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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-].
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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
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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-].
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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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