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ABSTRACT

t

The rates of whole-lake oxygéen depletion
during summer 1978 and winter 1978/79 were measured
in two lakes of different trophic status near Scheffer-
ville, . Québec. 'Naturally eutrophic Elizabeth Lake
consumed its hypolimnetic oxygen at a rate of 390.56
mg-m-<-day” 1, abopt three times the rate predlcted by
Cornett and Rigler's (1979) empirical model (137.83
mg-m 2-day‘ ). Oligotrophic Dolly Lake did not
stratify during the summer and remalned saturated
with oxygen. The_rates of winter’ oxygen consumptlon,-
97.49 mg-m~2-day-l in Dolly and 204.08 mg-m—2-day-l
in Elizabeth, reflect. the difference in trophic status

- during the previous summer, but do not agree with the

relatienship derived from temperate lakes in Ontario

(Welch et al. 1976). An attempt.to measure sediment
"respiration" in the laboratory gave inconclusive

results because of methodological problems., Accord- )

ing to these estimates, sediment oxygen consumption

could account for 50% to 100% of the loss of oxygen

from each lake during winter.

v -




i

P v A
g A o, pR R cew oy g N - P o L
« ¥y, o P t3 ‘A,N' - . ~‘3.’* @

(Y i

. RESUME,

o

Les taux de désoxygénation estival et
hlvernal de deux lacs subarctiques prés de Scheffer-
ville, Qudbec, furent mesur&s de juin 1978 3 juin
1979. ‘Le lac Elizabeth, naturellement eutrophe, con-
sommait-son oxyg@ne hypolimnique au taux de 390.356
mg-m~2-jour~l, soit trois fois plus rapidement que
la prédiction du moddle empirique de Cornett et
Rigler .(1979) (137.83 mg'm~2-jour-l). Le lac Dolly,
une &tendue d'au oligotrophe holomlcthue, est
resté saturé d'oxyg@ne dissous. Pendant l'hiver, le

tabolisme lacustre r&fldte le niveau trophigue de
1'été précédent car ie lac Elizabeth se désoxygéne

- plus rapldement que le lac Dolly (204.08 mg-m

contre 97.49 mg-m~2.j.71). Le modale de Welch et al.
(1976), ‘basé sur des lacs du sud de l'Ontario, 'ne
s'applique pourtant pas 3 ces deux lacs subarctiques.

Des expériences ‘en laborato;re, visant &
mesurer la consommation d'oxygy&@ne par les sédiments,
ne permettent pas d'évaluer avec précision leur -
contribution & la perte d'oxygéne hlvernale Les
résultats varient de 50% & 100% des taux lacustres
sans différence significative entre ces deux lacs.
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INTRODUCTION

Dissolved oxygen is an essential requirement
-

for a 1arge and diverse range of aquatic life. One of

the flrst seasonal chemical trends observed 1.n lakes

'was the loss of dlssolved oxyqen in the hypol:.mnlbn dur-

:mg-summer strat:.f:.catlon (Alsterherg 1929), as well as

from most of the entire body of water during the period
N ,

of winter ice cover (Drown 1892, Thienemaan~ 1927). 1In

the latter case; this depletion may be severe enough to

cause a massive ﬁ"winwt'er-l.cill" of the fish population,

especially in shallow eutrephic ,1_?,‘}‘_9_?,, (Greenbank 1945).

In addition, hypolimnetic (i.e. summer) oxygen depletion .,

accelerates in response to higher nutrient loading (Edmondy

son et al. 1956, Dobson and Gilbefftson 1971). Since Man

-models to predict the guantitative effects of his actions

t

are needed in order to make intelligent management Hecisions.

The first attempts to develop such models began

'is capable of influencing this important pfocess in \lakes‘,

with Str¢in "(1931) whe, in refining Thienemann's (1928) idea

that the hypolimnetic oxygen deficit reflects lake trophlc

status, argued that this deflcit must be expressqé per unit

A}

‘area of hypollmnetlc surface to allow comparlscns between

.

lakes of different hypolimnetic ‘thicknesses. Henceforth
this loss of oxygen waAs to be designated the "Areal Hypo-
limnetic Oxygen Defjcit” (AHOD), ‘which is the rate of de-

oxygenation-expressed per unit area of the plane at the top

f . ¢ o
* - s e - -




dg the hyﬁoliméioﬁ (ﬁypicai units = mgoz-m'2-dayfl). , f
Hutchinson (1938) went one step‘furthe; when he
+ found .an empirical relationshié between AHOD and dry
oeighﬁ of seston, an iodicator)of plankton production,

“in 4 Wisconsin lakes.’ Unfortunately, subsequent investi- ’ :

[

gatlons in other areas failed to conflrm this 1link (Rlley
1939 Deevey 1940, Lasenby 1975). A recent model propofed T
by Cornett and Rigler (1979) casts further doubt on Hut- '
chinson'é:(1938)'assumptions, while providing a new em-

pirlcal equatlon for predicting AHOD. .

# Areal Winter Oxygen Defiolts (AWOD) have recelved

far less attemtion. But considerable progress has been d

made with the publication of an enfpirical equation of
Awopffor gseveral Ontario - lakes Qwéich et al.'1976).

4; Since tyé predictive models’ for AHOD and ‘AWOD
arb&eifrom dafglon temperate lakes, apolying them to sub-
arctic lakes would be an ldeal test of thelr genera11t¥2
In ther&al ;eglme, at least, subarctlo -lakés are inter-
mediate to temperate and arctic lakes. 'Thus, they can
- -stratify durlng the summer long qnough to develop a meas~

urable AHOD and, in add;tlon, undergo prolonged freeze—

up leading to a large AWOD. °‘A glance at maps of ;he Can-

- S et e R et
D T e L S
h“,",:a","}ti“. Y

adian Subarctic Zone reveals a plethora of possible re-
search sites.

g There are several reasons why Schefferv1lle,

v

Québec, was the;chosen locatlon for .this project., Flrstly,

, it lies within the Subarctic:Zone as defined by.Ldve .(1970).
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Secondly, there was considerable logistic support avail-

o g v

able from the McGill Subarctic Research Station, where a
five-year nutrient budget study on seven nearby lakes'?%
in)p;égress, Finally, twenty-five yéars of résearch,at
the station has broduced good chkgfound datarfor the
G " area (Adams et al. 1974;’Granbefg 1978), especially mor-
- phometric maps of several of the 1ake§ under ‘study (Bryan

1965). This simplified calculations of lake volumes and,
i . consequently, of mass budgets.

Améngst the seven Schefferville lakes curfént;y

under examination (Dian, Dolly, Elizabeth, Hope, Lejeune,

Maryjo and Ridge; see fig..1 ), I decided to concentrate’

on the two, Polly and Eliz;beth,_that contrastea the most

! in trophic status, based on values of transparency, total
phosphorus and ch;orophyil-a measgrea in‘1977/1978 (table 2 ).
Only Elizabeth stratified during the summer (fig; 7 7.
Be%?een—lake comparisons of oxygen depletion are possible

- ‘ 'ddu;ing the winter when ice cdver seals them for an average

| - of 7.4 months (from Oct. 3lst to‘June 10th; Adams and Shaw

' 1966). all of this allows me to ask the following three

? , S questions, which are important in forecasting the concen-
tration of dissolved oxygen in lakes:

1) Does the Cornett-Rigler model (1979)
predict AHOD's of subarctic lakes?

/ : 2) Does the model of Welch et al. (1976)
( ; / predict AWOD's of subarctic lakes?

'3) Does primary productivity of the previous
summer affect the AWOD of Subarctic lakes?
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However this hglistic approach, whatever its

outc¢ome, does not satisfy our need to understand oxygen

depletion. Explaining why our predictions succeed or

fail requires a redyctionist strategy (Rigler 1975).
The rate of oxygen consumption (the property or state

variable) being measured results from the combined action

o

of several compartments within the "respiring" lacustrine

" volume (the "black box"). Reductionism strive; to guan-

tify as many of these subsystems as possible. In this

v

partlcular 81tuat10n, we can recognize intuitively at

least three.v sedlment oxygen uptake, .open water consump—

tion, trani?ort of gxygen in or out of the entire system

N 27

To keep this project within manageable limits, I chose

‘to tackle only one compartment.

Sediment oxygen uptake éébears more tractable

/than the other two, if only because it'is better documented.

" Furthermore, suggestions that the AWOD is related to prod-

uction‘during the'previous summer (Hargrave 1972, Welch 1974)
tempts us to hypothesize that the difference lied in the.
.activity of the sediments, because they are the ultimate

repository of dead organic matter.” I am assuming of course

-

that oxygen is lost by the breakdown of autochthonous or-

ganic matter (Strgm 1931) and that there is very little

& 2 Ch A e e

T

prd@%ctlon during the winter (Alb:echt 1964, erght 1964) .
Dolly and Elizabeth lakes have all the de81red attrlbutes

to test this hypothesis.

N
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To summarize, I will test two models of oxygen

depletion_on subarctic lakes and attempt to quantify

5
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CHAPTER I

» ¢ THE STUDY, AREA

\ 0
The town of Schefferville (lat. 54°49'N, longit.

66°50'W) is located at the Québec-Labrador border, 515
km due north of ghe Port oﬁ Sept-Iles (fig.l ). "It is
situated on the Labrador Geésyncline,‘a bélt of Proter-
ozoic sediments stretching north-south through Labrador-
Ungava for about 1100 km'(ﬁicholson et al. 1975). Because.
of’the presence of rich iron ore formations (Sokoman
Formation, Ruth Slate), the area ha§ been the site'of
extensive open-pié mining by the Iron Oré Company of
Canada Ltd. since the early 1950's. The Labrador Trough
appears to have undergone at least three éyéles of-oro—
geny and sedimentation, the ore bodies resulting from thé

=

leaching of siliga by'droundwater (ibid.).

The presence of severalplargeuéeltwater channels
(Barr ¥964) and extensive glacial deposits (Kirgy 1960).
bear witness to heavy glaciatién during the.fieistocene.
The numerous ridges around the town are oriefted southeast

to northwest. . Radiocarboﬁ‘dating of peat cores places

the last deglaciation at around 5700 B.P. (Morrison 1970).

Pollen analyses show that the present day vegetation

differs little from when it was first established ca.
» ( N . ~

5200 B:P. (ibid.). Because of geological and physio-

graphic 'variation, many types of vegetation are present,
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from close canopy spruce forest or bog in the valley
bottﬁps to-open tundra on the exposed hill tops iNietolson
et al., op.cit.). Schefferv1lle lles in the dlscostlnu- '
ous permafrost zone (Annersten 1964) The active layer

on average si;tes variies between 2 to 4(1_11, l)o.t no perma=
frost is foundibeneatt wooded sites (Nicholson and Lewis

1976). The three most common species found in the lichen

woodlands are caribou moss Cladina stellaris (known until

recently as Cladonia alpestris),Picea glauca (whits Qhruce)

and Picea mariana (black sﬁruce)‘(Fraser 1956). Dwarf

birch (Betula glandulosa) is widespread in the more open

°

areas. The treeline is encountered at about 600 m altitude

above which the local climate becomes too harsh to support
grOwth (Nlcholson et al., op,c1t ). The author obsetved‘
numerous examples of Krummholz Lstunted) growth forms of
spruce and w1ndlgaps (segmentsfof t;EE>tgunks'denuded by
abrasion from wind—bo;ne snow and ice crystals) at the
treeline. K
Table]."lists some important climatic statistics i
forj?chefferv1lle. More detailed analyses are available
in Tout (1964) and Lechowicz and Adams (1978) . N
Dolly, Ellzabeth and the five other lakegs being
studied lie w1th1n an 8 km radius of the town (fig.1 )V’
and are accessxble by road durlng the summer and snow-

mobile during winter. Dolly Lake’ borders on Dolly Ridge

(chiefly slate and,siltstone) to the North-East, the -

Wishart Formation (mainly orthoquartzite and feldspathic

quartzite) to the South-West, and on the Denault Fo;mation

¢
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(predomlnately dolomlte) to the North—West (Harrlson et
al,, 1972, fig. 10). Closed llch?n woodland covers much

of the shoreline. Elizabeth lLake is surrounded chiefly -
) :

Table 1 . Some important climatic statistics for

Schefferville (means of 1955-1973 data) Source:

Nicholson et al., 1975. ] .
Mean yearly temperature - 4.7°% . .
Range of monthly meaps -21.7°C (Jan.) 'to *12.4°C (July)
Total Precipitation 735 mm :
Rainfall ~ 400 mm
Snowfalll 344 mm (water equivalent)
Evapotran5p1rat10n2 292 mm o

/

1. The figure for snowfall is greater than the difference
between total pptn and rainfall becduwsé of variations

in the water equivalence of snow at different times
during’ ‘the winter.

2. Interpolated from the Hydrological Atlas of Canada

1978. The interpolated total precipitation is 708 mm.
by the Fleming Eoimation {chert conélomerate ana brecci&,
massive and bedded chert), with sowe contact with the
Denault Formation on the North-West shore (ibid., fig.9).
Closed lichen woodland, open Iicpen woodland and tundra
are all present in'the.catcbment. :

, Table 2 lists some basic dataAer both lakes. The’
tot&l phosphorus concentrations in Dolly Lake are amongst
the lowest recorded in the 1iteraturg (F.H. Rigler, pers.
comm.). Since neither body of water is cottaged, differ-
ences in nutrient loading are probably due to the Qeélogy
of tpéir respective catghment:% Inflowing streams are,

Q?ther ephemeral (as in the case of a large meltwater

inflow at Elizabeth) or very weak. Outflows, however,
N [

.are strong and weil defined. The Dolly Lake discharge

4 v
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Table 2 . Some comparative data for Dolly and Elizabeth Lakes. Il
DOLLY ELIZABETH SOURCE
Position 54049'N, 66046'W 54046', 66954'W -
Altitude 525 m 616 m Bryan (1965)

-

Lake area
Ag/A

-Volume (V)

Mean depth (E)
Maximum depth (%)

. Map number (Nat'l. .Topogr.
- Series 1:50,000)

" Area of catchment” (Ad)
(a,)

Yearly dischargel (Q)
Areal water load? (gag)

Mean Secchi dgpth4

Flushing rate3 Ty
"Summer thermal stratification?

Mean total Phosphorus5

M?an chlorophyll ad

23 J3/15 (East & West halves)
©3.91 km? )

1.053 kma
0.27

'8.848 x 10% m3
8.4 m

23.7 m

2.780 x 106.m3
2.64 m

0.31 yr-1

No .

11.5 ¥ 1.9 m
1.51 + 0.48 ug.1
0.30 ¥ 0.17 ug.171

-1

~—

23 3/15 (West half)
2.98 km? |

0.281 km?

0.09

2.444 x 10° m3
8:7 m

27.1 m

2.237 x 106 w3
7.96 m

0.92 yr-1

Yes

4.7 ¥ 0.6 m

12.38 * 1.59 ug.l
3.81 * 2,15 ug.17!

3

-1

Courtesy F.H.Rigler
Bryan (1965)

—

Bryan [(1965)
Courtesy F.H.Rigler
This study
Courtesy FH.Rigler

"

Q/Aq
Q/v

1
2. qg
3. -¢°
4.
5.

Mean of 1977/78 and 1978/79 water years.

Mean of values (=t std. dev.) recorded from June 1977 to November 1977
Mean of values (¥ std. dev.) recorded from June 1977 to May_ 1978.
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I ( .; - 1is measurable throughout the year whereas' the one at
E . © i . 2 . [ N
i Elizabeth Lake dries up only from the third week of March
¢ to the third or fourth week of April. .
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CHAPTER I1I

MATERIALS AND METHODS FOR WHOLE-LAKE MEASUREMENTS.

¢

Units . 3

1

All data in this thesis are expressed in SI

3

units. Some background information, mo%t notably mor-

phometric measuremengs, were converte jﬁ éI units

according to the buiqtéin equivalencerf ctors of the

... Texas Instruments SR-SIA electronic cLlculatcr. The
abbreviations of units are preceded by a slash (®/")

¥ . ‘
when they label axes of graphs or columns in data tables, ) i

K )

in accordance witﬁ McGiashan (i968).
Sampling . - —
'All whole-lake measuremenﬁg originate from ,
one sampling station over the deepest point of each lake
(fiqs.z y3 ), selected accérding to the contour maps drawn
by Bryan (1965). Temperiture and transparency were measur-

ed on the spot whereas other parameters were analyzed in

water brought back to the laboratory. Temperature, dissolv- ¢

o bt o e =

ed oxygen, and specific conductivity were evaluated at every
meter; total phésphorus and chlorophyll-a were derived at
every two meters. During both seasons, the surface of the 3

water was considered to be depth zero.

I used a Van Dorn bottle during the summer b#t
éwitched in winter to a cast ‘aluminium samﬁler consisting
of a cylindrical jacket held up by aﬁspring—loaded clip;
’ ‘ ‘ -12- |
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when~the4me§senger strikes, the jacketjreleases and;

slides down aiong fhe axis of the bottle to seal agéinst

a bottom plate. Although proﬁe to accidental triggering,

it proved the easiest to use and the most reliable in the

cold. The lines atoached to either sampler were'marked

at ‘one-meter intervals beglnnlng at the __B'of the bottle.

‘The sampling. hole through thecice was drilled by hand with

a snabb spoon drill (blade width = 17.8. cm pr 7 1n.): It

was far betﬁer than the standard heliooidai ice auger. The

frequency of sampling varied from once a ‘week during summer

to once every three or four weeks during the‘middle of winter.
I could not sample to the maximum‘depths reported

by Bryan (table 2 ) because consistent contamination from

sediments occuredtheyond 18 meters in Dolly and 24 meters

in Elizabeth (23 meters during the winter). Thé‘vgrticgl

PR}

series siopped at these depths. !

A

Morphometry °

The-calcolations of'areas and volumeo are en-

‘ﬁtirely baoed on the‘maps and figures compiled by Bryan (iéGS).
‘Although he gives the hypsographic curvos for'both lakes,

ho does not list thé poiot coordinates used to ploglthgm;

His maps were planimetered'anew and the curves rodrawn.AI
relabeled the depth axis in meters to convert from Enélish

to SI units. The fraction of A, (i.e. area at 2Z=0 meters)

at any given depth is interpolated lineagly between the

two closest points of known position. The area at any L

depth is the product of A, and the fraction of Ao at’ that
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« i ~ depth.. The volume (V) of a particu}a% stratum approx-’
H
i

\ “a
imétes/that of a c@nica;,frustrum of top area A, bottom

area a, and depth h such 'that :
-
5~V = h/3 (A+a~!~(11.a)l/2

e

Since. we sample at every meter, h=1. I used my com-
puted volumes for all the mass balance calculations, ig-
noring the discrepancy between their summation and‘ the

total lake, volumes given by Bryan (1965). Appendis-A

>

cbntains the results. The dlfference represents 2.8% of

the entxre water mass of Dolly and a surprlslng 19.9% of
' ~the volume in Elizabeth Lake. ) D

Y

. Temperature C ‘ 9

L3

. A YSI Model 54 Tempefatureland Oxygen Meter
supplied the readings until August 15th, 1978 (absolute

'\\ error =.%¥ 0.50C). Because rain short-circuited the in-

- ¥ . . »

strument I adopted another device, the Fenwal Type GB32P2
glass probe thermlstor c0nnected to a Data Prec1smon Model
245 dlgltal multlmeter. n:had already been used success-

. '

. fully to record ground temperatures in the area (Nlcholson

S
.
M

£ ) ~and Granberg 1973, N1cholson 1976) The absolute accuracy
r . ) - is % 0 01°C (Nlcholson 1976), the dlgltal readout stablllzes
7 ' very qulckly and the multimeter_cap be easily shielded from
the rdin&beceose of its small sihe.‘
’4Toe resistance (R).of this type of thermistor
-l (}} : increases oy‘toeghly 3.9% (at 25°C) for eaeh degree Celsius
\ 9 drop in temperﬁtu;e (). ’§he‘response curve takes the form

(B/(T%C))

C R = Re or T = (B/(1nR-1na)) - C

e T ™

. .
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- . Table 3 - Specifications of Fenwal GB32P2 thermistors used
’ C for measuring lakewater temperatures. .
( Dates used - Number on master list Temperature range¥* 1n A B c Resist .01%
1 . ) : /°c. /ohms”-
30/06/78%* ' 6610 ("No Cable") *40.075 to +10.140 ~6.13725 4897.05 - 330.060 - 6004
18/08/78 to 8/12/78 10052 ("Cable 25") ¢ =0.129 to + 9.737 -5.70013 r4463.79 314.073 4982$ﬁ )
L x . . . - v\&.\ X
‘ +4.551 to +14.795 -6.10408 - 4727.04 323,410
8/12/78 to 14/06/79 10029 {"No Cable") -4.355 to + 4.376 ' ~5.75318 4647.22 320.374 6312
B ' +0.457 to + 8.810 -5.39186 4416.89 312.273

=

* Temperature estimates using each set of constants over the common temperature range agree to

within % 0.0029°C.

** Elizabeth Lake only. Damaged after use and discarded.

¢
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where R is in ohms, T in degrees Celsius; A, B and C

was g e R

are calibration constants obtained from a master list

. of values for all GB32P2 thermistors used for permafrost

LT

studies at the McGill Subarctic Research Station. The
Geo%dgical Sd}vey of Canada in Ottawa calibrated them
against a standard platinum resistance thermometer and
; , s ‘ealculated the values of a4, B and.C by semilogarithmic
i o "reqressibn. Three therndst#rs were used‘during this study:;
- | their specifiéations apéear in table 3 - I ‘adopted the ‘
; constants of the listed thermistor whose resistance 'is -

closest to the field device'at the triple-spoint of dis-

tilled water (O.OLBC).\ The ,response curves of two closely

" matched thermistors are essentially parallel over the
short range of expected lakewater temperatures (0 to 159¢).

1. " One can measure R at 0.01°C by 1mme#51ng the glass bead

| just below the surface of anaagltated bath of distilled

water and crushed ice held in a thermos flask (the ther-

mistor passes through a .small hole in the cap). Lakewater

a 3

Digsolved oxygen

N 6

PR ) . I fotlowed the azide modification of the

Winkler technique to determihe°disselved oxygen concen-~ . /‘,
, - trations (APHA 1976) . Table 4 gives the eomposition of

the reagents. Preparation of the sodium thioeulphate

( (Na»S203) and pota551um lodate (KIO3) standard SOluthAS
~ followed- Carpenter's (1965) method. The Lodate standard- * 4

» ' » ! » - ) K3 ’
ization technique was easier to use than the dichromate

b b s e -~ S Tel) x
J.M‘Mwﬁw‘i -%ﬂ=«v, r(srw pa T 4 e "
. R .

measurements. are listed in Appendix A _

™,

St A




Table 4 - Composition of reagents used for dissolved oxygen analysis: \’v/>
SOLUTION " FORMULA VOLUME PREPARED - MASS TO BE -ADDED REFERENCE
. /ml /9 )
Manganous” sulfate _ MnSO4 -H 0 1000 , 363.7 APHA 1976
or...MnS04-4Hp0 . 1000 ’ 480 :
Alkaline-iodide-azide NaOH* 1000 .~ .'500 . APHA 1976
s NaI * i 135. ' T
_:z: NaN3** 40 10
3 Sulfuric acid 18M HpS0y4 1000 (sp.grav.l.84) -- APHA 1976
& Sodium thiosulphate 0.05N NapS30- 1000% 7.95 Carpenter 1965
S or...NaS,03°5H20 1000% - 12.50
: starch®® J— 1000 - 5.0 to 6.0 . -  APHA 1976
Potassium iodate 0.10N KIO5 . 1000~ ’ 3.5670 . Carpenter 1965

*  Combined in 1000 ml of water. :
** pissolved separately in 40 ml of water then added to NaOH-NaI solution.
¥ Use 5 ml of chloroform as a preservative and store in a dark bottle,
§ Incorrectly reported. by Carpenter (1965) as, NapS,03-H50. . )
§8 Store in a dark bottle. Add a few drops of toluene as a preservative instead of salicylic
acid which dissolves poorly. .
N 3

%.!
‘6T
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of bini?date proéedures}(APHA 1376) and gave very re-
prédupible results. |

Water samples were coileéteg in 140 ml Pyrex
glass bottles with ground glgss stéppers. Because there %
was on%y one bo?tle'for each meter sampled, great caRe '
was taken fo prevent the trapping of air gubbles by °
allowiné overflow. Eaéh bottle received 1 ml of manganous
sulphate (MnSOy) folution and 1 ml of alkaline-iodide-
azide (NaOH-NaI-MaN3) reagent. After létting_the preci—'
pitate settle twice, 1 ml of concentrated sulfuric acid
(H2S04) was added. Acidiﬁication was done in the field

duriﬁg the summer; in wintex, the fixed samples were

brought back to the laboratory in a heated insulated box

-

before acidification. Hot water bottles made of rubber
provided just enough warmth, to prevent freezing. The
réagents were dispensed from Nalgene‘9 brand volumetric
dispenser bottles which remained reprodﬁciﬁle té # 1%,
provided that they wére.thoroughly washed after each
sampling trip. ‘They were easy to'use, prevented‘accid-

ental spillage or splashing,-and did not clog in the cold

¢ ' . like\pipettes or syringes.
i ‘ All samples were titrated, the following day Vo
at the latest, with 0.05N sodiﬁ; thioshlphgté solufion
dispensed from a éilmont micropipette-buret%e (barrél
-("3 " volume = 2.0 ml; aécuracy = # 0.001 ml). Each bottle
yielded two 50 ml afiquots measured by giaauated cylinder

(all samples were allowed to reach room temperature first).

pr— e e E oy e e - - Vo
U e A e e =t A
+ - Iy
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! " Since 1 ml of 0.025N titrant correspoﬁds to 1 m§02-1‘1

P 7/ ' .
in 'a 200 ml aliquot (APHA 1976), the equivalence of my

. titrant solution is

0.050 N . 200 ml _ el iy
‘0025 N %, 5o ml = B M 027170 - mlTh of NagSy05

Before and after each batch of titrations, the thiosul~
phate is standardized by titrating five 50 ml aliquots.
of a potassium ;odate\sfandard solution prepared aé
follows: o

1. Pipette 1.0 ml of K103 0.10 N solution
in a bottle or flask reserved for this
purpose. All my standards were prepdared
in a 271.3 ml glass reagent bottle with .
a ground glass stopper.

‘ 2. Add distilled water up toithe level of
I . + the bottom of the stopper (total volume
in bottle,is now 267.3 ml). ‘

1 3. Add 2 ml of sulfuric acid followed by
. 2 ml of alkaline-iodide-azide. Stopper
the bottle and shake thoroughly. The loss
of 1.47% of the standard's volume ; /

i ((4 M1/271.3)x 100) is compensated by Coe
E\‘ : adjustlng the titers upward by the same ‘ '
3 fractlon. .

Each ml of titrant neutralized the same volume of KIOj
# : standard solution if their nermalities are equal (Fox i
and Wingfield 1935). The theoretical titer is:

1 . 0.10

Vsta x Nstd x Va1l = X X 50 = 0.369 ml
Vi Nthio 271.3 0.05 :
‘1 where Vgeg = volume of iodate solutlon~§dded to the /
- ‘ bottle (in mls).
. , Vp = volume of bottle (in mls):
( } : Ngtq = normality of iodate solution added to
- the bottle. .
Nthio= apparent normality of the thiosulphate solution.
: Va1 = volume of standard solutigh titrated (in mls).
} . .
' 4
B e e ———————. ..
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The actual normallty of the ﬁhlosulphate (Nthlb.) is: e
! = )

Ntnio. Nthio. ¥ 9%%%%

where std. = mean standardization titer (in mls); ten
are performed for each batch of samples.
iConsequéntly, each titer of 0.05 N sodium thiosulphate
{(in mls) converts to dissolved oxygen (iﬁ mg-l‘l) accord-
iﬁg.to the equation .
o [02] = v x 8 x (0.369/3%9.)
'y?ere Vi = volume of titer (in mls).
"~ ALl the aliépots, Ehcluding the standa;ds, {

were titrated in 50 ml erlemmeyer flasks directly illumin-' ..
ated by a fluorescent tube, and stlrred contlnuously by

a magnetlc stlrrlng bar. A whlte background provided high 7
contrast. \One ml of starch solutlon was added to 1nd1cate

the end—p01nt.

(s
T e overall mean standardization titer for all
~dates (correcteﬁ for the loss of volume during préparation)
was 0.386 ml (n = 57, std. dev. = 0.008). All sample titers ¢

/ ' .
were converted to oxygen concentrations using thls value. \

Each concentration listed in Aépendlx A is the mean of two
‘aliquots. The averggg difference begyeep these is 9.09’
mg02-1-1 (n = 1146, std. dev. = 0.03) and represents the‘
reldtive error of titration.

Specifié conductivity ‘

The samples,fér specific conductivity measure-
ment wereﬂcoilected in 50 ml plastic vials or 140 ml plastic

bottles. Containers are rinsed with distilled water between




Il

uses and with lake water just before filling. 1In the
{ / . laboratory, the samples are warmed to between 20°C and
300C in a water bath. I used an Industrial Instruments
% ' Model RC16B2 bridge coupled to a YSI'probe. The latter =
/ was calibrated against a 0.01 N KCl solution (0.7459 g
KCl dissolved in 1 liter of distilled watér); Its con~-
stant ﬁas l.l3.‘ The temperature of eaéh sample was taken
with a mercury thermometer (accﬁrate to ¥ 0.1°C) just

' before read¥ng the conductivity. ' The results were ex-

ﬁressed at 25°C according to the equation

. /
; Cys = KMC, -
\ 1 + (0.025 (t-25))
where C,; = specific conductivity in Es-cm"l @ 25%.
; K™™ = probe constant = 1.13 om™,
N ’ M = scale multiplication factor at which the
’ : bridge is set when the readinﬂ is taken
(usually, M = 0.10).
‘ C¢ = conductivity reading on the scale (in pS). '
t = temperature of the sample in: °C,

¢

‘ The apparatis was precise'to % 0.14 1.1S-cm‘l @ 256C

when tested on 47 samples of distilled water. The results

t

are listed in Appendix a .

~ i

Transparency

The transparency readings were taken with a

Secchi disk of ﬁl cm in diameter lowered from the shaded

\

side of the boat. Two measurements were obtairned; one

upén disappearanceQand the other upon .reappearance. Their
ﬁean represents thé Secchi depth. yThe averaée difference
(ﬁ} between "down" (disappearance) and "up" (reappearance)
depths was 37 cm (W23, std. dev. = 21 cm). The data are

~given in Appendix'A .

T L T — -
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A Chipman light meter was employed on a few

v

occasions to estimate liéht extinction coéfficients. I
esed t@e‘calibrétion curves already proéided by F.H.
Rigler to\ obtain light intensities, and semilogarithmic
regressieg\to find the extinction coefficient. vThese
results aré found- alongsiderthe Secchi depths in
Appendix A

Snow, ice,. and hydrostatic water level

Snow and white ice thicknesses were measured

‘directly at the sampling site with an Atmospheric Environ-

ment Service standard snow ruler (graduated in unite of

2 mm). Because of considefable‘variations of lake cover
even ie\tﬁe immediate area around the hole, the as§umed
aecuracy of measuremenf for snow and ice is estimated at

t 2.5 cm (Adams and Brunger 1975). TThe,white ice thick-
ness is measured from the sufface of the ice to the white-
black ice interface thch is clearly visible. Black ice
thickness is calculated by subtracting white ice from‘totai
ice. The latter is determined by jamming the edge of the
arlll blade against the underSLde of the 1ce and measurlng
the length of shaft between the blade and the top of the
ice. The hydrostatic water level is the head of water °
expressed with referehce to the ice surface (Adams and
Brunger 1975). A positive value 1nd1cates floodlng. See
Appendlx A for thé'measurements. The following parameters
were not measured by the'author. but their mention in this

n

thesis requlres a brief outllne of the methods followed to
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N ' s ‘(
obtain them. Althougﬁ I participated in the sdmpling,
the analyses were performed by the staff of the Scheffer-
ville Limnology Project.

-

Total phosphorus

The method is a modification of Menzel and -

Corwin's (1965) persulphate digestion. The details are

given in Appendix B . The reproducibility is * 10%.

Chlorophyll-a "

The pigment was extracted from glass fibre
filters (Whatman GF/C 47 mm) using 96% ethanol without
grinding. Appendix C outlines the procedure. Phaeophytins

were not measured'.

Stréamflow

The figure‘for outflow discharge at any. date
is the mean of a direct determination by'dye dilution and
an indirect estimate from a stream level gauge. A golution
of Lissamine Red is injected at a constant rate (measuréd
prior to each run) by a perigtaltic pump;“eight consecutive
water samples are collected downstream every 20 seconds
beginning 8 minutes after the start of injection. Trial

runs in the field had shown ‘that this was thé time necessary

for the dye contentration to reach a plateau. These con-

"centrations were subsequently read ip the laboratory on

a Turner fluorometer. The flow rate Q is given by the
equation ‘ -~ s

Q=g (Cd/cﬁ?
dye injection rate (in ml-min~1).
concentration of injected dye (in g-1-1),
concentration of dye in stream, at the
plateau phase (in g:1-1).

¢
o
nuw

i

A

v
S DT e

oF

POPRR I W 2t SR |

TSR S SEIST IO U WA

o Catian

i e




i - s T 1
§ —— v, #hat A M a o
R R e i e R e R 2 T P n o ppph Vi ong G RET T
s
e
{
26,
N
- +
1

, ‘Q is.subsequently converted to m3-day~l. l | h
. A N The level gauée is a meter stick attached | .
to an iron post sunk\iqto the streanm bed.. The rating |

l , curves relating héight of water to discharge of each N

y | outflow were based on comparative data collected during -

% the precedihg summer (1977).and winter (1977/78). -
b ;
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CHAPTER III
MATERIALS AND METHODS FOR MEASURING SEDIMENT OXYGEN UPTAKE

In order to improve claiity, this chapter merely

B

describes the methods I used to measure "Sediment Oxygen Con-

sumption?lSOC)i; the laboratory. A discussion of tge ad-
vantages and shortéomings of the\expefimental p%ocedu;e‘
accompanies -the results in Chapte; VI.

‘ A series of experiments was performed in
Schefferville during the winter of 1978/1979. Numerous
difficulties encountered there inspired another series of

experiments performed in Montreal between November 1979

and Febr&ﬁry 1980.

Sampling ]

" Kll the mud was collected with a 6-inch (15 cm)
Birge-Ekmaﬁ grab (Sly 1969). The sampliné stations were
cﬁosen at random 6n each lake. A special effort was made
to grab the top 5 to 10 cmhof sediment. Any hauls showing
washout were discar@ed; The sampler operaﬁed well on these
pﬁddy bottoms and the lake ice provided a very stable plat-
form from which to work.

.?ﬁe grab was emptied into a large plastié bucket,

the contents of which Qere immediately poured into glass

. jars with screw-cap lids. The containers were carried back

™ '

to the laboratory in an insulated soft-drink cooler. Rubber

1

hot water bottles provided just enough heat to prevent freez-

ing. Samples were stored in a refrigerator at between 40C
i y

-

- -~ A 13 >
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and 59C until the’ contents had settled. This took from R |
2 to 5 days. The: overlymg wate\\was t,hen decanted <o)
thqt filling.of the incubators could begin.

-Incubation experiments in Schefferville

§ . . The sediment chambers used in Schefferville ¢

s

(fig. 4 ) were largely inspired by McDonnell and,Hall‘s
(1969) design, although I used glass an'd aluminium instead
’ of Plexiglas in order to avoid diffu\sion of oxygen throuz;:]h
| the walls (Pa}naf.mat-and Banse 1969, Granéli 1977)., About - {
half of each incubator was‘filled with the mﬁd, which had
a slight gel-like consistency (mud depth =5 cm, voll.}me = :
Lo 220 ml, area = 44.2 cm2) « Lake wat:ar, collected at the
{ same time as the sedimernit, and stored at‘ theﬂ same temﬁera-’-
‘ © ture, was siphonéd into the chambers through a Tygon tube
(inner diameter = 6.3 mm) at a rate of roughly 160 fnl’-mi.n"l.
v There was slight resuspens;ion of sediment but the mud-water
interface could be seen at all tin;es. Each set of 10 in-
cubatdrq.hac} 2 controls filled with lakewater only. Care .

was taken to maintain water and mud as close as possible

to 49C during the entire filling process. All containers

were held in a water bath placeci ;‘.n a refrigerator. ‘ Before
» beginning to incu'bate‘, the water oyerlying the ‘sediments
¢ . was slowly flushed (rate =1.4 iml-‘i'nin'l, renewayl tizﬁe =
_ approx. 3 l':ours) with lakewater siphoned in through very
() - fine polyethydlere tubing (inner diémeter = 0,76 mm) from ‘w
a single common reservoir. This was to get rid of any

> suspended matter which might interfere with oxygen analysis

MR cer e i " - O e 8 -40 43 T e
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Fig. 4.- Sediment incubator ubed in Schefferville,- .

©

drawn to scale. , ‘ . y
i (a) Glass tube, (b} Aluminium lid with
. ‘recessed rubber "0" ring, (¢) Aluminium

and brass’ clamping bar, (d) Clamping rod,
‘(e) Nichrome hedting element, (f) Heating
. element sgupport, (g) Insulated copper
‘leads, (h) Rubber stopper.
port (6mm diam.) is present in the top
1id. It is sealed with a small cork.

3

Specifications: “ s
Height 'of chamber =10 cm
Inner diameter = 7.5 cm 5
Cross-sectional area = 44.18 cm“
Capacity (with heater and support)
T LN =420 ml ¢ 5 ml.

\ : a
1‘ '
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N.B. A sampling'
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( v and to insure similar exygen concentrations in each

i

chamber at_the start of the éxperimeﬁt. The contfgls

remained sealed throughout this operation. At the be-

TR

ginning of the incubation, ‘and at intervals thereafter, . -

a volume of water was withdrawn from each chamber for '
N oxygen analysis and replaced with the same volume of
&

" lakewater of known oxygen content.

Originally, I intended to use 10 ml glass

Ay TR Aoy g ryy DA PR

syfinges gnd appl& the Winkler azide teéhnique (APHA 1976)
-"by .adding the reagents directly to the syringes. This | ) | 1,&
aprq/ved too difficult 5ecause air bubbles were invariably
trapped at one stage 6rlanoiher.‘“1 resorteé to using
60 ml glass bottles (with ground glass stoppersf, filling’
tﬁem by siphoning watér from the chambers, which were
. immediately refilled in‘the ;éme way. I ?dded 0.5 ml of
each reagent to a sample bottle and titra;ed 2 aliguots
. of 25 ml apiecé, following the 3aﬁe procedure as described-
‘ in Chapter II qu the measurement of whole-lake oxygen. . v
ﬂ\ f . ’ The equation coéﬁerting titer (V) to Oy concentration
‘was modifiéd to take tbé smalier aliquot volﬁme into

. N e
¥ ’ 4

. account: .
) ' [o2] = vex 16 x (0.369/5%d.) ~ Eq.l

- K Six of the twelve ehambers (i.e. 1 water- ‘ :

4 °

filled control, 5 with mud) were subjected to convective

mixing for the entire duration of the  experiment to prevent - ‘f
(" the formation of a boundary layer at the sediment surface. 5

\ I chose "thermal" instead of mechanical stirring for two &

reasons: fear that mechanical égitatién in such a small

Y] ]
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volume of water fapproxf 220 ml) might stir up the

mud and the belief that'the much slowet mixing achieved
this way better represents the situation at the lake
bottom durlng the winter. The heaters (fig. 4 ) were

made of a small length of nlchrome wire (re51stance =

1 ohm) pasted onto the inside wall of an inverted glass

'"funhel" by a generous ¥pating of liquid polystyrene (a

good adhesive and an excelient electrical insulator).

" The heaters were connected in series to a 6-Volt DC

power supply so that each element put' out rougﬂly 1 watt.-
A qualitative test with fluorescein dye showed that this
was the power needed to create a visible convection curr-
ent without a meaSurable increase of temperature inside

the chamber.

The rate of SOC for a particular chamber,

corrected for water resplratlon , OVer an incubation

period of T is given by the equation
soc = (Change in mass of O, in chamber)-(0Op consumed by water)
(Sediment area) X (Lncubation time)
Eg.2a
~ A0y - W : . -
= =7 , Eg.2b
where SOC is in mg O2- m=2. iiay"l
8602 and'W are in_mgQj
A" = 3.42 x 1073 n?
T is in days
The terms of the numerator in eq. 2b break downas follows:
02 = (Initial mass gf 03) - (Finaf mass of‘OQ) Eg.3a
= [og ] + [102 (v=v»] - [¢op ) Eq.3b .

.
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where 05 =0, concentratlon of adfed water (in §
m§-1-1) .
V* = volume of added water = 0.060 1 !
(when sampling from time zerc, V* =0) .
j02 = 02 cbncentratlon of water before addlng 1
V* (in mg-1~1l) £
v = total volume of water overlying the i
: mud (in 1) !
£02 = O concentration at the end of the in- i
' cubation period (in mg-1-1; £03 = 102 k|
of the following incubation period). i
and. 4. . . \ - \
. W = (Change of 0, mass in 1ncubator)x (Vvolume of incubator water) !
: 7 (Volume of control water) 5
(Eq.4a
= {[o’z" (v*)] +[ioé (v'—v*)] - [foé (V')]} (v/v') © Eq.4b °
¢
where ioé = 02 concentration of control water before -
' adding V* (in mg-1~1) ’
V' = total volume of water in control chamber
(in 1) : .
fOé = 0o concentration of centrol water ‘at the
fam end of the incubation period (in mg- -1-1;

fOz i03 of follow1ng incubation perlod)
All the chambers, mixed or unmlxed, were used
with their heaters installed; the unmixedsqnes were simply
unconnected to the power source. |

Incubation experiments in Montreal

To overcome the great variability of reauits

obtainedq%ﬁ the Schefferviile experimeﬁts (see Chapter'VI),
I attempted soﬁe new experiments ih Montreal between Nov-
ember 1979 and February 1980.  The mud was collec£ed-with .
the Birge-Ekman grab from one station on each pf the lakes \ | \Zi
in early November after freeze-up. A total of 16 liters ,
. '

(jl of sediment was stored fof 3 days in a refrigerator at 4°C
before being shipped:by air ffeight to Montreal. It was

. o, picked up the same day and held in a céld room at 49C.‘ The !
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incubators were 24 Mason Jars (volume of each approx.

*- 530 ml; f%g. '5 ), filled with well mixed mud and allowed
to settlgnin a large bath of water from Lac Hertel, a
small naturally eutropbic lake near Montreal. K This
equilibration lasted for 66 days in order to recreate a
well defined mud-water sy:iem with an oxiéized surface
layer as one expects to find in a lake. The bath watér
was bubbled with air continuously but ho mixing was
‘carried out in-the jars themselves which remqined oﬁen
and under water. All work on the incubators proceeded

¢

in the cold rdom at 4°C,.

[

After such a long equilibraéion time, it was
necessary to clean the chamber walls @hich had'a visible
coating of organic matter. A length of bent glass tubing
connected to a vacuum pumpﬂworked rathef well. The water
in the incubators was also renewed‘by suction‘throﬁéh a
KPasteﬁr pipette, the tip of which was bent upwards,‘énd
held about 1 cm above the sediment surface.‘,Because these
chambers could be sealed under water no air bubbles were
trapped insinl In this way they were suéerior'to ‘the

incubators uséd at Schefferville. ' -

e e LIt

Every incubation trial lasted only 24 hours,

ey

e

The water was collected at beginning and end with a 50-ml

o m
Bl

glass syringe. Any bubbles that were trapped in the syringe . (

\squirtgd out with the water sampled\in excess of 50 mls.

TN T
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AN
Fig. 5 -~ Apparatus used for sediment 1ncuba-
tion in Montreal, drawn to scale.
a) Mason jar.
b) Control bottle.
SPECIFICATIONS :” ‘
Mean volume of Mason jars = 533 ml
Width of Mason jar = 6.9 cm ‘
Cross sectional area of jar = 47.61 cm?
Mean volume of control bottle = 147 ml
. y /
f K
m i

.
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The syriﬁées were sealed Qith a 3 way plastic stopcock
through which the Winkler reagents could be added. A
preliminary experiment showed that a considerable ver-
tical gradieht of Oy concentration occurred during in-
cubation of sealed chambers. Consequently, I mixed the
water just before taking the“fihal sample from each jar;

a coverslip glued to the end of a glass rod was moved up

. and down gentiy,wiphout disturbing the sediments. There

was no continuous mixing during incubation experiments.

»

“ The controls for water "reSpirétion"-weré 140 ml glass

bottles allowed to stand undeg‘water féf a fey days prior
to eéch‘run. They were also sealed for 24 hours, but were
not cleaned or flushed at the start. These controls had
roughly .the same surface to Qolume %atio as the portion of‘
the jars occﬁpied by.wate;. ‘

Addition of the Winkler reagents (aéide modifica~
tlon‘ APHA lQ?@Q proved tedious but p0531ble. The dyringes

were brought back to the laboratory in a water bath. They

were held upright in spring loaded clips during fixation and

acidification. I introduced 0.5 ml of MnSO4 and alkaline-

iodide azgde solutions followed immediately By 1.0 ml of

 HpS04 10N. The stopcocks had to be well rinsed with dis-

tilled water and filled with the appropriate reagent before
injection f;om a 1 ml disposable plastic syripgé.

Two 25-@1 subsamplgs were titrated with 0.025N
sodium thiosulphate standardized with 0.5 ml of KIO3 0.10N

made up to 25 ml in a volumetric flask (by adding 2.0 ml

i G
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H,S04 10N, 1.0 ml alkaline-iodide-azide and 22.5 ml

2
dist?lled water). The theoretical standardization titer
is 2.003 ml.

Ins£ead of pouring out or pipetting 25 ml
aliquots, I uéed a Mettler H40-T 'digital balance with
au@oﬁéfic taring to mass an unknown volume of samples
and to calculate the vélume, knowing‘the‘mass of a 25 ml

“
¢

aliquot which is:

A

Mys = (VyDy + 0.5Dpg + 0.5Da1x + Dga) V/Vi © Eq.5a
where M25 = mass of a 25 ml aliquot in g.
.V, = volume of water sampled = 50 ml, .
Dy =%den51ty of (bath)water in g-ml” -1, -1
Dpg = " MnSO4 solution in g- ‘ml=
Dalk = " " alkalihe-iodide-azide in g-ml~},
Dga = " " H2804 10N in g-ml” ‘
' = volume of aliquot desired = 25 ml
V¢ = total volume of liquid in syringe =
50 + 0.5 + 0.5 + 1.0 = 52 ml.
or Mpg = 0.481 (50D, + 0.5 (Dpg + Da1g) + Dg,) \ Eq.5b

Using eq.5b, T calculated what the titer of a.sample of

¥nown mass‘would be if it was 25 ml:

Ty =T (M25/M) S ‘ : Eq.6

titer of 25 mls of that sample (in mls
of Nap$5303)-.
mass of the aliquot of that sample (in-g).

Similarly, I computed the standardization titer equlvalent

where T25

M

. to that of 0.5 ml of KIO3 0.10N solution:

ﬁ . ]
Titd = Tstd (Meea/M) = Teea (0-4999/M) . Eq.7

where Tstd = standardlzatlon titer of 0.5 ml of
KIO3 (in mls of NajS203).
Tstd = standardization titer of prepared
e standard (in mls of NaS503). ‘
Mgeg = mass of KIO3 in 0 5 ml of a 0.10N

solution (in g).
M = mass of KIOj3 used (1n qg).
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Finally, knowing that 1 ml of NajS,03 0.025N

corresponds to 16'mg02-1'1 when titrating a 25 ml ali;

3 o e

quot, I can combine egs. 6 and 7 to convert any titer
adjusted to 25 ml into mgOp-171: ' .

Y. _ - - ok
fo2) = 167); (Th.q /2.003) = 7.988T,5T],4 Eq.8

‘'where [03] .03 concentration in mg-1-1

s

s e lbitucnd D5 bt € a a5 o

mean adjusted standardization titer
(in mls NapS203).

) Now that O3 can be determined, I éstimated
SOC in the chambers in'analoguué fashion to the Scheffer-'

2 ville experiments. The calculations are simplified because
éhere is no repeatea addition gf water at the end of én |
incubation period.

/ Thus: o .

-~ (Change of 02 mass in chamber) - (05 consumed by water)
(Sedlment area) x (Incubation time)

soc
Eqg. 9a

_AO0p - W :
- AT ' e . ) Eq.9b i

' . where SOC is in mgoz-m“z-day'l ‘ _
i ‘ A0 and W are in mgO2 ‘ /
i A =4.761 x 10™3m2 :
T = incubation time in days; T = 1 day for all ‘ '
these experiments.

The terms of the numerator in eqg. 9b break down as follows:

f , DOz = (j02 - '£03) (533 - (6.9)2H) x 1073 Eq.10
where 102 = initial oxygen concentration (in mg-1l~ 1.
- g07 = final " (" " ). ‘
. ' . H = thickness of the sediment in the jar (in cm)
' 533 = total volume of the jar (ln ml) .
. 6.9_ = width of jar (in cm). L -
/ (j\ ’ 1073 = number of mls per liter.
' ,and...

/ W = .(Change of 02 mass in control -bottle)x(Vol. incubator H,0)
/ ) < (Vol. control H,0)

! . | Tt . . Eq.lla

T R e T M"’T o T2 e




o TP et
g’

J > Reaa!

e o e o o it e PN

O

38.

Taking into account the dimensions of the

’

Mason jars and control bottles in fig. 5 , equation

lla bgcomes:

"W = (403 - £03) V' (533'- (6.9)2H) x 1073
v ‘ N

= (403 - £03) (533 - (6.9)2H) x 10~3

where io§\= initial oxygen concentration in the control
' bottle (in mg-1~1).

foé = final oxygen concentration in the control
bottle (in mg-1-1).
V' = volume of control bottle..

Substituting equations 10 and llc into equation 9b gives
the expression for so¢ as a function of oxygen change in

chamber ' and in cdntrols:

. Y
_ {309 = £05 = i0% + £09) (533 -(6.9)2H) x 1073
S0C = - AT

Eg.llb

Eg.llc

Eqg.1l2
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Fig. 6 - Depth-time diagram of. temperature in Dolly Lake, Summer 1978 and :
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Fig. 7 - Depth-time diagram of temperature in Elizabeth
~Lake, Summer 1978 and Winter 1978/79. Ice cover
drawn to scale. Temperatures in ©C. -
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Fig: 8 - Depth-time diagram .of diséolved oxygen concentration
. . in Dolly Lake, Summer 1978 and Winter 1978/79. 1Ice
- - " cover drawn to scale. Dissolved oxygen in mg-l‘l.
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. CHAPTER IV . !

THE AREAL HYPOLIMNETIC OXYGEN DEFICIT OF ELIZABETH LAKE

J S ’ SN r
\ . There'was a marked contrast between temperé%ure

RPN S,

1

o n o wmmn g Y AR S v B

R regimes of both lakes during the summer of 1978. Dolly\ \

; remained extremely well mixed (fig. 6 ) due to its long

fetch (4.2 km, Bryan 1965). Elizabeth Lake, which is more i

-

protected and has a much'shorter fetch (0,7 km, ibid.),

vt rnem B E o

stratified between July 14th and September 15th (fig. 7 ).
As a result, diésolved ogygen-remained near saturation
: . throughout ‘the water column in Dolly (fig.8 ), but d;-.
creased to a minimum of 2.86 mg-1~! at the bottom of

3 ' Elizabeth (fig. 9 , Appendix A ). (Althougﬁ a metalimnion SR

was present. for 63 days, oxfgen depletion was observéd
\ ' auring the first 49 aays of strat;fication only} fron
. guly 14th to September lst. Unlike the sitiation in a
’ typical temperate lake, the metalimnion in Eliéabeth
sunk continuously (tableié ).
i | ,éor the calculation of the AHOD, I arbitrarily
fixed the top of the hypolimnion at 14 méters. Thé period
of oxygen consumption under cénsideration‘lasted from Jﬁly
i4th to-August 25th (42 ddys), after which the oxygen con-
1(:) . " ceqtration.at l4jm began to increase. The‘AHOD‘was es-

timated as outlined by Cornett and Rigler (1979), beginning

o . ® C -43-
-

- : 5. bt ~
Ol q
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xRN B Tl * A4 W
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z: 4. !
I f
L
§ Table 5 -~ Position of the metalimnion in Elizabeth Lake ' L
; during the summer of 1978, ‘
% g '\\ ' 'f\
g Date Time after first stratification Metalimnetic stratum* !
' \ /days ® ]
o . 14/07/78 0 6-7 m |
. 21/07/78 - 7 . 6=7 - o -
28/07/78 " 14 6~=7
11/08/78 , 28 ' 10-11 ;
18/08/78 35 11-12
25/08/78 42 13-14 ;
1/09/78 49 _ : ) 15-16 ’
8/09/78 '56 - 16-17 3
15/09/78 63 19-20 |

e

i * . \

i _ *Defined as the stratum showing a temperature decrease
greater than or equal to 1°C.

Gt | LR N )

with the calculation of the areal mass of oxygen (M, in t
mg-m'z) in the hypolimnion at each sampling date:
M= ZViGi) /0 ) ‘ Eq.l
where subscript i refers to each 1 m stratum in the i,
hypolimnion (in this case, there are n = 10 j
strata between 14 and 24 m) L g
Vi = volume of each stratum (inm 3y,
Gy = mean oxygen concentratlon in each stratum
~ (in mg- em~3 ). T
£ H = area at ﬁhe %op of the hypollmnlon = area at 14 m
= 3,51 x 104 m -
The AHOD is the slope of ‘the type I least-squares linear
regression of the values of M against the time after the

o

onset of stratification. ‘Results show that hypolimnetic

‘oxygen conspmption proceeds_l%nearly with time (xr2 = 0.99)

at a rate ofJ390.56 mgoz-m'z-day‘% (fig. 10 ). Hypolim-
:(:5- - netic metabolism in Elizabeth Lake is therefore not iimited

by .even the lowest oxygen:concentrations occuring during

PRI P P

¥ . \ R
stratification. This allows me to test Cornett and Rigler's
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Table 6 ~ Areal masses of oxygen in the hypolimnion
of Elizabeth Lake during the summer of 1978,

Date Time after first stratification Areal mass of oxygen

/days /104ng -m~2

14/07/78 - .0 4.174
21/07/78 7 3.897
28/07/78 14 ‘ 3.687

4/08/78 21 - 3.333
11/08/78 28 3.060
18/08/78 35 , 2.729
25/08/78 42 2.610

model (1979) on this lake. The AHOD is calculated by the
following eéuation: ‘ . |

F AHOD = =277 + 0.5R, + 5.0y "% + 150 1n" (%) Eq.2
Table 7 summarizes the calculation of each variable enter-
ing into Eq. 2. Substituting for the values in table 7 ;

I predlct the follow1ng AHOD:

v

-277 + 0. 5(243. 397)+5 0(4.98)1-74 + 1501n (4.09)=137.83 mg0y-m~2-

. day -1

The discrepancy between this predicted rate and the actual
one- (390.56 mgoz'm'z'day‘l) is enormous, especiélly when
none of the calculated AHOD's whic¢h gave rise to the model

deviated by more than 50% from their corresponding predicted

values. If one supposes the model to be correct, whaﬁ could

have caused the éiffefencé?" One possible méchanism\is the

displacement of hypolimnetic water by anoxic groundwater.

ty

Floodlng problems in the nearby m1nEB(NlchOlS 1968) confirm
the ex1stence of considerable subterranean flow, as one

would expect in an area of sedimentary deposits like the

-

Labrador Trough. The chert breccias sugrouhding most of

) - - or——
4 Aaibdbom, i‘i“:‘{ Bt gt o mta Ly Skt o 3

T AL 5o S Toet T TR T

RN Y. )

S, e

e

T b

e

s e et ST

VA RO ot o X o h




Tty

R

S e Y

1 s e o e e 4

o T TR e P

.

R

Table 7 - Calculation of the variables entering the

~ Cornett-Rigler equation for predicting AHOD.
Elizabeth Lake, Summer 1978. Phosphorus
and dlscharge data courtesy of F.H. Rigler.

- Areal phosphorus retention: °

Rp = POR/(A(1- R)i- 243.397 mgP m" -yr‘ll

v
i

14.7 mg-m~3 = volumgkwelghted mean concen-
tratioh of phosphorus in the
lake, from July l4th to
August, 25th.

)

0
1]

} » water year.

-
P

2.806 x 105m2 = lake area. '

S
fi

oo

0.201 exp (-0.0425Q/A) + 0.574 exp (-0.609499/A)
0.675

fraction of input mass of phosphorus retalned
by the lake, calculated from an empirical -
relationship' developed by Ostrofsky (1978).

Q/A = areal water load = 7.97 m.

'

2.237 x 105m3 = outflow discharge for 1977/73 .

I )

- Mean hypolimnetic temperature:

- Th 4. 989%¢c .

voliume-weighted mean temperature of

. the hypolimnion between July l4th and
Aug. 25th., calculated from tempera- .
ture and morphometric data in Appendix A.

([ Il

W

- Meén‘depﬁh.of the hypolimnion:

Zh 4.09m . ‘ .
Volume of hypolimnion/area at top of
hypolimnion

(1.435 x 105m3) / (3.51 x 10%n?)

I

ok, e e
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Flizabeth Lake are more permeable than the slates and
ghales which occlupy much of ﬁhe Dolly Lake basin (Findlay
19§'6a)'. Groundwater could have flowed over permafrost.
(Nicholson and Lewis 1976), resultin'g in a cola densé masgs
of water,which would sink to the bottom of the lake.
Temperature (fig. 7 ) and conductivity (£ig.11l) data do,
not suppert this 1nterpretat10n however. The.hypolimnion
galns heat during stratlflcatlon andgconductJ.VJ.ty varles
little from top to bottom. In fact, neither lake shows a
pronounced seaso:nal di%ferefnce in specxf:.c conductivity
except at the last few depths (fig. 11), Ble,tween-lake
dif.feren';:’es are much more significant. Cufiously, Dolly
has the highest specific conductivity of the two during
both seasons desi:ite its ultraoligotrophic condition. I"his
‘prol\aably stems from ca'tcl)ment geology a;nd lo\w fllushing ratg.

How much groundwater flow would be required to |
account for the difference between obsérved and predicted‘
AHOD (390.56 - 137.83 = 252.73 mg0y+m“2-day~1)? 1Is this
estimate comparable to ‘oiT:hers made for the area? a simple
mass balance calculation yie‘lds'the following fiqure,
assuming tha°t the groundwater 'is anoxic:

. AHOD x (Area at 14m) t 253.73x0.351x105

Initial mean 07 concentratfion below 14m =~  10.20 x 10~

units: (mgOo'm” 'day 1)y x m2 R -1‘
mgoz-m , m day SN

The equation used by Lewis (1977) to describe

groundwater flow as a function of the disappearance of a

E

tracer substance from a well-ﬁole, when applied to this .

. .,W“\ .
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Dolly , Summer 1978

Elizabeth , Winter 1978/79

COND.

o Elizabeth , Summer !§78
W .
o .
T T 1 T T T T7T - ,
T T T T T T T TR TR AT T LT
: o ° DEPTH /m - 1 -

Fig. 11 - Depth profiles of mean seasonal specific conductivity in Dolly and

IElizabei;h lakes. The standard deviations around each point represent
about 8% of their value. . -
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: C situation, gives an average of 921 m3-day-1 (std. dev.=

\

Ve eT B 05RTt Ih oy, ARt KT e

56; see t/able 8 ). -

4

S it o

. - Table 8 - Calculation of putative groundwa;cer flow into
! . ' X the hypolimnion of Elizabeth Lake, according
» to Lewis (1977). .

, Qq =,(v/1) In (Co/Ct)

: : “
{ : Qg = groundwater flow in m3-day~1
: V = volume of water in the well. Ih this case,
' . the hypolimnetic volume of-1.435 x 105m3 L
' t = time in days. o
* C, = concentration of tracer at time zero. In - 3
. this case, the tracer is O3, the concentra—- - s
‘ tion a welghted mean below 14 m (in mg- em~3y. - i
C¢ = concentration of tracer at time t. 1In this S
. ’ case, volume weighted Oj concentration at time t. ' %
[} . 4
Date \ t . oy Q4 ‘ {
!
14/07/78 0 10520 x 103 - 9 i
21/07/78 7 9.79 x 103 841 i
28/07/78 14 . 9.3 x 103 88l -
4/08/78 21 8.93 x 103 909 ,
11/08/78 . 28 8.49 x 103, 940
18/08/78 © 3% .06 x 103/ 965
25/08/78 : 42 - .63 x 103 992

MEAN = 921
STANDARD DEVIATION = 56

o

Both of these estimates represent about 9% of the mean daily
outflow discharge during this period ‘(July 14th to August
25th; table 9 ). They are far below Findlay's (1966a,b)
_calculations for/ French Mz.ne (6 k;n NW of Schefferv:.lle,
catchment about 15 km2), based on Iron Ore Co. pumping
records. His figures varied from 3.19 x 104m3-day"1 in

O‘ . September 1964 to 4.65 x 104m3:day~lin June 1965..

A e et B 7 o e v
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Table 9 - Dally outflow discharges at Elizabeth Lake,
Summer 1978. .Data courtesy of F.H. Rigler.

Date . Time Dlscharg

/days /m3.day”
14/07 0 8647

17/07 3 10022

19/07 5 8813

, : 21/07 7 8640
: 24/07 10 7258
’ ’ ‘ 26/07" 12 ; 8122
28/07 J 14 8986

31/07 17 ‘ 7603

2/08 19 7258

4/08 21 7258 .

7/08 .24 6653

9/08 26 9677

: 11/08, - 28 9158

: 14/08 . 31 9158 -
16/08. ' 33 11059 ’

18/08 .35 16243

.21/08 " 38 14256

23/08 40 15293

25/08 - 42 12874
o Time-weighted mean = 9694

i

@ Mean of lake sta&e and dye‘dilution measurements,

~
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i If anoxic groundwater does accumulate at
) N
the bottom, one would expect an AHOD which. increases grad+«—
. . N ¢

A . :
ually with depth. This is not the case in Elizabeth Lake

] (table 10 , fig. 12 ). "

i

Table 10 - Comparison of observed and predicted AHOD's\at
dlfferent depths in the hypollmnlon of Eliza

. _beth Lake.
; Depth AHOD / mg-m"z-day"1 Th Zh © Error ratiot L '
£ /m OBSERVED* PREDICTED**  /°C /m A .
% P ' ¢ . \; .
¥ 14 390.56 . 137.83 4.98 4,09 2.8 ©, ‘\k\,)
- 15 391.28- 122.89 4.89 3.77 3.2 "
~ 16 394.49 111.77 ° 4.83 3.54 3.5
17 374.08 96 .26 4.80 3.21 3.9
18 . 356.94 82.48 4.76 2.95 4.3
19 363.32 78.33 4.74 2.88 4.6
20 356,33 66.42 4.72 2.67 5.4
21 297.97 .30.12 4.71 2.10° 9.9 e
22 224.10 'k Kk 4.69 1.3%0 —— \
23 128.98 kK © 4.64 0.83 --- -
* rzio 90 in all cases.

R Rg constant at 243.397
Negative value obtained.
Error ratio = Observed/Predicted

The AHOD decreases by roughly 70% over a narrow range

of ﬁ&polimnetic temperatures. The discrepancy between

observed and predlcted \AHOD 's 1ncreases w:.th depth, in- _
dJ.cat:Lng that a factor ©other than hypollmnetlc th:.ckness -
or temperatureﬁrsﬁr.nfluencmg significantly the -oxygen
comsumptian. Could there be large emounts of dead organic

g matter consumlng oxygen at the top of the hypollmnion as

a result of primary production at that depth? It may ‘be

possible since the extlnction coefficients in Appendix A

&

A

translate to 1% of incident light between 12 and 14 meters.
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The decrease of oxygen consumption in

[ ’
v

successivél}t deepexr hypolimnetic strata was observed v
.as early as 1947 in Lake Windermers, a temperate dimic-
tic lake. (Lund et al. 1963). This feature of the "respira- /

tion" progess is therefore not uncommon and deserves

.
~

‘Nfurther investigation. Ti;e Cornett-Rigler model is an '
excellent first step in the prediction of AHOD but it
requires more -testing on a broader range of lake types
beforoe it can be a useful tcol  ,for lake management.

£
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pthe entirexperiod’by roughly 1°C '(figs.6,77).

(1970) observed in other lakes around Schefferville. ‘
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CHAPTER V. ~ — . °

T i s =

THE AREAL WINTER OXYGEN DEFICITS OF DOLLY AND ELIZABETH LAKES. -

L]

D&lly and Elizabeth lakes were frozen for 243 days
from October 15th, 1978 to June I5th, 1979, They both con-
sumed gxygen'(fiqs. 8,9)uwiph Elizébeth becomingfglmost
at 23 m at'thapeﬁd of winter (0. 49»mg-1‘1)- ‘

ev 30
I3

minimum concentratzon in Dolly, on the other hand, was .

6.63 mg-1-1, Elizabeth was the colder of the two during

Neither .

N

lake reached 4°C at any depth, a phenomenon that Penn
‘ The §
differenbé,in mean temperature is almost certainly due to

tﬁe larger ‘volume ;}\yater, hence thé greatgr hea£ capacitys

R
AN ’ - [
’ N

s

e

*in Dolly Lake. ,

Calculation of the, ’ : ' o,
The AWOD is determined similarly to the AHOD by *

'fegressing.the mass of dignolved oxygen, this time 'in the

en%ire lake, vs. the time after freeze~up (AWOD = slope, .
. ¥ . ‘
of the regression). Calculations of oxygen masses are

e - : -
identical for the strata that remain unfrozen throughout

-

the winter: » ° -
. \ ' g . .
S M= BV - | Eq.1
where M = mass of oxygen in mg. . | .
V; ‘= volume of individual stratum in m3. .
Gi‘- mean oxyqen concgntration of individual b
. stratum in mg n
» o
-55- ) .‘,‘ I ~ ", .
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m‘seep through and flood(thé snow.cover before free21ng.
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! The ice measurements-in Appendix A show that

#nly the top stratum (0 to 1 m) in each lake is gradually

!

occupied by an ever 1ncrea51ng volume of black ice whlch

is never thlcker than 1 m.v I am assumlng that, black ice

grows downwards lnto the stratum and’that white ice is - # .

. E]

belng formed upwards on top of the black ice. Oxygen is”

almost totally excluded during’ the formatlon of black lce

(Welch 1974) and should not change the total 02 content

L

of the lake. Durlng a typlcal w1nter, the black ice cover

. will crack in: seVEral places due to mechanical stress

(weight of snow cover, témperature-lnduced expanslon or

cpntractlon). Oxygenorrch water’ lmmedlately below will

resultlng Whlte dice represents a loss of oxygqg from the

lake that one can calculate based om the 1ncrement of white

‘ice formed and the oxygen concentratlon -0of the water that

o

formed it.

a

The:

.The addition of oxygen from the concurrent |

0 -

thickening of the black ice must be estimated also in .order .

to find the net gain or. loss of 03 from.the stratumt in;~
stead ot;proceedlng thls way, I adopted. a more direct app-

roach ?y 31mply calculatlng the total oxygen content of the

" unfrozen remainder of the 0-1 stratum and addxng 1t to the

‘result o;\eq. 1 to obtain the total mass of oxygen. Thus.

[ .. e MtOt. N N B
where M' mass of oxygen in remainder of 0-1m

[SIRY

M'hM

. D stratum (in mg) o
M' = mass Gf Oxygen in the unfrozen strata (in mg)

. . . . .
v v -
. N . 1 N Y
a ® £l
.
.
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G L _ | -
oo o n = [02) % (V-Vp3=Vy) “ EQ.3
) where [0;)] = mean of 0 concentration at Op L .
§ ‘ 4 . and 1m - (in mg-m~>). ‘ v

i V = total volume of:0O-lm stratum (in m3). ' '

k . Yb1«=‘water—equ1valen of black-ice ’
! . ‘ layer (in m3). °
b Vy,1 = water-equivalent of white-ice layer
; (in m3) .

s i 0 ) ) N N i B ,_1
E A Assuming a black ice density of 0.92 and a white ice g
f L den%ity of 0.88 (Aaaﬁs 1976), and.that the snowéover
i q
i . cbqtfiﬁuted to 10% of the white ice*, we get: o ' » L
% Vp1 = 0.92 Zblxb‘l : \ Eq.4 . ‘
9%‘ le r= (0 88 ~X~0 90) 2wle s ' eqs‘ ‘§~

j where 2p1 = thlckness of black 1ce (ln m) .
’ d 'Z41 = thickness of white ice (#n m) ) 5 |
j Ao = area of the lake at the. surface (in m<) ° i
By .= area of the lakeat a depth equal to I
* the mid-point of black ice thicknesses }
: at times t and t-1l. This is inter- {
polated linearly from the morphometric :
, data in Appendix A . Units = m2, _ AN

. g These total masses of oxygen (eq.2) are then ex-

,pu presseduper unit area of total .lake surface. The results
. (table 11 ' fig. 13 ) 1nd1cate tﬁat winter oxygen depletion
proceeds llne@rly in both lakes, at a rate "of 97.49 mg03-
s n m 2qdayalhln Doliy ‘and 204.08 mgOz--m‘z-day‘1 in Elizabeth
i o (r2 = 0.98,°in both caseé}} In figglé)o, I excluded the
~ ;? : l@stozupoiﬁts”oﬁ Elizabeth and the last point,of Dolly

ffqm the régression'énalysis because the lakes are probably - -

no longer completely sealed. The large decrease of specific

(jj" " conductiv1ty at 0 and l m in May suggests . that meltwater
- ¥ Inspired by the rule of thumb for converting snowfall

3 . ‘ to its, water equivalent. 1l cm ‘snow = 1 mm water
) ‘eqguivalent.
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Fig. 13 - Areal masses of oxygen in Dolly and
L Elizabeth' lakes throughout the. winter
) " of 1978/79. Open circles and trlanqles :
7 were not included in the regression -
’ analysis (explanation in text).
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from the shrinking ice cover is entering the lakeﬁ

(Appendix A). . \
\
Table 11 - Areal masses of oxygen in Dolly and Elizalleth
. lakes throughout Winter 1978/79

DOLLY ’ ELIZABETH
Date Time after Areal 02 | Date = Time after Areal 0;
freeze-up Mass S freeze-up Mass
/days /1044mc3'-m"2 ; /days /;04mg-m'2

24/10/78 10 | 10.29 27/10/78 13 8.98

31/10/78 17 10.48 3/11/78 20 - 8.60

- 1/11/78 24 - 10.16 10/11/78 - - 27 8.68

14/11/78 31 10.12 17/11/78 34 8.25

21/11/78 38 10.04 24/11/78 41 8.06
28/11/78 45 10.01 '15/12/78 62 7.44 ;
5/12/78 - 52 9.98 6/01/79 | 84 7.14 5
17/12/78 66 9.73 - 26/01/79 104 7.02 :
18/01/79 96 9.59 1 28v/02/79 . 137 . 6.04 ;
2/02/79 111 9.35 29/03/79 166 5.59 3
« 22/02/79 131 9.15 18/04/79 ° 186 . 5.45 !
" 20/03/79 157 8.93 13/05/79 211 5:69 ~
9/04/79 - 177 8.78 31/05/79 - 229 " 6.10 L
3/05/79 201 -8.46 ‘ . 1
17/05/79 215 8.58 o §
|
]

oxygen concentratioﬁs of individual strata in
both lakes decrease.linearly throughoﬁt the winter at
rates that. increase with depth (fig. 14 ). Each iake ’
shows roughly the same pattern but the absolute rates o .o .
are much higher in Ellzabeth at all depths. /i

Predicting the AWOD e

The next step is to apply Welch et al.ﬂs’(1§76)

model and,compare its predictions to the measured AWOD's
Of the two equations given, I used the one based on mor-
‘phometfic variables oﬁly because the other one requi;es

a nitrogen to phosphorus ratio which has not been deter-

[l »




Fig. 14 - Decrease of dissolved oxygen con-
centration in two strata of Dolly.
and Elizabeth lakes .during the winter

' of 1978/79.

Regressions: -
Dolly, 7-8 m: Y=
Elizabeth, 7-8 m: Y=
Dolly, 14-15 m: Y=

Elizabeth, 14-15 m: Y=

-0.004X + 12.95,
~0.023X + 12.84,
-0.022X + 13.25,
~0.037X + 12.51,

r2=0.99

r2=0.97 oo

r2=0.99
r2=0.97

A A AR et PTAAY 1 K D o i e it

.S

e v e




2
R R L NN R SLT PR

R e L A

L

0¢<e
-1

dN-3Z3344 Y314V SAVA

01:]

'k

L

ovl 00l
-1 | |

1

i

wg-L

e

—

v
yieqozy

3

”%_.

N

r

W Gl- ¥l

IR

gwaaowzmu

w g~z Ajjog

WQN a. no

53

sy\'

— ¢l

| . 0_

-

1 -.bm' /

|-

— bl




B g, f”**"*,‘rw’“v"‘“u"wwu.v‘-ﬁw—ja?m«r-,sr,-?,—«»w-« e Votnen Al e 4 erdeene aa e g gaemn s W w»m».-,r*{vm;n*:’wg‘gw PP e
61,
/"_/%/ . ' ' N . ’ ' . //
min€d for the Schefferville lakes. The morphometric :
version is:
AWOD = (0.3157 + 0.0208%7 - 0.0015?-‘0.0018Zm Eg.6

whére AWOD 4§ in goz-m ~2.day-1

7 = mean depth: (in m) ‘ - .
= mean Secchi depth (in_m)

T ‘= flushing rate (in yr—1)
= maximum depth (in m)

' Table 12 gives therresuits~for both.lakes. The

prediction is very close to the observed rate in the case .

.of Dolly (error ratio = 1.07), but not so for Elizabeth
| . . \

* (error ratio,f 0.63). Both observed rates lie within the

range of AWOD's which gave rise to the model.

o

Table 12 - Calculation of predicted AWOD's for Dolly and
Elizabeth lakes, Winter 1978/79.

‘

DOLLY - ELIZABETH
Mean depth 8.4 m U ' 8.7 m
Mean secchi depth 9.6 m~ 3.4 m
Flushing rate* 0.32 yr=1 1.13 yr-it
Maximum depth 18 m = 23 m
Predicted AWOD 90.82:mg- m'z-day'l 323.69 mg- m"'zoday“1
Observed AWOD 97.49 mg m*z-day 204.08 mg'm -2.3ay-1"

)

% For 1978 &ater year.

A cleser examination of‘Welch et ai's (1976) choice
of parameters reveals that ~some may not be Lndependent of
each other as is required for performing a multiple re-
gression analysis.‘-For-example, the phosphorus concentra4

“tions were 'sometimes used to predict the chlorophyll con-

centrations entering the regression. Furthermore, I do not
P ‘
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believe that a valid comparison of correlation coeffic~-

ients between mean depth and winter respiration rates

expressed areally‘(ﬁér mz of lake surface) and volum-
. . ’ v

etrically (per m3 of water volume) can be made as in table

2 of theirdpapei (p.lBll),'when either quantity converts to’

the othef by "... dividing or multiplying by the

\
~

mean

NN

" In any case, observed AWOD's for my two lakes

‘aiffer markedIy desplte their similar mean depth
would cértainly suspect nutrient loading or rete
of exertlng some 1nfluence on winter oxygen depl
since Dolly and Elizabeth have such different va

some\;ndlcators of trophic status (table 13).

s One

ntion

etlon ;
lues for

The data

base on which to build an empirical model of AWOD is still

Table 13 -'A comparison of some -indicators of trophic

status for Dolly and Elizabeth lakes. Data
for 1977/78, courtesy of F.H. lngler.
‘ DOLLY ELIZABETH
Mean Secchi dep{h 11.5 m 4.7 m
Mean Phosphorus 1.51ug-1-1 *+ 12,38 ug-1-1
Areal phosphorus retention* 11.35'mgP-m"2-y1:‘l 209.43-mgP-m™
Fraction of Pretalned** 1 0.74 . . 0.68 - .-

o

. ’ - ¢ gyt
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defined by Ostrofsky (1978).

PQR/(A(1-R)) as-defined by Cornett and Rigler (1979).
0.201 exp (~0.04250/A) + 0.574 exp(-0.00949 Q/A) as

too. narrow. No doubt will there be an effort to broaden

it during the next few jears.‘ The correspondence between

AWOD and actual lake respiration is still open to debate.

T
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. Vertical mixing was postulated by Rigler (1974) as a
poésible explahation for, a linear decrease of oxygen
content throughout the'&intér in Char Lake despite an : »

apparent "levelling—ofﬁ“ of respiratory activity in

dlfferent strata. Whatever oxygen.is frozen out by ice - :

w —E e, £

formation shgyld accumuiate just beneath the ice surface

if there is no circulation. Figs. 8 and 9 show a de-

e R TR MY

crease~of 0z concentration below the ice in Dolly and

Elizabeth éspeciallg after Janu;ry. Some could have

'been lost through the outfiow (mean702 concentrations ' “

t gtd. dev. ‘are 13.55 T 0.40 mg- -1-1 for/Dolly and ~

13:20 £.0.67 mg - -1-L for Elizabeth; see table 14 ). If !

cqld water moves downwards in the lake, there would be |

a gradual cooling of the lswer strata. The temperature

piofiles of both lakes show the exact opposite (£igs. 64 : ?

7 ): below 5m, there is a heat ggi_ after January as !

Well“as a per51stent vertical temperature gradient. One
'.cannct'dismisé the possible heating from solar radiation

but it seemsunlikely ‘that the thick snow and ice cover -

‘'would allow enough light to penetrate. Snow and ice

thickeesses were comparable if not greater than thfse‘
measured on Welch et al.'s (1976) laﬁes“where‘theré

wasn't even enough light‘fpr significant photosynthesis

to océu;. ) )
Zhe model at my disposal was unsatisfactéry fo£

pfediciing AWOD in the most productiv; of the two lakes

under study. The styong indication of a relationship

g e m = RO -




. ‘?""“'“‘:‘;“"“'2,“‘"0‘Q‘"x@'tﬁ%’f?y%—?‘"ﬁ’;‘?ﬁﬁﬂﬁﬂj;% R T D b 1 et R SIS S U TRRRT, L R P T G ey e i s e Rty 8 A B S AR O | e
- N N ;!

’

T

)
-~

S , ‘ v 64,

\

between AWOD and parameters of trophic status emphasizes

the necessity of incorporating the latter in a succjfsful

model.

v \
Table 14 - Dissolved oxygen.concentrations in the outflow
of Dolly and Elizabeth 1§kes, Winter *1978/79.
- : 1
DOLLY . . ! ELIZABETH
Date : 02 -+ ¥ pate 0y
, /mg.l"'l . ° /mg?l""‘l |
! \ - '
24/10/78 13.65 27/10/78 13.82
31/10/78 ° 13.99 3/11/78 13.63
7/11/78 . 13:24 17/11/78 13.86
14/11/78 13.53 24/11/78 - 13.60
21/11/78 13.72 ' 6/01/79 12.48
28/11/78 13.70 ' 26/01/79 12.37
5/12/78 13.68 -28/02/79 - 12.63
19/12/78 13.63 ’ : -
18/01/79 013,97 »
2/02/79 ©13.98 ' ‘ 1
22/02/79 13.43 0
20/03/79 . 13.95
9/04/79 13.09 ‘
3/05/79. 13.11 ’ "

— g 2

P PP P e T R

‘ v
' One aspect of the calculation of whole-lake \

oxygen masses which must be improved is the‘esgimatién

of ice thicknesses. Extrapolation of meégurements taken
at.éne }ocatioﬁ té the entire lake surface is risky because
of wide variations between individual measurements (Adams
and Brunger 1975). A comﬁérison‘betwgén a comprehensive
ice survey of. Elizabeth Lgke and my single point meésure—
ments at around the same time shé&s a good dgreement for

/ . \ .
black ice thickness but far less concordance with figures

for total and white ice, snow. and hydrospatic'water level

i
2

(table 15 ). _ ‘ . N

o
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*Pable 15 ~ Comparison of ice, snow and water level measure-
ments on Elizabeth Lake between a comprehensive
survey (n = 126) and a single point Eﬁ;vey.
Survey data courtesy of W.P. Adams and N.T.
Roulet (1979).  Standard deviations in brackets.

4

1
b

Snow Total White Black Hydrost.water

. \ ice -ice . .ice level
| /em  /cm /em /em
Adams and Roulet, 26.88 ' 94.23 20.65 73.66 - 0.75

Feb‘h23925 o 0 (9.07)(12.89) (13.82) (17.82) _ (B.46)

My survey, Feb.28 13.5 121(0 47.0  74.0 -10.0
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CHAPTER VI

MEASUREMENTS OF SEDIMENT OXYGEN CONSUMPTION -

Sediment oxygen 3Pnsumpt10n (socy was measur-
ed in an attempt to ascertain what fractions of the AWOD-
can be ettributedﬂto sedimegﬁ‘aed water ¢6lumn respiration.
This inforﬁation“might explain why deep lakes have higher
areal oxygen consumption rates, all other factors being’ i»

equal (Welch et al 1976, Cornett and Rigler’ 1979) In

my lakes, 'the observed AWOD's (97.49 mg- m—2- day'l in Dolly

and 204.08 mg- m“2 day -1, in Ellzabeth)should represent the
upper llmlt-Of the‘measured SOC's in the laboratory.
.~ Since there is no standard méthod of measuring

SOC (Pamatmat 1975, Granéli 1978), I chose to follow the

change in dissolved oxygen Of a known volume of water qver-

lying a known area of mud,in a sealed chamber, like in most
studies. A direct comparison with whole-lake measurements:
is pessible, unlike other apﬁroaehes which require a con~

version of results to Ozgpohsumptiqn (Pamatmat 1975, -Rich

i
|

1975). Controls for water respikgtion were incubated con-.
currently. The SOC represents the .difference between gotal
resplratlon 1n the chambers and resplratlon of the water-

filled controls. I chose lahoratory macrocosms over-in

situ eevices for reasons of flexibility and ease of sampllng.

Moreover, SOC'appears to be primarily influenced by tempera-

ture (Edwards 'and Rolley 1965, Hargrave 1969 a,b, McDonnell

. s bl
RO T pe——— " -
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’ ‘ N - . .
and Hall 1969) which is easily controlled in the labora-

tory. o .. 9 ;s ‘ . S

[

The majority of experiments are performed on’
sediment cores. The major'assumption is that they are
8§ [
undlsturbed samples, tﬁerefore in a natural state. But .

-4

some_dleturbance is inevxtable during sampling and trans-
| portation, and may increase SOC'forTeome time‘after‘ l.
'sampling (Gran&li 1977), although Edberg (1976) found no
'§ ) cﬁange in SOC even after six months of storage. Cores
| N do disturﬁ the top layer of sediment bince new designs S
are still being created to overcome this problem (Williams 3
and Pashley 1979). HayesﬁanolMaciulay (1959) reported no -~
difference between rates of cores and those of&resusoended‘

I

v . - ﬂ
mud-water systems. ‘Tﬁis prompted me to. sample~with a grab

and let the mud equilibrate over a long time period before , ;;

\qncubatinq. ﬂ . . ‘ ' .o

Reeults of thé Schefferville experiments X }‘ ~
K The results gathered in Schefferville (tables le . — -

. and 17 )do not show any significant pattern because of en- o

1

X“} ormous variability between replicates. Standard deviations ™

Y L4

can represent from 8% to 80% of their respective means.
There is some suggestion of a‘deerease of SOC with increased ’
¢« incubation time hut I coula reach a firm conclusion only

v .with far more reproducihle data. "

ji (j) S The chambers were difficult to purge of air .
. ) #

”

 bubbles trapped’ during replacement of sampled water.‘ The
thermal stirring occaaionally prodnced air buhbles on the .

4
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"—"1'351—“1‘6"'-"?1433:18 ST Sediment oxygen consumptiog(FOC) rates for Dolly Lake . .
_~.. . samples. All°values are in mgO2-m~%.day-l standard deviation. -
= * Negative rates excluded from calculations, Ra.w ‘data in Appendix D.° . .
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.Depth Time after start. - SOC ./mg-m” -déy‘l ’
- ~"of expt., in hours Unstixred. _Stirred . Oveirall mean . .
> A : e B T
12 24 . 147.17*14.40 . 62,58, 118.97%49.89
12 L 41.5 .70.13*40.40 | "125.05 88,44%42 .68
‘15, - 22 "124.85%33.89. - 216.91%125.64 170.88%79.76 -
15 - . 445, .. 92.65%52.95 ©29.44% 2,25 61.05%27.60 -
cl2e7 . 26" . 47.71%19.47 66.74%.32.48 - 56.17%26,19 T,
.20 .46 - : "90.65%26.71 216.48%162.16 . 137.84%110.28 )
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Table 17.- Means of sediment oxygen consumpt'ion (SOC) Yates fcr L
_Elizabeth LaKe samples. -All values are in mgOj-m~<.day”
* gtandard deviatiom; -Negative rates excluded from -
- calculations. Raw data in Appendix D. - = ) i
— : : o/ —_—
Depth’ ’I'ime after start SOC /mg-m 2.3ay"t — :
'/m ' of expt., in hours ° Unstirred ~ Stirred Overall mean-.
.8 .20 . " 12.66% 0.52 © 220.36% "1.24  116.51%¥119.92
8 28, 84.53% 3.07 _ - 84,53% 3,07
B 49 36.91%46.55 ¢ 44,49 . 39.43% 33,21
8 66 : 21,67%26.42 . 26.11% 15,90 . 23.89% 17.98
16 0 ¢ . 119,92%19,60 "240,52%121,77 . 180.224102,22
16 - 28 ' 116,63% 9,79 267,34 ©~ 188,06% 53.46
16 49 62,13% 7.36- . 73,41 64.95% 8.24
16 . -66 22,78%10.46 75,07% 40.81 48,93% 39.12
' 24,5 24 - 240.16%26,71 179,75% 5,05 ~ 209.9(;t 37.29
21,5 41,5 . 53,28%12.60 81.65% 38.07 67.46% -29.74

= » . °
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\ o funnel-shaped support‘which might explgih why stirred

s controls have higher values than unstirred ones most of

.

the time (Appendix D). Because the compléxity of the

des1gn may be a source of variability, I dec1ded to do
another series of experiments in Montreal with a far

. B '
simpler system consisting of Mason jars in a water bath "

-

(see Chapter III).

i

Results of the Montreal experlments

' ‘ Because the simpler chambers had no bu11t~1n

[y

o

gtir¥ring device, I-.first tested to‘see.if\an oxygen con-
. ' !) centrution gradient formed-and whether such a gréaient
' could ge ellmlnatgg before sampling without resuspendlng
: ‘ sedlment. Results in table 18 show that a gradlent does
form and that it ean be aholished by gentle stlrrlng.

‘ This also provides indlrect evidence that ?xygen consumptlon

i malhly taking place at the sediment® surface: and not on

thq“chambet walls or at the top of the jar:

o

... Table 18 '~ The effect of gentle mechanical mixing on the -
vertical oxygen gradient in the incubators.

The gradients in question résulted from 24 hours
of closurg,

y ~ . )
v * 1 .
. < Stagnant ohambers . Mixed chambers Stagnant chambers,
. Depth 03 02" -1 2 1 K
. fem /mgyl"l /mg‘l"l/ /mg/l . /mg-1” mean temp./°C
Q0.9 9.96 10,35 8#61 & 8.13 ‘5,66
2.4 9,48 7.50 8. 27 . 8.10 5.66 .
3.6 3 o 5.74 "6.80~“ "».' — K - o ) ,5_.66 K
- 8.22 8.44 8,12 ' T

;‘Mean %.39

. N » , . -
— v e
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<JQ) ‘ . All the SOC measurements were ;made after 24
hours of incubation becazlse i:he preliminary results in
table 18 showed that a measurable change of 0y concen-
’;'“tration ogcurs without anoxia near the sediments. The ' ° -
B . xesults in 'table 19 show no. consistent déc‘fe'asﬁ.ﬁg trend

over 81 days ‘as would have been seen if the resuépended : -

e WA s iaetins e e

. .sediments had not eqﬁlibratod or if organic matte({'
available for respiration were decreasing. The consider- \
) - able variabi],ity from -day“ to day, can be attributed in

N
1arge part to variatzons of oxygef consumption in the - . ‘

PR

controls (fig. 15) ' o

 Table 19 - Mean sediment oxyden consumption rates for S
Dolly and Elizabeth lakes as a function of’
equilibration time, All values 'are in

¢ mg-m 2-da\y -1 % gtandard deviation. Negative
rates excluded from calculations. Raw data
in Append:.x E. )

,Equlllbratmn time - SOC /mg-m'z.-day"l o .

/days -, , Dolly i Elizabeth , i

Y i , N R 3 :

‘ ~ 8 - * , 143.89%19,91 - 160.37%34.96 _

. v S 15 I 193,.43%23.09 184, 80*61 77 . A
' o . 66 ", | e 48.22%43.88° * S

b v ‘76 . . 84.63%17.90 - 97.54%40.29 ' ,

81 cl 211r73*17.'16 188.43%13.87 ~

® . ] : - '
' .o
'

Thls poses an im:eresting questlon. Since | .

there is no reason to assume that the real SOC would have

s -
LS

; varied erratically for 6 “to 81 days, :.t is reasonable.

-to assume that sed:.ment resp:.ration was constant and that

i .
i -

: B ' o T‘ﬁthe entire range of values observed by the experiments ”~
<t was gane,rated by artéf;ctn in the measurement of control
- rupiratiou. If the, cont;roln a«i:n .’y.gnored,‘ the mean soc

x *

.. . f . 5 . [
f - s .

7
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for Dolly is 189.30 mc_}-m‘z'day'1 and the one for Elizabeth

is 191.53 mg-m'z'day‘l.' Since the Dolly value is much

higher‘then the observed AWOD, it seems reasonable to
’ ‘

expect that some contrél value muet be subtracted. My

results suégest that designing epprog;iate control chambers
" may be one ofatﬂe most important remaining éroblems if we ‘

are tc'oﬁtain meaningful leboratcry'measurements of sOC.

In my exper:.ments,~ I tozk precautlons to ensure that the

same water was used in ontrol and experimental chambers.

Volume of water oveflylng the sediments was almost the

same within a set of replicates from the same lake. The

-

effects of surface to. volume fat;os on water respiration

!

has not been studled systemat&cally in the pertlneht

literature. I believe that this is a_ general problem in ,

ali the attempts to measure SOC.' ' “

For the purpose of further discussion, I will

' .

merely take an average of calculated respiration rates .
. while bearknq in mind that the real 80C' s inmy incubators

could have been t 1008 of the average. - . )

»

.Comparison of d:rect\and indirect measurements

Table 20 compares~sed;ment respiratm%a rates

“¥n

festimated directly and indirectly. Although the’ direct
Imeasurements do not consxstently agree with the whole-lake

tretes anﬂ Hargrave B (19693) predictions, even the highest

- values ;n'Appendices D and E lie within the rapnge of
resulta :eported in the literatuxe (&ables‘amfend 22).- ’-;}"
. We are still uncertnin about the valiﬁity of our msasuraments

. .
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Table 20 - Direct and indirect estimates of sediment
oxygen consumption in Dolly and Elizabeth

lakes, Winter 1978/79.

Type of Estimate:

A

Sediment oxygen consumptlon

’ /mg m—2-day~1
DOLLY , ELIZABETH
Indirect: AWOD ' 97.49 T 204.08 -
Predicted from Hargrave (1969a)* 79.79 47.96
Direct: Schefferville results** ' 94,75 102.39 °
Direct: Mdntreal :esults 158.42 135.88 ’
* n(soC) = 1.74 %n (temperature{\l 30, rz-'predlgtlon in

mlem

1 converted to mg-m~2-day”

** Overall mean of values in tables 16 and 17,
¥ Overall mean of values in table 19.

of soc.’ Predlcting SOifremains out of oqr grasp because

K3 .

,numerous methodologlcal problems remaln to be solved. The .

bést guess that can ‘be made is that sédiment oxygen upque .

3

représenﬂs"Setween 50% and 100% of the AWOD in my lakes. ’

)
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Taﬁia 21- Oxygén uptake of various freshwater benthlc env1ronments measured dlrectly
1n situ or in the laboratory.

=

Type ‘tzfiﬁnvfrﬁmeﬁt . S

o . N

Oxygen upg ake rite
/mg 05 m~<.day”

Source

-

:and pon&s In Eastern Cadada _
Eﬁfﬁf&h rivers . . - K
T I o
Slgﬂge frdm paper ‘mill efﬁluent
Bnglish rivers .

Q&ndge “from paper mill effluent

tw fon Lake, -British Columbia .

Birine Creek ;Penna. (hypéreutrOphlc)

‘f_ ﬂol;gotropnic ponds ¢
E of Quinte and Lake Ontario
~Rsrom, Dermark {(eutrophic)
hwqﬁish lakes and‘running waters

e
.

Waahington ;f
liah'iakes and runnlng waters
&gt\Arctic 1ake (Char lake, Cornwallis

. ) Is.)
haﬂish lakes S A
-ﬁke;nattwell, s Carolina (1mpoundment)
louth Swedish lakes .
hagawa Lake, Minn. (eptrophic) .
ASNEQISh lakes
ﬂmthWSQdesh lakes (eutrophic)

gxa uyvatn, Iceland

149-1063- 7 -
.720=2400 {unpolluted)
1440-3120 (polluted)

216-3312
144-9840 :
~200-800" (stagnant)’
2700-4400 (scoured)
134-336

..1440 ("typical rate")

80-~-360
150-350
171-1371
300-3000 (in situ)

'310-1500 (in the laboratory)

450-1270-

1680-27120

114
170-600

-308-985

380-800 .

170 Lo

180-450

143-388 (no anlmals added)

394~ 2690

a —_——

‘Hayes and MacAulay 1959

Edwards and Rolley 1965

Hanes and Irvine 1966
Rolley and Owens 1967

- McKeown et al.. 1968

Hargrave 19691k
McDonnell and. Hall 1969
Bertru-1971

Jéhnson and Brinkhurst 1971
Hargrave 1972

Edberg and Hofsten 1973

Pamatmat and Bhagwat 1973
James 1974 -

~

-Welch and Kalff 1974

Edberg 1976 .
Brewer et al,- 1977

-Granéli 1977

Sonzogni et al.. 1977
Granéli 1978

Granéli 1979 - .
Hunding 1979 .
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w

e directly in situ.or in the laboratory.'

. Table 22 - Oxygen uptake of various marine benth;c environments measured

of:Eﬁgiibnment & .Oxygen uptake rate

Source

1400-2100- (landward site)

) /mg 02°m~“-day
309 T . Pamatmat 1968% .
137-1371 Pamatthat and Banse 1969

Crook and Bella 1970 \

4800-8500 (seaward site) N
1250~3920 . ; Martin and Bella 1971
2 #ogmt 175-288 * /J  Pamatmat 1971a ) :
‘,ghﬁsasﬁgkaczfic - 51-281 - N \ |
L txqpical Eacific o I 21-487 " " Y i
;??uget.SOnnd . i ‘ ) 137-1920 . 1971b . \ i
;uaaﬂtle»ﬂarhqru.sermuda - . 655-926 ‘ R Smith et al.. 1972
- ﬂbrth-sastaracific coast . . .31-247 . Pamatmat 1973 . .
- F A ; ‘ - . i R . . ) §
L M > & t
. . £ o ‘I - -
‘};‘ s _
N ; . I s . R %
“‘* Contains{a synqpticetable similar to this one for the literature before 1966. )
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CONCLUSION

\ ' This project has attempted to examine the:

! - \ N . ~ '6 ‘- - o

process of® oxygen consumption in lakes from the two .

y comblemegeary approaches of holism ahd ‘reductionism. —-

I can’ conclude from the results outllned

L’l

and dlscussed .that the emplrloal mode\il.s for predict- ‘
ing whole-lake oxygen consumpt:.on are unsuitable for T . 3
x 4 ' ‘ ]

the su}:iérctic' lakes that were.studied. The first two .

A
-

o

quegtn.ons aéked at the end of the Introduction thus

have negative -answers. The thlrd query about the re-

s

lationship between trophlc status during the summer and

the subsequent winter oxygen consumptlon s pported

. by the data. But they are not abundant enough to allo‘
n ' " a new predict}‘ve model “to emerge.
LN

.
' ,
M .

' The contribution of the sedimen-t:«ilremain un- - .

certain because of m‘éthodological ;}roblems 'assoéiate . ' oAy
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. ‘Table Al - Morphometric data for Dolly Lake. S T . i
Stratum’ Areasaiz' toﬁ Volgmg’ F-'x:action\of
/107m /10"m total velume
; <, 0-1 "= 10.530 10.026 0.117.
1-2 9.530 9.078 " 0.d06
7 - 2-3 .8.635. 8.290 - : 0.096
= 3-4 7.95¢0 . ,7.498 i . 0.087 N
. 4-5 7.055 : 6.763 .0.079
Y, 5-6 6.476 , 6.238 . ’ 0.073
. 6—7« _ 6.002 5.737 - 0.067
7-8 5.476 . 5.210 ° - 0.061
- 8-9 4,949 4.683 , —-0.054
) : . . 9-10 4.423 . 4.130 T 0.048 }
: . R 10-11 ¥.843 3.631 N L e<0az~ -
“11-12 3.422 3.263 ~7.0,038
12-13 3.106 - 2.893 T 0-.034
13-14 2.685 - 2.499 . 0.0297-3
14-15, 2.317 2.075 - 0,024
. ) ,15-16 1.843- ©1.682 -0.020
- i 16-17" . 1.527 - 1.338 ) 0.016
- ) 17-18 1,158 . 0.968 0.011 -
TOTAL 86,002 - e o
<, / )
Y .
v ol
. -
) g J
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‘Table A2 - Morphometric data for Elizabeth Lake.

Are

t top

/16§ina

0-1_ 2.806 _
1-2 2.553
2-3 2,231
3=4 1.964
4-5- 1.726
5-6 1.543
6-7 1.333
7-8 1.150
8-9 0.982
9-10 0.828
10-11 0.716
11~-12 0.603
12-13 0.519
13-14 0.421
14-15 0.351
15-16 0.295
16-17 0.239
17-18 - 0r.196
18-19 0.15%
19-20 0.112
20-21 0.084
21-22 0.070
22-23 0.056

* TOTAL
23-24 | 0.042

TOTAL

\

*  Excluding 23-24 m stratum,
** Total volume = 1.435 x 10°m3.
below R

14 m.

Volum

'/105m%

2.679
2.390

2.096

" 1.844

1.634
1.437
1.241
1.065
0.904
0,771
0.659
0.561
0.469
a.385
0.322
0.266
0,217
0.175
0.133
0.098
0.077
0.063
0.049
19.535

0.035
19.570

e

Fraction of
total volume¥*

S

0.137
0.122
0.107
0.094
0.084

0.074
0.064

0.055
0.046

0.039

0.034
0.029
0.024

0.020

"0.016°

0.014

0.011
0.009

0.007

0.005
0.004
0.003
0.003

Hypolimnion considered to be

Fraction of -

hypolimnetic volume**

[
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Table A3 - Dolly Lake temperatures, Summer 1978,

v
~

/oc

Depth 27/06/78, 4/07/78 11/07/78 18/07/78 25/07/78 1/08/78

/m

0 0.10 8.00 10.60. . 11.20 12.10 12.20

1 . 1.80 8.00 10.60 11.00 12.20 12.20

2 - 1.60 -7 .90 10.70 ll.Op - 12.30 12.20
3. 1.60 - 7.90 10.40 11.00 12.50 . 12.20 .-

4 1.70 7.90 10.20 11.Q0 12.50 12.20

rd 5 1.70 7.80 10.10 10.90 12.50 12.20

6 J1.70 7.80 9.90 10.80 12.40 12.20

7 1.70 7.80‘ - 9.60 10.80 12.20  -12.1¢0

8 1.70 -~ 7.80 9.30 10.70 12.20 12.10

.9 1.70 7.40 9.10 10.70 12.10 12.10

10 1.70 7.30 8.90 10.50 12.10 12.00

11 1.80 7.20 8.70 10.00 - 12.00 . 12.00

. 12 1.80 - 7.20 - 8.30 9.60 11.70 12.00

13 1.80 7.10 8.20 9.10 11.40 12.00

14 1.90 7.00 8.10 - 9.00 10.90 ~ 11.80

15 2.00 ) 7.00 8.00 8.30 10.60 . 11.60

16 2.00 - 7.00 - 8.00 §.50 10.20 11.50

17 '2.20. 6.90 7.90 8.20 - 10.00 - 11.40
18- 2.50 6.80 7.80 . '8.00 9.90 11.20

- 2

e

ST B S s

N

8/08/78 15/08/78

11.70 12.40-
“11.70 1 12.80
11.70 - 12.80¢
11.70 12.80
11.70 12.60
11.70 12.60
11.70 12.66
11.70 - 13.00
11.70 12.80
11.70 -12.80 -,
11.70 12.80
11.70 12.60
11.70 12.60
11.70 12.60
11.70 12.60
11.70 - 12.60
.11.60 12.60 .
11..40 12.50
11.20 12.50
/+...CoOnt*d

(06
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. " fPable A3 -{cont'd)Dolly Lake temperatures, Summer 1978

/OC ¢ ' =3

Depth .22/08/78 29708/78 5/09/78 12/09/78 19/09/78 3/10/78 10/10/78.

/moc

.0 11.83 ° 10.51 .  9.94 9.39° 7.11 3,97 3.49

1 11.83 . 10.48 9,99 9,40 7.10 4.00 3.51

| 2 11.84 10.48 10.01 9.40 7.08 3.97 3.52

\ 3 11.84 10.48 © 10.02 9.38 7.907 3.99 3.52

T4 11-.85 10.49 10.02 9.37 - ~7.08 4.02 ~ 3.51

5 11.85 10.49 10.02 9.39 7.08 4.01 3.55

6 11.85 10.49 - 10.02 9.38 7.08 4.02 3.57

7 11.86 . 10.49 10.02 . 9.38 - 7.08 4.02 - 3.58

8 11.87 10.49 - 10.02. - 9.38 7.07 4.02 - 3.58
9 11.87 10.49 10.01 . 9.37 7.07 - 4.02 3.57 -

10 11.87 10.49 10.00 9.37 . 7.04 - 4.01 3.57

11 11.87 10.48 10.00 - --9.37 - . 7.04 4.02 3.58

12 -11.89 . 10.48 10.01 9.41 ' 7.07 4.03 3.62

.13 11.88 10.48 10.01 9,40 7.06 4.02 3.63

14 . 11.88 10.48 10.01 9,41 7.06 4,02 3,65

15 11.88 10.48 “10.01 - 9,40 7.04 . 4.02 3.67

16 11.88 10.48 - 9.99 - 9.39 . 7.04 - 4.08 3.66

- - 17 11.88 10.48 9.97 - 9,39 7.04 4.06 3.66
18 11.88 10.45 9.97 9.39 7.03 4.09 3.65 .

Bty
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Table A4 - Elizabeth Lake temperature, Summer 1978, )

, /°c : - . '<s
.’ T ..

Depth 30/06/78 7/07/78 14/07/78 - 21/07/78 28/07/78 11/08/78 18/08/78 25/08/78
; / i _

/m

0 7.27 7.6 10.3 12.0 12.0 10.8 ~10.6é 9.15
1- 7.01 7.4 10.6 12.1 - 12.0 wll.3 10.70 9.20
2 6.97 7.2 10.6 12.0 11.9 11.5 . 10.73 "9.28
3 6.93 7.0 ©10.4 11.8 11.9 "1X1.0 10.80 9.30
4 6.90 7.0 10.3 11.7 11.9 11.0 11.12 9.30
5¢ 6.51 7.0 10.0 11.6 11.6 11.0 11.26 . 9.30
6 5.92 7.0 10.0 11.0 11.3 11.0 11.25% 9.30
7 5.40 6.8 7.3 }0.0 9.7 11.0 11.19 ) ?.30
8 4.99 6.3 6.9 7.4 8.3 11.0 - .11.13. - 9.30
9 4.90 6.2 6.7 6.6 6.9 10.8 11.02 9.29
-10 4.81 5.8 6.1 .6.0 6.0 R 10.0 - 10.95 } 9.29
11 4.73 5.3 5.8 5.6“ 5.5 8.2 - 10.74 . 9,27
12 4.70 4.8 5.1 5.3 5.1 6.9 - 8.52 9.16-
13 4.67 4.5 5.1 5.0 4.9 . 6.2/ 6.46 8.49
14 4.59 4.2 4.7 4.9 > 4.8 6.0 5.91 5.98 .
15 4.59. 4.0 4.7 4.8 4.5 5.8 5.71 5.59 p -
16 4.59 4.0 4.4 4.6 © 4.4 5.8 5.58 -5.23
17 4.58 . 4.0 4.4 4.4 4.3 - 5.6 5.48 -5.20 .
18 4.62 4.0 4.4 4.2 4.2 5.6 ‘5.41 . .5.15
19 ° 4.56 4.0 4.4 4.2, 4,2 5.6 5.36 -5.10
20 4.55 4.0 4.1 4.2 4.2 5.6 5.33 5.07 i
21 4.57 - 3.9 4.1 4.2 . 4.2 ) 5.6 5.31 5.06
22 4.55 3.9 4.1 4.2 - 4.2 “5.6 5.37 5.03: 0
23 - 4.55 4.0 4.1 4.2 4.2 5.5 5.09 5.02 N
24 4.55 3.9 4.0 4.2 4.2-. 5.5 ——— 4.98
P ) > ) ) ’ ‘ ; /..:.cant'd. -

o
) - - - - -~

T e 7 ko B gy~



l
. ~
-, - /m
0 . 8.91 8.39 7.41
1 8.90 8.38 7.43
2 8.89 8.37 7.43. .
3 8.88 8.36 7.43
4 8.88 8.35 7.43
. 5 8.88 8.34 7.45
v 6 4.88 8.34 7.45
7 8.88 8.34 " 7.47
a - 8.87 8. 34 7.46
* 9 8.87 8.33 7.46
10 8.85 8.30 © 7.46
11 8.80 8.29 7.47
¥ 12 8.76 8.25 7.46
13 8.48 8.19 | 7.46
.14 8.20 8.09 7.43
15 7.28 7 8.00 7.41
- 16 5.81 7.92 7.40
17 5.36 6.51 7.38
18 5.24 5.55 7.34
19 5.14 5.07 7.16
20 5.05 5.02 5.47
21 5.01 5.00 5.15
- 22 4.99 4:99 5.06.
. 23 4.97 —— "5.05
24 . 4.97 —-—-= 5.05
o e

Table Ad- (cont'd.) Elizabeth Lake temperature, Summer 1978,

/°c

~

5.63
5.61

5.62

& 5.61

5.61
5.61
5.61
5.61
5.61

5.61

5.61 .

5.61
5.62
5.62
‘5.62
. 5.62
5.62
5.62
5.61
-5.61
5.61
5.61
5.61
5.59
5.59

4.29
4.33

4.34
4.34

4.35

4.35
4.35
4.35
4.36
4,35
4.36
4.37
4,38
4.37
4,39
4.38
4,37
4.37
4.36
4.37
4.38
4 .38
4.38

4.38

4.38 -

-

3.48
3.37
3.33
3.31
3.30
3.30
3.30

3.30

3.30

3.30°

.3.29
3.30

3.33

- 3.33

3.33

3.33 |

3:;33
3.33

3.33°

3.33
3.33
3.33
3.33
3.33
3.33

Depth "}/09/78 8/09/78 15/03/78 22/09/78 - 29/09/78 6/10/78 13/10/78.

3.09
3.06

3.06
3.05

“3.05

3.05
3.05
3.05
3.05
3.05
3.05
3.08
3.08
3.08
3.08
3.08
3.08
3.08
3.08
3.08
3.09
"3.08
3'07
3.08
3.08



'S

R ¢
Depth 24/10/78 31/10/78 7/11/78 14/11i/78 21/11/78 28/11/78 5/12/78 19/12/78

' ./m Y i
& -0 0.42
1 2.19

2 2.3},

3 2.37

4 2.39

, 5 2.41

‘ 6 . 2.43

. 7 2.48

'8 2.51

;90 2‘_54

' 10 2.56
11, . . 2.57

12 12.62

13 2.63

14 2.64

15 2.66

) 16 2.70
17 2.75

T -.18 2.82

S
RETTAT TN AL L ea, v s
o R

A5 - Dolly- Lake temperature, Winter 1978/79.

+

0.14
2.09
2,53
2.54
2.55
2,56
2.57
2.59
2.61
2.63
2.65
2.67
“2.74
2.77
2.80
2.82
2,87
2.95

"3.06

<

-

£ 3
o

0.38
1.67
2.26

.38

Rt
2.48
2.53
2.60
2.68
2.73
2.76
2.78
2,87
2.91
2.94
2.98
3.02
3.10

.3.21

Y

/°c

-0.03
1.86
2.56
2.62
2.64
266
2.70
2.73
2.:75
2.77

2.80
2.83

2.90
2.94
2.96
3,01
3.07
3.23

3.36

©

0.12 ~ 0.24

. 0.20
2.24 © 1.64 ; 0.99 °
2.37 2.33 (-1.84
2.62 2.59 - 2.61
2.69- 2.67 2.70
2.71 2,71 2,75¢
22,74 2.74 - .2.79
2.78 - - 2.178 2.83
2.81 2,82 2.86 %
2.84 2.85 2.88
2.86 2.88§ -2.91 |
2.90 2.88 B 2.93
2.95 2.99 - 2.98
3.00 "3.02 3.07
3.04 3.06 3.12
3.11 3,11 3.16
3.16 3.21 3.29
3.34 3.40 3.53
3.43° 3.47 3.57-
L TT—
' ‘,
k-

0.01
0.64

2.01.

2.50
~ 2,63
2.66

K

2.74-

T 2.82
2.84
2.88
2.92
2.96
2.99
2.99
3.00
3.03
3.06
3.22

7 3.4?
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Table A5 —'(contﬁ:'\‘d'.') Bolly Lake —témperétixre '

- {)\ .A .
Winter 1978/79.

. e,

) /°¢
~ Depth 18/01/79 2/02/79 22/02/79 20/03/79 9/04/79 3/05/79 17/05/79
. : /m - . ' :
] 0 0.01 . - 0.01 .51 -. 1.04 1.48 ,  0.50 0.93
1 0.06 0.06 0.27 , 0.29 . 0.46 0.43 0.78
2 1.37 - 1.50°  1.58 1.41 T 1.11 1.49 1.72
- - 3. 2.11 2.44 2.42 2.22 1.99 2,11 2.14
4 "2.33 2.64 . 2.75 2.64 2.51 2.64 2,54
e 5 - 2,56 2.70 2.80 2.84° 2.77 2.80 . 2.98
o SRR 2.70 2.80 2.86 2.92 2.90 A 2.94 3.11
. 7 2.71 - 2.85 2.90 2.96 2.98 3,03 3.14
8 '2.78- 2,90 . 2.95 3.01 , 3.02 $:07°  :3.17
9. 2,93 -. 2.95 2.98 3,06 - 3.04 . 3.09 3.20
10 2.99 . 2.99 3.02 3.08 - 3.08 . 3.14. 3.22 -
. 11 3.01 3.01 3.06 3.12 3.11 3.17 _3.25.
12 3,04. 3.04 3.09 3.16 * 3.15 3.22° 3.30
13 3.08° 3209 3.15 3.21° 3.21 3.29 3.35
. 14 3.15 3.15 3.22 3.30 3.29 3.37 3.44
.15 3.15 . 3.23 3.33 3.42 "3.38 3.48 3.53
16 3.36 3.37 3.46 3.52 3.58 .61 3.63
17 ~3.59 3.55 - 3.54 ©3.71 3.68 .72 3.77.
s 18 3.61 3.66 3.74 3.77" 3.85 3.82 3.79
- - - 3
& -
ey o _ - ' -
A

‘S6
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Table A6 - Elizabeth LaKe temperatures, Winter 1978/79,

«

/°c

R e T

-

[

LS

LN

Depth 27/10/78 3/11/78 - 10/11/78 17/11/78 24/11/78 15/12/79 6/01779
/m " 4 . . : . i

CONON B WO

0.88

1.88 "

2.01
2.04
2.05
2.05

- 2.07

2.08
2.10
2.11
2.12
2.14

- 2.16

2.18
2.19
2.22
2.23
2:25
2.27
2.29
2.30
2.31
2.32
- 2.34

L4

0.09

1.26 -

1.98
2.09
2.13
2.17
2.22
2.24

~2.25

2.26
2,27
2.28

©2.32

2.35
2.36
2.37

2.38

2.41
2.43
2.44
2.45
2.46
2.47

2.49

0.11

1.46

1.93
2.04
2.08
2.15
2.19

2.21:

2.24
2.25
2.27
2.28

-2.32
2.35

2.36
2.38
2.39

2.41
2.43

2.44
2.46

-2.47

2.48
2.52

-~ -

- 0.27
1.08
1.84
2.11
L 2.22
2.24
2.27

0.05
1.12
1.99
2.157
2.21

2.23
2.26

2.29- 2.27
2.30 .29

, 2.31 2.31
- 2.32

2.35
2.38
2.42
2.43
2.45
2.47
°2.49
2,51
2.54
2.55
2.56
2.57
2.59

2.34
2.37
2.41
2.42
2.44
2.45
2.47
2.49
2.52
2.53
2.53

- 2.54
© 2.63

0.05
1,.05 -
1.65
1.90
2.14
2.16
2.18
2.24
2.26
2.29
2.30
2.32
2.33
2.35
2.38
2.41
2.44
2.46
2.48
2.48
2.49
2.50
2.54

—

0.09
0.83
1.78

2.16

2.21

2.25

2.28
2.29
2.32
2.31
2.28
2.34
2.36

. B 40

2.42
2.46
2.48

2.51.

2.53
2.53
2.54
2.57

— — -

\

2
.
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Table A6 - héont'd.YVElizabeth Lake-temperatureé}’Wintef 1978/74.

P . i ] - /°c

Depth 26/01/79 28/02/79 29/03/79 18/04/79 13/05/79 31/05/79

/m
- (4] 0.08 0.02 . 0.15 - 1.00 0.33 .91
1 0.28 - 0.07 T 0.07 0.29 0.26 4.15
2 1.30 0.64 0.74 0.62 0.94 3.25
3 1.95 . 1.86 1.61 - 1.22 1.30 3.08
4 2.10 | 2.10 - 2.05 1.83 . 1.74 3.02
' -5 2,21 2.23 - 2.19 . 2.21 2.09 , 2.98
6 2.24 2.29 2.30 2.30 2.33 2.96
-7 2.28 2.33 2.33 2.35 2.43 7 2.96
8 2.32 2.35 . 2.35 2.37 2.46 2.96
9 2;34 2.37 .2.38 2.38 2.47 - 2.95
10 2.35 2.37 2.38 2.39 2.48 2.94
11 2.36 2.38 2.39. 2.40 i 2.49 - 2.94
12 - 2.37 2.38 ’ 2.43 2.42 2,51 2,92
13 2.39 2.41 2.46 2.44 - 2.53 2.92 .-
14 2.41 2.43 2.48 2.49 2.54 - 2,82
I .~ -2.45 .2.48 2.51 2,52 2.56 2.71
16 2.48 2.51 T 2.55 2.57 . 2.58 2,66
17 . 2,50 2.5 2.58 -2.59 2.61 2.67 -
A8 - 2.54 2.58 ° 2.60 2.61 2.63 2.68
19 2.55 2,58 2.62 2,62 2.64 2.65
20 2.56 ~2.59 2.64 2.63 2,64 2,66
21 2,58 2.61 2.65 2,64 2.65 2.67
N 22 2.59 2.61 2.66 . 2.68 2.66 - 2.68

23 2.63 2.64 2.71 2.70 2.70 2.70

"L6
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Table A7 - Dolly Lake dissolved oxygen, Summer 1?78- )
- ¢
i *
/mg-1-1 - ) <//“
Depth 27/06/78 4/07/78 11/07/78 ‘18/07/78 25/07/78 1/08/78 8/08/78 P
- /m . ’ _— .
0 12.00 11.25 - 10.87 10.30 10.33 10.03 9.91
1 12.00 11.31 10.75 10.42 10.32 10.02 9.90
2 12.00 11.31 10.87 10.47 10.19 10.03 9.94
3 12.01 11.31 10.99 10.43 . 10.30 10.02 '9.94
4 - 12,02 11,31 11.00 10.45 10.36 9.99 9.90
5 12.04 . 11.28 11.03 10.43 - 10.36 - 5.99 9.91 A
6 12.05 . -11.31 11.04 10.44 ) 10.14 10.06 9.91 : - :
7 - 12.05 - 11.38 11.07 10.43 10.24 10.07 9.92 o
8 ~12.04 . 11.40 11.10 10.47 . 10.33 - 10.09° ° -9.93 T
9 12.04 o 11.52 11.10, 10.47 - 10.29 10.03 9.99 )
10 12.03 : | 11.55 11.15 10.46 10.25 10.00 9.96
11 12,09 11.48 11.32 10.61 10.42 10.03 10.07
12 12.14 11.58 11.35 10.60 10.30 10.09 10.07
13 12.11 11.62 -11.29 10.78 10.43 10.07 10.09
14 12.07 11.47 11.32 . 10.88 10.65 10.06 9.96
15 12.10 . 11.57 11.30 11.01 10.66 . 10.07 9.99
l6. 12.11 11.56 11.33 11.05 : 10.58 10.00 9.92
17 12.13 N 11.59 11.30 11.06 '10.84 10.08 9.94 )
18 -12.14 11.74 11.28 11.09 10.88 10.18 9.92
19 - . - 11.76 - 11.26 11.07 10.78 10.20 9.91

0
o

-  /....cont'd.
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™ Table A7 - (cont'd.) Dolly Lake dissolved oxygen, Summer 1978,

w o
/mg -_1-1 . ) ’ . -

-

-Depth 15/08/78 22/08/78 29/08/78 5/09/78 3/16/78 10/10/78

- s

/m
0 10.15 10.50 -10.66 10.71 12.26  12.28
1. 10.19 10.38 10.66 10.90 12.26 13.00
2 10.14 10.27 10.69 10.66 12.21 . 13.59 -
3 10.13 10.31 10.61 10.60 12.37 13.43 -
= 4 10.20 10.22 10.60 10.84 12.30 13.48 -
5 ©10.15 10.31 10.63 ~ 10.80 12.31 . 13.24 .
6 10.13 .10.51 10.61 10.82 . 12,31 - 12.98
, 7 10.15 10.12 10.71 10.82 12.21 - 13.26
+ ¥ . ‘ 8 10.23 10.22 10.76 10.69 12.32 13.27
’ 9 10.26 10.34 10.56 10.81 12,25 .. 13.28
10 -10,23 10.35 10.65 10.78 ' 12.35 13.17
11 10.21 10.42 10.68 . 10.84 . 12.43 13.23
12 . 10.30  10.21 10.53 10.78 12.31 . 13.17
- 13 10.21 10.24 10.71 10.74 . 12.16 "13.09
. 14 10.15 10.27 10.67 10.69 12.16 13.03
¥ 15 "10.19 10.43 10.63 10.75" 12.16 12.96
P 16 10.19 10.29 10.62 10.72 12.16- ‘13.08
£ 17 10.18 10.44 10.66 10.77 12.14 13.20
3 18 10.06 10.32 10.64  10.81 | 12.24 12.73
i - .19 10.08 . 10.15 10.36 10.77 12.21 12.68
v
L.

T Ai——
+
/
N
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Table AS.- Elizabeth Lake dissolved oxygen, Summer 1978.

+

a"

/ﬁg.l—l

/

P

Depth 30/06/78 7/07/78 14/07/78 21/07/78 28/07/78

/m .

ot et
W N

14

)
OV WNHFHO

-

12.10

12.10
12.10
12.10
12.10

12.10-
12.10
12,

12.18
11.99
11.82%
11.92
12.04
11.98

- ll-g'las

11.94
11,98
11.90
11.83
11.78

©11.74
A11.75

11.77
11.77 -
11.77

11.71
11.38.
11.58
I1.68
11.76
11.84
11:64
11.87
11.84
11.99
11.80
11.76
11.62
11.52
11.34
11.19
11.23
11.04,
11.00
11.01
10.97
10.71-
10.76

10.62 °
-10.55

'

\

&

10.76
10.86

- .10.96

11.02
10.78
10.81
10.91
10.97
11.71
11.77
11.54

{

11.25-

1127

11.07

10.66
10.26
10.18
10.17
10.16

9.98
10.08
10.12
10.05
10.00

9.92

10.46
-10.42
10.47
10.43
10.56
10.63
10.95
11.08
11.92
11.90
11.37
10.90
10.51
10.28
9.86
9.84
9.71
9.50
9.42
9.27
9.07
9.06
9.06
9.02
8.95

10.68
10.59
10.46
1¢.43
10.52
10.59
10.75
10.85
11.51 _
11;7%m\
11.22
11.18
10.87

10.50

9.88
9.46
9.07
 9.06
8.81
8.64
8.34
8.22
8.18
8.12
8.14

4/08/78 11/08/78

10.96

10.96
10.91
11.00
11.07
10.97

~ 11.00

12.10
11.08
11.03
11.03
"10.86

10.55 -

10.11
9.41

8.54 .

7.98
7.68
7.45

7.41°

7.37
7.31
7.19
7.15

6.95

10.85
10.82
10.98
10.67
10.79
10.71
10.65
10.65
10.77
10.83
10.75
10.47
9.84
9.18
9.11
8.10
7.59
7.28
7.12
6.77
6.69
6.49

6.29.

6.01
5.71

@

‘00T
9

/....conf‘d.
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Table A8 - (cont'd.) Elizabeth Lake dissolved oxygen, Summer 1978.

4

Depth 18/08/78 25/08/78

, /m

NHOVRINUTS WNHO

s

10.85
10.91

“r0.91

10.90

-10.82

10.94
10.72
10.60
10.66
10.90
10.68
10.61
10.21
9.39
7.99
7.74
7.01
6.34
6.01
5.94
5.78
5.46
5.16
4.90
4.72

~

11.25

11.06.

——11.24
11.54
11.25
11.23
11.°44

.11.18
11.27

11.17 -

11.13
11.40
11.11

9.27

7.88—

7.56
6.61
6.14
5.99
5.82
5.47
5.02
4.14
3.57
3.21

/mg cl-l

&«

v 11,34

11.24
10.94
11.44
11.28
11.31
11.21

-11.37

11.26
11.17

11.13 .

11.14
11.16
10.76

-~ 10.42

10.03
8.03
5.65
5.25
4.31
4.08
3.51
3.09
2.87

2.86 °

11.89
11.78
11.68
11.97
11.75
11.96
12.06

11.93.

11.86
11.99

-12.01
. 11.93

11.79
11.84

- 11.99

11.93
11.89
11.84
11.86
11.85
11.65
11.70
11.72
11.76
11.78

£12.20
12.29 12.57
12.40  12.48
12.23 12.48
12.43° 12.47
12,34 12.49
12.30 12.58
12.42 12.47
- 12.40 12.53
12.19 12,47
12.27 12.58
12.33 12.47
12.32.  12.45
12.22° 12.52
12.200 ' 12:52
12,33 12756
12.33—712.45
12.28 °  12.60
12.10 12.59
12.20 12.41
12.40 12.35
#12.22 12.51
12,22 12.51
12.26  -12.52
12.15 12-.52

i/09/78 29/09/78 6/10/78 13/10/78

-

‘12.22

‘TI0T



“Table A9 - Doliy Lake dissolved oxygen, Winter—1978/7&w

‘i ilii i

v

/f\\ /mg-l-l -
&;\:\\\\ T v ) " .
‘Depth .-24/10/78 31/10/78 7/11/78 14/11/78 21/11/78 28/11/78 5/12/78 19/12/78
o /m - ‘ . ) N R 4 .
) 0 12.99 14.15 13.66 14.32 13.56 14.45 ~ 14.28 14.57
. 1 12.85 13.45 13.14 13.15 13.52 13.64 13.68 13.85
2 12.66 13.06 12.90 13.09 13.06' 13.22 13.27 13.16
3 12.79 13.11 12.86 1 12.97 13.00 13.10 13.24 13.08
4 12.54 13.16 12.78 12.84- 12.88 12.94 13.16 13.00
5 12.79. 13.13 12.73 12.82 12.85 12.86 12.99 12.94
. -6 12.52 13.10 12.70 . 12.76 12.81 12.79 12.82 12.94
7 12.70 13.02 12.68 12.73 12.76 12.71 12.77 12.94
8 12.61 13.15 12.65 12.71 12.73 12.64  .12.66. 12.72.
9 12.52 13.12 12.70 12.66 12.71 12.63 12.53 12.70
10 12.33 13.08 12.69 . 12.56 12.48 12.60 12.52 - .12.49°
11 12.98 12.99 12.71  ~ 12.58 12,48 12.58 12.51  12.35
12 12.91 13,17 12.70 12.53 12.72 12.55 12.50 12.29
13 12.85 13.16  12.68 12.49 12.66 12.38 12.49 ~ 12.23
. 14 12.79 12.92 ' 12.66 . 12.42 12.52 12.25 12.40 11.81
15 12.73 . 12.98° - 12.51 12.32 12.29 12.14 12.02 ©11.39
le 12.66 12.90 12.37 12.07 11.97 11.89 11.64 11.34
17 12.50 12.9 12.07 11.85. 11.43 10.85 10.68 10.58
18 12.33 . 12.55 11.79 10.60 10.93 10.75 9.76 9.78
T . .
/....cont'd.
| . - - Al -
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v . - table A9 ~ (cont'd.) Dolly Lake dissolved oxygen, Winter 1978/79.

/mg.l-l

—
>

' Depth 18/01/79 2/02/79 22/02/79 20/03/79 9/04/79  3/05/79 17/05/79. 7% -

- /m
: 0 13.49 . 13.56 13.59 f3.@5 "~ 13.40 13.34 12.70
3 1 13.27 *° 13.59 13.59 °  13.39 13.40 13.19 12.86 -
3 2 -13.29 . 13.29 13.05 13.04 . 13.07 12.61 12.26 .
3 13.31 12.85 4, 12.75 12,87 - 1l2.62 12.40 12.19
4 13.22 12.87 12.75 12.71 12.58 12.34 12.17
5 . 13.13 12.82 12.68 12.66 12.49 12.28 - 12.15
6 12.97 12.78 12.63 12.62° 12.25 12.34 12.07
7 12.82 12..72 12.58 12.53 12.15\ 12,29 - 11.95
8 12.67 . 12.56 12.54 ° . 12.45 12.17 11.73 11.79 .
9 12.52 12.41 12.47 12.38 11.78 11.39  11.32
_ 10 12.49 12.18 12.39 12.09 11.41 10.54 10.96
oy . . 11 - 12.43 - 12.14 11.88 - 11.81 11.41 10.41 10.73
“ . .12 ° 12.37 12.12 11.81 . 11.59 _ 11.38 10.14 10.28
B 13 12.31 - 12.04 11.72  10.66 10.92 9.73 10.12
' 14 - 12.26 11.51 - 11.24 - -9.72 10.35 8.58 9.21 -
15 . 11.73 10.71 10.49 8.52 8.80 8.40 8.47 -
16 9.49 16.50 9.37 8.50 8.78 7.85 - 7.42
° - 17 9.16 8.58 8.42 7.96 7.96 7.15 7.29
18 - 8.43 8.55 8.49 - 7.95 7.18 - 6,63 7.21
H
1 p i 8
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Table Al0- Elizapeth Lake dissolved oxygen, Winter 1978/79.

-

15.09
13.97
13.57
13.04
13.00
12.95
12.91
12.81
12.76

-12.69

12.7¢0
12.56
~312.64
12.60
12.57
12-.07
11.75
11.74
11.50
11.48
11.19
11.16
10.65
10.60

14.38
13.88
12.91
12.79
12.75
12.69

- 12.66

12.56
12.53
12.15
12.04
11.85
11.86
11.87
11.89
11.78
11.75

11.12,

10.52
10.14
30,08
9.81%
9,33
8.34

14.32
14.64
14.05

"13.63

13.20
12.56
12.57
12.63
12.44
12.38
12.33
12.28
12.06
11.85
11.71
11.58
11.35
10.96
10.56
10.33
9.79
9.69
9.62
7.99

/mg . 1-').

14.55
-13.76
13.25
12.70

12.55 .

12.26
i2.19
12.00
11.89
11.78
11.77
11.62

11.50

11.22
11.19
11.10
11.02
10.20

9.75

9.13

8.68.

8.25
7.84
5.51

15.0
.

14.0
13.13
12.72
12.20
12.01
11.82
11.64
11.47
11.38
11.21
11.05
10.98
10.76
10.60
10.51.
10.33
9.70 .
9.11
8.85
8.24'
8.22
7.35
5.79

14.27
13.73

'13.29

12.16
12.26
11.94
11.62
11.26

'11.15

10.79
10.54
10.3
10.1
10.04-
9.99
8.90
8.59
7.82
7.81
7.29
7.25
6.05
3.65°
3.65

S meonr e v e ey 1 ATIRE PR

o~

Y -

Depth 27/10/78 3/11/78 10/11/78 17/11/78 24/11/78 15/12/78 6/01/79

13.74
13.21
12.79
12.51
12.07
12.24
12.46
10.52
10.47
10.42
10.38

- 10.34

10.29
9.24 -
8.57.
7.84 S
7.15 -
6.43
5.73
5.04

4.33
3.63
2.90
2.90

*HOT
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Table A10-(cont'd.) Elizabeth Lake dissolved oxygen, Winter 1978/79.
i /mg.1-Y
T
4 Depth 26/01/79 28/02/79 29,/03/79 18/04/79 13/05/79 31/05/79
4 /m - ’ : 5
t 0 13.99 14.26 12.06 10.78 12.97 8.51 o
- By 1 13.83 12.68 “w 11.77 10.84 11.66 12.23
{ 2 13.69 12.14 11.64 11.37 11.59 9,94
3 13.55 11.27 11.18 11.06 11.06 9.71 _
4 13.09 11.19 11.00 l0.80 10.70 9.65
5 11.32 10.83 10.27 10.42 9.97 9.64 .
-6 11.28 10.58 9.83 10.08 . 9.70 9,53 "
- 7 10.74 10.32 - 9.15 9.06 9.64 9.51 T
8 10.12 9.52 8.81 8.24 8.82 - 9.43
. 9 9.81 9.03 8.56 8.20 N 8.59 9.38
10 9.62 8.69 8.39 7.61-. 8.46 9.41
< 11 9.43 8.36 - 8.23 7.62 8.19 9.47
. 12 9.25. 8.31 8.15 7.52 7.70 9.49
o 13 9.08 7.97 7.43 7.36- 7.65 9.27
14 ‘' 8.35 7.64 7.06 6.13 © 7.24 . 9.27
: 15 7.61 7.07 6.97 4.53 7.09 6.74
3 16 6.85 5.76 4.20 - 3.97 4.33 5.06
£ 17 6.04 ‘5.05 4.17 2.67 - 2.43 . 2.96
f - 18 5.26 4.71 4.14 2.16 2.19 2.30
! 19 .4.46 3.51 3.58 1.78 1.65 1.89 .
g . . 20 4 3.66 2.59 T 2.6 1.39 1.67 1.55
E . 21 2.86 l.88 2.34 1.19 1.56 1.22 -
v 22 2.79 1.47 1.05 1.09 1.22 0.83 ' .
] - 23 2.33 ° 1.11 0.82 0.54 . 1.22° 0.49 -
: - ‘&
L -
g?"d ~- -
o e
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E’::‘:‘ >
s . i -
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. “Table All - Snow, ice and hy, 'osff{i?water\k at the

sampling station on Dolly Lake, Winter 1978/79.

&,
Date . Time after Snow Total ice White ice  Black ice
"freeze-up ~depth = thickness thickness thickness
/days ~ /cm /cm /cm /cm
24/10%78 10 ’ 7.0 7.2 :g.o 7.2
31/10/78 17 0.0 ~ 24.0 - 9.0 15.0
7/11/78 24 3.6 26.5 11.0 15.5
14/11/78 31 7.8 32.0. - 11.0 21.0
21/11/78 38 9.4 40.4 - 13.6 26.8
28/11/78 _ 45 9.0 45.0 . 14.0 31.0
5/12/78 52 .9.0 50.0 . 14.5 35.5
19/12/78 66 - 24.0 64.0 . 16.0a 51.0
18/01/79 96 - 30.0 ‘74.2 14.0 . 60.2
2/02/79 111 " 53.5 85.0 20.0- 65.0
22/02/79 131 15.0 79.0 28.0 . 66.5a
20/03/79 157 . 11.0 101.0 33.0 . 68.0
9/04/79 177 55.0 120.0 . 26.0a 75.5a .
3/05/79 201 13.0 -102.0 16.0 ~ 86.0 "
1'7/05/:19 215 0.0

85.0 "~ 14.0 71.0

-

a) Esﬁimated;

Hydrostatic
water level

P+

+
CONONHHFOMBASG

s & e 8 5 & 8 s &

[~NeRS NolleNoRO R RoNoNoNolNeNa]

‘90T



B

»

D§te

.27/10/78

3/11/78
10/11/78

‘17/11/78

24/11/78
15/12/78
6/01/79
26/01/79
28/02/79
29/03/79
18/04/79-
13/05/79
31/05/79%

Table A12 - Snow, ice and hydrostatic water level at the
sampling station on Elizabeth Lake, Winter 1978/79.
. N )

°

- —_

N

Time after Snow Total ice White ice  Black: ice Hydrostatic
freeze up depth - thickness thickness thickness water level
/days /cm /em /cm /cm /em
13 8.2 13,2 0.0 13.2, + 1.0 -
20 25.0 24.0 4.5 17.5 0.0
27 0.0 35.0 9.0 26.0 ;= 4.0
34 10.8 36.8 10.4 - 26.4 - 5.0
41 5.0 40.5 11.0 29.5 - 4.5
62 4.6 70.0 23.0 47.0 - 4.5
84" 22.0 81.2 22.0 59.2 - "~ 14.0
104 28.0 95.0 22.0 - 73.0 + 1.0
137 13.5 121.0 47.0 74.0 - 10.0
166 44.0 137.0 42.0 95.0 0.0 *
186 55&? 131.0 45.0 86.0 + 3.5
- 211 5.0 119.0- -45.0 74.0 - A.0
229 0.0 57.0 0.0 57.0 0.0
7

A
*L0T
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Table aAl13~ Dolly Lake specific conductivities, Summer 1978,
/ns+cm~l @ 250¢ ’
e . - ; 5 A
Depth —?7/06/78 4/07/78 11707/78 18/07/78 25/07/78 1/08/78 "8/08/78 15/08/78
/m - - ‘ .
0 85.5 91.5 91.1 95.5 98.9 92.0 . 93,7 -94.6
1 1 97.6 91.1" 99.9 98.9 96,7 95.0 98.5
.+ 2 87.7 96.1 p1.8 84.0 98.9 92.3 92.3 98.8
3 97.9 -92.9 91.3 100.9 92.3 . 91.0 98.5
4. & 90.0 101.2 92.0 98.6 100.2 - 95,3 93.0 101.2 -
5 - 98,9 94.6 97.4 100.2 95,3 93.7 102.6.
6 86.7 99,4 91.8 93,8 99.5 93.9"% 96.3 97.7
7 . 101.6 ~92.5 95.0Q 99.5 92.5 93.7 95.5
- 8 87.2 102.4 89.7 97.4 97.7 98.9 95.0 92.9
9 ‘ 102.2 95.3 ——— - 983 93.9 . 89.7 93.6 i
10 95,3 . 98.4 86.9 _ 106.1 100.2 ©93.9 . 93.7 95.0
11" 99.3 93.9 95.0 99.9 96.7 92.3 107.2
L 12 . 88.9 99.9 91.8 97.4 98.9 93,9* 93.7 94,2
‘ 13 S 98.5 91.1 97.7 100.2 95.3 93.0° 99.9 .
14 90.3 96.5 .. 91.8 96.5 99.5 96.7 96.3 95.9
15 : 101.1 95,3 91.6 98.9 100.9 89.7 96.7
16. 87.8 100.8 95.7 97.7 ° 98.6 95.3 - 9203 -~ 91.4
17 . 101.3 91.8 98.9 - '190.9 95.3 - 93.7 . 84.6
18 - 90,3 100,1 96.7 - 96.5 100.2 96.7 92.3 91.4"
19 - 98,9 - 95.3 - 101.3 100.2 - 98.1 . 95.0 100.5
V4 ) . ‘ ) - . /...cont*d. .
Co ~ , 3
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éu Table Al3-(cont'd.) Dolly Lake specific conductivities, Sumfer 1978. . Lo
/ps-cm'1 @ 25°C
“pepth 22/08/78 28/08/78 '5/09/78 12/09/78 19/09/78 ' 3/10/78 10/10/78
’ /m . ] ) . )
0 98.8 95.0 89.7 ’ N 105.7 102.6 109.4 113.2 . ) L
1 98.5 . 90.1 99.4 110.4 113.4 . .
2 100.7 93.5 ©101.3 100.5 . 100.8 - 109.3 113.2
5 3 Vloz.a 92.7 99-7 ’ - "111.6 - 1]_-3.2
4 103.0 91.5 99.7 97.3 100.5 111.6 114.9 )
5 104.4 92.1 97.9. . 109.4 11X2.6 e
~ -6 103.0 - 92.6 - 100.0 99.9 101.2 o 111.2 . 113.2 T
7 102.3 - 92.5 100.0 i 113.3 116.6
8 101.6 92.7 ~101.3 100.8 102.2 107.5 112.4
9 103.0 92.8 - 100.0 . 109.1 113.6
10 104.0 92.7 98.7 ~ 107.3 101.5 T 110.2 . 114.6
11 102.6 . 89.1 ' 97.4 ~ 110.0 114.9
12 102.0 93.3 97.4 97.7 ©102.2 111.6 116.1
13 104.0 95.1 101.3 : N . 110.2 116.1
14 103.3 92.6 100,3 97.1 100.6 109.0 ~115.1 . . -
15 104.0 91.1 95.0 ) 107.8 114.6
16 103.3 91.1 101.1 101.2 135.8 109.0 114.6
17 102.0 93.0 . 97.3 108.5 115.9
18 103.3 . 92.5 °* 100.3 16{.7 115.8 - 110.4 . 114.6
19 102.86 91.6 100.5. 110.1 114.9 T : .
L] ) ? .
- 5 -
o
» e
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Table Al4~ Elizabeth Lake specific conductivities, Summer 1978.

1

/m

OOV ARWNFO

52.6

52.6

. 51.0

56.6
55.0
53.4

53.2

- 53,2

56.4
50.0
55,

54.0

"~ 67.0
61.7
63.4
61.0
60.9
61.0
63.4
61.5
61.1
63.3
63.3
62.1
59.3
60.9 -
61.6
59‘7
60.3
60.8
61.5
60.3 -
62.1
60.9
61.1
61.5
§2.0

/ps-cm~1 @250¢

46.1
59.5
59.5
59.5
61.0
61.6
59,9
59.5
61.0

59.5°

58.8
59.5
58.8
59.5%
59.5
60.2
59.5
61.0
61.6
59.9

59.4

*59.0

58.8
59.1

62.0
52.0
61.2
61.2

B6.3"

74.6
63.0
60.3
61.7
62.3
63.1
63.1
61.7
60.5
61.2
60.5
61.3

'60.7

60.7
61.8
60.5
60.5

60.5 .

59.9

61.1

L e e el o e i @

54.9
60.4
59.0
56.3
60.4
57.7
59.0
60.4
59.0
57.7
61.3
56.3
54.3
56.3
57.7
54.9
54.9
56.3
54.9
54.2
57.7
65.9
61.8
57.7
60.4

-
B
»h

52.8
55.3
52.8
62.7
59.4
58.0
58.0
59.4

60.0

59.4
60.0
59.4
60.7

58.7"

59.4
55.4

-58.0

58.0
56.7
57.5
56.9

59.4°

58.0
58.0
58.0

e v gy A~ e

63.5
62.0
61.5

61.5 "

62.2
62.2
60.8
62.2
61.5
60.8
61.8
61.8
1.1
60.4
59.7
61.8
60.4
60.4
60.4

60.4 -

61.8
61.8
61.1

61.8 -
%1 o,l

-

/..:;Cont'd.

+ -

T T A o v

Depth. 30/06/78. 7/07/78 14/07/78 21/67/78 28/07/78 4,/08/78 11/08/78 18/08/78

61.0
60.2
62.5
64.0
63.2
62.5
61.0
61.7

63.2 -

64.0
. 65.4
61.7
"61.7
61.7
61.7
- 61.0
59.5
61.0

61.7"

61.0
61.7
62.5
63.2

e A TPt

‘0TI
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Table Al4{cont'd.) Elizabeth Lake specific conductivities, Summer 1978.

/m

Lo N bW O

61.5
593
60.7
61.5

. 60.0

64.3
61.5
61.5
60.0

"62.1
> 60.6

61.4
61.4
61.4
62.1
57.7
60.6

Depth 25/08/78

57.7 -

61.4

61.2
- 59.8

64.2
61.2
63.4
64.2

'1/09/78 8/09/78 15/09/78 22/09/78 29/09/78 6/10/78 13/10/78

57.2
56.1
71.4
69.1
69.6
62.0
62.7
64.1-
63.3
66.9
61.9
64.1
62.7
63.0
64.0
62.4
61.0
62.3

7 61.9

61.6
56.6 -
61.6
61.3
. 6Lk.1
61.4

67.8
76.8
73.8

66.2

Aps'cm‘l @‘25°C

N

P

63.6

1 62.5

- 62.8

63.6
64.2
64.2
63.5
63.0
65.3
67.4
63.6
64.1

66.0

S L

59.9
59.8
59.3
59.7
59.4

59.3

58.5
59.4
58.4
62.9
63.1
65.0

————

62.9 -

68.1
62.4
60.9
62.9
61.1
62.4
72.0
63.4
67.2
62.2
71.3
60.9
62.3

64.7

69.2
66.4

. 72.3
62.1.

62.1
66 .4
63.8

64.8

.71.8

71.4
79.8
71.1
71.9
69.9
71.2
77.8
72.8
72.6
69.1
72.6
71.8
72.5
73.6

.70.6

70.1
68.8
71.1

70.4 .

70.4

.68.1

70.0
71.1
72.4

St

69.6
69.3
67.5
68.1
68.4
68.5
68.1
69.0
68.0

68.2

69.2
68.5
68,6
66.8
69.3
68.5
68.5
69.2
68.5
68.9
69.8
68.6.
68.5 -
66.7
68.0
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Table Al5-

. ) T ’
Dspth 24/10/78 31/10/78 7/11/78 21/11/78 28/11/78
m . !

WONOATIBWNMNO

108.6
98.7
101.9
90.5
93.1
100.1
101.9
102.6
100.9
103.0
102.8
101.3
99.3

l03.0

102.4
100.6

97.9
104.3

97.3 -

<

Dolly Lake specific conductivities, Winter 1978/79.

\

~—

85.8
100.9
100.3

99.9

99.4
106.7

95.6

99.6
100.0
102.2
100.2
100.9
102.1
103.7

99.2
103.6
106.0
104.7

=

Y

101.9

104.5

99.9
102,2
106%.3
106.9
109.9

106.9 .

106.3
104.3
105.4
103.0
105.0
105.0
106.9
103.7
107.5
108.6

/ps-em~l g 350¢

108.1
105.0
106.4
104.8
106.6
104.,2
102.9

104,2 -

106.2
104.6
104.2
104.5
110.2
104.9
105.3
116.5

o ———

111.2
111.2
110.9
107.4
106.8

'110.0

108.0
114.3
106.1
104.6
110.8

106.7

108.1
107.7
106.8
106.9

98.9
108.4

98.9

5/12/78

106.8
103.6
107.7
100.2

104.3

107.2
102.5
101.1
101.1
l101l.6

98.3 -

101.0
103.3
100.0
102.6

99.6
101.3
105.6
108.1

19/12/78 |

109.8
- 83.8

104.4

104.4
109.8
~103.0
103.0
103.0
100.9
103.0
105.0
"107.1
110.5
109.8
109.8
111.2
112.6
116.2

/....cont'd
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‘Table A15-.(coht‘d.)'Dolly Lake specific conductivities, Winter 1978/79.

/m

WO~ dWwNMEO

~
td

'105.6

105.6
103.4

102.2 -

105.5
97.4
97.4

102.3

101.7

113.6

99.2 °

107.4

109.5
108.8

99.3

102.2.
-109.2

118.8

117.1

3

104.2
106.3
111.2
105.3

107.7

106.1

105.5.

104.7
102.6
100:5
104.7
106.8
104.8
108.8
108.2
110.9
108.8
119.5
117.6

105.1
111.4
108.8
104.5
104.9
106.0
106.0
104.6
104.4
405.1
105.1
104.1

107.6 .

106.2
106.2

. 109.7

110.3
114.1
114.7

=

/ps-emtl e250c

109.9
104.9
101.4
105.8
101.9
105.5

99.0
103.6
105.8
100.2

98.5
104.2
105.0
103.3
107.0
104.6
106.5
115.7
115.7

106.4
106.4
103.3
104.4
104.9
104.9
104.9

.104.0

103.3

103.8 -

103.8
103.8

106.5

107.0
108.0
104.8
111.4
113.3
125.7

42.5

74.5

98.3
101.2
102.7
103.2
105.8
102.2
100.3
100.9
101.4
102.7
106.6
105.0
110.3
110.9
110.9

121.6 -

127.9

PN STERE AT L

Depth 18/01/79 2/02/79 22/02/79 20/03/79 9/04/79 ‘3[05/79 17/05/79

0.44
11.6
86.0
97.3
101.7
103.3
99.5
97.7
98.1
103.6
103.0
103.0
103.0
103.5
104.6
109.3
111.4
115.6

-

125.5

TS
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‘Depth
/m

OO WN-=D

£
p e
= o

12

73.2
66.6
63.3
65.0
64.6
63.3
63.3
65.6

69.5 .

63.7
66.9
64.2
64,4
64.6
69.2

63.9-

69.5
63.6
63.9
65.6
66.6

65.3 .

67.8

69.3 .

67.3
67.3
66.6
62.1
62.1
64.0
74.4
66.6
64.0
63.7
65.0
68.6
68.3

65.3.

63.7
63.7
65.9
66.3
67.3
66.6
68.8

"78.9

——

N

Table Al6~ Eliz&beth La

2

k<

pecific conductivities, Winter 1978/79.

68.5
76.2
67.0
64.3
66.0
61.9
66.6
62.3

65,8

72.2
69.5
61.7
74.6
67.9
64.3

69.0

66.5
67.5
72.6

72.1
66.5
72.6

/ps'cm'l @ 25°c

8.1,
. 71.4
64.6
63.2
62.6
67.2
62.
sa.g\\
64.5
65.9
63.5
65.3
68.6
63.0
62.7
68.4
65.0
66.8
64.9
65.9
72.3
66.9
71.3
80.5

-

79.4
73.5
66.6
66.6_
64.0
66.6
67.3
69.9
64.5
63.7
70.2
69.8
65.3
65.3
68.1
70.4
66.4
69.1
73.5
65.2
68.7
67.9
69.8
73.1

®
27/10/78 3/11/?? 10/1}/78 17/11/78 24/11/78_ 15/12/78 6/01/79

728

. 69.3

70.0

-68.,0

65.2
63.8
65.3
67.3
75.6
67.6
74.2
67.9
71.4
66.5
68.3
68.3
67.2
68.6
70.0
71.5
70.0

-71.5

73.6

[ e

" 68.4

68.7

- 91.6

77.3
66.6

" 67.2

67.2
69.0

"67.8

69.0
70.5
67.8
66.6
65.8
66.6
66.0

68.7

66.9

66.9

AN
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Table Al6<{cont'd) Elizabeth Lake specific conductivitieg,Winter 1978/79.
T i : - S —l ©
» . /pseenl @ 250¢ |

- _ : ‘ P
Depth 26/01/79- 28/02/79 29/03/79 18/04/79 13/05/;9% 31/05/79
o ) ) _

f /m
0 74.7 8l1.7 76.1 - 71.1 1¢.3 4.0
1 - 73.9 79.6 . 74.2 71.1 36.6 . 22.8
2 71.5 72.2 72.9 69.8 ‘50.0 62.2
3 - 75.3 70.2 70.3 68.7 67.6 62.9
4 - 72.1 66.9 .68.1 67.6 69.0 64.4
5 67.2 64.6 66.6 . 66.5 ; 67.5 64.6
6 64.6 © 67.0 66.2 . 65.3 67.5 64.6
7 —— 65.2 - 65.5 67.2 67.5 . 63.3
8 66.6 64.7 65.9° 65.6 66.7. 64.7
9 63.0 64:2° -  66.4 . 66.1 66.7 =+ 64.7
10 64.8 70.1 66.5 65.9 65.8" 66.1
i1 —-—— 65.8 66.8 65.4 '66.3 ‘64.2 A
12 65.4 63.7 66.3 65.8 66.9 63.7 .
13 -—- 70.7 67.5 - 66.7" 66.9 . 64.2
14 - 64.2 65.8 67.8 66.4 ~67.7 64.6"
15 . — 64.1 66.7 68.1 - 66.4 68.1
, 16 67.2 67.6 68.9 69.4 69.9 66.9
; 17 - 67.5 }68.5 69.5 - 71.1 70.4
; 18 63.3 ° 68.5 . 71.2 70.8 72.2 64.9
i 19 ——— 68.6 71.2 ~ 71.0, 73.4 73.8
s 20 - -71.8 71.2 73.9° 74.0 76.3
Eg 21 . 71.1 71.0 - 71.8 73.5 74.0 76.9
. 22 71.3 71.6 76.8 76.1 78.1 79.9
2 . 23 73.9 76.5 81.0 . 8l1.8 78.1 82.2
"4
'R :

F—————————— ; ' e 2
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Table Al7 - Secchi depths and light extinction coefficients for
Dolly and Elizabeth lakes, Summer 1978.
* ,
DOLLY ELIZABETH

Date Secchi depth Extinctmn coeff1c1ent Date Secchi depth Extinction coeff1c1ent
) /m /m~1 /m- /m~1
27/06/78 10.25 7/07/78 2.63

4/07/78- 9.00 14/07/78- 3.25 :
11/07/78 8.63 28/07/78 4.88 0.271

18/07/78 10.13 R . 4/08/78 . 3.40 0.322

~ 25/07/78 T.75 : 11/08/78 2.85 .0.289

1/08/78 9.50 0.0567 R 18/08/78 2.25

8/08/78 11.13 25/08/78 2.30 A 0.384

15/08/78 9.35 0.083 1/09/78 2.28 0.382

29/08/78 9.00 S 29/09/78 , 3.93

5/09/78 12,00 ' 6/10/78 4.50

3/10/78 8.80 ’ - 13/10/78 \ 4,75

_ l0/10/78 8.00
™~
-
- -
\, 2
8 . h
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Appendlx B - Persulfate digestion for the Determination

of Total Phosphorus, modified from Menzel
and Corwin ' (1965).

Materials:

1) KpS70g (Reagent Grade) in a fine crystal:.ne Form
(Source: Fisher Certified -- Fisher Scientific).
; 2) Plexiglass scoops =-- precalibrated to deliver
) 0.4g£0.01lg K»S20g.
3) Kimax culture tubes (25mmX20 Ormm) screw-top with
. taflon lined Bakelite caps.

Method:

1) X‘\dd 1 scoop of §2820 ‘to each tube.

" 2) Add 50 ml of sample to a tube with a plastic
graduate cylinder. Cap each tube tidhtly,

Autoclave at 15 psi. for 30 min.
Cool to room temperature.
Add 5 ml of mixed reagent, mJ.x, and let stand.
After 5 min. read at 885 um in a 10 cm cuvette
and against a d.d. Hp0 Blank.

U >
— et

E]

Mixed Reagent: 1875 ml Distilled water
0.34 g Potassium antimonyl-tartrate
b . 15.0 g Ammonium molybdate -
© 175 ml  Concentrated sulfuric acid.
Mix well and store in a cool dark place.
Immediately before using, add Ascorbic acid
solution in the ratio 4 parts mixed reagent
. to 1 part ascorbic acid solution. The con-
centration of ascorbic acid is 2.7 g per 50 mls
of distilled water.

4

Standard solutions: /

' Prepare a 1000 mg.1” ! stock solution of Potassium
dihydrogen orthophosphate (KHpPO4) . _This 1s
diluted 100 times to make a 10 mg.1-1 solution
which is ihen diluted 100 times again to give a

100 pg.1"! solution. Store all three solutions
in a refrigerator.

Preparation of blanks and standards:

For each batch of samples to be analyzed, prepare
3 tubes of each of the following:

i) Blanks: 50 mls of double distilled water 1nto
P-clean_tube.

ii) 6 pg+:l1-1l standard: 3 mls of 100 pg-l"J/' standard
+47 mls of d.d. H20

iii) 10 pg-1-l standard: 5 mls of; 100 pg-1~ -1 standard

¥ golution +45 mls of d.d. H30.

iv) 20 pg'l"l'standard° 10 mls of 100 pg- 171 gtandard

' solution +40 mls of d.d. H20.

o
, - St

s U L IR . jos ke 2
i
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: ) Appendix C - Chlorophyll-a analysis using ethanol -
- O | | u \

% 1) Filter a suitable volume of lakewater through a 47 mm ' »

f

glass flber filter. As the last 25-30 ml are being

filtered, add 1 ml of MgCO; solution (1 g MgCO3 in

v i i g S A

100 ml water). Be certain to remove as much water as

' possible from the filter.

2) At this point, the chlorophyll may be extracted, or
A ‘ stored for extraction at a more convenient time. If
the filter is to be stored, place it in a numbered
peéfi dish with a tight-fitting lid. Keep frozen until
extraction is possible. »
é 3) Filters are folded and placed in a centrifuge tube. con=-
taining 10.0 ml 96% ethanol. Tubes are capped, shaken

, vigorously and placed in the dark underArefrigeration

for 18-24 hours. It is'proﬁably a good préctice t& shake
the‘tubes again after 1 hour to ensure more complete ex-
traction.

4) 'After the extraction period, the contents of the centri- '
fige tubes are refiltgred through a 25 mm glass fiber : ’
filter or centrifuged to separate the extracted chloro- s
phyll érom glass fibers and bits of filter. JIf refiltra-
\tion is used; about 9.5 ml are commonly recovered and

turbidity blanks are generally, somewhat lower.

5) Read optical density in a 1Q cm cell against 96% ethanol

at 750, 665 and 649 nm. Correct optical densities for

' %
both cell to cell blanks and turbidity blanks.

I

6) Chlorophyll-a is calculated from the formula:

(13.7 A665 - 5.76 A649) v
Chyll-a = V-1l
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119.
where A665 and A649 are the corrected optical densities
at 665 and 649 nm, respectlvely

v is the volume of extractant used (1¢ ml) 1:&1.

.V is the volume of lake water flltered in liters.

1l is the lenqth of the light path of the cell (10 cm)
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- . APPENDIX D
Raw data collected during sediment incubation
experiments in Schefferville ‘ )
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- Table D1 - Results of 1ong—term’incuba£ion of Dolly Lake sediments collected
. at 20 m.”  Times indicated in hours from beginning of experiment.

Chambhker # Condition ' Volume of H0 Oxygen concentrations in mg}l”l
: /1 Initial - t=26 hrs. t=46 hrs. t=164 hrs.
1 ﬁnstirred'control 0.420 11.69 10.81 10.75 9.32
2 " 0.315 ) " 9.69 9.01 6.49
3 " - 0.325 " 10.35 9.31 . 7.87"
4 . 0.325 o u 9.88 9.10 8.05
5 n ' 0.330 " 10.35 8.81 5.29
6 " 0.340 " 10.26 9.31 .83
| Stirred control 0.415 " 9.45 8.58 8.51
8 -o" 0.355 . " 9,15 5.74 4.16 L -
9 o 0.345 " 1137 6.41 4.84 «
10 .o 0.335 " 8.05 7.90 7.34 )
11 " 0.350 ’ » - 8.55 T~ 8.39 5.48 : .
12 " i - 0.335 " 8.29 7.26 5.58 ’
- Added water - 0.060 . . 11.25 . 11.45 ——
. M ’ B ©or N /Cont'dooc )
' N :
[
N
+ 'F‘
Wﬂw - nEpOrt PR Scnneh e e i e g s = ’ N o » -
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“Table D1 (cont'd.) - Results of long term incubation of Dolly Lake sediments

collected at 20 m. Times indicated in hours from beginning
of experiment. - ) i -

.- o -

Q . .
Chamber # Condition Net oxygen uptake rate in mg-m’z-day—l
s - £=26 hrs. - +=46 hrs. . £=164 hrs. .
7 . ° -

1 Unstirred control 0.37%* 0.08* 0.64*

2 " - 73.65 - 67.31 - ° 21,19

3 oo 31.17 89.66 4.66 .

4 "  63.09 © 74.37 T - 0.60

5 : " . 31.65 135.63 37.62 -

6 " ' 39.00 .86.28 52.18

7 Stirred control 0.93% 0.47* 0.20%

8 o T 22.18 253.83 ©-33.72

9 " . 2 . =138.47 - - 356.71 31.28 .
10 ~ " 97.92 -37.25 11.01
11 "o 65.74 -48.45 - 47.58 o )
12- " 81.12 = 38.91 - 30.05 - . " :
- Incubation period 26 hrs. 20 hrs. 118 hrs.

«
& s

*  Number of ﬁqoz consumed during the incubation period by the volume of H,0 in the control. :

-

hzz1
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' Table D2 - Results of a short-term i
' in Dolly Lake. Times ind
experiment.

Chamber # Condition Volume of water

/1
1 Unstirred control $h0'43l
2 " . 0.330
3. L 0.337
4 . " ; 0.313 -
6 " ) 0.309
9 " 0:316
7 Stirred control 0.433
5 " 7 0.312,
8 " 0.315
10 " "0.296
11 . " . : 0.302
12 " - 0.309
- Added water - 0.060

3

Oxygen concertrations

/mg-1-1

11.44

1"
S
"

"

"

‘n

11.87

Initial ¢=22 hrs. t=44;5 hrs.

10.786 ) 10.66
9.06 8.03
8.68 8.54
8.86 , 8.48 |
9.49 ' 8.38
9.56 7-.38

' 9.67 8.41
5.41 4.67
7.75 7.22
4.42 - 3.97
8,22 7.59
7.89 - 7.52

11.87 ———

Incubation:pe;iod

- - ? ~ )
ncubation of. sediments collected-at 15 m.
icated in hours after beginming of

Net 0 uptake rate
/mg-m=2.day-1

t=?2 hrs.

0.32%
133.43
167.89
142.02

92.13
88.76

0.79*

323.99

©.145.10

379.74
104.07
131.66

22 hrs.

t=44.5 hrs.

0.11%*

102.44
36.84
53.03
9B.25

172.68

0.68* %

31.03
-19.44
27.85
-15.70
~31.90

ki

22.5 hrs.

Number  of mgOg3 consumed during the incubation period by the volume of water in the control.

‘€21




Chamber # . Condition s Volume
: /1
3 .
1 Unstirred control 0.434
2 o 0.312
3 " : 0.316
7 Stirred control 0.423 .
5 " <0.321
8 " . 0.312
- Added water 0.060

L
Table D3 - Results of a short-term incubation of sediments collected at 12 m 2
' .- in Dolly Lake. Times indicated in hours after beginning 6f experiment.

~ Samples from 24.5 m in Elizabeth Lake were also incubated durlng this
experlment The results are given in table D4.

Oxygen concentratlons

~ Net 0p up'éke rate

/mg.m”¢-day™

/mg-1-1

Initial =24 hrs. t=41.5 hrs.
11.37 11.24 ©10.83
- " 9.43 8.35

" 9.17 . 8.73

o 9.73 9.66°

" » 13.66? ©10.40

" 8.85 7.74
11.39 11.39 -—-

Incubation period

t=24 hrs. t=41.5 hrs.

0.06* . 0.19%
136.99 £ 98.70
157,35 41.56

0.69%* 0.13*

— 28.00*%*
62.58 125.05
24 hrs. 17.5 hrs.

Number of mgOz consumed durlng the incubation period by the volume of water in the control.
-Calculated by taking [02] at time- zero and not at t=24 hrs.

L
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Chamber #

in Elizabeth Lake.

the experiment.

during. this experiment.

Condition ., Volume

©

0.316

Unstirred control 0.434
”n ‘.
" 0.282
" ) 0.297

Stirred control 0.423
" . 0.326
" ) 0.321
" 0.302

Added water // 0.060

°

oxygen concentrations

i

Table D4 -~ Results of a short term incubation of sediments collected at 24.5 m
Times indicated in hours from the beginning of
Samples from 12 m in Dolly Lake were also incubated
The results are glven in table D3.

&

Initial t=24hrs.

11.24
8.44 -

7.42
7.52
9.73
7.23

©7.33

7.11

11.39
Incubatlon period

t=41.5 hrs.

10.83

7.89
7.37
7.27
9.66
7.17
7.53
6.93

!Number of mgQg consﬁmed during the intubation period by the volume of water in the control.

5
1

Net 02 upiake rates[

'£=27 hrs. £=41.5 hTs.

17.5 hrs. .

AN
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Table D5 - Results of a long~term inducation experiment on sediments collected

at 8 m in ‘Elizabeth Lake.

of experiment.-
time.

Chambex # ~ Condition

Unstirred
control

Unstirred
"

Stirred
control -

Stirred -
"

Added water

[

-~ Volume

/1

0.420

0.327
0.331
0.423

07317 .
0.322
0.060

Oxygen con

Times indicated in hours from beginning

ienffations

Samples from 16 m were also incubated at the same
Results are given in table D6.

Net O, uptake rates

e B M

I I aias s T T b o o

Extrapolated_-from the value at t=20 hrs.
46 hours.
29 hours.

Incubation time
Incubation time

/mg-1" . . /mg-m~2.-day~1 :
- Initial +=20 h. t=28 h, t=49 h. t=66 h. t=20h. t=28h. t=49h t—66h
10.03 9.78 10.31 10.88 10.83 0.14%* 0.05* 0.05** 0.12L
" 9.55 9.34 8.44 8.30 13.03 B8&.70 69.82  2.99
" 9.56 9,37 9.24 8.60 12.29 82.36 3.99 40.35-
" 9.55 9.76 9.95 9.75 0,.23* 0.09%%(Q,24% (g 20%
" 7.46 8.87 7.80 7.30 221.24 ——— -———g 14.87*
" 7.52 7.58"- 6.89 6.52 219.48 -—-  44.,49*% 37.35
10.54 10.54 10.88 9.39 - ——— o -
o Inqubation period 2Q»h. 8 h. 21 h. 17 h
£ - :
Number of mg0O, consumed during the insubation perlod by the volume of water in the control.
o .
«
J—'_H
. N
° “ [=5]
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Table D6 -

Copdition

Unstirred

control

Unstirred
"

Stirred
control

. Stirred

Added water 0.060

Number of mgO
Extrapolated

Incubation time = 38 hrs.
Incubation time

of experlment.

Volume

N

0.420

0.313
0.309
0.315
0.423

0.290

0.316
0.293

29 hrs.

-

s 2 iy B T

consumed during the incubation period by the volume
rom the value at t=20. hrs.

- -
.
Results of long-term incubation experiments on sediments collected ~
at 16 m ineflizabeth Lake. Times indicated in hours from beginning
Samples from 8 m were also incubated at the same time.
Results are given in table DS5. 3
Oxygen concentrations Net 03 uptake rates
/mg-1-1 : - /mg-m~2.day~1
Initial ¢=20h. t=28h. t=49h. t=66h. t=20h. t=28h. t=49h. t=66h.
10.03 9.78 10.31 10.88 10.83 0.14% O.OS**V 0.15%* (.12%%*
" 8.02 7.69 -7 7.15  6.95 142.54 172.56 64.32 34.37 _
" 8.41 8.09 .7.60 7.46 107.99 153.68 53.92 19.93
" _ 8.42 8.08 7.42 7.37 109.23" 158.64 - 68.14 14.04
" 9.55 9.76 9.95 9.75 0.23%* 0.09*% (0,24** (0.20%*%*
" 8.75 7.55 7.68 5.93 .100.78 267.34" g -5 67.62%
" 6.57 6.89 5.84 5.66- 296.93 - 73.41 38.50
" 5.9¢ 6.15 7.12 5.84 323.86 —— — 119.10
10.54 10.54 10.88- 9.39 —— .
; - Incubation period 20h, 8h. ~ 21h. 17h.

of water in the control.

-
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{ | experiments in Montreal
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Table El - Results of first incubation experiment in Montreal Equilibratién time = 66
days. ‘Incubation time = 1 day. .

Y

Jar # Lake Height of sediment - Oxygen concentrations Net 0, uptake rates
. /cm /mg-1-1 : /mg-m~%-day= -1
Initial Final
1 Dolly 4.6 10.75 8.88 ‘ - -42.21
2 . 5.0 10.08 8.15 e -35.94
3 . 5.0 11.01 . =~ 8350 - 0.00 -
4 . " 4.9 . 9.82 8.88 ’ -98.85
5 * 4.8 10.65 - 8.61 -30.06
13 Elizabeth- 5.6 9.33 7.42 -33.58 °
14 " 5.8 10.88 7.39 50.88
15 " 5.7 9.98 7.43 B 2.20
17 - » . 5.7 11.41 7.27 89.59
Control bottle # Volume Oxygen concentratlons, -
. ( /1 /mg-1-1
- Initial Final
1 - 0.147 12,39 9.37 .
3 % 0.148 . " S 9.31
2 0.147 . 10.93 :
4 T 0.149 " 9.91
" Mean 12.39 '9.98
. r

"6C1
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Table E2 - Results of second incubation experiment in Montreal., Equilibration

Lake

Dolly
"

"Elizabeth
"

L

‘Control bottie %

LN E SN o

time = 76

Height of
/cm

. s s » &

T O U B

Volume
/1

0.147
0.146
0.148
0.149

¢
Mean

00 0O W k= i 00O ~J Q0 J

days. Incubation time

1 day.

sediment Oxygen concentrations
/mg . 1"'1

-Initial Final

9.18 6.90

9.47 6.46

9.70 7.16

40.14 7.36

10.09 7.26

9.43 6.76

9.05 '5.27

"10.30 5.74

- 9.82 7.02

10.04 7.58 .
P )
Oxygen concentrations

-Initial™ Final
11.71 5 10.17°7
11.71 9.97
11.71 10.46
11.71 10.70
11.71 10.33

IR oo s ks

Net Oj uptake rates
/mg-m=2-day~1

58.47
104.26
75.35
92.35
92.74
74.77
122.31
155.71
76.63
58.28
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Table E3 - Results of the third incubation experlment in Montreal. Equilibration
“time ='81 days. Incubation time = 1 day. ’

ﬁi Jar # Lake .Height of sediment Oxygen concentrétions Net O, uptake rates
i > /cm ’ /mg=-1-1 " /mgem~2.day~1
- _ Initial ; Final
6 Dolly 4.9 10.37 6.41 199.59
12 " 4.8 9.97 5.68 o 223.86
18 Elizabeth " 5.4 10,11 5.90 . 198.23
24 " : 5.8 10.16 6.06 - 178.62
Control bottle # Volume Oxygen concentrations
- /1 /mg-1-1
- - ; Initial Final
2 - 0.146 ; 11.68 . 11.44
3 0.148 11.68 10.75 .
‘4 e 0.149 11.68"° 10.71
5 ' 0.148. : 11~68 10.64
' Mean 11.68 10.89 o 2
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Table E4 -~ Results of the fourth incubation’ experlment in Montreal.

Equilibration time =15 days. Incubation time =
t
Jar # Lake Height of sediment Oxygen concintratlons
- /cm /mge+l” -
: } Initial Final
1 Dolly 4,7 10.36 7.49
.2 . - 4.9 ’ 10.48 .6.54
3. " 4.9 9.98 6.45
4 " 5.0 10.74 7.43
5 " 4.5 10.55 7.21
13 Elizabeth 6.0 9.82 6.32
14 W . 5.8 9.94 4.93?
15 " 6.0 8.297 6.20
16 " 5.8 - 10.33 6.10
17 " 5.7 10.58 6.33
Cbntrol bottle #: Volume Ooxygen coanntratlons
/1 /mg+1”
Initial Final
3 - 0.148 11.58 11.22
4 - : 0.149 11.58 11.23
6 - " 0.147 11.68 11.28°
! Mean 11.614 11.24

1 day.

- -t « .. i
5 s, T oAt

NN PR PR 0 W T TR R e R e
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= . . i R

Net O3 ugtake iates

/mg m

N

-day”

"162. 40

224 .77 -
198.96 Ny
182.17 -
198.87 L
162.65

250.39?

89,387

308.30

213.26
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Tabie E5 - 'Results of the fiftH incubation experiment in Montreal.

Jar # Lake

‘Equilibration time = 8 days.

Height of sediment

Oxygen concentrations

Incubation time = 1 day.,

vi

v

Net Oguptake rates

/cm ./mg-1~ /mg-m” day -1
Initial Final

7 Dolly 4.7 r 10.34. 7.18 - ) 174.10

8 " 5.0 10.26 7.41 146.85

9 " 4.9 10.05 7.68 119.00

io0 " 4.8 ¢ 10.09 7.46 137.52

11 " - 4.8 10.17 7.47 - 141.99
19 Elizabeth 5.8 10.35 6.10 203,44

20 " 5.6 8.97? 6.58 106489

21 " 5.9 10.24 6.72 161.01
22 " 5.9 9.88 6.13 173.19 .
23 " 5.9 9.98 6.53 ® 157.30
Control bottle §# _ Volume Oxygen concentrations

- /1 /mg-1~
Initial Final s

1 0.147 11.67 - 11.13

2 0.146 11.67 11.14

5\ 0.148 11.67 11.06

7 0.147 11.67 11.32

8 0.145 11.67 i1.29 - -

Mean 11.67 - 11.19 -
. \
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