well as daily averages

for the 1-13 neter water colulm are ïeported in Table 2Z of t:r!e appendix.
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DISCUSSION

Lake L20 is neromictic after the definition of Hutchinson (1957).

The depth of the chemocline in Lake I20 is varíable but on an average

rests at 14 meters. The nonìmolinmion (14-19 neters) constitutes less

than 3eo of the total lake volune. Lake Valkiaj arvi in Fínland

(luferilainen, 1970) is, especially in teÐns of noïphonetry and physical

and che¡nical properties, remaikabl.y sinÉlar to Lake 120. Like Lake

72A, the noni¡no lirurion of Lake Valkiaj arvi constitutes a very sma1l

proportion (6.5%) of the totat vollxne. Kj ensno (1967 and 1968) also

described rriron ¡neronicticrr soft water Lakes Skj ennungen, Store

Aaklungen and Svinsjoen neax 0s1o, Norway.

For approxinately 150 days of the year, Lake IZO is completely

protected fro¡n wind by the ice cover, During the open-water

season the lake is sheltered from the full fo¡ce of the winds by the

high, steep slopes surrounding it (Figure 3). Further, the norphology

and orientation of the basin is such that at lake surface level winds

often blol{ from different directions siÍìultaneous 1y and effectivety
rt'ork against each other. Partíal circulation does, however, take place

in Lake 120. In spring, solar insolation is high when the ice cover

disappears. As a result, within a few days theûnal stratification is
established and circulation has in the neantime only been accomplished

to a depth of about 14 ¡neters. In fall, circulation is of sonewhat

longel duration and mixing occurs to a depth of 16 neters. Once fa1l

homotherny is establislled in the nixolinnion, the watelc tenperatuïe is



usually close to 4ac and shortly thereafter the h,inter ice cover is
established which severely reduces further nixing.

The winter heat budget, \" (Table 1) is considerably lor,¡er than

those reported by Schíndler (I9T l) for ten other ELA lakes. This may

also be a reflection of the protection of the lake surface fron wind.

Ice accounted for the maj or portion of winter heat incomes. During

most of the wintel a good insulative layer of snow covered the ice
which was not gLeatly disturbed by wind. As a result, ice thickness

on Lake 120 never exceeded 30-40 cn whereas Schindler (197I) reported

rnaxirm¡m ice thickness from 0,5 to 1.0 neters for othet ELA lakes.

Sunner heat budgets, on the other hand., were only lower than those for
2 of the 10 above-mentioned ELA lakes. Lake 120 pïoved to be rnore

efficient (in terns of Birgean wind work) than arr but one other shallow
ELA lake in distrcibuting its relatively high s unner heat income, A very
high H/B for Lake r20 was at first puzzring but was likely due to radiant
heating of shallow r,¡aters. Vallentyne (in Schindler, IgTl) suggested

that part of the work attributed to wind in the Birgean cålculation nay

actually be perforned by inverse density currents ind.uced by radiative
warming of water in contâct r,vi th the lake bottoln ín littoral regions.
Lake I20 has a larger littoral region (D, = 1.97) in relation to its
profundal zone than all of the other ELA lakes (D, = 1.04 to l.7g)
conside¡ed by schindler r+hich may account for the nore effícient heatino
observed in Lake 120. Sunmer heat incornes of Lake 120 were higher than
those repotted by Kj ensrno (1967) for meïonictic Lakes Skj ennungen and

Store Aaklungen and by Merilainen (1970) for Lake Valkaijarvi. Since
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Dl = 2.lS for Lake Store Aakrungen is higher even thaí that of Lake 720,

it is supposed that snaLler lìeat íncones for tlìese European lakes is a

resurt of their being situated at 'J.o - 72a hìgher latrtude and in a nalitime
clirnate.

The very snal1 heat budget calculated for the noni¡norimion (Tabre 1)

was of no consequence when conpared kith tlìat of the mixolimion. However

other observations were interesting. Geothermal heating (Sg,Z cal cn-2
-lyr '; from Hutchinson, 1g57) would account for only 7-Lg% or the annuar

heat income of the noninolinnion. It is also unlikely that exothernal
heating from nicrobial degradation of detritus was in any way a major
contributor (Hutchinson, t9S7) , Maxínum heât content of the noninotinnion
usually occurred in October and was probably attributable to a línited
introduction of warner water fïom above the chenocline during fall
circulation. That the annual heat income of the monimoli¡rurion was

usually distribu¿ed more efficiently than that of the nixolinnion
(Table 2) is difficult ro explain.

Sunrner coolíng events such as that observed. repeatedly in the
¡nonimolimnion of Lake 120 during June have also been reported by Kj ensrno

(1967) and Merilainen (1970) who attribut.ed such cooling to seepage of
groundwater into the rnonino limnion. However, neitrÌer investigator cited
any direct evidence to substantiate such an influx. On July 30, Ig73,
a depth profile of water age was estinated for Lake 120 based on He3, He4,

and T determinations (Torgersen et aL. 7974). They found that the nonimo-

linnetic waters, especially at L7 ,netersr were uyears oldri in conparison to
relatively young water in the nixorinnion. However, it lr'as also discovered that



the water at 15 meters depth was younger than water above and below this

depth (sanpl ing depths in the moni¡nolirmion were 14, 15 and 17 rneters).

Torgersen et aL. (I97 4) concluded that 15 neter water wa.s a mixture of

old moninolimnetic h'ater and young groundwater, and further suggested

that the groundwater flowing in at 15 meters was from 1ocal spring

runoff, halting once the spring rains and snow were depleted, The

cooling phenonenon observed in the nonimolimnion of Lake 120 during

spring and early surnrner might then be the lcesult of an injection of

snowmelt groundwater.

Analyses of groundwater in the Northwest sub-basin of ELA Lake 2S9

(Cherry and Schindler, unpublished data) showed that concentrations of

Si, Mg, and Na were 2 to 7 tímes greater than concentrations nornally

found in the depth interval of 14-16 meters in Lake 120. Groundwater

ín the Lake 120 basin is probably chemically similar to that of the

Noïthwest sub-basin, Torgersen et aL. (I97 4) esti¡nated the water at

15 neters was 95% 2-nonth o1d groundwater. If significant influx of

groundwater occurs during spting, it might be expeeted that noticeable

increases of these elenents rsould be observed at the depths concerned,

Fron Table 8 it can be seen that at a depth of 16 meters average

concentrations of Si, lr{g and Na did rise slíghtly duning the tine of

the monimolinmetic cooling. No such increase was observed at 14 neters.

ü/hat should be drawn from Table 8, horvever, is that watelrs fl:otn 14-16

neters r,¡ere chemically similar to surface runo ff in the Nor:thwest sub-

basin of Lake 239. At no time did concentrations of these conservative

elenents from 14-L6 neters approach those found in Lake 239 groundwater.
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'TABLE 8, Average concentrations of dissolved silicon (Si), magnesium
(Mg) and sodiun (Na) in groundwater and runoff water of the
Northwest subbasin of the Lake 239 w¿tershed and concentrations
of Si, Mg and Na observed in Lake !20 at 14 and 16 neters
i¡nnediately prior to and during spring cooling of the
¡nonirno linnion. Units of concentÏation are pmoles liter-r.

GROUNDWATER RUNOFF MONIMOLIMNION LAKE 120

NORTHWEST NORTHWËST PRE-CooLING, MAy 1-15 Co0LING, MAy 15-JULY 15
SUBBASIN SUBBASIN 14 neters 16 meters 14 neters t6 neters

si 388 146 82 tzs 81 165

Mg I25 28 27 33 27 s7

Na 213 49 31 35 33 39



Fron this line of evidence it does not seem likely that moninolinnetic

cooling during June and July wâs greatly affected by groundh'ater,

Rather, I suggest that in spring, after peak runoff from snow-melt has

passed, a residual rnass of cool (about 4oC) melt h'ater renains in the

bog at the south end of the lake. If such a residual of cold melt water

does exist and is slourly displaced by r,Jarmer runoff fron spring raíns,

it could slide down the side;of the basin through the warrner and less

dense surface rvaters and finally cone to lcest at a depth belon¡ w.hich

the monimolínnetic h¡aters are of greater density. Temperature variation

betrt¡een 14 and 19 rneters is never nore than a few tenths of a degree

(Figure 6). As a result, there is little density difference in the

moninolinnion due to temperatul:e. Howeveï, frorn Figure 53 it can be

seen that higher conõentrations of chenical constituents result in a

very sharp increase in density at depths below 14 neters. It is entirely

possible then that a rrlens'r of runoff water at a temperature of about

4oC and chenical conposition similar to that of the region of the

chenocline would be prevented fron descending to depths nuch greater

thâ.rl 15 meters. F::orn Figure 6 it can be seen that the rrcenterrr of

coolíng in the nonimolinnion ranged fron 14-16 neters in the years

1970-L972.

fn order to estimåte the demand by a lake for a particular chenical

species, a numb er of input and output conponents must be considered.

Those considered for the Lake 120 system are illustrated in Figure 34.

Input of an elenent to the k'ater colunn rnay be by

O precipitation (including dry fatlout) direct ro the take surface;
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@ invasion of atmospheric gases at the surface;

@ runoff from the terrestrial portion of the watershed;

@ feedback fïon the botton sedinents,

Renoval of an element from the lake waters nay be by

O outfl ow;

@ sedímentation to the lake botton;

Ø degassing or emergence of insects into the atmosphere.

In this study, components @, @ and @ *u"" esrinated (Table 6) .

Net sedinentation over a short term ( @ - @ I was also measured

(Table 7). Neíther coÍponent @ or conponent ø was rneasured but

their difference can be estinated. That is flux of an element at the

lake surface (exclusive of input u1:a precipítation and clry fali.out).
can be had fron the following relation:

rO.@r (@*@ @)=(ø-Ør.

If for a particular elernenr ( €) - O I i, negligible, then corputed
rhetentionrr ( O * @ - O ) presented in Table 6 woutd theorerically
be equal to net sedinentarion ( @ - @ ) pr"runted in Table 7.

In this study, cations were deternined only in the dissolved phase.

Although reasonable assunptions can be made as to tlìe rore of païticurate
natter in some of thc components outlined abot¡e, interpretation of the

cation data presented in Tab1es 6 a¡ld 7 is, nevertheless, restricted.
Runcff (as opposed to precipitation direct to the rake surface) accounted

for 90-98% of the input of dissotved Ca, Mg, Na and Si ro the la.ke
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(Table 6); 82% of t]ne input of K was from runoff. A large contribution

of the above-nentioned cations by runoff was not unexpected since they

are weathering products of the least stable and najor ninerals (plagio_

clase a¡d biotite) in soils and bedrock of ELA, After Stunn and Morgan

(1s70) .

12 N"O.SCaO.sAlt.SSiZ.SOs + t8 HzCOg + 53 H20

plagioclase (andesine)

= 6 Na+ + 6 ca2+ + L2 HoSi} + 18 Hcol + 9 Alrsir0r(oH)o

kaolínite

and

KMSaAlSir0r 
o 

(OH) , + t HrC\, + Llz H20

biotite

= K+ * s Mgz* * 7 HCOi + 2 H4S]O4 + t/2 ALzsLZLq (OH)4

kaolinite.

The above representation of chenical weathering ín the ELA is undoubtedty

an over si¡nplification of a rnore conplex piocess (see Brunskil r et aL.,

1971). Horvever, the resulting nolar ratios of Si, Ca, Mg and Na to K

would be 74, 6, 3, 6:1 which compares well with ratios found in ground_

wate" of the Northwest sub-basin of take 239, Ratios of Si, Ca, Mg and

Na to K in Northwest sub-basin groundh¡ater are 12.5, 6.I,4.6,7.9:I
(Cherry and Schindler, unpublished data). The fact that the proportion

of K entering the lake uía runoff is somelhat smaller than for other
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major cations nay reflect a potassiun uptake by biota of the terrestrial

portion of the watershed (Schindlet et aL,, 1976). Such K requirements

are apparently a conmon occurrence in the Canadian Shield. Particulate

Si, Ca, Mg, Na and K in runoff has not to date been reported for ELA.

However, in proportion to the dissolved phase, particulate input to the

Take uia runoff is likely small. Bormann et eL,, (1969) formd for those

efements that 81-98% of their transport in streans in the Hubbard Brook

Experimental Forest was ín the dissolved phase, On the othelc hand, they

found that 98% of the iron transported was particulate. In the ELA ¡nuch

of the iron in runoff water is likely associated with dissolved,

colloidal or palìticulate humic rnatter. The relative proportions ar:e

at this tirìe unknovm.

It is also likely that most of the Ca, Mg, Na, K and perhaps Si

in L¿ke 120 outflow waters is dissolved and that the flux through Ao

( ø - Ø I i" negligible. It rnight be expected that element I'retentionf

computed in Table 6 should agree reasonably well with net annual

sedimentation (Table 7). Such a comparison ís presented in Table 9.

Illith the exception of Ca and Fe, the agreenent betrr'een rrretentionrt and

sedinentation is satisfa.ctory, Sedirnentation of Fe into sediment traps

was 24 times the corputed retention, and 1.8 times the total input to

the lake (Table 9) suggesting that a significant and large fraction of

the Fe in inflow rvaters vras not accounted for. Such iron nay be sorbed

to or nay be an integral parct of particulate natter entering the lake.

It would also seen that a significant (though probably not large) fraction

of the calcium in runoff was particulate since net sed mentation rdas 20
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TABLE 9, A comparíson of conputed annual rrretention" (outfl ow- infl ow)
and average annual net sedimentation of Ca, I!'lg, Na, K, Fe
and Si in Lake 120. Deterninations of cations in outflow
and inflow waters weïe carried out only on filtered samples.

¡noìcs x to5 year- 11

AVERAGE ANNUAL AVERAGE ANNUAL SEDIIIIENTAT]ON
IIRETENTION'' IN NET SEDIMENTATION MINUS RETENTION
1971 AND 1972 1970-1973 AS % 0F TOTAL *
(FROM TA3 LE 6) (FROM TABLE 7) INPUT TO LAKE

Ca -0.97

Mg 0.84

Na 2.3I

K 0.24

Fe 0. 05

si 14.88

0. 05

0.10

1.19

8.66

T3

-10

177

-25

* If outflow of cations fron Lake 720 via pal:ticulate matter is
taken to be insignificant, then the peïcentage presented here
could be construed as a very rough estinate of the nagnitude
of particulate input compared to dissolved input.

i ^ particulate inputa.e. ffi xtoo
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tines conputed rtretentionr' (Tabre 9), Kj ensno (1967J reported that 0h1e

(1934) shorved that tconiferous hu¡ni c matterr' adsorbed calciun. Although

the particulate input rnay be snarl compared to the dissolved fraction,
exclusion of the particurate fraction night read to erroneous conclusions

concerning rrretentiontr in the lake. In the case of cal.ciun, conputed

annual rrretention,' based only on dissolved input and output would lead

to the conclusion that an efflux greater than influx to the sedirnents

was occurring each year since outflotv of dissolved Ca u,ia. the outlet
exceeded total inflow. Consideration of the input by païticulate natter
could possibly result in a conpletely different interpretation, tlÌat is
that there is a net sedinentation of ca each year as shown by the sedinent

trap data. In ínvestigations of budgets for these elenents it would

seem necessary to establish theiT transport ü¿a particulate matter in
order to compute accurate and retiable rates of lake retenticn.

Essentially all carbon, nitt ogen and. phosphorus supplied to

the ELA l{atersheds originates fron the atmosphere (Schindler et aL.,

L976). Precipitation is the sole source of phosphorus; bedrock and

soils of ELA are poo.r in phosphate. Input of carbon and nitrogen

to terrestrial regions is by bot.lt p]:ecipi.tation and atnospheric

fixation. Schindler et aL., (1976) observed high (greater rhan B0%)

retention of phosphorus and Ditrogen entering the terrestrial portion of
the Lake 239 r'¡atershed uia p'recípitation and suggested that forest growth

was retaining thêse elements. Such a dependence of tlìe terrestrial
vegetation on P and N is reflected by tire fact that ress than harf of the

annual supply of P and N to Lake 120 h'as by runoff (Table 6) even

though; the. terrcêstrial d::ainage is 6.S tines the lake surface
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anea. Aboùt 929o of the carbon entering the lake was, however, supplied

by runoff. In the runoff about 43% of the p was particulate, 17%

of the N was particulate whereas only S% of the carbon h,as particulate.

A sinila¡ trend was observed in the outflow of Lake 120 which probably

indícates the sane order of nutrient linitatlon exists for lake plankton

as for terrestrìal vegetation. 0n an average, 59% of the p in outflow

waters !,ras partlculate, 35% of the N was particulate and 17% of the C

was particulate.

The obvious explaration for rtretention by Lake 120 of 50_60% of

the input of P, N, C and Si (Table 6) is assinilation of these elernênts

by plankton" Sone fraction of the plankton settles to the sediments

carrying the assinilated nutt:ients k'ith it. Especially at tines h,hen

circulation is restricted (>90% of the year) the surface and therefore

the outflo¡v h'aters would tend to contain less of these elenents than

inflowing water. At no time is at lochthonous particul¿te natter a

significant fraction of the seston in Lake 120. The ¿bove statenent car

be substantiated as follows. If all the particulate C, N or p supplíed

to the lake in a year by precipitation and runoff rernained in suspension,

(i.e., if no degradation took place and there was no sedirnentation and no

renoval u¿a the outflor{) , only I/4 of the average concentration of
suspended naterial fou¡.rd in the mixolimnion would be attained. 0f
course, considerable amounts of suspended ¡naterial were flushed out of
the lake, did fa1l to the sediments and did degrade in the rvater column;

so, at any given instant, al.tochthonous particuLate ¡naterial nust be only

a very sna1l part of total seston. Since ln the p, N and C budgets both
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particulate and dissolved phases were neasured, it can be determined if
conputed lake I'Tetention't is equivalent to sedimentation.

A conparison of conputed annual rrretentionrt and net sedimentation

of tC, XN and XP is presented in Table 10. Without exception, rrTetentionrl

was greater than net sedinentation. That is, there was an apparent net

loss to the atÍ¡osphere of these elenents or in other words, cornponent ø,
loss by degassing or energence at the Lake surface was larger than

conponent @ , fixation of atmospheriq gases at the lake surface. In

the case of phosphorus, conponent @ should be aero, A conparison of

pCo, in Lake 120 surface waters rt¡i th atnospheric pC0, (Figure 35) suggests

that there should be a flux of C0, frorn the lake to the âtmosphere.

Schindler et aL., (1976) suggest that fixation of N by aquatic flora is
insignificant ín comparison to other sources of N to Lake 259. Annual

losses of C, N and P from Lake 120 to the ataosphere (Table 10) were

estinated by taking the difference between rrretentiontt and sedinentation,

thar is ( O * @ - O ) - ( @ - @ l. According to rable 10, 8s%

55% and 19% of the C, N and P rtretainedrrby the lake (Table 6) was lost

to the atnosphere. That is actual annual retention (net sedimentation)

of C., N and P by the lake was not 50%, 50% anð SIeo of the input oia

precipitation and runoff but rather was 8%, 22o.. and 41% respectively.

Loss to the atnosphere of C, N and P was 42%, 27% and 10% of the annual

input to the lake. Vallentyne (1952) estimated rates of removal of

nitrogen and phosphorus fron Lake Opinicon, Ontario by ernergíng zoobenthic

insects. He found that 5 umoles P n-2 Ao day-l were rernoved fi.om the

lake by energing insects. Based on Table l0 and an open-water season of



TABLE I0. Conparison of C, N and P losses from Lake 720 uia the outflow, sedinentation andthe atnospheïe. Values given below are averages for the yeats 1970-72. Totalí.nput uia precipitation and runoff, outflow tl,a the outlet and computed retention(totaL inflow ninus outflow) a::e fron Table 6. Net sed.inentation is from Table 7.

RËTENTION
(TOTAL IN-
PUT MÏNUS
ouTFL0W)

K no les
per year

xc

'N
¿P

NET SEDIMENTATION

K noles
per year

168.9 26.07

4.60 2.06

0.108 0 .087

%of
retention

9o of K moles
total. per yeaL
input

I5

L\

81

LOSS TO THE ATMOSPHERE
(RETENTI ON-SEDIMENTATION)

22

4l

%of
retention

r42.8

2 .54

0 .027

%of
total
input

85

(q

19

OUTFLOW VIA OUTLET

K noles
per year

42

27

10

'4 0t
total
input

169.3

4. 68

0. 103

50

50

tl <\



¡'IGIJRE 35, Pårtial pressure of CO2 ax a depth of 1 meter ín Lake
l2O and partíal pressure of CO, in the atmosphere
durÍng the open r.rra Ëer seasons 6f 1971, and L972.
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200 days, the loss of P fron Lake I20 was only 1 unole r-2 Ao duy-l.

The net removal of nitrogen to the atmosphere during the open-water

season on Lake I20 was d.eternrined to be 140 umoles ^-2 
Ao dry-l.

Vallentyne found that the nolar ratio of N:P in the invertebrates he

investigated was 32:L. Based on this ratio, the N evasion frorn Lake

120 by insect emergence would be expected to be about 32 umoles m-2 Ao

day-l of tlìe open-lvateï season. Slightly nore than i.00 umoles N rn-2

-lday - appears to be exiting from the surface of Lake 120 as a result

of some other mechanism, possibly denitri fication . Andersen (1971) found

that up ro 54% of annual N inputs to sharlow, eutrophic Danish,lakes r,¡eïe rost

by deni trifi cation. rtis possible that this process nay account for a con-

siderable portion of the Loss of N fr:oÌ Lake r20 to t-hê åtnosplìere. rf carbon

is assuned to be 50% of'the dry weight.of energing insects (Bierle, I}TZ), the

inol ar ratio C:P in the insects of Vallentyne would be about 22OiI.

Using the same logic as above, abou:- 220 ¡rnoles of C n-2 Ao day-l could

energe as insect biomass from Lake 120. However, on an average, 7,700

lrnoles C r-2 A^ ,., lost to the atnosphere each d.ay of the open-watero

season (Table l0). That loss of gaseous C02 to the atnosphere is occurring

thToughout the open-water season was shown in Figure 35. It is suggested

then that the average rate of evasion of C0, frorn the surface of Lake 120

to the atmosphere during this study was about 7,500 pnoles *-2 Ao d"y-] .

The concentrations of nutrients and najor ions in the nixolirnnetic

water:s of Lake 120 (Tables 3 and 4) are close to the average pïesented

for 40 other ELA lakes and exhibit the sane seasonal trends described by

Arnstrong and Schindler (1971). On the other hand, the concentrations
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of Eh sensitive ions ín the nonimolimnetic waters (Tables 3 and 4) are

rather higbwith concentlations of dissolved Fe reaching 4.2 rMoles
_1

liter '. Merilainen (1970) reported total iron levels as high as 6.8

nMoles liter-l b,rt th" fraction that was particulate is unknown.

The highest levels of particulate organic rnaterial in the mixo-

lirnnion were observed during sunmer (Figures 19 and 20). As a lcesult,

supply to and accumulation of particulate organic natter in the ¡noni-

¡nolir¡nion was also highest at this time of year, This is reflected by

the migration of the depth of oxygen depletion in the botton waters.

oxygen depletion above the chemocline was tnore severe during sunmer

stagnation than under winter ice (Figure 11). It was shown above that

little particulate organic natter suspended in the water colunn was

allochthonous. If live phytoplankton is assurned to be 10% carbon

(Strickland, 1960), the live bioihass figures in Table 26 of the appendix

can be compared with the suspended carbon nteasured in the lâke (Table

14, appendix). In Figure 36 the average phytoplankton bionass ¡mg C n-3)

and total suspended carbon ¡neasured during the years L97I and 1972 ate

plotted against depth. It can be seen that even in the nixolinnion

live phytoplankton are only a snall but rather constant fraction (10%)

of the total suspended carbon. Rormd (1965) reported that, on an

average, chlorophyll a r:anges fron 0.2 to 0,6% of the weight of carbon

in live freshwater phytoplankton. From the data used to construct

Figure 36, it was found. that in the years 1971 and 1972, chlorophyll

measured in the nixolinnion was about 6.2% of the calculated carbon content

of live phytoplankton, Such a high average chlorophyl I content of the
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live phytoplankton is unreasonable. It was discovered, however, that

chlorophyll taken as a percent of total suspended carbon was, on an

average, 0.5, This suggests that most of the pârticulate carbon fraction

not accounted for in the mixolinnion by live phytoptankton was very

recently living phytoplankton (containing chlorophyll and chlorophyll

degradation products). .This accounts for the renarkable sinilarity
between the mixolinmetic portions of the isopleth diagrans of PC and

chlorophyll (Figures 19 and 29, respectively) and also live phytoplankton

bionass (Figure 3I) since live phytoplankton-C fron 1-11 neters is a

râther constant fraction of the total particulate carbon (Figure 36).

During suruner stratification, concentrations of PC and chlorophyll .at t0-14

¡neters are rnuch lower than in r^raters above o: below. This may indicate

that nuch of the partículate organic material originating in the epilimnion

ând theûnocline of the mixolinnion is not funneled into the moninoli¡nnion

but is deconposed before reaching the chenlocline.

In the moninolimníon where temperature rerìains relatively constant

(4-5"C) throughout the year, changes in the rates of fornation of

anaerobic deconrposition products such as NH3, CH4, C0, and HrS are

probably dependent nainly on the rate of supply of particulate natter.

That most of the nitrogen and carbon in the nonimolinnion is inorganic

in contrast to the mixolimnion where it is mainly organic (Table 3) nay

reflect a nor:e rrcomplete" breakdown of C and N cornpounds in the noninoli¡nnion

to prinary nineral conponents. It should be noted that the fraction of

inorganic P in the ¡nonimolinnion renains snall. This is perhaps an

indication of a heavy denand for P by anaerobes. If feed-back from
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the nonimolimnion to the níxolinnion were insig:rificant, then a decreased

supply of particulate organic matter to the botton during winter would

not rcesult in lower concentrations of NHï C0, and CIIO, However, in

winter, Ievels of these primary decomposition ploducts in the monimo-

linnion do decrease significantly (Fígures 12, 13 and 16). Under winter

ice, physical nixing processes are probably ninimal, but bubbling

(especial.ly of CHO) and diffusion through the sharp chenical gradient

in the ¡nonimolimnion and chernoclíne coupled with bacterial processes at

the chenocline effect a transfer fron the moninolimnion across the

chenocline into the nixolirnion, For example, Rudd (1974) measured

oxidation rcates of CH4 to C02 in Lake 120, He found that 98% of the

bacterial oxidation of nethane rvas occurring in the chemocline. About

two-thirds of the methane oxidized tJas convetted to CO2. Based on rates

reported by Rudd, bacterial oxidation alone could deplete the moni-

¡nolinnion of CHO ín about 1 1,/2 years. It becones obvious from this

exanple then how lowering the rate of supply of organic matter to the

moninolinnion during the síx winter nonths can result in significant

reductions in levels of the prinary degradation products CHO, CO, and

NHs'

Even for the conservative efenents Ca, Mg, Na, K and Si, concentrations

in the noninolinnion are probably largely a function of supply of detrital

pa1'ticulate natter. That their enrichment in the noninolimnetic waters

is less than for other chèmical species can be attributed to lack of

demand by the biota of the lake for these elements. However, they are

contained in trace anounts in autochthonous particulate natter and in
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the case of calcium, for example, may be sorbed to coniferous huni c

natter (see above). Utilization of Si by phytoplanktonic diatoms and

Chrysophyceae depletes dissolved Si in the nixolinníon and is

especially obvious during the suuner months (Fígwe 22). Although the

input of conservative elements to the noninolinnetic waters and sedínents appears

to be relatively sna1l compared to carbon or nitrogen, dissolution and

degradation of the partículate rìatter fr:nneled into the nonimolinnion

must account for the enrichnent of these ele¡nents. Lerrnan and Brunskill

(1971) found that concentrations of Ca, Mg, Na, K and Si ín the inter-

stitial waters of El,A lake sedinents were greater than in overlying lake

water by as much as a factor of 6, and they estinated that diffusional

flux from the sediments could contribute up to 15-30% of the input of

these elenents to the lake in a year. In the case of the rnonimolimnetic

region of Lake 120r a sharp concentration gradient occuïs not just

between the interstitial waters and overlying lake water but also through

the noninolinnion to the chenocline. The poorly nixed monimolimnetic

waters can probably also be thought of as the interstitial water and

the mixolimnion as the overlying lake waters of Lerrnan and Brunskill.

In addition to rnixing of the upper regions of the r¡oninolinnion with the

nixolimnion during spring and fal1 overtum, conseryative elements nust be

returned to the nixolimnion by diffusional flux at all tjres of the

year. If the rate of supply of the source naterial is rëduced in winter,

then the rate of supply of the conservative elements (by dissolution or

degradation) to the interstitial and moni¡nolinnetic waters will also be

reduced, If the rate of diffusion across the chemocline rernains constant
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(concentÌation gradients of these elements change littÌe over time at the

chelnocline), then it is possible that a net loss of conservative elenents

from the deep waters of the ¡nonimolinnion could result at times when their

supply to and production fron the sediments is reduced (Figures 22,23,24,

25 and 26).

Unlike conservative cations, iron and manganese are chernicall¡ responsive

to redox potential (Mortineî, 1941). BrunskilI et dL. (7977) reported the

Eh of the interstitial waters of Lake 120 to be fron -80 to -160 nV.

These measurements rireÌe not done ín sikL and it is possible, therefore,

that the Eh was even lower. Very 1ow Eh in the nonínolimnion ånd the

extremely high concentrations of iron and nanganese are

again basically co¡trolled by supply of organic matter and lack of 0,

supply. The oxidative decomposition of organic matter in the sediments

or in the wateÌ cofunn results iit a production of electrons, Oxidative

decomposition does not cease after complete utilization of the avaílable

free oxygen and in the noninolinnetic tvâters of Lake 120 the iedox

potential becomes very low. The production of 'rfreerr electrons allolrs

the solubilization of iron and. nanganese by reduction. Fe3* is likely
red.uced to soluble Fe2* in the monímoliÍmion and Mn3+ reduced to

soluble Mn2+. Unlike C and N or the conservative ions, rnechanisrns such

as bacterial oxidation or diffusion likely do not transfer Fe and Mn

across the chernocline and into the nixoli¡nnion. Inorganic or nicrobial

oxidation at or above the chenocline probably causes the formation of

precipitates such as ferric hydroxide. Significant feedback of iron or

nanganese to the nixolinnion likety occurs only when the upper part of
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the rnoninolimnion is scraped off at tines of spring an{ fali. circulation.

As long as low monirnolirnnion redox potential is ¡naintained, most reactive

iron or nanganese that reaches the che¡iìocline will be solubilized in the

¡nonirnolimnion by reductìon to Fe2+ or lrfn2+. If, during periods of
stagnation, the rate of oxidation of rnonimotinnetic iron or margånese

at the chenoctine is rather constant,r but the production of electrons

(i.e., rate of supply of organic natter) necessary to reduce and re-

solubilize the oxidized iron or nanganese is lowered, then a lower

concentration of dissolved iron and nanganese should be expected. In

cornparison to sunner, winteï concentï'ations of iron and nanganese were

¡nuch lower in the monimolinnion of Lake 120 when the supply of organic

natter was not so plentiful (Figures 27 and, 2g).

It r{oì.rld seen that in the 17-18 m deep waters of Lake 120,

precipitation of siderite (Fec0r) or even rhodochrosite (l'lncog) is possible.

Such preci.pitation then could also be in part responsible for lower C02

levels ín the moni¡nol innion during vrinter. Solubility products for both

FeCoa and l,krCO, are about 10-10'7 moles2 liter-2 lcarrels and Christ, 1965).

[Fe] [COrl at 18 neters has been observed. as high as l0-8 *ol"r2 lit"r-2
and [Mn] [CoJ] up to s.4 x t0-10 noles2 líter-Z. Further, pCo, of 10-I

was often observed at 18 meters depth in Lake I20. A stability diagran,

Stumm and Morgan (1970, Figure 5-8c, page 186) shows that at such a pC02

and pH = 6.6-6.8, siderite is thermo d¡.nani cal ly stable, Fornation of

FeCO, or lrfnCo, could expfain the COg detected in the sedinent collected

in the traps set in the ¡nonimolimnion of Lake f20. (Tabfe 7) . No evidence

of siderite in Lake 120 surface bottorn sediments h¡as found by X-ray
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diffraction analyses, but detection of siderite at < Zeo dry weight

would not be expected (8. Graham, personal communication). However,

in carrying out Rn analyses on sanples of Lake 120 bottom waters,

oxidation of CH4 to CO, led to spontaneous for¡nation of a green precipítate

wh.ich renoved the Fe++ (T. Torgersen, personal corununicationJ. X-ray

diffraction analyses.did suggest the presence of small (approximately 0.2%

dry weight) anount s of rhodochrosite in the surface bottom sedinents

of Lake 120 (8. Graham, personal cornrnuni cation) .

During tines when concentrations of the predoninant ions (Fe, C02,

NHa) are drastically reduced in the moninolinnion, no narked change in

conductivity was observed (Figure 9), lllhy conductívity remained constant

fron season to season in the deep waters of Lake IZ0 is not clear.

The díchotonous nature of the pH profíles (Figure l0) nay be in

part due to the degradation (and therefore net production of C0r) of

sinking plankton in the region between the thernÕcline and chenocline. It Nas

suggested above that ¡nuch of the plânktonic material originating in

the upper reaches of the nixolimnion was degraded before reaching the

chenocline. Any excess CO, produced by such respiration wiI1, at pH

less than 8, be hydrolyzed to HZCO3 (Hutchinson, 1957). It is possible,

however, that naximi.ùn concentrations of hydrogen ion in the region g-14

rneters is also a reflection of a nurnber of possible nicrobiological

oxidations specific to the chenoclíne. It was shonn above that tlìere

is a significant rate of oxidation of methane to CO2 at 14 rneters by

bacteria, Weakly associated hydrogen ion in the form of HrSOO naI be

libe¡ated to tlÌe nixolirnnion by bacterial oxidation of HrS. Fron
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solubility curves of FeS, Hutchinson (1957, Figure 204, page T6L),

the concentration of HrS in the moninolirnnion of Lake 120 should

never exceed. about 3 pmoles liter-l. However, whether or not the

oxidation of HzS to H2S04 is significant, compared with production

of C0, ín reducing the pH at 8-14 neters, h¡ould be dependent on the

rate of production of HrS in the nonimolimnion and the rate of its
oxidation at the chenocline. These rates are unknown but since sulfur

ís only a ¡ninor constituent of plankton (Round, 1965), it is probably

reasonabLe to assume that tates of production of C0, and CIl4 by anaerobic

deconposition far exceed that for H2S. Anothetc bacterial process that is
evident especially during periods of stagnation is the oxidation of

arnrnonia to nitrite and nitrate. Accunulation of NOa+NO2-N above the

chemocline is obvious in Figure 15. The oxidation of HrS and NH,

result in the liberation of energy which ís utilized in the assimilation

of carbon in chernosynthesis (Ruttner, 1963) .

Schindler and Holmgren (1971) classified ELA lakes accoïding to

prímary productivity - depth curves (Type I, 2 or .3) and phytoplankton

standing crop and species conposition (Class A, B or C). Kling and

Holmgren (797 2) gave detailed descriptions of seasonal patterns of

biomass and species composition of Class A, B and C 1akes rrrith specific

exaÍrples. In terms of live bionass, Class A lakes were described as

having winter minima of approxinately 70 mg m-3 and sunrner naxina of
around 1,200 ng n-3. phytoplankton standing crops in Class B lakes

ranged. from 1,000 ng n-3 in wínter to 2,g00 rg r-3 in sumner, Biomass

levels in Lake I2O d.uring winter (200 mg r-3; ""t" nearfy as 1ow as
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would be expected of a Class A 1ake. In 2 out of 3 suïnners, however,

naximum levels of 2,000 and 2,600 mg m-3 approa.hed those expected of

a Class B lake, A maximum bíonass of 700 mg n-3 recorded in lgTL may

be attributable to unusually cool and wet weather throughout most of

the suruner. fn terms of phytoplankton biomass, then, the classification

of Lake 120 by 't:he Schindl er-Holngren scherne is not well defined, but it
rLight be called a Class A-B lake or ol igotrophic -nesotrophic.

In both Class A and Class B lakes, Chrysophyceae and. Xanthophyceae

are at all tines of tlìe year the rnajor component of algal blonass. Diatons

are never sígnificant in Class B lakes but during the suruner nay be

responsible îor 10-20% of the bionass in Class A lakes. At no tines do

diatons account for nore than s,o of the biomass in Lake 120. During rnid-

late winter, 30-50% of the bio¡nass in Class A lakes is Cr¡ptophyceae.

In Lake 120, the Cryptophyceae nevelr accounted for nore than ISeo of the

standing crop. It would appear that Lake I20, in tenns of its phyto_

plankton cornposition, fits into the B classification. Schindler and

Holmgren (1971) pointed out that a curious feature of Class B lakes is
a high bíomass of apparently healthy algal ce1ls that lies deeper than

the bottom of the euphotic zone. Lake 120 adheres to this criterion
of a Class B.lake as the naximum standing crop in Lake 120 during sunmer

stratification was usually centered at about g meters, the depth at

which transnittance of light declines to less than l9o. However, also

recall that the usual donina¡t ín the region of rnaxirnu:n biomass was

Cltt ysosphaez,eLT.a, Although Chxy sosplø,exeLl,a ís found in Class B lakes,

.at no tine of the yeaî is it dominant. Kling and I{olmgren (1972)
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reported Ctu,y sosplnereLLa species as being dominant only in Class A

lakes during the surnner, So, in terns of seasonal trends in the

conposition of the phytoplankton, Lake 120 most closely resernbles an

ELA Class B lake but is also in some rr'ays characteristic of classi-

fication A. The phytoplankton of "iron-mero¡ni cticrr Lakes Valkiajarvi,

Skennungen and Store Aaklungen (Merilainen, 1967 and 1970; Kjensmo,

1967) has not yet been investigated. lt{eromictic Lake Svinsjoen near

Oslo is unlike Lake 120 ín that it is moderately eutÏophic and the

Diatoneae and Chlolophyta are doninants in the spring and surûner,

respectively (Lande, 1975J .

The three above-rnentioned t)?es of vertical productívity profiJ.es

are illustrated in Schindler (1972). The slightly dichotornous Type 2

profile with the first peak a few neters below the surface and the second

peâk well below the thernocline most closely resenbles the profiles

typical of Lake 120 (Figures 32a and 32b). However, Type 2 production

curves elsewhere in ELA are characteristic of large (Ao >1000 ha), clear,

but nutrient linited lakes with very deep euphotic zones. Lake 120

is certainly not a large, clear lake (Figure 4). Further, the second

(lower) C-14 uptake peak in Lake 120 was at depths r\'e11 below the point

where light tr:ansmittance was I%, that is ¡\,e11 out of what is nornally

considcred to be thc euphotic zone (Vollenweider, 1969), Even in Type

3 1akes, which are small wíth comparatively nutrient-rich hypolinnia,

the lower production peak is well above the depth at whích light tTans-

¡nittance declines to less tlÌan 1%. Since photosynthesis occurs regularly

at depths to 13 meters (Figures 32a and 32b) at levels well below 1%
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characterized as Type L, 2 or 3. Prinary production was studied in

Lakes Svinsjoen (Lande, 1973) and Lake Valkiajarvi (Merilainen, L967

and 1970). In both of these meromictic lakes production profiles

were alh'ays T),p e 1, that ís a single peak ín productivity was

observed at a depth of L/2 - 1 meter. No productivity occurred at

depths below the euphotic zone in these 1akes,

In the region just above the chenocl ine (13 meters), productivíty

peaks in Lake 120 coincided with a dominance of sûìall blue-green algae

not usuâ1ly found elsewhere in the ri'ater coltÌnn, It is possible then

that this unique population (unique in conrparison to the phytoplankton

assenblages in the waters above) is extremely tolerant of very low

light levels and takes advantage of the rrnutrient -richrr environment

just above the chemocl.ine. Suchta situation is rnore or less anafogous

to the Type 3 profile where the lower production peak is a result of

a more favourable h)?olimnetic nutrient regime. Type 3 lakes of the

ELA exhibit a greater rate of production per rmit area than Types 1 or

2. Although Lake 120 differs fron Tlpe 3 lakes in that the second

production peak is below the depth of 1% fight tÏansnittance, it night

stil-l be e4)ected that since ít does have 2 production nardna that

production per unit area would be relatively hígh conpared with other

ELA lakes, especially T)'pe s I or 2, At all tines of the year, the

estinated photos)'nthetic productivity of Lake 120 per n2 Ao is as low

or lower (both on a per volurne basis and put 12 Ao) than for every one

of the 16 ELA lakes reported on by Schindl er (1972). As a result, the
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annual prinary productivity is also nuch lower than for all other ELA

lakes studied. Annual phytoplankton production in Lake Valkiajarvi,

nhich closely resembles Lake 120 in almost every respect, was estinated

by Merilainen (1970) to be 10-19 g C ^-2 
year-l which is even lower

than that of Lake 120. From daily lates reported by Lande (197 3) it

would appear that annual production is ¡nuch higher in the noderately

eutrophic neronictic Lake Svinsjoen cornpared to Lake I20,

During the open-water season of 1971, the average tirne l¡equired to

replace the algal population was calculated to be 5.6 days. In 1972

(recall that naximun sumrner biomass ín 7972 was 3 tines that of 1971).

the average turnover time of the phytoplankton standing crop h¡as 11.6

days. Since standing crops in Lake 120 were relatively high, especially

in mid sumner, and since estimated prinary productivity was lower than

that of other ELA lakes, the averâge turnover of the phytoplankton

appears to be 25 tines longer than reported for other ELA lakes by

Schindler and Holngren (1971). Since in mid sunmer the depths of ¡ninimu¡n

productivity (usually 6-8 neters) always coincided with the depths at

which the ¡naxi¡nurn standing crfop was lying, turnover tirnes in the region

just below the thernocline !/ere up to a month or longer, However,

dissolved oxygen was alw ays at a maxirnum in this stlratum (Figure 11).

So, although fixation of carbon by these algal cells (predoninantly

ChtA sosphaet,eLLa and Botz.yococcus braurrLi) was a very sloh' process, it

would seen that photos)'nthesis far exceeded respiration. Minínum levels

of C0, observed in the surface waters during sunner (Figure 12) did not

coincide with supersaturation of oxygen. Schindler (1972) attributed
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most of the loss of C02 fron surface waters during spring and sunner to

evasion tothe atrnosphel:e, a function of íncreasing temperature. Such

losses r,¡ere estinated above.

Although replacenent of phytoplankton standing crop just below the

thermocline was extremely slow, in the depth interval just above the

chenocline (predoninantly snal1 blue-greens) turnover times as rapid as

0.4 days were observed, Even if the blue-green algae there are very

tolerant to low light levels, it is difficult to inagine rvhy turnover

of phytopla¡kton is nore rapid than in the euphotic zone above the

ther¡nocline (usual turnover time of blue-green algae = 3-4 days, Dr.

F,P. Healey, personal comnunicatíon). Although no conclusive evidence

exists, it is possible that in the region of the chenocline rnuch of the

photosynthesis was by bacteria. Thompson (1974) was åble to culture

green photosynthetic sulfur bactrrría fron water collected at the chenocline

in Lâke 120. Green photosynthetic bacteri¿ could, then, be iargely

responsible for the observed prinary production at 13 neters. However,

no estimation of bacterial numbers was rnade by Thonpson, so it is inpossible

at this tine to detennine to what degt ee turnover time (based on sunnation

of algal and bacterial standing crops) h/ou1d be altered.

It is h,orth contemplating why prinary production in Lake 120 is

lor{er th¿n other ELA 1akes, It was sholr"n above that, after correction

for ernergence, 4lu" of the tot¿l annual ilìput of p to Lake 120 was

retained. If the sarne correction for ernergence is nade to the data of

Sc}indler et aL, (197 6), the average annual lcetention of p by Lake 259

in 1971 anò 1972 was 6I%, This suggests that more phosphorus was
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utilized by the biota of Lake 239 than that of Lake L20. Lower utilization
by Lake 120 of a likely limiting nutrient such as p could mean that

availability of some other essential element is reduced in conparison

to Lake 239. A nunb e¡ of workers have shovm iron to be a liniting
elenent. For exanple, I{enze1 and Ryther (196f) and Menzet et aL.,

(1963) found under certain conditions that iïon was critically liniting
to grorr'th of phytoplankton in the Sargasso Sea. Sakanoto (1971) showed

that in ELA lakes, Fe was essential to phytoplankton growth and that under:

certain circunstances could be considered a limiting nutLient. He

suggested that in rnore hurnic lakes 1initation by iron would be nore

severe since iron bound to hunic matter is not readily available to

the phytoplankton. lr{ore highly coloured water suggests that Lake 120

is probably rrnore hurnicrr than Lake 239, It is possible that ut.ilizable

iron is not so rceadí Iy available to the phytoplankton of Lake 120, It
is also possible that in more humic v"aters there is less readily utilizable
P available due to complexing of phosphorus with the iron bound to hunic

matter. Explanations of the sort outlined above may account for lower

production in Lake 120 than in Lake 259. However, many lakes in the

EtA.are even "mo¡e hurnicrr than Lake I20 and yet primary prod.uction is

higher than ín Lake 120. hhy phytoplankton growth in Lake I20 is lower

than in other very hunic lakes is, at this tine, uncertain. If primary

production in Lake I20 were greatelr, it is likely ilìat the increased.

supply of organic natter would cause an upward migration of the ¡noni-

nolimnion.

The meromictic (chenical) stabilj,ty of Lake lZ0 was computed aftel
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Hutchinson (1937) at fall turnover lúen the nixolimnion was lìonothermal

at the tenperature of the chenocline (terperatuLe of honotherny of the

nixolimnion varied from 4.8 to 5.2"C). The chemical contribution to

the densities previously presented in Figure 35 w¿s obtained by sunnation

of the concentrations of the major dissolved species in the lake. In
_7the years f969-7972, the densities ranged from 1.00002 gn cn-" in the

nixoli¡nnion up to about 1.0009 gm 
"r-3 in the bottom waters of the

moninolinnion. That is, in the monímolinnion, the chemical contribution

to density was up to about 45 tines that in the mixolinnion. CÕnputations

of persistency (P') were carried out at 1 meter intervals.

Pr

where zc.
1'

A
1,

zg,

= A (z - z

"+'-.¿ 
-g, mixo) (02 - or)

= arbitÎal'y depth of chenocline

= area of the chemocline at arbitrary depth

_..,_ = depth of the center of gravity of thenlxo
de¡th z' c.

L

= density of the nixolimnion

= density of the moninolimnion

zc¡
'?-

mixolimnion at
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Þ2

Plots of Pr/Ao against depth (Figure 37) show that the present chenocline

(14 rneters) is wcll below the depth of maximun persistency (7 neters).

The magnitude of persistency was nuch less in the years fgTI and fg72

than 1969 and 1970. This ïeflects a d.ecreased chenical contribution to

density in the nonimolimnion in 1971 anà 1972 (Figure JS). Lower
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concentrations of dissolved chemical species in the moninolimnion in the

fall of 1971 and 1972 nay have been due to a decreased lcate of supply of

organic matter during the sr.rÍuner, and/or nore wind work pet:formed at the

surface of the lake resulting in more severe rrscraping off" of the top

of the monirnolimníon and therefore greater dilution. To what degree

each of the above was a contributing factor is inpossible to ascertain.

Meromictic stabilities (Sr) computed for Lake 120 ranged from 5'5

-2to 9.5 gm cm cn

s, = (2")(V*oni) 
t%t]

where zc = actual depth of chemocline

V = volune of ¡nonimolinnion
nonL

A = lake surface area
o

oI and p2 = as above.

Walker (1974) pointed out that ¡neronictic (chenical) stability is not

necessarily a real Teflection of the nontheimal stability of a lake

since theÌe are neronictic lakes which are not ch.emical ly stratified and

have, at tines of isothermy, a (chemical) stability ostensibly of zero. Such

cases of rneionixis reflect a morphonet¡i ca11y and clinatically determined. factor

that presently has no quantitative basís in limnology. Keeping this

lirnitation in mind, it is still probably safe to say that Sr = 5.5-9.5

-)gn crn ùn - rceflects a rather precarious neronixis in take 120; Sr of
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Lake 120 is extremely low compared with others reported. For example '

St of Fayetteville Green Lake is 1,700 gn.t 
"rn-2 

(Bnrnskill, L969a);

S' for Big Soda Lake is 60,000 gt "t "t-2 
(Hutchínson, 1937). Melo-

nictic stabilities of. the rriron -¡neromict ictr lakes of Norway and Finland

have not been reported.

It was not the pu4)ose of this study nor is it possible here to

accurately predict specific events which would occur in Lake 120 as a

result of removing the forest fron its watershed. Howevel, it seems

possible that deforestation could either enhance or destroy the me¡onixis.

If, after renoval of the forest, rates of supply of allochthonous organic

matter to the lake or rates of supply of elenents essential to the growth

of the lake biota were to increase, it seens reasonable to as sume that

the depth of the chemocline would lise and the neromictic stability would

increase. On the other hand, it is also possibte following deforestation

that demand for nutrient elements by pioneer plant species in the terrestrial

watershed would exceed that pr.esently exhibited by the forest. As a

result, nutrient supply to the lake and, therefore, supply of autochthonous

organic natter to the moninolinnion would likely decrease. A reduction

in the rate of supply of autochthonous organic natter to the monimolinnion

l,¡ould tend to a reduction in noninolinnetic volune and a decre¿se in Sr.

At present, the forest provides the lake surface with a certain degree

of wind protection, Deforestation night allow sufficient rvind work on

the surface of Lake 120 to cause conplete autunnal and/or vernal circulation.



109

STJMMARY

A study w¿s carried out ín order to describe Lake 120 prior to

the logging of its watershed. Lake I20 was determined to be biogenically

neromictic. The ¡noninolinnion was less than .5% of the total lake volurne.

Concentrations of nutïients and major cations in the monimolimnion appeared

io be dependent on the ¡ate at which particulate natter was produced

and funneled into that region of the 1ake. It was shown that particulate

organic natter in the nixolimnion is largely live or recently-living

phytopl ankton. As a result, the supply of biodegradable particulate

natter to the noninolinnion is rnainly a function of primary production.

: ïlinter, surruler and annuaf heat budgets we]|e estinated. Winter

heat budgets were nainly accoulÌted for by the latent heat of nelting of

the ice cover. That h'ínter heat budgets welce lower than for other ELA

lakes was attributed to the relatively thin ice cover. Lake I2O is well

sheltered (ín conparison to nost other ELA lakes) and reduced siveeping

of the ice by the wind resulte.d in greater insulation of the lake by

snohr, Sunner heat budgetsr on the other hand, were relatively high and

Lake 720 was more efficient than nost other ELA lakes at distributing

its sunmer heat income. Such efficient heating of the lake h'as attributed

to its large littoral region. The thernal regine of the monimolíÌn¡ie¡ was

found to be out of phase Nith that of the nixolinnion. hhite the mixolinmion

was gaining heat during the spríng, the noninoli¡nnion was at the s arne

time cooling. Loss of heat by the monimolinnion was probably by the

introduction of a cold waterc mass. It is 1ikely that during spring
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a rrlensrr of cool residual meft-water originating in the bog at the south

end of the lake, slides down the side of the basin through the warmer

\¡aters of the mixolimnion and cornes to rest in the region of

equivalent density just below the chenocline. Maxi¡nun heat content of

the noninolinnion usually occurred during fall circulation. This is due to

a linited mixing of the upper region of the monirnolinnion with war¡ner

¡rixolinmetic waters.

The chernistry of the ¡nixolimetic waters of Lake 120 was sinilar to

that of otheI ELA lakes. The noninoli¡nnetic waters hrere greatly enriched

in degradation products of organic mattetc such as NH3, CH4 and

CO, and in the redox sensitive elenents Fe and Mn. Concentrations of

dissolved iron in the monimolirnnion were as high as any previously recorded

in natural waters. Carbon and nitrogen in the rnixolinníon were 1aïgely in
organic forrn whereas in the noninoli¡rmion rnost of the C and N was

inorganic, Phosphorus, on the other hand, was largely organíc in both

the ¡nixolinrìion and monirnolimnion. This suggests that much of the P

entering the waters of the moninolimnion and the sediments is retained

by anaerobic microbes.

By way of estinated annual budgets, it was shown that sedimentation

of tile dissolved conservå.tive cations h'as sna1l cornpared to the annual input to

the lake. About 59% of the Si, 4le" of the P anò, 22% of the N enrering rhe take

in a year was retained. in the. sedi¡nents. Althougi particulate iron k'as not

deterrnined in this study, ít was deduced that a large fraction of the

annual input of Fe to Lake 120 h,as particulate and that probably 65% of

the total annual input was retained in the sedinents. Only 50% of the C,
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50% of the N and 51% of the P entering the lake was formd to exít ü¿d

the outlet. Ten percent of the annual input of P, 27+. of. the annual

input of N and 42% of the annual input of C was apparently lost to the

atnosphere. It was, estinated that P.éxiting at the surface:of the lake

could be largely accounted for by emerging insects. Iúost N and C lost

to the atrnosphere was likely by gaseous evasion. Average rates of

evasion of C and N to the atmosphere were estimated to be 7,500 and

100 u¡noles m - Ao per day of the open-water season.

At all tirnes of the year, phytoplankton in Lake 120 tìtere predominantly

Chrysophyceae and Xanthophyceae. Bionass ranged from about 200 ng n-3

in nid winter to usually greaterc than 2,000 rg r-3 in nid suruner. It t{as

inpossible, however, to clear:ly fit Lake 120 into a classification scheme

for ELA lakes based on phytoplankton bionass, species conposition and

productivity depth profíles previously established by Schíndler and

Holmgren (1971). Based on biornass and seasonal changes in phytoplankton

composition, Lake 120 is a Class A-B lake, i.e., oligotrophic - neso-

trophic. The usual product ivity- depth profile in Lake 120 is not, however, like

that for other ELA lakes,studied to date. rn addition to a productivity peak

near the surface, one was usually found in the region just above the

che¡nocline well below the lowe¡ limits of what is usually considered

to be the euphotic zone. Smal1 blue-green algae were usually dominant

in the depth interval of the second productivity peak but were tikely
not entirely responsible for the production there; green photo_

synthetic bacteria nay also play a major role. Even though productivity

profiles for Lake 120 were dichotonous, annual productivity was lower
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than for any other ELA lake studied to date. It vras h¡pothesized sínce Lake

120 is [nore hurnicrr than some other ELA lakes that bindíng to hunic natter

r:esults in a Lor,Jer availability to the phytoplankton of utilizable

phosphorus and/or íron. Such an explanation may be partly valid.

However, it is inpossible to explain why productivity is higher in

lakes even rrnore hunicrr than Lake 120.

The che¡nocline of Lake 120 was found to be well below the depth

of rnaximurn persistency. It is líkely that if primary production in

Lake L20 were greaterr the ¡nonimolinnion would be ¡nuch nore extensive

than it is at pïesent. Mero¡nictic (chenical) stability was conputed

to be 5.5 to 9.5 gm "* "r-2. Such a 1ow stability indicates that the

rneronixis of Lake 120 is precarious.
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RAW PHYSICAL, CHEIqICAL AND BIOLOGICAL DATA COLLECTED

ON LAKE 120 IN THE YEARS 1968-],972
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TABLE 27. Indívidual determínatÍons of primary productivity
and average daily productivitÍes in the 1-13
meter vater coLrlmn in Lake 120, I97L-L972. ----- J'22
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TABLE 1. rndividual determinations of temperature (oc) in Lake Lzo, 1968_19z2,

DEPTH

(m)

0
1

2

3
4
5
6
7
8
I

L2/rx/68

4.4
4.4
4,3
4.3
4,3
t\
4.3
4.3
4,2
4.2

4,7
4.2
4.L
4,t
4.1
4.7
4.6
4.6
4,6

22/1./6e

L0
l1
T2
1?

I4
15
16
T7
18
l9

0.
1.3
)z
2.8
J.U
5.1

3,3

3.8

3.8
4.0
4.0
4.0
4.0
4.2
la
4.7

L5/ sl 6s

11 ;6
1.1.3
10 .9
9.6
8.8
6,7
5.9
5.5
5.4
s,2

4.8
4.5
4.4
4.3
4.2
4.2
4,3
4.5

DATE

6/7/6s

17.s
17 .5
17 ,5
16. 8
16.0
12,8
9.1
8.3
7.7
7.3

7.0
6.6
6,2
s.7
5.6
5.4
5.2
s,2
5.5

20/7 /69

2t,6
2I.7
21 .7
19.4
17 .7
12.9
9.8
8.2
7.7
7.r

6.6
6.2
5.8
5,7
5.6
5.5
5,4
5.4
5.6
5.7

22/.8/ 6s

23 .0
22:'1.
21.6
2r.7
19,5
L4.4
11 .0
8.4
7.4
6,7

5.9
5.4
4.8
4.6
4.4
4.3
4,3
4.3
4.4
4.5

6/9/ 69

2r .9
27.8
27.8
2t.6
2L.3
16.1
12.2
9.7

"8.4
7,5

6.9
6.3
5.9
5,8
s.7
5.6
5,5
5.4
5.5
5.6



TABLE L (cont. )

DEPTH

(m)

0
1

J
4
5
6
7
ð
9

10
i.1
1t
13
1"4

15
16
L7
18
19

L6/9/69

18.0
18.0
L7 .9
77 .9
17 .8
L7 .I
12.4
9.3
8.0
7.0

6.s
5.7
5,2
4.6
4.5
4.4
4.3
4.3
4.3

2L19/6e

16.7
L6.3
16,2
16. L
16.0
15. 8
1' O

9.8
8.3
7.3

6.3
5.9
5.4
5,2
5.1
5.0
4.9
4,8
4.9
5.0

DATE

2/ro/6s s/to/6s

L2.0
1.2,0
11,9
11.9
11 .9
11.9
11.8
i1.5
8.8

'7 .6

ó.9
6.2
5.8
5.4
E1

5.1
5.0
5.0
5.0
5.0

10.9
10.7
10.5
10.4
10, 3
10.3
10.5
t0 .3
9,2
7.8

6.8
6.2
s,7
5.6
5.1
5.0
5.0
5.0
5.0
5.0

16/ 1,0/ 6s

8.3
8.3
8.3
8,5
8.3
8.3
8.3
8.5
8.5
8.3

6.6
5.8
5.3
5.1
5.0
4,9
4.8
4.8
4.8
4.9

24/rol6e stl10/6e

5.8
5.8
5.8
5.8
5.8
5.8
5.8
5,8
5.8
5.8

5.8
5.8
s.7
5.2
5.r
4.9
4.8
4.8
4.8
4.9

5.0
4.9
4.8
4.8
4.8
4.8
4.8
4.8
4.8
4.8

4.8
4.8
4.8

4.9
4.8
4.75
4.75
4.8
4. 85



TABLE I (coüt. )

DEPTH

(n)

0
1
)
3
4

6
7
8
o

10
11
!2
73
74
15
16
t7
18
l9

r3/rr/6s 10/12/6s 22/7/70

3.5
3.8
3.9
3.9
4,0
4.0
4,0
4"0
4.0
4.L

4.t
4,7
4,t
4.7
4.r
4.6
4.6
4.6
4.7
4.7

0.5
2.6
3.0
3.r
3,2
3.2
3.4
5.5
3.5
5.6

J.t
3.7
3.8
?o
4,7
4.3
4.7
4.t5
4.8
4.8

0.4
L.3
2.7
3.1
3.4
3.5
3.6
3,7
?o
3,9

4.0
4.0
4,r
4,1
A7
4.4
4.6
4.8
4.9
4.9

DATE

26/2/70

0.3
0.7
2.6
3.2
3.5
3.6
3.8
<o
3.9
4,0

4.0
4.r
4,3.
4.2
4.2
4,4
4,6
4.8
4.9
5,0

L0/ 4/ 70

0.5
0.8
2.3
3.2
3.5
3,7
?o
3.9
?o
4.0

4,r
4.1
4.t
4,2
4.2
4.4
4.6
4.8
4.9

8/s/70

1.8
3.9
4,0
4.0
4.0
4.0
4.0
4.0
4.0
4.1

4,1
4.1
¿" ')
4,2
Àa

4.3
4.6
4,8
4.9
5.0

2t/s/70

8.5
8.5
8.5
6.5
5.8
5.2
5.1
4.8
4.8
4.7

4.5
4.4
4.3
4.2
+.¿
4.3
4.4
4.5
4,6
4.8



TABLE I (cont. )

DEPTH

(¡n)

0
I
2
?

4
5
6
7
I
9

10
LL
12
T3
T4
1q

16
I7
L8
L9

28/ s/70

10. 5
10,3
9.9
8.3
7.I
6.7
6.4
5.9
5.8
5.8

5,7
5.1
5.1
5.1
5.1
5.L
5.1
5.1
4.8
4,8

t6/ 6/70

L9.4
19 .9
19.5
12.9
8.9
7.7
6,0
5,3
5.2
5.0

4.8
4.6
4.3
4.2
4.2
4.2
4.3
4.4
4.5
4.6

7/7/70

20,3
20.6
20.4
L7.7
IT.2
8.2
6.8
5.8
5.6
s.2

4.7
4.5
4.3
4.¿
4.2
4,2
4.25
4.3
4.4
4.5

DATE

20/7/70

22.7
2r,9
2r,6
19.8
12.8
9.4
7 .1"

6.4
6,1
5.8

5.3
5.0
4.8
4.7
4.6
4.5
4.6
4.7
4.75
4,8

7 / 8/70

24.t
23,2
22,5
21 .8
18.0
11.0
9.0
7.5
6.8
6.4

5.8
5.2
5.0
4.9
4.9
4.5
4.8
5.0
5.0
5.0

rr/s/70

t6.7
16.8
16 .9
16. 8
16.8
16.1
L0.7
8.2
7,7
6.3

5,9
5.3
5.3
5.2
5.I
5.1
5.0
5.0
5.0
5.05

28/9/70

13. 0
L2,9
12.8
!2.8
12,8
72,7
LI,2
8,5
7.0
6.0

5.8
5.t
5.0
4.9
4.9
4.8
4.8
4.9
5.0
5.0



TABLE 1 (cont. )

DEPTH

(m) 26/10/70

0
I
2
?

4
5
o
7
ó
9

oo
9.8
9.7
9.6
9.3
o^
8.9
8.8
8.ó
8.5

7.2
7.0
6.8
ó.5
6.3
6,1
6.05
6,2
6,2

s/rr/70 9/12/70

5.25
5 .25
s.2s
5.25
5.25
5.25
5 ,2s
5,25
5.2
5.2

5.2
5. 15
5 .15
5.15
4.9
4.8
4,7
4.7
4.8
4.9

10
11
t2

L4
15
16
I7
18
19

1.0
r.7
¿.ó
5.1
3.3
3.5
3.8
4.I
4.2
4.2

4,3
T7
4. 55
4.4
4.6
4.7
4.8
4.8
Ào
4.95

DATE

2a/t/71

0.3
1,3
1a
3.1
5. /
?o
3.9
4,0
4.2

IZ,
4.3
4.3
4.4
Ãc
4,9
4.9
5.0
5.0

22/2/71, 28/4/71

0.7
L4
2.6
3.5
3,8
4,2
4.35
4.5
4.5
4.5

4 .55
4 .55
4.6
4.6
4,6
4.7
4.8
lo
4 .95
5.0

4.7
4.7
4.7
4.7
4.7

4 .6+
4.6
4.4
4.3

4,3
4.4
4,4
4,4
4,4
4.6
4,7
4.8
4.8
)l aJ

).0/s/7r 27/s/71

11 ,9
11.9
LT.7
9.4
7.8
5.9
5.5
5.4
5.3
5.2

5.0
4.9
4,8
4.7
4.5
4.6
4,7
4.7
4.8
4.9

12.5
11.9
11 .3
10 ,9
10. 5
8.1
6.5
6.0
5.8
5.6

5,4
5.0
4.9
4.8
L1
4.6
4.6
4,7
4,7
4.8



TABLE L (cont. )

DEPTH

(m)

0
1
2
3
4
q

6
7
8
9

ro/6/71

17 .8
J.7 .8
17.s
15 .4
L2,7
8.8
6.9
6.2
5,9
5.6

<t
4.9
4.8
4.6
4.5
4.4
4.4
4,4
4.5
4.s

2t/6/71

L0
1t
L2
T3
74
l5
16
17
1B
19

27.2
2r,2
20,9
14. 0
73,2
9.4

6.7
6,2
5,7

5.5
5.1
4.7
4.7
4.6
4.4
4.4
4,4
4.4
4.4

e/7 /71

27,5
2L0
20,6
20.2
16.4
72.1
9.1
7.5
6.9
6.5

6.0
5.6
5.3
5.1
4.9
4,8
4.8
4,8
4.9
5.0

DATE

ls /7 /71,

21",L
21.I
2L.T
2]. 0
18.7
t2,9
8.9
8.3
7.4
6.9

6.5
qo
5.8
5.4
5,4
5.3
5.0
5.1
5.2
5.2

s/e/7r

2L.8
2r.8
22.0
19 .6
L7 .B
74,2
10.6
8.4
7.6
6.8

6, 1.

5,6
5.4

5.L
5.0
4.9
4.9
5.1

23/ 8/ 71

20.0
19.7
L9.7
18.6
It.7
9.5
8.2
7.0
o.J
6.0

5,7
5.5
5.5
5.1
5.0
5.0
5.0
5.1
5.1.

20ls /71

15,0
rs .2
75.2
t5.2
r5.2
15,2
15.2
9.6
8.5
7,3

6.6
6.1
5.ó
5.5

5.1
J.Z
s.2
5.2



TAB LE 1 (cont. )

DEPTlI

(m)

0
1
a

3
4
5
6
7
8
o

6/rol71 2s/1.0/71

12.8
12.8
72.8
12.8
12.8
72.8
12.8
Li. .5
8,3
7.3

6.4
5.8
5.5
5.2
5.1
5.0
4.9
4.9qn

10
1L
72
13
T4
15
16
L7
18
19

9.6
õ/l

9.2
o1
9.1
9.1
9.1
9.1
9.1
8,B

7.0
6.3
5,8
5,6
5 .1.

5.1
5.0
5.0
5.1

DATE

s/rt/7L L4/r2/7L rs/2/72

6,2
6.2
6.2
6.2
6.2
6.2
6.2
6.2
6,2
6.2

6.2
6.2
6.0
5.0
4.8
4.7
4.6
4.5
4.5
4.5

0.7
1.8
2.3
2.6
2.8
?o
3.0
3.r
3.3
3.5

3.8
3,8
3.9
4.0
4.I
4.4
4.7
4.7
4.8
4.8

0,7
1".7

2.7
3.1
5.J
5,5
3.7
3.9
4.0

4.I

4.2

4.4
4.5
4.6
4.7
4.8
4.8

4/4/72

0.t
0.7
1.3
2.4
2.8
3.2
3.4
3.6
3.8
3,8

3.9

4.0

4.L
4.2
4.3

4,6
4,7

8/s / 72

6.0
5.9
5.8
et

5.5
5.4
5.2
5.0
4.9
4.8

4.6
4.4
4,4
4.3
4.5

4,4
4,5
4.6
4.7



TABLE L (cont. )

DEPTH

(m)

0
I
)
3
4
5
6
7
8
9

s/6/72

19.4
L9 ,4
r9.0
15.8
ot
7.3
6,4
5.9
5.6
5.5

4,9
4.4

^)4.2
4,7
4.0
4,0
4.2
4.2
4.3

26/6/72

10
1L
1.2

13
I4
15
16
L7
18
19

2r.4
20.8
19.7
t7 .6
15.5
9. t.
,77

6.6
6.2
5.7

5.3
5.L
4.8
4.6
4,6
4,5
4.5
4.6
4,7
4.7

24/ 7 /72

20.6
20.6
20,6
20.6
19.L
12.0
9.5
7,6
7.0
6.3

5.9
5.4
5.0
4.8
4.7
4.6
4,6
4.6
4.7
4.8

DATE

28/8/72

2L,0
21,0
20.9
20 .5
L9,2
15,4
1I .2
8.9
7.8
6.9

6.3
5,8
5.4
5.1
4.9
4.8
4.8
4.8
4.9
4.9

2s/9/72

12,8
13 .1
13.1
13. I
13 .1
13.1
L3 .1
12,3
9.0
7.5

6.6
5.9
5.1
5,0
4.9
4.8

4.7
4,7
4.8

23/t0/72

6.0
6.0
6,0
6.0
6,0
6.0
6.0
6,0
6.0
ó.0

6.0
6.0
6.0
6.0
5.2
5.1
5.0
5.0
5.0
5.1



TABLE 2. Secchi disc visibilities (neters)
Lake 12 0, I96g-t972 .

DEPTH
SECCHI
COLOUR

12/1r/68 rs/s/6s 6/7/6s

3,9.

ye 11ow

SECCHI
DEPTH
SECCHI
COLOUR

2r/e/6s 2/ro/ 6s

5.0
brown
grecn

6.0

Ye 11ow

SECCHI
DEPTH
SECCHI
COLOUR

8/ s/70

6.2

6,2

turbid

4.0

Yel l oh'
brovm

20/7 /69

SECCHI
DEPTH
SECCHT
COLOUR

e/ro/6s

6.0

ye ll.ow

2r/s/70

q?

ye l l.ow
oTange

1r/9/70 28/9/70

22/ 8/ 69

4.3
yel low
brown

5,2
gf.een
yellow

r6/rt/69 24/70/69

6.7

Yelloht

28/s/70

5,0

orange
turbid

6/e/69

4.7

yellow
orange

6.0
g¡een
ye1l ow

6.5
yellow
brown

L6/ 6/70

ye L1ow
orange

26/1.0/70

t6/e/6e

4,3
greén
yel low

3L/ro/69 13/r1./69

3.8
green
ye11ov,

5.0

7 /7 /70

4,2

orange
turbid

s/11/70 28/4/7L

4.8

Ye 11ow
turbid

3.8
green
yellow

20/7 /70

4.0

orange
turbid

5.0
ye11ow
turbid

4.8

7 /8/70

r0 /s /71

tq

yellow
green

4.r

27./ s/71

4.3



TABLE 2 (cont. )

SECCHI
DEPTH

SECCHI
COLOUR

r0/6/7L 2L/6/7r

4.5

SECCHI
DEPT}I

SECCHI
COLOUR

3/L1,/7r 8/s/72

4.0

grëen
yel Lov,

4.r

ye11. ow
brown

8/7 / 71

SECCHI
DEPTH

SECCHI
COLOUR

4.6

yel low

23/1,0/72

4.2

yelJ.ow
gTeen

e/8/71 1 2s/8/7r z0/s/71,

olange

s/6/72

4,2

yel lovr
brown

3.8

yeL low
green

26/6/72

4.7

gleen

5.3

ye 11ow
green

24/ 7/72

4.2

yeL low
green

4.2

g'reen

2s/70/7L

28/ 8/72

5.5

brown

4.5

ye1low
green

2s/ 9/72

4.5

yel Low
green



TABLE 3. Depth profiles of percentage líght transmittance in Lake lzo, lgTl-1g72, r0o%
transmittance was taken to be at 0.1 meters,

DEPTH

(m)

0.1

0.5
I
2

3
4
5
6
7
o

9

27 /s/7r

100
82
61
44
22
10

8
4.7
2,I
0.9
0.5
0,25

0. 1"0

0. 04
0.007

2r/6/71

l0
11
l2
i.3

r00
90
64
42

18
9
4.2
2.6
)..2
0.8
0.42

0.2
0.1
0. 05

Ls/7/7r

100 100
90 90
78 76
50 58
21 59
18 2L
9 10,,5,2 6.1
2.8 4.0
7.4 2,1
0.74 0.9
0.42 0.5

0.22 0,24
0.J.4 0.72
0.064 0.058
0.055 0.050

DATE

23/ 8/71 20/s/71

100
80
70
38
25
L2

7

4.7
2.0
0,9
0.5
0.26

0.14
0. 08
0 .05

2s/ 70/71

100
78
48
18
r.2
0,4
0.09

8/s/72

r00
90
78
64
34
20
72

5
3.8
t.4
0. 75
0. 40

0.20
0.09



TABLE 5 (cont. )

DEPTH
(m)

0.1
0.25
0.5
1

2
3
4

o
7
8
9

s/ 6/72

100
84
76
30
19

9
3.8
3.4
z.ó
r.4
0,72
0.4

0.21
0.10
0. 055

26/6/72

10
11
t2
13
t4

100
at
84
60
¿o
6.4

3.2
2.6
2.0
1.6
0 .64

0.38
0.22
0.15
0. 05
0.023

24/7 /72

100
92
74
42
5U

20
16
6,8
3.6
2.8
u. /5
0.43

0.28
0. 16
0.09
0. 05

DATE
28/ 8/72

100
88
76
45
2L
18

8

4.2
L.2
0. 60
0,36
0.12

0.064
0, 038
0 .026.
0,020

2s/s/72

100
88
76
44
18
10.8
6.8
3.6
1.9
1.0
0.44
0,2L

0.r2
0. 064
0 .024

23/r0/72

100
80
oz
36
L4

8
4
1.6
0.8
0.08
0.058

¡\)



TABLE 4. In situ conductivities rneasured in Lake 120, 1969-1971. Units of conductance are
-1¡:nhos cn-' at 25oC.

DEPTH

( ¡tr)

1
12

13. 5
I4
L4,S
15
15 .5

16
16 .5
I7
17 .s
t8
18.5
L9

22/r/6s

<40

22/ 4/ 6s

<40

90

280

800
800

Ls/s/6s

<40

80

190

590

<40
<40

63

110

300

590
920
980

DATE

6/7/6s

<40

22/ 8/ 69

<40

103

340

650

830

<40
5ö
43
s2

L25
zr5
535

520
760
860
970

1030
1010
980

L6ls/ 69

<40 <40
<40 <40

42 50

100 100

16/ 10/ 69

300

690

o?q

1000
930

J¿V

660

960
1000

97s



TABLE 4" (coht¡ )

DEPTH

(m)

1

13
13.5
14
14.5
15
15.5

L0/t2/69 22/L/70

<40

<40

130

550

700

97s
978
950

6
6.5
7

7.5
8
8.5
9

<40

38

r.00

390

770

1000

1000

L0/ 4/70

<40
<40

42

DATE

8/ s/70

12:s

580

740

1000
i 050

<40

28/s/70

<40

42
94

<40

<40
62

110
220
340

500
700
850
970

1050

L020

16/ 6/70

320

660
940
950

<40

<40
63

I Zr)
2ß0

470
770
890
990

10I0

1000

20/7 /70

<40
<40

59
90

169
250
335

470
625
730
810
830

81 0

À



TABLE 4, (cont. )

DEPTH

(n)

1

11
L2
13
r5.5
L4
14.s
1s
15 .5

16
16.5
77
L7 .s
18
18.5
i.9

22/2/7r

<40

<40
61
77

r72
793
340

490
600
730
820
850
830

2r/6/7r

<40

DAT'E

s/1,L/7r

<40

77

r57

360

662

1150
11 10

<40
140

45
76

L02

154

560

710

1080

1000



TABLE 5. Individual determinations of pH in Lake IZ0, lg6g_j,g7T.

DEPTH

(m)

0
1

2

3
I
v
I

10
11
I2
L3
I4
L6
t8

0utflow

DATE

76/s/6s 2r/s/70 28/s/70 t6/6/70 26/10/70 Lo/s/71 27/s/7r

o,5/
6.46 6.03 5.80 4.63 6.61

6.30 5.86 5,91 6.77 6.37
5 .87

5.94 s.7I 6.05 6.28

5. 71

5 .73 5 , 89 5.70
5 .51

5.81 s.94 4,47 6.176.41" 6.48 6.45 6.446.48 6.56 6.63 6,46

6 .48

6.28

6.06

6.07

6. r0

6.63
6,66
6.68

6 .33

7. 0s
6.76
6. 59
6,29
6. 09
6,05

6 .06
6.00

6,02
6 .54
6.64
6.67

(



TABLE 5 (cont. )

DEPT}I
(m) 2I/6/71

I 6.75
2 6.76
3 6.6L
5 6.44
7 6.02
I 6.16

10 6.06
11 6.04
L3 5 .91
14 6.19
16 6.6s
18 6.7I

outflow 6. 8L

19/7/7r

6.43 6.66 6.55

6.51 6.83 6. s1
ó,;30 6 .64 6.52
6.01 6,12 6.04
6.00 6.08 6.26

5,89 5.94 5.89
5 .85 5 . 89 5,76
5.7 4 6. 0s 6.34
6.14 6.67 6.58
6.61 ó.69 6.65
6.64 6.73 6.70

6.33 6, 35 6. 39

23/ 8/71
DATE

20/9 /77

6. 55

6.39
6,39
6. 35
6.32

5.91
5 .81
5.90

A )'1

6.30

6,28

6.23

6,L7
6.48
6. 68

6.23

6.24
6.20

6.10

6.02

5.76
6,22
6.s9 \t



2s/e/72

6,17 6.36 6.s2 6.62 6.s0 6.436,14 6.43 6,59 6.70 6.48 6.466.11 6,20 6.48 6.67 6.59 6.51
6.55 6.296.08 6,07 6.07 6.2L 6.58 ' 6.496.06 5.98 6.04 6.00 6.00 s.99

6.01 5.88 5.92 5.97 S,g2 5.955.99 5.86 5.90 5.94 5.87 5.906.00 5.85 5.86 5.94 5.96 6.045.99 5.84 5.93 5.95 6.34 6,406.18 6,34 6.64 6.67 6,70 6.726.66 6.61 6,67 6.70 6.69 6.zs

6.51 6.32 6.51 6.65

28/8/72

co

24/ 7 /72

DATE

26/6/72sl 6/728/s/72

TABLE 5 (cont. )

4/ 4/ 72

6.37
6 .40
o.zt

6.2I

6.00

5.94
6.66
6.68

DEPTH

(m)

I
3
5
6
7
I

10
11
13
I4
16
L8

Outflow



TABLE 5 (conr. )

DEPTH

(rn)

t
3

7
8

10
11
15
I4
16
18

23/rÙl72

6 .59
6.4L
6.46
6.59
6.40

6.59
6. 31
6.38
6. 38
6,70
6,70

DATE



TABLE 6. Individual detenninations of dissolved oxygen (0r) in Lake 120, 196g-1972. Units
of concentration are ng Liter-l.

DEP'ITI

(n)

0
i.
4
5
6
7
I
I

10
11
I2
I3
L4
15
16
I7
18

12/ \r/ 68

L25
o 'tf

9.10

9.15

6/7 / 69

8.67
10.00

7 .83

6/9/6s

8.9s

UD+

+ T = Trace

*UD = Undetectable

DATE

2r/s/69

7 ,54
7 .73

7.A0

2 .97

T.

UD

UD

8.22

8.10

4.68

1 .09

2/r0/6s

UD,

8.58

8 .60

J.ö5

0.40

s/L0/6e L6/r0/6s

UD

UD

UD

9. 08

9.04

3.t4

0,26

UD

UD

UD

9.02

8 ,99

0,27

UD

UD

UD

UD

UD

UD



TABLE 6 (conr. )

DEPTH
(m)

I

8
11
I4
16
18

24/ 1.0/ 69

8.52
ô .t'7

9.12
9,13

UD

UD

UD

DATE
31/70/6e rol12/6s 22/L/,70

I
q

8
11
L4
16
18

7.76
I .33
9.36
9. 00
2.25

UD

UD

28/s/70 16/6/70

l1-34
10.14
9.64
8.68
4.62

UD

UD

10. 1.8

8.60
7 .84
5 .36
1.44

UD

UD

+ T = Trace

*UD = Undetectabl e

8 .96
9. 68
7 .12
4.68
0. 36

UD

UD

9.36
8. 36
7,68
5 .36

UD

UD

26/2/70

7/7/70

10 .16
8,20
5 .56
5.s6

UD
UD

UD

8,52
10.56
6. 06
3.44
0.26

UD

UD

8/s/70

20/7/ 70

9.74
8. 96
2.80
2.40
0.82

UD

UD

8. 68
12.00
6.98
3,26
0.26

UD

UD

2L/s/70

7/8/70

9.46
r0.44

9 .66
5.44
1,30

UD

UD

8 .44
12.40
6. 60
7.82
0. 68

UD

UD

r1./9/70

9.26
9.40
5 .28
L.14
0.20

UD

UD

28/s /70

10.04
9.88
4,36
1.00

UD
UD

UD

N)



TABLE 6 (cont. )

DEPTH
(m)

L

5
8

11
t4
16
18

26/10/70

10.40
10. 00
9.64
1 .08

UD

UD

UD

9/tr/70

9 .80
9. 68
I .80
9 .68
2.40

UD

UD

I L0.10
2 9.83
3 9.60
5 8.s1
7 7.49
8 6.95

10 6.79
11 6.16
13 L.70
14 0.10
16 UD

18 UD

+ T = Trace
*UD = Undetectable

DATE
s/12/70 20/1,/7L

27/s/7L r0/6/71

r0.76
t 0.20

9 .60
8.82
5.64

UD

UD

L0.20
9. 60
9.00
6.84
2.36

UD

UD

r0.02

9.50

9.40

5. 40

0 .38
UD

UD

22/2/71

2r/6/7r

9 .68
8 .04
6.s6
2.80

UD

UD

UD

8.51

10.14
1.0.00
6.70
6. 80
5.61
4.60
0 .80
0 .86

UD

UD

28/ 4/71

8/ 7 /7r

10.48
L7 .40
10. s8
L.64

UD

UD

UD

9.1ó

9.84

6.40

4,20

L0/s/7r

rs/7/71.

10.00
8.18
7 .42
7 ,00

UD

UD

UD

8.0r

8.15
9 ,27
6.34
6.35
4.48
3.37
0.24

UD

UD

UD

e/8/7L

UD

UD

UD

23/8/7L

8,78

6,48

4.40

I.20
UD
UD

8.95

8 .8s
8.90
5.t7
6 .11
2.44
1.40

UD

UD

UD

UD

N)
t\)



TABLE 6 (cont. )'

DEPTH

(n)

1
3
5
7
8

10
11
12
15
L4
15
16
L7
18

20/9/71 6/to/vt 2s/ro/71

8. 80
8. 80
8. 70
4,30
3. 55
I.75
1..20

9.25

L20

5. 10

0,26

UD

UD

UD

UD

t
3
5
6
7
8

L0
LI
l3
I4
16
18

9.81
10.00
9.80
9 .51
9 .40
0. 40
0.45

0.20

DATE

3/rr/71 t4/L2/7L Ls/2/72

8/s/72 sl6/72

UD

UD

UD

10.00
10.55
8,77

8. 98
8. 78[ 7.sg
8.07
6. 11
6.19
I .99

UD

9.75

9.s4

9.62

7 .25
3 .14

UD

UD

UD

UD

UD

UD

+ T = Trace
*UD = Undetectab 1ê

70.70
).0.L7
10. 14
o 07

9 .00

5 .99

1.10

UD

8.25
8, 59
9.80

8.30
7 ,87
6.22
5 .53
4. 08
3,18

UD

UD

26/6/72

9 .57
9.28
8.76

7.20

4.6r

8.31
8. 99

l0.73

7 .2I
7.05
J. ZZ
4.50
L. /5
1..01

UD

UD

4/ 4/ 72

24/7 /72

10. 11
9.43
8 .61

6.15

2.58

1,J.3

UD

UD

8. 31
8. 39

10. 99
11 ,46
8.89
6.2r
4,75
3.81
1.15

UD

UD

UD

28/ 8/72

UD

UD

UD

8.20
8,27

10.08

12.40
5.90
3.24
2.69
0.10

UD

UD

UD

2s/9/72

9.30
9 .50
9.78

9.72
4.70
J.55
0. 50
0.19

UD

UD

UD

23/L0/72

9 .94
10 .13
9.98

o70
10. 01
9.84
9. 69

10.09
0.63

UD

UD

N)
(,¡



TABLE 7. Individual deterninations of total. carbon dioxide (C02+H2C03+HC05-+C05=). in
Lake I2O, 7969-1972. Units of concentratíon are ¡rnoLes liter-l.

DEPTH

(n)

0
I
3
5
7

8

10
11.

T2
74
16
18

Outflow

16/9/ 6s

7I
66
63
95

259

377

437

1624
5653

DATE

24/Lo/69 10/12/69 2L/s/70

3t
46
46
43

38

349
IL2O
82Qo

115 172

268

195

28/ s/70

257
3407
5L42

r37

280

473

3L7

463
4300

15940

349

ovJ
447 0

17 200

t6/6/70

1Z)

189

2s4

26/Lo/70

116

100

106

28r0
2900

I4330

483
2200
2000

104



TABLE 7 (cont. )

DEPTH

(n)

1

2
3

7
8

ro/s/7r

10
11 4LS
13
14 1720
16 8850
18 L3750

Outflow 54

368

589

¿>/

27 / 5/71

118 76
119
109 72
t15 76
278 L22
31.3 2s9

2L/ 6/ 7L

339
37I
628

11.00

291.0

DATE

L9/7 / 7J,

55

54
97

195
205

228
258
304
420
561"

7680

94

23/8/7r

61

62
9.1

264
?(o

252
287
349
455

6800

54

20/e/71

351
362
483

1400
4470

72320

65

7L

86
84

312
316

25/ro/7r

349
367
545
t54

5750
9925

74

101

106
99

115
114

ó/5
384
442



TABLE 7 (cont. )

DEPTH
(m)

7 t24
3
5 L32
7
8 141

10
11 1.94
12 304
15 551
14 629
t5 1110
16 65 00
L7 7200
18 12150

Outflow 130

3/lL/71 14/r2/71 Ls/2/72

148
1s3

i63

176
170
178

219

305

415

668

5910

185

285

826

8700

DATE
4/s/72

190
197
20s

264

8/ sl 72

236
23s
238
248
263

)ot
260

365
z<)

qot

6700

2L8

376

430

884

s6s 0

s/ 6/72

82
95

154
192
2L9

247
22"J.

299
315

662

4440

7L2

26/ 6/72

90
79.

L14
235
246

301
302

387
437

3280

7240

100



DATE

23/ r0/ 72

8ó 90 140
85 99 I37
91 87 I33

160
I74 96 139
310 234 139

347 343 t26
392 391 136
481 426 L4s
625 598

592
27s0 3440

2400
7t60 6580 7710

34

2s/9/7228/ 8/72

TABLE 7 (cont, )

24/7 /72

73
79
87

LIz
203
1'72

298
328
446
445

710r!'

8550

r28

DEPTH

(tn)

I
J
5
6
7

8

10
11
13
I4
15
t6
I7
i8

Outflow



TABLE 8, Individual deter¡ninations of nethane (CHO)

concentration are umoles liter-l.

DEPTH

(m)

1

3
5
6
7
8

rs/2/72

10
11 UD

13
L4 UD

16 J,r4
18 5970

outflow

UD*
UD

UD

4/ 4 /72

2

UD

UD

8/s/72

in Lake 120, 1972. Units of

UD

UD

UD

264
s2I0

* UD = Undetectabl e

UD

UD

UD

UD

UD

DATE

s/6/zz

UD

UD

UD

UÐ
L

34I0

12
t2
20

26/ 6/ 72

16
T7

L4
15
16
11

184
10800

8

UD

UD

1

UD

UD

24/7/72

UD

UD

UD

UD

UD

UD

UD

1

UD

15
3340
5460

L

28/8/72

UD

UD

UD

L

s7
s7

UD

UD

UD

19
3280
6480

I

UD

UD

L7
104

2650
5s60



TABLE 8 (conr. )

DEPTH

(tn)

I
?

4
7
8

2s/s/72 23/t0/72

10
11
13
T4
16
18

0utflow

UD

UD

UD

UD

UD

UD

UD

9
85

2e80
4380

UD

I
I
1

1

I

UD

UD

UD

I43
L370
8490

DATE



TABLE 9. IndividuaL determinati ons of dissolved organic carbon (DOC) in Lake 120,

1g7L-Ig72, Units of concentration are umoles l"iter-l .

DEPTH

(tn)

I
2
z

5
7
8

10
11

13
I4
16
18

27 / s/71

690
674
726
746
691
/u5

2t/ 6/71

614
594
624
508
qq,

s49

Out fl ow

720
734
687

1797
2614
7056

7L4

rs/ 7 /71

653

635
515
5¿fl
487

575
558
709
716

206I
4779

886

DATE

23/ 8/ 71

45
478
42

4L9

556
55

217
249

67 46
6303

1545

s26
551
495
s05

3525
4647

625

20/s/7L

529

458
608
471
t7

466

699

2032

530

2s/r0/71 74/12/71

42r

5s5
401
355
585

473
343
561
483

2422
368 0

358

602
58

592

549

501
r230
5096



TABLE I (cont. )

DEPTH

(m)

I
z

5
6
7

I

Is/2/72 4/4/72

10
11
L3
14
16
18

0utflori

565
5s7
475

8/s/72

399
476

420
440
3ó/

442
408

DATE

s/ 6/72

437

475
563

2363

470 346
463 392
393 382

44L 5s3
3s7 361

422
437,
402
460
498

2258

42r

26/ 6/ 72

447
r88
422
391
742

3450

393

24/7 /.72

348
288
436
339
421
224

29r
¿{o3

346
382

ls 16
5282

388

28/ 8/72

179
z)L

99

163
))1

188
394
256
1s4

73t0
qr7')

424

334
203
L87
236

1857
3742

306



DATE

r0/23/72

TABLE 9 (cont. )

470 561
395
390 431,
390 4s3
515 367

374 326
353 401
327 440
37I s13

2412 1346
436L 5486

308

2s/s/72

DEPTH

(m)

I
3
5
7
8

10
1t
I3
L4
16

0utflow



TABLE 10. Individual deterninatíons of nitrate plus nitrite nitrogen (N03+N02_N) in Lake 120,

1968-7972, Units of concentration are umoles N líter-l.

DEPTH

(tn)

0
t
4
5
6
9

10
11

73
L4
15
I7
18

12/tL/68 22/4/6e

2.0
1.4

ñ1

0.7

0.6

6.6

rs/s/ 69

* UD = Undetectabl e

DATE

6/7/6s 20/7 /6s

0.1
0.2

0.1

4.6

0,4
0,9

UD*
UD

UD

6/s /6s

1.8

2.9

4.9
0.1

0.3

L6/e/6s

0.6

6.5

0.1

0.1

1.0

0.3

UD

5.9



TABLE 10 (cont. )

DEPTH

(m) .

1

5

11

t4
t6
18

Outflo!,

2/ L0 /69

0.1
0.1
UD

0.9

0.4
u.b
2.4

9/ 10/ 6e

0.2
0.1
0.1
0,4

0.3
2.2

1E

DATE

31/L0/6e 26/2/70

1, UD

5UD
R lo

11 4.8

14 3.4
16 UD
18 2.9

0utfLow UD

* UD = Undetectab le

0.4
0.2
0.4
0,2

0.5

L4

1616/70 7/8/70

0.7
1.2
4,3
9.5

1.9
1.1
UD

8/ s/70

UD

UD

UD

8.0

?(
2.7
o<

UD

2.8
1,9
5.6
8.6

6.6
4.0
UD

1.6

Ll/s/70 28/s/70

2r/ s/70

0.1
UD

UD

1.6

0.9
0.9
7,4

0.6

1.8
2.4
2,r
5,2

5,3
2.0
o/l

28/ s/70

UD

UD

UD

0.1

0.3
0.6
0.7

0.2

0.9
1.3
¿.ó
3.9

6.4
4,6
7.5

0,6

26/ro/70

0,2
UD

UD

0.1

0.3
0.9
5.1

0,5

e/rr/70

0.3
0.2
0.2
0.2

0,1
0.3
1,ó

0,4

9/12/70

or

0.1
0.1
UD

0.4

0,5
1.3
L.4

0.3



TABLE L0 (cont. )

DEPTH

(tn)

I
2

J
5
7
8

10
11
L3
I4
16
18

0utflow

20/ r/71

0.6

22/ 2/71

UD

^7

0.2

0.2

1.5

7,L

1.6
L¿
34

28/ 4/7r

1.7

2.6
1.1
I.0

0.1

0.1

0.1

'7 1

0.4
5.4

24

0.1

DATE

ro/s/7r

1.5

2.L

¿,5

0.4
1,8
UD

5.5

27 / s/7r

UD

UD

UD

1.0
0.9
1.9

1.9

0.2
0.9
0.1
0.t

0,1

r0/6/7L

0.2

1.1

2.5

2.0

2.t
2.0
2.3

0.8

2r/6/7L

0.1

0.6
0.1
0,9
1,1

2.6
5.0
2.5
0.6
L.2
0.1

1.6



TAB LE 10 (cont. )

DEPTH

( tn)

1

3
5
7

I

8/7/71

.. 10
11
13
1.4

16
18

Outfloh'

0.1

0.1

1,1

2.8

1.0
1'7
L.3

0.7

Le /7 /71

0.2
0.2
0.1
0.7
0.9

2.7
4.9
/ló

3.7

4.6

1.4

s/8/71
DATE

2s/ 8/ 7r

0.4

0.t

1.1

qo

0.3
0.5
2.4

0.5

0.1
0.1
0.1

^t0.1

6.2
7.r
0,4
0.2
0.s
0,4

0,4

20/ s /71

UD

UD

UD

UD

UD

6/I0/71 2s/Io/71

0.1

UD

UD

7,9

n(
3.1
3.2

UD

t'7
3.1
0.1
0.3
0.9
4.4

0,2

0.2
0.1
0.1
0.2
0.1

7.6
8,7
1.1

0.1

(^
o\



TAB LE 10 (cont, )

DEPTH

(rn)

I
3
5
7

8

10
11
T2
13
1.4

15
1ó
L7
18

0utflow

3/It /7r 14/12/71 Ls/2/72

0.6

0.5

0.5

0.8
0.5
0.4
0.6
1.0
0.8
0.8
0.9

0.9

0.4
0.4
0.4
0.3

0.8
1.1
1.1

1.9

7,8

6.1

0.5

1.1

0.3

0,4

0.6

0.6

DATE

4/ 4 /72

rìô
0.9
T,4

5,6

8.9

7,5

0.1

0.5

8/ s/72

4.4
4.r
5.8
4.1
4.4

4.4
4.5

5.5
E1

3.2

0.9

4,r

s/ 6/72

0.1
0.1
0.1
0.4
0.8

'E
2.9

5.8
4,9

1.8

0,4

0.1

26/6/72

UD

0.1
0.1
0.4
0,s

2,L
3.0

E'I

3.3

4.4

6.0

0.3

{



TABLE 10 (cont. )

DEPTH

(tn)

1

3
q

o
7
8

24/7/72

10
11
13
74
16
18

Outfl ow

0.3
0.1
0.2
0.1
0,2
r.2

3.8
5.5
7.9
0.6
1.6
1.6

0.2

DATE

28/ 8/ 72

0.1
0,1

0,1
0.1

1.6
3.3
0.2
0.4
0.7
0.5

0.1

2s/e/72

0.1
0.1
0,1

0.1
0.1

0.6
10

0.4
0.6
r.4
1.0

0.2

23 / 70/ 72

0.1
UD

UD

UD

UD

UD

UD

UÐ

0.9
3.3

18



TABLE 1"1. Individuar deterninations of annonia nitrogen (NH3-N) in Lake Lzo, 1969_1972.

Units of concentration are unoles liter-l.

DEPTH

(n)

1

4
5
6
8

10
11
T2
L4
15
16
l7
18

L6/ s/ 6e

0.6

6/7 / 6s

2,3
t.4

1-.2

0.5

200

3570

20/7 / 6s

* UD = Undetectable

0.1
0.1

n?

DATE

16/e/6s

).43

1.520

0.4

0.5

0.2

l5

1455

2/ 10/ 6s

0.1

0,4

na

1.5

104

308

1870

s/ro/6s

19

1a

4.9

1.1

2SS

510

2120

16/r0/ 69

,o

0.1

6.4

'ì8 .9

778

176s

1675



TABLE 11 (cont. )

DEPTH

(n)

1

5
I

11
L4
L6
18

24/1.0/69 31/r0/6s

0.1
1,9

1.0
153

1865
2335

0utflon

1.5
0.6
0.1
2,6

19
948

2200

DATE

13/rr/6e L0/12/6e 22/1/70

1

I
11
T4
16
18

2r/s/70 28/s/70

UD*
1,6
2,3
7.0

18
806

2295

UD

1.1
UD

UD

7,8
226
159

0utflow

4.9
5.1
6.1
9.6

33
ó52

2325

0.4
0.4
0.4
UD

1.1
554
458

0,2

t6/6/70

16
13
11
3L

39
93

670

0.2
0.1
0.6
1.1
¿.o

272
426

0.4

26/2/70

7 /7 /70

T,7
1,5
10
0,3

270
300

UD

0.4
0.1
0.1
9.2

250
3r6

UD

8/ s/70

20/7 /70

2.8
2.6
0.4
1.8
4.6

248
422

0.6

0.1
0.1
0.4
0.8

2I
442

1720

0.4

7 / 8/70

^)
0.8
0.3

L2
554

t 870

0.9

Lt/s /70

0.5
0.1
0.1
0.4

11
420

t92s

0.6

O



TABLE L1 (cont, )

DEPTH

(m)

lUD
5UD
8UD

11 UD

L4 34
16 6t2
18 2305

outflow 0.5

2e/9/70 26/r0/70

1..7
0.4
0.4
0,8

16
335

2000

t.z

I 0.2
2

3
5 4.1
7
8 1.s

. 10
11 2.0
13
14 32
16 594
18 1930

outflow UD

s /tL/70

L0/s/71, 27 /s/7r

0.1
UD

0.4
0.8

22
592

2105

0.1

DATE

s/12/70 20/r/7r

0.5
u. /
0.4
0.4
2.I

324
L920

0.6

0.5
0.4
0.1
0.1
0.1
0.1
0.1
0.1
)o

20
418

1860

0.4

r0/ 6/ 71

0.2
0,6
0.4
0.6

14
204

234s

0.9

1,1

0.9

r.4

1A

628
2285

0.6

22/2/71

2r/ 6/71

1.6
1.0
0.8
UD

'tJ
124

1075

0.9

0.5
0.4
I.2
1.s
1,9
2,6
7.7

z5
1400
2300

1,8

28/ 4/71

u.5
0.1
0.4

29
588

208s

UD

8/7 / 71.

1.3

0.8

1,0

¿.J

T7
. 584
L820

5.5

rs/7 /71

5.3

¿.5
nq
0.5
0.3
1)
5.3
3.4

11
104s
L550

1.6

s/ 8/71

-. U.J

0.1

0.1

0.4

)7,

101
r070

1.6



TABLE Ll (cont, )

DEPTH

(m)

1 0.5
3 0.4
5 0.8
7 0.4
8 0.3

10 0.4
11 0.1
1)

73 6.9
14 104
1s
16 522
L7
18 1980

Outflow 5.4

23/8i7r 2A/e/71

0.5
0.5
0.5
0.5
0.1
0.1
0.6

11
7.)

566

1960

20

DATE

6/r0/7J. 2s/r0/71

0.4

0.1

u.5

u.-t

22

383

2380

UD

0.5
0.1
0.s
0.5
0.5
0.7
0,4

0.5

s/1r/7r L4/12/71" rs/2/72

0.9

0.9

0,9

2.3
3.4

I5
)ç.

öo
846

L020
18 00

a1

r.4
r.2
I;4

13

7,1

't)

i390

0.5

5.9
5.8
3.1

5.1

1.4

8.4

43

764

N)



TABLE 11 (cont, )

DEPTH

(¡n)

L

3
5

6
7
8

10
11
13
I4
16
18

4/ 4/72

2,0
2,0
3.0

1.1

^\
5.6

55
754

8/s/72

Outflovr

0.5
UD

UD

s/6/72

UD

UD

UD

UD

UD
1)

73
677

0.0

1.0

1.0
0.4
1.3
1.0
1.8
3.L

?l
869

L.4

I
3
q

7
8

10
11
15
14
16
i8

DATE

26/ 6/72

23/r0/72

1.5
1.5
1.1

1.1
1.0
1.1
1.3
2.1
8.6

526
7720

¿.J

0.5
0.4
0.4
ñL
0.1
4.4
0.4
0.5

¿o
24I

i 860

24/7/72

u.þ
0.5
0.6
0.5
0.6
0.6
0.6
1.6
rìo

t3
451

2220

1.1

28/8/72

0.6
0,4
0.4

0.4
rìo
0.4
0.5
4.9

L7
387

1980

1.9

2s/e/ 72

1.0
0.4
0.4

0.6
0.4
0.6
L.2
1a

27
588

1240

4.4

l^¡



TABLE 12. Indiviclual deterrninations of total <lissolved nitrogen (TDN) in Lake 120, Ig6a-Lg72.

Units of concentration are pmoles liter-l.

DEPTH
(tn)

0
1

4

6
8
9

10
11
T2
I3

12/Lr/68 22/4/6e

2L
14

I2

18

16

L2

1

5
I

11

outfl ow

ls/s/ 6s

37/r0/ 69

7.8

DATE
6/7 / 6s

7,6
71
6.9
6.6

* UD = Undetectable

Islll/6e r0/12/6s 22/t/70

9.9
10

8.6

20/7 / 6e

L3

7,4 11 15

8.6 10 13
8.0 11 14

Áo
7.8

8.0

6/ e/ 6s

7.5

I .5

8.6

s/ r0/ 6e

26/2/70

6.9

10

8.0

8.7

8.3

11
15

8/s/ 70

15
2L

20
17

19

2r/ s/70

UD*
4.9
0.1
0.4



TABLE 12 (cont. )

DEPTH

(m)

I
5
8

11

0utfLow

28/ s/ 70

UD

UD

UD

UD

UD

7/7/70

L

2
3
5
7
8

10
11
L3

Outflow

3.2
4.2
6.4

72

11

s/r2/70 20/)./71 22/2/71

7/8/70

14

8,8

8.6

10

7.8

2T
z!
21
)¿.

7T

DATE

7r/9/70

t9

19

19

tt

18
19
2I
19

20

28/e/70

18
77
20
18

t6

28/ 4/ 7t

28

29

4I

26/ r0/ 70

77

15

16

19

16

20
1ó
1s
1ó

19

1.0/ s/71

9/rr/70

17

18

16

L7

t4

,7
)'7

27
26

50

27/s/7L

9.4
10
11
Lt
oo
9.4
7.7

I2
T2

L2

r0/6/7r

21

26

23

1À

(¡t

¿5



TABLE 12 (cont. )

DEPTH

(rn)

1

J
q

7

8

10
11

0utfLow

21/ 6/71

13
t2
L3
74
20
I4
t7
20

I7

8/7 /7r

2t

19

I7

20

11

1

3
5
7

8
10
11
T2
15

0utflov,

re/7 /71

2s/r0/71 3/rr/71 L4/L2/71. rs/2/72

18
16
9,ó

13
13
I4
L7
T7

13

DATE

s/ 8/ 71

73
L3
13
13
11
13
16

L4

15

17

17

20

20

10

23/8/71 20/e /71

1)

l6

11

13
I3
22

I4

28
22
28
1a

18
11

2Z

51

33

1l
11
't ')

t2

77

9.1
7.4

T2
6.6
9,1

11
13
I1

18

6/r0/7r

16
73
I4

L4

15

4/ 4/72

16

L3

15

16

I5

1"4

I3
I4

15

19

8/ s/72

20
T7
T4
16
15
16
L6

16

L4

s/ 6/72

1')

L2
72
t7
15

16

L2

o\



TABLE 12 (cont. )

DEPTH

(n)

1

3
5

6

I
10
11
12

26/ 6/72

15
L2
74

outflow

24/7 /72

15
t4
l7
74
16

t2

11
10
11
10
11
11
74
13
I7

12

28/ 8/72

L7
l3
L2

I2
11
15
19
16

13

DATE

2s/s/72

17

L3

23/rol72

72
11
L3
I4
18

L7

I7
tz
16

16
16
15
L3



TABLE 13. I¡dividual deterninations of solubLe reactive phosphorus (SRP) in Lake L20,

1968-1972. Units of concentration are umoles Iiter-1.

EEPTH

(ml

0
1

4
q-

6
8
9

10
11
73
74
15
16
17
18

12/1r/68 22/4/69

0.1
<0.1 0,5

<0.1

0.1

<0.1

<0.i.

6/7 / 6s

* UD = Undetectable

UD*
<0,1

UD

DATE

20/7 / 6s

0.1
<0,L

0.1

6/e/ 6s

<0.1

0.1

0.5
<0,1

r.2

0.6

0.2

0.5

t6/s / 6e

<0.L

UD

<0.1

<0. I

<0. 1

2/L0/ 6s

0.1
n1

0.1

<0,1

<0.1

u,1

0.4



TABLE 13 (conr. )

DEPTH

(tn)

I
4
5
8

11
L4
16
18

st/10/6s 26/2/70

<0.1
<0 .1

<0.1
<0.1
<0 .1
<0,1
0.4

0utflow

UD

UD

UD

UD

UD

UD
UD

1
q

B

11
T4
16
t8

0utfl ow

8/s/70

20/7/70 7 / S/70

0.3

0.3
0,2
0.1
0,1
0.3
0,5

0,1

DATE

21/ s/70

0.1
<0.I
0.1
0,1

<0,1
0.1
0.5

0.1

UD UD

UD UD
UD UD
UÐ UD
UD UD
0.1 0. 1
0.8 0.3

UD

28/ s/ 70

<0.i.
<0. I
0.1

<0. L
0.1
0.1
0.2

<0.1

Lr/s/70

16/ 6/70

UD

UD
<0. I
<0. i.

UD

0.1
0.7

UD

28/s/70

UD

UD

UD

UD

UD

UD

0.4

UD

.7/7/7o

0.1
0.1
0.1
0.I
0.1
0.1
1.9

0.1

26/r0/70

<0.1

UD
<0.1

UD

UD

0.2
0,3

UD

UD

UD

UD

UD

UD
<0. 1

0.1

UD

9/77/70

UD

UD

UD

0.1
UD

0.1
0.4

UD

9/12/70

UD

UD

UD

UD

UD
<0.1
0.5

UD

(o



TABLE 13 (cont. )

DEPTH

(rn)

1

2

3
5
7
I

10
11
13
I4
16
18

outflow

20/L/7r

UD

UD

UD

UD

UD

0.1
1.0

22/2/71

UD

<0.1

<0,1

UD

0,2
0.2

28/ 4/71

UD

UD

UD

UD

UD

0.1
0,4

UD

DATE

r0/ sl 7r

UD

UD

0.1

0,1

0.1
0.5
0.5

0.1

27 /s/7r

UD

UD

UD

0.1
UD

<0.1
UD

0.1
0,1
0.1
0.2
1.0

UD

to/ 6/71

0.1

0.1

0.3

0.1

0.1(\)
0.4

0.1

2L/ 6/71

0.2

0.1
<0.I
<0.1
<0. I
0.1
0.3
0.2

^t
0,5

0.1

tn
O



TABLE 13 (cont. )

DEPTH

(¡n)

1

3

7

8
l0
11
72
13
I4

L6
r7

outfLoI{

8/7 /7r

UD

UD

UD

UD

UD

0.1

0.9

UD

Le/7 /7r

<0.1
0,2
0.1
0.1
0.1
0.1
0.1

0.1
0.1

^.)
<0.1

s/ 8/71

<0.1

<0. I

UD

0.1

0.2

0.5

0.2

DATE

20/s /71

UD

0.1
<0.1

0.1
0.1

<0,I
0.1

<0. L
<0.1

0.1

0,7

6/1.0/71 2s/rol7r

<0.1

<0.1

0.1

<0. 1

0.1

0,I

0.9

0.1

UD

UD

UD

f0.1
UD

<0,1
<0,1

UD

3/11./7r

<0.1

<0.1

<0.1

<0.1
<0.1
<0. L

0.1
0.1
0,2
0.2
0r3

<0. 1<0.1

(rr



TABLE 13 (cont. )

DEPTH

(m)

I
3
5

7
8

10
11
14
16
18

14/12/7r 7s/2/72

<0.i.
0,1

<0.1
<0. L

0.1

<0.1.
0.1

<0.1

<0,1

<0.1
0.1
0.1
0,2

0.1
<0.1

0.3

4/ 4 /72

<0, 1
<0.1
<0.1

<0.1

<0 ,1
0,1
0.1
4,2



TABLE 14. Indivldual determinations of total dissolved phosphorus (TDP) in Lake 120,

IgTO-7g72, Units of concentration are umoles liter-l.

DEPTH

(tn)

I
5
8

11

74
16
18

Outfl oÍ,

2L/s/70

0.3
0,1
0.4(\)

0.4
0.9
z,ó

28/s/70

1.0
0.1
0.1
0.1

0.6
2,I
3.8

0.2

L6/6/70

* UD = UndetectabLe

0.9

t)
1,6

1.3
10
L.7

UD*

DATE

7/7/70

0.2
0.5
0.2

0.5
0.8
3.6

0.1

7 / 8/70

0.4
12.T

5.5

u. t)
1.1
2.5

8,4

11,/e/70

0.1
0.1
0.2
0.3

0.5
1.0
r.4

0.3

28/s/70

0.3
0.3
0.3
0.5

ño
1.0
I.5

0.2

(n
(^



TABLE 14 (cont. )

DEPTH

(tn)

1

5
8

26/r0/70 9/1.r/70

11
14
16
18

Outflow

0.3
0.4
0.2

0.4
0.5
0,5
0.6

0.2

DATE

s/t2/70 20/r/71

0,3
0.5
0.2

U.J
0.8
0,6
0,7

0.5

0,1
0.1
0.1

0.2
0.2
0.7
te

0,1

0.6
0.4
0.3

0.5
0.7
0.9
2.5

22/2/7r

0.3(\)
0.3

0.4
0.9

28/ 4/71

0.6
0.4
0.4

0.5
ôo
ì?
)o

0.3

r0/s/7r

0.5
0.6
0.7

0.8
0.7
0.7
1.6

r.4 (¡



TABLE 14 (cont. )

DEPTH

(n)

1

2

3
5

7

I

27/s/7r

10
11
13
L4
16
18

out flow

nc
1.0
0.5
0.9
0.5
ñ^

0,2
0.4
0.5
0.4
0.5
1.4

0.1

L0/ 6/71

0,2

0,4

0,1

0,1

0.5
0.9
3,7

0.3

2u6/7r
DATE

8/7 /tt

r\t

0,2
0.4
0.2
u.z

0.3
0.4
2.6
0.4
u.o
1.8

0.3

u,ó

0,3

0.2

0,2

0.6
1.0
3,3

0.5

Ls/7/71

(\t

0.3
0.5
0.2
0.6

0,3
0,5
0,3
0.4
0.7
0.8

s/8/7t

0.3

<0,1

0.1

0.1

0.7
0,9
1.9

0.4

23/ 8/7J,

0.1

0,1
0.1
UD

0.1

0.1
UD

0.4
0.3
0.4
5,4

UD

ur
ur



TABLE 14 (cont. )

DEPTH

(tn)

1

3
(
7
8

10
t1
L2
15
T4
1s
16
L7
18

Outflow

20/s/71

0,1
0.L
0,1
0.1
0.2

0.2
0.2

0.1
0.3

0.5

1.5

0.3

6/10/7r 2s/L0/71

U.J

0.3

0.3

0.4

0.7

0.9

a2

0.3

0.1
0.2
0.2
0.2
0,?

0.2
0.1

0.2

DATE

3/II/71 L4/12/71

0,1

0,1

0.1

0,1
0,1
0,2
0.3
0,4
0.7
0.7
10

0,2

0.1
0.1
0.1
0.1

0.1

0.1

0.1

2.2

Ls/ 2/ 72

(rt

0.1
0.1
0.1

0.1

0.1

^t

0,2

0,5

4/ 4/72

0,2
0.4
0.1

0.3

0.7

0.5

0.6

(¡t
o\



TABLE 1.4 (cont. )

DEPTH

(m)

I
3
5
6
7

8

8/ s/ 72

10
11
I3
74
16
L8

Outflow

0.2
0.1
0.1

0.1
0.1

0.2
0.1
0.2
0.2
v.z
0.6

0.1

s/6/72

0.2
0.1
0.1

0.1
0.1

0.1
0.1
0.L
0.1
0.L
0.4

0.1

26/6/72

DATE

24/7/72

0.1
0.1
0.1

ù.1
0.1

0.1
0,2
0,1
0.1
u.5
0.5

0.1

<0.1
0.1

<0,1
<0.1
<0.1
0.1

<0.1
<0.1

0.1
0.L
^z
2,9

0.L

28/8/72

0.1
0.1
0.1

0.1
0,1

0.1
0.1
0.1
0.1
0.4
1.0

0.1

2sls /72

0,1
u.1
0.1

0.1
0.1

0.1
0.1
0.1
0.2
0.4
0.7

u.l-

23/r0/72

0.1
0.1
0.1

0.1
0.1

0.1
0.1
0.1
0,2
0.4
1.3

(¡{



TABLE 15. Individual determinations of suspended particurate carbon (pc) in Lake J.20,

7969-I972. Units of concentration aïe unoles liter-1 .

DEPTH

(m)

I
2
3
4
5
6
7

8

10
t1
15
74
16
I7
18

Out flow

6/7 / 69

430

28/ 4/7r

475

690

I28

48

45

54

134
143

1830

5L

1.0/s/71

935

t2700

DATE

27 /s/7r

73

48
44

66

62
61

ç?

50
55

165
r63

2r7

48

t 0/6/77

45

153
158

996

58

zt/6/71

81

88

75

1.52
198

1600

t98

37

499

66

55
88

68
239

74
159

8/7 /71

54

77

61

116
r49

L790

1040



TABLE 15 (cont. )

DEPTH

(tn)

I
3
5

7
8

10
11

I3
I4
15
16
17
18

OutfLow

7s/7/71

65

97
76
7q

49
63

6L
I08

202

968

53

s/ 8/71

68

64

78

65

110

774

s96

729

23/ 8/ 7r

60
57
76

177
117

DATE

20/e/71

68
77

110
I2L

r57

r020

151

96
64
65
98
93

51
70

89
oq

155

382

48

6/r0/7L 2s/r0/71

7L

67

67

58

5t
63
53
49
60

51
46

'7)

3/7r/7r

aa

115

320

60

70

65

53

62
81
67
63
93

180
168
347

130

(¡



24/7 /72

46
47
43
63

66

26/6/72

o\
O

??

59
68

s/ 6/72

30
33
52
96

529

33

66
EZ

DATE

8/s/72

47
48
65

64
76

37
s4
59
70

r62
245

4I
42
La

61
96

688

61

65
73

4/ 4/72

51
48

49
44
48
52

L02
74L

47

108
101
60

69

L4/12/71 rs/2/72

191

TABLE 15 (cont. )

58
59
38

73

150
518
309

37

33

76
110
159

48
45
4T

DEPTH

(tn)

45

49
83

204

1

3
5
6
7
8

10
11
I3
74
16
18

0utflow



23/r0/72

4S
44
48
47
46

30
47
2T
61
67

2s/e/72

TABLE 15 (cont. )

Lq

45
39
4I

103

46
36
47
64
qq

163

54

28/8/72

^t
38
52

109
LL2

DEPTH

(m)

6L
74
7)
74

115
1110

3t

1

3
(
7

8

1.0

11
L3
T4
16
18

0utflow



TABLE 16. Individual determinations of suspencled particulate nitrogen (pN) in Lake 120,

1969-Ig72. Uníts of concentration are moles liter-l .

DEPTH

(rn)

1

3
4

6
7
ö

10
11
13
T4
16
T7
18

0utfl ow

22/ 4/ 69 6/7/6e

3.0

3.2

5.6

28/ 4/71

DATE

ro/ s /7r

7,6

2.9

2.6

2.9

1.4,1.

16

69

3,6

I7

50

4.r

5.0

)o

a/l

16
16

77

4.0

27 /s/71

4.2
3.3
3.1

4,7

c,
4,7

4.r
z.o
1õ

15

70

5.3

Lo/ 6/ 7r

5.6

11

tó

27/ 6/71

5.4

3.7

T2
34

67

39



TABLE 1.6 (cont. )

DEPTH

(m)

1

3
5
7
I

8/7/71

10
11
T3
74
I6
18

0utflow

6.4

6.9

7.9

8.3

15
45
84

qt

Le/7/7r

8.8
9.1

9.7
10
1.2

14
31
58

e/ 8/71

?o

?o

9.0

3.7

DATE

23/ 8/7r

1.5
1.5
6.1
1.6
0.9

1.5
1.5
1,9
4.5
9.9

1A

0.6

20/e/7r

I2
10
30

oo
7.1
s.6
6.4
s.7

5.L
6.0
oc

10
t9
38

4--538

6/10/71, 2s/ro/71

4.4

J.9

2.8

2.8

7.3
7,7

40

2,6

1.5
') ')

5.9
7.4
t.4

7.2
0.9
3,7



TABLE 16 (cont. )

DEPTH

(m)

1

3
5
7

I

10
11
12
13
74
15
16
77
18

outf 1ór,,

3/rr/7r t4/r2/7r rs/2/72

3. L

)L

1.9

2.6
4.2
3.6
3.9
7.5

22
18
37

1.6

1.8
2.7
r,2

1.6

?o

6.0

24

DATE

4/ 4/ 72

2.8
0.4
r.4

2.5

0.6

6.L

10

19

6.7
8.6
L')

4.8

4.4

9.1

7L

37

8/s/72

6,4

6.6
5.1
5.3

5.6
3.7

4.4
o7

11

L7

6.6

s/6/72

3.1
2.I
6.6
3.9
5.9

5.ó
4.4

2.9
4.9

15

t2

)1

26/6/72

1.6
L.4
J.õ
3.0
3.6

L.7
2.r

L.7
6.4

1.0

JU

3.0

o\



TABLË 16 (cont. )

DEPTH

(tn)

I

5
6
'7

I

l0
11
13
74
1.6
18

24/7 /72

5.2
4.0
4.7

3,9

t1
3,I
5.1

L3
48

2.4

28/ 8/72

to
3.6

8.4
5.4

3.9
s,4
6.L
6.4

T3
57

1.8outflow

2sls/72
DATE

23/10/72

2.I
3.6

)o
5.9

2.2
)a
1.6
6.0

11
19

2.5

r,7
2.4

1.6
3.3

1.4
3.3
0.2
s.2
6.3

24



TABLE 17. Individual determinations of suspended particulate phosphorus (pp) in Lake 120,

1969-7972. Units of concentration are pnoles liter-l.

DEPTH

(m)

I
2

3
4

6
7
8

6/7 /6e

<0.1

<0.1

<0, 1

28/ 4/7t

10
11
73
I4
T6
I7
18

0utflow

0.3

0.2

0.2

^t
0.9
1.4

2 .1"

0.2

1,0/s/71

DATE

27/s/7r

<0,1

<0.3

0.2

0.2

0.2

0.2

0.8
0.7

1.9

0.2

0.1
0.1
0.1

0.1

0.1
0.1

0 .1.

0.1
0.2
1.0
0.8

1.5

0,1

1-0/6/ 7r

0.1

0.1

0.2

0,1

0.7
0.8

0.9

2t/6/71

0.1

0.1

0.2

ñ)
0.3

0.3
0.2
0.3
0.5
0.9

0.9

8/7 /7L

0,1

0.1

0.6

0.L

0.8
1.0

2,7

0.1

o\
Or



TABLE L7 (cont. )

DEPTH

(m)

1

3
q

7
8

10
11
1.3

1.4
1É

1ó
17
18

outflow

rs/7/7L

0.9
<0.1
<0.1
0.1

<0, L

0.1
0.1
0.2
0.5

1. L

1,6

<0.1

s/ 8/71

u,z

0.2

0.L

0.2

0.7

0.6

1.0

L.4

23/8/7L
DATE

20/s/ ?1

0.3
0,1
0.5
0.1
0,1

0.1
0,1
0.4
0.6

0,6

1.3

0.3

0.1
<0.1
<0. L
0.1
0.1

0.1
0.2
0.5
0.5

0.7

10

<0.1

6/r0/71 2s/L0/77

0.4

0.3

0.5

0.3

0.6

0.3

1.5

0.3

0.2
0.2
0,2
0.1
0.1

0.2
0.2
0.4

3/11/7r

0.1

0.2

0.1

u.5
0.4
0.4
0.5
no
ôo
1.5

0.10.3

o\
\l



TABLE 17 (cont. )

DEPTH

.(n)

I
3
5
6
7
8

10
1t
t3
74
16
18

outfLow

0.2
0.2
0.1

u.¿

0.1

0.2
0.1
r.4

0.1
0.1

<0.1

0.1

0.L

0.9
0.9

0.1
0.1
0.1

<0.1

0.1

0.2
0.9
0.7

DATE

8/s/72

0.2
0.3
0.2

0.2
0.1

0.2
0.1
0.2
u.¿
0.7
0.9

0.2

s/6/72

0.2
0.1
0.4

0.5
0.3

0,3
0,2
0.2
0.2
1.0
1.1

0.6

26/ 6/72

0.2
0.1
0.3

0.2
0.2

0.2
0,2
0.5
0.4
0.5
1.6

0.1

24/7 /72

0.1
0.1
0.1
0.2
0.2
0.1

0.1
0.1
0.2
0.6
0.9
3.5

0.1

o\
co



TABLE 17 (cont, )

DEPTH

(m)

1
?
q

7

10
11
13
74
L6
t8

28/ 8/72

0.1
0.1
0.2
u.5
0.4

0.2
0.2
0.4
0.5
0.7
2.7

0.1

2s/9/72

Outfl ow

0.3
ñt
0.1
0.I
0.2

0.2
0,2
0.4
0.6
L ,.7
3.5

0.2

23/ro/72

0.1
ît ')

U.I

0.1

0.1
0.2
0,1
0.5
0.8
1.6



TABLE 1.8. Individual determinations of soluble reactive

L968-I972, Units of concentration are umoles

DEPTH

(tn)

U

I
4
5
o
8

9
10
11
i.3
L4
15
16
L7
t8

12/rL/68 22/4/69 6/7/69

52
68

¿ó

36

4.8

silicon (Si) in Lake 1.20,

-tliter ^.

DATE

20/7/6s

51
+9

6/9/ 69,

62
63

64

68

370

82
50

42

16/e/6s

t17

482

43

¿q

2/10/6e

78

t27

58

59

62

415

83

98

238

331



TABLE 18 (cont. )

DEPTH

(¡n)

1
q

8
11
74
16
18

0utflow

9/r0/69 3t/r0/69

qo

54
64
80

102
230

DATE

13/11/6s r0/j.2/6s 22/r/70

7L
74
70
67
82

276
237

I
5
I

11
1.4

16
18

2Us/70 28/s/70

s6
58
ca

59
CQ

189
115

outflow

s2
58
58
62
76
4L
73

58
54
qq

58
62

t\L
310

59 56
58 57
61 60
68 67
85 83
13 165
uD* 501

55 53

16/6/70

OU

55
59
64
72

r67
rs2

26/2/70

7/7/70

56
57
65
74
86
96
90

8/s/70

58
54
q.)

69
80

222

s8

20/7 / 70

17
67

86
79
60
ta

56

49
51
57
70
86

235
344

55

7 / 8/70

48
58
49
67
81

253
452

4B

tl/s/70

4l
38
48
67
84

207
447

40

\¡



TABLË 18 (cont. )

DEPTH

(tn)

1

5
I

L1
74
16
18

OutfLow

28/e /70

39
40
48
67
88

247
463

42

26/ro/70

I
2
3
5
7
8

10
11
I3
T4
16
18

42
4I
58
73

164
413

44

shl/70

to/s/7r 27/s/71

46
44
46
44
62

23r
375

47

DATE

9/12/70 20/L/7r

55

s7

59

59

101
230

E'7

56
54
55
66

201
46L

70

47
47
48
47
53
49

53
54
58
86

¿u5
584

49Out flow

t0/ 6/71

53
48
50
61
78

I44
429

22/2/71,

53

59

EO

2r/ 6/7r

55

52
45
s4
66
87

198
425

28/4/7r

54

55
54
50
51

66

90
190
304

54

8/7 /7r

70
64
'7)

83
87

2L0
356

AO

52

51

54

o¿
63
69
79

)6A
294

49

Le/7 / 71

RA

50
46
50
51

63

85
¿54)

584

54

e/ 8/7r

48

40

4I

47

85
127
315

50

55
58
65
74

308
408

5l

\¡
¡!)



TABLE 18 (cont. )

DEPTH

(tn)

I
z
q

7

8

10
11
).2
73
L4
15
16
T7
Iô

outflow

23/ 8/7L

64
7I
57

o¿

73
87

I02
189

7Ê,t

616

66

20/e/71

J¿'

27
47
45
54

60
oz

77
89

217

593

46

DATE

6/10/71 2s/Lo/7r

37

45

57

60

45
45
43
45
43

55
55

58

3/LL/7r 14/12/71

96

189

359

62

54

54

53

61
58
58
qo

<'f

62

81
109
214
233
285

54

ls/ 2/72

Àõ

59

Áq

100

5Z!

57
54
53

57

66

85

94

263



TAB LE 18 (cont . )

DEPTH

(m)

1
7
q

v,

10
11
1"3

I4
16
18

414/7 2

OJ
EA

56

65

8/s/72

0utflovir

57
58
60
59
59

79

90
B8

268

s/ 6/72

DATE

26/6/72

58
56
s7
59
56

62
64
70
71"

95
296

46

60
61
67
67
84

235

60

54
54
49
58
58

24/7 / 72

51
51
42
48
55

64
65
7S
80

2L3
320

ql

28/B/72

6t
66
73
80

198
¿qn

51

47
47
37
35
50

2s/9/72

62
72
79
90

L94
4L4

51

39
39
38
59
53

62
68
77
84

208
360

40

{



TABLE L8 (cont. )

DEPTH

(tn)

I
3
5
7

8

10
11
I3
14
16
18

23/).0/72

47
47
47
47
47

47
47
47
85

J.63
430



TABLE 19. Individuai. deterninations of dissolved caLcium (Ca) in Lake 120, L968-I972.

Units of concentration are ¡moles liter-l.

DEPTH

(rn)

0
1

4
5
6

9
12
13
L4
15
L7
18

12/1.1./68 22/4/69 rs/s/6s

55
21

4L

24

40

DATE

6/7/6e 20/7/69

?a

3t

39

191
484

47
46

42

22/8/ 6s

42 77

499 524

40
40

4s

60

219

671.

6/e/69

4¿
42

4s

172

b5J



DATE

s/rol69 16/70/6e 24/r0/69 sr/10/69 L3/Lt/6s

45

40

40

42

4Z

299
636

40

40

42

42

70

Â 10

636

42 42

42 42

32 42

85 90

47r 401
661 651"

40

40

45

32

87

42I
6s6

2/10/6e

TABLE L9 (cont . )

40

42

55

75

364
66r

2r/9 / 69

tt
42

45

47
62

1.92

559

DEPTH

(¡n)

-t -t

15
T4
15
16
i.8



TABLE 19 (cont. )

DEPTH

(m)

1

I
1.1

t4
16
18

L0/72/6s 22/rl70

45
4L

4T
42
52

279
649

47
43
42
44
47

432
220

1
q

I
1t
L4
16
18

outfL ow

26/2/70

7/7/70 20/7/70

DATE

'_8/5/70 2L/s/70

L)
I)
45
60

392
63r

40
40
42
45
60

427
633

37

22
42
42
40

357
s64

37
42
42
4S
90

7 / 8/70

40
42
40
42
5Z

399
623

37
37
40
42

43L
584

55

2B/s/70

611

40

Lr/9 /70

40
40
40
40
4t

382
571

L6/ 6/70

40 40
40 40
4s 40
40 35
67 110

379 416
613 636

50 37

28/9 / 70

40
45
42
45
4/

382
626

26/t 0/70

50
42
42
47
70

509
59t

47

9/7r/70

37
42
42
42
80

427
613

40

{
co



TABLE 19 (cont. )

DEPTH

(¡n)

I
2
3
5
I

10
11
,l?

74
L6

s/L2/70 20/r/7L

40

37
?q

37

Outflow

15

34
L1

4

9
t00
L42

22/2/71

339
359

z1

DATE

28/ 4/71

10

6
.5

8

11
7T

327

59

58
59

ro/s/71

38

5ó
38

Jö

15s
434
678

37

36

757
448
694

37

27/sl71

45
38
40
38
40
4L
4L
51

L25
344
531

57

10/ 6/71

40
38

40

t09
4L7
734

38

\¡



6/ r0/ 71

oo

37

71

39

20/9/71

35
36
35
38
39

38

67
69

559
539

47

23/ 8/71

29

TL2
s¿ó
685

37

DATE

s/8/71

46
36
36
39
37

36
32
¿q

215
384
qq¿

35

37

36

38

Ls /7 /77

44
41
44
42
44

40
46
3/
17,

s06
s41

8/7 /71

40

r17
189
540

37

TABLE 19 (cont. )

Jö

38

39

38

91
438
690

z7/6/7r

38
38
38
40
39

39
40
43
75

49r

56

DEPTH

(tn)

5337

1

3

8

10
11
1?

L4
16
18

outflow



s/ 6/72

co

10

40
40
39
4T

41
40

40
43

90

456

44

8/s/72

4I
40
40
40
40

40
40

4T
4t

61

46L

43

4/ 4/72

DATE

rs/ 2/ 72

44 44
43 40
42 40

43 40

41 3/

32 32

r07 153

499 426

s/rL/7r 14/12/71

45
42
42
4I

46

5t

1?q

s37

TABLE 19 (cont. )

?o

39

42

40
40
79

100
273
487
520
431

l')

2s/ r0/ 77

39
38
38
40
4L

39
34

5v

DEPTH

(rn)

I
3
5
7
I

10
I1
L2
L3
I4
15
16
I7
18

0utf1o!, 76



DATE

2s/r0/72

44
40
42
5v
40

?o

39
44
tó

364
589

2s/s/ 72

59
38
39
40
.44

44
39
44
77

489

45

24/7/72

TABLE 19 ( cont. )

37
37
38
38
39

59
40
36
50

349
626

38

26/ 6/ 72

42
39
l)
4T
41.

DEPTH

(n)

4L
42
42
44

359
516

40

1

3
5
7

8

10
11
13
L4
16
18

0utflow



TABLE 20. Individual determínations of dissolved magnesium (Mg) in Lake lz0, 196g-1972.

Units of concentlation are pmoles Liter-l.

DEPTH

(m)

I
4
5
6
9

t2
13
L4ì(
17
18

12/7r/68 22/ 1/69

12

I4

16

¿ó

rs/ s/69
DATE

6/7 / 6s

27

31
s2

30

25

20/7 /6e

28
¿o

)9

22/8/69

27

48

24
.,<

26

6/ e/ 6s

31

50

26
zl)

27

70

46

70



TABLF 20 (cont. )

DEPTH

(rn)

1

5
7

8
10

11
L3
14
15
lCr

18

2t /9/6s

1q.

25
27

28

29

32

58

2/ r0/ 6s

DATË

e/10/6e r6/r0/6e z4/L0/6e st/ro/6e L3/L7/6s

25
26

29

29

29

36
63

,¿.

24

¿o

26

.,o

36
65

25
25

24

,L
26

24

¿6

28

36
65

24
24

z5

a2

26

36
63

24

29

35
64

¿J

)z

23

z1

63



TABLE 20 (cont. )

DEPT}I

(m)

1

8
11
14
16
18

I0/72/6s 2z/r/70

28
)7
¿o
26
27
47
65

1

5
8

11
T4
16
18

outfl ow

5U

27
28
¿ö
50
42
3/

26/2/70

7/7/70 20/7/70

24
23
26
t<
¿o
35
65

22
t<
17
24
26
36
64

22

DATE

8/ sl7 0

11
24
24
25
¿o
7Z

56

22

¿3
24
27

59

22

2r/s/70

7/ 8/70

23

¿5
24
25
36
64

22
¿5

24
26
7,7

59

33

28/s/70

Lr/s/70

23

t7
24
¿ó
35

22
26
27
28
27
35
62

2'7

16/ 6/70

28/e /7 0

22
23
23
23
25
33
60

23
z3
tc,
¿o
31
37
67

22

26/ 70/ 70

28
24
26
30
27

59

27

s/ 1.1./70

22
') ç.

30
29
JU
?a

63

z4

oo
Ul



TABLE 20 (cont. )

D EPÏ}I

(m)

1

2

J
5
7

10
11
T4
16
18

Outfl ow

DATE

s/L2/70 20/L/7r 22/2/71 28/4/71

aÊ

24

24
24
33
34

2I

22

6

2

6
16
16

r0/ s/ 71

7
4

.8
35

26

26

25

42
63

26

27/ s/7r

26

31
42
64

25

t\
24
24

25
)ç

25
zó
27
?o

63

')\

10/ 6/7r

26

26

1A

29
40
69

26



6/ t0/71

oo

)7

)'7

20/9/7r

¿J
24

26
?q
?q

2S
27
27
38
58

') ç,

23/8/71

28

30
37
67

26

DATE

e/8/7L

24
23
24

ZJ
¿õ

24
24
30
36
s7

2T

2S

Ls/7 /7r

¿5

'E
?q
24

¿4

26
26
28
49
54

26

8/ 7 /7r

27

30
31
56

26

TABLE 20 (cont. )

zo

26

26

2L/6/71

25
)q.

25
24

'E,ç

tc,
26
)7
51

26

DEP T}I

(m)

¿o

30
42
66

25

1

3
5
7
8

10

11
L3
t4
16
18

OutfloÍl



TABLE 20 (cont, )

DEPTH

(m)

I
3

7
8

IU

11
72
I3
14
15
76
17
18

0utflow

2s/ r0/71

26
26
22
2L
2L

z6

¿o

3/1"L/71

DATE

14/12/71 rs/2/72

23

17

)'7

z4
25
27
34
33
49
\t
68

ZJ

?(

23
23

25

22

26
26

¿o

27

414/ 72

26

31

61

1q
aÀ

25

25

8/s/72

28

30

44

2S
24
)z

z5
¿J

24

4I

23

s/ 6/72

zó

aa

43

¿6
26
26
2A

¿o
27

26

zo
26

40

47

26

oo
co



TABLE 20 (cont. )

DEPTH

(tn)

1

3
5
6

8
10

11
't?

14
16
18

DATE

26/6/72 24/7/72 2s/9/72 23/10/72

26
26
25

25
26
26

0utflow

24
ZJ
¿J
z3
z4
25
24

24
25
27
37
ó9

24

¿o
27
t7

.41
63

25

23
)z

24

'E
26

zó
¿ó
3I
57

24

26
2E
?q

24
25
24

24
26
50
55
63



TABLE 21. Individual deteûninations of dissolved sodium (Na) in Lake 1.20, 1968-1972.

Units of concentration are umoles liter-l.

DEPTH

(n)

0
I
4

6
9

12
L3
T4
15
77
18

t 2/ 1.1./ 68 22/4/69 L5/S/6s

37
11

13

15

24

DATE

6/7 /6e 2o/7 / 6e

33
33

33

36
45

37
37

7'f

22/8/ 6e

40

65

6/s / 6e

50
3t

aa

7L

80

31
31

33

35

55

50

34

50



TABLE 21 (cont. )

DEPTH

(m)

I
4
5
7

8
10

11
1Z

74
15
L6
18

2L/I/69

30
30

54

36

45

2/1.0/6s

30

7^

32

38

35

37
49

9/ 70/ 69

DATE

76/r0/6s 24/ro/6e 3t/10/6s 13/71/6s

3t

30

5¿

33

33

38
49

31

3t

50

34

7Z

?a

^o

50

30

50

to

33

36
46

)a

29

29

29

30

36
45

¿9

to

)o

29

29

33
46



itABLE 21 (cont. )

DEPTH

(n)

1
q

I
11
1.4

16
18

10/12/69 22/1/70 26/2/70

59
5¿
31
3I
32
44
46

1
q

I
11
I4
16
18

Outf Lolrt

34
3L
7)
33
33
42

7 /7 /70 20/7 /70

DATE

8/s/70

29
50
50
31
33
38
50

?r

z1

5U
5U
31
31
36
46

29
30
50
32
33

13
30
30
30
31
35
LZ

21./s/70

7/8/70

,48
29

zó
31
28
30
3L

46

30
30
30
30
33
40
47

JU

28/S/70

Ll/e/70

zó
28
29
29
30
36
43

29
50
5U
32
3T
77

47

7.)

L6/6/70

28/9/70

29
28
30
33

38
49

28

28
29
)a
30
31
?q

46

26/10/70

30
30
31
33
<)

48

50

e/1r/70

29
29
30
29

59
48

29



TABLE 2l (cont, )

DEPTH

(m)

1

2
3
5
7
8

10
11
13
14
16
18

0utflov,

s/12/70 20/r/71

33

32

31

30

3L
37
¿ó

29

22/2/71

2S

5

DATE

28/ 4/ 7r

L

5
I7
T2

?

5

3
7

34

29

10/s/71.

.)õ

JU

29

34
39
47

)o

29

27 / s/71

31

29

51

33
39
48

30

37
36
35
35
36
30

37
JO
77

59

s7

35

r0/6/71

29

50

)o

30

7)
5/
50

28

ro



TABLE 21 (cont. )

DEPTH

(¡n)

1

3
5
7
8

2r/ 6/7J.

10
11
t3
T4
16
18

0utflow

36
ac

38
38

35
36
36
38
47
58

37

8/7/71'

32

31

L9 /7 /77

DATE

s/8/7r

37

36
39
33

4l
42
38
51
55

35

30

38
48

29

28

28

29

33
43

29

23/8/7r

32
51
7Z

33
33

34
34
34
4J
42
60

32

20/9 /77

50
3l
31
33

6/ro/7r

J+
34
34

42
50

J¿

29

28

29

29

J¿
37
48

28

rr|



s/6/72

30
29
30
29
29

7a

30

30
31

34

43

)o

8/s/72

Ur

37
53
5Z

35

55
31

31
30

41

29

4/ 4/72

DATE

Ls/ 2/72

35

5Z

7)

34

34

35

44

35
33
z1

32

34

35

44

14/ 72/ 71

?,
7)
32
30

37

53

54

47

3/rt/71

TABLE 21 (cont. )

DEPTH

(m) 2s/L0/7r

29

,a

JU

29
50

33
34
4T
43
47

5U

35
36
36
34
34

37
a'7

38

1

5
5

8

10
11
T2
13
74
15
16
77
18

outfL ow 33



DATE

2s/s /72

31
50
28

29
30
3T

30

31
40
47

29

26/6/72 24/7/72

TABLE 21 (conr. )

50
30
30
30
51
50
30

7,1

3T
33
40
qL

50

33
5l
33

DEPTH

(rn)

31
?1

30

30
J _1.

31
4T
53

)o

1

3
5
6
7

8
10

L1
J.3

L4
16
18

Outflow



ÏABLE 22, Individual determinations of dissolved potassiun (K) in Lake I20, L968-lg7Z.

Units of concentration are ¡moles liter-l.

DEPTH

(m)

0
I
4

6
9

72
13
14
15
L7
18

12/rr/68 22/4/6s 1.s/s/6s

6
.)

6

3

DATE

6/7/6s 20/7 / 6s

14
32

22/8/6s

6

36

6/s/ 6s

5
5

6

7

32

5
5

6

7

9

44

9

44



TABLE 22 (cont. )

DEPTlI

(¡n)

1

7
8

10

11
T3
I4
15
16
18

zr/s/6e 2/10/6e

5
5
6

6

7

8

33

DATE

9/I0/6s 16/10/6s 24/10/6e sr/ro/6s 13/tL/6s

5
5

7

7

t4
42

5

5

6

6

7

15
42

5

5

q

6

7

't<

42

5
q

q

5

7

T4
4L

5

ç

5

6

15
59

5
s

5

5

5

11
40



TABLE 22 (cont, )

DEPTH

(tn)

I
5
8

11
1.4

L6
18

r0/L2/6e 22/r/70

7

6
6
6
6

24
39

1

5
8

11
14
16
18

Outflow

7
6
6
6
7

T7
15

26/2/70

7/7/70 20/7/70

DATE

8/s /70

6

6
6
o

15
45

ç

6
6
6
7

16
L)

3
6
6
6
6

I3
34

5
6
6
6
8

38

2L/s/70

7/8/70

q

5
q

6
15
47

5
5
6
6
7

18
37

28/s/70

11/e /70

5
c

5
q

6
L4
35

5
7

7

7
6

1s
40

76/6/70

28/9 /70

10

q

5
q

6
6

I3
39

5
5
6
6
8

18
44

26/r0/70

7
6
6
7
7

13
38

I /rJ./ 70

5
6
8
7

t8
47



Î^BLE 22 (cont. )

DEPTH

(m)

1

2
J
5
7

8

11
13
t4
16
18

Outflow

DATE

s/r2/70 20/r/7r 22/2/71 28/4/71 10/s/7r 27/s/7L 10/6/7r

6

6

6
1a
11

6

5

\1

I
8
9

-1

I

1

1

4
73

6

7

6

9
18
59

7

6

7

7

8
t9
40

6

6
o
6
6
6
6

6
7
7

19
36

6

6

6

6

7

16
42

6



6/L0/71

O

20/ e /71

5
5
q

6
6
6

6
7

6
18
36

23/ 8/ 77

7

T4
40

DATE

s/8/77

6
6
6
7
6
6

19 /7 /71,

6
1

10
18
4I

6
6
6
6
5

6

7
7
7

28
36

8
10
30

8/ 7 /7L

l ABLE 22 (cont. )

21/ 6/ 7r

7

(

7
18
L)

6

7

6
6
7
7

7

8
7
8

30
4s

DEPTH

(m)

I
3
5
7
8

10

11
L3
T4
16

Outfl ow



TABLE 22 (cont. )

DEPTH DATE

(m) 2s/1.0/7I 3/11/71 L4/L2/7j. rs/z/72 4/4/72 8/s/72 s/6/72

1

5
7

8
10

11
],2
i.3
I4
15
16
L7
L8

Outflow

7

7
7
7

6

8

9

6

6

o
6
7
8
o

¿3
2S

7

6
6
6

7

6
6
6

6

7

9

-1.¿

6
q

6

5

7

8

2I

10
8
7

8

7
7

7

7
6

7

2T

6

6

8

22

6
6
6
b
6
7

6

6
6

8

24

6



TABLE 22 (cont. )

DEPTH

(rn)

1

3

6
7
8

10

11
15
1"4

16
1.8

DATE

26/6/72 24/7/72 25/s/72 23/ 10/ 7 2

6
6
6

6
6
6

6
6
6

'J.6

38

5

6
6
6
6
6
6
6

7

7
16
44

6Outflow

5
5
4

;̂
5

5
6
6

15
30

7

7

10

6
7
7

7

7
9

15
40



TABLE 23' Individual determinations of dissolved iron (Fe) in Lake l2o, rg6ï-i.g7z.

Units of concentration are umoles liter-1.

DEPTH

(m)

0
t
4
5
6
9

T2
L3
74
15
16
77
18

12/7r/68 rs/s/69

<1
<1

t

<L

<1

<1

6/7 / 69

DATE

20/7/69

* UD = Undetectabl e

7

IS2

249.0

<1
<1

1

22/ 8/ 6s

1

I

1

13

2240

UD*
UD

<1

6/s / 6e

23
32

L72

2220

t6/ s/ 6e

<L

<1

<L

4180

222

4L20

520

3490



DATE

s/10/6s 16/10/6s 24/ro/6s 3r/r0/6e L3/r1/6e

?

3

7

J

4

565
385 0

4
4

3

4

)o

875
3750

4

2

I
2

2

8

48

825
3960

J

s2

685
3820

1

<I

3

2/ r0/ 6s

TABLE 23 (cont. )

66
26

39 48
1"48

685 840
2720 5980 40s0

2r/s/6e

UD
<1
<1.

5

DEPTH

(m)

1

5
7
8

10

11
13
14
1C

16
18



TABLE 23 (cont. )

DEPTH

(n)

1

5
I

11
L4
16
18

r0/1,2/6s 22/L/70

5
4
5

I2
9

1590
3690

7

3
6
5
5

o10

959

1

5
B

i1
T4
i6
18

26/2/70

7/7/70 20/7/70

UAI ¡

8/ s/70

1

I
4

l7
810

39 40

<1

1

I

22
970

3780

Outflow

<1"

t
2

6
16

610
3060

2r/s/70

1

4
4
5

49

7/8/70

2

15

6
16

875
37 60

34L0

,UD

<1

L

2
5

21

t 080
3350

I

28/ S/70

1L/9/70

2

1

3
4

11
660

3060 '

<1
7
8

T4
37

795
360 0

t3

16/6/70

28/ 9/7 o

<1

I
2

4
11

550
35s0

1
<1

5
8

79
113 0
4090

<1

26/t0/70

9
4
5

18
47

565
3390

6

e/rL/70

4
4

t6
11
ç¿

1130
3780

z



TABLE 23 (cont. )

DEPTH

(m)

I
5
8

11

e / 1.2/ 70 20/1/7r 22/2/71

t4
16
18

Outflow

2
2

4
3

7

565
20L0

2

2

2

I
UD

6
i.30
853

DATE

28/ 4/71

1

1

1

1

5
394
633

3
5
3

3

to/t/7r

2

1100
3570

5

3
3
3

11

98
1140
3570

4

r0/6/7t

'2.

4
3
5

8/7 /7r

6s
959

3780

3

4
4
5

52
1080
3580

2

\¡



TABLE 23 (cont. )

DEPTH

(rn)

1

3
5
6
7
o

::..¡]0

11
'la

13
74
15
16
I7
18

Outflov¡

s/8/71 6/r0/7r 2s/r0/7r

4

2

5

Áo

28s

255 0

4

DATE

3/11/71 74/12/71 24/7/72

3
5
3

3
J

6
5

16
7S

699

367 4

3

4

4

10

7
15
45
63

165
1610
18 80
3140

5

3

3

3

2

11
<1 I
l2
1
¿>.

11
12

4T
20 5i

753 384

3s80 1340

2

.>'

6

11ó

2510

23/r0/72



TABLE 24, Individual determínations of cì.issolved manganese (Mn) in Lake 120, 1969-1972.

Units of concentration are umoles liter-l.

DEPTH

(m)

L

4
5
6
7

0
2

3

4
,5

6
7
R

rs/s/6e 6/7 /6e

<1
<1

1

2o/7 /6s

* UD = UndetectabLe

27

91

DATE

22/8/6s

<1
<L

1

UD* UD*
<1 UD*

L <1

6/e/6s 16/e/6s

7

131

21/9/ 69

7

to

123

<1

<1

I

3

7

z5

100

40

113



TABLE 24 (cont. )

DEPTH

(m)

.T

5
8

11
I4
16
18

2/r0/6e

<1
<1

1

3
I

50
L28

s/L0/6e 16/70/6s

1

5
8

11
T4
16
18

<1
<L

2
4

IO
56

r29

22/r/70 26/ 2/70

DATE

24/L0/6s 3r/1,0/6s

<1
<1

I
4

10
54

128

0utflow
* UD = Undetectable

1

I
I
1

3
53

1

I
I
1

10
51

L27

<1
<1
<1.

I
14
s4

128

8/ s/70

uD* <1 <1
<1 I <1
<1 1 I
311
654

47 56 50
I07 I25 106

L3/rr/6s L0/1,2/6e

2r/s/70

5
57

r2s

I
I
1

1

1

40
!27

28/S/7o

1

I
1

1

3
z)

109

t6/ 6/70

<1
<L
<1

1

6
46

t20

7 /7 /70

UD*
<1

1

2

7
59

126

<1



TABLE 24 (cont, )

DEPTH

(m)

I
5

8
11
14
16
18

outfI ow

20/ 7 /70

<1

t
I
I

1L

I17

<1.

7 /B/70

UD*
<1

1

2

9
62

LI2

1

I
5
I

11
74
16
1.8

OutfLow

tr/9/70

20/r/71 22/2/7r

DATE

28/s /70

UD*
UD*

1

.3
8

q?

119

<1

I
I
I
1

2
73
27

<1
<1

1

5

63
130

<1

26/r0/70

I
1

1

1

2
I4
40

28/ 4/ 77

<1
<1
<L

5
9

4L

115

<1

s/1r/70

1

1

1

1

8

109

10/s/7r

I
I
I
I
9

63
t¿J

s/12/70

2

2

I

4
16
5/

109

2

Lo/ 6/71

<1
<1
<1
<1

2

44
ó9

<1

1

2

2

2
L2
52

118

2

8/7/7r

I
2

2
2

11
56

I14

1

s/ 8/71

1

2

2
2

I2
22
91

2



TABLE 24 (cont. )

DEPTH

(m)

1

3
5
6
7

ô
10

11
T2
I3
J.4

15
16
1.7

t8

Out flow

DATË

6/ro/7L 2s/ro/77 3/:L/71, t4/12/71 24/7/72

2

2

2

2

2
4

4

6

4

T2

47

118

2

2

2

2
2

1

I

2

3
(

10
20
69
91

109

<1
<1
<1

1

1

1

I

J
8

47

116

<l

?

L5

95



TABLE 25. Indíviduar deterninations of chLorophyll (chlorophyLl a plus phaeophytin)

in Lake 120, 1968-1972. Units of concentration are pgrans liter-l .

DEPTH

(m)

0
1

4
5
6
7

I

12/Lr/68 22/ 4/6s

¿-5
2.t

2-2

9
10
11
13
14
15
16
T7
18

6/7 /6s

1.9

,1

2.0

DATE

20/7/6s

0.8
1.1

0.5

1.4
2.0

2.4

6/s/ 6e

1.9

2.r

2,0
t)

2t/9/6e

¿.o

2,1.

1.6

1.ó

1.8

1.9

6.5

s;6

2/ro/ 6s

2.r

z'7

3.L

)a

aa

)<

1.9

2,7

3,6

1'7



TABLE 25 (conr. )

DEPT}I

(rn)

L

5
I

11
L4
16
18

s/L0/6s 76/10/6e

1.4
1C

5.1
r,4
3.9
3.0
3.5

i
ç

8
11
14
16
18

Outfl ow

DATE

24/10/6e 37/I0/69

2.4
2.4

1.8
5.2
4.6
3.8

26/2/70 8/s/70

2.0
0.8
0,5
0.6
1,6
') ')

3.6

2,4
2.0
2.5
)a
4.1
A1
3.5

1.0
1.6
1,6
1.2
3.2
3,3
7.7

7.4

2.3
2.2
2,I
1 '.|.

)o
5.5
')ô

13/7r/6s 70/t2/69

21/s/70

z.t
J)
2.0
2.7
?o
3.4

7')
3,6
3,7

z.u
3.3
4.5

28/s/70

?q

1.0
0.8
0.8
0.8
3.5
3,7

,o
6,4
5,ö
2,6
2,7
3,4
4.6

t1

t6/6/70

22/ r/70

2.3
5,7
10
)o
2,7

4,L

3.7

2,0
0.9
0.7
0.8
0.8
4.4
'E

7/7 /70

0.8
5.0
5,9
3.3
2,8
¿.ó
2.5

t-4

20/7 /70

1.0
6"4
6.1
77

1.9
10.9

1.0



TABLE 25 (cont. )

DEPTH

(m)

1

5
8

11

I4
16

_18

Out fL ollr

7/8/70 rr/s/70

1.3
tr. I
7.3
20
3.0
2.9
4.6

6.2

1

3
5

7
8

10
II

I3
74
16
t8

Outflow

to
4.L
5.8
¿.o
., .7

3.0
4.0

2.7

28/9/70

22/2/71 28/4/T1

DATE

26/ r0/ 70

10
2.7
4.6
)o
4.3
.,8

4,4

2.2

1.6

0.8

0.6

1.0

4.0
4,1
4.0

2.6
5.0
¿.5
2.4
)o
4,2
6.8

3.0

s/rt/70

3.9

2,1

2.0

L.3

4.9

4.4

2.5

r0/ s/ 71

2.8
2,7
2.7
2.6
3.5
3,3
3,8

5.0

e/12/70 20/1,/7r

)t

8.3

3.1

t)

4.1"
q?

2.9

27 / s/71

2.5
1..7
1.3
1,5
1.6
4.7
4,I

1.8

.f .,

¿.o
)<
4.8
qA
9(
4,4
3.3
3,I
4.9
5.5
4,5

10/6/71

1.5
r.2
1.0
0.7
1.3
4,7
4,4

0,7

1.7

3,8

2.6

4.8
4,8
2,2

1.3

21/ 6/ 71

L.3

1.6
2,3
)9
') a,

t1
2,2
)..7
2,8
5.ð
4.3

5.2

8/ 7 /7r

4.5

4,5

2,8

2.5

3.4
3.1
3.5

2.0



TABLE 25 (cont, )

DEPTH

(m)

1

3
5
7
8

rs/ 7 /71

10
11
I2
T3
I4
15
16
t8

0utflow

2.0
0.9
Ê1
8,2
Lt

2.L

1.9 ,

3.0

3.4
3.8

1.5

el 8/ 71

DATE

23/8/77 2o/e/7r

)A

aa

4.3

2.3

3.5

3.2

12 .5

2.8
2,3
3.9
8.1
ö.9

2.1.
2.2

2.5
ó.9

5,1
4.0

2.9
¿.J
2,7
6,3
t'7

1.8
1,6

2,7
6.6

)o
3,3

6/10/7L 2s/r0/71

3.7

3,1

3,3

1"7

4.4

4.0

3.3

3,3
5.5
3.6
2.9

1.5
T,4

1.9

3/11/71

2.0

)7

tô

2,3
2.0
?<
3.9
7.8
3.3
3.5

3.4

o\



TABLE 25 (cont. )

DEPTH

(tn)

I

5
6
7

8

10
l, -t

I3
14
16
18

14/L2/77 J.s/2/72

4.0
2,7
1.9

7,7

1.2

1.3

3,6

2.7
L.4
rìo

0.6

0.6

2.4
3.0
<A

4/ 4/72

DATE

8/s /72

1,5
1.9
0.7

0.4

0.6

i.6
77
2.4

to
7')
¿.ó

1A
2.7

10
1,9
1.5
1.5
3.2
3.2

s/6/72

a1
2.J.
¿.5

5.1
7.4

5.3
3.6
,o

4.0
3.8

26/ 6/72

rìo
1.0
3.5

6.5
6. t.

2.5
t)
1.6
2.r

to

24/7/72

3

4
72
18
t2

E

4

3
5
6

\¡



TABLE 25 (cont. )

(m)

I
3
5
7

I

28/8/72 2s/s/72

i.0
11
T3
14
16
18

2

2
4

T6
22

4
4
3

4
4
8

3.3
3.9
3.5
3.6
9.0

4.5
2,6
2,s
6.5
4.3
5,1

23/r0/72

2,8
3.2
3.2
3.3

22

3.0
3.7
(t

6.6
(6



TABLE 26. Individual detenninations of i.ive phytoplankton bionass and the average daily

bionass in the 0-14 netelî water column in Lake 120, ITTO-L972. Units of
concentration are ng fresh weight neter-3.

DEPTH

(tn)

I
5
B

11
14

1o-to

26/2/70 8/ s/70

500.0
?27.5
363,5

27,9,s

1

5

8
11
L4

971 .8
693 ,4
L97 ,8
180 .5
280,4

423 .3

2r/sl70

rr/9/70 28/s/70

io-ro

DATE

t6/ 6/70

910.0
612 .5

1181 .5
3t2.6
393.3

645.s

893.6
1246.0
r973 ,6

532 ,4
537.8

1033. 8

7252.4
654.7
999. I
43r.7

767 .5

370.8

1111 . 5
348,2
238,7

s89.8

7 /7 /70

e/7r/70 20/t/7r

J445. -)

1330.1
1167.8

550 .5
727 ,5

828. 5

591. 6
697 .I
747.6
s62 .4
378,7

5E0 .2

20/7 /70

457 .5
6565. 3

560. 0
447 .4

2638.L

1495.9
549.3
344,9
183.6
227 ,8

488.7

7/ 8/70

22/2/77

872.6
6016.6
1109,7
592.1
805 .2

2079.7

636.5
265,L
108,5
4s"1
<ô 7

196 .5

28/ 4/ 7L

613. 0
36L .4
110.4
T44, L

276.2

r0/s /71

(o

690. 0
967 .5
4s9.4
590. 0
90.2

532.1



TABLE 26 (cont. )

DEPTH

(n)

0
1

5
7
8

27 /s/7L

10
11
12
I4

xo-ta.

10/6/71

4L9,7

646,7

770.0

225 .6

90 .4

447 .7

384 .8

721..9

811.1

343.I

678,3

555.5

8/7 /7r

DATE

e / 8/7r

2s7.5

1501. s

420 .0

t2Ã c.

695.8

413.3

778.7

528 .7

186. 0

492 .5

3/rr/7r 14/12/71 1s/2/72

728.7

596. 6

803 .4

387 .L
141 .9

s47 .2

974.2

r0I2.6
518. 5
341 .8

s44.9

800. 9
404.2
232.5

155.7

155.0

162.7

236.I670.2

l.)
O



TABLE 26 (cont. )

DEPTTI

(n)

1

3
5

.7

10
i.1
13
14

Xo- t¿

4/s/72

204.6
986.6
28L .6
LJó. /

2L.0

156, 1

247.5

8/s/72

838. 5
726 .6
77 6.s
485 .5
486.7

463,r

zt¿.5

sl6.9

s/6/72

DATE

26/ 6/72

360 .6
qo 1 /
55¿.9

685.8

51.2.3

382.8

492 ,3

384.0
388.5

?/Aq o

229 4 .6

I90.2

266,2

933.4

24/7/72

700 .0
ó91.0
823,2

¿¿/5,/

t75,3

i0s2.0

28/ 8/ 72

656. 5
737 .7
867 ,8

5080. 1

533.7

1996,I

l\)



TABLE 27 ' rndivídual deterninations cf primary productivity and average daily productivities
in the 1-13 neter water coLumn in Lalce 120, 1g7l-i,g72. productivíty rates are

ugrans C fixed per liter per day.

DEPTH

(m)

1

3
5
7

10
13

Xo-t3

27/s/7L

L6.2
16.0
8.8
0.0

12.3

21/ 6/ 71

I
3
5
7

10
13

Xo-t¡

59 .6
88,2
13.6
2.6
0.0

(o o

50. 0

re/7/71

s/6/72 26/6/72 24/7/72

DATE

23/8/7r

I2.0
8,7
0.2
0,0
2,0

2-4

0.9
27 .0
18.8
t2,5
41.8
0.0

19.8

8,9
6.0
29
0.0
1.5
0,0

z.t)

20/s /7r

o7
6,8

72.8
10.0
3.2
0.0

7.0

15. s
3.6

II .7
0.4
0"0

7.4

2s/1,0/71

1.3
0.3
0.1
0.0
u.5
1.9

0.5

28/8/72

20 .0
?n
1.8
0.3
0.0

14 ,2

4.3

8/ s/ 72

14 .5
10 ,t

7.4
7,6

13 .9
0.0

L0,7

2s/e/72

13.5
20.2
4.9
0.0
3.0
0.0

5,2

16.0
Á^
0.6
4,0
1.8

5.5

23/ r0 / 72

9.3
8.1
2.6
0,7
1.6
0.5

N
N)


