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ABSTRACT 

The .rates of wh01e-1ake oxygèn depletion 
during summer 1978 and winter 1978/79 were measured 
in two lakes of different trophic status near Schef!er­
ville"Qu~bec. 'Naturally eutrophie E\izab~th LaKe 
consumed its hypolimnetic o~ygen at a rate of 390.56 
mg om- 2o day-1, abo~t, three times the rate\predicted by 
Cornett and Rig1er's (1979) empirica1 mQde1 (137.83 
mg om- 2o day-l). 01~gotrophic Dolly Lake did not 
stratify during the surnrner and remained saturated 
with oxygene The rates of winter'oxygen consurnption, 
97.49 mg·m-2o..day-l in Dolly and 204.0'8 mg ·m-2 'day-1 -, 
in Elizabeth, ref1ect.the difference in trophic status 

, düring the previous surnrner, but do not agree wi th, the 
re1atienship derived fro~ temperate 1akes in Ontario 
(Welch et al. 1976). An attemptlto measure sediment 
"respiratron" in the laboratory gave ineonclusive . 
resu1ts 'because of'methodo10gical problems., Accord­
ing to these estima tes, sediment oxygen consumption 
cou1d aecount for 50% to 100% of the 10ss of oxygen 
from eaeh lake'dur.ing winter . 
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RESUME -. , J 

Les taux de d~soxyg~nation estival et 
hiyer~al d,e deux lacs subarctiques prês de Sche~fer-

.. ville, Qu~bec, furent mesur~s de juin 1978 ! juin 
1979. 'Le lac Elizabeth, naturellement eutrophe, con­
somm~on oxygêne'hypolimnique au -taux 'de 390.56 
mg.m-2.jour~1, soit trois fois plus rapidem~nt ,que 
la pr~diction du mod~le empirique de Cornett et 
Rigler ,(1979) (137.83 'mg ·m- 2 • jour-l ) " Le lac Dolly, 
une êt~ndue d'eau oligotrophe holomictique, est 
restê satur~ d'o~g~ne dissous. Pendant l'hiver, le 

~â.bolisme lacu~tre réf'l~te le niveau trophique de 
l'~tê prêq~dent car i~ lac Elizabeth se d~saxygêne ' 

'plus rapidement que le lac Dolly (204.08 mg·m-2.j.-l 
contre 97.49 mg om- 2.jo-l). Le modèle de Welch et' al. 
(1976), 'basê sur des lacs du ,sud de l'Ontario, 'ne 
s'applique pourtant pas ! ces deux lacs subarctiques. 

- • , 1 
- , 1 

" Des expêriences en laboratoire, visant a 
mesurer 'la consommation d'oxygêne par les s~diments, 
ne permettent pas d' ~valuer ave,c pr~cision leur -
con tr ibu tion ! la perte d'~ oxygêne ,hi vernale. Le s 
r~su1tats varient de 50%,! 100% des taux lacusttes 
sans diffêrenqe significative entre ces deux 1a'çs. 

" . l ' 

\ 

/ 

'l 

\ 



( 

" 1 

i 
r ' r 

/ t 

( 

i 

,-1 

l, 

ACKNOWLEDGMENT'S 

l would Iike to thank the fOllowïng people 
" and organizations whosé kind cooperation made 'this 

1 

,sftudy possible: 

Dr. F. H. Rigler, for" his 9Uid~nCe anl in­
troduction ta the empirical approachfto 
science. ! 
The personnel of the M~Gill ~ubarct~c 
Research St'ation and especially it' ~ 
Manager, Mr. Douglas R. Barr. 

l' 

The Iron Ore Company of Canada Ltd. for 
access through their property. 

Messrs. J. Lewis and C. Wood for their 
assistance ,in the field.' 

Mr. R.K. Wright for his instruction on 
the use of thermistors. 

M. F: Coallier for his assistance with 
sorne of .the data analysis,. 

Dr. N.F. Adams and Mr. N.T. Roulet for 
permission"to use the~r Elizabeth Lake 
ice survey data. 

La Direction G~nérale de l'Enseïgnement 
Supérieur du Québec, the McGill University 
Centre for Northern Studies and Research, 
and the Department of lndian and'Nort~ern 
~ffairs (through an ALUR grant to F.H.R.), 
fqr their financial' suppor~. . 

Mrs. Pàtricia Ch~pard for typing the'manu-
script. . 1 

And to my'family for their unfailing support 
and enqouragement. 



, ; 
1 

1 

- j 
1 

( , 

c 

TABLE OF CONTENTS 

LIST OF TABLES", '" '" • '" '" ...... '" '" "' ....... ~ ..... '" .. ~ •• '" • '" •• '" ••• '" i 

LIST OF ILLUSTRATIONS •••••••••• ' ••••••••• '. t • •••• ' • •• iii 

INTRdDUCTION ••• \". • • • • • • • • • • • .... • • • • • • • • • • • • • • •.• • • • l 
'v • 

Chapter 
1. ,THE STUDY AEEA ••••••••• '.................... 6" 

II. MATE RIALS AND METHODS FOR WHOLE-LAKE' , , 

~ASUREMENTS ....... '" •• ~ •• '" '" ••••• , ......... '" ... .. • 12 
Uni ts .... e •••••••• '" •• '" '" '" • '" '" '" '" '" .' ... '" '" '" '" • '" '" 12 

;-Sampling ~ '" • '" •• '" '" '" '" '" '" '" .'. ~ '" '" '" '" .. '" • '" '" '" • '" •• '" 12 
Morphometry", '" '" ,.' '" •• '" '" '" '" '" • '" '" '" '" '" • '" '" '" '" • '" • • • 15 
TE!lTlpera ture •••• '" •• '" .. "' ... '" •• "',. '" '" '" •• '" '" '" • • • • 16 
Disso1V'ed oxygen •••...••..•.....••.•••. ' 18 
Specifie conductivity ....•....•• : .•• ~ •. 22 
Transparency ... ~ • '" • '" '" '" '" '" ... '" '" '" '" '" ....... '" ..... '" 2 3 
Snow, ice, and hydrostatic level •..•••. 24 
Total phosphorus .•......• " '. . . • • • • • . • . •. 25 
Chlorophyll-a", '" '" '" ., •• '" '" '" •• '" '" • '" ••• '" • '" '" •• '" . 25 
Streamflow .• '" '" '" '" '" .'. '" "'. '" '" '" '" '" '" "' .• t •••• '" '" '" •• 25 

III.' MATERIALS AND METRODS FOR MEASURENG 
SEDIMENT O~GEN CONSUMPTION •••••••••••• '.... 27 

SaJIipling< •••• 1 ••• "' .... '" ....... ~.... ... • .... • • • 27 
Incubation e~periménts in Schefferville ,28 
Inc,ubation experiments in Montreal .•• ". 32 , ' 

IV. THE AREAL HYPOLIMNETIC OXYGEN DEFICIT OF 
ELIZABÊTH LA.KE .............................. . 

V" THE: A.REAL W~R OXYGENo DEFICITS, OF 
DOLLY AND EL ABETH LARES •••••••••••••••••• 

Ca'lcu1a tio of the AWOD •••••••••••••••• 
Predicting he AWOD •••••••••••••••••••• 

Vr'. MEASUlŒMENTS OF SEDlMEN'1' OXYGEN 
CONSOMPTION ••• ' •• " .............................. . 

Resul ~s of, the Scheffervil;te 
e~er1lD.~nts ............................ . 
Resu1ts of the'Montreal experimenta .••• 
Comparison of d~rect and indirect 
measurements •••• ' •••• Co ••••••••••••••••••• 

43~ 
) 
, ' 

55 
55 
59 

66 

67 
70 

73 

,- ~ , 

CONCLUSION ••• ;. • • • • • • • • • • • • • • • • • • • • • • ... .. • • • • • • • • • •• 77 

J 

\..If; 



1 
1 

! , . 
.1 ' 

, , 
• 

, \ ~ 

j 

'( 

c . 

" , 
-' l, " ,.,,' " • 

\ . 

! , 
" 

REFERENfiS ••• : • .I ..........•••.....• '-. ..... ~ .... ~ . . . . 78 

APPENDIX A. WHOLE-LAIŒ MEASUREMEN'TS •••• ~:: •••••••••• 
Morphometry ............................ . ,"" ............. .. , 
Temperature ................ " ....... ,. ....... ' ...... . 
Ois sol ved oxygen ...................................... .. 
Snow, iee, and hydrostatie water 

87 
8S 
90 
98 

level ..................... ......................... ,. . . .. . .. .. ! 0 6' 
Specifie conduetivity •••.••.•••••••••• 108 
Transparency ........................ ,. ........ . ~ ......... 6

6
: 116 . '-., 

APPENDIX B. PERSULFATE DJGESTIQN METHOD FOR \ 
TOTAL PHOSPHORUS •••• ~ '.' •• ~ •••••••• ~ •• 117 

APPENDIX C. CHLOROPHYLL-a ANALYSIS USING 

\. , 

ETHANOL ••••••••••••••••••••••••••• '. •• 118 . 

APPENDI~ ~ RAW DATA COLLECTED OURING,SEDlMENT 
'\~ INCqBATION EXPERIMENTS IN , 

SCH~FF~RVILLE. • • • • • • • • • • • • • • • • • • • • • •• 120 , 
~ 

APPE~D!X E ~ RAW D~_ COLLECTED OURING SEDIMENT 

" 1 
1 

INCUBATI PERlMENTS IN MONTREAL?. 128 
o--~~ 

~J 

l ' 

\ 

/ 

1 
1 

'/ 

. 
'l, 



, , 
l, 

( 

( 1 

\ 

\ 

, ' 

1. 

LIST OF 'TABLES 
-------.......... 

1. Some important climatiè;-statistics for 
Schefferville (means of 1955-1973 data} •......••. 9 

2. Some comparative data for Dolly a~d 
.Elizabeth Lakes ••.••••• :......................... '10 

, 
3. Specifications of Feriwal GB32P2 ther-

o 

mistors used for measuring lakewater 

4. 

5. 

6. 

7. 

8. 

temperatures .............. 1* •••••••••••• ~r-~ •••••• ~. 17 
l 

Composition of :r;eagents used for dissolved ) 
oXy~analYSiS ••••••••••...••. -: . ',' .• " ••.•• '. • ••• 

Positiôn of the metalimhion ,in Elizabeth ~ 

19 

L~e during the summer of 1978 .•• 0' ••••••••••••••• 44 
) , 1 

!Ù"eal . masses of oxyge~ in th~ hypo l imn ion' ~ 
of E11..zabeth Lake dUrJ.ng 'the summer of 1978 ....•• , ' 

46 

Ca1cu1ation of the variables enteripg the 
Cornett-Rig1er equation for predicting AHOD. 
E1i zabeth Lake, Summer 1978 ••• :................... 47 . -
Calculation of putative groundwater flow' 
into the hypo1imnion of Elizabeth Lake, 
according to Lewis (1977) .•.•••.•• ' ... , ••.••••..•.•• 50 

9. Dai1y outflowJdischarges at E~izabet~ Lake, 
,&UIllIller '1978. el'. .. .. • • • .. • • • .. • .. • .. • .. .. .. • .. .. • .. .. • • • .. • .. • • .. ... 51 

10. Comparisori of observed and prediqted AHOD's 
at'different depths'in the hypolimnion of 
Elizabeth Lake~' •••• ;.... • • . . • • • . . • • • • • • . • • • • . . . •• 52' 

1 

Il. Areal masses of oxygen in Dolly and Elizabeth 
lakes throug~out W:i.-nter 1978/79 ..••. ., .....•• ·..••• 59 

12. 'Ca.lculation of 'predi,cted A~OD 1 S for Dolly and 
Elizabeth lakes, Winter 1978/79 ..• ~ •••.••••••..•• 

13. A comparison,of somé indicators of trophic 
'62 statue. for Dolly and Elizabeth __ lakes ••••.••••..•• , ' 

14. Dissolved oxygen concentrations in the outf1ow 
of Dolly and Elizabeth 1akes, Winter 1978/79 ••••• 64 

1 • • 

1. 

/--­
.. ..-, i 

.' 

• 1 



, 
1 

. ; , , 
1 

\ 

( 

j 

L 

? 

. ~ ' . 

,~ 
15_ A comparis'on----Of---i~, snow and 'water leve1 

measurements on Elizàb~ Lake betw~en a 
comprehensive survey (n =~~ and a single 
point survey ................... ~ ........ .(oa ••••••••• 

~ 

16 .. Means ,of sediment oxygen consumptlon SOC) 

17. 

18. 

19: 

·20. 

21. 

. 22. 

. ' 

ra tes' for Dolly Lake samples ..•••..••• '.. . •••.•• 01 •• 

Meéilns of sediment oxygen consumption (SOC) 'J 

rates for Elizabeth Lake samples .••••....•• : ...•••• 
1 -

The\ effect of g~ntle medhanical mixing on' '. 
the ~ vertical oxygen gr,adient in the incubabors .•••. 

Mean sediment oxygen copsumption rates for . 
0011 and' Elizabeth lakes as a function of 
equi ibr a tion time ..................... ~ ................ . 

/ 1 • 

and indi~ec~ estimates of sediment 
. consumption/in 00111 and Elizabeth 
wtinter 1978/79 ..... ~ ............ ' ............. . 
• r,1 . 

uptake of various 'freshwater benthic 
nments measured dir~ctly in situ or in 
bora tory •••.•••• ~ .•••• ! ..... ( •••••••••••••• \_ .1 •• 

oxyg~ 1 uptake of v:arious ~rine benthic . \ 
,envi onments measured directly in' situ or 
in t e laboratory ........ ~ .' .................... : .. . 

;' .' , 
.' 

.. ' 

',' 
, ~ 

.,. 
"f 

~ ii; 1. 
D , 

j 

f 

65 

--68 

69 , ! 

70 

! 
\ i 
\ 1 

71 
\, 
~ 

74 

,i5 

76 

, . 

Il 



(' 

; . 
, 

) 

, . 

i. The study 

.. 

LISIJ.. OF ILLUSTRATIONS 

'1 .. 

0 

. " area ........................................................... .. 7 

2. Contour map of Dolly Lake ••••• '," .1 .....••.....••• 13 

3. -Contour map of Elizabeth Lake •...••.•....•. ; ....• 14 

4. Sed~ent incubator used in Schefferville....... •• 29 

5. Apparatus used for seqiment incubation 
in Montreal.' ...... ~ ........ ........................................... 34 

6. Depth-time diagram of temperature in 
Dolly Lake ........... <l j " ...................................................... 39 

7. Depth-time diagram of, temperature in 
Elizabeth Lake. ~ .................... ;r ........................... .. t • ...... " .. .. 

8. Depth-time diagram of dissolved oxygen 
concentration in Dolly Lake •...... '.' .. . . • • • • • . . •. 41 

9. Depth-time diagram of dissolved oxygen 
concentration ,in Elizabeth' Lake .•.•..•..••..•..••. 42 

10. Change in tJ;1e areal oxygen mass below , 
14 m in Elizabeth Lake.. . •• • • • • . • • • • • . • • • • • • • • • •• 45 

Il. Depth profiles of Mean seasonal specifie 
conductivity. in Dolly and Elizabeth laites........ 49' 

12. Observed and predicted AHODls below 
different depths in Elizabeth La~e •• '. . . . • • • . . . . •• 53 

13. Areal masses of oxyqen in Dolly and 
Elizabeth lakes throughout the winter 

15. 

of 1978/79........................................................ 58 

Decrease of dissolved oxygen concentration 
in ,two strata of Dolly and Elizabeth lak~s , 
during the win ter of 1978/79...................... 6 

Variation of Soç measurements as a function 
of respirat.ion in the control bottles............ 72 

1 

! 
/ 

< 

iii. 



, 
, 1 

( 

l , 

',~,j-

1 ( 

• ..r... 

~NTRODUCTION 

Oissol ved oxygen is an essential requirement 
~)f 

for a large and diverse range of aquatic life. One of 

the first seasonal chemica1 trends obserVed . rn lakes 
to'" ~ . 

., . was 'the 10ss of disso1 ved oxygen in the hypolimnibn dur-
'''' ' 1 

ing 'sunimer stratification (AlsterQerg 1929), as weIl as 

from most of the entire bbdy of water during the period 

of winter ice co~er (Drown 1892, Thieoemam- 1927). In 

the 1a~ter case, this dep,letion may be severe enough to 

cause a massive 0 ltwinter-~ill n of the fïsh population, 
o , { 

especially in shallow eutrophie lakes (Greenbank_l_9_1SL!L _________ ~_. __ _ 
---- ----- - ~------- 1 

7 ' 

In add1'tion, hypolimnetic (i.e. sununer) oxygen depletion • , 

accelerates ~n z;esponse to higher nutrient lè~ding (Edm~n.,. 

son e1; al. 1956, _ Dobson and Gilbe/tson 1971)'. Since Man, 

18 capable Qf influencing this important p~ocess in \akes, 
" 

,models to 'predict the quantitative effects <:Jf his actions , . 

• 

are ne~ded in order 'to malte intelligent management !!Jecisio~s. 
, , " 

The first attempts to develop sucb models b~gaJ) 
:' 

with Str!d~ '(19'31) who, in refining Thienemann' s ,(1928) idea 
, 

that the hypolimnetic oXygen defici:t ref~eets 1ake trophic 

status, argued tha't this ~ficit must be express,lt pex: 11nit 
, c ~ '1 . , 

"are a of hypolimnetic surface ta' allow comparisons between .. 

1akes of different hypo1i;nnetic thicknesses. HenceÎorth 

this 10ss of oxygen was to be designat;.ed the "Areal HyPo-
, . , 

l~etic OKygen De~4cit~ (AHOD), ·whicch is tne rate of d~- , 

oxygenatian.'iexpressed per un,it area of the plane at the top 

,l 
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o,~ tlie hy~olim~ion (typical units '== mg02 ·m-2 ·daY,-l) • 

Hutchinson (1938) went one step further when he 

found ,an empir ical rela tionship betwe,en AHOD and dry 
". , 
weight of seston, an indicator,of pladkton production, 

, 
"in 4 Wisconsin lakes / unfqr,tunately 1 subsequent investi,'-

L" 0 

gations in other areas failed t?confirm this link (Riley 
, 

1939, Deevey.1940, Lasenby 1975). A recent model propo~ed 
, J 

by ço~nett and Rig1er (1979) cast~ frtrther doubt on Hut-

chinson ' ~. (1938) 'assumptions, while providing a new em-

p~r-ical ~qua tion for predidting AHOD'. 0 

/' 
Area~ Winter Oxygen Deficits (AWOD) have received 

~ t!,~) 

far less atte~tion. But considerable progress has been 

made with the publication of an e~irica1 equation of 
, ~ 

AWOD'-for several Ontario' lakes (Weich et al. 197'6). 
.t ~ 

". Sinpe ~f predictive mOde1sùfo~ iHOD and 'ANOD 

aro~e,from data' on ~emper~te lakes, ,app1ying them ,to sub-
, , 

, 
arctic lakes would be an 0 idea1 test of!,their generalit~ i 

1 ~ 

In thermal regime, at least, subarétic ~ak~s are inter-

mediate to temper~te and arctic lakes. 'Thus, they can, 1 

\ , 

".stratify during ,the sutnmer long Einough "to develop a meas-
, 1" , 

urable AHOD and, in addition" undergo prolonged freeze-

up leadi:ng ~o a large ANon. uA glance at maps of ~he C'an-
, 

adian Subarctic Zone reve'als a plethora "of possible re-

sear,ch sites. 

Thère are several reasons why Sche"fferv;ille," 

Qu~~ec,was the,chosen location'for,this Rroject. Firstly, 
, 

it lies within the SUbarctic:::"Zone as de~ined' by, Love ,(1970) • 
" 

jlt 5 le 

, " 

\ 
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seèondly, there was ,considerable logis tic support avail-

able from the MeGill Subarctic Research Station, where a 

five-year nutrient budget study on seven nearby lakes i\ 
in, progress,. Fin~lly, twenty-fi:ve years of research. at 

the station has produced good b~ckground data for the 

area (Adams et al. 1974, Granberg 1978), especially mor-

'phometric maps of several of the lakes underOstudy (Bryan 
, ' 

:1.965). This simplified ca1cu1ations of'l'ake volumes and, 

consequently, of mass budgets. 

~ongst the seven Schefferville lakes current1y 

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

Maryjo a~d Ridge; see fig •. l ), l decidèd to c?~centrate' 

on the two, Dolly and ,Elizabeth" that contras~ed the most 

in trophic status, based on values of transparency, total 

3. 

phosphorus and chlorophyl1-a meas,!red in 1977/1978 (table 2 ). 

Only Elizabeth stratified during the surnmer (fig. 7 )'. 

Be~~een-lake comparisons of oxygen dep~etion are possible 
Î 
~ 

fi during the winter when ice cdver .seals ,them for an average 

of 7.4 ~onths (from pet. 31st to June IOth; Adams an~ Shaw 
, 

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

questions, which are important in forecasting the concen-, 

tration of, dissolved oxygen in lakes: 

1) Does the Cornett~Rigler model (1979) 
predict AHOO's of subaretic 1akes? 

2) Does the model of Welc'h et al. (1976) 
predfct AWOQ's of subarctic lakes? 

3) Does primary productivity of~the previous 
summer affect the AWOD of subarctiç lakes? 

1 , ~~~~,,·~·~--~~--------------------------~~<g~i~;~i[~;WR""------------
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However this holistic approach, whatever its 

outèome, does not satisfy our need to unde'rstand oxygen 

depletion. E~plaining why our predictions succeed or 

fail requires a red~ctionist strategy (Rig1er 1975). 

The rate of oxygen consurnption (t~e property or state .. .. , ~ 

variable) being measured results from, the combined action 

of several compartments within the "respiring" lacustrine 

volume (the "black box"). Reductionism strives to quan-
, ~ 

tif Y as many of these subsystems as possible. In this 

particcu.lar situation, we oan recognize intuitively at 

least three: sediment oxygen uptake, .open water consump-
\' " ' 

tion, t~ansyo~t of oxyg~n in or out of the entire system . 
...... ,,--.-,;; \ 

To keep this project within manageable limits, l chose 

·to tackle on1y one compartment. 

Sediment oxygen uptake appears Ill:0re tractable 

Jthan the other two, if only because it is better documented . 

. ' Furthermore, suggestions that the AWQD is rela'ted to prod-
, ' 

uction, during the previous summer (Hargrave 1972, Welch 1974) 
\ 

tempt~ us to hypothesize that the difference lies' in the 

activity of the sediments, because they are the ultimate 

reposi~ory of dead organic matter." î am assuming of course 

that oxygen is lost by the breakdown of autochthonous or­

ganic matter (Str~m 1931) and that there i5 very litt1e 

pr"ction during the winte,r IAib\~echt 1964, Wright 1964). 
, r 

Dolly and Elizabeth lakes have aIl the desired attributes 

to test this hYP9thesis. 

, ' 
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To summarize, l will test two moqels of oxygen 

depletion on suba~c~c lak~s and attempt to quant'ify 

one of the comp~nent~ this process. 
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CHAPTER l 

f THE STUDY" AREA 

\ 

The town of Schefferville (lat. 54049' N, ,longit. 

660S0'W) is located at the Québec-Labrador border, 515 

km due north of the Port of Sept-Iles (fig.l ). 'It is 
~ 

situated on the Labrador Geosyncline,' a belt of Proter-

ozoic sediments stretching north-south through Labrador-

,Ungava for about 1109 km '(Nicholson et al. 1975). Because, 

of the presenqe of rich iron ore formations (Sokoman 

Formation, Ruth Slate), the area has been the site of 

extensive open-pik mining by the Iron Ore Company of 

Canada Ltd. since the ear1y 1950's. The Labrador Trough 

appears to have ~ndergone ~t least three cycles of oro-
1 

geny and sedimentation, the ore."4bodies resulting from the 

leaching of silica by'groundwater (ibid.). 

The, presence of several large meltwater channels 
, ,~ 

(Barr ~64) and extensive glacial deposits (Kirby 1960)" 

bear witness to heavy'glaciati~~ during the ,Pleistocene. 

The numerous ~idges around the town are oriented southeast 
. , 

to ~orthwest. ' Radiocarbon 'dating of peat cores places 

the 1ast deg1aciation at around 5700 B. P. (Morrison 1970) . 

,Pollen analyses show that the 'present day vegetation 

differs Little from when it was first estab'lished ca. 
.~ 

5200 B~P. (ibid.). Because of geo10gical a~d ~hysio-
, , 

graphie 'variation, many types of vegetation are present, 

-6-
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from. clqse canopy spruce forest or bog i~ the valley 
1 

bott~s to-open tundra on the exposed hill tpps (Nipholson 

et al., op. ci t. }. Schefferville lies in the, diSC,9ntinu­

ous permafrost zone [Annersten 1964). The active layer, 

on average s~,tes var~es between 2 to 4 lU, but no perma­

frost is found beneath wooded si tes (Nicholson a'nd Lewis 

" 1976). The three most cornmon spec~es found in the lichen 

woodlands ar.e caribou moss Cladina stellaris (known until 

recently as Cladonia alpestris),Picea glauca (Whité~~ruce) 
e • i' 

and Pice'a mv:-iana (black spruce) (Fraser 1956). 'Dwarf 

'8 •• 

birch (Betula glandulosa) is wide~pread in the more open 

areas. The treeline is éncounte'retl at abou,t 600 m altitude 

above which the local climate becomes too harsh to support 

grOwth 'tNicholson et al., op.cit.). The author observed' 

numerous examples of Krummholz ~stunted) growth forms of 
----.' 

spruce and ~indgaps (segment~'of ~~~unks denuded bf 

abrasion from wind-borne snow and ice crystals) at the 

treeline. 

Table 1 "lists sorne important climatic statistics 

fO~/chefferville. More detailed analyses, are available 
.\ 

~n Tout (1964) and LechQwicz and Adams (197B). 

Delly, Elizabeth and the five other lak1s being 

studied lie within an 8 km radius of the town (fig.l )' 

and are accessible by road during the summer and snow­

mobile during winter. Dolly Lake~borders on Dolly Ridge 

(chiefly ~late andfl\1'siltstone) te the North-East, the' 

Wishart Formation (mainly orthoquartzite and feldspathic 

quartzite) te the South-West, and en the Denault FOfIDation 

: !i' 

'. 

" 
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(predominately dOlomite) to the North-West (Harrison et 

'al"., 1972, fig. 10). Closed lichrn woodland covers much 

of'the shoreline. Elizabeth Lake is surrounded chiefly 

'" 
Table l. Sorne important climatic statistics for 
Schefferville (means of 1955-19.7 3 data). Source: 
,Nicholson et al'., 1975. ' 'i 

- 4. 70 C _ 

/ 

Mean yearly temperature 
Range of mpnthly meaps 
Total Precipitation 
Ralnfall

1 

-21. 7°C (Jan'.) 'to +12. 4°C (July) 
735 mm 
400 mm 

Snowfall _ 
Evapotranspi,ra tion 2 

344 mm (water equivalent) 
292 mm '1 

1. The figure for snowfall is greater than the difference 
between total pptn and rainfall becàu~é of v~riations 
in the' w~ter equivalence of snow at different times ' 
dùring"tJ;:1e winter.' , 

2,. Interpolated ,from the Hydrological Atlas of c~nada 
~978. The interpolated, total precipitation is 708 mm. 

by the Fleming Formation (chert conglomerate and breccia, 
, . 

massive and bedded chert), with sorne contact wit,h 1;11e 

Dénault Formation o~ the North-West shore (ibid., fig.9). 
-

Closed lichen woodland, open Hc~en woodland and tundra 

are aIl present in the catc~ent. ,-

Table 2 lists sème basic data for bath lakes. The' 

total phosphorus concentrations in Dol~y Lake are amongst 

the lowest recorded in the literature (F.H. Rigler, pers. 

,comm. ) . 

ences in 

of their 

Since neît,her, body of water is cottaged, differ­
, ~ 

nutrient loading are probablY due to the geology 
"~ , 

respective catchments. Inf1owi~g strearns are 

~ither ephemeral (as in the case of a large meltwater 
, 

inflow at Elizabeth) or very weak. Outflows, however, 
() 

. are strong and well def ined. The, Dolly Lake di'scharge 
• If 

. ' .;. 
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Table 2 Some-çompariitive data for Dolly and Elizàbeth Lakes. --------,-

,~I 

;! . . .{ 
1 

Position 

Altitude 

Map number (Nat'l •. Topogr. 
Se'ries 1~:50,000) 

Area of catchm~nt/(Ad) 

Lake arey (Ao ) 

Ad~ . 

/Vôlume (V) ... 
Mean depth ('Z ) 

Maximum depth (Zrn) 

Yearly dischargel (Q) 

Areal water load2 (q§) 

,Flushing rate 3 (l"r 

'. 

'Summer thermal st~atification? 

Mean Secchi d~pth4 
Mean total Phosphorus5 

Mean chlorophyll aS. 

DOLLY 

5~~~N: 66°46 'w 
5'25 m 

23 J/15 (~a~t & West halves) 
- 3.91 km2 

1. 053 krn~ 

0.27 

8.848 x 106 m3 

li.4 m 
-

23.7 rn 

2.780 x 106,~3 
2.64 rn 

0:31 yr- l 

No 

11.5 ;1; 1.9 rn 
, -1 1.51 ± 0.48 ug.1 

0.30 ;1; 0.17 ug.l-1 

" 

1. Mean of 1977/78 and 1978/79 water years. 
2. q = Q/Ao 

ELIZABETH 

54°46 1
, 660 54'W 

61"6 m 
~~ 

23 j/15 (West halfl 
'2 2.98 km . 

0.281 krn2 

0.09 

2.444 x 10 6 m3 

8;7 m 

27.1 m 

2.237 x 106 m3 

7.96 rn 
-1 0.92 yr. 

Yes 

4.7 ± 0.6 m 
± -1 12.38 1.59 ug.l 

± -1 3.81 2.15 ug.l 

3 •. ~s = Q/V • 
4. Mean of values (;1; std •. dev.) recorded from June 1977 to November 1977. 
5. Mean. of values (;I; std. dev.) recorded from June 1977 to May. 1978. " 

\ 

~,';;;":';;;·~";l."'" • .i,~~k<t~~.oi::··:~··.1!.f.,:;..,'~~S~·"- -
~~""~~~',;;.~~~ ... ~~~'~;~"I!~'-"''t-'4..- ,-

~ 

SOURCE 

Bryan (J,965) 

Courtesy F.H.Rigler 

Bryan (1965) 

Bryan J ~16 5) 
Il 

~( 

Il 

Courtesy F.H.Riglér 

Th,is study 

Courtesy FH.Rigler 

" 
Il 

1-' . 
o 

"" 
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is meàsurable throughout t'he year whereasl the one at 

• 
Elizabeth Lake dries up only from'the third week of March . , 
to the third or fourth week of April. 
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CHAPTER II 

\ 
" 

, 1 

,f 

/ , 
l ' 

MATERIALS AND METHODS FOR WH9LE-~ MEASUREMENTS. 

units 

AlI data in this thesis are expressed,in SI 

unit.. Some background information. mo1t notably mor~ 
phometric measurements, were convertef la sr units 

~ccording ta the bUi~ t-'~n equi valence f ctors of, the 

Texas Instruments SR-5lA electronic cllculator. The 
\, 

abbreviations of units are' preceded by a slash ("/") 
~ 

when they label axë~of graphs or columns in data tables, 

in accordance with McGlashan (1968). 

Sampling .., 
AlI whole-Iake measuremen~s originate from 

one sampling station over the deepest poi,nt of each lake 

(figs,.2 ,3 ) t selected accQrding to the contour maps drawn 

by Bryan (1965). Temperature and transparenèy were measur-, 

ed on the spot whereàs other parameters were' ~na~yzed in 

water Qrought back to the laboratory. Temperature, dissolv- f 

ed oxygen, and specifie conductivity were evaluated at everx 

meter: total phosphorus and chlorophyll-a were derived at 

every two meters. During both seasons, the surface of the 

water was considered to be depth zero. 

l used a Van Dorn bottle during ,the summer but 

switehed in winter to a cast 'aluminium sampler consisting 

of a cylindrical jacket beld up by a spring-Ioaded clip; 

-12-
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Contour map of Dolly Lake, from Bryan (1965), converted 
to metric depths. The dot marks the positio~ of the 
sarnp1ing station. 
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when-the me~senger strikes, the jacket releases and, 

s'lides- down along the axis of the bottle to seal against 

15. , 

a bottom plate. Although prone to accidentaI triggering, 

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

cold. The lines attached to either sampler were' marked 

at 'one-meter intervals beginning at the top of the bottle. 
,h 

The samplinq hoie throuqh the,0ice was dri+led by hand with 
,w \ 

a J snabb -s'poon drill (blaqe width = 17.8. cm ~r 7 in.). rt 
. , 

was far bette'r than the standarq helicoidal ice auger. The 

freqüenèy of sampling varied from once a 'week ~uring surnrner 

to once every three or four weeks' during theOmiddle of winter. 

l could not sarnple to'the maximum depths reported 

by B~yan (table 2 ) because consistent contamination from 
o 

sediments occured beyond 18 meters in ~olly and 24'meters' 

in Elizabeth (23 meters during the winter) • 
, , 

series stopped at these depths. 

Morp~ome'try o , 
\ 

The, calculations of area~ arid volumes are en-
~< 

,tirely based on the maps and figur,es compiled by Bryan (965). 

'Althouqh he gives the hypsographic curves for both lakes~ 

he does not list the point coordinates'used ~o plot them~ 

,H:i.s maps 'Aere planimetered anew al\d the curves redrawn. l 
, ' 

relabeled the depth axis in meters to convert fro~ English 
o 

to SI units~ The fraction of Ac (~.e. are a at Z~O meters) 

at any given depth ls i~terpolated linearly be'tween the 

tw~ cl~sest,points of known position. The,area at any 

depth is the, product of Ac and the fraction ~f Ac at'that 
'. ' 

, 
i , , 

0, 
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, depth.~ The volUme (V) of a particu.la"r stratum approx-' 
\ ~ 

imàtesthat of a c6nical, ,frustrum of top area A, bottom 

area a, and depth h ~uch 'that 
, , 

~.,V = h/3 (A+~+(Aa)l/2) 
c' 

Since,we sample at every meter, ~ = 1. l used my com-

puted volumes for all the' mass balànce calculations, ig­

noring the discrepancy between their summation and' the 

total lake,volumes 9iven by Bryan (1965). AppeDQ~*~ 

Cbntains the results. The difference represents 2.8.% of 

ent.ire 
, 

the water mass of Dolly and a surprising 19.9% of 

·-the volume in E.lizabeth Lake. ~ 

'l'emperature l .. j 
.f 

,A YSI Model 54 Temperature and Oxygen Meter 
, , 

supplied the readings unti1 August lStb, 1978 (abso1ute 
. 

error '7. ± O. SOC). Because rain shor·t-c ircui'ted the in 7" 

" 
strument l adopted another device, the Fenwal Type GB32P2 

glass probe thermistor connected to a Data Precision Model 
\ 

245 digital mu1timeter. ~had alr~ady been used success-

fu11y to record gr~und temperatures in the area (Nichols?n . ' , 

and 'Granberg .1973·, Nicholson 1'976). The absolut'e accuracy 
l, 

is ~ O. OloC (Nicholson 1976'>, the digital readout stabili~es 
" ) 

. , 

very quickly and the mul timeter can be easi.1y shie1ded from 
, 1 1 ... , 

the ~ain~~eca~se of its small size. 

-The resista'nce (R), of this .type of thermistor 
1 

increases by roughly 3: 9% (at 250 C) for ,each degree Celsius 
,\ 

drop in temper~~m:e (T). '-Th'e' response cur"re takes the fom 

. . : t . It'= Ae (111}~+C)! or T = (BI (lnR-lnA)~ - c" 

':":":~'''''';''''' ~,-: ........ .' . '." . . --".'". , ~"';: " .. ~ .. ~' ,~~f~~ :'t~~~?~~~~~~"" ...... ~~~l' ( ~, ~l;~I~~~~~!~c: ~f ~"*-.... ,~~~ "' ••• ~ .... w' ....... ; ..... ,.~~. + ~~ 
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Dates used 

o 

-Table 3 - Specifications ,-=c;r:t Fenwa1 GB32P2 thermistors used 
for measuring lakewater temperatures • 

Number olâ rnaster lis't Temperature range* 
jOc_ 

ln A B c 

30/06/?8** 6610 ("No Cable") .. +0.075 to +10 .. 140 -6.1-j725 4897.05 . 330.060 -

-0.129 to + 9.737 -5.70013 4463.79 314.073 18/08/78 ta 8/12/78 10052 ("Cable 25") 
o 

+4.551 to +14~795 -6.10408 - 4727.04 323.410 

8/12/78 to 14l06/79 10029 {"No Cab1e fl
) -4.355 to + 4.376 -5.75318 4647.22 320.·374 

+0.457 to + 8.810 -5.39186 441'6.89 312 .. 273 

~< 

~ 

Resist ~ .01 Oc 
/ohm,?-

" 
6004 

4 982 ,,~~ 

6312 

... 
* ~emperature estimates using each set of constants over the common température range agree to 

within ~.0.002oC. 

** Elizabeth Lake only. Damaqed after use an~ ftiscarded. 
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where R is in ohms, T in degrees Celsius~ A, Band C 

are calibration constants obtained from a mas'ter list 

of values for aIl GB32P2 thermistors used for permafrost , ' 

~tudies at the McGill Subarctic Res~arch St'ation. The 
\ 

Geo~ogical Survey of Canada in Ottawa calibrated them 

against a standard platinum resistance thermometer and 

/, ' calcul'ated the values of A, El and C by semilogarithmic 

'regression. Threè thermist9rs were used 'during t~is study; 

, 0 

their specifiJations ap~ear in table 3 
\ 

1 'adopted the 

constants of th~ Iisted therInistor who se' resistance' 'is ' 

closest to the field deviee'at the triPle7point of dis­

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

. matched thermistors are es-sentially parallel over the 

short range of expected, lakewater temperatures . (0 to ISOe) • 
. '. 

One can méasure Rat O;(:)l°C by' :ifMnefsing the glass bead 
, , ~ 

just below the surf~ce of an,agitated bath of distilled 

water and crushed iee held in a thermos flask (the ther­

mistor pass~s thrOugh a ,small ho1e in the cap). Lakewàter 

~easurements,are listed in Appendix ~ • 

Dissolved oxygen 

1 foflowed the azide modificatio~ of the .' 
Winkler technique to determineodisso1ved oxygen concen:- ' l , , 
trations (APHA 1976). Table 4 gives the composition of 

the reagents. Preparation OL ~e sodium thiosulphate 

(Na2S203) and potassi~ ioda~e (KI03) standard solutio~s 

followed~Carpenter's (1965)method. The iodate standard-

_~_~~:~i:I:~:i:~:i:~ii~i:;.~:~~;:;e:F:t~h=~~_~~e~d~i.c~:.:.b.m.a.t.e_.~ ___ & 

.... ~ " • " _ • .' , ~ f 

" , ,1 
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Table 4 

SOLUTION 

< 

1 

Composi~ionorreagents used for dissolved oxygen an'alysis. 

FORMULA VOLUME PREPARED 
Iml 

MASS TO BE ~DED 
Ig 

; 
1 

,..-.. 

~ 

REFERENCE 

\----------------------------------
Manganous'sulfate 

Alkaline-iodide-azide 

Su1furic acid IBM 
~ 

_ MnS04· H2 0 
or •. "_MnSO-4· 4H20 

NaOH* 
Na! * 
NaN 3** 
H2S04 

Sodium thiosulphate D.05N Na2S203 i 
or ..• Na2S203·SH20 

if Starch 

Potassium iodate D.I0N KI03 

* Combined in 1000 ml of water. 
** 

1000 
1000 

1000 

40 

1000 

1000+ 
1000* 

100Ô 

1000-

363.7 APHA 1976 
480 

500 APHA 1976 
135· ---

10 
, 

(sp.grav.l.84) APHA 1'976 

7.95 Carpenter 1965 
12.50 

" 

5.0 ta 6.0 APHA 1976 

3.5670 Carpenter 1965 

----. 4: 
§ 
il 

Dissolved separately in 40 ml of water then added to NaOH-NaI solution. 
Use 5 ml of ch\oroform as a preservative and store in a dark bottle. 
Incorrectly reported_by Carpenter (1965) aS,Na2S203·H2o. 
Store in a dark bottle. Actd a few drops of toluene as a preservative instead of salicy1i~ 
acid which dissolves poorly. 

~ 
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o~ biniodate procedures (AFRA 1976) and gave very re­
l . 

produ,cihle resu1 ts. 

Water samples were collectep in 140 ml Pyrex 

glass bottles with ground glass stoppers. Because there 
{t 

was onfy one bottie 'for each meter sampIed, great care 
, \ 

,:was taken to pr:event the trapping of air b.ubbles by " 
" 

20. 

allowing overflow. Each botf.l-e received 1 ml of manganous 

su1phate (MnS04) solution and l ml of alkaline-iodide-, 
azide (NaOH-NaI-NaN3) reagent. After lJtting . the preci-' 

-pitate' settie twice, 1 ml ef concentrated sulfuric acid 

(H2S04) ~as added. Acidi~ication was done'in the field 
, 

during the surnmer, in winter'1 the fixed samples were' 

brought back to the laboratory in a heated insulated box 

befere acidification. Hot water bottles made of ,~ubber 

provided just enough warmth, to prevent freezing. The 

reagents were dispensed from Nalgene~ brand volumetrie 
, . 

dispenser. bottles which rema,ined reprod~cib~e to ~ 1%, 

provi~ed that they were· thoroughly washed after each 

sampling trip. ,They were sasy to use, prevented accid­

entaI spillage or splashing,' and did not clog in the co Id 

like pipettes or syringes. 

~ll samp1es were titrated, the fo1lowing d~y 
(!IYlA, 

/.' 

at the latest, with,O.OSN sodi'um thiosulphat'e so~ution. 
, 

dispensed from a Gilmont micropipette-burette (barrel 

volume = 2.0 ml; a~éuracy = ~ 0.001 'ml). Éach bottle . . , 
, , 

yielded ~wo 50 ml atiquots meas~red by graduated cylinde~ 

(aIl samples were allowed to rea ch room temperature first:-). 

...... c !!If i 

. ' 
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Since l ml of O.025N titrant corresponds to l rng02'1-1 
,J 

in 'a 200 ml aliq\J.ot (APHA 1976)" the equivalence of my 

titrant solution is 

0.050 N X 200 ml = 8 mg °2'1-1 • ml-lof Na2S203 
0.025 N $ 50 ml 

--Before and aftsr each batch of titrations, the thiosul-, , 

phate is standardized by titrating five 50 ml aliquots, 

of a potassium iodate standard solution prepared as 

tollows: 

1. Pipette 1.0 ml of KI03 0.10 N solution 
in a bottle, or' f,lask reserved for this' 
p'urpos~. AlI rny standards were prepared 
in a 271.'3- ml glass reagent bottle wi th 
a ground gl~~s stopper. 

2. Add' distilled water up to" the level of 
the bottom of the stopper '(total volume 
in battle, is now 267.3 ml). . , 

3. Add 2 ml of sulfuric acid followed'by 
2 ml of alkaline-iodide-azide. Stopper 
the battle and shake thoroug~ly. Theloss 
of 1.47\ of the standard's volume 
«4 ful/271.3)x 100) is compensated by 
,adjusting, the ti;ters upward by the sarne 
fraction. 

Each. ml of titrant neutralized the ,same volume of KI03 

standard solution if the1r normalities are equal (Fox 

and Wingfield 1935). 
'- -1..,,\ 

The theoretical titer is:: 

VStd x Nstd x Val 

Vb Nth:j.o 

1 
:.---..r- _, 

271.3 
x 0.10 x 50 = 

o:Os 
0.369 'ml 

, \ where V s'td = volume of iodate solution,-pdded to the 
bottle (in mIs) • ' 

= volume of bottle (in mls)~ 1 
= normality of iodate solution added to 

21,. 

.. .... 

1 

Nthio= 
Val = 

the battle. 
apparent norrnality 
volume o,f standard 

of th;~ihiosulphate solution. 
SOlut~l titrated (in mIs) • 



( 
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i 
1 
l' 

1 

-
The actual normality of the thiosulphate (Nt' h" ) is: 

J.o'. 

Nt'h' = Nth,o x 0,.369 
, 1.0 • J.. =-s-

S 1..1.4. 

where std. = mean standardization titer (in mIs); ten 
are per,formed for each batch or samples. 

'Consequently, each ti ter of O. OS N sodium thiosulphate 

(in mls) converts to dissolved èxygen (in mg·l-l ) accord­

irig ta the equa,tion 

[02] =, V t x S x ( 0 • 36 9 /~ • ) 

where V t = volume of ti ter (in mIs). 
"-

, " 11 h l' ,t 1 d' d d . ,A 't e a ~q~ots, l.nc u lng the stan ar s, 

1 
22. 

wer~ 'ti trated in 50 ml erlènmeyer flasks directly illumin-!~., 

ated by a fluo'rescent tube, and stirred continuously, by 

a magnetic' stirring ba~. A white background provided high fi 

contrast. ,One ml Qf starch solution' ,was added to indicate 
1 ", 

the end-pol~t. 
'. ' \ 

~~ overall mean standardization titer for aIl 

dates (corrected for the ~oss of volume during preparation) 

was 0.386 ml (n = 57, std. dev. = 0',OP8). AlI sample titers 
l ' 

were converted to oxygen. conce~trations using th~s value., \ 

Each concentration 1isted in Appendix A i5 the mean of two , 
'aliquots. The average difference between these is 0.09 

~ 1 Il • • 

mg02·1-1 en ~ 1146, std. dev. = 0.03) and represents the 
, ' 

relative error of titration. 

Specifie conductivity 

, 
, , 

" 

.' , .' 
(

' The samples ,for specifie conductivity mea~ure-
î ." 

., 

ment were collected in 50 ml plastic vials or 140 ml plastic 

bottles. Containers are rinsed with distilled water between 
, , 

- -- .. ~;:- " ' .. -
• n";;'.<f~l"" ,,~....,.,'.~,:.~ .. "'. ,. .. ,~t." ' ...... Iv..-,.."'.-... ........ ~ t- ~.,...,~~~'-... '( ~~';io~~;-; .. " .... u~'\l(_ ... ~ .... ~.j~>'I,!""'-:. ...... ...,~~-;..,~r;.!;j .... -'tJ.,~ ... t:. .;~~...4t;. .. -" 
.~_~ .. \ .. :~~~h".~r..~-..,:l.y~l1fIM-<~ ".1::,,".:~"-t~ ~~~ l :.1. t -'. 
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uses' and with lake water just before filling. In the 

laboratory, the sarnples are warmed to between 200C and 

3poC in a water bath. i'used an Industr.ial Instruments 

Model RC16B2 bridge coupled to a YSI probe. The latter 

was calibr~ted against a 0.01 N RC1 solution (0.7459 9 
" Kel disso1ved in 1 liter pf distilled water).. Its con-

23 •. 

stant was 1.13. The temperature of each sample was taken , , 

wi th a mercu;ry thermometer (accurate to ± 0.1 OC) j,ust 

before reading the conductivity •. The results were ex­

pressed at 25°C according to the equation 
1 

C2S ,= KMb t 
T'1-+~(r-::O-o -:=-0 2~5"--'(~t~-2::":S:"T") -r-, ) 

where e = specific conductivity in ysocrn-1 @ 25°C. 
K2,S = probe constant = 1.13 cm- • 
M = scale multiplication factor at which the 

bridge is set when the readinp is taken 
(usually, M = 0.10). 

Ct = coriductivity reading on the scale (in pS). 
t = temperature of the sample in· oC. 

The apparatuswas precise ta ± 0.14 pS'cm-l @ 2SPe 

when tested oh 47 samp1es of, distilled water. The results 

are listed in AppendixA 

'l'ransparency 

The transparency readings were taken with a 

S,ecdhi disk of 21 cm in diameter lowered from thè shaded 

side of the bbat.' Two measurements were obtairtedi one . 
upon disappearance and the other upon.reappearance. Their 

mean represents the Secchi depth. The average difference 

between "d,?wn" (disappearance) a'nd "Up '" (reappearance) 

depths was 37 cm (Di=23, std. dev. = 21 cm). ';t'he 'data arle 

9 i ven in Appendix A • 

/ 
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A Chipman light meter was employed on a few 

occasions ,to estimate light extinction coéfficients. l 
1 

used the'calibration curves ~lready provided by F.R.' 

Rigler to\obtain light intensities, and semilogarithmic 
\ 

reqressio~ to find the extinction coefficient. These . ,\ 

\ --results ar~ fq~nd'alongsid~~the Secchi depths in 

Appendix A 

Snow, ice" and hydrostatic water level 

Snqw and white ice thicknesses were measured 

directly at the sampling site with an Atmospherie Environ­

ment Service standard snow ruler (graduated in units 6f 

2 mm). Beeause of considerable' variations of lake cover 

even in the irnrnediate area around the hole, the as~umed 
~ 

, . 
aecuracy of measurement for snow and ice is estimated at 

± 2. 5 cm (Ad~s and Brunger 1975). , The ,whl te iee thiok-

ness is measured from the surface of the ice to the white-

black iee interface whieh is elearly visible. Blaek iee 

thickness is calcu1ated by subtracting white ice from total 

iee. The latte~ is determined by jamming the edge of the 

~ri11 blade against the unders~de'of the iee an~ measuring 

~ the length of shaft between the b~ade and tne top of the 

iee. The hydrostatic water level is the head of water ~ 

expressed with reference to the ice surface (Adams and 
, , 

Brunger 1975)",' A positive value indicates flooding. See 

Appenaix A for th~measurements~ Th~ following parameter7 
were not measured by the'author, but their ~ention in this 

,l\ 

thesis requires a brief outline of the methods fo11owed to 
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obtain thern. A1though l participated in the s~pling, 

the analyses wete performed by the staff of the Scheffer­

ville, Limno1ogy Project. 

Total phosphorus 

The method is a modification of Menzel and 

Corwin's (1965) persulpha~e digestion. The details are 

given in Appendix B. The reproduc'ibili ty i&' ± 10%. 

Chlorophyll-a '~ 

The pigment was extracted from glass fibre 

filters (Whatman GF/C 47 mm) using 96% ethano1 without 

grinding. Appendix C outlines ,the procedure. Phaeophytins 

were not rneasured~. 
) 

Strearnflow 

The figure for outflow discharge at any,date 

is the rnean of a direct deterrnination by dye dilution and 

an indirect estimate from a stream .l~vel gauge. A solution 

of Lissarnine Red is injected at, a constant rate (measured 

pr~or te each run) by a peristaltlc pumPi eighb consecutive 

water samplesare collected downstream every 20 seeends 

beginning 8,minutes after the start of injection. Trial 
" 

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

for the dye concentration to reach a plateau. '.J;'hese con-

'centrations weresubsequent1y ~ad ip the 1aboratory on 

a Turner fluororneter. The' flow rate Q is given by the 

equation 

where q 
~d 
Cs 

o = q (Cd/Cs) 

= dye injection 
= conpentration 
= concentration 

pla teau phase 

rate (in ~l·min-ll. 
of injeoted dye '(in g.l-l). 
of dye in stream, at the 
(in g ~ 1 ~ 1) • " 

'1 
·1 
\ 

1 

,1 
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. Q is subsequent~y converted to rn3 ·day-l. 

The ievel gauge is a meter stick attached 

1;:0 an, iron post sunk Jnto the stream bed., The ,rati,ng 
. 

curves relating height of ~ater to discharge of each 

outflow were based on comparative data c011ected during 

the preceding summer (1977) and winter (1917/78). 

26 • 
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CHAPTER III 

MATERIALS AND METHODS FOR MEASURING SEDIMENT OXYGEN UPTAKE 
, 

In order to improve clarity, this chapter mere1y 

desçribes the methods l used to measure "Sediment Oxygen Con-
o 1 

sumption I~ 1Saç) in the 1aboratory:. A discussion of the ad-

vantages and shortcomings of the experimental p~ocedure 

accompani~s ,the resu1ts in Chapter VI. 

A series of experiments was performed in 

Schefferville düring the winter of 1978/1979. Numerous 

difficulties encountered th~re inspired another series pf 

experiments performed in Montreal between November 1979 
.'1 ... 

and February 1980. 

Sampling 

ALI the mud was collec~ed with a 6-inch (15 cm) 
J 

Birge-Ekman grab (Sly 1969). The sampling stations were 

chosen at random on each lake. A special effort was made 

to grab the top 5 to 10 cm of sediment. Any hauls showing 

washout were discarded. The sampler operated weIL on these 

~~ddy bott~ms and the lake ice provided a very stable plat­

form from which to work • 

. ~he grab was emptied into a large plastic bucket, 

the contents of whioh were immediat~ly poured into glass 

jars with screw-cap lids. The containers were aarried back 
<l' 

to the laboratory in an insulated soft-drink cool,er. Rubber 

hot water bottles provided just enoug,h heat to prevent freez-

ing. Samples were stored in a refrigerator at between 40 C 
-27-
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and SQC until the' contents had settled. This took from 

2 to 5 days. 'l"he' OverlyiJl~ wate~as 1;hen décanted 50 

th~;t filling.of the incubators could begin. 

'Incubation experiments in Schefferville 

The sediment chambers used in Schefferville 

(fig. 4 were lar.gely inspired by McDonnell and Hall' s 

(1969) de~ign, although I,used glass and aluminium instead 

o~ Plexiglas in arder to avoid diffusion of oxygen through 

the walls (pamatrnat'and Banse 1969, Gtanéli 1977)'0 About 
'. 

half of each incubator was filled with the mud, which had , 

a slight gel-like co~sistency (mud depth =, 5 cm, volume = 
, 1 

220 ml, area = 44.2 cm2 ) .. " Lake wa ter, collee ted a t the 

same time as the sediment, and stored at tlie same tempera":' 

ture, was siphoned in~o the chambers through a Tygon tube 

(inner diarneter = 6.3 mm) at a rate of roughly 160 ml'·min- l . 
c , 

~ There was slight resuspension of sediment but the rnud-water 

interface could be ,seen at aIl tirnes. Each set of 10' in­

cubators,had 2 controls filléd'with lakewater only. Care 
. ' 

was taken 'to maintain water'and mud'as, close as possible 

to 40 C during the entire fillinq process. AlI containers 

we're he Id in a wa ter bq. th placed in a refrigera tor. Before 

beginning to incubate, the water overlying the sediments 

was slowly flushed (rate = 1.4 :ml.min-1 , re~ewql time = 
.. 

approx. 3 hours) ,with lakewater sip~oned in through very 

fine polyethytleœ t~bing (inner diameter = 0.76 mm)' from 

a single commol'l .reservoir. This was to get rid of any 

suspended matter which might interfere with oxygen analysis 

f;auw::JJ7'dii3i*' QNtJk3li Ui ". , Z±±±± 
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F~g. '4,,.. Sediment incubator u'~d in Schefferville;~ 
drawn to scale ~ ,) 
(a} Glass tube, (b)' Aluminium Ü.d with 
'r~cessed rubber "Q" ring, (c) Aluminiwn 
and b'ra~s' clamping bar, (d) Clamping 'rod', 
'(e) Nichrome heating element, (f) H~ating 
erement support, (g) Insula,ted copper ' 

"leads, ~h} Rubber stopper. N.B. A sampling 
port (6mm diam.) is present in the top 
lido It is sealed with a small cork. 

Specifications; 

1 \ 

. " 

G 

, 
Height'of chamber 
Inner diameter 
Cro~s-sect~onal area 
Capacity (with heater 

= 10 cm 
-7.5cm 2 
= 44.18' cm . 
cmd support)' 
= 420 ~l ± 5 ml. , 

•• 
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and to insure similar ~~ygen concentrations in each 

chamber at,the start of the experiment. The controls 
... .1 

remained sealed throughout this operation. lAt the be-

ginning of the incuba'tion, and at intervals thereafter, 

a volume of water was withdrawn from each chambe'r for 

oxygen analysis and replaced ,with the sarne volume of . 
lakewater of known oxygen content. 

Originally, .I inte~ded to' use 10 mI glass 

syringes and apply the Winkler azide technique (APRA 1976) 

,'by' ,adding the reagents directly to the syringes. This 

~ pr<jved too" difficul t because air bubbles were invariably 
'.. fi ~ trapped at o,ne stage or ,another. l resortéd to using 

60 ml glass bot~les (with ground glass stoppers), filling 
r , ' 

them by siphoning water from the chambers, which were 

tmrned~ately refilled in the saroe way. l added 0.5 ml of , 
each reagent to a sample bottle and titrated 2 aliquots 

,/ 

of' 25 ml apiece, following the sarne procedure as described' 

in Chapter II for the measurement,of whole-Iake oxygene 
1 .' . 

The equat~on converting titer (Vt) to 02 concentration , ' 
~, 

was modified to take the smaller aliquot volume into 

account: 

[oJ = Vt x 16 :c (0.369/std.) Eq.l 

Six of the twelve ehambers (i.e. l water-
, .. 

filled control, 5 with mud) were sUbjected to convecti~e 

mi~ing for the entire duration of the,experiment te prevent 

the formation of a boundary layer at the ~ediment surfacè. 
, " 

l c:ho'se "thermal" instead of méchanical stirring for two 
, . 

. reasons: fe~r that mechanical agitation in such a small 

.j 

", 
" 
" 
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volume of' water (approx.> 220 ml) might Istir up the , 

mud and the belief that'the much slower mi~ing achieved 
, 

this way be~ter represents the situation at the lake 

bottom during the winter. The heaters' (fig,. 4 ) were 

made of a srnall length of nichrome wire (resistance = 
1 

1 ohm) pasted onto the iris ide wall 'of an inverted glass 

. "funnel" by a generous ~a ting' of liquid polys tyrene (a 
r • 

good aqhesive and an excellent electrical insulator). 

'The heaters were connected ~n series to a 6-V0lt DC 

power supply so, that each element put' out roughly 1 Watt.' 

A qualitative test ,witp fluo~e.scein dye showed that this 

was the power needed to create a visible convection curr­

ent without a rnea~urable increase of temperature inside 

the charnber. 

The rate of SOC for a particular chamber, 

corrected for water "respiration", over an incubatiqn 

period'of T is given by the equation 

SOC = (Chan e in ma5S of in chàrnber)-(O consumed b 

where SOC 
602 

A 
T 

Sed~men t area Incubat~on time 

i5 in mg 02·rn-2·day-l 

~~ ::2 a~e 1~~?nt~~2 ' 
is in days 

water) 

Eq.2a 

Eq.2b 

The terms of the n,urnerator in eq. 2b break do~as follows: 

02 = (Initial mas~ ~ 02) - (Finar mass of 02) 

= [O~ (v*Ü' + [i02 (V-v*)] - [fa; (V)] 
." \. 

, 

Eq.3a 

Eq.3b 
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where 0* il = 

V* = 

i02 = 

V = 

f02 = 

and .... 

02 concentration df adOed water (ln 
mg ·1-1) , 
volume of added water = 0.060 1 
(when sampling from time zero, V* =0) 
02 ébncentration of water before adding 
V* (in mg'1-1) , , 
total volume of water overlying the 
mud (in 1) 
02 concentra"bion at the end of the in­
cubation period (in mg·l:-l~ f02 = i02~ 
of the fo11owing incubation period). 

" " } 

\ \ 

, 32" 

W = (Change of 02 mass in incubato~ x (Vol,ume of incubator water) 
~/' (Volume of control water) 

. (Eq.4a 

" 
, 
" 
t 

Eq.4b ' 
f 

where 

Vi 

" , = OZ-concentration of control water.before 
adding V* (in mg·l- l ) \ 

= total volume of water in eontrol chamber 
(in 1) 

= Oz concentra,tion of control water 'at the 
,end of the incubation per iod (in mg'l -1 ; 
f02 = i02 ,of following incubation peri~d) • 

, 
AlI the ch~ers, mixed or unmixed, were used 

with their heaters installed; the unmixed ones were simply 

unconnected ta the power source. 
t 

Incubation experiments in Montreal 
, 

To overcome the great variabllity of re~ults 

obtained~n the Schefferville experiments (see Chapter' VI) , 
\ ' 

l attempted sorne new experiments ih Montreal between Nov-

ember 1979 and.February 1980. Thè mud was collected,with 

the Birge-EkmaB grab from on~ station on each of the lakes 

in 'early November after freeze-up. A total of 16 liters , 

of sediment was stored for 3 days in, a refrigerator at 40C 

before being shipped·by air freight to Montreal. Lt was 

picked', up the sarne Q.ay and held ,in, a cold room at 4~C. The 

, 4-
1 

- .' 

" ~ 
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" incubators were 24 Mason Jars (volume of each ?pprox. 
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~- 530 ml; fig. 5 ), filled with weIl rnixed mud and allowed 
")'L , 

t9 settle in a large bath of water from Làc Hertel, a 

small naturally eutrop~ic lâ~e near Montreal. This 

equilibration la~ted "for 66 days in order to recreatea 
~' 

weIl defined mud-water system with an oxi~ized surface 

layer as one expects to find in a lake. The bath water 

was bubbled witb air continuously but no mixing was _ 

'carried out in_'the jars themselves which remained open 

and under water. AlI work on the incubators proceeded 

in the cold room at 4oC. 

After such a long equilibration time, it was 

necessary to clean the chamber walls which had a visible 

coat~ng of organic matter. A length of bent glass tubing 
\ 

connected to a vacuum purnp ,worked rather weIl. The water 
, 0 

in the incuba tors was also rene~ed by suction through a 

,Pasteur pipette, the tip of which was bent upwards, ,~nd 

held about 1 cm above the sediment surface. Because these 

chambers could be sealed under water no air bubbles were 

trapped in~ide~ In,this way they were superioI",'to ~he 
• 

incubators usèd at Schefferville. 

Every incubation trial lasted only 24 hours. 
, ~ 

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

glass syringe. Any btibbles that were trapped in the syringe 

were \Squir't~d out with the water sampled in excess of 50 mIs; 

) 
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;$ cm 
Fig. 5 - Apparatus usèd for sediment incuba­

tion in Montreal, drawn to scale. -
a) Mason jar. 
b) Control bottle. 

SPEèIFICATIONS :., 
Mean volume of Mason jars = 533 ml 
Width of Mason jar = 6.9 cm 

1 Cross sectiona1 area of jar = 47.61 cm2 
1 Mean volume of control bott1e = 147 ml 
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The syringes were sealed with a 3 way plastic sto~cock 

through which the Winkler reagents could be added. A 

preliminary experiment showed that a considerable ver-
. 

tical gradient of 02 concentration occurred during in-

~5 • 

cubation 9f sealed champers. Conseqùently, l mixed the 

water just before taking the fi;al samplè fram eac~ jar; 

a coversltp glued to the end of a glass ~od was moved up 

and down gentiy, wi ,!:hout disturbing ,the' sediments. There 

was ~o continuous" mixing durincj incubation experiments. 

" 'l'he control~ for water "respir~tJ.on" .weré 1,40 m~ glass 

bottles allowed to stand unde~ w~ter for a few days prior 

to each run. They were also sealed for 24 hours, but were 

not cleaned or flushed at 'the start. These controls had 

r9ughly .the sarne surface to volume ratio as thë portion of 

the jars occupied by wate~. 

Addition of the Winkler reagents (azide modifica­

tion: ~HA 197~ proved tedious but possible •. The syringes 
l , 

were brought back to the laboratory'in a wate~ bath. They 

were held upright in spring loaded clips during fixation and, 

acidification. l introduced 0.5 ml of MnS04 and alkaline­

iodide azlde solutions followed immediately by 1.0 ml of 

H2S0A ION. The stopcocks had to he weIl rinsed with'dis~ 

tilled water and filled with the appropriate reagertt before 

injec.tion from a 1, ml disposable' plastic syringe. 
, , 

Two 25-ml subsamples ~ere ,titrated with 0.02SN 

sodium thiosulphate' sta,ndardized wH;h 0.5 ml of KI03 O.,lON 

made up to 25 ml in a volumetrie flask {by adding 2.0 ml 
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" ' 
H2S04 ION, 1. a ml alka,line-iodide-azide and 22.5 ml 

distilled wat,er). ,The theoretical standardization ti ter 

is 2. 003 ml. 

Instead of pouring out or pipetting 25 ~l 

aliquots, l used a Mettler H40-T 'digital balqnce with 

automatic taring to mass ~n unknown volume of samples 

and to calculate the volume, knowing the'mass of a 25 ml 
~, 

aliquot which is: 

M25 = (VwDw + O.5Oms + 0.50a lk + Osa> V/Vt 

where M25 
. Vw 

= mass of ,a 25 ml aliquot in g." 
= volume of water sampled = 50 ml • 
=~density of (bath)water in g·ml-l • l 

Eq.5a 

Dw' 
Dms 
Dalk 
Osa 
V 

= Il "MnS04 solution 1'n g ·ml-. , 
= Il "alkalihe-iodide-azide in g·ml- l . 
=" "H2S04 ION in g.ml-l . 

Vt 
= volume of aliquot desired = 25 ml. 
= total volume of liquid in syringe = 

50 + 0.5 + 0.5 + 1.0 = 52 ml. 

or M25 = 0.481 (500w + 0.5 (Oms + Da1k> + Dsa> 

Using eq.Sb, l calcu1ated what the titer of a.sarnple of 

,J(nown mass' would be ,if i t was 25 ml,: 

where T25 

M 

= titer of 25 mls of that sample (in mIs 
of Na2S203)" 

= mass of the aliquot of that sample (i~-g). 
l , , ' 

Eq.5b 

Eq.6 

Similarly, l computed ~he st~ndardization titer equivalent 

to that of 0.5 ml of KI03 O.ION solution: 

T;td = Tstd (Mstd/M) ,= Tetd (O.4999/M) 

where T;ta = standardi~atio~ titer of 0.5 ml of 
KI03 (in mIs of .Na2S203) • 

=,standardi~ation titer of prepared 
standard (in mIs of Na2S203) • 

= mass of KI03 in 0.5 ml of a O.lON 
solution (in g) '. ' 

= mass of KI03 used (in g) . 

Eq.7 . 
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Finally, knowi~g that 1 ml of Na2S203 O.025N 

corresponds to 16 "mg02ol-1 when titrating a 25 ml ali­

guot, l can combine egs. 6 and 7 ta convert any ti ter 

adjusted ta 25 ml into mg02'1~1: 

(021 7' 
'. 

(o.il = .02 concentratia~ i.n mg o1-1 'where 

115 =: me an adjusted s,tandardization' titer 
(in mIs Na2S203) • . 

Eg .. 8 

Now that 02 can be determined, l estimated 

SOC in the chambers in analogons fashion ta the Sèheffer-' 

ville experiments., The calcu1ations are simplifie? because 

there is no repeated addition of water at the end of an -

incubation periode 

Thus: 

SOC chamber)-(O consumed b water) 
(Incubatl.on tl.me) 

_ AO? ... W 
- ,AT 

where SOC is ill mg02· m- 2 •day-1 
A02 and W are ion mg02 
A = 4.761 x 10-3m2 

T == incuba tian time in days~ 
t~ese exp~riments. 

T = l day 

Eq.9a 

Eg.9b 

for al1 

The terrns of the numerator in eq. 9b break down as' .fo11ows: 

where 

1 and ••• 

i 0 2 
f02 

H 
533 
6.9 
10-3 

= initial oxygen concentrati~n (in 
= final 'n' " ( n 

= thickness of the sediment in the 
= total volume of the jar (in ml) • 
= width of jar (in cm)., " 
= number of m1s per li ter., 

mg·l- l ). 
" " ). 
jar (in cm) 

Eq.10 

j 

'W = ,(Change of 02 mass in control ,bott.l.e) x'4(.=:=,v~o;;;1;.:..-=i:.:.:n:.=c;.:;:ub==a:..,;:t:.;:;o~r:-=,;H:.(.2..::0J...) 
.( (Vol. control H20) 

Eg.,lla 

1 
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T~king into account the dimensions of the 

Ma~on. jars and control bottles in fig. 5 , equation 

lIa becomes: 

W = (iOi -'f02) V' (533'- (6.9)2H) x 10:3 
V' 

, 

38. 

initial oxygen concentration in the control 
bottle (in mg·l- l ). 

= final oxygen concentration in the control 
bottle (in mg.l- l ) ~ , 

V' = volume of control bottle., , ' 

~ubstituting equations 10 and llc into equation 9b gives 

the expression for soct as a;function of oxygen change in 
i 

chamber'and in cdntro1s: 

soc = (;02 ,- fO, 

, , 

i02 + fO;) (533 -(6.,9) 2H) 
AT 

! 

'/ 

Eq • l'lb 

Eq.llc 

Eq.l2 
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CHAPTER IV 

THE ARSAL HYPOLIMNETIC OXYGEN DEFICIT OF ELIZABETH LAKE 
. " 

\. There /was a rnark,ed contras,t between' ~e;mpert~ure 
regimes of both lakes during the summer :of 1978. Dolly" 

'remained extremely 'well mix~d' (fig. 6
0 

) due to its long 

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

protected and has a much, shorter fetch (0.7 km, ibid.), 

stratifi~d between July 14th and September lSth (fig. 7 ). 

As a result, dissolved oxygen rernained n~ar saturation 

throughout'the water cQlumn in Dolly (fig.8 ), but de-. 

cr'eased to a minimum of 2.86 mgol-1 at the bottom 'of 

Elizabeth (fig. 9 ,.Appendix A ). Although a rnetalimnion 

~as present· for 63 days, oxygen depletion ·was observed 
, . 
during tbe fi'rst 49 days of stratification only', from 

July l4th to S~ptember lst. dnlike the situation in a 

typical temper.ate lake, ~he metalimnion in Elizabeth 
, ' 

sunk continuously (table 5 ) .• 

·For the calculation of the AHOD, l arbitrarily 

fixed the ,top'of the hypolimnion at 14 méters. The period 

of oxygen consumption under consideration.lasted from ~uly 

14th tO-August 25th (42 dâys), after which the oxygen con-

ee~tration ,at 14,m began te increase. The ASOD was es­

timated as outlined by Cornett ànd Rig1er (19'79), beginning 

, • 0 
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Table 5 - Position of the' meta1imnion in Elizabeth Lake 
during the surnmer of 1978 • 

'" Date Time after first stratification Meta1imnetic stratum* 
, /days ~ 

14/07/78 
21/07/78 ' 
28/07/78 
11/08/78 
18/08178 
2~/08/78 
1/09/78 
8/09/78 

li/09/78 

o 
7 

, 14 
28 
35 

, 42 
49 

'56 
63 

6-7 m 
6-7 -
6-7 

10-11 
11-12 
13-14 
15-16 
16-17 
19-20 

*Defined as the stratum showing a temperature decrease 
gr~ater than or egua1 ta 1°C. 

with the calculation of the area1 mass of o'xygen (M, in 

~g.m-2) in the hypo1imnion at each sampling date: 

where 

H 

M = ( ~ Vi G i) IR 

subscript i refers ta each 1 m stratum in the 
hypolimni'on (in this case,' th:ere are n = 1:'0 
strata between 14 and 24 m) ,_ 
= volume bf each stratum (inm3r~-:-
= meaA oxyqen concen~~iôn in each stratum 

(in mg ·m-3). ~------
= are a at tne-top.~f the hypo1imnion = area at 14 rn 
= 3.51 x 104 m2 • 

o 

The AHOD 'is the ~lope of the t.ype l l~ast-squar,es linear 

regression of the values of M against the tirne after the 
, " 

, , 

anset of stratification. Resu1ts show 'that hypo1imne.tic 

Eg.1 

'oxyqf3n consumption proceeds 1inearly with time (r2 = 0.99) 

at a rate of 390.56 mg02 -m-2 'day-, (fig. 10, ). Hypolim-, 

netia metabolism in E1iiabeth Lake is therefore not limited 

by.even the lowest oxygen'concentrations occuring during 
, '. 

stratification. fnis allows me to test Cornett and Riqler's 

) 

j 0 

î 
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Table 6 - Àreal masses of oxygen in the hypolimnion 
of Elizabeth Lake during the sqmrner of 1978. 

Date Time after fi:r:st stratification Area1 mass of oxygen 
/104mg 'm-2 /days 

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 (197'9)' on this Lake. The AHOD is calculat~d by the 

fo11owing equation: 

'AHOD = -277 + O.5~ + S.Ort:h1. 74 -+ 150 ln' (':11) Eq.2 

Table 7 summarizes the calcu1ation of each variab~e enter-

ing in,to Eq. 2. substituting for the values in table 7 ' , 

l predict the following AHOD: 

-277 + O.5(2~3.~97)+5~O{4r98)1.74 + lS0ln (4.09}=137.83 

The discrepancy bet~een this predicted rate and the actua1 
, 

one· (390.56 mgo2"m-2 .day-1) is enor,mous, especiàl1y when 

, none of the calculated ABOD's whiéh ga~e rise to the model 
, , 

deviated ~y more than 50% from their corresponding predicted 

values. If one supposes the model to be co~rect, what cou1d 
'" ' 

, -
have' caused the di,ffetence?'" One possible mechanismilS the 

di,sp'lacement of hypolimnetic wa ter by anoxie ground~ater. 

F100ding ptob1em~ in the ~earby minœ'(Ni€hols 1968) confirm 

the existence of cons'iderable subterranean f1ow, as one 

would expect in an area,of ~edimentary deposits 1ike the 

Labrador Trough. ~he chert breccias su!ro~nding most of 

1 
! 
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Table 7 Calcula tian of the variables entering the 
Cornett-Rigler equation for predicting AHOD. 
Elizabeth Lake, S~er 1978. Phosphorus 
and discharge data cour~esy of F.H. Rigler. 

l Areal phosphorus retention: 

Rp'~ POR/(A(l-R)~= 243.397 mgp'm-2'yr~l, 

P == 14.7 mg 'm-3 == volurndhweighted mean cane en-
trat~o' of phosphorus in the 
lake" from July l~th tp 
August, 25th. 

Q = 2.237 x· 106m3 = outflow discharge for 1977/78 
\ 

, water year. 
' .. 

A == 2.806 x 105m2 = lake area. 

R_= 0.201 exp (-O.04250/A) + 0.574 exp (-0.00949Q/~) 
= 0.675 

\ = fraction of input mass of phosphorus retained 
by the Iake, calculated from an empirical ' 
relationfihip' developed I:>y Ostrofsky (1978). 
O/A = ~real water load = 7.97 m. 

2 Mean hypolimnetic temperature: 

3 

'~ '1"11:: o~. 980C , 
= volüme-weighted mea~ temperat~e of 

, ' 

, t-he hypolimnion betwèen JulY,14th and 
Aug. 25~h., calculated from tempera- , 
ture and morphometric da ta in Appendix A. 

Mean depth ,of the hypolimnion: 

!'h = 4.09 m 0 

= VoYume ofpypolimnion/area a~ top of 
hypolimnion 

= (1.435 x 105m3) / (3.51 x 104m2) 
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E'lizabeth Lake are,more perIn:eab1e than the s1ates and 

sha1es which occbpy much of the Dolly Lake basin {Findlay 

1966af. Groundwater eou1d have, f10wed over permafrost. 

(Nicholson and Lewis 1976), resulting in a cold dens7 ma~ 

of water, which would sink to the bottom of the lake. , 

Temperature (fig. 7) and conductivity (fig.;-11) data do, 
o ' , 

not suppQrt this interpretation however. The hypolimnion 

gains heat during stratificé\tion and conductivi ty varies 
~ , . 

l-ittle from top to bottom. In 'fac,t, nÉ!Îther lake shows a 
~----. . 

pronounced seaso~al diffe~ri.ce-inSpecific conduct:ivity 

except at the last few depths (fig. Il). Be.tween .. 1ake 
" 

dif;erences ate much more signific~nt. Curiously, Dolly 

has, the hlghest specifie conductivity ,of the two during 

both seasons despite its u1trao1igotrophie condition. This 

probab1y stems from ca'tchment ge010gy and low flushj.ng rate. 

How much, g~oundwate~f1ow woul~ be required to 

account for the di,fference -between observed and predicted 

.AHOO (390.S6 '- 137.83 = 252.73 mgo2'm--2'day-l)? ls this . , 

estimate comparable to others made for the arêa? A simple 
• 0 

mass balance calculat-ion yields the following figure, 

assUIQing that the groundwater 'is ,anoxie: 

. !HODx (Area at 14m) 
Initial mean 02' concentration below l4m 

units: (mQ02om-2.da1-1)x m2 = rn3 .day.l 
lllg02 ·lll- ' 

253.73xO.351x10S = 87~ = 10.20, x' 103 

\ 
.' 

The equation us~d by Lewis' (1977) to describe 
, ' 

grounciwater flow as a fJ.1nction of the disappearance of a 
, , 0 

\ ' ~ \ 

. 
tracer substance fram a well-hole, when applied ,to this 
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'. ' 
si tuëition, gives an average o,f '921 m3 ·day-l (std. dev. = 

56; see table 8 ). 
1 , 

Table 8 - Calculation of putative groundwater flow into 
the hypolimnion of Elizabeth Lake, accoJ:'ding 
to Lewis (1977) 0 

Qd = ,1 (Vit) ~n (Co/Ct) 

Qd = groundwater flow in m3 ·day-l 
V = volume of water in the weIl. In this case, 

the' hypolimnetic volume of, 1: 435 x 105m3 •. 
t = tinte in days. 
Co = cOlilcentrat;i.on of tracer at time zero. In 

., this case, the tracer i,s 02' the concentra­
tiol'l a weighted mean below 14 rn (in Im3'·m-3) • 

- concentration of" tracer at time t 0 In this 
case, volume weighted 62 concentration at time t. 

.r 

Date ,t Ct' Qd 

14;07/78 0 1000 20 x 'l03( 
21 / 0 7/78 7 9:79 x 10 3 841 
28;07/78 14 9.36 x 10 3 881 
4;08/78 21 8.93 x ~lO3 90~ 

11;08/78 ~> 28 8.49 x 10 3 f 940 
18;08/78 35 "~. 06 x 10'3 ! 965 
25;08/78 42 .63 x 10 3 992 

MEAN = 921 
STANDI\RD DEVIATION = S6 

joth of thes'e estimates repre$ent about 9% of the mean daily 

outflow discharge durîn<]' this perio~ '(July l4th to August 

2Sth; table 9). They are far .below FinBlay's (1966a,b) 

_ calculations for; Frencn Mi~e (6 lÇn' ~ of scheffer:vi1:e, 

catchment abou't 15 Jan2y, based on Iron. Ore Co. pumping , 

r~cords. His figures yaried 'frQIn, 3.19 x 104m3 ·day-1 in 
'. 

Sep~ember 1964' to .4'.65 le 104m3 ~day-1~n June 196,5., 
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Table 9 

'" 
c 

i. Mean 

o 

- D~ly outflow dis charges at Elizabeth Lake, 
Summer 1978. ,Data courtesy of F.H. Rigler. 

Date Time' DischargÏ* 
Idays 1m3 ·day-

14;07 0 8647 
1'7;07 3 10022 /' 
19;07 5 8813 
21;07 7 8640 
24;07 10 7'258 
26;07 ' 12- 8122 
28/07 14 8986 
31;07 17 7603 
2108 19 1258 
4;08 21 7258, 
7;08 ,24 6653 
9/08 26 9677 

Il;08, 28 9l5~ 
14;08 31 9158 ," , 
16;08. 33 11059 
18/08 _35 16243 

, 21/08 38 14256 " 
23/08 40 15293 
25/08 42 12874 

Ti~-weigh~ed m~an = 9694 

of lake 
\. 

and dye 
. 
dilution measurements". stage 

,'" 
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If anoxie groundwater' does aecumulate at 
, \ 

the bottom, one would expeet an,AHOD whiè~, inereases 
,\ ' 

ually wi th depth. This is not the case in \Elizab~th La..ke '. 
, ' 

(table 10 , fig. 12 ). 
\ 

\ 

Table 10 - Comparison of observed and predieted AROD's at 
different d~pths in the hypolimnion of Eliza 
beth Lake. 

Depth AHOD 1 m~'m-2'da~-1 Th 'Eh Error ratio:t: 
lm OBSERVED*· P~DICTEDH 1°C lm 

p .. 
14 390.56 , 137.,B3 4.98 4,.09 2.,8 ,. \·:U 
15 391.2S- 122.89 4.89 
16 394.4,9 111.77 4.83 
17 374.08 96.26 4.80 
18 356.94 82.48 4.76 
19 363.32 78.33 4.74 
20 356.33 66.42 4.'72 
21 297:97 ,30.12 4.71 
22 224.10 *** 4.69 
23 128.98 *** 4.64 

,,* r 2 .. 0.,90 in aIl cases. 
** Rn constant at 243.397 ' 
*** Nègative value obtained. 

',:t: Error ratio =' Observed/Predicted 

3.77 3.2 
3.54 3.5 
3.21 3.9 
2.95 4.3 
2.88 4.6 

. 2.67 5.4 
2.10 . 9.9 
1.~0 
0.8,3 

, , , 

The AHOD decreases by roughly 70% over a narrow range 

of hypolimnetic temperatures ~ The diserepaney between 
o \ • 

observed and predicted AHOD'a increases with depth, in-

dicating 'that a factor.other th~n hyp01~~etie,thiekness 1. 

.. . . fI .... f' 1 h ' / or temperature-1~n uenc1ng s1gn1 1c~nt y t e"oxygen 

co~umptiQn. Could ,the;e be larg~, ~ounts of dead organic 

matter éonsuming oxygen at the top or the hypo1~ion as 

a resu1t of primary production at that depth? It '~ay' be 
, 

possible since the extinction coeffi~ients in Appen~ix A 

translate te 1% of inciden't 'liqht between 12 and 14 met~rs. 
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The qecrease of oxygen con,sumption in 
9 

successive1y, deeper hypoliInnetic strata was 'observed 

.as early as 1947 in Lake Wi'ndermeret, a t~perate dimic-

tic' lake, (Lund et al. 1963). This f~ature of the "resPira-! 

tio~ n pr<tçess is 'therefore not; uncommon and .deserves 

furth~r investigation. 
." ~ - ... 1 

The .Cornett-Rigler ~odel is an 

excellent first step in the p.redict.io~ of AHOD. but it 
requires more "testing on a broader range of lake t~pes 

before i t can be a useful tool \ for lake. management. 
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CHAPTER V 
, f 

THE AREAL WINTER OXYGEN DEFICITS OF DOLLY AND ELIZABETH LAKES. 
" ' 

. " Dolly and Elizabeth lakes were frozen for 243 days 
, , 

from Ootooer l5,th t 1918 to June iSth, 1919". ~hey both con,-

sumed ~xygen '(figs. 8,9) wi~ Eliz~eth becoming'~lmost 

ano;c~ at 23 mat' the. end of winter (0.49.,mg.l- l >,;' the 
1'/9~;~ ~' ' 

minimum concentration in, Dolly 1 on the other hand', was 

6.63 ,mg' 1-1,. Elizabeth wi!s the colder pf the two during 

the entire perïod by roughly lOC '(figs.6,7-). Neither 
p 'c 

lake ,ceàched 4°C at âny dep'th" a phenomenon that Penn 

,(1970) obseryed in other 1akes around Schefferville. The 

difference,in mean temperature is almost ?e~t~in1y due to 
, ~'< ..... 

the larger 'volume of'~ter, hence the great~r heat capaei~ 

, in Dolly Lake • 

Calculation of the .00 

" 
. ' . , 

The AHOD 18 determined s~larly to the AHOO by • 

regressing, the Maas of dis'solved oxygen, this time 'in the 
.' - ll;i 1 • 

entire l~ke, vs. the t:'ime after freeze-ùp (AWOO == slope, 

of the' regression). Calcula tion~ , of oxygen mass,es a~e 
- """1 

identical for th~ 8tr~taithat remain Ùnfrozen thro~ghout 

the winter: , 
h 

Eq.1 

" ! r 

" 

, 
1, 
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", 

f ' l ' The ic~, me~surements 0 in Appendix A show that 

fnly' the top 'stratum (0 t;e, 1 m) in each lake is gradüal~y 
\ \ , , 

occupied by an ever increasing volume of black ice which 

( 

is never thicker ~han 1 m. l am assuming tha~ black ice 

grows downwards into the stratum and" that white ice is 0 ~ 
, u 

beinq formed upwards>on top of the black ice. Oxygen is' . 
almost tota11y excluded during"the'formation of black ice , 

(Welch 1974) and shou~q not change the total 02 content 

of the lake. Ouring a typica~ ~inter, thè black ice ?over 

, will crack in' sev~ra1 pi~~~s due to mechanica1 'streQss 
, , 

(weig,h~ of snow cover" tèmpe~atu~e-indùqed,expan~io~ or 
, ", 

cg,ntr~ct.ion) " Oxy,gen-rich ~ter' in\mediate,ly' be~ow wi'11 

. ','seep thro~gh and' fl~od ,thé' Sl}ow," cover before freezing 0 The' . ' , 

'. r 

. resultiIlg· ~hi te ,icè 'represen~s a:,' 10ss
1 

of oxyg~1f' fr~m t~e 
, ft" r~ .. ~ \ '" 1 

la~e that one can calcu1ate based orr the'increment or white , ' 
, " 

_ J, _ " 

'ice ,formed and the oxygen. concentration ,of the water, tl?-at' 

fo~~ it .. ,The ,addition of o,xygen from the 'Con"cur~~nt 

th1ckening of 'the bla~k ic~ must be es~imated aiso in~ord~r 
, ,. 

to find the net gain or.loss of O~ from.the strat~'. In~' 
/ .... 1 , 

\ 

stead ~ ;pr,oc.eding othis' way, ,I adopted', a' more direct app-, 
J. l' ; .~ Il 

',- -
toach by sitnp1y .ca1cuiat'l.ng the t'otal oxygen conte~t ,of the 

l u < • ,. .. ~ " 

. ' .\' ' '.{ 

unfr0zen ~ema1ndér ~f the '0-1 st,atum and addirlg it to ~he 

'oreslllt ~~~. 1 Q t~ obtain ~e' to~à~' masQ~ of oxygene Thu~: 
l ' M

tot
• _ M +,0 M f ~ • ',' 

. ~here' MA~8 of 
" /' stratum 

/M' :Ir mass ,6.~ 

~ 

oxygen in remainder of O-lm 
(in mg) , . ,c '0 • _ . ' ° 

b.xyqen ~n :the pnfrozen'strata (Ln mg) 

ILk 

0, , 

, 
'q 

Eq.2 

r , 
" 
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1 
, j 

, P 

, , 

, , 
" 

. ~ - ' 

, ' 

where = mean of 02 concentration at Om 
and lm' (in mg·m-3) • 

V - total volume of'O-lm stratum (in m3). 
Ybl '='water-~quivalen~ of black-ice ' 

layer (in .nt3 ). l, 0 c 

Vwl = watèr-equivalent of white-ice layer 
(in 'm3 ) • 

o 
Assuming a black iee dens~'ty, of G. 92 and 'a white' ,iee 

, , 
den~±ty of 0.8~ (Atlàms 1976), and~that the snowcover 

contributed to 10% of the white iëe*', we get: 

whe.re Zb1 
'Zwl 
Ao 

,1tbl 

, 

Vbl = q.92 ZblXbl 

Vwl,= (0.88 'x,.O.90) ZwlAo 
o 

= tliickness of black ice (in m) 
thickness "of white' ice (i,n: m) 

- area of the lake at the-, surface (in m2) 
= a.J'ea of, the lake at a depth equal to 
o the mid-po~nt of black ice thieknesses 

at times t and t-l. This is inter­
po1atea. 1inear,ly from the morphometric 
data in Appendix A • Units = m2• 

57. 

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

pressed per unit area of tot~l"lake surface. The results 
<" , 

Eq.3 

, 

Eq.4 

Eg.S 

<table 11 , fig. 13 l i~dl:cate t~at winter ~xygen depletion 
, " 

, 0, 

proceeds linea"rly in bc;>th l~k~s, at a rate 'of 97.49 mg02· 

m-2 .day:-l in 'ooily :and 204,.08 mg02·,m-2 .day-l in Elizabeth 

, (r2 ~ 0.98, i1\ both cases) ~ In fig .:13 ,I excluded tJ:le 
" 0 ,~ 

1ast 0 2 \;oi~ts "of Elizabeth and the last point ,of Oo,lly 
," ", ,10-

, 'Ç Q a 0 1 • 
, 0 

fram the regression'analysis because thé lakes are probably Co 
Q l 0 • - , l' ' 

no longer eompletely sea1èd. The larg~ decrease of specifie 
a Q " tl 

cqnduetiv~ty ,at 0 and l m in May ~ugge~ts .that meltwater 
" 

o 
, 1 

Insplred by €he'rule of thumb for converting snowfall 
, to' its. water 'eq~ivalent:, 1 cm 'snow == 1 mm water 
'equivaient. ' 

' . 

, \ 

f 

1 

. 1 
,r 
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EL.IZABETH . 

3~~~~~~~--~~~~~~~~--P-~--~-P~ 

,20 , 60 100 140 lao ,220 
" 

" ,-DAYS AFTER FREEZE - UP 
-

F,ig. 13 - Area1 masses of oxygen in Dolly and 
Elizabethi lakes tnroug~out the,winter 

i')' of 1978/79. Open circles and' triangles 
were not included in the regression 
analysis C'explanation in text). 
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\ 
f:;-om the shrinking ice cover i.s .entering the 1ak.e~\ 

(Appendix A-) • 

Table 11 - Area1 masses of oxygen in Dolly ~nd E1iza~eth 
. 1akes throughout Winter 1978/79. 

DOLLY ELIZABETH 

Date Time after Area1 02 
freeze-up Mass 

/days /10 4mg.m- 2 

Date Time after 
freeze-up 

/days 

Area1 02 
Mass . 

I~04mg.m-2 

24/10/78 
31/ÀO/78 

, 7/11/78 
14/11/78 
21/11/78 
28/11:/78 

5/12778 
17/12/78 
18/01/79 

2/02/79 
,. 22/02/79 

20/03/79 
9/04/79 
3;05/79 

17/05/79 

10 10.29 
17 ~O.48 
24 10.16 
31 10.12 
38 10.04 
45 10.01 
52 '9.98 
66 9.73 
96 9.59 

111 9,35 
131 9.15 
157 8.93 
177 8.78 
2.01 ,8.46 
215 8.58 

27/10/78 . 
3/11/78 

10/11/78, 
17-111/78 
24/11/78 

'15/12/78 
6/01/79 

26/01/79 
28i02/79 
29/03/79 
18/04/79 
13/05/79 
31/05/79 

13 
20 
27 
3'4 
41 , 
62 
84 

104 
137 
166 
la6 
211 

.. 229 

Oxygen concentrations of individua1 strata in 

both 1akes decrease 1inear1y throughout the winter at 

rat~s that.increase with depth (fig. 14 ). Each 1ake 

shows rough1y the sarne pattern but the absolute rates 

are much higher in Elizabeth at aIl depths. / 

Predicting the AWOD 

The next step i8 to apply Wèlch et al. '.s (1976) 

modei and. compare its predictions to the measureâ AWOD's. . . . ' 

Of the two equations given, l used the one bas,ed on mor-
1 

, . . 
',1' 'phometric variables only pecause the other one requi~es 

a nitrogen to pho$phorus ratio whicn has not been de~er­
~ 

8.98 
8.60 
8.68 
8.25 
8.06 
7.44 
7.14 
7.02 
6.04 
5.59 
,5.45 
5.69 
6.10 

'. 

\ 

\ 
} 

1 
1 
1 

! 
\ 

J • l 
. ! , 
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" 1 

l' 

1 

Fig. 14 

. \ 

Decrease of disso1ved oXygen con­
centration in two strata of Dolly, 
and Elizabeth 1akes,during the winter 
of 1978/79. 

Regressions: - , 

Dolly,' 7-8 m: r 2=O.99 y= -O.OO4X + 12.95, 
r 2=O.97 Elizabeth; 7-8 m: y= -O.023X + 12.84, 

Dolly, 14':"15 m: y= -O.022X: + 13.25, r~=O.99 
Elizabeth, 14-15 m: y=' '-O.037X + 12. ~1, r =0.97 
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~ 
mi~d for the Scheffervi11e lakes. The morphometric , 

version is: 

AWOD =* 0.3157 -ft O.0208~ - 0.00151:-' O.OOl8'Zm 

whére AWO:g:::.ts· in g02' ·m:-2,.day-l 
T

J

/. Mean depth' (in m) 
§ • mean Secchi depth (in m) 
t '~ f1ushing rate (in yr-~) 
Zm ,- maximum depth (1l'1 ml 

61. 

, Table 12 g1tes the "resul ts ,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 
l 

. (error ràtio • 0.63). Bath observed rates lie'within the 

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

Table 12 ,- Calculation of eredicted AWOD 1 S for Dolly and 
Elizabeth lakes, Winter ~978/79 .. 

Mean depth 
Mean'secchi depth 
Flushing l':ate* 
Maximum depth 

Predictéd AWOD 
Observed'AWOD 

a 

DOLLY 

8.4 m 
9.6 m"" 
0.32 yr-l 
,18 m 

'. For 1978 water year. 

ELIZAB~TH 

8.7 m 
3 .. 4 m 
1.13 yr-l 
23 m 

323.69 mg ·'m·2 .day-1 
204.08 mg'm-2'day-~" 

~ closer ex~ination of Welch et aL'a (1976) choice 
. 

of pârameters reveals'that sorne may ndt be independent ,o~ 

each'other as is required for performing a multiple re­

gression analys1s. ,For ~xample, the phosphOrus conc~ntra-
, -, ' • 1 

"tions we~e'~ometimes used to predict the chiorophyll co~-
, .... 

( centrations entering the reqression. F.urthêrJJlore, l do not 

l, .. 

Eq.6 

, ~ 
o 
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) 

believe' that a valid comparison of',,-co~relation coeffic­

ients between mean depth and win ter respiration rates 
h - 2 

expressed areally' (per ~ of lake surface) and volum-
3 . . 

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

2 of their,paper (p.18ll), when either quant'ity converts to' 

the other by " ••• dividing or mu1tiplying. by the mean 
! 

,dE!Pth
'
'', (ibid., p. ~8l0). 

In anyc~se, observed AWOD's for my two lakes 

differ marked!'y despite their similar mean depths·. One 

would certalnly suspect n~trient loading or retention 

of exerting some influence on win ter oxygen depletio~ 

since polly and El,izab!3th have sucl:l qifferent value's for 

sorne indi~ators of trophic status (table 13). The data 
v 

. , 

bàse on which to build an empirical model of AWOD is still 
. " 

Table 13 -' A comparis~r of sorne ·indicators of trophic 
status for 'Dolly' and· Elizabeth lakes. Data 
for 1977/78, courtesy of F.H., Rigler. 

, , 

. 

" 

l 
J 
1 
1 
1 

1,1 

Mean Secchi depth 
Mean Phosphorus 

DOLLY 

Il.5 rn 

ELIZ,ABETH 

ii.7m 1 

Areaf. phosphorus. retention* 
Fraction of Prétained** , 

1.51"ug.l- l • 
Il.35 mgp.rn-2.yr-l 
0.74 ' " 

12.38' ugol-1 , 1-
209.43 o mgp o m-2 'yr-i 
0.68 . .' " 1 

* R :;:: PQR/{A(l-R) as 'defined by Cornett and Rigler. (1979.). 
** RP = 0.201. exp (-O.0425Q/A) + 0.574 exp(-O.00949 O/A) as 

'~, defineêi' by Ostrofsky (1978). 
o • 

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

it du+ing 'the next ~ew Years." The correspondence between 

AWOD and act-qal lake respiration is still open to debate.' 

.. 

! 

,. 
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\ 

Vertical mixing 'was pOstulated by' Rig1er (1974) as a 

possible exp1anation fo~ a linear decrease of oxygen 
, 

content throughout the'~intèr in Char Lake despite an 

apparent ~levelling-otfin of respiratory activity in 

different strata. Whatever oxygen,is frozen out ?y lce 

formatio~ sh~uld accumulate just beneath the ice surface 
, ' 

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

crease~of 02 concentration below the ice in Dolly and 
\ 

Elizabeth especia11y after January. Sorne could have 
\ 

been 1Qst'through the outflow, (mean '02 concentrations 

± std. dev.,are 13.55 ± 0.40 mg'l-l for/Dolly and 
. , 

13~20 :1:,,0..67' mgol-l for Eliz~beth; see table' 14 ). If 

cq1d water ~oves dOWnwards in the 1ake, there would be 

a graduaI coo1ing of thè lower strata., The,temperature 

profiles of bo~ lakes show, the exact opposite (figs. 6", 

7 ): below Sm, there i8 a heat gain after January as 

weIl '!las a per'sistènt vertical tempèr'at~re gradient. One 

.canno~'dismiss the ~ossible heating'from solar radiation 

but i t seemsunlikely'that the th'ick snow and ice cover 

'would allow en9ugh light to penetrate. Snow and ice 

thiclr.Besses wér'e comparàble if not greater than thr~~' 

measured on Welch et al.' s (1976') ~akes' where .there 

wasn' t even eno~gh light for signific,ant photosynthesis 

to occu~. 
" 

tJt'e model at my dispos~l ~as unsa~isfactory f.or 

predioting AWOD in the Most productiv~ of the two lakes 

under study. The st;ong indication of a rela~ions~ip 

~""-,--,---"": - -IJ- ---

/ 
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between AWOD and parameters of trophic status emphasizes 
~\ 

the necessity of in~orporating the latter in a ~UCC~SSfUl 

model. \ 
u \ 

Talbre' 14 - Disso1 ved oxygen. concen~rat'ions in the outf10w 
, of Dolly and Elizabeth 'lake's 1 Winter' 197B/79. 

1 

DOLLY 

Date 92 
/mg·l-1 

24/10/78 13.65 
31/10/78 

, 
13.99 , 

7/11/18 13,~24 

14/11/78 13.53 
021/11/78 13.72 
28/11/78 13.70 

5/12/78 13.68 
19/12/78 13.63 
18/01/79 13.97 

2/02/79 13.98 
22/02/79 13.43 
20/03/79 13.95 
9/04/79 13.09 
3/05/79. 13.11 

> • 

.,; 

1 

ELIZABETH 

Date 

27/10/7.8 
3/l1/78 

17/11/78 
24/11/78 

6101/79 
26/01/79 

" 28/02/79 

0-
2 .... 1 /mg·1 

13~82 
13.63 
13.86 
13.60 
12.48 
12:37 
12.63 

, of 

, " 

One aspect of the calcu1ation of whole-lake 

oxygen ~asses which must be improve~ is the es~imation 

of ice thicknesses. Extrapolation of meàsurements taken 

at,one location to the entire 1ake surface is risky because 
d-

of wide variations between individua1 measuremehts (Adams 
-

and Brunger 1975). À ~omparison betwée~ a comprehensive, 

ice surve,y of. E~izabeth Lake and my single point mea:sure­

ments at around the same.time s~o~s a good agreement fo~ . 

black ice thi_çknes~ but far les~ concordance with, figurés 

for ,totàl and wh~te ice, ~now, and hydros~atic water 1evei 

(table 15 ). 
'~. 
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'Table 15 - Comparison of ice" snow and water level measure­
ménts on,Elizabeth Lake between a co~rehènsive 
survey (n ~ 126) and a single point s~ey. , 
Survey data courtesy of W.P. Adams and N.T. 
Roulet (19'79). ' Standard deviations in brackets. , , 

Adams and Roulet, 
Feb, 23.,.25 , 

, My sùrvey, Feb.28 

. , 

. , \ 

.. ' 

'\ , . 

Snow Total White 
ice ' ice 
lem lem 

2Ei.88 , 94.23 20.65 
'(9.07) (12.89) (13.82) 

13.5 ~211° 

f 

/ 

.1 ... 

47.0 

1 

. 
" -. ~ 

" 

• 

B1<ack 
. ice 
lem 

73.66 
(17.82) 

74.0 

~, 

Hydrost.water 
level 

. ' 

/cJ;ll 

- 0.75. 
(p.46) 

-10.0 

• t 

,,' . ~/ 

, , 
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CHAPTER VI 

'" MEASUREMENTS OF SEDIMENT OXYGEN CONSOMPTION 
1 

,,\ .. 
S~d~JifenE oxygen ,nsumption (SOC)' was ni~as\lr-

ed in an attempt ta ascertain w~t fractions of the AWOD-
, 

can be attributed' ,to sedimeg.t' and water cQlumn respiration. 
l ' 

This informatio~~might ,explain why deep ta~es have hisher 
, ',' 4" 

areal oxygen consumption rates, al1.otlier factors being' 
\ 

equal (Welch et al. 1976', Cornett and Rigler' 1979). In 
o ' 

my lakes,"the observed AWOD's (97.49 mg.m-2·day-l in Dolly 
., . ./' 

and 204.08 mg om-2.day-l,in Elizabetb}sh~uid represent'the 
\ 

upper limit .or the, 'meas1,lred SOC' s in th~ laboratory. 
.. . ' .. , , , 

,. Since ther~ is no st~ndard IÎléthod of measur;\.ng f 1) 

r • '. 1 

SOC (pamatmat 1975, Gran~li 1978), t chose to ~ollow th~ 

change in di~s91v~d oxyg~n of..., a,. known' volume of wa·ter ,qver-
, " 

lying a known area of- mud,in a sealed chamber, like ïn Most 
'1 1 _ 

studieso A direct>co~paris~n with whale-lake measurements' 
, , , 

is possible, unlike other approa~hes whic;:hrequire a con-
, , 

version of results to 02 ponsumptiori (pa~tntat 197"?, ·Rich 1 
1 

197~). Con~ols for water respi~tion were incubated con-, 

currently. 
\ ' 

TheSOCrepresents the ,difference between ~otal 
, .. " tl 

respiration 'in the ch~~rs and respiration of the water-
(}. l> ' 

() fiiied control#!o l'chose laboratory m~crocosms over· in 

situ ~v~ces,for reasons of flexibilityand ease of samplinq. 
'l, 

Moreover, SOC· appears to be prtmariIy inf~uenced by tempera-

',~' ture (Edwards.'and Rolley 1965, Harqrave 1969 a,b, McDonnel1 
-1'- " 
'>l'\:~ ._.:c_ 

"~:;;~t*1~~:<'~,,,,"l',\1"~'ÎV!#f,~~-1,t~ ~·;·~":!r~ll ~, g \ ,." '!4L. ----
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~ 

and Hall 1969) which ls eàsi1y controlled in the labora-

tory. . • <Ii -' 

The màjority of experiments are performed on i 

, ' 

sediment cores. . The major as'sumption is that they âre 
"""a A. r \ ~ 

undisturbed samples, ~erefore in 'a natural state. But . 
some. disturbance is inevitable durinq' samplinq and trans-

portati~n, and may increase SOC'forsome time' after 

'samplinq (Gran~li 1977), althouqh Edberq (1976) found nO 

cbange in SOC ev~n after sile months of storage. Cores 

do disturb the top layer ,of sediment \ince new designs - .... ~. ~ 

are still being created to overco~e'this prob1~m (Williams 
~ 

and Pashley 1919). Hayes ,and MacAu1ay (1959) reported no 
. 

di~ference be,tWE\,en rates of cores and those of resuspended. 

mud-water systems. 'This prompted me to.sample'with a q~ab 

and let the mua equi1ibrate over a lonq'time period before 

\.incUba tinq • 

Results of th~ Schefferville 'e!periments 
j 

The results qathered in Schefferville (tables 1~_~ ,,.-' 
. '~' 

and 17 )do not show any si~nificant pattern because of en~ 
, " 

~) ~rmous variabi1ity betw~en re~licatès. st~dard deviations -

can represent fram Si ta 80t of their respecti~e means. 

There is some suggestion of a "decrease of spc 'with increa!led . 
. ....' \ . 

~ incubation. ttme but, l cou14" "reach a firm cO~c1uSiO~ -on~y 

~ . with far morereproducible data. .' . '. ' 
... " .' , '" ' . ~ 

The chambers wère difficult to purge of air 

, bubbles trappad 'during replacement' of .anipled Wairer. The' 

'; .~e~l st:4rrinq' ~a8ion4'll.Y prodtlè~ -air ~ub~i •• oh the , .. 
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Table 17 ~ - '~eans of s~diment oxygen --consUmptlon -- (SOC) "rates fc.r L" 
.glizabeth L~e samples. "AlI values are ~n ~902·m-2~day­
~ standard deviati~ ·Negat~ve r~tes exc1uded. from -
ca1cu1ations. Rëiw/ data in Appendix D. _'. --. , " 1 

c )' --_ ~ c::::::J 

Depth'. - . '.Pim~L_~fter starto _ Q _ ·SOC /mg-m-2 .day-!: • 
lm ' of e~t., in hours Unstirred ~ Stirred OVera~1 mean-
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16 
·,16'­
-16 ",' 
.l~ . 

'24.5 
al.5-

" 

20-
28 . 
49 

" 66 

20 
'- 28 • 
'49 ' 
·66 

24' . 
41,5 

-. 
t} 

.. 

12.66* 0.52 
84.53* 3.-07 
36 ~ 9l:t4·6 .. 55 
21.67*26.42 

119.~9~19.60 
116.63* 9.79 

62.13:t 7.36-, 
22 11 V~±lO". 46 

240.16:1:26\71 
53.281:12.60 

~ 

220.36* -1.24 

, 44.49 
26.11t 15.90 

. 240. S2t 121 '. 77 
267.34 
, 73.41 
75.07~ 40.81 

179.75* 5.005 /' 
81.65* 38.07 ----- . 
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.. 
116.51:1:119.92 

84 -. 53:t 3 • 07 
39.43f 33.2! 
23.99:i: 17.98 , 

180.22*102.22 
r 188.06± 53.46 

64-.95:1: 8.24 
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67.46± -29.74 

,', 
~:,' - ~ 

- , "",< 
, . 

.. ",. ,,-... -" ;;~. _ .... '. ,;.-

" 
'-

'CI 

.--. 
-'11 

~"':.~ .-1 --"'~"~:'" r:;: _,' ,.. t~;:,.;i't~ ~, .,.' " 

Q\ 
\0 

,/ 

t
-·- . - . 

o -

f -r 
1 
1 

1 

- l-
,~ ~ 

F­- 1 

l 
1 
1. 
'1 

.~. 
-'{~ 



.. 

::)0-. ," 

r 

" (~ ~-~ 

\ ,';'. 

Il ~ t 
,y" , j 

, . 
\' 

, ) 

, ' 
l , '1 " 

o , 

70. 

1 0, 

f 

'funnel-shape~ support which rnight expl,ain why stirred 
-

controis have higher values than unstirred ones rnost °of 

the time (Appendix D). Because the complexity of the 
Q 

design rnay ~e a source of variaoility, !'decided to do 
, \ 

another 'series of experiments in Mont~eal with a far . 

simpler system ~onsisting of Mason jars in a water bath 

(see Chapter I~I). 

Results of the Montreal experiments 

'Because the simpler chambers had no built-in 

stiiring device, Ir.first 'te~ted t~ 'see. if\an oxygen con-
, '\ -

~ centration :r.adient fo~e4'~nd whethe: such a gr~aient 

could be eliminat~ before sampling without re~uspending 
" .! 0 \" .' 

sediment·. Resul,ts in table 18 show that a gradient doee "' ' , 

for.m and that it '~an be abolished by gent1e s~ir~ing. 
, 

• 0 

This also provides indirect evidence that oxygen consumption 
1 

is 'inaiI?-ly' t,aking place at the sediment! surface' and Dot' on "' ! 

t~e. ~chamher wal1s _or at the top ~f the"jar'. 

Table ,18 ~ The êffect of gentle mechan!cal m~xi~g on the ' 
vertical ~xygen gradient in ~he incubators. 
Th., g~adients in question rèsult~d from 24 hours 
of,ç:loaür,. 

• t 
St~gnant chambèr~(, Stàgnant chambers 

,Depth - $)2 \ 1 . ,152 i l 
(em /mg, 1:" ~ /,ng* r- , 

. .0.9. 9.gEi . 10.35. 
2.4 9..48 .7.50' 
3.6, . 5,.74 '-6.80·.·· 

.: ;~~. ~.39 8.,22 
.,_ , \ '; l 'n ~ 

1 • . 1 

" 
.. 

" " 
'" .',1" 

, • ~~, 1. 'r ...... 

8.44 

. " ' .. \ . 

.. 
" 

mean temp~/oc, 

'5.66 
5:66 

1 ~~66 r! 

.. 

,," 

. , . 

." 
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AlI the SOC measurements were made after'24 
o 

hours of incubation because the preliminary're~ults in 

table 18 showed that a measurable change of 02 concen­

-tration oçcurs wi thout anoxia near the ~ediments. The 
-l, . . 

~e~u1ts in 'table 19 show no consistent dècreasâng trend 

over 81 days 'as',would h~ve beèn seen if the resuspended 

,sediments had not eq~librated or if organic ma~t~ 
av.ailable for respiration were 4eereasing. ~he consider­

able va~iabt.\ity from 'day~ to d~Y. can be attributed in 
- .. 

large part to variat~on~, of oxygefl. çonsumption in the 

contro+s (fig. 15 ,. ~ 

Table 19' : Mean secÙment; oxy4en oonsumption rates for 
Dolly and Elizabeth lakes as a function of' 
equilibration time. AlI valués "are in 
mg,·m-2 .day-l ± standard deviation. Negat.ive 
rates excluded from calculatibns. Raw da ta 
in Appendix E. ' 

,Eq:uilibration time soc Lmgom-2,odaI-l ' 
/d~ys , Dolly . El zabeth 

143.8'9:19.91 " 160.37%34.96 8 
15 193.4'3*23.0.9 \ 184.80%61 .. 77 
66 48'.'22=43.88" ,," 
76 . ,84.63=17.90 97.54±40.29 
81 .211,73%17.:1.6 188.43%13.87 "-

\ 

OThis posee 0 an, !-ntere8tirig question. Bince 

therè ia no reas'on t9' asos~e, ~i-~ the r~al'~Oc WQuld have 
, ' ..... - - ~ 

"varied erratically" . for 6 °to 81 dàys'I it i8. reasonë:Ûl1e, 
" ~ ,,1 , ... 1lP' ." • 0 .4, \ 

. t.o aS8um~ that ~ediment respi~ation was constant. and that 
, '"........ r

l
'\...... .... 

~ ,.tAe èrltire range of' v~lue8 obs;èrved by the expe~!l.J.nent.s' r. 
, , ' .' \ " 

, . .' " ' ,,' " ," ~ 

,.' was q.ne~àted by- ~rt.èf,act:.a 'in the ,meaa\lreJnent of. c~t;rol 
{, ..' ~. -' -' .. ' ~ 

r .. p~Uon. If, the. COI).~l. ,~, ~g'DOièd" ~e __ SOC . 
\ '."" " , ,:,~. 1 1 ~ ~ ~ . . 

... ' .. 

i" 

! -. , . , , 

" ,A f 
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for D<:>lly is 18'9.10 mg.m- 2·day-l and the one for Elizabeth 

i5 191.53 mg·m-2·day-l.- Since t~e Dolly value is much 

higher than the observed ANOD, it seems reasonab1~ to 
" o 

• , 
expect that SO~f! contrô1 value must be subtracted. My 
resul ts suggest tha~ designinq 'approporia.te control chambers " 

~y be one of, ~he MOSt important remainlng prob1ems if we 

.are to 'obtain meaningful 1abo~atory'measurements of SOC: 
o ' 

In my elCperiments,I' l tOJk' precautions to ensurè that the 
,l, 1 

sani~ water was used in ontrol,1 and exper;!.mental, chambers. 

VolUme of water overlying the sediments w~s almost the 
'.' \ 

'same' wi thin a set of repIi.cat~s from '. the sarne la~e., The 
1 

effects, of surface to.'vo·lurne tatios· ~n water respiration 
. i I.l 

has not been stu~ied systematlcally i~ the pertineht 

Iiterature.. l believe tha~ this is ~.general problem ln ... 

a-ll the attempts ta measure SOC,. 
, ~ 

,For' the purpose of fUl;ther discussion, l will 

, , 
) 

, 

1· 
'l, 

~ ," . 
... t "1;j,' t , 

merely tak~ ~ averagé of caléulated.respiration rates 
" 

. , 

• 
~ " '0"" 

.. 
t ~I ' i 

... , 

',' 

while beari.,rig in min.d that the real .SOC 1 S in"\ny incuba,\ors .' '\ 

eo~ld have be~n ± IOOt-of the average. 
-, .... II-

,- , " ,~ 

Comparison of direct ,and, indireet,measurements 
; 

:Table 2~, compare. 'sèd1ften,~' r~8Pirat~~ .~~àte~ 
'~stitnélted directly ~d ind.l.rectly. ' Althoügh' the:' drrect 

, ~ ~ .. , -'. , 

measWl'~ent., :do ~ot cônsi~t~nt;ly "agree wi th tl1e whole..,lak~ 
",' • l " ,,," ~'~ , l "...- \ ~ , , 1 

,r~tes atîd ,lfa:rqr~v.~ 1 s '(196~a) preQ.iC't~ons" 1 even ,the bighest ," 

, ' " 

vaJ.ues, .:Ln Appe!tdices D and" E ,l'ie wi;thi:rl the rapge of 

re~UI t', :l::~pOrted i~, th~ Ii~erat~~ --"(:table~ ;2J1and~' ~2) • ' '. " ':, 
.-, ',II" . - l' l, ~ .. ,1 .. 1 J., " 

Va are still ·unc:-.ru:Ui ,AbO~t:. th.· v~~idity of 'oJlr mea8ur"n~. ~ 
'. -', ',', :~"",:~.'i,;' .~ ",.',~\:.',.' 

'.:',:..: , " " "" .. ' '. ~ •. ~~,:,~<,r~.~.: :,'~ .. , ; 
..-~ -,,\, ,.,~ .. _j,.:~ :J~~~"~:~I, .. 'o: > _ •• '. ft. 

~, f,;~ "_"':;"" ~c .. .l'~->,,~ '" J, • 

, , 

-, ' 
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Table 20 - Direct and indirect estimates of sedim~nt 

oxygen consumption in Dolly and Elizabeth 
, r lakes, Winter 1978/79. 

74. 

--~----------~~-----------------------------------------------, , 

, . 

Type of Estimate' Sediment o~gen consÙmption 
/mQ'm-2 '4ay-l ' 

DOLLY EL~ZABETH 

Indirect: AWOO , 97'.49 
Predicted from Hargrave (1969a)* 79:79 

\ Direct: Schefferville re,?ults** 0 94.75 
Direct: Mdntreal ~esults+ 158.42 

, 1 

1 204.08 
41.96 

102.39 
135.88 

*' ,ln (SOC) = 1. 74 ln (temperatur~-1. 30,r2;, prediÏ-tion in 
ml.m-2·hr-l converted to mg·m-2.day~. -

** Overall mean of values in tables 16 and 17. 
~ '. OVerall mean of values in table 19. 

of soc. predi~ting SOC(rem~in~. out Of'01r grasp because 

numerous methodological problems remain to ~e solvea. The, 

bEist guess that can'be. made is that sediment oxygen uptake .. , , . 
·repr'esents" between 50% and 100\ ?f the AWOD in my lakes • 
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. ~~:~.~:-,..-., >.u. " T~B1i 21- Oiti'gén uptake of va.rious freshwater benthic environments measured directly 
~;"7~ c': ., < .tn .situ or in thè laboratory. 
L_ ..... ~ 

_~:tif,,-m;,tif(;J1l1lêilt .' .. . Oxygen upta.ke =:ate Source 
. ',: '~: :c. " ~,' /mg O2 ·m-2 .~ay l. 

.' " 
_P9ria's, .in , E~stern ~ClllauCl 

'rivera: ;'. 
~ ; • 'l ,~-;:, ....... 

"'~ ~OID p~pei-;':mi'l1 
1IIMl).~.}j, 'riveJ:!~ ' ... 
~~:'f~om ~~~ mi11 

.. , III' '--' :;. 

ef~ent 
- . j-. -- ' 

effluent, 

.O"":~~i ·~r-1t·ish Col.umbia t 0 

~. Ci::~; >l?enna. (hypèreu~rophic) 
. '''''.;~l:~tro~ic .. Pohds a 

tlJP!"Qli!ntfa. ilnd La~e Ontari~ 
. " .. j~::,.rf,)}Il" 'p.e~adt j~utrophic} 
~**h"·1~e .. , "and" runni.ng waters· . 
> '~ .. ~:~#. ~ . - ~;p ..... t.. ; Il 

; 
149-1063"" ~ \. 

,7'20""!24PO {unpo11uted) 
1440-3120' (po11uted) 

216-3312 -
144'-9840 

'!>20P-80..o·, (stagnant) , 
27~0-4400 ('scoured) 
134-336 

. ,1440 ("typica1 raite") 
80-360 

150-350 
1.71-1371 
300~3000 (in situ) . 

s and MacAulay 1959 
Edwards and Rol1ey 1965 

Hanes and Irvine 1966 
Ro1ley and OWens 1967 
McKeown e~ a1~, 1968 

Hargrave 1969~ 
McDonnell and. Hall 1969 
Bertru-1971 
J6hnson ~nd Brinkhurst 
oHargrave 1972 ______ 
Edberç and Hofsten 1973 

1971 

'" ~ ,/~ - .. 7' ~ - ._ .. ... 1"" • ~ 

~,W~i~gton .; .' . 
""1:4.&1,1 "'°l:akes , and' runn~ng wa ter s 
~~~~ct.lc '.~1t~ (Char 1a]çe, Cornwallis' 

'310-1500 (in the labor~tory) 
450-1270' 

1680-27120 
Pama tma t and Bhagwa t 1973-
James 1974 

". '.' :'r, '. .... ' ~. - -..:rs • ) 
&wed,l.'1.ak~S . _ . - o' "_~ •• 

~ê °:ilattwè11, $'.' :caro1ina (impoundment)' 
~uth"àWedîsh lakes 
~aw~' .~Jë~!_ J!inn. E eptrophie) • 
~-~~;-sli' l:~kes -. . 
~~ ~d.1.s~ lakes ~(eutrophi!=.) 
.. ~ ~atn,_ ;Ic~land < 

. \i.~ ~ 

114 
1'70-600 
·308-985 
380-800 
170 
UIQ-4S0 
143-3~8 (no 
394-2690 

.. 

anima1s added) 

.... 

. Welch and Kalff~ 1974 
Edberg 1976 
Brewer et al., 1~77 

'Granê-li 1977 
Sonzogni et al .. 1977 
Granéli 197-8 
Granê1i 1979 
Hun4ing 1979 
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CONCLUSION 

This project has attempt~d' to examine the' ' 
" • .t) 

process of'oxygen consumption in lakes from the two . 
comï;>leme"t.ary approa~he~ ,Of ~Olism, and reductioni,sm. 

l can'conclude from the resUlts outlined 

, , and discus,sed that the empirical models (or predict-
, , . \" 

o Q .. ~ 

ing whole~lake oxygen consumption are 'ùnsuitable for 
t • 

• ~ 1 

the subarctic lakes that ~ere .studied. The first ~wo ' 

quett~o~s aSk~d at the ~nd,of ~he Introduction thus 'r ... 
• ,-,!..~' 

hà:'v~ negative.answe,rs. The third .query about thé re-
, , , 

, ,o' 'iatiçnshiP ,betw,een 'tropÏlic status during the sUIilItler and 

,. < • /';" the ',~ub.e~t wi?ter oxy<Jen ç'qnsumption lé SiP~rt~_ 
;/ / by the data. Bui they are 'not abundant enough to allo 

, 1 1 

1 ,- 'f 

'\ ...... '. 
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, < 

a new predictive model - ta emerg,e. ' .. " . • • 
" . The contribution of 'the sedilnents remain u'n-

certa.in because of met~odol'oqieal problems 

'·with itafmeasurement.,' Furth,er progress ,on 
~ .~ . ~"~ 

thèory. will depend' on 'the devèlopment of methods c pable' 
\ 1 -' • , - • 

- 't ." t 

,of producing accuràte estima:te$ of ,sediment 
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. ' Table Al Morphometric .data for Dolly Lake. ---". 

.", 

". . ~'J' < J> , 
~ 

Stratum' Area5a~ top vo1~~ Fraction of 
/10 m /10 m total volume 

.~ 0-1 'C/ ;t0.530 10.026 0.1170 .IJ 

1-2 9.530 9.098 o .:i06 , 
7 2-3 -.8.635- 8-. 29Q - 0.096 

3-4 7.950 \7.498 0.087 
4-5 1.055 6.76.3 . 0.079 

,1 5-6 0 6.476 'fi. 2,38 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 - 1 0.048 \ .' lo-rl 3": 843 3.631 '.. , G-:W 2'---" ~ 11-12 3.422 3.263 ~-~, 0.038 ' 

12-13 3.106 
.... 

\ 2.893 ' ih-<13_4 
13-14 2.685 2.499 0.029"- --:1 
14-15 2'.317 2.075 ' 0 ;02of 
15-1:6' 1. 843 ' 1.682 .0;'020 

'16-17' 1.527 1. 3~8 0.016 
17-18 1.158 . , 0.968 0 .• 011 

;;. 

1 
TOTAL 86 ... 002 • tr>:.' 
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Table A2 - Morphometric data for Elizabeth Lake.-

Stra~ Ar~~ it top 
/1<1 III 

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 0.9.82 
9-10 0.828 

10-11 0.716 
11-~2 0.603 
12-13 0.519 
13-14 0.421 
14-15 0.351 
15-16 0.295 
16-17 0.2139 
17-18 ~ 0'.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 

:- .. 

vo~um~ 
-/loSm 

2.679 
2.390 
2.096 
1.844 
1.634 
1. 437 
1. 24'1 
1.065 
0,.904 
0.771 
0.659 
0.56! 
0.469 
0..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 

Fraction of 
total volume* 

0.137 
0.122 
0.107 
0.094 
0.084 
0.0,74 , 
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 

Fraction of­
hypolimnetic vo1ume** 

0.224 
0:185 
O.15l 
0.122 
0.093 
0.068 
0.054 
0.044 
0.034 

0.024 

.. 

* Exc1uding. 23-24 m stratum. 
** Total volume = 1.4~5 x 105m3• Hypo1imnion considered fo be 

below 14 m. ' 
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/ Il' Table A3 - Dolly Lake temperatures, Summer 1978. l· 

1. 
,.. 

t 
.1' 

f' 
1 . 
l 

11/07/78 i Depth 27/06/78/ 4/07/78 

f lm' 
i .' r 0 0.10 8.00 10.60" 
l l 1.80 8.00 10.60 
.t: .2 1.60 ,7.90 1.,0.70 

3· 1.60 , 7.90 10.40 
'4 1. 70 7.90 10.20 

( 5 1. 70 7.80 10.10 
6 :1. 70 7.80 9. 90 ~ 
7 1. 70 7.80 9.60 
8 1. 70 7.80 9.30 
9 1. 70 7.AO 9.10 

10 1. 70 7.30 8.90 
Il 1.80 7...20 8.70 
12 1. BO ~ ;.20 8.30 
·13 1.80 7.10 8.20 
14 1.90 7.00 8.10 
15 2.00 7.00 8.00 
16 2.00 7.00 .... 8.00 
17 '2.20. 6.90 7.90 
1& ' 2.50 6.80 7.80 

!e 

L 

1;~irIi..t;~ . r ~i>.';~A.:l:~:r~~It...ffl~""vV ...... 

1°C , 

18/07/7'8 25/07/78 1/08/7.8 

. Il. 20 12.10 12.20 
Il.00 12.20 12.20' 
11.00 12.30 12.20 
11..0'0 12.50 12.20,~ 

11.QO 12.50 12.20 
10.90 12.50 12.20 ' 
10.80 12.40 12.20 
10.80 12.20 ·12.10 
10.70 1'2.20 12.10 
10.70 12.10 12.10 
10.50 12.10 12.00 
10.00 12.00 12~00 

9.60 Il.70 12.00 
9.10 11.40 12.00 
9.00 10.90 11.80 
8.30 10.60 11.60 
8.50 10.20 11.50 
8.20 10.00 11.40 

. '8.00 9.90 11.20 

~' 

" 

< a 

8/08/78 

Il.70 
. 11. 70 
Il.70 
1130 
Il.70 
Il.70 
Il.70 
Il.70 

,'11. 70 
11-.70 
Il.70 
Il.70 
Il .. 70 
11. 70 
Il.70 
11. 70 ' 

< 11. 60 
11·.40 
Il.20 

~ 
'\ . 
~ 

15/0a/78 

12. ~O· 
12.80 
12.80' 
12.80 
12.60 
1~. 6_o 
12.60 
13.00 
1,2.80 

'12.90 
12.80 
12.60 
12.60 
12.60 
12.60 
12.60 
12.60 
12.50 
12.50 

/ •••• Cont '·d 
\0 
o 
.,1 ...... 
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Tabl'eA3 -·(cont'd) Dolly Lake temperatures, Summer 1978. 

/OC 

.. ,Depth .22/08/78 29/08/78 5/09/78 12/09/18 19/09/78 3/10/78 
:. /m 

.0 11.83 1,0.51 9.94- 9.39: 7.11 3.97 
l 11.83 . 10.48 9.99 9.40 7.10 4.00 
2 Il.84 10.48 10.01 9.40 7.08 3.97 
3 11.84 10.48 10.02 9.38 7.ln 3.99 
4 Il'.85 10.49 10.02 9.37 7.08 4.02' 
5 11.85 10.49 10.02 ·9.39 7.08 4.01 

,6 11.85 10.49 10.02 9.38 7.08 4.'02 
7 11.86 10.49 10.02 9.38 7.08 4.02 

. 8 Il,.87 10.49" . 10.02 . ' 9.38 -7.07 4.02 . 
9 11.87 -10.49 10.01 9.37 7.07 4.02 

10 1:1.87 10.49 10.00 9.37 7.04 4.01 
Il 11. 87 10.48 10.00 '09.37 . 7.04 4.02 
lr~ . 11.89 10.48 10.01 9.41 7.07 4.03 

,13 11.88 10.48 10.01 9.40 7.06 4.02 
14 0 11.88 10.48 10.01 9.41 7.06 4.02 
15 11.88 10.48 ' 10.01 9.40 7.04 4.02 
1-6 11.88 10.48 9.99 - 9.39 7.04 4.0a 
17 11.88 10.48 9.97 9.'39 7,.04 4.06 
18 11. 88 10.45 9.97 9.j9 7.03 4.09' 

, 

:t; 

.rm', 1; Ul Z -rli., ,'e? mm '(1' - """ ,.,. ----" 
- : .. 

~---
'7 

~--- ,.,:::---:::;- :;-----~"-~ ..,.~- ...... -;;-. 

...-... 

( 

c. 

10/10!78, 

3.49 
3.51 
3.52 
3.52 
3.51 

~ 
3.55 
3'.,57 
3.58 ~ 

3.58 
3.57 -
3.57 
3.58 
3.62 
3.63 
3.65 
3.67 
3.66 
3.66 
3.65 ~ 

.' 

\0 
1-' 

......... 

" 

~ 

<> 
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'lable AS -'(cont~,d':) ~% 'Lake -temperàture, 
r--.". • 

Winter :1978/79. 

',. 
j.0ç, 

. " . 
Depth 18/01/79 2/02/79 22/02/79 20/03/79 9/04/79 3/0S/79 17/05/79 
~ . 
o 
l 
2 
3. 

,4 
,S 

0 .. 01 
O~06 
1~ 
2.11 

. 2.33 

0' •. 01 
0.06 
1. 50. -

0.51 
0.27 
1.58 
2.42 

.' 1.04 
0.29 
1.41 

0.50 
0.43 
1.49 
2!11 
2.64 
2.80 ' 

- ' " 0..6 
,2.56 
2.70 

. 2.71 

2 .,44 
2.64 0 

2.70' 
2.80 

. 2.75 
2.80 
2.86 
2.90 
2 .. 95 
2.98 
3.02 
3 ;0°6 
3.09 
:L15 
3.22" 
3.33 
3.4.6 
3.54 
3.74 

" 2.22 
2.64 
1.84: 
2.92 
2.96 
3.01 

1.48 
0.46' 
1.11 
1.99 
2.51 
2.77 
2.90 /' 2.94 

~-.!..o-3 
..... 07 J 

3:09 

0.93 
'0.78 
l.ï2 
2.14 
2.54 
2.9'8 
3.11 
3.14 7· 

8 
. ? " la 
Il 
12 
13 
14 

", - 15 
16 
17 
18 

'2.78· 
"2.93 
2.99 ' 
3.01 
3 ~Q4. 
3.08< 

- 3.15 
3.15 
3.36 

"3.5"9 
3.61 

- 2.85 
2.90 , 
2:9:;i. 
2.99 
3.'-01 
3.04 

. ,3:D9 
3.15 
3;41 
3.37 
3.55 . 
3.66 

~-

.3.06 ' 
3.08 
3.12 
3.16 
3.21' 
3.30 
3.42 
3.52 

, 3.71 
3.77 0 

c.2.98 
\ 3.02 

3.04 
3.-08 
3.11 

.. 3.15 
3.21 
3.29 

o 3.38 
3.58 
3.68 
3.85 

. ,) .14. 
3,.17 
3.22 . 
3.29 
3.37 
3.48 

• 

.l.61-
•. 72 
3.82 

~ 

.-3.17 
3.20 
3.22 
3.25, 
3.30 
3.35 
3.44 
3.53 
3.63 
3.77 . 
3.79 

0 

.'" 

-, 

., . 

" 

'èr 

~ 

• 

\Q 

U1 

" 

:-
,~ 

'\ 

,i 
i , 
j r 1, . 
1 
! 
! 

0' 
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II Table A6 Elizabeth LaK~ tefup~ratures, Winter 1978/79. 

t fOc ! • 
~ ~ _ t 

.l O'epth 27/10/78' 3/11/18 '10/11/78 17/11/78 24/11/78 1:5/12/79 6/01179 

~ 
" /m -1 " 

" < ~ 

!t 0 0.88' 0.09 0.11 0.27 0.05 0.05 . 
1 1.88 . ·1.26 ' ,1:.46 1.08 1.12 1,.05 . 0.09 . 

,2 2.01 1.98 1.93 1.B4 1.9q: '1.65 0.83 
3 2.04 2.09 2.oil 2.11 2.1 . 1. 90 1. 78 
4 2:05 2.13 2.08 ~2.22 2.21 2.14 2.16 -

~ 5 2.05 2.17 2.15 2.24 2.23 2.16 2.21 

~I 6 2.07 2'.'22 2.19 2.27 2.26 2.1B 2.25 ,! 
" 
" 7 2.08 2.24 2.21' 2.29 2.27 2"Z4 2.28 , 

8 2 .• 10' 2.25 2.24 2.30 .29 2.26 2.29 t.> 
9 2.11 2.2-6 '2.25 2.31 2.31 2.29 2.3~ 

la. 2.12 " 2.27 'L.27 2.32 2.30 2. JI 
Il 2.14 2.28 2.28 .. - 2.35 2.34 ·2.32 2.28 

,g. 
~, 

12 2.16 2.32 '2.32 2.38 2.37 2.33 2.34 
13 2.18 2.35 2.35 , 2.42 2'.41 2.35 i 36 
'14 2.19 2.36 2,.36 2.43 2.42 2.38 , 40 
15 2.22 2.37 2.38 2.45 2.44 2.41 2.42 

. , 
16 2.23 '2.38 _ 2.39 2.47 2.4.5 2.44 2.46 
.17 2:25 2.41 2.41 °2.49' •. 47 2.46 2.48 
l? 2.27 2.43 2.43 2~51 2.49 2.48 2.51 . 
19 2.29 2.44 2.44 2.54 2.52 2.48 " 2.53 

'- 20 2.30 2.45 2-.46 2.55 2.53 2.49 2.53 ~'ID 
0'\ 

21 2.31. 2.46 ,2.47 2.56 2.53 2.50 2.54 
~ 

22 2.32 2.47 2.48 2.57 " 2.54 2.54 2.57 ;; c 23 ' l-. 34 2.49 2.52 2.59 2.63 

" 
C t'd 1 .... on . ~ 
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Table ~6 - Jont' d. r 'Elizabet~ Lake temperatures, 'Winter' 1978/79.. 

l, ,. fOc 
~ 

Depth 26/01/79 28/02/-79 29/93/79 1:8/04/79 13/05/79 31/05/79 
/m 

0 0.08 0.02 0.15 1.00 0.33 1'.91 
1 0.28 0.07 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.iO 2.10 2.05 1.83 1.14 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 2.3'5 2.43 2.96-
8 2.32 ~.35 2.35 2.37 2.46 2.96 
9 2,; 34' 2.37 .2.38 2.3Q 2.47 2.~5 

10 2.35 2~37 2.38 2,.39 2.48 2.94 
Il 2.36 2.38 2.39 . 2.40 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 
15 2.45 .2.48 2.51 2.52 2.56 2,.71 
16 2.48 2.51 2.55 2.57 2.58 +.66 
17 2.50 2.5i 2.58 .2.59 2.61 2.67 
.18 : 2.54 2.5 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 
22 2.59 2.61 2.-66 2.68 2.6fj 2.-68 
23 2.63 2.64 2.71 2.70 2.70 2.70 \D 

-...J " 

--' 

.-
~';;:~~~";{::-"':~t~,*~~I~ ~~ ;>r':·1V'_"_Jr"~("! -T "«, ~ 



$ as $_ ! Q al 5 za 

'f - 0 
.p 
:! 
i: ,", 
-~l 

"i 
1 
J ~ 

"lM - .--~~-.. ,.".,. ..... " .- ~ .... ~ ... "!;l"'~~-~ • .-" '~~~~'~Vet'~; .,.,.~~~~ 

~ -
~ 

c' 

1 
T 

Table A7 - Dolly Lake disso1ved oxygen, Summer 1978. 

, 
~~J 

~. 

t 

'" 

Depth 27/06/78 
. /m 

0 12.00 
1 12.00 
2 f 12,00 
3 12~01 
4 . 12.02 
5 12.04 
6 12.05 
7 12.05 
8 /" 12.04 
9 12.04 

10 12.03 ' 
Il 12 .. 09 
12 12.14 
13 12.11 
14 12.07 
15 12.10 
16, 12.11 
17 12.13 
18 - 12.14 
19 

\ .; 

4/07/78 

11.25 
Il.31 
11.31 
11.31 
Il.31 
1:1. 28 
-Il. 31 
11.38 
11.40 
11.52 

.', 11.55 
11-.48 
Il.58 
11~62 
11,.47 
11.57 
11.56 
11.59 

\ ~1. 74 
11. ~O, 

/mg'l- l 

1·1/07/78 "18/07/78 25/0'1/78 

10.87 10.30 10.33 
10.75 10.42 10.32 
10.87 10.47 10.19 
10.99 10.43 10.30 
Il.00 10.45 10.36 
11.03 10.43 10.36 
1L04 10.44 10.14 
11.07 10.43 10.24 
Il.10 10.47 10.33 . 
11.10. 10.47 ' 10.29 
11.15 10.46 10.25 
11.32 1~. 61 10.42 
Il. 35 1 .60 10.30 
·11. 29 10.7-8 10.43 
11. 32 10.88 10.65 
Il.30 Il.01 10.66 
Il.33 11.05 10.58 
11.30 Il,.06 '10.84 
Il. 28 Il.(}9 1-0.88 
Il.26 Il.07 1().78 

(' 
1/08/78 8/08/78 

10.03 9.91 
10.02 9.90 
10.03 9.94 
10.02 '9.94 
9.99 9.90 
9--: 99 9.9;)' 

10.06 9.91 
10.07 9.92 
10.09< '9.93 
10.03 9.99 
10.00 9.96 
10 •. 03 10.07 
10.09 10.07 
1,0.07 10.09 
10.06 9.96 
10.07 9.99 
1Ô.00 9.92 
10.08 9.94 
10.18 9.92 
10.20 9.91 

" 

1 

.J 
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-t • Table A7 - (cont'd.) Dolly Lake disso1ved oxygen,.Summer 1978 • 
~. 

F 
j 
i, 
~ 

) 
{ 

J 
~: 

~', 

J: 

t 
i 
! 

, 
i~ 

r 
i <, 
t; 

r~t 

• v · ... 
~~ ; 

! 
• 
~ . 
~-

:,' 1 , ,-
) 

10, 

Depth 15/08/78 
lm 
0' 10.15 
1, 10.19 
~ 10.14 
'3 10.13 
4 10.20 
5 10.15 
6 10.13 
7 10.15 
8. 10.23 
9 10'.26 

10 - 10.23 
Il 10.21 
12 10.30 
13 10.21 
14 10.15 
15 ' 10.19 
16 10.19 
17 10.18 
18 10-.06 

_ 19 10.08 
Î 

"" 

" '-I.;r __ llJiUt~lêAt"""'W'"!,t=""ùI_"""""""'-"-' 4~ , -.-

/' ~ ~ 

.... 
Img'J -1, 

" 
22/08/78 29/-08/78 5/09/78 3/10/78 10/10/78 

10.50 ,10.66 10.71 12.26 12.28 
10.38 10.66 10.90 12.26 13.00 
10.'27 10.69 10.66 12.21 _ 13.59 ' 
10.31 10.61 10.60 12.37 13.43 
10.22- 10-.60 10.84 12.30 13.4~ 
10.31 10.63 10.80 12.31 13.24 -, . 

" 10.51 10.61 10.82 , 12.3i 12.98 
10.12 10:71 10.82 12.21 13.26 
10.22 10.76 10.69 12.32 13.27 
10.34 10.56 10.81 12.25 '13.28 
10.35 10.65 10.18 . 12.35 13.17 
10.42 10.68 10.84 12.43 13.23 
10.21 . 10. 5~ 10.'78 12.31 • 13.:17 
10.24 10.71 10.74, 12.16 '13.0'9 
10.27 10.67 10.69 12.16 13.03 
10.43 10.63 10.75' 12.16 12.9·6 
10.29 1.0.62 10.72 '12.16- ·13.08 
10.44 10.66 10.77 12.14 13.20 
10.32 10.64 10.81 12.24 12.73 
10.15 10.36 10.77 12.21 12.68 

\0 
\0 

"r-
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Table A8~- Elizabeth Lake dissolved oxygen, S~er 1978 • 

..1 
~ /mg.l-1 

.J 

Depth 30/06/7R 7/07/78 14/07/78 21/07/18 28/07/78 4/08/78- 11/08/78 
lm ~ \ 

0 12.10 Il. 71 10.76 10.46 10.68 10.9li 10.85 
1 12.10 11.38. ,10.86 -10.42 10'.59 10.96 ,.1 0 • 8 2 
2 12.10 11.58 .. 10.96 10.4~ 10.46 10.91 10-.98 
3 12.10 11.6B 11.02 10.43 1<).43 Il.00 1<0.67 
4 12.10 1J..76 10.78 10'.56 10.52 11.07 10.79 

'J> 
:k 

5 
1ili/ 

Il.,84 10.81 10.-63 10.59 10.97 10.71 
6 1.2.10 11064 10.'91 10.95 10.75 11.00 10.65 
7 12. Il. 87 ' 10.97 Il.08 10.85 1t· 1O 10.65 
8 12.18 11.84 Il.71 Il. 92 ~ Il.~, 1 ".08 10.77 
9 11. 99 _ Il. 99 Il.77 11.90 Il: 1 11. 03 10.83 

10 11.82· 11.80 Il.54 11. 37 1,1. 22 11.03 10.75 
Il Il.92 Il.76 J.1.25 10.90 11.18 '10.86 10.47 
12 12~04 11.62 Il'.2,7 10.51 10.87 10.55 9.84 ------ r 
13 Il.98 11.52 11.07 10'.28 10.50 10.11 9.18 
14 ' J.l~9.l", Il.34 10.66 9.86 9.88 9.41 9.11 
15 11.94 11.19 10.26 9.84 9.46 8.54 - 8.10 
16 11~98 11.23 10.18 9.71 9.07 7.98 7.59 
17 11.90 11. 04;, 10.17 9.50 9.06 7.68 7.28 
18 « Il.83 11.00 10.16 9.42 8.81 7.45 7.12 
19 Il .. 78 Il.01 9'.98 9.27 8'.64 7.41' 6.77 
20 11. 74 10.97 10.08 9.07 8.34 7.31 6.69 
21 ,Il. 75 10.71- 10.12 9.06 8.22 7.31 6.49 
22 Il.77 10.76 10.05 9.06 8.18 7.19 6.29. 
23 11. 77 ' 10.62 10.00 9.02 8.12 7.,15 6.01 
24 Il.77 -10.55 t.. 9.92 8.95 8.14 6.9-5 ' 5.71 

.,> 

6'Ô' 
o 

-f 

l I .... cont'd. 
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Table AS - (cont 'd.) Elizabeth Lake dissolved oxygen, SllI1l11ier 1978. 

/ 

"" . 
/mg'1-1 'f 

Depth 18/08/18' 25/08/78 1/09/78 29/09/7.8 6/10/78 13/10/78 
/m c- " 

~ 
0 10J85 Il.25 1 Il.34 11.89 . 12.20 '12.22 
1 10.91 Il.06 \ 11.24 11.18 12.29 12.57 
2 ., 10.91 _-----]:-1.24. 10.94 11.68 12.40 12.48 

~l 3 JD.--91) 11.54 11.44 11.91 12-.23 12~48 
4_ -~10.82 Il. 25 11.28 Il.75 12.43" 12.47 

~5 10.94 11.23 Il.31 11.96 12.34 f- 12.49 
~ 6 "10.72 11:44 11.21 12.06 12.30 12.58 

7 10.60 Il.18 .11.37 Il. 93~ 12.~2 12.47 
8 10.66 Il.-Z7 11.26 11.86 . 12. Q 12.53 
9 19.90 Il.17 . 11.17 11.90 12.-19 12.41 

~O 10.68 11.13 t1.13 -12.01 12.27 12.58 
'" Il 10.61 Il.40 11.14 11.93 12.33 12.47 

12 10.21 11.11 11.16 11.79 12.32 12.45 . ''-.. 

rît 9.39 9.21 10.76 11.84 12.22 12.52 // ....... 

~ 
7.99 --'f.1t9- 10.42 11.99 12.20- 12; 5--2 -""':; ~ 

~15 7.74 7.56 10.03 11.93 12.33 ~56 ... , 
16 7.01 6.61 8.03 11.89 12. 33-~~ 12.45 .-1. 

17 6..34 6.14 5.65 11.84 12.28 12.60 l 
18 6.01 5~99 5.25 11.86 12.10 12.59 

l 19 5.94 5.82 4~31 11.85 12.20 12.41 
20 5.18 5.4.7 4.08 Il.65 1~. 40 12.35 , . 
21 .5.46 5.02 3.51 Il.70 d12.22 12.51 
22 5.16 4.14 3.09 Il. 72 12.22 12.51 

1--' 
23 4.90 3.57 2.87 11. 76 12.26 -12.52 0 

24 4.72 1--' ", 

3.21 2'.86 11. 78 12.15 12'.52 

1; 

_un.s ..... ,:--t" ,_.~s • • 
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Table A9 - (cont'd.) Dolly Lake dissolved oxygen; Winter 1-978/79. 

J, 
? 
r 
i 

1: 
~ 

Depth 
/m 

18/01(79 2/02/79 22/02/79 

0 13.49 13.56 13.59 
1 13.27 . ' 13.59 13.59 
2 -13.29 13.29 13.05-
3 13.31 12.85 • 12.75 
4 13.22 12.87 12.75 
5 13.i3 12..82 12.68 
6 12.97 12.78 12.6~ 

7 12.82 12 .• 72 12.58 
8 12.67 • 12.56 12.54 . 
9' 12.52 12.41 1~.47 

lO 12.49 12.18 12.39 
, \, 

'" 
Il 12.43 12.14 Il,.88 
12 12.37 12.12 11.81 
13 12.31 12.04 11. 72 
14 - 12.26 11.51 11.24 
15 ~ 11.73 ~0.71 10.49 
16 9.49 10.50 9.37 
17 9.16 8.58 8.42 
18 8.43 8.55 8.49 

f~ 

/ 
" 

'l', ttnrz n_13lf 1 Sii!' '" l' " • • _.---1.--.--- -

/mg'l- l 

---
20/03/79 9/04/79 

13.4'5 13.40 
13.39 13.40 
13.04 13.07 
12,,87 12.62 
12.71 12.58 
12.66 12.49 
12.62 ' 12.25 
12.53 12.~ 

, 12.45 12.17 
12.38 11. 78 
12.09 11.41 
Il.81 1.1.41 
11-.59 Il.38 
10.66 10.92 
- 9.72 10.35 

8.52 8.80 
8.50 8.78 
7.96 '7.96 
7.95 7.18· 

3/05/79 

13.3..4 
13.19 
12.61 
12.40 
12.34 
12-.28 -
12.34 
12.29 
11. 73 
11.39 
10.54 
10.41 
10.14 

9.73 
8.58 
8.40 
';r.. 8 5 
7.15 
6.63 

. 
1'7 /05/79 ~ /' • "If 

12.70 
12.86 
12.26 
12.19 
12.17 
12.15 
12.07 
11.95 
11.79 
11. 32 
10.96 
10.13 . 
10.2.8 
10.12 

9.21 
8.47 
7.42' 
7.29 
7.21 

.... 
o 
w 
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Table A10- Elizabeth Lake disso1ved oxygen, Winter 1978/79. 

! r .. /mg'1-1 ,1 , 
i. 

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

0 15.09 14.38 14.32 14.55 15.0~ 14.27 13.74 
1 . 13.97 13.88 14!64 -13.76 14.0~ 1'" • - 13.-73 13.21 
2 13.57 12.91 14.05 13.25 13.13 -13.29 12.79 
3 13.04 ~2.79 13.63 - 12.70 12.72 -12.16 12.51 , ' 
4 13.00 '12.75 13.20 12.55 . 12.20 12.26 12.07 
5 12.95 12.69 12.56 12.26 12.01 II.94 12.24 
6 12.91 . 12.66 12.57 i2.19 11.82 11.62 12.46 
7 12.81 12.56 12.63 12.00 11.64 Il. 26 1.0.52 
8 12.76 12.53 12.44 11.89 11.47 11.15 10.47 
9 - 12: 69 12.15 12.38 Il. 78 1-1. 38 10.79 10.42 

10 12.70 12.04 12.33 Il.77 Il. 21 1O~~i 10.38 
Il 12.56 Il.85 12.2a Il.62 11~05 10.3 10.34 
12 -U.64 11.86 12.06 11.50 10.98 10.1 10.29 
13 12.60 1L87 11.85 11.22 10 .. 76 10.04- 9.24-
14 12:57 Il.89 Il. 71 11.19 10.60 9.99 8.57_ 
15 12-.07 Il. 78 11.58 11.10 10.5I. 8.90 7~84 
16 Il. 75 11.-75 Il.35 11.02 10.33 8.59 7.15 
17 Il. 74 11.12 'li?- 10.96 10.20 9.70' - 7.82 6.43 
18 Il. 50 10.52 10.56 9.75 9.11 7.81 5.73 
19 11.48 10.14 10.33 "9.13 8.85 7.29 5.04 
20 11.19 ~.08 9.~9 a .'68. B.24' 7-.25 4.33 
21 11.16 9:8'1 9.69 8.25 8.22 6.0-5 3.63 
22 10.65 9.33 9.62 7.84 7.35 3. 65 ~, 2.90-
23 10.60 8.34 7.99 5.51 -5.79 3.65 2.9-0 1-' 
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f , , Table A10-(cont'd.) Elizabeth Lake disso1ved oxygen, Winter 1978/79. 
i 
t 
f, 

1: 
'fi 
! 

;f ' 

,t, 
>f5 
t 

.) 

t 

1 
• 
~ 
'1 
1.' 
1 
~> -

l' 

1 
t 
h', 
" 
(, 

!;~" 

Depth 
/m 

0 
r 1 

2 
3 
4 
5 

-6 
7 
8 
9 

10 
Il 
1~ 

" 13 
14, 
15 
16 
17 
18 
19 
20 
21 
22 
23 

26/01/79 28/02/79 

13.99 14.26 
13.83 12.68 , 
13.69 12.14 
13.55 11.27 
13.09 Il.19 
Il.32 10.83 
Il.28 10.58 
10.14 10.32 
10.12 9.52 

9.81 9.03 
9.62 8.69 
9.43 8.36 
9.25_ '8.31 
9.08 7 :97" 
8.35 7.64 
7.61 7.07 
6.8~ 5.76 
6.04 "S. 05 
5.26 4.71 

. 4.46 3.51 
~ 3.66 2.59 

2.86 1.88 
2.19 1.47 
2.33 0- 1.11 

/ 1_1-mg. ' 

29/03/i9 18/04/79 13/05/79 31/,QS/79 

" 
12.06 10.78 12.97 8.51 
Il.77 10.84 11.66 12.23 
Il.64 11.37 Il.59 9.94 
Il.18 Il.06 Il.06 9.71 
Il.00 10.80 10.70 9.65 
10.27 '10.42 9.91 9'.64- ---------.-
~.83 10.08 9.70 9.53 
9.15 9.06 9.64, 9.51 
8.81 8.24 8.82 9.43 
8.56 8.20 8.59 9.38 
8.39 7.61 -_ 8.46 9.41 
8.23 7.62 8.19 9.47 
8.15 7 .52 ~ 7.70 9.49 
7.43 7.36- 7.65 9.27 
7.06 6.13 1..24 9.27 
6.97 4.53 7.09 6.74 
4.20 3.97 4.33 5.06 
4.17 2.67 2.43 2.96 
4.14 2.16 2.19 2.30 
3.58 1. 78 1.65 1.89 _ 
2.6} 1. 39 1.67 1.55 
2.3"4 1.19 1.56 1.22 
1.05 1.09 1.22 0.83 
0.82 0.54 i. 22- 0.49 .... 

0 
, U1 . 

, ) 
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·Tab1e A11-
,. 

Snow, iee and hY4ros~ate~ at the 
samp1ing station on Dolly Lake, Winter 1978/~. 

Da~e , Time after Snow 

~ 
-freeze-up .depth -

Idays - Icm 

p 

24/1 78 10 7.0 
31/10 78 17 0.0 
7/11/78 24 3.6 

14/11/78 3-1 7.8 
21/11/78 38 9.4 
28/11/78 45 9.0 
5/12/78 52 .9.0 

19/12/78 -66 . 24.0 
18/01/.79 96 - 30.0 
2/02/79 III 53.5 

22/02/7~, 131 15.0 
20/03/79 157 11.0 

_9/04/79 177 55.0 
3/05/.79 201 13.0 

17l95/79 
'f 

215 0.0 

al Estimated'. 

~o 
~-

Total ice 
th'ickness 

Icm 

7.2 
24·.0 
26.5 
32.0 
40.4 
45 '-0 
50.0 
64.0 
'74.2 
85.0 
79.0 

101.0 
120'.0 

-102.0 
85.G 

White ice 
thickness 

/cm 

).0 
9.0 

11.0 
.J.J..O 
13.6 
14.0 
14.5 
16.0a 
14.0 
20.0, 
28.10 
33.0 

, 26.0a 
16.0 
14.0 

Black ice 
thiçkness 

/em 

7.2 
15.0 
15.5 
21.0 
26.8 
31.0 
35.5 
51.0 
60.2 
65.0 

1 66. Sa 
68.0 
75.5a 
86.0 
-71.0 

t,.,...;.~_~ .. .:-~ _~<"-,~ ~ 

l.ill."I1I"f1i11l.lfh~._tt"*ïïniïll,.p.I ... ,""-riIllioroJl
U 

__ . 

Hydros'tatic 
water level 

/em 

+ 1.0 
1.0 
0.5 
0.0 
6.0 
4.0 
5.0 
0.5 

+ 1.5 
1.0 
5.0 
0.0 

+ 2.5 
0.0 0.0 

.,~ ;,...--

,-.... 

1-' 
o 
en 
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n -
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Date 

.27/10/78 
:) 3/11/78 
;: 10/11/78 " 

'17/11/18 
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, 

, 
« 

Tab1eA12,- Snow, ice and hydrostatic water level at the 
samp1ing station on Elizabeth Lake, Winter,1978(79. 

\ 

"" 

Time after 
freeze up 

/days 

13 
20 
27 
34 
41 
62 
84' 

104 
137 
166 
186 
211 
229 

Snow Total ice 
. ':depth . thickness 

/em /em 

8.2 13.2 
25.0 24.0 
0.0 35.0 

10.8 36.8 
5.0 40.5 
4.6 70.0 

22.0 81.2 
28.0 95.0 
13.5 121.0 
44.0 137.0 
5~5 131.0 
5.0 119.0" 

" 0.0 57.0 
? 

, 

-~~~..! 

White ice 
thickness 

/em 

0.0 ' 
4.5 
9.0 

10.4 
11.0 
23.0 
22.0 
22.0 
47.0 
42.0 
45.0 

.45.0 
0.0 

----\.. ........ 

B1ac](. ice 
thickness 

/em 

13.2 
11.5 
~.O 
26.4 
29.5 
47.0 
59.2 . 
73.0 
74.0 
95.0 
86.0 
74.0 
57.0 

• 

Hydrostatl.c 
water 1eve1 

'/em 

+ . 1.0 
0.0 

t - 4.0 
5.0 '~ 

4.5 
4.5 

- 14.0 
+ 1.0 
- 10.0 

0.0 
+ 03 • 5 

,;"9 • 0 
0.0 

./ 
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r· T~ble A13-(eont'd.) Dolly Lake speoifie cond~etivii~es, Summer 1978. 1 r , 

~ 

~pth- 22/08/78 28/08/78 '5/09/78 
lm 

/' 

0 98.8 95.0 99.7 
" 1 98.5 90.1 99.4 
-; 2 100.7 93.5 . 101. 3 

~ 3 "'"'-102.8 92.7 99.7 
~ 4 103.0 91.5 99.7 
;; 5 104.4 92.1 97.9, 

,6 103.0'4 92.6 1'00.0 

" 7 1<02.3 92.5 100.0 
8 101.6 92.7 101. 3 

~ 9 103.0 92-.8 100.0 
10 104".0 92.7 98.7 
Il 102.6 89.1 97.4 
12 102.0 93.3 97.4 
13 104.0 95.1 101. 3 
14 103.3 92.6 100.3 
15 104.0 91.1 • 95.0 
16 103.3 9.1.1 101.1 
17 102.0 93.0 97.3 

, "18 103.3 92.5 ~ 100.3 
19 102.6 !H.6 100.5 0 

\ 

~·.dn7 lU.' ï n' 1 fi ,II"Q 

lpS·cm ... 1 @ 25°C 

12/09/78 19/{)9/7~ , 3/10/7El 10/10/78 

-\ 103.7 102.6 109.4 113.2 
110.4 113.4 

100.5 100.8 lU9.3 113.2 
- '111.6 113.2 

97.3 100-.5 111.6 li4.9 
109.4 . 112.6 

99.9 101.2 111.2 1.13.2 
113.3 116'.6 

100.8 102.2 107.5 112.4 
109.1 113.6 

107.3 '101.5 110.2 114.6 
~ 110.0 114.9 

97.7 '102.2 111.6 116.1 
.... ~ 110.2 116'.1 

97.1 100.6 109.0- 0115.1 
107.8 114.6 

101.2 .135.8 109.0 114.6 

lat.7 108.5 115.9 
115.8 110.4 114.6 

110'.1 114.9 

'j 
" 

.,. 

1 
'0 

't 

o' 
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. t Table A14- Elizabeth Lake, specifie conductivities, Summer 1978 • 

J 
ï 
~ 

, ! 
! 

~ 

ttt,l . 1 

. , 1. 

, 

Depth. 30/06/78. 7/07/78 
lm ' 

il 52.6 ~ 67.0 
l' 61. 7 
2 52.6 63.4 
3 61.0 
4 , 51.0 60.9 
5 61. 0 
6 56.6 63.4 
7 61.5 
8 55.0 61.1 
9 63.3 

10 53.4 63.3 
Il 62.1 
12 53.2 59.3 

'13 6'0.9 -
14 . 53.2 61.6 
15 59.7 
16 56.4 60.3 
17 60'. a 
lB 50.0 61. 5 
19 

~ 
60~3 

20 62.1 
21 60.9 
22 S4.0 61.1 
23 61.5 
24 62.0 

.... 
, ,.nrqnt,.te If' ni l "W_ ,,' ,,-'....... ~ 

Ipslcm-1 ,@250C 

14/07/78 21/07/78 

46.1 62.0 
59.5 52.0 
59.5 61.2 
5~.5 61.2 
61.0 86.3' 
61.6 74.6 
59.9 63.0 
59.5 60.3 
61.0 61.7 
59.5 62.3 
5'S.8 63;1 
59.5 63.1 
58.8 61.7 
59.5' 60.5 
59.5 61.2 
60.2 60.5 
59.5 * 61.3 
61.0 '60.7 
61.6 60.7 
59.9 61.8 

60.5 
59"".4 60.5 

'59.0 60.5 . 
SB •. a 5"~. 9 
59.1 61.1 

, . 
,.Î' 

28/07/78 

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 

4/08/78 11/08/78 

52.8 63.5 
55.3 62.0 
52.8 61.5 
62.7 61.5 . 
59.4 62.2 
58.0 62 .. 2 
58.0 60.8 
59.4 62.2 
60.0 61.5 
59.4 60.8, 
60.0 6)..8 
59.4 61.8 
60.7 61.1 
58.7' 60:4 
59.4 59.7 
55'.4 61.8 
,58'.0 60.4 
5B.0 60.4 , 
56.7 60.4 
S7.Sr...: 60.4' 
56.9 61.8 
59.4 61.8 
58.0 61.1 
58.0 61.8 ' 
59.0 161..1 

~ ., 
\ 

, 

.......... , 

18/0B/7B . 

61.0 
60.2 
62.5 
64.0 
63.2 ""t 
62.5 
61.0 
61. 7 
63.2 
64.0 

. '65.4 
61.7 

'61.7 
61. i 
61,.7 
61.0 
59.5 
61.0 
61. 7' 
61.0 
61.7 
62.5 
63.2 

.. t 1-' ..... 
0 

/ •• : ; Con t • d . 
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~ab1e A15- Dolly Lake specifie co~ductivitie~Winter 1978/79. 

/pS 'cm-1 @ 250Ç 
, 
~ 

'-, 
~ Depth 24/10/78 31/10/78 7/11/78 21/11/78 28/11/79 5/12/78 19/12/78 /m 

0 WS.6 85.8 101.,9 108.1 111.2 106.8 109.8 .. 1 98.7 10P.9 104.5 105.0 111.2 lQ3.6 ' 83.8 2 101.9 100.3 99.9 106.4 110.9 107.7 104.4 "3 90.5 99.9 102.2 104.8 i07.4 100.2 104.4 4 93.1 99.4 106'.3 106.6 106.8 104.3 109.8 5 100.1 106.7 104.2 110_0 107.2 "103."0 6 101.9 95.6 106.9 102.9 108.0 102.5 103.0 7 102.6 99.6 109.9 104.2 114.3 101.1 103.0 
;' 

a 100.9 100.0 106.9 , 106.2 106.1 101.1 100.9 9 103.0 102.2 106.,3 104.6 104.6 101.6 103.0 10 102.8 100.2 104.3 104.2 110~8 98.,3 " 105.0 Il 101. 3 100.9 105.4 104.5 106.7' 101. a '107.1 12 99.3 102.1 103.0 110.2 108.1 103.3 110.5 13 103.0 10~.7 105.0 104.9 107.7 100.0 109.8 
'" 

14 102.4 99.2 105.0 105.3 106.8 102.6 109.8 15 100.6 103.6 1-06.9 116.5 .1106.9 99.6 111.2 16 97.9 106.0 103.7 119.9 98.9 101.3 112.6 17 104.3 104.7 107.5 .. ---- 108.4 105.6 116.2 18 97.3 -:.:._- 10S.6 98.9 108.1 .. 
.tp 

JI 
~r-----.; 
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"Table A15- (cont'd.) 'Dolly Lake specifie conductivities, Winter 1978/79. 

"-
" 

O,epth 18/01/79- 2/0ê/79 22/02/79 
lm 

0 105.6 104.2 105.1 
l l 105.6 106.3 111.4 
2 103.4 111.2 108.8 
3 102.2 - 105.3 104.5 
4 105.5 107.7- 104.9 
5 97.4 106.1 106.0 
6 97.4 105.5- 106.0 
7 102.3 104.7 104.6 
8 101. 7 102r6 104.4 
9 113.6 100~5 "!lOS. 1 

10 99.2 . 104.7 105.1 
Il 107.4 106.8 104.1 
12 109.5 104.-8 107.6 
13 108.8 108.-8 106.2 

- 14 99.3 108.2 106.2 
15 102.2_ 110.9 109.7 

" 
16 . 109.2 108.8 110.3 
17 118.8 119.5 114.1 
18 117.1 117.6 114.7 

, \ 

, 

_ /pS' cm'\-l @25~C-

20/03/79 9/04/79 3/05/79 17/05/79 

109.9 106.4 42.5 0.44 
104.' 9 106.4 74. S' Il.6 
101.4 103.3 98.3 86.0 
105~8 104.4 101.2 97.3 
101.9 104.9 102.7 101. 7 
105.5 104.9 103.2 103.3 

99.0 104.9 105.8 99.5 
103.6 _104.0 102.2 97.7 
105.8 103.3 100.3 98.1 
10û.2 103.8 100.9 103.6 

98.5 103.8 101.4 103~0 
104.2 103.8 102.7 103.0 
105.0 106.5 - 106.6 103.0 
103.3 i07.0 105.0 103.5 
107.0 10B.0 110.3 .. 104.6 
104.6 104 .. 8 110.9 109.3 
106.5 111.4 110.9- 111.4 
115.7 113.3 121. 6 . 115.6 
115.7 125.7 127 r 9 125.5 
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Table Al~~cont'd) Elizabeth Làkespecific conductivitie~,Winter 1978/79. 

" 
~ IPS'cm-1 @ 250C 

Depth 26/~1/79- 28;'02/79 29/03/7'9 l8/04/7~ 13/05/7/ 31/05/79 
lm 

/ 

/ 
0 74-.7 81.7 76.1 - 71.,l 16".3 4.0 
1 73.9 79.6 ' 74.2 71.1 /36.6 22.8 
2 71.5 72.2 72.9 69.a '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.c{) 
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. a- 66.1 
Il 65.8 66.8 65.4 '66 ~ 3 -64.2 J 
12 65.4 6'3.7 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- o • 

15 --- 64.1 66~7 r1!.1 . 66.4 68.1 
16 67 ~.2 67.6 68.9 6 .4 69.9 66.9 
17 67.5 r. 68 • 5 69.5 71.1 70.4 
18 63.3 68.5 ',"Il. 2 70.8 72.2 64.9 .. 
19 68.'6 71.2 ..... 71.0" 7,3.4 73.8 
20 --- ·71.8 71.2 73. 9~ 74~0 76.3 
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 
23 73.9 76.5 §1.0 in.8 78.1 82-.2 t-' .... 

01 

~ 

I-
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# 

Ct 

Date 

'27/06/78 
4/07/78· 

11/07/78 
18/07/78 
25/07/78 
1/08/78 
8/08/78 

15/08/78 
29/08/78 
5/09/78 
3/10/78 

10/10/78 

( 
,,-

,..-.., 
1 

Table A17- Secchi depths and 1ight extinction coefficients for 
Dolly- and Elizabeth 1akes, Summer' 1978. 

DOLLY ELIZABETH 

Secchi depth Extinction coefficient 
/m : !m-1 

Date Secchi depth E~tinction coefficient 
/m' /m- l . 

10.25 7/07/78 2.63 
9.00 14/07/78- 3.25 
8.63 28/07/78 4.88 0.271 

10.13 4/08/78 3.40 0.322 
1'.75 11/08/78 2.85 0.289 
9.,50 0.056-" 18/08/78 2.25 

Il.13 25/08/78 2.30 A 0.384 
9.35 0.083 1/09/78 2.28 0.382 
9.00 29/09/7-8 3 •. 93 

" .12.00 6/10/78 4.50' 
8.80 13/10/78 4.75 
8.00 
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Appendix, B - Persulfate digestion for the Determination 
of Total'Phosphorus, modified from Menzel 
and Carwin' (1965) • 

Materials: 

1) 

2) 

3) 

Methad: 

1) 
2) 

3) 
4) 
5) 
6) 

~2S208 (Reagent Grade) in a fin~ crystaline Form 
(Source: Fisher Cer~ified -- Fisher Scientific) • 
Plexiglass scoops _ ... precalibrated ta deliver 
0.4g±O.Olg K2S20a-
Kimax culture tubes (25mmx200mm) screw-top with 

i téflon lined ~ke'li te caps. 

\ 
~dd l scoop of 12S208 'to each tube. 
Add 50 ml ofsa~ple to a tube with a plastic 
graduate cylinder. Cap each tube tightly. 
Autoclave at 15 psi. for 30 min. 
'Cool to room temperature. 
Add 5 ml of mixed reaqent, mix, and let stand. 
After 5 min. read at 885 uni in a 10 cm cuvette 
and against a ,d.d. H2 Q Blank. .~ , 

Mixed Reagent: 1875 ml Distilled water 
0.34 9 Potassium antimonyl-tartrate 
15.0 g, Ammonium molybdate ~ 
175 ml Concentrated sulfuric acid., 

Mix well and store in a cool dark place. 
Immediately before l,lsinq" add ,Ascorbic acid 
solution in the ratio 4 par~s mixed reagent 

_ tb 1 part ascorbic acid soIÜti'on. The con­
centration of ascorbic acid is 2.7 9 per 50 mIs 
of distilled 'water_ 

Standard solutions: 
1 
1 

Pr~pare a 1000 mg.l-1 ,stock solution of PotassiUm 
dihydroqen orthophosphate (KH2P04)' This is . 
diluted 100 times to make a 10 rng.l-l solution 
which is then diluted 100 times again to give a 
100 ~g_l-l solution. Store all three solutions 
in a refrigerator. 

preparabièn of blanks and standards: 

il 

ii) 

iii} 

l:v) 

For each ba~ch of s~ples to be analy,zed, prepare 
3 tubes of each of the followinq: 
Blanks': 50 mIs of double distilled water into 
P-clean tube. 
6 flg~l-l standard: ,3 mls of 100 pg-l-l,. standard 
+47 mIs of d.d. H20 ! ' 
10 pgol-l standard: 5 mIs of; 10~ pgol-l standard 
Solution +45 mIs of .d.do H20. 
20 pgol-l'standard: 10 mIs of 100 pgol-l standard 
solution +40 mIs of d.d. H20. . 

,l' 



Appendix C 

'i-",\ 

Chlorophyll-a analysis using ethanol 
, ' 

1) Filter a sti~table v0lume,pf lakewater through a 47 mm 

glass fiber filter. As the last ~5-~O ml are being 

filtered, add l ml of MgC03 solution (lg MgC03 in 

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

possible from the filter. 

118. 

2) At this point, the,chlorophyll may be ext~acted, or 

stored for extraction at a more conveni~nt time. rf 

the filter is to be" stored, place it in a numbered 

petri dish with a tight-fittinq lido Keep frozen until 

extraction is possible. 

3) Filters are folded and placed in a centrifuge tübe, con-

taining 10.0 ml 96% ethanol. Tubes are capped, shaken 

vigorous'ly and placed in the dark under refrigeration 

for 18-24 hours. It is probably a good practice t5 shake 
\ 

the tubes again after l hour to ensure more complete ex-

traction. 

4) 'After the extraction period~ the contents of the centri­

fuge tubes are refiltered through a 25 mm glass fiber 

fil ter ~ centrifuged to separa te the extracted chlora-
I 

phyll from glass fibers and bits of filter. ,If refiltra-

tion is used," about 9.5 ml are commonly recovered and 

turbidity blanks are gener~~lY/somewhat lower. 

5) Read optical density in a lQ cm ce Il against 96% ethanol 

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

both cell to ce11 blanks and turbidity b1anks. 

6) Chlorophyll-a is calcu1ated from the 'formula: ,- . 
(13.7 A665 - 5.76 A649) v 

Chyll-~ = V·l 

'''''''1 , • F Il 
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(J where A665 and A649 are the \ corrected optica1 densities 

J' 1 
" t, l' 
~ 

at 665 and 649 nm, respective1y~ 

v is the volume of extractant used (10 ml) in1;l. 

V is the volume of 1ake water fil tered in liters. 
} 
f • \ 

l is the length of the light path of the celol (10 cm) . 
j 

1 
1 

J 
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APPENDIX D 

Raw data collected during sedünent incubation 

expex:iments' in Schefferville 

fi 

c 
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0, 

Chamber • 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 

fi" _ .. " 

-Table Dl - Results of long-te~ incubation of Dolly Lake sedimen~co11ec~ed 
at 20 m." Times indicated in hours from beginning of experiment. 

Condition Volume of H20 Oxygen concentrations in ~g~1-1 
/1 Initial "t=26 hrs. t=46 hrs. t=164 hrs. 

unstirred control 0.420 Il.69 10.81 10.75 9.32 
n 0.315 9.69 9.01 6.49 
" 0.325 10.35 9.31 " 7 .R7 -

- n 0.325 .. 0.330 

" 0.340 

9.88 9.10 8.05 
10.35 8.81 1\l.29 
10.26 9.31 .B3 

Stirred control 0.415 9.45 8.58 8.51 
h 0.355 
n 0 •. 345 

9 15 5.74 4.16 
11~7 6.41 4.84 

,-

t, 0.335 " 8.05 '7.90 7.34 .. 0.350 n 8.55 ~' 8.39 5.48 
" 0.335 " 8.29 7.26 5.58 

Added water 0.060 " 11.25 11.45 

o 

.: 

<il, 

jcont' d ••• 
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'Table Dl (cont'd.) -~esu1ts of long term incubation of Dolly Lake sediments 

Q 

Chamber t 

l 
2 
3 
4 
5 
6 
7 
8 
9 

10 
Il 
12 -

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

Condition 
o' 

~nstirred control 
" n 

ft 

" Il 

Stirred contra,l 
- " 

n 
ç 

" n 

" 
n 

Incubation period 

~ 

Net oxyqen uptake ra~ in mq.m- 2 .day-l 
c t=26 hrs. - t=46 hrs. • t=164 hrs. 

0.37* 
73.65 
-31'.17 

63.09 
31-.65 
39.00, 
0.93* 

22.J.8 
-138.47 

97.92 
65 .. 74 
81.12 

26 hrs. 
... 

0.08* 
67.31' 
89.66 
74.37 

135.63 
,86.28 

0.4-7* 
2'53.83 
356.71 
-37.25 
-4S.45 

38.91 
20 hrs. 

0.64* 
21..19-
4.66 

~ - 0~60 
. 37.62 

52.18 
0.20* 

-33.72 
31.28 
Il.01 
47.58 
30:0~ 

118 hrs. 

* Number of mgo2 consumed during the incubation period by the volume of H~O in the control. 

.' 
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1 

Chamber f 

1 
2 
3 " 
4_ 
6 
9 
7 
5 
8 

10 
Il 
12 
-- 1 

Table D2 

Condition 

- Results of a short-term incubation of, sedimen~ cOl;ected-at 15 
in Dolly Lake. Times indicated in hours afeer begi~ng o~ 
experiment. 

o 

m, 
;-

Volume of water Oxygen concerltrations Net 02 u~take rate /1 Lmgol-l 

• 

Lmg·m- .dar-1 Initial t=22 hrs. t=44.5 hrs. t=22 hrs. t=44.5_hrs. , 
Unstirred control ~.o. 431 11.44 10.,76 10.66 0.32* 0.11* " 0.330 -II 

9.06 8.03 133.43 102.44 " 0.337 •• 8.68 8.54 167.89 36.84 n 
0.313 - " 8.86 8~. 48 "- 142.02 53.03 If 

0._309 ft 9.49 8.38 92.13 98.25 " 0~316 " 9.56 7-.18 88.76 172.68 Stirred control 0.433 Il ,9.67 8.41 0.79* O. 68* ~ " r 0.312*, " 5.41 4.67 323.99 31.03 " 0.315 Il 7.75 7.22 .145.10 " -19.44 ~ " - O. ~96 .. 4.42 . 3.97 379.74 27.85 n 
0.302 .. 

~2 7 .. 59 104.07 -15.70 .. 
0.309 " 7 9 7-.54 131.66 -3/1.90 Added water - 0.060 11.87 Il.87 

Incubatiori'period 22 hrs. 22.5 hrs. 

1 * Number,of~rn902 cçnsumed during the incubation period by the volume of water in the control. 
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Table 03 - Results of a short-termincubation of sediments col1ected at 12 m 
• in Dolly Lake. Times indicated in hours after beginning bf experiment • 

o Samp1es from 24.5 m in Elizabeth Lake were also incubated during this 
experiment. The results ar~ given in table n4. 

Ch~er •. Condition Volume Oxygen concentrations 

-! 

~.-/ Il Lmg.l- l ' 
Net 02 uptake ra~e 

Img .m-~ 'day-l , 
r 

;;: 
~ 

Initia:1 
~ 

1 Uristirred control 0.434 Il.37 
2 ""H 0.312 n 

3 " 01316 n 

7 Stirred control 0.423 '11 

5 $1 =0.32"1 .. 
'8 ft 0.312 Il 

:- Added water O. 0'60 11.39 

t=24 hrs. t=41.5 hr~. 
1 

11.24 10.83 
9.43 8.35 
9.17 , 8.73 
9.73 9.66' 

13.66? 10.40 
8.85 7.74 

II.39 
Incubation ~eriod 

t=24 nrs-. t.::::41 ~ 5 hrs.-

0.06* 
136.99 
157 ~35 

0.69* 

62.58 

24 hrs. 

, 0.19* 
ri 98.70 

41.56 
0.13* 

28.00** 
125.05 

17.5 hrs. 

* Numberof mg02 consumed during' the incubation period by the volume of water in the control. 
** -Ca1culated by,taking C02] at time'~ero and not at t=24 hrs. 
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Table D4 - Results of a ~hort term incubation of sediments collected.at 24.5 m 
in Elizabeth Lake. Times indicated in hours from the beginning'of 
the experiment. oSamples from 12 rn in Dolly Lakewere also incubated 
during,this e~perirnent. The results are given in table D3. ' 

~ -~. ... 

'< 

Charnber 1 Condition Volume 
Il 

Oxygen concentrations ~ 
Img·l- 1 1 

Net 02 up~ake rates 
fmg·m- .day-l 

0' 1 
4 
6 
9 
1 

'" 10 
Il 
12 

o 

Unstirred control 
ft 

ft 

fi 

Stirred control 
.If 

Il 

ft 

Added water ,,( 

0.434 
0.316 
0.2&2 
0.291 
0.4-23 
0.326 
0.321 
0.302 
0.060 

Initial--t~Z4hrs. t=41.5 hrs. t=24 hrs. t=41.5 hrs. 

11.37 Il.24 10.83 0.06* ',0.19* 
8.44 1.89 209.56 65.01 
1.42 7.37 252.12 40.00 
1.52 1.21 258;81 54.7-1 
9.73 9.66 0~69* 0.13*· 
7.23 7.17 184.92 52.45 
7.33 7.53 114.82 124.71 
7.11 6.93 179.51 67.78 

Il.39 Il.39 
Incubation.period 24 hrs •. 17.5 hrs. 

-. 

* Number of mg02 cons~ed during the'inèubation period by the volume of water ln the control. 
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Tàble D5 

.., 

" 

Results of a long-term inducation experiment on sediments collected 
a~ 'B m in 'Elizabeth Lake. Times indicat~d in hours from beginning 
of experiment.· Sarnples from 16 m were aiso incubated at the same 
time. Results are given in table 06 • . , 

Chamber t - Condi·tion . Volume 
/1 

Oxygen concentrations 
/mg.l-.L ,. 

Net 02 uptake rates 
/mg.m-2 .day-l . ~ 

1 

5 
9 
7 

Il 
12 

* 
** 
* § , 

1 

Unstirred 
control 

Unstirred 
" 

Stirre'd 
control' 
Stirred 

" 
Added water 

(} 

- Initial t=20 h. t=28 h. 

0.~20 10.03 

0.327 " 
0.331 .. 
0.423 ft 

'.k 
0.317 - Il 

0-.322 - " 
0.060 10.54 

'y/ 

9.78 

9.55 
9.56 
9.55 

7.46 
7.52 

10.54 

10.31 

9.34 
9.37 
9.76 

8.87 . 
7.58' 

10.88 

~ 

t=49 h. 

10.88 

8.44 
9.24 
9.95 

7.80 
6.89 
9.39 -

t=66 h. 

10.83 

8.30 
8.60 
9.75 

7.30 
6.52 
-:0--

Incubation period 

t=20h. t=28h. t=49h t=66h,' 

0.14* 

13.03 
12.,29 

0.23* 

221.24 
219.48 

) 

20 h. 

*,. 
0.Q-5-A* 0.05!"* 0.12 

8~.70 69.82 2.99 
82.36 3.99 40.35-
o • 09** 0 • 24 ** 0 • 20 >t'A, 

8 h. 

---- 14.87~ 

44 • 49t 37. 35 

21 h. 17 h 

Number of mg02 cons~ed during 
Extrapolated-from the value at 
Incubation time = 46 hours. 
Incubation time = 29 hours. 

the insubation period by the volume of water in the control. 
t=2P hrs. 
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. Table D6 - Results of long-term incubation experiments on sediments collected / 
at l? m in~lizabeth Lake •. Times indicated in hours from beginning 
of experimeht. Samples from 8 m were also incubated at the same time. 
Results are given in table D5. 

. ~ • / 

Chamber f Condition Volume Oxygen concentrations 
. /1 /mg .1 -1 , . 

Net oi uptake rates 
~-/m9:.m-2.dal-l 

Initial t=20h. t=28h. t=49h. t=66h. t=20h. t=28h. t=49h. t=66h • . 

l' Unstirred 0.420 10.03 9.78 10.31 10.88 10.83 0.14* 0.05** 0.15**' 0.12** 
control 

2 Unstirred 0.313 " 8.02 7.69 7.15 
3 n 0.309 n .8.41 8.09 . 7.60 

142.54 172.56 64.32 34.37 
107.99 153.68 53.92 19.93 

.a. 

4 n 0.315 Il _8 .• 42 8.08 7.42 109. 23~ 158.64 68.14 14.04 
~- 7 \ Stirred O • .t23 Il 9.55 9.76 9.95 

6.95 
7.46 
7.37 
9.75 0.23* 0.09** 0.24** 0.20** 

* 
c ** *. 
1 

-= 

control 
6-- stirred . 0.290 " 8.75 7.55 7.68 5.93 .100.78 267.34' 

5.66- 296.93 
\. ---, 67.62* 
13.41 38.50 

119.10 
8 

10 
" 0.316 " 6.57 6.89 5.84 
II· 0.293 " 5.96 6.15 7.12 5.84 323.86 

Added water 0.060' 10.54 ID. 54 10.88· 9.39 
. Incuba tion period 20h. Sh. 21h. 

Number of mg02 consumed during the incubation period by the volume of water in the control. 
Extrapo1ated from the value at t=20.hrs. 
Incubation time.= 38 hrs. 
Incubation time = 29 hrs • 
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APPENDIX E 

, Raw data collected during sediment incubation 

experiments in Montreal 
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~able El 

Jar t Lake 

1 Dolly 
2 ' " 
3 If 

4 " 
5 .. 

13 Elizabeth' 
14 " 
15 .. 
17 Il 

-
Control bottle • 

1 
3 • 2 
4 

• 
., 

:. 

Results of first incubation experimènt in Montreal. Equilibration time = 66 
days. ~ncubat~on time = ! day. 

Height of sediment ,Oxygen concéntrations 
lçm Img .1-1 ___ _ 

Initial Final 

4.6 10.75 8.88 
5.Q 10.08 8.15 
5.0 Il.01 "- 8~ 50, 
4.9- 9.82 8.8B 
4.8 10.65 8.'61 
5.6 9.33 7.42 
5.8 10.8.8 7.39 
5.7 9.9& 7.43 
5.7 Il.41 7.27 

" 

Volum~ Oxygen concentrations 
Il Lmq·l-1 

Initial Final 

0.147 12.39 9.37 
0.148 ft 9.31 
0.147 .. 10.93 
0.149 n 9.91 ) Mean 12.39 9.98 

--

f'" 

Net 02 upta-ke rates 
/mg.m- 2 .day-1 

'-4i.21 
-35.94 

0.00 
-98.85 
-30.06 
-33.58 

50.88 
2.20 

89.59 

_7fT ?TI ._S' _,"ifll' -, 'tn'tt'" m t- 5 ft .... "," ' t',' ,"" '~~ -' ...... -' ,~ -1'" - ~ ...... 
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Table E2 

Jar ., . Lake 

7 Do1ly 
8 .. 
9. .. 

10 .. 
Il .. 
19 É1izabeth 
20 .. 
21 it 

22 Il 

Results of second incubation experiment in Montreal. Equilibration 
t~e = 76 days. Incubation time = r aay. 1 

Height of sediment 
lem 

4.7 
4.8 
4.7 
4.6 
4.8 
5.4 

-6.1 
6.3" 
5.8 

Oxygen concentrations 
tmS' l - l 

-Initial Final 

9 .. 18 6.90 
9.47 6.46 
9.70 7.16 

âlO.14 7.36 
10.09 7.26 

9.43 6.76 
9.05 1 5 • 27 

10.30 5.74 
9.82 7.02 

Net 02 uptake ~ates 
Img·m- 2 .day-1 

58.47 
104.26 
75.35 
92.35 
92.74 
74.77 

23 .. . ----- 5.8 10.04 7.58 

122.31 
155.71 

76.63 
58.28 

Control bottle 1 Volume oxyge~concentrations 
v /1 - /m 1-1 . 

'Initial "'. Final 

i 0.147 Il.71 \\ 10.17~ ~ 2 0.146 Il.71 9.97 
3 0.148 11. 71 10.46 
4 0.149 11.71 10.70 

Mean Il,,71 10.33 
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Table E3 - Results of the third incubation experiment in Montreal. Equilibration 
- time ='81 days. Incubation time = 1 day. 

Lake ,Height of _sediment Oxygen concentrations Net 02 u~take rates 
lem I mS-l-1 Imgom- oday-l 

Initial Fin~l 
. ~~ 

Dolly 4.9 10.37 6.41 199.59 
" .4. B 9.97 5.68 223.86 

E1izabetb_ 5.4 10.11 5.90 198.23 
" 5.8 10.16 6.06 178.62 

Control bottle , Volume Oxygen concentrations 
Lm~'l-l ' Il 

Init1a1 Final 

2 - 0.146 11.68 Il.44-
3 0.148 Il.68 10.-75 
4 <> 0.149 11.68 - 10.71 

0 

'5 0.148. 1~68 10.64 

Mean Il.68 10.89 /' 
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Table E4 

Jar t Lake 

1 Dolly 
2 - n 

30 " 
4 " 
5 .. 

l 
." 

--
.;1 ., 

-
Resu1ts of the fourth ineubation'experiment in Montreal. 
Equilibration time =-15 dayso Incubation time = 1 day~ 
~ 

Height of se~iment 
lem 

Oxyge~ concintrations 
Img~l- -

InitIal Final 

7.49 

Net 02 uptake iates 
_ /mg 'm-2 ·day-

13 Elizabeth 

4.7 
4.9 
4;9 
5.0 
4.5 
6.0 
5.8 
6.0 
5.8 
5.7 

10.36 
10.48 

9.98 
10.74 
10.55 

9.82 

.6.54 
6.45 
7.43 
7.21 
6.32 
4:'93? 
6.20 
6.10 
6.33 

162.40 
224.77 
198.96-
182.17 
198.87 
162.65 
250.39? 14 H 

lS Il 

16 " 
17 Il 

Control bott1e .' 

3 
4 
6 

Volume 
Il 

0.148 
.0.149 
0.147 

Mean 

9.94 
8.291 

10.33 
10.58 

Oxygen concintrations 
!mgol- . 

In:lEial -Finëù 

Il.5B' 
11.58 
Il.68 

Il.61e 

11. 22 
Il.23 
Il.28' 

Il.24 

--

~ 
/' 

89.38? 
208.30 
213.26 
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Taule ES -'~esults of the fiftH incubation ~xperimentin Montreal! 
'Equi1ibrati~n time = 8 days. Incubation time = 1 day. 

Jar 1 Lake Height of sediment Oxygen concentrations Net 02uptake rates 
lem ./mg.l-l . /mg o m-2 .day-l 

Initial Final 

7 Dolly 4.7 
1 

10.34 7.18 174.10 
8 Il 5.0 10.26 7.41 146.85 
9 ft f '4.9 10.05 7.68 119.00 

10 " 4.8 10.09 7.46 137.52 
Il " 4.8 10.17 7.47 141.99 
19. Elizabeth 5.8 10.35 6.10 20:;44 
20 " 5.6 8.97? 6.58 106 89 
21 " 5.9 10.24 6.72 161.01 
22 " 5 .• 9 9.88 6.13 173.19 
23 ft 5.9 9.98 6.53 157.30 <:> 

Control bottis 1 Volume Oxygen concentrations 
Il . Img'l- l 

Initial Final 

1 0.147 11. 67 Il.13 
~ 0~146 11.67 11.14 

.~ 0.148 11.67 11.06 
0.147 Il.67 11.~2 

8 0.145 11.67 11.29 
-

Mean 11. 67 11.19 

\ 

.. 
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