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ABSTRACT L o

N

' Two; thernal electrlc generatlng plants dlscharge heated
ﬁ.effluentluater to Lake Wabanun, _a- noderately eutrophlcf
‘central“llberta lake (mean depth 5.4 m; area, 82.5 kmz).

This..étudy lnvestlgated phytoplankton, product1v1ty ,and

. : & . . .
- associated parameters, in heated and unheated areas of the-

v

lake. I 5

: oxygen method in .

.Phytoplanktonuproductivitp.(‘ig~§i§g%
- 1970, Ci’ method in:1971-72); celi;nunbers;%_chlorophyll é',
plué*“chenieai’ and physlcal paraneters, were sampled fronp
<SPring, 1970 to Auguét, 1972 Heated and unheated areas were
conpared by near 51nu1taneous saﬂpllng., | |
Summer surface water temperatures were_about .20 °C_(max

t,\

23.5 - °C), no thernoc11ne establlshed, ‘and 1ce cover (nax 1(ﬂ
ice, and snov) vas from early Novenber to iuay 1nc1us1ve.
'Dlscha&ge temperatures were about 8 and 15 C° above anblent,
in summer and: wlnter respectlvely. Effluent areas d;d ‘not
 freeze. . . .- e } , |
Turbidzty (uith Secchi disc).waS'COnSistently'higher in;'

=
effluents. nght penetrated the water column all year in the

rfefflueq!l but vas strongly redhced by 1ce and snow cover “in

“y

the na;n lake.

Habanun is a- harduater,, bicarbona t& ~r’\‘,l,"!l})te.‘?‘‘!t‘hei:mal"~
oW e , - W . .

discharges did. not affect concentratlons' of dissolved

FE

solids.

. . ’ ) . N . . . 3 . . . ) . ./
-"Phytoplankton cell numbers. shoved ‘'spring and 1late ;//



sl e e - .o L : “' . LA
T A P VO , , RS N

RSO sunmer naxlna (nax 30 000, cells/ml), the latggr doninatEE'by

nk' blue-greens. Hlnter lows Jere ahdut 1500 cells/ul._Counts ‘ﬁ

\
» ererprnsented“fbr“blﬁe-green 1gae,. green algae,' diatoms,v.
:*ﬁi;fi'; flageliates,' ani,ultraglankton. Spec1es/comp051t10n was not:

C affecfed by thernal dischargesfand cell numbers vwere onlyl
Vel af‘ o I : : L :
SR ocdastonaxly affected T <.

[

Al'fifln‘ .-BhytoplanktOn mean chlorophyll a-concentrations were '

v

1 0 to 16 u mg/m3 Ln uarch, 1972, and July-August,’ 1971,
':f respectlvely. AR ;ndlvidual hlgh vas 19. 1 mg/m3 ChlorophylL;'

LA
e

dlfferences betveen heated and unheated areas fqlloued cellv

S - - .
: number differences. T J‘., R ' ‘
' - ) T %] ’
\*.’ o "Haln 1ake phytoplankton product1v1ty ' generally
'\\*,"‘ corresponded p051t1ve1y -with cell nunbers,,chlorophyll a,s

3 Jerre B

— <.

fand turbldlty. All vere lowest under snow—covered 1ce.

Sumner. mldday product1v1ty (mai‘ fignb'.vmgC/m3/hr)

e averaged 35% of ' daytlme productlon (nax 3, 0&5 mgC/mz/day).m

The latter averaged 1500 ngC/nz/day 1n Jnly-August, 1971 in
-J”the maln lake. Product1v1ty was greatet i éffruents,--the‘

e

1ncreases be1ng posltlvely correlated v1th tehp%;atnre' 

e s

\e, N o &1 .
lncreases. Percen e 1ncreases 1n both paraﬂéters were

[} - .‘1. L . *‘ . “a ’
X greatest near the sunface and in wlnter g P

: . o
. . The Q:a for all_-productlon .inereases Wwas 2.6,

? - R :
Ass1n11at10n ratiost (gax, 8. 6' 'h the main ,1ake)'hewere

“« ;* ;._,.

-

51m11ar1y l”enhanced ':_llnd1cat1ng @otosynthe51s © was

._stlmulated by direct temperature effects and/or 1ncreased

[ 4

“Q;' nutrlent avallablllty. s _" LA ¢
D . e - R ] o
\ - Phytoplankton .daytime - net -'p,r:.jl.laryﬂi proguction in the
e o _ B T _ ,
Ly 7 e IRV .
oo . . o .o
o W
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’
2,

_maln 1ake va;v170 gC/mz/yr. Thermal discharges increased

‘:gthls by 2%, largely because of winter 1ce-free condltlons.

Thermal effects on overall plankton metabolism are unknovn.

 Thig 1ncrease in . phytoplanktén product1v1tf"1s 'no;,

. T . .
N ’ s . e i ) .
con51de§ed harmful. , S - \ L
' A ! [
. A
. - ’ “ )
L . ’ N *
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“a map of the lake is presentéd in‘Pigure 1.

<
[

] 4 INTRODUCTION
_ .

‘Lake Wabamun is 'a relatively large .lake -in.,eentral

*dAlberta,r situated' 40 miles (64 kn) "eﬁf“9f“§§!93F99?H;§»§§W

moderately eutrophlc, non—stratlfylng, and has a isix-nonth

1ce—free season lasting fron late April to early Novenber.

: uorphometrlc data for the 1ake are presented in Table 1, . andv'

-

- v
e

[Human use of the lake: in the form of recreational.
pnrsnits (private cottagesiwﬁbOating, swimning,.‘eamping,
fishing, water skiing, hun&ing, nature study) and'commercial
use (nnnicipal vater'snpply and sewage.disposa},ﬁpower plant
cooiingﬂpaéer supnly; connercial fishingy; is relatively'

intensive and has resulted in;confiiets pfnintereSt between _

. 3 » ’\ - ‘- ’ ‘- - 3 . ]
.recreational and connerc1al users. The main issue in this

conflict is the use by Calgary Pover Ltd of lake vater for

cooling” steam condensers in their’ ftwo electrlc generating

statlons-‘(Flgure _1),' and the subsequent dischange of th1s

. water back.td’the lake at tenperatures some 8 to 15 C° above

AN

ambient. This warm uater‘discharge, .or thermal ’pollution,if

heeps 'afvariahle‘area of the 1like surronnding the discharge

.

canals at ‘warmer temperatures than the rest of the 1ake and'

prevents it -from - freezing in' u1nter.v After 1eav1ng the

‘discharge canals, ‘the warmed- uater 'spreads' out - in . the

receivirg vaters, forming a warm layer of varﬂable thickness

Vg

floating on the cooler denser vater below -and often

separated from the eopler_ betton-'vatér by ‘a Sharp
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- temperature

- to ambient tenperatures

growths of

water spreads out from the discharge Canal it

such

gradient, in effect, a thermoc ine; As the varam

slovly"cobls

that ‘within \this 'ghernal

)

plume',

layer

- canal. The:51ze, shape( and depth of the thermal

_are affected by air temperature and prevailing winds.

both surface tenperature and thickness

. the )warn

decrease with 1ncrea51ng distance from th discharge

-

r —~ —
' ] K- |
| TABLE 1 ) |
| S o . |
t Morphometry - Lake Wabamun! | \
| ~ (symbols from Hutchinson, 1957) 1
I . . N .. . I ,
} Elevation - 722.7 . m - { -
| . Area (A) 82.5. Km2 |
| Volume (V) ca. - 0. aSS Km3 .|
|- Length (1) ' 19 2 " Kn 1
| #Haximum breadth 6.6 Km |
| Mean breadth (b) 4.3 Km |
I Maximum depth (Zw) 1.6 n 1
. | Mean depth (2) 5.4 na | -
(o | Shoreline length (L) 57.3 . Km -}
| Shoreline development (D) . 1.83 - |
| Area of surface drainage 372 4 Kmn2 |
i g : |
| 1Nursa11 and Gallup, 1971 1
{ 1
Public 1nterest in the effects of thernal effluents on

Lake Wabamun has arisen largely as a

submerged' aquatic

4'result Qf

plants which interfere with

recreational use of the lake an? are alleged to be a’ result

of the thernel discharges. This interest vas|centered on the

area . areund: the older

approximately %00 megawatts) at the

generating

station (capac1fy

town of Wabamun, but

excessive' .

o~



fears ' were also expressed about the effects of heated. :
effluent from the newer ‘Sundance plant, uhich connenced .

joperations in the fall- of 1970 (at 300 Hw) and was expected

~mto -expand- itS'capacify {to anh eventual 1200 Mw) over_ a

-number of years. Partly as a result of these concerns, a
number of 1nvest19at10ns have been carrled out on the lake.
Apparently the first réports on Lake Habanun were those .

of Miller (1946 19u7-'1952) who studied various aspects‘ of

the whiteflsh fishery in the lake. Carefoot (1959) made . .

. brlef mentlon of the algal characterlstlcs of the lake. ln-av

report comm1531oned by Calgary ‘Power Ltd., Stanley and
Dobson ,(1961) reported on the phy51cal characterlstlcs and
'aguatic' macrophytes of Kapasrulﬁ' Bay. Anderson (1967)

studied' recreatlonal aspects of the lake, Hheelock (1969)

ereported on phytoplankton ecology in the lake and effects of

thermal pollutlon, Lane (1970) 1nvestlgated the sports'

wfishery,.-Horkan (1971) studled the general env1ronmentalf'

"1mpact of the heated effluent, spec1f1cally 1ts effects ]on

rotlfers,' and Carlson (1971) produced a report -on the
‘ T
bedrock topography of the Habamun. Lake reglon. Physzcal,
, %
pa ameters of he. 1ake,’ 1nclud1ng a dlscu551on of ‘water

vbal nce, are found in Nursall, Nuttall ~and Frrtz (1972),

_uvand Frltz and Krouse (1973).‘ A;rreport concerningf a

miCrometeorologlcal study;of the lake is glven by .Hage,'”;k

Honsakerg- and hNuttall (1973)Q Temperature and dlssolved

"oxygen characterlstlcs of the heated areas afe descrlbed in

Gallup and chkman (1973) , Gallup and Hrcknan (1974) , and



Klarer; ‘Hicknan. and Gallup (1973). General gffects of the'

S

thernal effluent on the biota of the- lake-~are given in‘

Nursall and Gallup (1971), .and phytoplankton productlvityl

(1973) formed the. ba51s for.several reports (H1cknanuand

Klarer, 1974a; 1974b; Klarer and Hickman, 1974) on epiphytic

algae and their respoinses ‘to thernal discharges.‘.ﬂicknan

' studies are‘reported on by “Noton (1973) .. A study by Klarer’

(197“{ investiﬁated thefnal effects on  the algae of the

eplpelon and eplpsamnon. The subnerged nacrophytes were ‘tne_

%
subject of studles reported in - Allen and Gorhan (1973),‘and

Allen. (1973), and ecologlcal effects of nacrophyte control

practices vere descrlbed by Gallup, Rasmussen, and chkman

(1973), and Grlfflng, .Saponja, and Krochakv.(197u), 'Ash

’
Sanku;athrl (1974) 1nvestlgated the ecology and para51tes of

(1974)  described , thermal = effects on. whitefish while '

aguatic snmails in thernally affected areas. At present,i e

- studies are' contlnulng ‘om - subnerged nacrophytes,’ the‘

1nfluence of veather and thermal effluents on lake currepts,

T

and the dlstrlbutlon of benthlc nacr01nvertebrates + il ,ytne'

'heated_areas.

sThe‘preSent study concerning phytdplanktbn productiuity

- Was undertaken because thls aspeCt of lake blology 1s "basic

to an understandlng of a freshwater ecosysten but -had notf

been, prev1ously 1nvestlgated in Lake Wabamun. Furthermore,

aside from a few cursory observations‘hy Einsent'(1967);,Lin>

(1968{,-andvpernaps otﬁers, there have,neen-only,three’najof";

investigations of - phjtoplankton” pfoductivity in Alberta;
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those qﬁ Fabrls (1§%6) on four snall nountain lakes in Banff

¥
Natlonal Park, Donald (1971) on,three telporary ponds close .

”»

to Calgary, and/Knderson (1968, 197“), on -several nountaln

_ lakes and ponds. Thus itﬂ .was: felt that a study- of

phytoplankton productivity 1n Lake Wabamun vould at least

part;ally £ill a 'gap in the knowledge of central Alberta'.

lakes.\' . *'

..~ Prior to the start of th1s study, to my knowledge, only

' two papers had been publlshed deallng vith the effects ;of

- and Brehmer (1966) had 1nvest1gated thij

thermal pollutlon on phytoplankton {roduct1v1ty. Warinner

s problem in the Yorkv
\

River estuary, Vlrglpla, and Horgan and Stross (1969):'

V_ nilliaus; et

studled the subject in the Patuxent River estuary, uaryland.i
Both studles used product1v1ty determlnatlons carrled out
under laboratory condltlons. Therefore 1t uas felt that a
study of thernal effects on phytoplankton product1v1ty 1n

Lake wabanun, u51ng ‘in 51tu product1V1ty determlnatlons, 'in

conjunctlon with the general study of product1v1ty, would be

very useful not only 1n descrlblng thernal effects in Lake

u:un._but as a general contrlbutlon ’to, thls aspect of"
‘ ‘pollution studles. There ;ueref no preV1ous such
"oatlons at these latltudes, or on lakes, or uszng .;n
pduct1V1ty’ deterllnatlons.. Subsequently, 'several

-have. appeared ’concernlng _ phytoplankton'

‘»

productivlty ‘anﬁ thdtlal pollutlon (Hamllt n, et al.y 1970,

ry ——-—

H;rayana and leano, 1970. Hapora, “1970; Koss, 1971;

A'a1., 197%; Brook and Baker, 1972; Gurtz and
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" Weiss, 1972) and three (Patalas, "19'70- Pidgaiko et al.,

1972; ' Tilly, 1973) which involved ;g itu determinations in

—_

;a freshvater.lentic ecosysten. L L '.NQ;LAM;M”n

(Rl

There were thus two main objectives in this study of

~Lake ~ Wabamun. The . first . was to investigate annual

phytoplankton prodoctivity‘. and’ attendant ‘parameters,
includihg phytoplankton standlng crop, phytoplankton

chlorophyll a, and chenical and phy51ca1 factors. The second‘

vas to 1nvestlgate the effects of warnm water effluents on

fthe above factors. This' report w111 not attenpt to present a

.detalled descrlptlon of the lake or the thernal efflnent o

characterlstlcs, however, as th1s has been: done in -prevlous-

‘publlcatlons. For such desctlptlons, the reader is referred

- ' N

" to Horkan (1971), Nursall and Gallup (1971),‘ Gallup ‘and

chkman (1973), Klarer,' chknan, and Gallup (1973), and

Allen (1973).



MATERIALS AND METHODS

A. General . ; | N

‘ The 1nvest1gat10ns consisted 1arge1y of field sampling,
observatron, and experimentation. Laboratory work _ uas 
COnfined ‘. analyzing samples and data collected in the
fleld Flgure 1 shows the location of all stations sanpled,
1n this study. Sanpllng depths varled with time and statlon,?'
'but in general, the depths of -0 =, 0 S m, 1.0 m, and 2.0 m,
vere sanpled con51stently in' -the effluent 'areas and at
statlons to thCh they were to be,oompared statlons in the
~ma:.n lake vereafrequently salpled at depths that. would give
adequate representatlon of the total vater column. : |
- Sampling- connenced on uay 22, 1970, and contlnued to
August 2, ¥972. buring the sunner o;~*1970, 'investigations
‘were largely conflned to the maln lake and to the Sundance
:area, in an effort to. obtaln data in the latter region uhlle"

';1t vas still unaffected by a wara vater effluent Sanpllng

stations (SO, SI, 3 to 8. and 19 ’Flgure 1) wvere .chosen’ to

o Be BET L L N e

.1nclude areas of ‘the lake llkely ‘to  be affected by vara .

'effluents- uhen the Sundance power plant started operatlons,
"51m11ar near. shore areas that would not llkely be affected

and areas - in the main body of the lake. The Wabanun heated
.area was sanpled occa51ona11y asa' vell.' Product1v1ty‘
incubations vere7'oarr1ed out tv1ce veekly at f1rst, then
- reduced to once a"ueek?»~and stopped for the' winter on

November 2, 1970. During 5910, the oxygen method of
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measnring'productivity (discussed later) was used.

-

Because of _the ‘relative 'insensitivitj of the oxygen

‘method and the long incuhation perlods_ required the ,F'.'

»method of measuring productlvity was investigated durlng the
vinter of 1970-71, and ueed from June 28, 1971 to the end of
the study. Chlorophyll a determlnations were- started in Hay,~
1971, and used "to the end of the study also. Prom the summer
of 1971 and later, both” the Wabamun and Sundance varm vater
effluents were sampled iand hcompared ‘with an open lake
station, station 19, by using 'simhltanedns' incubations at
the two statlons to be compared. Main lake productivities
‘weref st111 belng monrtored . as uell._,Several special‘
,1nvestlgatlons vere carrled out, 1ncludlng didrnal Astudies,
detalled vertlcal sampllng,»and comparlsons between control-
statlons. Duriﬁg the vlnter of 1971 -72, logistlcal problems
pre;ented sampllng the Sundance area and ‘use of simultaneous:
1ncubatlons to compare the Wabamun heated area with -an 1ce-
covered srte. However, two sites: (statlons W0 and KB, Flgure
1)- were 51mu1taneou=ly sampled in the Wabamun ice free area
‘at that time. The maln lake statfbns sampled durlng uinter
Z_Here SC and AB (Frgure 1). Durlng summer, 1972, unheated
”llttoral statlons (HI, WP, 1-a, 3, sI Flgure 1) similar to’
' the warm water sites vere’ chosen and utllrzed as .addltlonal
fcontrols. All sampllng was. completed on August 2, 1972.
Hhen fully sampling' a statlon in the lake, the general

procedures used ccn51sted of the follovlng, in the order in
which they were done.,:} . |

[
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1. Haterftenperatures, wedther observations, snowv and ice
depths (when pPresent) were recorded; - '
2. Water samples fron different depths were collected with

either a plastic Van -Dorn or a plastic Kemmerer water L

-sampler, to fill productivity-incubation bottles and to

supply phytoplankton_sanples, phyioplankton'chlorophyll a -
samples, and water chemistry samples; : '

. 3s Productivity incubation bottles were prepared and set
out to incubate jp situ ; ‘ o .

4. A secchi disc visibility measurement was taken;

Se Light. measurements. wvere taken vhen desired; :

6. During the incubation period, orerations such as the
set up of productivity filtration apparatus, total c¢arbon. .
dioxide determinations, and Winkler oxygen titrdtions, were
carried out; - : ) e .

.7« Clage to the end of the incubation period, water
temperatures were again recorded to give a more accurate
estimation of mean incubation temperatures; '

» Incubation bottles were picked up, and the contents

either filtered (Ct4 pethod) or chemically fixed ang

titrated (dissolved oxygen method) .

Field qperations, vere carried éut*ffdm a 16-foot boat
with outboamd motbr during' the" éummer. ~ For vinter- =
6pératiohs,’.é, smalier boat and mofor,ie;e;uséd in the ié;-
free areavat Wabamun. A Afouf-whéelvdrive vehicie‘ equipped
vith tire chains .was utilized'in vinter to tréh5porﬁ onto .

the ice the equipment - needed . for productivity
S g .

'vinvesiigatibns. A nine-foot-square. tent  (Plate 1{ vith a -
'hglé innthe flodf and»a’heate?,.facilitated éahpling‘thrbugh
" the icé by keeping _samples,  equipl§nt, and fingers from
' ffeeZing. A small house traiie? pafked.ﬁﬂ Calgafy vaér,Ltdd

. property from the'spring,of 1971 on, provided fécilitieé in

which to-store field.eguipmgpt-and carry out total carbon

dioxide determinations and sample filtration.



o _P,late'-.?. Inéuhati‘cp bottlév-flpat' assenbly';,
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e (a)“Oxygen Evolntionﬂuethod“

“B. Specific Procedures

mml. Phytoplankton Prinary Productivity ueasurenent

ey 4 U

This method of quantlfylng phytoplauﬁton productivities‘

~ light an" opaque glass sample bottles 1ncuhated"1g sj,tu, as

an “index of comnunlty netabolisn (see vOllenweider,-1969).

Ihis rethod was used during the sumner of 1970.

Hater samples were added to four 300-m1 ground-glass-f'

T

*stoppered bottles from a Van Dorn water sampler, the vater

12

~uses the change in lake water oxygen concentratlons u1th1n'

belng allowed to overflow durlng thls process to remove ~all’

air bubbles.';Tgo ‘light- bottles, onewdark»bottle,-apdggne'a?

"~ initial bottle (for determination of the. initial oxygen.

concentration)} vere . filled from each. depth or locatlonv

sampled. ‘Zooplankton eas not flltered out of the -sauples

“w

flrst. Dark " bottles vere vrapped in black plastlc tape, thﬁn'

alumlnum f01l to exclude llght and _prevent excesslve heatlng

from sunllght. nght and dark bottles were fllled and stored-»ﬂ

under dim lrght. conditions .to reduce adverse effects of

strong light on the - algal cells. When all the regulred

>

bottles for a station' vere f111ed the llght bottles and

dark bottles vere suspended at the depths of collectaon, ,dn~

.separatevllnes attached to opposite ends of a tuo-meter dron
rod, vhich waS< t1ed across an inner tube float (Plate 2).

The float was positioned wlth ‘two ancbors such that the

- llght' bottles were on the . south 51de of the assenbly to

prevent their belng shaded by the float. After settlngfio t

G



- convenience.
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the bottles, the 'initial® bottles vere fixe( and tittpbed

accordlng to the azide nodificatlon of the Hinkleq dissolved“

~ bxygen technlque., Incubation periods uere about nine hours

~

long, centered on noon. At the end of the incubetlon perlod,

. the bottles were retrieved, fixed with" alkaii—iddideeazidé

~ and ‘manganese sulfate, and t;trated Snall plastlc povder

\b‘
pillows (Hach Chen1cal Co.) contalning the necessary Winkler

reagents vere used in this " work because of - .their

N . :“ ' ..
Productivity rates - were calculated ~from “the oxygen
P

T
_changes and expressed as mgC/n3/hr of 1ncubatlon,‘%§‘hning.a

photosynthetlc quotlent of 1.2. (Ryther 1956). _ -
. . ’ Q '
~ (b) Carbont+ Method .
. '?‘ ' : . * .
The = C1+ pmethod  for measuring phytoplanktdn

addlng cn*oz to water samples and neasurlng Cl‘_ uptake by

o

the ~ plankton after a. fsultable lncubatlon perlod. If the

'anount of Clzo2 avallable in the water is * known then the -

product1v1ty;(¢1? uptake) can be ce;culated ffqnithe,genera1'

a

formula:

" Cis uptake x C12 available
.~ Cles addition ‘ -

This ‘method, wusing jim situ inéubations and liquid

-

' sc1nt111at10n counting of labelled algae (Schlndler, 19§§Q,'

L rey

was‘ used from June 28, 1971 to the-end of the sampling =

R ‘ _ . - : . . .. {
period. : ) o «

- L

Radioactive carbon was obtained as a NafiCt40, solution

\

- S ' S TRNEE

.

b

)

‘phote§ymthesis,"deécribed in Vollenyeider (1969), 1nvolvesﬂ\§

%Eis-'

e
X
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-
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fron Anershan-Sedrle Ltd. This solution vas diluted to an

U

appropriate coﬁéenttation (see beloﬁ) with 'distilled' uater ‘
~mhav1ng a--pH--of: aboutwr9 S (adjusted»~vith NaOH), and the~—~~“—
solution was. transferred ‘to 10 nl glass ampoules. The: v@
ampoules uere sealed vith .a' torch and then sterilized.‘ This
was,ethe‘ solution. to be added directly to the p;oductiv1ty O
1ncubation hottles.,The radioactiyity dI thus solution 'uas “

in the"order ‘of U- 10° microcuries/ml, depending .on‘ the .

~season-'more actiVity was’ required when productiv1ties uere -

lOHa_ Absolute act1v1ty of a batch of these ampoules vas -«

-determined by aPPropriatelY dmduting the contents 2;,—e—~few"'
ampoules, Aadding a ,knoun small volume of - this_diluted

solution- directly to a "scintillation 'counting'w vial
containing liguid sc1nt111ator, and counting immediately in
T the sc1ntillatisn counter. It should be noted that after

these: sCintillatidn v1als had stood fof a fev days, they

)
-

lost a portIon of tfeir radioactiv1ty, presumably"because of

escape of gaseous C 401; This inadequacy in. t4e technigue 1s
'-assumedvto be overcome by counting the v1als 1as soon vas g
';possible. DeCosta and Volkmar (197&) have qon51dered this
nrohﬁeuvofurther; 501ntilldt10n counting vas‘ done on a-”
Nuclear Chicago Hark 1 liquid scintillation counter (Nucleari
Chicago corp.). The sc1ntillation solution used was Bray's 8
solution (Bray, 1960),.'Invvorder to 'determlne Fountlngld
, effic1enc1es 'of the _counter,iassenbly,"a: channeks.ratio
.:guench cbrrection~curve'(ﬁangfand ﬁillis} d965).nas;prepared'

”using a:chahexadeCane_standard }lne;sham—searle.Ltd.)-,:The'
~ .':l X ‘ : :‘ . . _.‘- -

S . . . - -
. .
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'standard vas"added to afseries of vials containing‘~a‘ uidei'

ranée' in concentration of-the quenching agent.~Normal Lake:

l../

. Rabamun plankton, flltered from lakq water onto HA Hillipore_w_pp"
o 1

, fllters, acted as the guencher. Countlng effic1enc1es of
. around 80% were obtalned "with the counter in this study.

Field procedures Here 51m11ar to those of the oxygen

method in that two llght bottles and one dark‘ bottle vere'

used ‘for each depth. No 1n1tial bottle vas necessary.,The
dark bottles were used to estimate non-photosynthetlc uptake
of Ci+4, The. incubatlon bottles vere smaller, however, belng
‘128 ml. Zooplankton was not flltered from the uater prlor to

fllllng - the 1ncubatlon bottles‘ In field procedures, after

‘all the bottles were. filled with the sample ‘water, each was

.'1noculated v1th 0. 5 ml of the radloactlve uorklng solutlon,

by means of a 1 ml syringe fltted with a 6 Cm' needle._ The

-~

long needle allowed the Cu solutlon to be added well below

the neck of the 1ncubat10n bottle to.\iv01d Ct*, loss Hhen“__f

stopperlng the bottle. 'The‘ bottles vere. then shaken*to

;dlstrlbute the Cle ulthln them, and suspended ;n situ for -a

ffour hour 1ncubat10n perlod, normally centered on noon.

- When the- product1v1t1es “of- two"statlons vere to be

B \ - .
LN . . . &

. compared, the whole'sampling'procedure could be' completed

Q

'within-'uo' minutes 'so that 1ncubat10n= at the two statlons

.were started wlthln.uo mlnutes of -each other.

SRS S

Thls-wgg done during 1971. In 1972,' operations were

. further modified such ‘that ‘the 'simultaneous' incubations

*

could be started;vithin 10 minutes of each other. At the end




- of the intubation period, the bottles‘uere'picked up;'placed.
in a. dark box, and taken to the trailer. There the sanples‘

- vere flltered 1nned1ately using graduated glass filtration

16

' tubes; and . fllter flasks_ attached-ﬂby a:- manifolad _to'an -

‘electric vaouun'pump (Plate 3). Helbrane filters of pore .

size 0.45 M (HA fllters-ullllpore Ltd. ) vere used in these'
tubes;'At”the end of flltratlon,' the fllters and thelr‘

contained algae'lwere r1nsed in place wlth about 10 ml of

g . . - )
Jfiltered non-radioactive lake vater,  then’ ‘placedA

_lnmediately, lwhile‘still vet, into the scintillation‘vials;

This .was done to ‘prevent 'losS':of;’any iolatiie'llabelled 'i

'.compounds'(ﬁallen'andvGeeny'l968-cward-and'sakanishi 1§71).

. The amount “of 'water' flltered fron ‘the 1ncubatlon bottles

varied from 30 to 60 ml depend1ng on how much could be'

,couven;entlyx passed through the filteravithout excessive
clogging. : I |

.In the winter of 1971—72, “sereralu_incubations were

carried out'.under‘ the' ice. Slnce snow and ice cover

drastlcally reduces llght penetratlon 1nto“ja‘ lake, and.

Y

therefore photosyntheSLS, it wvas deslrable to 1ncubate the -

bottles under snou apd 1ce that was ‘not dlsturbed Thls ‘has

accompllshed- by attachlng. the nornal iron suspen51on rod, -

L sllghtly inflated 1nnervtube, and 1ncubatlon bottles to anm

iceﬂ' Jlgger after the ' usual sanple collectlon and

preparatlon, and jlgglng thls asseubly under the 1ce as far‘
avay from the sanpllng hole as vas convenlent, SO that 1t

wasdsituated under;an area of;, ndlsturbedn. ce 'and snow.



plate 3. e

Flltratlon apparatus.

“Plate 4. Ice jigger
~with photometer. :
 Wabamun power plant
in background. :

y :
4
1
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. The totalvamcuntsqf carbon dioxide - available in . the
.. water was determiued'for each prdductivity incubation depth-

raud—wlocationm~using~~the tltrlmetrzc~-methodu»out11ﬂed——1n+~»» e

18

Standard nethods (lmer. Public Health Assoc., 1965). The -

total carbon ledee value obtalned vas multlplied by 0.27

(the proportlon of carbon in carbon dloxide) to glvé total_

carbon available, and- expressed as ngC/m3,.

Arthur and Rigler (1967) p01nted out the p0551billty of

algae belng ‘crushed durlng ' flltratlon in "the ‘ C!§"

' productivity method' " and thus 1051ng some of “their :

radioactivity.'They'suggested that - by filtering »different
: -

volumes of ilabelledJalgae (i.e,'lakeSHater from incubation

bottles) and,plotting the'results asrvolume filteréd7 Versusd

unit radioactivity, a curve ‘could be obtalned relatlng the

' two and-a ‘correction factor for 'thls effect .deduced by

extrapolating -the'curve to zero.voluue filtered. mhreeusuchf‘

experiments_uere _done  in ' this study to determine this

correction _factcr,' the meau‘~value‘ of which ias 1. 65.,.

Initially, this correcti¢n facter'uas‘ used ‘in- calculatlngj

reSults.”

°

Slnce the start of thls study, however, two . papers have

‘_appeared (Nalewajkc and Lean, . 1972, chahon, 1973) uh;ch.

.Tguestlon the(validity of the,use.cf'thé~ ccrrectlpp'.factor.

On ~the basis of the evidence preseﬁted by these'authqrs, it

vas decided not to employ the icorreCticn ‘factor, and a11'_

'product1v1ty results reportedﬁ here have been revised
. S LR . '

downward appropriately.



“using “the” formula-*“““

’reread

An isotope correction factor of 1 06 was also used.

Results (productlvity) were . calculated as mgC/m3/hr C

,sz:-unr.ks x_gc12_ ava;..bls.;_lzﬁ.x.l;M ‘
Cle added X ExPF

" where

Cie uptake is in cpm and 'is theé: mean light bottle. value

ninus the dark bottle value, -
128 is the volume in ml of the 1ncubatlon bottle,
~1.06 is the 1sotope correction factor, :
C¥¢ added is in dpm- (disintegrations/min),
E is the 'scintillaticn counter effic1ency, e
F is the volume filtered,’ ..
T is the incubation time in hours.

|

2 Phytoplankton chlorophyll a determlnatlons

, Chlorophyll ‘g',content of phytoplankton vas determinedd
u51ng the spectrophotometrlc method and eguatlons of uoss_
(1967a. 1967h). Water samplés were flltered through Hhatmanﬂu
’GFC glass flber fllters (W, GR. Balston Ltd; ) and the fllters:,
vere placed in buffered 90% acetone, shaken well, and stored;A

‘1n the dark at sub freezlng temperatures for at‘ least 24

hours .to ~allou plgment extractlon’ to occur. The. acetone

‘solutlon was then read 1n a spectrophotometer at. wavelengths;
‘of 750 mu, 665 mu, a3o mu, . and a1o mu.5 After thls 1n1t1al

'readlng,‘ the acetone. plus plgment solutlon was. ac1d1f1ed to

‘ convert all c lorophyll to. pheoplgments, reneutrallzed, Qand'“'

>" at 030 nu and u1o mu is an 1nd1cator of the proportion of, -
pheoplgments : the total chlorophyll §~ and pheophytln vf

plgments. Thls ratlo was then applled to the ohlorophyll 'g’ '

and a1o Bu. The ratlo of optlcal den51t1esp,gﬁ
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ualue‘.calculated fron the . 665 Bu optlcal density tc correct;m

~for the presence ‘of the chlorophyll degradation products,

Results. were - expressed as ng- chlorophyll ~§ /m3 of lake
"atero : | ‘ '

Thls method vas used from May 20, 1971, to the “end of

the‘ study. Hater samples for chlorophyll a analyszs were_‘

collected at every depth and locatlon ‘where a productiv1ty—:

’ 1ncubation was carrled out. After collectlon, water sanples

vere stored in the dark at temperatures no higher than 'the

-

‘orlglnal temperature fof the sample, and transported to the -

1ab~where they'were\fgltered no later than 12 hours after
. . . - . . » . : . ' . .

A

collection. = - ' . Ly

3; Phytoplankton Identlflcatlcn and Enumeratlon

- were- collected throughout ‘the study from each depth and

Unconcentrated phytoplankton samples (1.e..lake Hater)f

-location ~of product1V1ty ‘1ncubat10n as well as fron many :_'

ﬁother depths and locatlons. Samples were: preserved Hlth"

\1samples from' June 28 : 1971, and“on,-vere,ldeptliled'and,;QN_

_'Lugol's' solutlon (Vollenwelder,‘1969.vp. 7). Only’ selected'

enumerated. 5._.

Permanent, guantitatiVe‘ mlcroscope slldes were . made
N

from the selected samples for 1dent1flcatlon and enumeratlon; _

of phytoplankton. Permanent slldes were des1rahle 1n thlsf'

51tuat10n 51nce they gave ‘a durable, guantltatlve' record-

. A
that could be repeatably referred to, examlned under

< .

VQrdinary compound «mlcroscopes, ‘ and used - for algal -
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"identification since the .mounting medium employed 'gave

“little dlstortion of specimens."The slides vere - prepared-

:

(1972) in whlch the desired vclume of . sample uas placed in a

settling tube' slide assenbly (Flgure 2). to allou the

21

[y

k-using .a»'modification of the method of Coulon and Alkxander.‘

plankters tb' sediment. .The supernatant was removed after.'

:'sedlmentatlon was complete, and tvo drops of the mOuntlng
:_medlum- (Aquamount-Eduard Gurr Ltd., a vate¥-soluble, non-
shrlnking mountlng medlum) vere added to the remalnlng water
- .‘and sedlment and the sllde was allowed to dryj Hhen drylng

1was flnlshed, the - mlddle sllde was removed, ﬁnd a coversllp,

uith ;,a drop of Aguamount, Aadded to the preparatlon.

':'slide vas not obtalnable because of the turbulence 1nduced
~in the water and sedlment upon addltlon ‘of the mountlng

medlum,‘ so that Hhen enumeratlng the cells, the p051t10n ofi

<!‘v

'Unfortunately, a random dastribution of plankters 'on. the

done u51ng a system 4o£: randomlzed nlcrosope stage - o=

ordlnates. Examlnatlon of the slldes vas usually done at

' ‘uoox with a V1ckers compound mlcroscope.E: en .. to. tuenty

”~f1elds Here counted per: sllde.

Knowlng the mlcroscope fleld area, the number of flelds-

counted, the volume -'of'p'sample sedlmentedg;_and the

"sedimentatiOn.'area,f (i,e. *crossf‘sectional area of' the’

FINS

algal cells per ml of orlglnal sample,

Generally, algae were 1dent1f1ed only to the generic

‘h-sedimentation tubes) allowed calculatlon of the results as,'

Jthe flelds to be counted had to be chosen randomly. Thls was' p
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Flgure 2. Settllng chamber assembly for phytoplankton sllde

preparatlons. Hodlfled from Cotlon ahd Alexander (1972).

cLo220
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~

‘1evelQ» For pnrposesgpf data presentation, the phytoplankton

;were placed 1nto the follouing five- najor groupsr Cyanophyta

(blue-green algae), i Chlorophyta ) ~(green , algae),

Bacillariothta - (diatonms), Plagf

Cryptophyceae, * Dinophycele),’ and thQ qltraplankton, the

ates (Chrysophyceae,i

e —

23

snall,~'unidentifiable‘ plankter§ up to 5/¢ in one. dlmenslon o

as descrlbed by Naumann, 1n Hutchlnson (1967 p. 235~ 236).

A‘The keys in Saith (1950) and Prescott (1962) were used to

N

1dent1fy algae..

»

f .

4. Hater chemlcal analy51s ' SR

Heekly durlng summer and nonthly durlng winter, eamples'

were collected for henlcal analysis of the lake water, and.

kept cool and in the dark untll arrlval at the lab, .where

they were frozen. Durlng 1970, ‘these sanples' wvere analyzed

by  the 1lab at Env1ronnental Health, Government of Alberta,

and- durlng 1971 72 by Hrs.vG; Hutchlnson in tnev Departnent L

- of Zoology Hater Analy51s Lab. Salples were flltered, ‘then

analyzed for pH, spec1f1c i conduct1V1ty, , alkallnltles,
'”orthophosphate, nltrate-nztrogen, 5111cate, 1ron, flltrable

'»vdlssolved Sollds, and . occa51onally for color,' turbidlty,

\l

'calc1um_'and\-total hardnels, -chloride, and sulfate.-The

teéhniques used were those of Standard Hethods (Amer. Publlcf

"”ﬂealth Assoc., 1971). However, the method of strlckland and

Parsons (1968) vas occa51onally used for»orthophosphate,

“because of its.greater sensitivity. ~ *



5. Temperature

_Water temperatures were __recorded ...,,..ona all - -m»-.sa—npl-i-ngi

occasions at‘ half meter depth intervals vith one of the
following electric thermometers: ET 100 Thermometer, Applied,'
Research Austin ltd.; RT 125 uarine Research Thermometer,,

Hydrolab Cogp.. Hodel 5“ dissolved oxygen and temperature-

meter, Yellow s;rings Instruments Ltd,

6. Light

Secchi disc visibility wvas  recorded . at all stations

sampled ‘On each ViSit with a standard 20 cn diameter'black»

and white Secchi disc. When deSired light penetration into
the uater column was measured with a submarine photometer
(G. M. Hfg. and Instument Corp ) haVing "both sea-cell and

deck-cell selenium photocells. ‘This gave results for light

-penetration into the water column in terms ‘of both percent'

24

penetration of 1nCident light and ih approximate ahsolute.fg

»units (foot candles).' During vinter, light penetration

‘.“through the’ ice’ and SnOw cover was measured by mounting the-'

K

jigging the assemhly away from the sampling hole'tovan area

of undisturbed ice and Snow. Ihe face of the photometerucell

was thus pOSitioned 2 6 cm beneath the undersurface of .the

ice. ThlS method did not allow measurement of  light

penetration at cther: depths however,

'jphotometer on the front of the ‘ice _jigger (Plate »u) JandA.”'
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RESULTS AND DISCUSSION-GENERAL

e e U Uy 0 UG SOF SUUUT A UOO ‘. . -

'v In this section of the results, characterlstics of the

uain' body of the lake, as represented by statlons 19, SC,

AQ; and 6 (Flgure 1) wlll be preSented. A ~omplete lzstlng,

of .all' data from all tlmes and statlons is placed. in the

appendices for . product1v1ty, : chlorophyll, ' secchi, 

temperature, oxygen, and cell counts.

N

A. Physical—chenical,y

1. Temperature

v Temperatures ranged from goc under the ice in winter to-

a maxlmum of 23. 5°C recorded .on August 16 1971 at statlon

19. Hax1ma reCorded in other suumers uere 22, o°c (statlon 4,

'surface) on August 5, 1970,'and 21. Q°C (statlou 19, surface)

on Julth, 1972. These maxima were usually tran51tory, and

generally—found only at the surface of the water coluun. The

water coluun is %horough and allows only brief periods of

‘upper temperature range for-the whole column 1n the sunmer.

does not greatly exceed 20°C. Plgure 3 presents vertlcal

'temperature proflles of the ualn lake,for selected dates§

Due to‘ the relatlve shallouness of the lake and . its

)

good exposure to freguent strong wlnds, vind u1x1ng of 'the"

veak thermal stratlflcatlon durlng sunner.' Klarer (1973)

in contrast to a nuch slover coollng in the fall Hean vater

temperatures of approxlmately 16°c are reached by the end of
s .

~

‘p01nted out that the lake undergoes rapid warming in sprlng,-.
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Hay,ilpproxlmately one lonth after break~up, vhile coollng

-approximately.two months. At the tlne of sprlng c)break-up,

.27,

in 7 the ' fall over a sxlilar tenperature range takes

the high alr tenperature, high solar radlatlon. and thorough

1

mlxlng of the 1lake, . allov for rapld bheat transfer to the

water.

2. Ice and snow cover
N\

-

In general, freeze-up occurs in the flrst veek off

November, and ice is last seen in the tvo weeks around Hay‘

first. The maximum ice depth recorded in thls study (Table

- 2) ,vas» 70 ca. Horkan (1971) recorded maxlna of 71 9 ca in

1969 and 71 cm in 1970. Unlike ice thxcknass, ’vhich slovly‘

-urlncreases. throughout “the wlnter. snow depth on- top of the:

-

y <

meltingf Snov depth ‘reached a naxlnun of 33 c# (Table 2)

during the vlnter of 1971-72, while horkan (1971) reported a -

~ice is more varlable, as a result of V1nd 4ac€£on and

maxlmum of 36 5 cm in the vlnter of 1968~ 69. The nature' of‘

.

the snow cover also .varles as crystal structure changes,ﬁ

meltlng .occurs, fresh snow falls, and vlnd packs xhe SDOHTK-

1

"1nto hard dr1fts. Floodlng of vater on top of the: 1cﬁ,f

/

because of the. velght of snow.on the: 1ce,"can4 change the

-d"""
nature of the top 1ayer of ice. The E%oodlng vater partlally

melts the snov cover 'forning ‘a laye% of slush that nay

‘.freeze into a 1ayer of cloudy ice, Further, because floodlng

can occur only where there are cracks. 1m the . ice',to: allou

)

‘-
* -
-

A

.4vert1ca1 movement of vater, and becausi floodlng/uater seeps

“
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' . slowly through the snow cover, horizontal variability in the
: nature of the snow ana ice cover is "to be ~expected. , Snow
drift@ggmiwa;sg_“;Rernce§J“;herigqnfal;lmvagiahiiityt““Some——”““f*
f R - = = <= o I
! ' A o T T
i TABLE 2 :A
$ . . S o a ? ' I
R | " Ice and. Snow Characteristics, Winter, 1971-72 ] |
T 1 T T et IO - , i sl
' “*E%%| Date |Stn | Ice {Ice Nature|Smow | Snow | % Light | -
| | |Depth]| IDepth| Nature |Penetration|
| 1 lcm) |~ -l (em) | IR I
{ R | - I I | . I I
INov. 30] SC | 16 | clear | 0-10|driftS'andlicé.onlyf31L :
N O ; I “lIclean ice |ice+snow-14|
AR N Lo ’ [ A
s | Jan. 1{seba|45.5 | -clear® . |1D-§5|hard drift : o
I I 6 |54.0 Jtop cloudy] 14-20}hard drift| ¥
I A N R S .
tdan. 8] sc-j48.7 | . | 8-20thard drift| P’
{ I AB |48.0 [top cloudy[10—18[ AR I N
| - L R AU Ie SN SR T
|[Feb. 20} sc |- 60 - Itop cloudy|20-33}hard drift] o |
I U | | _ ol | | . -
IMar. 71 sC | 68 |top cloudy| 30 | 41 2m  0.09 |
P | |, - | A 4 5m 0.02 |
I ' | A | | | A Tm. 0.04 - .
o | I~ I | . F I 10m 0.06 | »
| R I . | | | | 1la. 0.06 | '
| I 1 o { I 13m 0.05 | a
-l R [ ! fmean 0.05 (|
A > 1 | L _ 1 S SN SR N
Idar. 'T5) AB | 67 |top cloudy| 25 [ctust on- |2 range {
ot | e . ' I~ ltop+2cm of| 0.5-1.0 . § .
e | | - | | {slush ' {(mean .0.7 1
| | e 1 0 | R P |
IApr. 101 AB.| 70 @top spongyl 1 |thin crust|3 range . | .
I S DR B |and porous| S © 1 9.0-15.0 |
N A | | . I . -lmean 12
K | | R I : I | ' R PR o | B
May 2 I . lcandled | ] . - I
o C . S S , .
R dgizontal.di§tance from sampling hole - o
12 4>Readings at meter intervals horizontally from hole |
13.6 readings -at two meter intervals horizontally from hole|
T i I

‘ ~ . Jfﬂ . i ‘ B - - - - N -
observations on. this _variability, . as it affected light

: penetr;tion'jth:GUgh yiptét“covégi are'présented'in Table: 2.

.-



3. Secchi Visibility

u- t“rbldlty of . the A'atEfalma plotted ~in. Elﬂure_.a.urhewmﬂe'

-then decreased to 1ows of about 2 0 meters in the’ 1ce-£ree--f.

-

Values for Secch1 dlsc v151b111ty. a'_measure of' the

‘-)

¥

a“"

approxlmate mean summer value for 1971 wvas 1 .7 meters.

V151b111ty 1ncreased through fall and wlnter, to -a ‘maximum

of 4. S meters under ice and snow in early January, 1972

~

' season of 1972. It vould seem that max1mum turb1d1t1es occur‘ -

: durlng the, ‘summer, ‘this. would seem’ to be representatlve of‘

from late July to early September inf Lake- wabamun. Both'

., s

turb1d1ty in the lake.

'r‘. , . -

o
4. Ligh't - - S o
R o L -
Only white‘»lightf was measured:  with the submarlne
/ .

photometer. Flgure 5 presents curves of penetratlou of llghtf

‘ into the water column on selected dates durlng the ice free

Horkan (1971) and wheelock (1969) found a SLmllar pattern of.‘

season. Onu three of the four dates 'for vhlch data are

presented the depth of 1% llght penetratlon is between"6 0'

and. 7.5 meters. Judglng by the correspondlng values for

Kk

~

the llght reglmes durlng the June- to September perlod of the

‘SECChl dlsc v151b111ty on- these dates and at other tlmes"

' year.rThe fourth curve, from Hayo 7, 1972 ~shows hrgher,
. , &

i

penetratlon. Turbldlty vas lou at that t1me.v B

...‘ / .
The effects of ice and snow cover on’ penetratlon of

';..

thte llght 1nto the water column are presented in Table -2.

Obvlously,- the nature_.of/ the dice _and snow_cover is the

. q".
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F'igu;:e 5. Penetration of .whi't.e light at‘méin lake 'sta.tions.'.
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governlng factor determlnlng percentage llght penetrat1on

. into the vater column in. wlnter. The spectral c0mposxtlon of

the 1ce and Snow (Allen, 1973' Greenbank 19&5). The percent,
”fpenetratlon measured 1n thlS study varled from a hlgh of 31%
”through 16 Cm of clear ice to a low of 0 05% through 68 ca

of p?rtly cloudy ice covered by 30 cm of hard packed snow.

Snow cover affects llght penetratlon BOre than does ice

cover. Greenbank (1905) noted this as well, suggestlng that,

the albedo of the snow accounts for much of the llght loss.

He presents an’ excellent sectlon on the characterlstlcs of

“fthls llght does not seem “to’ be affected by passage through g

light. penetratloﬁ of .ice and " snowv . cover._ Hor1zontalhm

var1ab11;ty-~1n‘ the penetrablllty by llght of the 1ce and'

meters may approach n, order of magnltude..Snou drlfts,

of slush, are factors that may be respons1b1e thlS.

I

'SQ”Hater Chemistry"

Annual means and ranges of values for seVeral " chemical

Snow. COver can be seen in Table 2. leferences 1n percentage"

-penetratlon over a- horlzontal dlstance of as 11ttle as 114'

d1fferent1a1 1ce-transparenc1es, ‘and the presence or absence o

parameters -at dlfferent sampllng statlons are presented 1n'”

.Ablcarbonate lake. From the water chemlstry data collected

'seasonal cycles are ev1dent in very few of t parameters.

B ,Table 3. Lake Habamun can be characterlzed as a’ hardvater,">

pH tends ‘to be hlghest in summer and lowest in wlnter, but;’

i 3

-

the dlfference is less than half a pH unlt Slllcatevls hlgh'“

32
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in summer and’ vinter,. ioyrin spring and fall. Noh@ of the*

33

LU 1.,
B < CTABLE 3 T |
L o o L R
“1 Water'CheniStry » S 'fv e
o ' o L |
- Annual means and ranges;-June 1971- -June 1972 |
AN Values from all depths and dates are 1nc1uded in means |
| Statlon-- . SI - SO © NI - .HOI S -{o2 S |
.| Parameter : e T I : o T
L B : T s : i
" pH 848“  "8.73 8,75 l
- L 8.5-9.4 .8.4-9, 3 7.7-9.7 |
'IPhen Alkal 1.7 - 9.7 . - 11.8 |
I . mEg/1 5.2-19.9 1.5-19.0 0-28.0 i
ITotal Alkal  172.9  -173.2 ° 176:2 i
Xk . mg/l*,157718# 117-197 142-199 |
- {Phosphate, 0.012 . 0.023 0.019
© |0rtho2 mg/l_‘s003~.02.:0034;08",003-;15.;0155;06'«012—,08 [
‘Isilicate - . 1.5 .79 - 192 . C N K
. . mg/1l 0.8-2.75 <0.4-2.7 0.6-4.2 S a A §
|N1trate N . 0.048 . 0.04 0.04 .o T
l . o ’ mg/l .02_.1u '02-.09 “.02‘.10‘. “ e ‘ L '
IConductivity 387 = 389. 388" 318 374 1
] .umioycm  220-440 230-445 225-450 280-440 310-435 |
. |Filt Residue 229 - 235 229 231 237 |
RN . mgyz1l . 102-400 107-379 62.1-333  168-272 158-3u8 |
" |Irom . S 0.05° 0.05. - 0.05 . - . . N h
I . omg/l <.02-.18, .02=.47 <.02-.24 . |
‘ICa Hardness3 62 " 58 = 59 " 57 - 57 [
l < mg/1 . 54-80 " 50-66 . 50-66  48-62  52-64 |
- |Hardness,3. 133 . 125 . - 127 127 7 125 -
~{Total - mgs/1 . 100-192 100-144 104f152'v112-1ﬂuf_10u-168f|
{Chloride3 2.3 2.0 Y.9 - 1.8 1.8 |
T mg/1 0.7-10.7 o,7e3.5; 0-2.8 . 0.5-2.1 0.7-2.1 |
‘.|Sulfate3 , 30 - . 31 30 29 . 29
i mg/l;«*25-33 23~36 29633“' 25=33 . 25-32 |
t o T | -
{ l‘Data from Gallup and chknan, 1973 : S |
| 2 Summer values used for means: vinter method too - |
n insensitive , s ' : {
' j 3 Summer values determlned onlyv {
' . - / . . . - R N . .
other. parameters show . obvious; seasonal = fluctuations,
”-althoPgh'jie;-migH£' expe¢£ to ‘see such fluetuations' in
-‘d:thophosphate, nitrafe-hitiogen;\ and ,1ron, yith7 a’ ‘more <
.g§ ,; .



,Hutchlnson '(1957)' and VOllenwelder,-(1968) for noderately;

-[eutrophlc lakes, hovever the values for nltrate-nltrogenf

orthophosphate vould tend to fit wlth those values glven . by

3

n‘thorough sanpllng progran. The values in Table 3 forli

vaccordlng to these sane authors, 1ndicate Rabalun is 1n ar

.less productlve trophlc state._‘-._T

B..Phytoplankton

T Cell Numbers

,representrng 1ce and snow cover for the perlod of late Junep 5%”

Graphs of phytoplankton cell numbers at the surface and‘“

1 meter depth of statlons 19, SC, and AB, along Hlth a, graphx'

‘41971, to early hugust, 1972, are presented 1n Flgure 6. The.

was anvestlgated for several dates throughout the above tlmeh

“perlod. Pronounced vertical - stratlflcatlon , off %“the

g phytoplankton was never observed, ‘even 1n wlnter sampleso;ahu'.

__result that agrees vith Wheelock's (1969) observatlons. It

.vertlcal dlstrlbutlon of the dlfferent phytoplankton groups

. is’ felt,’ therefore,_‘that the cell nunbers graphs for the,'

above—two depths glve an adequate portrayal of the standlng‘l

f

1.crop of phytoplankton cells present at these main lake?'

statlons. Appendlx III 'contalns ja llSt of phytoplankton7

1dent1f1ed durlng the study._-

_Cell numbers vere relatlvely,low in early July, 1971. g

,.At that tlne,.blue-green algae were nunerlcally domlnant gin""'

';the phytoplankton and green algae were second ln lnportance.-p

i Durlng the .rest of July, the total crop showed -a general-l
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‘Figute 6. Phytoplankton cell. numbers, 1971-72, at main lake - -
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1ncrease_ vhich vas"'largely' ue :to an increase'iu blue--"'

1

greens,,but also composed of an 1ncrease 1n ultraplankton in

367

-

y”late July. Both groups"contlnued to 1ncrease throughout

'dxAugust,"as -did the total crop, vhlch 1ncreased to a maxllum

of approxlmately 30, 050 cells per ml in early 0ctober. Thls

'max;mum was ngmlnated by the~ ultraplankton, blue—greens

peaked in early'September and declined steadlly-thereafter.

.f Startin§ ln'eatly October,"green algae,' flagellates,_

fthrough December to” lows in earlyfnJanuary, _1972. ' The

'earlyi”January.b Blue—greens decllned through . October,
eremalned fairly constant ~in numberS\durlng Novenber, then
'almost dlsappeared by early January. The total cell crop
-decllned prec1p1tously from early October to a low of less

\than 1500 cells/ml ini early January. >The standlng crop

reached a Om1n1mum of. less ﬁhan 1100 cells/ml 1n mld Harch.

and diatoms 1ncreased somewhat but then declined agaln\r

'ultraplankton shoved a steady decllne from early OCtober to -

’fUItraplankton domlnated the v1nter ‘populatlons, wlth the

'flagellates and dlatoms belng 1mportant components as well.~

"Grefn arﬁae almost dlsappeared durlng this- per10d.~q--’

Flagellates and dlatoms began “to ‘1ncrease sin ~late .35

Harch, peaked ‘in early | rll,f and then malntalued h1gh

numbers untll early nay. Total cell numbers began 1ncrea51ng
.‘() -

as well in late Harch, reachlng ‘a sprlng peak 1n early ‘uay,

,spfing_ peak in - early Hay and dom1nat1ng the phytoplankton

'f;igf dld, “the greenv algae. In early Aprll the ultraplankton “

1‘began‘increaslng,: eventually formlng around 50% of the

o



community with the diatoms. Starting in mid May, the blue-
) -

green algae reappeared ‘and 1ncreased exponentlally in

numbers to donlnate the phytoplankton by late June, _and to

contlnue 1ncrea51ng in nunbers~and domlnanceAthrough:July,

,uhen.they accounted for_some 80% of all algal cells..

.37-

Total'cellynunbers declined sharply from early Hay to

'early June, largely as a result of" prec1p1tous decreases in

ultraplankton and dlatoms, although flagellates . and greenn

algae decllned somewhat as well. of these four groups, only
Ithejdiatoms regalned thelr importance 1n the phytoplankton
before. the end of ‘this study, by accountlng for a secondary

peak in total crop in late June in 'conjunctlon Hlth the

hlue—green- algae. By earIy July, the dlatons had dropped to.

somewhat touards the end of July.

_ Comparlng Secchi v151bllltles to- phytoplankton numbers

1ow abundances. Total cell _numbers _seemed to level off

(Flgure 17) it can be see[ that ~ there. is .a generalﬂd

correlation- betveen the. phy oplankton cell crops and the

turbldlty of the water. Both vere at thelr hlghest levels in

; the.July to»September”perlod and early uay,-.and~ at -thelr--

(3

louest levels in ‘thew January to Harch perlod of ulnter. L

Con51der1ng the lowscontent of suspended 1norgan1c sollds in

.the lake,.thlsprelatlonshlp is to be expected Also the_

ultraplankton, because of rts small 1nd1v1dual cell volume, _

contrlbutes llttle to. the turbldlty of - the water,: as _is

apparent 1n the graphs for the September to November perlod .

Ofv1971. Horkan (1971) found a turb1d1ty max1nun (1n JTU's)

e
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~in the " August to. October period_hofi 1968, and‘ Secchi

Co3g

.. visibilities in early June,“AF970,‘-very 7sinila%m_tq;hthosemiw

-

found in this: study in early June of 1972.

The influence of 1ce and snow. cover on phytoplanktph_‘

cell numbers is readily seen in Figure 6. In the fall of'

1971, there vas a precipitous -drop in 'cell_numbers"ini

October but a more gradual decline during November despite“

the onset of ice cover on the-lake. When snow cover appeared .

‘

. rapidly to lows in early danuary,_1972l and stayed at low

Despite ‘the fact that the ice was at its maximunm thickness

at the same time, the phytoplankton began its SpringA‘j

outburst as soon "as. the snow cover‘diSappeared} ' Snow cover

~has been considered . the main determinant in light

- ~

penetration into the water column through a sag. aﬂd'.ice<

‘cover (Table' 2) and thus rt appears to regulate winter and

-on the ice  in December, algal populations declined moreﬁ

'levels :until 'the snow = cover disappeared-in éarly April;'i'

springvphytoplankton populations as well. Ice_ cover by o

itself does ' not seemfto inhibit algal growth significantly~

just as ‘the ice cover dlsappeared. '>
It is thought that turbulence and mixing in a lake

decrease sharply after' freeze-up because‘vind-action, the

main:éause of turbulence (Hutchinson, 1957), 'is'ﬂshut off

'from the vater. Consequently, vhorizontal‘{and, yertical

. :
heterogeneity in the plankton may 1ncrease. As -wvas stated

prev1ously,.'wert1cal phytoplankton heterogeneity vas.not

;51nce the spring outburst started under thick ice and peaked .
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pronounced at the statlons salpled in “this study dnring the -

;‘;r““1971-72 vinter”“period ot .1ce,covernghls ‘may’ be*partiy-u>‘
d result of"as yet unknown cnr}ents:in ,rhe;'lake. Horitontgl{;
iplankton heterogenelty ‘was not investigated’in_the‘uinter.
._houever, and so it 1s dlfflcult to judge hov representativez :_‘
of the whole lake the sanpled statlons are 1n the ulnter.: 4

Green X algae ' and flagellates were, numerically,‘
wrelatively 'uninportant' members .of’y_the” phytoplankton.;-
'TOgerher,, they never comprlsed‘nore'than SOSVofvthe.rotal

ﬂ phytop1ankton crop, even in uinter;"and 'aithongh“ they
'occa51onally showed populatlon changeeLAof an ‘order'.of
magnltude in less than a month the naxlnum standlng crop of"e
e;ther»group was 3“00vcells/nl for the greenvalgae on 'July
11, 1971. -Ultraplankton‘andvblneegreens accountea_for‘moerr
‘of the phytoplanﬁton for most of ‘the year; blue-greens;_
ldomlnated from .-early | July : tov late Septemﬁer; and-
ultraplankton domlnated from late Septemher to mld-uarch and
_ then agaln brlefly ‘in late,,Aprll_ and »early May. Dlaroms‘”
ushomed. only tvo-brief:periods.of qominance,'in_April and'in"
blatevane..Tney maintainedvion oopulaﬁion§~ rnrongnont. fﬁém
rest of the ,yéar altmough thej’ increasedixeomewhat in
3November and December of " 1971. - E

The_ genera Crucigenia, ‘Qocystis,  pediastrum,
‘ Scenedesmgg, . and . Tetraedron  wvere common green algae.

K3

Asterionella, Fragilaria, Melosira, and the centric diatoms -
typified the diatom’assenblage._ )
Blue-green algal bldoms'seem to. be non-existent or at-

»
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. .. ’ v ‘
least extrenely rare in Lake thanun.i Although Carefoot

7L(19§9) stated that the‘“lake bioons regularly““nE“gaveinOf‘“rrmr_
support;ng-evxdence, and it is dlfflcult to see how he'
'arrived ~at hlS conclu51on. Wheelock (1969) found no blooms'
_durlng his study, and durlng the sunners of 1970, 71 12, in
thls study, no»bloons vere noted. The_ nearest thing to. a
.bloom found 1n thls study vas the occurrence of a hlgh blue-.
oreen populatlon (over 27,000 cells/nl) contalnlng nunerous
colonles of Anabaena sg_‘(probably A. flos-aggg_ (Lyngb ) de

e. Breblsson) near the surface of the vater colunn on- July .19, - ¥
1971, followlng a fev days of uarm”-calm, sunny ueather. |

However. thls vas a brlef phenonenon, 1t did not cause‘“any-

o~

‘obvlous adverse effects, d1d not form a thick. surface layer,
and' vas. only. observed once. The blue greens in general had
_ fthe typlcal pattern (Reld, 1961) of a late s{éner max1nun.

The ultraplankton 1s a dlfflcult group to deal Hlth.‘It :
yls deflned by cell 51ze and_ general featurelessness vhlch-
makes 1dent1flcatlon dlfﬁ}cult It does not 1nclude all thet
small plankters ‘in thls study because when algae. in thls
.51ze range could be 1dent1f1ed, they vere put ‘in one of thev”.

other four groups- for example, the ‘spec1es of;'Rhodononas
.were. placed in - the :flagellate groupt altnough they were f.
sometimes 1ess'than 5p iong.asinceﬂtne“tanonouic status - of .
vtne,_ultraplankton is unclear‘and:probably not uniform (tné' .
.4group may contaln both green and blue-green-.aigae)"itwyisﬂ
hard to_ﬂassess its response< tO'_envlronnentai - factors. n

Nunerlcally,' ;t;_iS-ﬁnan - important component ofy'“tne.



J) - e ARV B = 41
. ‘K‘"“:y - T : ’ RN

phytoplankton, but its contributioﬁsf to productlvity and

_total chlorophyll a, and _susceptwlhtz _to__zooplanktom. ..
. : . . ': » : ¢ - " . L “‘ .
grazing, arevunhnown. T - i R .

- wlnter populatlons dprlng the pefiod of . snow .cover were‘ v
N " oy
composed largely of -ultraplankton and flagellates. Both '

o .

. groups are well adapted to malntaln*thelr p051t10n 1n the _{,'
. v

vater column, theﬂ ultraplankton' by thequ; small sxze'

k% e ' v . ot

(HUtChiuson, 1967) And the flagellates b§, then:b mQtlllty; "f B %

‘ o b
consequently’ they apparently are aple -to overcone" the

increased settling rates whlch occur under- 1¢e cover when A

v

. - turbulence is mlnlmal Dlatoms are not unlmportant at.. this

'tlme as well, suggestlng that they alsp can re51st 1ncreased ’/}'

. s
-

'":‘ Cy

.

T settllng ratés

. . ‘ - . .

~Fogg- (1965) described the ~ip1ca1 succeSSLOn .of;

phytoplankton in freshvater temperate iikes as con51st1ng of
. ! 4 N
1ow winter populatlons, a sprlng diatom peak, «ld? summer

Iy 3 i ) N
l]]] e populatlons,,and then a fall dlatom peﬁk This is dpparently
meant to apply to lakes perhaps noref‘llgofrophlc and deeper

than Wabamun, in which a thernocllne‘lg establlshed'ln.earlya.,

4

summer "and_' forms ~'a nutrient. &krap for. sedlnentxng-'

phytoplankton such that there is nutr:ﬁnt depletlon iu the

photlc' zone in the symmer lastlnés until fall overturn.

Wabamun does not stratlfy aud 1s modefately eutrophlc, thus,‘
a summer phytoplankton popu&atlon of blue—green algae can'g L
. ;q - ..

;develop to peak populat1ons inp late sumner. Hutchlnson

(1967), however, notes that, 1n general, shallpwer and more

-

productive 1akes ,,tend to have- s1gn1f1cant, nlue-green

R4



42

populatlons whlch show 1ate summer nax1ma, findlng uhich'
".9 .

descrlbes the 51tuat10n 1n Lake¢Wabamun vell.
8, B

ﬂ*” Hheelock (1969) studled jgge' phytoplankton of Lake

0

wabamun from sprlng, 1968, to sprf§g, 1969. He also noted~ a

-

gradual bulld up of blue-green populatlons vthrough ‘the'
.f summer to maxumun levels 1n late su;mer and early fall. His

max1mum total populatlon 51ze hovewer; was 7u 568 cells/ml’ |
.‘,‘1n September, 1968, a~value more than tulce the ‘maxlmum-u
found in thlsi sfudy in- October, 1971. Such dlfferences 1nt

.cell numbers are to be expectedafrom year to year (Ruttner,‘“;h

:1961) and fmost llkely do not 1nd1cate great changes in thehf

L

Qphytoplankton characterlstlcs of the lake. Total cell crop
'throughout the year showed some dlfferences between the two

Studles, because Wheelock dld not report any deflnlte sprlng:j-'é'

e .

,‘péak 1n cell numbers.“ Rather he found -an 1rregular bat

N . > .
‘ . H . : . : .

';'overall 1ncrease from May ,tor’the-vend of July,-then a .

dramat1c rlse to qulte ‘high_ levels whlch vwere maintainedi

r

-pvjell rnto November,r~somevhat' 1onger, than in thls study;v'

S ' ' : , -
L_Also, cell crops under the ice dropped to undetectable!

Fl

hamOunts from m1d January to m1d March, uhlle 1n thls study
-.lowibut;ea51ly~detectable-numbersavere: found-.i ~~the- same EREY
period’;of. l§72.1 Further,:;h} "findings' revealed only a-, .
4”“9radua1 1ncrease 1n total cells from mld-uarch to early nay,”"
nbut~1n thls same perlod 'in, 1?72,n'a sprlng outbuf5t~ vas Vf
‘occurrlng. . These ‘latter tsb dlscrepanc1es 'beiééén{ the»
studles ay be partly owlng to the dlfferent p051t10n1ng of 7
the‘ﬁres ct1ve rsampllng statlons. WbeeIOCk's statlon 2 uas_hlbp

3 Lo R . . . - P

, [}




this study to whlch it vas conpared (statlons . SE and AB)

Anuere_about one—half mlle (3/“ km) off the north shore in the-

'1ce-free area.~v

"51gn1f1cant members from mld November, 1971 UDtll mld-June,

-_Aprll-to June phytoplankton. inc'both~ studies. Houever, ‘as

Al

in thed extreme west end of the lake, whlie the stations in

s‘mld sectlon ,of the lake, and may have been‘more influenced

' by currents generated by the thermal effluent. Such : currents‘

could have 1mported phytoplankton that had developed in -the '7
» . . .

The green-'algae showed‘7similar 1mportances in both'

B . M

1 _studies, generally conprlslng less than 10% of total .cell

numbers. - Hheelock did | not dlfferentlate -ae.group.v of . -

n}”flagellates -per se, but used the groups . Pyﬂfophyta,'

Chrysophyceae, and Euglenophyta, uhlch uould be somewhat

51m11ar to: the flagellate group reported here. He found them

t

 to be 51gn1f1cant members of the phytoplankton only in' uayp

'-;rof' ‘both- years,' however, thls 'study - showed they were NP

F,

1972. The dlfference may b .the- result of the apparent

absence 6f the Cryptophyceae‘ in Hheelock's samples. Thls

’wlll be dhscussed later. . e . ‘ s '5j' e

: S td : ,
' D1atoms were found to be major ’bonstitueﬂts of the _

‘ "'o‘pp"oﬁsed. t'o“Hheelock'ﬁs»'findings, vhlch 'owed unlmportant

levels of d1atoms in the rest of the year, a mlndr pdise of P
. & L o

'hhdiatoms (up to 16% of the total crop) occurred 1n November,

ey ve

397ﬁ£ Dlatoms malntalned approxamately this 1evel oﬁ

1mportance through the wlnter until they further 1ncreased

? . N

.o Am sprlng, 1972..

. . - \F‘.v

.\AA»
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"The 1nportance of the Cyanophyta to the Lake Habanun

phytoplankton is. wvell’ demonstrated by both studles, although

“a

ublue-greens were more- dgninant and’ abundant zn 1968-69, than B

in'-1971 72. Blue—greens formed sxmllar percentages of tq;al '

cell numbers through uay to July of both studles, but

Wheelock found that they becane even more 1nportant (up ‘to

‘98. 9% of the total number) in the August to December perlod

- and apparently malntalned thls 1nportance through the wlntet ‘

’untll late Aprll This domlnance was largely the result-.of

large populatlons of Lyngbya llmnet1ca, a spec1es found‘ to

. be. of ,mlnor 1mportance in 1971 -72. Blue —greens in general

'became sub domlnant by m1d—0ctober of 1971 dlsappeared in ‘

N January of. 1972, and did not reappear untll Hay of 1972.

Hheelock d1d ~nhot report on any group of phytoplankton

comparable tb the ultraplankton studled here. Presunably, he

1ncluded these snall plankters in the other taxa."

FR

The blue—green algal conmunity if Lake Habamun ?uas .

: domlnated in; numbers,,durlng the»ﬂay to 0ctober perlod of

:1971, by spec1es “of.',- _b_ggg ' oelosphg‘glun,-“ and

AphanoCapga. _y_gby_ llmnetlca uas the domlnant blue green

d.‘dur1ng the October, 1971, to early January, 1972, perlod.

- This is in contrast to the 1968 69 phytoplankton comnunlty,

in . whlch L iémnetlca domlnated the blue—greens -E;ﬁh"j"'

R ,.

“July,i 1968, to early January, 1969, and then agaln 1n‘Apr11

and May, 1969 (Hheelock 1969); Also,; Hheelock found Vonly:f

traces of Anabaena durlng his study, but 1t vas an 1mportant

member of ~the blue—greens atv‘tlmes durlng Ehls study'

¥
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Figure 7. Andbaena spp. cell numbers, 1971-72, at main lake.
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change' in domlnant blue-green species betwveen the' two.

‘studies is not too surprlslng because both studles lasted

S AR e e n

“1little more than ""a year, and dlfferences in ' spec1es e

‘cdmpbsition' betueen' years ‘are commonly reported in the

llterature. Wheelock noted that Carefoot (1959) found blue-

~ green 'spec1es someuhat dlfferent from those of elther of

these 1atter two studles. Graphs of cell concentratlons 'of .

TAnabaena\ spp. throughout the 1971 72 study are presented in

_ Flgure 7. Anabaena shows ‘a per10d1c1tymsomewhat 51m11ar“ to,‘

the blue—greens in general,. but whlch decllnes someuhat -

earlier in- the fall and has an - early summer peak ’inh 1972 ;.-"

almost as great as the late summer peak of 1971.,

Cell numbers of the Cryptophyceae- are'presented in'
'Flgure 8 Thls group, con51st1ng largely of - the genera’

- Rhodomonas and Crxptomonas,\ was nOt reported by Wheelock

———— et i e o

probably because of hlS sampllng and ~countlng methods. ,ﬁef

took gualltatlve ’samples u51ng a #20 net uhlch vould very:

llkely, have mlssed bth Cryptophyceae becanse ‘of their’

nelatively’ small "Slze..lFor; his quantltatlve analyses, he{“

“sconcentrated the phytoplankton u51ng a centrlfuge, a processlﬁﬂ,

:_that may well have ruptured. these dellcate algae.;

The Cryptophyceae show an 1nterest1ng perlodlclty. They :

,'had two main peaks of’ abundance, one - occurrlng 1mmed1ately"

after freeze—up, 1971, the second 1mned1ate1y before break—_

" -up, 1972 The 1nterven1ng 1ower populatlons occurred durlng ~:[

..v__

: the tlme of snow cover 1n wlnter, ‘and durlng the sunler 1ce~ -

q»

MRS

" free season. Thls strongly suggests ‘that thls group, becausev;
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"’fof' its motlllty, has ‘a competltlve advantage over other o

phytoplankton durlng the perlod of anlnal uater turbulence.“*“"

.Thelr motlllty would allou them to malntaln the1r 9051t10ns

in-:the water column under condltlons of - 1ncreased settllng._3

trates that could deplete populatlons of gother rnon-mOtile'

_ Plankters. The" 'perlod‘»of' snow covF _ c01nC1ded with low -

. levels of thls group,.presumably because of the ;effect fdfﬁu'

snow, cover 1n strongly limltlng llght penetratlon 1nto the‘

l_water. Although Hheelock aia’ not nete the ocCurrence of thlS‘

_ group 1n Lake Wabamun, Boznlak (1966) found members of thegVV

Cryptophyceae fté be common durlng the winter ;n two other‘~""/

central hiberta lakes

2. Chblo'rophyll a.
S o

Values for chlorophyll a 1n mllL;grams per cublc 'meter

’ﬂare presented in Flgure 9, for the statlons in the maln body{;i-

of 'Lake Wabamun. - These " values are means of the dlfferent"

fdepth values determlned for each date plotted' thus, theyﬁ,-

~.are representatlve of vater. columns of " dlfferent depths.

~r Cons1der1ng the lack of vertlcal stratlflcatlon in the’ lake,;

'”the plotted values are'felt to be representatlve-<of actual"

fcondltlons. L o :/~‘
_ g

f'-The} maxlmum recorded mean value for chlorophyll a was

16.4 mg/m3 on August 18, 1971, and the 'mlnlmum mean~ value’l

uas, 1.0 mg/m3 .on Harch 15 1972. Values for 'anffone->

o v

'partlcular depth reached a maxlmum of 19.1 mg/m3 at a 'depthf

:hOf' 0 5 m,‘ on July 21 1971 and a’ mlnlmum of O 8 mg/m3 at‘
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Pigure 9. Mean éﬁldrophyli'g concentrations, 1971-72, at
‘main lake stations.- - = Lo . IR
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0 S m depth on uarch 15, 1972.

The plot of nean chlorophyll ":concentratlons closely

follows the plots of total cell numbers (see Flgure 17).

‘From . falrly lou values in late Hay and early June of 1971,

50 -

;_values rose exponentlally through June_anduearlyfauly.to '

/ suuner levels in n1d July of about :‘114 mg/n3;l.-This

‘ .

i concentratlon: wasf ma1nta1ned,~ in;vgeneral, throughout'the

_rest of July and untll the end of“‘ﬁﬁgust. Chlorophyll a’

decllned through September to a- level of 6 5 mg/m3 in earlyﬂ

0ctober, then remalned falrly constant unt11 the onset' of'

Snow . cover 1ﬂ mld—December, when chlorophyll levels ~again

dropped, reachlng thelr 1low Hlnter level of about 1. 5 _mg/m3

~in early January, '1972. As vlth phytoplankton nuubers,

chlorophyll a shoved .a dramatlc response to snow cover on-

the‘ 1ce;.;;t dropped-,io 1t5' lowest level uhen the SHOH‘

. e . A
appeared in nid.December,_1971, and stayed low- unt11 theh:

L ,Snov 'disappeared 'ﬂhllaté Harch, 1972. ‘This was undoubtedly

because of the low llyhtl}evels in the lake at. that ‘tlme.

-erenaaned closely correlated~iithV?ce11 ~nunbers;d-rlslng ”~7

L Durlng the. sprlng phytoplankton pulse, chlorophyll levels -

late 'HarCh? and early Aprll to concentrations:of about.sl-

:'early July, and then SOmevhat hlgher levels- in’ " August.

‘mg/m? “then dec11n1ng in. mld Hay to lows 1n early June. As

‘vith” cell numbers,-there vas a peak in late June, a low in

51Unlike' cell numbers, hovever, -chlorophy1147did not’reach'

values:in July, 1972, conparable-to'those of July, 1971. The
forneriwere'about 6 mg/m3, while- the latter were -about 9

y ot .



correspondlng to those df;ua. moderately eutrophlc lake.'

ﬁq/m34

hahe_ Wabamun .~ would "seem to have chlorophyll values

Sakamoto (1966), cited in Vollenweider (1968), glves ranges
.'fof chlorophyrl values he con51ders, typical' for lakes _of

"-different  trophic condition. Wabamun had a mid-summer

.

' chlorophyll a content of about 11‘m§/u3f'The mean depth . of

51"

‘the iake ,1s S. u m, thus the mean chlorophyll concentratlon;:
[

w‘

fmper unit,surfaoevarea forsthe.1ake‘as-a.wholev1s‘ 59 mg/mz

A_These:.vaiues iare' niduayhhbetieennethose of‘_Sakamoto.for
mesotroohicfand eutrophic"lakes: Aruoa' and 'honsi* (1963)
‘”_suggest a consentration - of 30 to 120 mg/m2 for eutrophlc
1akes, a range that 1nc1udes Lake Wabamun in its 1ower half.

.Canadlan Shleld lakes can generally.be con51dered ‘more

oligotrophid"than” Lake-Habamun;’and accordlng to- 8ch1nd1er

- (1972) chlorophyll values are generally lover ‘as Hell. ‘He

R

' gives mean’ summer values for two lakes in the Northuest ;'

Territories, several lakes near Kenora in 'northwestern

iontario, and tho- lakes in southeastern Ontarlo.,Only th%

1akes'injthe‘Kenora’area had. chlorophy11~ contentS“ hlgher“

>

‘than L. Habauun. Chlorophyll data for Canadlan pralrle lakes

'ﬂ_aré' not abundant, although Hamllton (1963) glves values for

”

*fbur-southern Saskatchewan lakes, near Saskatoon, that are

somevhat morev eutrophic' than L. Habamun. These lakes had:

ﬂsummer chlorophyll concentratlons of about 25 mg/m3 Barlca

(1973) glves chlorophyll values appro%chlng 100 mg/m3 for. |

" four small, hlghly eutrophlc 1akes.1n southwestern Hanltoba._

&



Finally, D.N. Gallup and N. .Hiokman (pers.i coun y feport'
. N . ! B 2 . .
msummerw chlorophyll' values, An other centralellberta lakesuuw——»

(Buffalo, Gull Plgeon, and Sylvan) ranglng from 2.5 to '11 )

o
<.

ng/m3

et

-i-nkton Product1v1ty

hton' productlvity-‘ values vere- 1n1t1ally
the_ raw incubation -data ’inﬁ unlts "of:
g raphitof values ln these unlts for ‘tvo depths at

statlons are’ presented in Figure 10 These values

-

_ are calculated from results of mldday 1ncubat10n5' Hlth the li':

:C14 uethod 1n 1971 and 1972. Both curves have 51m11ar shapes

o

sk

but - différent absblute product1v1ty values, those of the 1.0 )
s

e depth being greater.,The ‘maximum carbon a551m11at10n value fild”

o}

;flrecorded was 115. angC/m3/hr onAAugust 18, 1974, at’a‘depth

k.of 0. 5 m. Product1v1ty fell to 1evels below detectlon at’ all
‘odepthsj durlng the vinter ~of , 1972._ The patté&n 'Pi,
-product1v1ty , throuéh : ebv 1971 72 sampllng perlod;
111ustrated 1n Flgure 10, was o%e of relatlvely hlgh levels

| 1ot productlvlty in” the perlod July to\early Septemben, then
deotea51ng values untll early Januaryt when. productlvlty . ‘
:became undetectable ~and remalned s ?tll late narch-ak '
’sprlng peak 1n productlvlty developed in early Aprll, but
soon decllned to louer and fluctuatlng levels through Hay to ;
July of 1972, L ‘ o mi\ ' R
"~f1The: vertlcal dlstrlhutlon of mlddap productihn in the‘ :

.';- water column.igﬁtbe naln lake is graphlcally 1llustrat§z for
. - .
] i -3 C 1"5 . . . :
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‘product1v1ty.'

L

*

. &

‘the- vertlcal dlstrlbutlon vas st111 largely the same, but-

3

”iproduct1v1ty vas evldent 1n both of these ' graphs of mlddaY

Under ice and snow cover, from early January .to mid—‘ B

54

‘selected dates 1n Flgure M. In August of 1971, product1on
';fwas concentrated Ln the top-three~meters~of the water“colunn“““9;"

"and vas negllglble below a depth ‘of six meters. In November,z~

: produpt1v1ty values were much lower. A surface -decrease in

f_Harch product1v1ty was‘ esseutlally undetectable at 311,

depths. Although values of up to 2 mgC/m3/hr were* recordedpg

'durljg' thls perlod negatlve values of: up to 2. 8 mgC/m3/hr

?2 mgC/m3/hr., Undoubtedly, tﬁ!re was- some productlon durlng
thls perlod, however,vlt Was not measurable and would havem

"been negllglble ;in relatlon to overall annual productlon.

i

Vsimilarffto those of August 1971' productlvlty dropped to’

Py

;:‘negllglble values at a depth of " 6 0. meters. In early 'May,‘
‘ however, the vertlcal distrlbutlon of mldday product1v1ty
changed markedly-* productlvlty aas very 51mllar at aill

.l}depths' measured- there'auas, only sllght 1nh1b1tlon at the

-

'_for laté“ﬁgpe and m1d July, 1972, are more s1m11ar to those
of August, 1971 ~in that max1ma1 productlvlty occurred at

about 1.5 meters and fell _to louer Q;evelsf by 6’_meters.v

'_wereﬂalso noted, 1nd1cat1ng that the methods‘ employed heﬁfﬂ’“

””not adequate to measure productlon rates any 1ess than about'-hy

-

Curves of spr1ng productlvlty under the lice' are qulte'v_

) /. .
-surface- photosynthe51s apparently could have extended much

“*deeper than 6 meters if the water had been deeper. Curves‘“°
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'.?_19ﬂ2,g and stat;on 19 on Ju;y 12, 1972. Flgure 12 shoﬁs t 1e ‘ .

S

B - . -~

"Houever,f pﬁbduction' was stiil-lnot“conceutrated‘_in the

surfaqSﬁlaxers as much as in late sunmer of 1971.: ‘ 4'“

w i

The dls f?butaon of-. productlon througheut~the-~dayeuuas~ Fe~n

1nvestlgated on: three OCCa51ons 1n the 1971 72 perlod, using
\y

the . C1~ method., Statlons and da;es selecfed for this uere'

statéon 19 on August 18 and 19, 1971, stathm.KB on. uay 28, 7
I -

dlurnal product1v1ty curves for these three dates, plus

) oo F

.so;;%'wradlatlon values for the Stony, Plain Heteoaologlcal f(g.g

o Doty and Ogur1 (1957) reported varxabitlty. in the,
: 9 'h“‘ l

"E of oceanlc phytoplankton to flx ca;Pon*at different ;iff”

tlmes of'the day, the ablllty belng hlghest just before no&n

o ;i
and lowest at about 7 PH. The three dlurnal stud1§§_he§efvdo.w”

Y N

i't shou such a patte 0, but ind; te that there nay be a
G 3?

: ‘ ; *3' s
" s 19@t ‘ early | afternoon 5 mameum‘f 15 phyigplankton
photosynthetlc ablllty. The 1atte£ pattern va; a%gd noted byD
:5
'by Anderson

Donald .41971) small ponds near Calgaryu"d

Q . . . . o e R

(197uf in mountaln ' ds. B sf“Jﬁﬁ. , L
oo g ‘ ) ‘-.'.z‘i' . : o "i".-'," Co ;I

Flgure 13 preSEnts the vertlcal dlstrlbution ‘«Q£UQ

i

product1v1ty for the seven 1qcubatlonwper10ds of the dlurnal 'J

A ) -,_a‘____
studx “on: August 18-19, 1971., That -one’ of the. nost .
S A '.v;.,,‘;R' ‘ i"aa.‘

\

produgylve days on record.

>@o obtaln an estllate of annual producthn for the nalm‘
N B Am - N r,’#‘l ’ “'

o body of the lake, calculatlons gere made based -on results of-—*f

L ;..*»‘ .

the Cl* method whlch hadxlbeen’ useg,rexclu51vebq for more
. ';gn e ’
than a year. The Clﬁanethod heasures somethlng qpproxlmatlng
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. . L2 P . . .
'glve values for net production, Furthernore, because*the Cle

nethod prov1des no 1nformat10n concerning algal resplratlon,

’ '»AeiuexeM«canvwnot«aohtatn- estlmates 'of““nrght“"or*”fday" algal

'respiration Jto allow £6r resplratlon in calcg ng 2u-hour

‘met productios. Thus the. Cu method allow53£§T calculate

‘only an approxlmate value for ztlne net_ ction, a fact

l,l 0
v ' oy

that most ?nthors neglect to- nentlon whén‘reportlng Ce

S . : ) o o R e .
o product1V1t1es. ' 7-. . - ‘ e '_ ' -‘;T?q.._'ﬁlgu
S S e ' R Biad

R In calculatlng annual daytlme ne’t pr'oductJ.on Tx;onk e

. . Y.
. a—"‘l

results of this study, it vas necessary to determihe th Y RIS
AN .o - /

dlstr;butlon of photosynéhe51s both xhroughout the ’"ate

column a9d throughout rthe’ &ay for the daYs when 1t :a ifﬁ‘

x4

: s n
nieEured. In determlnlnq the former,-»extrapolat10n~ from S

[
.t

.incubation’_results in. the’ surface wategs w;g nepessary [
because most 1ncubat10ns were conflned to the top ‘two met rs '

. i - - Y
Df 'ater, as the need fqr 51multaneous lncubatlons at two*

4

:Frv'.u'sampllng statlons dia - no 'allov complete vertlcal sampllng. o ;7

The vert1ca1 dlstrlbutLon curves (Flgan 11) ‘were Aconsulted ‘ﬁf,{

,f to. give -an estlmate of the pﬁrcenzagé‘productlon occunrlng -

,_ n,‘

sn thqse‘ surface - waters .1nvest1gated -and results for ;-

.f' surface méters vere cjhen extrapolated to results per unlt

."...

s ) o

. surface .areai (mz)w~u51ng these g emp1r1cally determlned

’ . g : . e
'; pércentages,‘ for : productlon dlstrlbutlon._ Vertlcal
' S dlstrlbutlon curves frogﬁthe samé tlne o§ the year as 'the_-.

Y - .
oY » 3

sugface ! productlvlty f.results vere used in these R

1 v

;[ extrapolatlons. Thus,;when the 1ncubat10n for qtatlon 19 7on

x,~_»September }8; 1971,ﬁshowed that there vas 91 7 mgC/hr 1n the'

-
B i ; - . B

[ . - . . L=
CF e : . e , g S $o
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top 2 5 meters (1ncubat10ns hav1ng ‘been’ done at 0, 0.5, 1.0,

60

'and 2.0 meter depths) durlng the mldday perlod, and thef'

lmvertlcal dlstrlbutngn curves for August 12, 18,'and November'

_mldday perlod occurred above ‘2, 5 meters depth 5% concKude

, that there was 121 mgC/mZ/hr productlvlty in: the M hour noon

Cwy
S

Perlod of this date. ’ o

Next, 1t$%@§ R@bessary to extrapolate the mldday valuesﬁ

‘ (mgC/mZ/hr) to daytlme estlnates of productlon (mgC/mZ/day)._7

b

. ‘the proportlon of dally productlon that occurred durlqg the

‘a -hour mldday perlod (1000-1400 hours). The mean progortlon :

o

was 35% " the range belng 33 5% to 36 55 That these studles,

nconducted at three dlffeqent tlmes durlng the summet perlod

'con51der1ng the relatlvely even dlstrlbutlon of total dallY"

ER ¥

solar radlatlon throughout thls peryod. ngure 1“ 1s a grdph; ~

of meam daily solar radlatlon in Langleys/day for»the Stony

)

llPlaln Meteorologlcal Statlon, 15 miles east of ‘Lake Habaﬁﬁn

(Env1ronment ,Canada, 1971 73)., The@ graph-shovs that meang

30, 1971, 1&ca-te Ehat 75& of tiz);al product'iOn during the

‘The three d1urnal studles performed gave 51m11ar resu%:s for_

gave these. very ‘similac- proportlons is not surprlslng ;

da}ly solar rad;dtlon levels vere - very s mllar fort the"

-

- ’ ot

w"

far all 1ncubat10ns performed durlng the uay tov August“

3;‘§5d,5~t '»mldday results (mgC/mz/uhr) vould be 35% of

-

- E

mOnths 'of May, June, July, and August. Thus 1t vas assumed .

productaon, and daytlme productlon f could _'belf

calcul é;ordlngl For dates out51de thls suﬂmer perlod.
y -~ .

» tHe-’raEio Id/r1 (vhere Ia is the total® 1nc1dgnt radlatlon

- A, e

._', L . ' ~ ..‘>\
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'_n coo TS

'"durlng the day in questlon and Il is the 1nc1dent radlatlon

fid‘ close enough to. Lake Wabamun

durlng the- four hour 1ncubat10n permod’*vas multlplled by -

théf‘mldday product1v1ty value to 'obtaln 5ayt1me nét

productlon. These 'values« for 1nc1dent radlatlon were also

fPlaln Meteorolog1cal Statlon. It is amsumed thaﬁ the statloni;

to prov1de va11d solar

- v

radlatlon data for the lake.

K

Anderson (197&) has cr1t1c1sed h' use"gf_'Id/Ii,fiuﬂm;

-

,,éstlmatlng ndally productlon, ' and has shé#h that ita

%

'obtalned from Env1ronment Canada (1971 73) -~ for: the Stony[

P . . . c
£ B .

y H - .

.

‘mlsrepresented dally productlon lni hls‘ studles largely»‘

becau5e~ of 1lght 1nh1b1t15% of product1v1ty durlng the}_

i ?""‘@' ’=

'~vThe’thﬁee diurnal: ;iudles done here’.are ‘in7

ta

lagreement Hlth hlS flng&ng that mldday product1v1ty 1s not«.iv

L I

'proportlonal to mldday solar radlatlon on- sunny days. Ahso,’

'early mornlng and late : evenlng _‘would g1ve g further"

H

qﬂlnaccurac1es 1n results. Desplte the. errors in thls method

it -vas used for the September to Aprll data, as there was noi

,amallable data.b‘ v T o - _h ;;”K

- .
. .,

Net daytlme productlon 1s ‘igﬁtted in Flgure 15 for

‘—72 (C14 method) along wlth summer 1970 values fé% dally

’:-other method of estlmatlng daytlme productlon from_“thef,

'1ncreased reflectlon of sunllght from the water surface 1n;51l*

gross productlon (oxygen method) for the . ma1n body “of Lakeir

Waquun..ghe annual curve of net daytlme productlon is qulte;

-

{rslmllar to that of annual volumétrlc product1v1ty. Thls 1s;

)

- . ¢ . »'-_' -
-

expected because the values 1n Flgure 10 were components iﬁ;,

O : . N W : . D gt

- ' ' L LT s
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:oss productlon ln 1970, daytlme net productlon



L . E _
of;“ detectlon. Thls S is. not surprlslng con51der1ng the .

. S
L

' the-'calculations of 'values for Plgure 15. The net daytlme

productlon for_the.maln body-: ofuLake Wabamun from‘”July 3 L

1971,~ to ,July 10, 1972, was calculated from Flgure 15

planlmetry to be 170 gC/mz/yr. A maxlmum 1nd1v1dual daytlme'

,)productlon .occurred“.on_ August 25 1971, and  vas 3,0“5

~mgc/mraay. b R

Flgure. 15 ‘also depicts gross dally phytoolankton

' productlon' for the summer perlod of 1970 as measured wlth_

A
%

the oxygen:. method. Levels of product1v1ty are comparable r‘n”

product1V1ty was hrgher in the late Jnly to end of ‘August'

period. . Approxlmate 'mean 1970 summer 1evels of grois
. °

productlon were sllghtly ‘above 1000 _mgC/m2/day,- av va;Ee-

whlch ,is SLmllar in . magnltude to results. - of 1971-%2,

"

"‘although the, latter is net productionA and the former is.

gross productlon.’

The relatlonshlp of phytoplankton productlvlty to 1ce

‘the ‘summer perlod of all three years, although in- 1971,~

“And- snow cover is eas1i¥/séen from Plgure 15 Kqéover of 1ce;

by 1tse1f does not seen to markedly affect productlvlty, 'as :

e,

product1v1ty “Vas qulte 51gn1f1cant in November, 1971,»under

25 cm of clear 1ce and agdin in late March, 1972, 'under“ as. 1w .
L a

much as 70 ce of clear and cloudy 1ce..Dur1ng the perlod of

1ce “and snow cover, however, product1v1ty fell below levels

relatlve effects of snow and ice cover on’ the penetratlon of;\

[

llght 1nto the water column (see Table 2). Schlndler (1972),"'

'k- o' - : T - - 5

T Schlndler and Comlta (1972), Pechlaner (196“), 339 Ereenbank o

b



4 .
'(19u5),,;found: sililar' patternsf of"uinter productlvlty'

;7;??9@?9}i&§§§4_§§n, be. qulte s;gnlflcant under -ice; cover“only
but 1s markedly 1nh1b1ted by snow cover on top of the 1ce.
The dlfferlng 1nfluences of these tuo types of w1nter cover
on llght penetratlon is undoubtedly ‘the controlllng factor.

Phytoplankton cell ".numbers  and - phytoplankton

product1v1ty show a .general correlatlon throughout Ehe study;

‘as can ‘be. seen from Flgure 17. Both - parameters show general_ B

o 1ncreases through July and August of 1971, product1v1ty
o .

. reachlng max1mum levels in the 1atter month. In' September of

. : \

1971 however, product1v1ty dropped markedly vhlle cell

“

numnbers actually increased to maxlmum, levels 'inl early 2
,October, then declined steadily along wlth product1V1ty,.io :

s g
w1nter lovs 1n the January %o uarch perlod f'_1972. *The
| g
ultraplankton composed large pe%centages of the fall ¢cell

. ¢ &
crop -maxlmum _which may explaln ‘the poofer correlatlom

between product1v1ty and cell numbers at that‘tlne as small
phytOplankgsp cells can be expected to contrlbute 1ess to_:
- the > overall - product1v1ty than 'a_'51m11ar number of large
/o cells (Fogg, 7365).‘There uas a sprlng peak in both cello'.
v'ﬁ; P.: numbers and phytoplankton product1v1ty in; Aprll 1972,
followed by fluctuating but generally louer levels_ of c)both
fro jmld-Hay ﬁb early June. Cell numbers 1ncreased ‘in Julyg
but product1v1ty dld not. Blue-green algae'were respons1b1e-.

: £Or ther 1ncrease in cell *numbers._ This occurrence of

t1ve1y hlgh blue—gfeen numbers and lov product1v1ty'

-_ontrasts vlth the occug!&nce of abundant blue greens and

s AN

S

1A



’ hlgh product1v1ty in August of 1971. s

. . - » : . B
~ . ' - L. . . [

uean phyt_plankton chlorophyll, ,,,,,, concentratlons (Flgure
9) show a correlatlon wlth product1v1ty 51m11ar to that an
cell nuubers‘ wlth product1v1ty (Flgure 17) . ngh values of

both parameters were found din, the July-August perlod of

1971, but chlorophyll values dropped more gradually through

September ‘than d1d produgtivity,_ -and malntalned constant.

'levels in October and November when product1v1ty was showlng_

66

ey

a general decllne.vaoth decllned markedly through December-“

ﬂpxto lovs in the January to m1d uarch perlod of 1972. A spr1ng

" in 1ate Juney occurred in both paramep*!;

,peak in. April, . Tous in lage Hay and early June, and a «peak_

vgkues rose in July, 1972, as- d1d_‘ce11 numbers,, but

'~product1v1ty d1d not rlse.ﬂz : .muﬂ‘ e .A' o .[:

» -

"Chlorophyll a

" The ratlo of product1V1ty (mg§2m3/hr) to chlorophyll ax'n

Voo : p
content (mg/mg) of thqlswater has heen ' termed _ the .
h o

'Va551m11at19n' rat1o- by s&me authors (Curl and Small 1965°'¥,fl'

“ﬁﬁf\omas, 1970' Eppley et %%.,1 197#) ,he photosynthetlc_”_‘;m

' 1ndex (Hléfﬁiﬁ7’1973). It has been suggested as an 1nd1cator

Hh

.of hei nutrlent ,def1c1ency ‘of, the phytoplankﬁon (Thomas,t-

A”197O) when determlned under llght condltlons Optlézl for;
fiphotosxnthesas. The ratlo wlll depart from optlmal (max1mal)g

“ values {under' condltlons of. sub- or supra- optlmal llght.p

)

: Given'*J T falrly unlform vertlcal dlstrlbutlon ~ of

'*curves of. productivityl-and' assimilation ratlo will be

&

phytoplankton j.chlorophyll“g;' the 'vertlcal dlstrlbutlon

N

LA

andf‘smigljv 1965)g.puringia\
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one *
A

year, the maxlmum ass1m11at10n ratio ma§~ be‘ affected by

unseasonably low temperati
w1nter llght levels, and

Flgure 16 presents

ures. qhanges 1n algal specles, low
def1c1enc1es of nutrlents.-"'

a; graph of maxlmum a531m11atlon

ratlos that occurred on glven dates in the water column, and"

the depth of thls maxlmum

¢ throughout the year. These vaIues;

vere determlned from the’ standard -mldday 1ncubatlons._ The

1

two values are not corn/lated nor should they be, 51nce the‘

hlghest ratlos occurrlng

in the .vater column Hlll stay

roughly the same durlng a perlod of" the year (August, 1971,.'

for example) but v1ll move wup. and down 1n the water' column

in response to. changes in 1nc1dent radlatlon, whlch can be

- controlled by ‘Cloud cover

";vary wlth the time of da

by Curl and Small (1965).

o On any glven day, the ratlo vill

v

y and depth con51dered, as reported

L
’

Hldday maxnnum a551m11atlon ratlos

never occurred at the surface of the water in thls study;

1nd1cat1ng that there'

photosynthesls at that tlme of. the . day.,A551m11at10n ratlos L

generally £ollow lvalues

\

Has always some light 1nh1b1t10n of

at

for chlorophyll product1v1ty, and

cell numbers through the year but do not show- fluctuatlons"

E J

- as large as those of the other three parameters.-CurI and

o,

- Small (1965) found mean optlmal a551m11at10n ratlos of 8

“in the Pac1f1c Ocean off Oregon, Thomas (1970) found optlma

-

ratlos of about 4 din’

s

the troplcal Pac:.flc, Eppley et al‘

(1973) recorded ma11mum ratlos of fronm. a to 8 1n. thef Nortﬁ

Pac1f1c, and H1ckmani(1

and a mean value of 1. 43 in a small Engllsh lake.

s

973) found surface values up to 8. 5 gh"

I B

e

e

* .

o

2
Y
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The hlghest ratlos in this study occurred Ln August

1971 -a---time- when other phytoplankton paraneters vere alsb
maxlmal .The hlghest ratlo observed~vas ' é on August‘~25'
‘.August ratlos averaged about 6. 5. A351p11at10n ratlos for
the whole summer perlod of 1971 average&‘about .3 5 - Ratios
decllned in late October, N'rember, and Decenber, perhaps
hbegguse of low' 1lght 1nten51t1es or low‘temperatures at that
(tlme of year. The sprlng peak oin' Aprll‘ of 1972_ drd not’
’ -produce the ‘hlgh ratlos expected u1th optlmal spring.
nutrlent conditions. _This may be because ~of" less than
,‘optlmal 11§ht condltlons under sprlng 1ce, slnce ratlos were 2 lja
much ' hlgher\ ‘in ~'ice. free arehs'“at conparable vater L
temperature. nght uas‘pot limiting: duridg the remalnder rcf'
the 1972 sampllng perlod houever, anu.the low r&tlos (about
: 2.141_.' to "9) %ﬁ;‘lng that ta.me 1ead one t‘& bel1eve that there

vas a def1c1ency of nutrlents then. Phytoplankton cell size-

Jhay ‘1nfluence theT assrmllatlon raﬁig)h as vell (chkman,
1973) because small algae havq’a 1arger~ surface~ to: volume:,.ﬁg'f

‘n ‘3

hratlo and may thus take up ﬁa vau dt a;faster rate per unltﬂ

'A~volume than larger cells. Thr;w uazﬁﬁikplaln‘ the peak in f

'_a551mflat10n» ratlos Jln early ‘October, 19’ﬁ because the B o

phytoplankton at that‘.ﬁrme‘ contalned large: nunhers' of

T
Rk

ultraplankton._ - R ?‘b\if

,-

Flndenegg (196&) reportedf bn ftypes”of,phytoplanktonj}

.productlon in lakes in thev Eastern Alps of . Europe. N§

Q

de51gnated three types of vertlcal pro&uct1v1ty dlstrlbutlon

curves correspondlng to lakes -Qf\sutrophlc, ollgotrophlc

S
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. s and 1nc1§1ent éutrophlc status.’ The - vertlcal producth.y.xi?’g .
: cupves for~' ﬂabamun (rlgure '1.';1') . mpstlyn correSpond ‘to'«_': *w
S F:Ludenegg s - e.ut;r.ophlc ‘ t‘ype, c-urv'e;"‘ .with 0 _'an“’"‘ ' 1n!portant ‘A'_-‘- S
42" te:;ceptlon. " The curves. for the uay Juie per1od of 1972 are’ 4 .::
"“‘: . 1, re Slllllla,i to hi_s ké_ur_v[e?_;hlch ;igh:l}}h 011‘ otropﬂhy;_»T‘hgfu_’ﬁ-—;:
»"&’ 'Zharacterlsed l;y si:kght surface productJ. a.ty ?;.n}p.bltn.on,y(lr ‘
v-‘:** ’ zone of opt:.mal productle*n whlch has a la;:ge vert:.ca',l %
&i } . extent, and a‘ rela‘tlvelj d‘eep ";:otlbc ' zone. | As o uell c‘ﬁ l'l,‘;_."f-_.'{r

% \crops , and gchloro,phy]'l concentrat'n.ons

low,., and Jﬁ’;ght

- ;penet;atlon 1% th%" s 'hlgh » (arlgure 5).u ')
."l’ ﬁndé}legg ,suggests.. t\ . gshlt of nutrl nt
:) “ "l' deflcmﬁpy a,nd i\s. not” ﬂllv L3 1 e exeept at" the ~-very
". . .. surface mby Y eupra- t;una]”. liQ ,i‘h;.sx Tay well appiy to tRe
. '.-»:,-.:, K cqrves 3 an ) the HiprJune perwavi;:in wabanun, ‘ , espeCLa?Iy a}; .
l‘"'-( consa.derlug that the . assimliailﬁg:. ratlos dlscussed above . “
v also 1nd1cate n?trien{'}deflc1ency at that gtime of the yefar.;."j'_‘."‘,;'‘f
* o - : ’ £t '*_ thtﬂflankton “5.,
= uctiy,",itw aftér a .sprlng p'eak in vk@t._.ﬂ [
.w\ater pftcj nnter, .' enter a .
\ ° ., ngtr:(ent 11m tatlon in May and June.'_ No.‘(
| '. o rmt'rlent fluctuatlone were eud‘en-rt/'ln reeults‘ :o'fq ~. ;-5_-
" em.‘i"t:_all ana‘iy;s:m exam?ed‘ for ‘thlS -sthdy a..nd '.'i'fn' : y'
v N

vt

results of K,,lare“r (1973), however, but thls may be - be'ca.use e

/ ' ‘ of :Lnsensitlvxtf of methods“ If - a" nutrlent aef1c1ency
' | exlsts, the questlon 1s uhat ha ens to the nu\t_‘rmehts.. ‘Such : ~,y.,f
r,_ R . A
def1c1enc1es oftg,n arlse A .t,Emperate lakes in. t e summer as‘-“ -
'u.,' .' e, '. : . o % R ) e M"
a:. result of-the s ' nt beat).ng seston 1nto BV
. "’_D"__ PR ':’ D . R ‘ . : I o
- & ° -" - L
.Q . . v . ;;-.A ‘
LR \ i, ) .\ . » .- ) .
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o !Ehe hypollmnn.on uh e the nutr1ents are unavallable '\to t"he,"

‘bl

4@_
. "'t;if.'f: gz‘one u%tll. falé ovérturn. Lake Wabanun does nat

-’io

) .w. T

]

. ‘d,éVelon a hypollmnlo‘n, )rbwever, and S0 thxs can notiuﬁe *tﬁ‘&"u{

fate ~of these : nutrlents. “a p0551b1e depos:.tory for t Se

'. nutyiénts ls,.guggested b,y ﬂata present‘ed by Horkan (1971).
T . . Y 14
K T '[kev ré.portedf hlgh standlng crops- of"“ooplmkton (hlghest
". nitrxmbers of rotlfers and crustaceans in the year) 1n the\Hay—‘
A .‘.’, - da e

7Tt -is cqncelvable then, ‘hat the sprlng

RN o * T "'.", Yy

ST e'xt(eng; that th b}omasg of. zooplankton tleS up,
133 »‘ ’.T’ . ',. j: : ’ ) A ) ,.x o )

, .-J," SWIClent amo ’ 'rlenté in Hay and June i't:o 11‘m1t
- % OFs

« phytoﬁzzank‘ton, pqpulatlonﬁ. a."'1.‘1115 ) wo*d uln Maurn :mhrbrt

»

';’a' .
L‘* v Vzoaplanktex& numbers Wlnﬁd throu@'

-
, "

) S :
“proq&e,s that may return nutrie.{}ts to . the ; uater“- perm:ut.t*g

'-'..v..~.v

";'June and Jul y,

v
“\ ., N‘f\ - -
4&‘ ‘further 20¢p‘hn)%bn . routh, . al nd g‘s‘ ﬂork.an observ.ed,‘
o " o 7 . :

{hc@ases, an phytoplankton populatrona, tg‘rogﬁh r'Jul'y al!fd

.‘ : .o A ,_-. . . . ok l’;

h" phytop'l . Oﬁ prodﬁctlvxtz pf Lake "Wabémun

a md"derately eutrophlc lake 1‘té‘rms of ; _1,ts product ¢
o ', y U

It 1S-1nterest1ng that Wabamun product1v1t1es véry
’ LW o 0

4

. -', i, . !" i' ) 'J & _*. ~ !f AR _\';
ugus K e LT .o I e
’A t@ IR 1' . ) R N T s o -._,9‘

a , ’v1n south central Saskatchewan,’ an area of generally s:.mllar -
& o AN ' K - e ;
T e cllmate a;rd geography to the Haba,mpn area. - ) \

o s . il =

: ‘s;.ii_- . . » S '4 \, '.\\’ ‘ K G
o - ‘v . ‘Q L

i . . e . .

‘."p-'lankt_on“ o‘_ burst’ _1 cr‘opped by zooPla.nkton to \tlue

.‘\‘ .

e 4 .simi'lar to thOSe reported by Hamllton (-1963) /f'o'r four lakes .
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.. REsULTS AND DPISCUSSION-THERMAL EFFECTS .
o : N . ’ “‘. . -'“4 . ‘_“.“‘.' b . . '. . ) . "~ ‘ . . -"‘
R .. A. Physical-Chemical o B PR
] ;__;J“;___,ATeinpera"tu-ré~ . —"‘“‘“3‘““”“‘"“"‘: T ____ —_«*‘M H"A e
“ . ‘ The sampllng statlons 1n “the varm vater areas 'i thJ.s

"'v_,study ,,,(HO, v SO) were chosen --s,o as to be posltloned ue.‘Ll 1%'

r_.
@

\uthln the thirmal plume where the water temperature‘us would_ .

. be. qulte dlstlnct f?om those of nnaffected vnain - lake -

-

P o statlons,' and tﬁe Vater column deep enough to allqﬂe&ertlcal. Tt

. . «};«-: {
3 temperature stratlflcatlon of the thermal plume. Statlon '_"0',.;!:;:",.*.;
: 3 i . JJ
and- SOX had summer surface temperatures 3 to 7 C° warmer‘:han. .
R --'lmaln 3 lake surfaceJ Wtemperatures. At a* depth oﬁ } 5 meters, :
v" ) .: ._ : ‘ " ' t. .
v _;,-s-»_; E -'hovever, thete ;gs 11t£le dlfference 1n temperature betveen' poowdd
- ’ "q ; &
,,warm ’o‘w*er* “d “E'.‘marm : lake; s“tatlons.v § R -
2. ,' - - X R K
'i»'-‘_ ;’te‘mperatures . '- ﬁht 'ﬁab&munt éfflueht »vere“ } nally SR
- Iy sllgh‘tly above 30 °C wlnter sqyface temperatures £n ‘She ice '
Cope ) ' \ u. ‘. L
R freq reglon around the v‘wa‘basdun power plant 'effluen% vere, o ) '
labout 115 to 1'! °c near the mouth of tl!e dlscharge canai but]_ o
: <& @ ' (- am R
_ dropped g rapldly v1th 1ncreas:mg dlstance _ from, the canal' R
SN . mouth S o S o :r‘.u; TR \-.,_;. .
. .' . . s - N - . R - N - o N -
An area of water around both thermal d:.scharges remalns_ IR
& * . . ..

1ce-f’ree all wlnter.. The SJ.ze o.f tlu.s .‘ open~ area 'i,s‘

.

sen51t1ve balance w1th/weather cond‘rtlowefcol;de'st"-lt'{‘iii' RAEEDA

i durlng the wlnteg c01nc1de Hlth the smallest 1ce—fr'ee 'area"'s'.-"“' s *
¢ S

'v"’;v"m«ﬁ‘t“ wamer -we@t&eyﬁ:&d‘m - coollng rate B of the .thermal/

"~ : . effluent, allov:,ng it to melt back 1ce cover formed dur1ng
| . colder perlods. : The thlckness of 1ce cover surroundlng the S
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i : | ".‘hh B , -:v"f h~, S S .- b Y 2
o . ' qeen areas increases v1th dastance from ‘the- open area. Thns
. 4

f* the extent of the ice-freeﬁwarea fluctuatesf durlng the

winter,‘and is usually snallest durlng January. AlLen (191@)
00

g?.:;;%;mwpresented .3 CONpOSlte dlagranuiﬁlustratxng>—the fluctui

size of Jahe.‘open areas d&.labamun and Su nce dugang the
"wlntgr af - 197°°7ﬂ Flgure 18 Presents this dlaQran ,as~ iellhn“'

the dellneatlon of a thermally“‘ fectpd area d? #he lake

- &' '
around the Wabanun plant.‘This latﬂerﬁarea vlll be referrea

», -

-of‘f;‘ the éffects of twe t‘ﬁ“al '.;? "'i'- "
’ r{' ‘ "-v' JET ”‘ .
‘-_ : efflueht on phytop@n&’?on ‘pIéOd"uCtluty- -,J & _’m T T

w o ‘v i -e , N ".- I

G @ ﬂ"iﬁs Canm‘be sﬁen from htﬂlre 18. t’he 1ce-free .area ’ S

‘”voa, b“ ,.6"’ ‘-b l’ o

to vlater ,1n Lgf dlgcns51on

K

4,_ -

enlarges digd%tlcally towards %he enﬂ of wlnter aé‘%1r f;fﬂﬁ

S

Q;» ) temperatu'és rlse. There 1s€f nk%tlng of %he {e' in the i»;»;
S ‘ éna’ Gf the kqﬁé much sooner than in the SR
i . BRE . ¥ - 4 iR g
. ‘“‘mvestern end becausei!?‘ esence of{the thermal effldentS»‘__J

- - . ’_ﬁ‘ S 4‘ - . ?‘.” '
SRR ;dnd 1%9 free .areas” allows the?warmer sprlng;axr and u1nd»:{“ :
ey : R '.‘H
BRI actlon to warm the open waters and hasten meltfﬁ§ of the 1ce” S
! e

5 1n that end of the lgke. an gay 2, 1972, 1t vas p0551ble tq¥w'ltﬂ

™ E I 1

‘_travel by ‘boat fr0m Kapa51w1n Bay tO‘Sundance ifong fﬁ%;‘ﬂ.};?
eastern shore, uhlle the\hestern end of the lake Aias ~st111w

' Tfyf\;'lce covered. As mentloned by Klarer (1973), the lack of 1ce,,7~5:

. cover 1n the thermal plumedu a dnre t effec? of temperature,ff.'
‘_ ,-."_ P ’ 7, o r ’ . " ‘ '\' .
T s 1tse1f an 1mportant ecologlcal factor. e el j‘; ' i

‘g:? S )Th!.stract dellneatlon of a deflnlte area that 1s to be}; ff

h;g-ih&i eons;dered affedte-u
‘?”®*M:%* i T S
“.”“qﬁ arbrtrary, since thermal effects Can be cons;dered to.extend”;rfﬂ

_by thermal effluents 1s~ SOmewhat_

< :to the - whole 1ake 1f ve-are concerned Hlth the process of - -
[ . R .« . [T R . : . v . ) .
3 .‘ S Z S ‘l'v !":". o o S SRR ) S
N " . ‘- - '{" L : . ‘ .. . ’~_".‘ . o, A N . ..ﬂ ‘2 . . - ot
] ) : . =z B AT . . o o
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1ce-me1.t, for exanple. 1lso, the botto‘l’ vaters of Kapasnn.n_

Bay ar‘,.not warmed appreciahly by the thernal dlsCharges so~"'

that 1t may be desi.i'aﬁle )J.n sone cases to ‘dell.n_e_a_te_,.;r.an,'.e.;‘i.,,,.i;

oA

””

affected volume 'of the *ke. ' Iq' ged@ral‘ at lncreasz.ng =

dlstances aﬂ‘d depths from the dxscharge canals, there is -
-

less effect of the thermal effluents. The arbitrary boundary

.ﬂ

.d

deplcted 1 Flgure., 18 "'uas" chosen 1n order to fac‘:.]@taqte‘

. _.. 1-

calculatlon,s:af thermal effects on- productiv.lty in the -lake,

This w111 be*‘dlscussed later. A
%

2 secch1 dJ.sc v1s1b111ty -anﬂ ﬂ.lght. ginetratlon % .

.o , ‘EFlgurefnpresents a- qraph of Secchi dls,:m,-tj__v
' ) ot ) o . 1 N-. o N & v
S at main et ,‘tatiOn-s and ‘J.u,, ~the two. thermal]xy“aff,écted, 9},‘ :
A e o d

rlng the 197%-—72 per:.od when congaf%'b)f

Gw rﬂ\\ .‘

méasurepents ye aken,‘ Durlng the :u?ce;-free' season of 1970

.",'/'.‘ ‘Q-- = - R - ’:g “*q " “
5'

P the Sundance pover plant was not operat ng and Secch1 dlsc j,

) o L v:.s:.blllty .‘!:%1 ‘vt-he." area of vhat was t' be Sundance thermal
ot { S ,_ . ) - -’.“
dlscharge was '”very s:.mllar to t“he -is 1}1ty J,n the maln '

s Lo ' -

lake.‘. ueasurements d}ﬁmg thls same .tlne perlod 111 the

[

'wa_sﬂ no_..'-'; obv:Lous :

Habamun heated %%ge

',‘fcated therg
;ﬁ"‘:b

| , - ~
. d1fference in turbldltf between heated nd unheated Si;es,

4 - : -
avy».hougrh only 51x measurements vere made,. ' Duflng 197]072, SRR

\

there were hlgher turdeltles {E bot¢h thermal efflueu'ts than

-3

. ati statlons Tdn the main lake. Hhe"- observatlons vere made9-'”"f..‘.

LI
,. durlng\thlstlme. on. ah-lyi’;a_d -.o.CC,a.sio‘ s lvas“turbidity egual R | I
. _:‘ : e S : . ‘. ‘Q‘* '-1.‘.. : LA e ».’, L
in thé effluent and maln lake, a d turbldlty was never\

observed to be 1ov,er J.n heated areas than 1n the maln la,ke. .

T I R f.\-'.

ok



78 @

: W e o . .> T
- MAY JUNE =+ - AUG - s
23 28 ,15 21 2 r 30 . 1418 oo
el ‘ 1 1.
- 9 ? " " . .
’. ’ ) ’ ; . ode
] Y] 7B ] ‘ar
/Al 1 ; L
419 A q R
ot , j.‘. 4 . 1. 4.4 I T
U NS P - = —— ’in ] p
. 11 I’} / ,
' . 5 ; : .-
h 1 A kY .
. % A 1 '
’ . 2 , - .. A . :
20 a ‘ y &
o . v ‘ - S

) o ; []mamlake
Q)

. stn. SO
1 . l stn WO

“te

i

JULY.

AUG SEPT. -
S T

ocT
23

MAY
16 28

JULY AUG
8 2

- <y

¢ SECCHL DISC VISIBILITY —'m.

-

B ;..>Z_M;
o1 maAy (IZNE"
19 280 110 19

Flgure 19. Secch1 dlsc v1s1h111ty,

'effluept statlons.f ' S

herz -

e

’ —;' .
LI . :
S
!
: .. A
¥ S8
‘, d
!
| .
e
J
: .
B
v
4 1 LA
| 1

1970 71, at maln lake and

j_,\ t



T . : L . . G
I ‘ i , N

é wg ). noted sun b Y

(measured in Jackson Tvﬁihfity Unlts) in the heated area at

Wabamuu than 1n the naln lake. Ny ' - o f “; )

seston ‘are responslb1e~ for thls increasedd-turbldlty.

Turbulence..in‘ the dlscharge canals nay be' suspendlng

1norgan1c .partlcles, dead organlc partlcles, benthlc and

,eplphytlc algae, or there 3nay be :hlgher phytoa?gnkton

S e 2

populatlons .in the effluents._The last ﬁbsSLbllatdeoes not

by

- ,.“'

than .at_ HO, sd@gestlng a portlon of.the !gston settles out -

_Jsoon*after the water leaves the canal lﬁ questlof

_ dlffefences 'i'zphytgnfa gppulatlons between heated and
" unhéated areat e & cussed later.u Ihat increased

turh1d1ty 'is

. | .‘.‘
’ 4-' N et l N

"344 natural to the effluent regt&ns 1s suggested by the fact
. B - . P
that turbldlty at statlon SO was the same as tunhadlty at

.v» s .

E : \: the maxn lake statxons in the 1@70 perlod when the Sungance :

power ,plantu "s not opera\)hg. ‘Most llkely, turbuleﬂqg in’
) ."“-"- .\\-_’

' con51stently hlgher turbldltles'

: " i3 -
ult of the xhennal dlschipges and is. not o

te

PR

%

L It is not 1mmediate1y obvlous what conponents of the .

seem llkely Since turbldlty at nearby statlon KB is, 1over ~f

. ;'the areas-'of tpermal“‘ﬁ sc ges;' is- ‘rdgpon51ble -~fbr
sl T v _ o SIS
e suspend1n§ at’ least tempora'xly, addltlonal gyantltles of .-

Brezana' et" ;; (1970) and ‘KQJS\\ (1971)A reﬁdrted’

.1; 1ncr935‘? ‘turbldltles 1n thermal dlscharges as cogpared to

U ) s h e : . i.
o unaffected lake areas in | studles nn Texas and’ 1Nbfth.}
[ . ) 5‘. - v .' = . ‘“A‘.j.*,:;v-.“v.
. ~ o nn L . o o - . K ,;_p.
e W Carollna, repectlvely. q,» = ) :; , f~: ‘ ltyw.-, . ~g-
e Increased ‘tqrhldlty 1n the water means an 1ncrease 1n

.
o : ’ 3 L . s e - )
. . . ,- . RS

. . . o - B P o [ B ' e re - . o o
;,\._‘ - S ‘-_' R Lok ,. T S . B (I TR .. ' A. - - - .

> T R ‘ i PO AN col T
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the attenuatlon of 1ight in

assumed that there‘;_i
. the vater Column ﬂ}*
S .‘“*4effluent.' nlght A
| Ff} hhv the submarlne

© 80
’the‘ water¢,_andf it‘ must-  be

thjusfd‘_ea:éa sed light ‘penetration ifto

neasureme t

fthe two statidns” ins the thernaﬂ

photometer,

ere taken 1n Ghls study Hlth
but

unfortunatély,
~ gomparisons’

not enough .
Retveen ilght penetrﬁtlon 1n heated and unheated
'.areas‘ were hade to

: assumptlon.

prd&§de data that woul

%”?ear on thls
Hheelock (1969) notedﬂ
,.h‘stands

a
‘s

. ._‘,- )

- %
ln the Habamun heated ﬁone 1n 1ate sumner,
) decreased 11qht

‘penétiatij
LN ot ’
notlceable shadlng

¥ - it 4 )
effect. S
- R

there was

have a

: . Prod 'i#ity,
effects of temperature _ou .
Incubatlons

. ‘

RO
,..,ito deter&tne the T
ﬁhytoplankton '
_in'

.v

product1V1ty.
the effluent areas ‘Wwere s1tuated betveen or
. k M
away from “heavy’ macrophyte standS‘ln

aﬁr to. avo:.d ashadlng

gnd thus have a more ‘compifablg 1llum1nat10n
_ 51multaneous»m'

P}
cubatlons

v

reglme ﬁpr
heated

and unheated areas.:i

it must be stated that on the bd%ls of Secch1
‘\v

'A'dlsc' vlslblllxy mEasurements,

. there Jﬂi lover f llght
N . 0 .
penetratlon into “the' uater columﬁ ‘in heated than in‘hnhd@ted
L f.\areas._f&he.'extent of these

T effluent areas

:g~'
N .

1ncreased turbldltles 1n the .

1s unknown,'

) -
betveen statlons WO ;and KB.

Hlnter

s

A eTw L
although turbldity ‘decreases
,‘ | "”“»'-[. L L*fj' : o
} “ b A . .~‘ Y
snow

w e -
and~ 1ce cover has been shovn to decrease
drastlcally the amount of llght enterlng the

.
R _
4 water column*
. ‘ AR I R .
. T e .
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. (faole '?y..;ThéEfeffect of hav;ng -ao‘"winter cover in a:
;,jfﬁ _ji Varrabie -area surroﬁndlng the thernal discharges_ihis >
- 'obv1ously to allow 'unhlndered penetratlon of llght to ther‘L”m
o uater surface all year round Klare: (1973) noted that thls iij
' probably S#e most 1nportant efﬁect of thermal pollut>“ 7§;
N on, eplphytlc algae, ‘as d1d Allen (1973) . for . aqud v
maorophytes.,_'ioZyiil be shown later in the reporfwthat ‘the ; |
ice-frep _COﬁdirrog{'iﬁ winter 'isf equally 1mportanti.for,‘~7 ;
| e ,'thfop%anrtoql‘;‘ ;} “f;:75«',;“,f: g L *ef'ler F Mf :f‘:f-;”
, / S ' .l _' - w " 1' .‘:;t,"‘t:: ' ?' c S
. lj.;_'water Chemlstr:y , g‘ R 1'7?" R ,}ﬂ“ e
. - -ff‘if Lee % and Vexth 41971) ip drsegfsron“ of p0551b1e/]
,;}r;f' thermal effects on watpr cﬁgﬂisiry Enggest thazeihere should u;
ufﬁf.’w‘; not bg any chabges-ln chemlcal parameters of lake water as a'fﬁiié
o - gp v :
. result of thermal pollutlon \oth toanﬁfgoanges in’ %he'ZJ%Q»
: ’percent saturatloh of oxygen. -  _ ;‘{« - ”ﬁfﬂef).tur;Q~:°}:”".£
ff;f Y Taole '3 presents data omi ‘chemical parameters for 6}
o seVeral statlons i“ Lakeiwwahamun.'}g'f noted by Hicknan- ‘E7
I (197&),'-theqe seemq to beJno chaaoe 15 water chemlstrg,lnn‘.}f
, the thermal effluents. Only changes rn‘Eoe perceﬁ?é@e bxygen'i,ﬁ&
ff:21f i_ saturailon nn the thermal effluent ‘have been vreporteé- byei;tf?
- ) f rothers study;ng Lakeﬁ Habamun (Horkan, 1971- Klager;'19731”s‘;:t.
’: Allen, 1973; Klarer, HJ.c,kman, apd’ Gallup, 1973) SR ,
"'_rxThe qnly effect of operatlon .qu.the thermal ‘bowerlj" o
! _” pLants_.oh .the d1ssolVedr sollds of Lakeﬂ%abanun nay he an :
- e"' rncrease of 5111ca in the water as a result of fall-?ut 'rkgi_f“
a f;;‘;sh from the stack smoke of the two pover pLants ieallapi R
o : TR T
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and H:Ucknan, 1&15). - S R o .

_ ‘ ‘ | .wPhytoplankton Popmlatlons S )

. I thoe graphs 1n Bx.gure ke 20,. h total nhmber of ,
phytplankton cells at the three statlons (maxn lake, HO, 567 "

. '_f_:_'Ls conparable 'i_n’ general but there uereé tlmes ‘ uhen "

‘ dlfgerences exlsted betweea 'statl'ons..Durlng the mld August

\ r'.‘f to m1d-Novemhe'er:|.od of 1971,. surfaCe populhtlons of algae s
' .Pgt statlon Hd‘ we::e hot1ceab1y~ lower than at" the : naan lake“' ‘;, -
statlon 5 statloa 19 -*ﬁ?hls dxfference uas not evldent at a '? ”

depth of Zn,e &neﬂr, hoqever.‘ samples“ fiyon statlon so dJ.d not (‘

< shbw any obv\\a \dlffe‘rences 1n cel’ crops. fron ; n}aln lakve -

samples yélurlngg erther » 1971 or 19‘7;. ilxnté‘r popul.at_lpgxas at- S
the Hahajnun open ar,ea stayed at generally .h_’r@her lev'els thancj
dld’ populatlons under the 1ce at statlons 'sC’ and AB Haln': ’

"-"*Qk:.fhumbers dgllned to thelr 1ow unter ’fe‘;els r(fou;xd at R

' N /. oy

"'-',...;box.h statlbns}in February—ﬂarch, 1972) 1n December but t‘he».,

»

gen aPea populatlons. d;& not SO . d;ecllne untll Jan,uag:y,'
: Also, thg sprlng p@ak in phytoplankton appeared sllghtly"v'-"__..""-'.-.»"q‘
. earlrer:\;&t statlon WO f‘hag at, the naln i,'llake !tatloxrs.,_ B
| There’. were f"_n;o'j‘- ovlde_nt d:.fferences betweqﬂ statlou HO '-7")“ “
“"a:u d‘uring the rest of ~the stuld}, nor Vere ther'e’f ev:.dent ‘ 3
d‘J,f: 'rences . J i the . ﬁtaxoﬁnomlc? c;mppsrtlox'l of th@f}'g ' g
phytoplankton -Between statlous at>any tlme\ durlng 19’71 72.
i»T__he'» cel‘l iumbers data for th’é fl.ve phytoplanktOn, groups at
*the salu.;pled tJ.mes and sta,tions ‘is. in Appendlx 11._ ).'?“

Chlorophyll a values from *the three statlons ‘(W.Q},',; SO

- . . : 4* A . « Vo RIS . ) , .
S ‘ EIRC o R A o .
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. : . coe N : . L g N ) : o AT ! .
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1 19)° tend ‘to - support the observation hat phytoplankton

populations differ bétveen ‘the'afhree stations only ,at'

certaln ,times (Plgure 21 and“ 22). "Mean - chlorophyll“
e ., concentratlons (Flgure 21) appear td& have differed durlng

| mld-July to nld-Septenber,| 1971, vhen concentratlons at

' statlon ao were lower than at statxon 19,‘and durlng vlnter

" when wo narntalned fall concentra::§ farther int_o:the6 '

Lo -(wlnter and generally hlgher vinter concentratlons than: did."\

[
/

the main lake statlons.,ChIOrophxll concentratlons at the
surface of the water column (Figure 22) uere con51stent wlth
i~ the results of surface phytoplankton cell nunbers. Levels at

. stat\bn WO were lower than statlon 19 . in.-the sumner-fall

~samp11ng period of 1971, but hlgher 1n wlnter ‘and in Aprrlpl~..f
J972. stations SO and A9 did not dlffer notlceably.,‘At a

depth of one neter, the only 1fférence notlceable between

-

_the three statlons is the higher concentratlons at ip than
in the ua}n~lake durlng the'vlnter, |

'In 'a_ further attenpt' to deternine the sinilarity of;
phytoplankton populatlons at heated and unheated stations;
the\.coeff1c1ent pf comnunlty (Oostlng, 1958) vas calculated f.
- for several pafrs of samples throughout the 'study perlod;}ll

This COefficient is a neasure of the- 51n11ar1ty of the two

Y

sanples (a and- b) to uhlch 1t is applled. .The formula for‘

1

calculatlng the coeff1c1ent (as a percentage) is

R - o%2Ei) x 100 - L

atb-
where

a.is the total’cells/ml of sample a .

¥ ‘



main lake
‘~i--sth WO
e 1L e

/ m3

"MEAN CHLOROPHYLL a - mg
1

-

o

T ————— .

*

- rlgure 21. Mean chlorophyll a cqncentratlens, 1971 72
: main lake and effluent statlons..
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b is the. total cells/ml of g&nple b ; %

Wi’ is the cells/al of species i, fron sauple a ‘or-b,’
'.vhlchever has'the lovesiQEells/nl ‘of specles i.

. Ident1ca1 sanples v1§1 have: a‘%coeffacxent of 100§j-and }
I -sanp1e$ that have no t

cdefflczent of O%. The' coeff1c1ent 1§°a nelatlvesneasure of

.

T et sxmilarlty, in that’ a11 ve caun say of twp sanples vlth

(B

;':‘f i than two sanples ulth ial dlffeﬂent coefflcaent. Wheelock

(1969) and Lin (1968) hav used thlS cbeffle}ent prev1ously. '

[ I

”;In thls study,' coe§:1c1en€s deternlned betveen naln

lake statlons (19, 20, 21 ) averaged 62% (n 10 range=as—'

7 73), betveen_ sta:zfns SO and 19 averaged 5“5 (n—16.

+ Y

S range=31—96),»betwe statlons WO and KB averaged 73% (n 7.

e

(n—6, range 34—76)._ This seems to lndlcate nelely- that“i

- \

, communltles that are nore 51n11ar than statlons that aref

v°farther apart Thus the greatest dlSSlmllarltleS here are o

"between statlon 19 and the’ heated area‘ statlons. Greater "

B

example on June 22, 1972, the coefflcient between statlons
\ : :

»51163.and S0 was 19%, and betveen statlons 16 and 19 vas 26%.

~

_vstatlon 16 is 1n the~;:§\ated port10n~of Goosequlll Bay 'and-

'could be expected therefore to have a dlstinct phytoplankton‘

;7;comldn1ty. S j ~T,uv , '-;t' 5..4-”52“‘.¢ﬂ, R -‘ﬂl?:j .

'f,.Itfﬁiie;n dlfficult s knou vhat effects on the.;f$

gphytoplankton conlunlty to expect as a resnlt of the thernalg

specieS"ih connon -will have a

j,;f certaln .coeff1c1ent isl that they are,nore or less s;nllar o

VT

statlons that are'_ close together have ‘phytoplankton o

dlfferences vere noted durlng ‘the study,; however,f for~-'

range=51;86r,_ and between statlons HO and\HI averaged’6u%>“" :
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effiuent fron the wabanun nnd Sundance pover ; pIants;.;

.88

"ﬂﬁphytoplatkton do not seen ‘to be adversely 1ffe¢t°d j“St bY |

.
a-

"a ’passage through p0ver plants,, accordlng to‘ nost of the

"'literature on the subject. Several authors (Golueke, 1960'
\

'Patrloi 1969 Hirayana and leano, 1970 / Levin et gl.,

1830, Lee and Velth, 1971- 31111ans et g..,l1971) have found )

L

‘that temperatute 1ncrenents up to_ 10 C°,and tenperature

1evels up to 35 °§ are not harnful to phytoplankton, or that

":'thérnal effluents do not 51gn1ficant1y ~alter. phytqplankton

. Iy
connunltles. ‘ou the other hand 1t has also ﬂegg_observed;
_ AR

.tnat passage tgrough a power plant can danage phytopiankton%;

S under thernal ~ regimes .. mo;e severe than  the ’ above’

~\:..7 '3
T

;rtemberatures (Hllllans et al..j 1971): ’andf that“ the‘

phytoplankton connunltz, lay change notlceably in thernally

oo . ) - o

'?incrementsV during the' winter in the thernal effluénts at

" Lake Habamun 'eﬂﬁ 15 C° but as w111 be' shown later, thete

1
C

e

resy

phytoplankton cells/nl 1n the heated area at Wabanun than. ﬁ%

PR

dthe -unheatednwes rﬁ end of the lake durlng the late sunier

SO )~ .
Of 1968. He squested that conpetltlon betueen phytopkankton

and macrophytes 1n- the Wabanun effluent for lth

* nutrlents resulted in lover phytoplankton populatloﬁs. Thxs

1s qulte plau51b1e because as nacrophyte stands increase - n,

blomass ‘ over - the sumner,v_they w111 effectlvely bin@

v

'.uasr'no Vdepre551on .ofv_phytoplanktonv photosynthe51s ‘as a'

;fpolLuted reservoirs (Pidga;ko et av.;'”1972)._ Tenﬁerature- Co

heelock /(1969) vnoted oA '331 louer . nunber f?iuf;:ﬁ_

e

- . : . ) Ny
. . . . ' R . A
‘ ‘ . . R P
.o . ’ . . N . . .
» . . . .
. . Id . . N .
. . Co . R [ .
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quantities of nutrients {hat will no longer be availabl for
' use by phytoplankton. The ilpact of this forl of nntrlentfs

.

¢ g

: to occur at all depths.

c1rculat10n of water between the Hahanun plant dlscharge and

V'renoval«»on the phytoplankton uill depend onh,hov- nuch'

reczrculation there is of‘xapasiwin Bay/ vater through ,the-:

-

: pover T plant and dense,. uacrophyte ; beds. ',Frequent

\

macrophytes from a specrfic ‘water nass..ritzgerald (1969)

reczrculation'would Uallow nore nutrient reloval by tlie

i

has - noted sueh lacrophyte ‘nutrient .removal’ uhidh .vas:
. CEEERY area s ¥

~

detrllental to alg&e.'- e . : _ f” D - {' .
~ The lover phztoplank%on nulbers and chlorophyll ﬁ found

.-at statlon wﬁ in the late suamer of 1971 occurred only nearu

- L]

‘51nce we wvould - expect lacrophyte 1nh1b1t10n ofOphytoplankton

-~

j“the %Erface, vhich conpllcates explanatlon of the phenoné%onv

e Nursall, Nuttall“and*rf*fz (1972) have estlnated that~

‘o

‘ '-.through the power plants éach day. At that rate, there wvould

1 . _’?‘i ¢

] ,w‘ 15&

be little 'ehance for 51gn1f1cant reduction in. nntrient'

as

" concentration. by . lacrophytes unless reclrculatxon*of local‘i

Q’up}

- water . masses in. Kapasiwin _Bay“ ffg.occnrrlng. . Aerid

l

: oL - - .. B - a-f ’ .
photographs - ' published elSevhere (Nursall, Nuttall, adnd'

g

“Ffit§771972? AIlen}' 1973) 1ndicate fhat there Lis ofte%ﬂ .

~

1ntake canals. Thus it seems possmble that anﬁhrea xor,

&

'Fa ) ““qeneral flgure,‘ﬂ 5% of the lake volune is c;rcuiated,

volune) of Hater in the Kapa51v1n Bay reglon nay becone ‘

: defrczent in nutrlents as conpared to other areas of the'

ldke and consequently phytoplankton populatlons{‘ ray ® be
T o “ S
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i : R R .
dePressed as - vell eﬂouever, as Wheelock poted, uind action

has"a nixing effect on the lake tha't, would tend to -

-4

~

honogeﬁize plankton pbpulations throughout the lake. .
AR . : 'L G

e

».f Lake‘ currents in G\_seqiigl Bay observed occasionally ",
by the anthor have _tended to m pcounter-clockvise in the"

bay, a pattern that uould not favor recirculation of lake

water through the sundance power plant Aerial photqgraphs

of ice coVer (Klarer, Hicknan and Gallup, 1973; Allen;41§73)'

also indicate little circulatlon of varmed uater between the

, Sundance discharge and 1ntake canals. whe fact that there

a

‘were. no obv1ous differences between . the phytoplankton:

connunities of the lain iake and station SO ‘may be related
to this type of- c1rculation pattern.. 0 . .

“In’ comparison vith the Hay—July period of 'lQiZ,. the
late‘ sunner of 1971 had higher standing; cronsﬂ of

nacrogh;tes. uacrophytes h:d, not groun to their ‘ peak

standin 'crops by July of 1972. This factor nay'havé

~

f

Habamun effluent in 1971 but not in 1972. Restriction of the_
L1971 depre551on -to the ;surface-,vaters .isvgdifficultrto

explain. It is possible ‘that there is no depreSSion*.of_ g

- settling out 6f$thevuarned surface vaters wvhich have reduced

viscosity as a result'offhighfr,tenperatnres. Alternatively,
recirculation_of lakeouater may have ‘been restricted “to

surface wvaters in the KapaSiwin Bay region. i - .

contributed to the depre551on of phytoplankton cfbps in the

ophjtoplankton at station WO and that algal cells .are merely"

Station WO naintained slightly higher phytoplankton'

‘e
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3.5bopn1ét;ene. dnring:ithe -iinter than  did the main lake

iono e L)

1

.Stmtions. This 'nIso nay have depended on recircnlation of

L 9
D

|

water through the Wahalnn poVer 'pIant,- or circulation _of

water largely vithih the ice free region of Kapasivin Bay,

. since if there were Jarge novenents of water in° fron the

, :'

.

pdrthp qf the lake covered by snov and ice, then

phytoplankton in the cpen area vonl( not have been able. to -

detelop to thelr fulL extent in the hetter xllunlnated ice--

:’free area. In\féct, there probably vere cnrrents operatlng

-

. to .. remove water and phytoplankton fron the 1ce-free area; a

‘cnrrent has been notlced in the : sprlng ‘ of‘ several"

-

consecntive"years runnlng fron the wabanun plant 1ntake

_Canal ;eglon touards statlon SC_and beyond Such fa ‘Gqurrent

vould tend to transport phytqplankton fron the 1ce-£ree area

LY e

: ®
~tovards ,statlon' so.and nay thus-have ninlnlzed dlfferences

- e

‘«‘/\

n the phytoplankton connnnltz between stetlons SC, LB, and .

LY ) a 7

- wo‘ ,» B B . >‘:‘-" .‘ S s . “3
. - .

(, R o -
S .

‘?I,; appears then, that the phytoplanktbn connnnltles

R
LAY

fonnd in the’ efflnent areas differ notlceably fgon the laln

18

ilakgk\fg:nnnitzes only occas1onally.i8nch occ351ons nay be

'7controlled by the degrée of recarcnlat1on of efflnent vater

resadent ﬁin-the;garea .of - thernal dlscharqe. ThlS 1s .an, '

back throngh the pouer plants (Contant, 1970), 1n-other

words, the extent to, Ihichnwthe phytbplankton becones

Yoow

' l.;lportant p01nt. Allen (1973) noted dranat;c changes L

nacrophytes as a resnlt of thernal dlscharges, as d1d Klarer

o - . o
, " L e ~ . -
Lo e T . bt : :
. . e e N P .
. . . ) . .
23 s v . )
o2t . . . L g - o .
. . ) - N
N . : . Y .
.

': (1973}).. in~ specles of ep1phytes. Horkan (1971)”did not find

’

9
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; such marked changes in planktonic'rotifers as.ga.iresnlt' of

: .therlil \discharqes, ‘mor . did Wheelock (i969) in ‘

92

)
H

phytoplankton. nacrophytes and epiphytes are fixed ;n one.

\ spot. and thus receive a more or less constant thernal regine

. discharges.

depending 3¢ their locafion relative to the discharge

c‘hais. Plankton, however, is snspended in the vater and is

thus subject to lake currents._ Plankters salpled in the

‘thernal ‘effluent are 11ke1y to be transients at that

partlcular location because they vill move with the water ;s

it flows out from the camal,. cools, and mixes 1nto the lake.

Thus, the thernal regime of the plankton is uncertain
-

and will depend in part on how often, or 1f,w thg, therlal

effluent vater is recirculated back'through the power plant.\
Infrequent rec1rculat10n may nake it dlfflcult to detect.
thé&mal effects on the plankton conlunlty as has appareﬁ@ly_

.been the case so far at Lake Wabamun. A better understandlng“

of lake currents would_help clarlfy the situation.~The point
to be ‘made is that plankters, in contrist to the littoral

attached biota, are not“necessarily-resident'in the ‘thermal

©

C. Phytoplankton Productiv1ty
Enclosing uater sanples in glass 1ncnbat10n bottles for
use in phytoplankton product1v1ty studles subjects the
contalned'algae to the unnatural cond1t1ons -of . the ‘bottle
1nter10r and flxes the algae to a 'spec1£1c depth and
locatlon durlng the 1ncubat10n. The assulptlon 1sllade -that

’¥ . o



' . N <: B . . Y - . .
[N L . Ty . b . s
| L B - 4 93.
. e = »‘ -

g _;k?z;wu

carry entra;ned algae aq@y fr‘” th@ ﬂischarge canals, at

lleast near the surface of the vater, and these,algae undergo
cooling at the sale time as the effluent vater cools down to
anbient temperatures. By sampling phytoplankton -and
vincubating then-for four hours at a specxfic depth and

. location in the varmed areas, ve are changing their therlal l,g
regine and spatial pOSition from one of gradual cooling plusl
horizontal and/or vertical lovenent, to one of a jrelativelﬂ
constant tenperature and fixed location for four hours. It

r was therefore necessary to assune that the productlon rates
Calculated from incubations under these modified conditions..
representeu "~ the 1nstantaneous ~rates of phytoplankton
production at the. particular ,poing in time and space’

’ . ' A B}

sampled.

1. Sunner:'1970%fconparisons \ . L
Figure 23 presents graphs of ' gross . phytoplankton.\
productivity (mgC/m3/hr) for several stations (SO,vS, s1I, 3,
8, . 19, 6, Wo) at depths of 0, 0.5, 1.5, 2.0, and 2.5 a
irring the 1970 summer 'as'-neasured vith the oxygen '
productivity method. e
Gross productiv1ty at station SO during this period was

certainly no greater than at other Sundance area statioas.
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(s1, 3, 8) and on the vhole, vas likely not any less .thanm,

these three &&ations. Station 5 productivities, hoveverr

95

vere sometimes higher than thdse of SO and -occasionally

N &«

greater than _those of other Sundance area stathons. Main

R »

lake statlons (19 ‘and 6) vere not sanpled as frequently or

.
“

at as many depths as the former statlons. It appears that

surface productivity was greater in the main lake. than. at

~

these previous jtﬁlons, but there are not enough data to,
t

make comparisons

/

from 'mid August to early October. Productivity there was no

lover than at the previously mentioned sta'tions and may have

been somewhat higher, howeier, infrequent samples make it

difficult to detect trest at station WO.

In general, station\so had phytoplankton productivities

that vere no greater than productivities at other areas

Other depths. Station WO was sampled

sanpied and vere often actually less than those of certain -

.

other statlons.

2. 1971-72 comparisons | 5'

A comparison of prodhctivity (mgC/m3/hr) at three

statio:sr;no; "19) for the depths of 0, 0.5, 1;0, and 2.0
m during the 1971-72 study period is presented in Flgure 24
and 25. These graphs .depict’ dlfferences 1n productlon rates
at varlons depths betveen the unheated statlon 19 and.-the

two thermally affected statlons,,BO and SO.

»

Surface productivities during the summer of 1971 antil

-

earl} October at station WO were always slightlj higher than

2

T

-
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those of station 19 on the occasions' uhen these stations

55 vere sampled sinulﬁ‘neously. Productivities at statlon S0,

o

however, vere ld%kedly greater than at stations ¢19° during

b

97 .

» \
;_uae;we_mfthisu—peried«m—except on‘oneroccasion during shutdown of the

-

Sundance power plant, ueasurelents at station- S0 -during

’

Sundance shuﬂdovn ‘in 1971, and 972 1ndicated'that surface

‘

production rates. day have been 1nherent1y higher at this
51te than inm the na1n lake, but rates at other depths vere"\

not notlceably different. statlon no had nuch higher surface,
- productlvltles than statlon 19 during the renarnder of 1971

'and vas actlve photosynthetlcally durlng the wlnter when,

there vas no detectahle photosynthesis in the na1n lake‘-‘

1o
o

under ice and snov cover. Obviously. the ice- free condltlon
“at statlon wo alloved llght penetratlon “to occur fin.,the"
water Q%olunn at that time, - Durlnq the rest of 1972,

. con51stent1y ‘and narkedly greater productlvlty was recorded‘

"at 'statloqgﬁ #0 than “at station' 19. Sundance surface o

2 .
-broductlvltles 'pere: generally higher ~than main' "lake
productivities in 1972 as well, except7during the period;of
T Sundance shutdovn vhenlthev;‘nore- closely approached 'hut"'

'renained' Somewhat 'greater than, productlvltles at statxon
49 : . . : _ e . .

.v‘ .

Surface productlon rates &t all near—shore 'Stations,

"

-'whether_ heated or not,j were con51stent1y hxgher than at” ~f
statlon 19 dur1ng the ice free season of 1972 (P;gure 26).a )

_ There “was 5. tendency for thls to occur at other depths as.

ﬁ well but not to as great an extent. There vere no- v51nllar °

N
ol
.
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trends in chlorophyll dlfferences betueen_ these *stations;lv:

Sllght dlfferences 1n the ,nutrlent reglnes nay have been;

o responsible for thrs effect but it 1s unclear hov that would

A(uhlch 15 louer than at shallover 51tes.

affect surface productlvities more tﬁan productlvlty atj

other. depths. leferential alounts of 11ght inhibitlon‘of»' R

-

photosynthe51s nay account for these surface dlscrepanc1es,

in, that phytoplankton at statlon 19 nay be accllnatlzed to;t

- lower mean llght 1evels than 1nshore' phytoplankton 'because\

of th greater depth of statlon 19 Algae can be mlxed

through a deeper vater colunn there, the nean llght }evel of

\

Harrls ahd Lott (1973) have suggested that' the degtee

of 1lght -1nh1b1t1¢n%-shown by phytoplankton is 1nversely

: llhked to the llght level to -whlch the phytoplankton is

accllmatlzed They state that\such adaptlon can occur wlthln,”

regaons nay be adapted to hlgher light inten51t1es,fin{‘Lake

Habanun~.and thus nay show hzgher\surface product1v1ty under

- i

condltlons of strong 1lght than'algae in the na1n lake.fz

PR
l

_‘untll Noyemher 1971 vere generally 51m11ar at statlon Ho

}}; mid-Septenber perlod at statron Ho statlon so appeared to

..

-

o Productlon rates at 0. 5 neter depths from late June \

o:"

o

'.:perlod Slthough the Sundance pover plant vas not operatlng

on’ ‘two of the six sampllng dates“ Durlng the lce-free perlod

of 1972, unfertunately, only t 'ee neasurenents were nade at '

3

-

perlods of less than a day. Thus, algae 1n near shore (R

i and statlon 19, although sonevhat lofer in the nld~July to:ﬂf}s

have hlgher ptoductlv1t1es than statlon 19 durlng thlS’ B
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stationﬁ SO at the ono 0 5 neter depth They-shoved higher
e productlvitles than f statlon 19..; Photosynthe51s ;-uas;*

4

constantly detectable through the vinter at HO, vhen 1t was

‘i*;“ff*f*”‘ot”at tations SC and AB Productlvlties were generally

hlgher at statlon wo than stat1on 19 durlng the rest of 1972

.‘t?

3 unt11 this depth waS‘last sampledwxn late June.';i
)‘ o Product1v1t1es at ;y depth of one meter show snaller .
- oVerall dlfferences between the three stations.A Although B
only three SInultaneous neasurelents were nade in the JuLy
to Septenber perlod of 1971, all three showed narkedly 1ower

. product1v1t1es at statlon HO than 19 Overall dlfferences

kY

j SRR betveen SO and 19 at‘thls tlne uere not obv1ous. Productlon-
3-‘ . contlnued through the wlnter at statlon HO but not at na1n
. ..

lake statlons under 1ce and snow..Durlng the ice free season'

T &y -

of ,197?, .product1v1tys at wo was sonetlnes (late Aprlr to'
" ”Iate Hay) hlgher than at 19 and sonetlmes-,(early June to .

early July) there vas no dnfference. Statlon SO durlng 1972, h

r

;on four occaslons, showed product1v1t1es 51n11ar to statlon

’f;ff o 19 whether the Sundance'plant vas operatlng or not.. .

-

?“: *lr,, s Incu atlons wvere not’ done con51stently at. the/fwo neter f

. !

-wo and 19 d, not show dlfferences between the tvo unt11 the -

-

.-_g;j onset- of vlnter snow cover, #hen productlon ceased at naln
lake statlons but contlnued at statlon HO._l'“;}; .fy

v hlthough product1v1ty wté/not 1nvest1gated Cat - station.
e Sog.ldurlng.,:the;_-ylnterab period, it . is. assunéd ‘that
phytoplanktonl photoSyntheéis contlnued'fin the - ice-free '



' area.

. region at Sundance much as®it did in the 3abanunji¢e—free'

‘ . - _
R Statlons HI, HP,_and KB 1n the\Kapa51v1n Bay region and

) PR

:dlfferent fron those statlons 3 and SI)

‘statlons 3, 8, andeI in the Sundance region " were sanpled .

from February 1972, to thé end of the study to conpare.

"1product1v1ty at these 1nshore sites to productlvity at the

1nshore heated areas. Surface product1v1ty at statlon HO was’

: always greater than product1v1ty at. surrounding stat;ons on‘f

the dates vhen s;multaneoug neasurenents were taken, (Flgure“

26). 'The dlfference was greater 1n the February to nld-uay-

'perxod than durlng mld-uay to mid- July. At' Sundance,

e statlons ‘when ‘the Sundance plant %as 'operatlng but so

: product1v1t1es fell sllghtly below other Sundance' statlons

dproduct1v1t1es vere hlgher at’ statlon so than at surroundlng.

durlng Sundance shutdoun. Thls latter result coupares wlth-f

results of 1970 when t&e sundance plant fuas not operating

'j:and surface productlvitles at stat;on SO were not notlceably ;.

TAt a depth of 0 5 neter, statlon wo agaln had generally

' greater product1v1t1es than surroundlng 1nshore statlons in

[ x.

:'had sllghtly lover productlon rates. Only statlon 3 1n the

3

depth.,v

' dthe Pebruary to nld-nay perlod but on. tuo subsequent dates,v'

_sundance area was sanpled and only once, at thls partlcular'

Product1v1ty at a deptd of one ueter ’wass greater ‘on »-~'

seven of eleven conparlsons at station Wo than.'at

L]

surroundlng 1nshore statlons durlng the February' to July
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é’e‘r’iod of 1972, althquh bverau leveis. of productivity aid
?

- not differ greatly between‘the tvo stations at this depth.

103

In the Sundance reglon, samples wére too 1nfreqnent to allow7

"the' g!llllatiﬁh

couparlsons of station’ so and_othe: Sundance,arepfstations ’

. — Lo A
at this depth. S e o
o . " X |)'\ .
The various inshore stations - vere not. sampled for
productivaty av,depths greater tban.obe meter, -

[

-

3. Iﬁtake-disebarge cdipariéohsv

h DireCt conparlsons of productivity between intake and -

dlscharge stations vere pade aOn' fi#e occasions at the.

Wabamun ‘51tes (Wi: and} wo) and on three ocda51ons at the
Sundance 51tes (SI and s0), durlng the lid-Jnne to early
August ' perloa ‘of 1972»~(Tab1e 5)._' . was . hoped that

51nultaneous sampllng of 1ntake -and - discharge s;tes uould

provlde a. more dlrect couparlson of product1v1ty before ‘and

after heatlng ‘since presulahly phytoplankton 1a¢', the_j

dlscharge 51tes vould have been c1rcu1ated through the power :

plants after ,hav1ng been ﬁlthdrawn from the. 1ntake sxtes,.5

evydence i‘f' ; chlorophyll a values in Table 5.

Surface%'

X

effluent on f,

3

- nctlvitles were 1ncreased 1n the thernal

g

41ncreased on thtee of the fite dates. Only e” neasurement

“°3plankton populatlons vould be qulte'51n11ar at

g}1s xas not alvays the case,“ houever, -as.

x;ﬂt of five dates in the Wabanun area, -bht

= ratio (prod i71ty/chlorophyll) was only,

. was nade at 0 5 JCQEr deyth.. Pro&uct1v1ty at one neter_f
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depths decreased three tiles out of four in Ehe effluent But

N

the assinilation ratio decreased only tvice.'

 TABLE 5 |
Phytoplankton Parameters
- Discharge and Intake Sites-1972

Date Stn Z  Production Chlor. a Assim. . Temp.
. (m) ngC/m3/hr . ng/m? Ratios oC
: ' Dis Int Dis Int Dis Int Dis Int

13/6 WO 0 23.53 16.91
-~ and 0.5 23,14 24.50
WI 1.0 24.47 22.24

-J\ . ‘

3.2 3,38 5.30 21.3 15.3
7.21:7.64.21.0 15.3
7.2 3.81 3.10 16.6 15.3

[ N
"« .
NN~

w

.

N

o 15 1.44 24.9 19.5

S/7°" 0 7.16 -2.64 4.1 1.8
10/7 " 0 17.92 25.50 8.2 12.6
© 1.0 20.52 31.56 9.3 13.1 2.21 2.41.19.8 17.0
19,7 " 0 14.88 8.22 9.6 11.1 1.55 0.74 24.3 18.0
| - 1.0 '25.62 29.96 8.9 15.1 2.90 1.98'18.8 17.9 |
2077 " 0 10.68 4.41 6.1 7.4 1.76 0.60 27.5 18.5
15/6 50 0 4.99' 5.48 3.0 6.8 1.68 0.81°17.3 16.5

and . o . ’ , ’
sT - ‘;4. : o

1 )
|
(
|
{
|
{
|
|
|
|
{
|
{
(
|
|
g
|
|
|
|
|
|
|
|
{
|
(
l
l S ' : o ..
I 22/6 0 5.53. 7 74 3.7 4.4 1.50 1:77 17.0 17.1
| , i -
|
|

N
|
|
|
|
|
[
|
|
|
|
|
[
|
|
|
|
: , ] -
2.19 2.02 20.2 17.0 | )

i

|

|

!

[

I

i

I

{
|
|
|
|
|
|
|
J

2/8 "0 10 23 5 35 1.5 7.1 6.69 0.75 24:6 18.7

—_

jdt Sﬁndance; dnlyf5urféCé pfednCtiiifies-wefet'conﬁatég/)// -
betueen. statlons SI and S0. .0n the first twvo dates: hovever, '
the Sundance plant vas not operatlng,- and productlon vas '
-higher at station .SI but the a551m11at10n ratlos varled.j:
" Both pfeductiVity and pré&ectiv1ty per unlt chlorophyll
.1ncreased in the effluent when the plant vas operatlng. s
These_ results are . not as clear cutvas vas hoped for.

<
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However, they indicufe.that paésage of phyfoplankton through

had, in general, a stinu;atofy effect' on phyEoplankton

*the power plant with a consequent rise in vater _temperature.

fbuotosyuthesis. :

o . ,
4. Prev10us stateleut '

cOnparisons of the productivities of ‘"heated and

'unheated areas have been reported earlier (Noton, 19f§)f

~. . L o . ) . ‘ : : ; . ' ".
-Differences reported then vere deterlined as to ‘their

<

'sfatistical- 51gnif1cance using paired and unpaired t-tests

(Sokal and Rohlf, 1969). The tentative conclusions- ;eached

Q- . o,
tden on a statlsthpl basis, and the statements above'nade

s“

agteement. ‘Some’ Sllght dlfferences noted “in this report had

not been found statlstlcally 51gn1f1cant in  the earlier

 from inspection of graphs and values,‘ are largely in

feport..It is doubtful, hbiever;‘if use of the t-test in the:

fdgmer 51tuatlon was velid, "because the groups of values

coupared "may not have uad uorlal dlstrlbutlous, | a

'-requireuent for use of t—tables.ﬁsanple sizes were' too siall

\

to allow determination of statistical distributions.

'y "Produdtivity'values reported earlier (Foton, 1973) were:

calculated using the 'filtratien ‘error cdrrection factor

(1. 65). As vas. nentioned in . the dlscu551ou of nethods, this

factor wvas not used here.

5. Product1v1ty—teupe:ature relatlonshlps <

1l

In Flguresv 27—29, a .conparlson %f phytoplankton

I 5
X

»
t .



I

R g .

TEMPERATURE ow;ens (c,

€
24

gl
x
m
b
m
o

C
=
1

-8
-7
-6
- S
-4
-3
2

N
128

TN

.

)
L ]

/

ISASAIASOSNNNNSNS

DASSISSNSINISAASNNS

T
17 18

AMALLTLLRLRRRRR RN R ‘

1 ¥

L\\\\\\\\\\\\\\\\\\\\\\\‘ ' -

\ . - - ’ .

7 s ‘\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

~ . MR AR RAURAARANRAA N

19 28 2

2
_SEPT OCT FEB MAR APR

v.
IIiliniaiiaaiinin it it URMRTRRROGSORORARRARSRRRRA R AY
3 o —

5 .
ATHLTTHIHIMLSMOGSiTG. AASS VOO ARRAMGRSOS T OO OCOORTORLURRRR RO

1)

12 3

Q('ﬂ(h
NN

X
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘ ’
S -
AY

.
]

vy oo
g
—-t NO O

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ AN SNANNANNEN
"

AltTlll it il s ihilttisias s s an e |

v,
’ '
s
u’
Ll

1
]

®
1

12 1519 28 3 9 186 8 25.9 .23
G

DANSASSANSSINANY

2
T

BRISINSTRNNYN

K-
a assimilation ratie
AU

. temperature
“ U productivity

u\\\\\\\\\\\\\\\\\\\\\\\'

KA\
)

]

. o N v
46 @ M ITHEH Hlilli I i Tll 11 11111111 AR LML RN R R

AANSISSSISSSSSS \:
- L. ) AVLRANRALTIRNV RN
s *
L SR SEE B S cp 1w
PRODUCTIVITY ASSIMlLATlON RATIO DIFFERENCES -

Flgure 27. Differences in product;ylty, assimilation ratio,
and temperature, 1971-72, between heatéd and unheated
stations. Surface values. B : -

“JULY -

surface volues
L 4 T

\
\

>S5

MAY

1972

106

197

~



TEMPERATURE DIFFERENCE” (C‘) HEATED - CONTROL
«-oo.hon'nﬂ— :
T l Lng L& L1111 .

. 5
» i z
— i ~ — — S, S :g_
N At Nssss
— o]
. Y '
ANUNRVY o
- “
[ ]
7 o~
. =
-
.
d
[ €N
AMILAMLALLALRRALRRRIL R RN, P*Y
N
~
MARTNRBANRLRNT o
f PSS -
P Lad
j pes ’.
[ ]
N i o
-
- - - o
K
-
‘ N
[~ v
-9
AR MRV ©
- e ] -
" ) po ‘
-
-4 SOV RN
- <Y A l- o
o
- L)
- e »> ¢ | o
S s s o0
> 3 s
Q = < %
] o - © o
> - v = «~N
®
a9 E -
. - o ‘=
e.s 83 = -2
-
l.‘ P
q O ~
. L.
. . -
R .
im . o
~
LA L J LEE) - - T
L] = o ] — LW
- 2 e 22 -2

PRODUCTIVITY. ASSIMILATION RATIO DlFFERENCES’

Pigunre 28. Differences in: product1v1ty, a551n11at10n ratio,

JULY

197-. .

1971 | 1972

JUNE

and temperature, 1971-72, betvween heatqd and unheated

statlons. 0.5 m values. .



108

TEMPERATURE DIFFERENCE (ce), ,HEAIE.D-CONTROL :
. 20.0\0-0.'0«—. -Ne .
- let Lt 1 1 1.3 1 13111

JuLy.

*

13
JUNE

B L 1
817 18 25 30
'MAY

L]
19 28
APR

T
12 31

T
Y
FEB MAR
197N | 1972

| A5 §

.23 710 23

¥
18,

\
JULY - AUG SEPT OCT

temperature

[N

ﬂ assimilation ratie
s

1-0m valves '
D productivity

12 19

i
1

T b | —y— o >l T g
PRODUCTIVITY, ASSIMILATION RATIO DIFFERENCES
. . ) " . [N
Figure 29. Differences in productivity, assimilation ratio,
and temperature, 1971-72, between heated and unheated
stations. 1.0 » values. ' ‘ . ) ¢



-2

" station. .

-

| pro&uctivity, ‘productivity per . unit . chlorophyll

'(assinilation .- ratio), and telperature,~ at heated .and

B

;EBE9§§SQL§£3§£99§¢;iﬁnpresentéd:iglotted'Aré values from the .

depths of 0, 0.5, and 1.0 meters, for the 1971-72 study

period. These comparisons are taken only from the results of - -

productiiity inﬁ'betions that wvere done silultaneousLy in

' bﬂheated and unheated areas and thus illustrate iBre directly

109

the effects of the thermal eff;uent on phytoplankton'

’ productivity than do the’ graphs of Pigures T 24-26.

o

Productivity’ and,assinilétiod,retio results (Figures 27—29)

are presented as a ratioc of the value at the heated site “to -

the value at: the[;control“Site (xr/Xc) wvhen heated values:

were-hijher, or of the ihierse (xé/XH) when contrel vaiues

céntidrade‘degrees, between -heated and ~control  'sites; a
4 o’ . . .

positive value indicates higher tenperatures at an effluent

-

"were higher. Temperature is expressed as-'the difference, in
; ‘ , . )

5The.three graphs illustrate the surface nature of .the

the sufface of the water column, but less so as depth

~

increases.

Both ﬁroductivity and,prbductivity per,unit'chlbrbpﬁyll

.are greater in the thernalreffluents than' at unheated sites.

thermal effluent;'éé-teipérature differences.are‘éreatest at '

These graphs support -the observations*naQe from Figures 24~

26. Product1V1ty is thus strnulated in the therlal effluents'

)

in\ that there is greater photosyntheéls per anit chlorophyll

there, as opposed to 51-ply a greaterrabso;ute amount of



_show that_photosynthesis_itself_is_stilulatedf

. . -
1) v

photosynthesis.'The latter nay have been a result- f. a

higher phytoplankton population, but . the assililation rntios

-

The stimulation of phytoplunkton '‘primary prodnctiylty*
'is greatest at the surface’ of the thernnl efflnent and
ouring the October\ to early ﬂay period.. This period“
‘corresponds ‘to the time of lou‘anbient waterf telperqtures,

high tenperatnre 1n¢relents~ in the pover .plant steaniﬁ

. } '
condgnsers, lpq punplngarates Ofu coollng vater, and ice

. R

coven' ofq the .nain lake. There appears to be a genegal'

correlatxon between dlfferences in telperature at conpa;ei{

statlons ‘and dlfferences '1n prodnct1v1ty and ass;nilatlon

. .. *,
‘ratios, in that both 1ncrease in vinter but decrease With

.depth. This w111 be dlscussed 1ater. Changes in. productiv1typ

M|

and in a551n11at10n ratios appear closely related, as would

be expected "because the 6551nllatlon ratio is a partlal

» -~

function of prodnct1v1ty.': >

‘The relat1onsh1p between product1v1ty and tenperature
at ‘heated and control sxtes ‘is' plotted _int Plgure 30, The
“ordlnate is the -log of the ratlo of product171ty at an
;effluent statlon and productiv;ty at a tontrol statlon" the__

I
»”absc1ssa is the tenperature dlfference between the}tvo. Each

p01nt on’ the graph represents the results of a pair- of

51multaneous 1ncubat10ns at an effluent and control station,
<

- at a, spe01f1c-depth~ “thus  if’ incubations .were condncted
|51nultaneously at dépths of O, Oqs, and 1. 0 m at both

: S
stations WO and 19, three points would be plotted on thls‘w

B s
R . at

<1100
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yraph.

_Figure 30-a_ presents;mall such pelnts.b There is_-a;"

MslgnifiCant positlve .correlatlon (c=0. 59, ‘a=117,. p<0 01)
betveen dlfferences in’ productiv;ty .and dlfferences in
temperature betveen com:ared stations. From the graph, an_
1ncrease 1n temperature of ‘ten centlgrade degrees increases.
product1v1ty by a--factor of approxlmately 2. 6 (the Q,o"
'value). Cons1der1ng results of comparlsons at the surface ofl‘
“gthe.water only,4F1gure 30-b), there is a closer correlatlon‘
'(r 0. 72, n=57, p<0.01) betveen .Changes in temperature and f
product1v1t“ and the Q;o value is 3. 8. There Has not a
slgnlflcant correlatlon between_ temperature changes and'
product1v1ty changes at depths of' 0.5 meters or one and tvo-:
. meters. when con51dered by themselves. ﬂhen all suhsurfaceﬂ
values are con51dered together (Flgure O-C), there | a. -

.—,—’\ L

'”weak correlatlon (r-O 33, n= 61, p<0 01) betueen changes 1n,:’

[ R

"temperature and product1v1ty._The sl&pe of the' regre551on-
o llne for. subsurface values is not sxiplflcantly dlfferent
'«from zgro, hovever. ;._[ o ; 'v' 'ft ) -

— Regre551on llnes dravn to fit the relatlonshlps ‘ﬁf
’grlgnre_ 30 cut»the ordlnate for the nost pqrt at velues less*g
.than unlty. Thls 1nd1cates that for lncubatlons at effluent'
fand control 51tes vhen there vas no temperature dlfference,
”product1v1ty vas lower at effluent 51tes. Thls may’ bep
7;because .of’.lncreased turbldlty and conseguent 1ower llght_
levels at . effluent statlons (turbxdlty has been discussed
preV1ously)i wh;ch nay gthus, partlally ;counteract thermal E

. _V._"‘.t’ . s ,V . s



/"

’ stinulation of productivxty. uore' evidence for turbxdity;}u

linitatlon of photosYnthesis at” effluent statlons is givenjb ff?7iﬂ

miby the fact that stinulation of subsurface productivity and;
assimilation ratios is not as. great per 'unlt gemperaturef
*1ncrease as 1t is at the surface of the vater colunn. Light:;f
"1evels at the water surface vould not be affected as uuch by“"'
: these 1ncreased turbldrties as (ight 1evels‘ at greater‘
depths. The lateral extent of thlS effect;xs not ‘known, " bug\
-e1evated temperatures often extend past .statlon -Kva vhxle'
'elevated turbidities apparently do not reach statlon KB.fN
fIn the"graphs of'~surface productlon,- assrullatlon a
.1ratlos,’and temperaturE\\hanges (Flgure 27), ‘the . perlod _of_,
greatest percent ,stlnulation of product1v1t1es vas durlng :
the October to Aprll per;od. stlnulatlon of product1v1ty byf:,p
hthernal pollutlon' wvhen anblent teuperatures are low is a
';conuon f1nd1ng accordlng to the llterature onb the' subject,ﬂ
'iaS'-V1ll-be dlscussed 1ater. ThlS flts ‘well vlth the October“

to Aprll results here. - The values'-pcf'“ heated-controlh

'conparlsons in Flgure 30 were 1nspected to se'“lf’the degree:

h‘._Qf_'_st;mulatrcn“ pof:_ product1v1ty -could be related to

a

i tenperaturesJat"cqntrql-v51tes,' No .such _trends. could be57

'5detected 'frcm..these"graphsc':ﬁcweuer; it seens ;suCh _?

relationship.shculd‘etist,rfands might he;:detectable.fuithﬁ’
RSN . A .

' larger sample 51zes.__- - | f ’ » ' |

‘ frThe”.stlnulatlon of photosynthesas by thernal effluentslnf

‘may be'by a conb1nat10n of d1rect1y speedlng up algal

'netabollsn wlth elevated tenperatures and effectlng a faster"



i | rate of supply of nutrlents to the cells. Increased rates of

‘ diffu51on of dlssolved molecules 1n the‘ waterv can be

B expected Hlth hlgher teuperatures (Lee- 'and Velth 1971-?

Levin et al., 1971) -and iucreased turbulence assocxated ﬁlth

| a. thernal dlscharge nay also make nutr1ents more avallable
to algal cells. Turbulence is 1nportant in controll1ng the
‘-rate of supply of nutrients to phytoplankton (Verduln, 1969

Munk and Rlley, 1952).

6. otherlreuorts"' ~-f'- o
. ISevera her 'studles have’ dealt Vlth the effects of
,thermal pollutlon on phytoplankton product1v1ty. Pldgalko et -
(1972), worklng on a thernally polluted reserv01r 1n the»
u.s. Se R., found hlgher product1v1ty 1n heated areas,. butiﬂ‘
also .found hlgher blomasses such that the product1v1ty to
mﬂblomass ratlo (P/B).uas no. greater in heated areas.i Thls o lf'*
'contrasts with - the flndlng of hlgher product1v1ty per unltv ‘
‘chlorophyll in thls study. e . | ’. |
Brook and Baker (1972). inl‘a 'study,'of chlorinatiOn
effectS'“ , power plants, found -at_sliéhth.inhihitlon~of‘
phytoplankton photosynthes1s ;and . a -ksdi‘ 1ncrease‘ _ln'
- phytoplankton'.resplratlon “when ;saipiés with “an iamb;enth
dtemperature of123-25 oc were 1ncubated at 32- 6 °C uith no
ichlorlnatlon.. Both these temperature ranges are above those'
'7“ ;eucounterEd insLake Wabamun, where 'no- ‘such 1nh1b1t10n ;of,
photosynthe51s was found fQ_' o ‘ o ' |
Hamilton g;t'g;.’ (1970), also';studyingvchlorinationw

7




. o .
. . : ‘

L

‘1150

efferts at therlal pover plants, found that 'raisxng the '

"“_tenperature of phytoplankton sanples fron intake areas’ by 6-u..:";

Fhe

tenperatures were less than 23. .5 oc., Thls is the naxlmun

study.,

norgan and stross (1969) studled the effects of passage

K A c° :alvays 1ncreased productfv1ty when the anblent waterb
: anblent uater tenperature recorded at Lake Wabanun in thlS"
.through a power plant coollng systen on phytoplankton. Thea'

_plant vas on~ the Patuxent R1Ver Estuary. the same plantf ;:

studled by Hanllton et al (1970). It was found that vlth

'V,temperature 1ncrenents of 6 9 co, and anblent tenperaturesf

- 23 °C, product1v1ty was 1nh1b1ted

1

-up to 16 °C, plant passage had 'ah stlmulatory effect on

: phytoplankton product1v1ty. wlth anblent temperatures above o

Carpenter,z_Peck,,xand -Anderson '(1972)' also studled-

chlorination- effects ‘on entralned phytoplankton. ilth no;

‘f'chlorlnatlon and anblent water tenperatures up to- 18 oC 1n a

hnarlne env1ronnent, there was no re51dual .effect of plant_

passage' on phytoplankton product1v1t1es neasured at amblentf

’.temperatures. e L e b -

.Tllly (1973-seen‘”0n1y in abstractrr——-1nvestlgat1ng

'heated and.,unheated areas 1n a reserv01r used for coollng

"{pover plant thernal effluents,' found surface rates of

product1v1ty hlgher at a heated 51te, but at greater depths{

product1v1ty 'was not so, stlnulated ‘ Seston"content vas

greater in- the heated zone. Thls ‘seems very s1n11ar to the;

51tuatlon at Lake Hahanun. Resplratlon vas hlgher in heated




‘“areas-according‘to Tilly, but respiration-per unit area 'was

S

>>>>>>> ‘ filliamsr__ii _; . (1971) found strong depre551ons of
‘phytoplankton photosynthesis, that wvere _not reversible
vithin zu hours,' in a study of thermal. effects on’ marine F
phytoplankton at a ‘power plant on Long Island Sound. Ambient
temperatures were about 23 °c and-.dlscharge temperatures»h
'were about 38 °C.v The latter 1s con51derab1y hlgher than

_’temperatures encountered 1n thlS studyf - <§

' Patalas (1970) reported that gross pr1mary product1v1ty\
of phytoplankton 1n a lake heated by a. thermal effluent fftix
'(meanb summer eplllmnlon temperature of 26 28 5 °C)-was
double~that of an unheated lake (mean summer - eplllmnlon hii;¢
htemperature of~ 21 22 °C). It is- unclear whether these were o

'ftwo separate lakes or: two ba51ns of the same lake.f | .
Koss (1971) found negllglble effects of passage through |
a‘a power plant alone on phytoplankton product1v1ty, but vlth

‘Lan_ 1ncrease .in_ temperature by 1tse1f, product1v1ty of

phytoplankton_ from 1ntake areas»fua stlmulated , Also,_f‘r
'stimulation- vas greater Hlth lower anblent temperatures and ‘
~hlgher temperature 1ncrenents. ThlS 1s 51m11ar to the large o

1ncreases .in surface productlvlty noted in Lake Habamun

~ ’

' durlng w1n er months. Koss' study vas done'fon"a lake -1n“’

°

- 'North _Car but 1ntake temperatures apparently dld not

’rlse much above 20 °C because water from the hypollmnlon vas
'used for coollng purposes. Temperature 1ncrements vere about
9 C° '




.'\> Y .

’

Harinner and Brehler (1966) found a - pattern sinxlar ‘to'

——————

117 :

nany - studles *’Of thernal effects 3 on phytoplanktont@;i'

- ,,_-.:_;‘._,'1nvolved They \.__‘ £

photOSyntheszs in that productlvity of marine phytoplankton

a

"'v Ve

”iﬂ251nilar anblent tenperatures. ‘:T Lo R '_' 3

11; uas stlnulated durlng the winter but depressed during thei

| .'sunner;; They .studled only the ) effects_. of _-inqreased -
?;tenperatures,i not effeets.of plant:paSSage, but*foundtthat_
';;fabove amblent tenperatures of l§<r°e, product1v1ty vas
'.'”5ﬁdepressed: Telperature 1ncrelents were around 5 C° " No sush:

'V'Qdepress1,n of product1v1ty found n-,thls lstudjf at-

Noi'deleterlous effects on, and a. possxble stlnulatlon'

»

+

>

?fflnhlbltory to photosynthe51s all _anblent tenperatures

[

'~“temperatures and greater tenperature 1ncrenents, there was a -

in contrast to results of thls study where ‘no depre551on of

photosynthes1s vas recorded ;d‘ -;i;f_;wrlﬁe‘

' In sumnary of the above, the. flndlng of va'”jear'.round,d

-

stinulatlon oof phytoplankton':prllary product1v1ty 1n thls
~ ‘study agrees-in part with reSults 'of other' studies whlchf'

iifoﬂﬁd‘p?hbtosynthesis :stinulatidnu at tlnes of low anbientn

o,

‘Ti;gated temperature increnents of S. 6,

ﬁj of phytoplankton photosynthesxs. by plant passage alone,'
jassociated ulth plant passage .were valways found to beiu
' 11 1,<and 16 7 C° and anblent tenperatures of 8 u to 28 3‘“
".lo-,..at Lake Wylle, North Carollna.t At hlgher anblent"

. tendency for greater depress10n of photosynthe51s.. Thms -is -

7were found by Gurtz and Helss (1972).4Tenperature 1ncrenents-73edf

" water - temperatures. Host studles houever,‘a~have found



,productivity ?inhibition ' during , high sunler anbient

"tenperatures, a phenone;oh not observed here. Although most

'.f,other studies vere done, at lover latitudes and involved

e -

higher average albient water tenperatures than are “found at-
Lake Hahanun, 1nh1b1tion of produ/tiv1ty has been found,ﬂﬁ
, (Gurtz and Weiss, 1972- warinner and Brehmer, 1966) at-

,temperatures within the sulner tenperature range of Habanun. _‘

The reason ‘for this discrepahcy is not known.' -
. . - | - . ‘ \

7.'0verall~effects g:, i_ S

Hheelock (1969) pointed out that as well as coﬁpeting

Vlth phytoplankton for nutrients in the effluent areas,  the

large | stands of .aguatlc nacrophytes :are’ conpeting with

phytoplankton for llght It is hard to estimate vhat effect

this _ conpetition for light “has in counteracting the .

tenperature stinulation of phytoplankton product1v1ty. Host
9

hof the product1v1ty 1ncrenent occurs close to the surface of

the water colunn where shading by nacrophytes would be leastf"

pronounced.

Although no data on the subject Iere gathered,.it seens-=3m7
";jreasonable that plankton resplration vould be. stlnulatéd byj

"1ncreased tenperatures in effluent areas.. Respiration,

,apparently : often stimulated at‘,least -as nuch as

“.:pphotpsynthe51s and perhaps nore"(Tilly, 1972;. Kevern and-

’T~Ba11, 1965).» ThlS further conplicates 1nter§retation of

"results obtained here since such 1nCreased resplrataon'A(if

At is occurring) ‘may counteract productivity increases in.



.o . . ~
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.the heated areaS‘ both by 'reducing' the ‘net . 24 hour .

' . . .
‘. . . ‘.

prOduCtivity of {phytoplanhton . and ‘by increasing ‘the

respiratlon of zooplankton.‘ It is thus .not . known what

'effects tenperature nay be having on: bverall community

A

.netabolism, although others (Lee and Velth 1971; Lev1n .gt

‘al., ‘1971; Pldgalko et al., 1972) suggest ‘that it v111 be

) speeded up as will nutrient regeneratlon. Thls stands ‘to

r©

reason, and it seeas loglcal that the plankton colnunlty may

be functlonlng at an overall hlgher rate as a result of

" increased temperatures wlth a net increase in growth that
¢ :

may be aiallab1e~ to hlgher trophlc levels. Patalas k1970)
\‘ : PR v

‘has presented evidence for this and even for a slight
. . N 1 . . . . ‘ ‘ .. R
increase in . ecological efficiency. Whether this applies to

Lake'Wabanun is unknown and requires furkher reSearch

} _
Another factor to cons1der at Lake Habanun is the long

" period of da11y darkness in the wlnter. Although daytlne net.

product1v1ty contlnued in the open area through vznter, the -
long d1e1 perlod of darkness uay greatly reduce the Zﬂ-hr
net anount of phytoplankton productlon 1n that_perlod of the

year.

4

Thus, on tﬁe ba51s of thls study ‘and considering thei.'

’_coupllcatlng factors nentioned abOVe, 1t can only safely ‘bhe

stated that net daytlne product1v1ty of the phytoplankton

(as_neasured ‘with the in 51tu ClQ uptake' nethod)

Stinulated by ‘the thernal effluent at certaln places and‘

depths in the effluent zones.

Hav1ng ascertalned " the general = relationship of -



B telperature increases to pigductivity increases, the extent

of ice-free areas,z and the ~general distrihution of the

thernal plunes, at Lake Wabalun, it was decided to obtain an

'//estimate of the . increase ,in daytime fé::'bplankton net.
a

esult of the
U‘ Y '
operation of the thernal powver plqyts. Such an estimate vill

'rm

productiVity 'throughout the - year 'as

 be uncertain at best, espeCially ‘considering the manyA
qualifications nentioned preViously ' with respect ‘to
interpretation of results. However, it will at least
indicate the order of magnitude of the effect._ LE
A map (from Nuttall, in Gallup, 1 1971) ‘depicting _
Kapasiwin hay': surface tenperatures ’.and, containing
i temperature depth profiles for August 12, 1970, uas used. to
obtden an - estimate of:~’the horizontal and‘_vertical.
_distrihution of  the ithernal‘ plune. 1_Fron . this, the
utenpetaturerincrenents inuolved in specificfareas and depths
N vere ‘deterlined~ .and these- increnents vere used'
representative'of the therlal plune during the ice-free
‘season; The relationship betwveen. tenperature 1ncrements and’
- productiVity increnents :vas_ taken from Figure 30-a.; An
average- vertical distribution of summer: productivity in the
. a [nain lake was approxinated A fron indiVidual vertical
'distrihutiOn curves including those in’ Figure 11. Thus,
‘ knowing the average tenperature increments for. the variods
‘vater strata, the horizontal extent of these strata, and the

e .unaffected productiv1ty of these strata, the ovgtali effect

of the thermal effluent .on daytinme -net; productiVitx was



' “previously,

caloulated for the ice-free ’Season. Productivity results

_”g;gnuugtationmljg and KB during the period of w1nter>cover,'

AN

and the extent of the ice-free regions as shovn in Figure

121

18, allowed a calculation of Vinter net daytine productivity

in the Kapa51v1n Bay region.‘ \

It was deteramindd that within the affected region of

Kapa51win Bay (as delineated in Figure 18) . daytime net

phytoplankton productinity wvas increased by Zl“dnring the

\

period when pfoductinity was continu” g in - the nain ilake.

Continuous -winter production in the open ‘areas added an

amount egual to 12% of unaffected production, vhich, when

conbined with the sunnesrincrease, gave an annual 1ncrease

of 1“% in Kapa51v1n Bay. When related to the rest of the
~lake, this .is approx1mately “a 1% increasepin.the annual
phytoplankton production'of the whole, lake as a }resnlt, of
the operation of‘the.wahanun-pover plant. The Sundance power
plant now discharges a sinilar anonnt of iaste'heat.and“so

wve may estimate that a 2% increase in 'annual net daytime

phytoplankton ‘production of the whole lake results fron the.»

. operations of both power plants.

Considering the superf1c1a1‘ nature of"Ltne 4Habanun
_thermal plusme and its conseQuent small volume relative'to
the total volune'of_Kapasiuin Bay and of the whole. lake, it

is understandable that the overall increase in suamer

prodnctivityhis quite small. Also, because of'-factors Sucn-

as hincreajfd turbidity and nactophyte shading as.discussed

the summer ‘increase_ Ray be further reduced.
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fhns, the uaintenance of an ice-free zone in winter energes

as the most 81gn1f1cant_ thermal . effect  with- »respecx~'to—~m~
'thtoplankton productivity. Light may penetrate ‘an area of

the vater around the discharges that would ‘othervise have

unneasurable production during the period of ice and snow
cover, Although much of the water volule of the 1ce~free
zones does not show temperatures that are greatly affected
by the discharges, photosyntheSis continues in these cold
wvaters nonetheless. \ |

k'It has thus been shown that there is an increase in the
daytlme phytoplankton net prodnct171ty in Lake Wabamun as a
result of thermal discharges. In other uords, more light

1

energy is being fixed by phytoplankton. A major question

-remains unanswered, however, and that is to vwhat extent’

daily (24 hour)' net product1Vity of the phytoplankton is
affected This is the conponent .0of productivity that is of

most.inportance to higher trophic levels.

/.'_‘ - v . 122
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GENERAL DISCUSSION

Stimulation ngf phytoplankten phétosynthesiS'by thernmal
effluents in Lake Wabamun can~not‘be 'densidered'_a harmful

effect; conseQuently, the temperature regimes associated

with the present thermal dlscharges are satisfactory Cwith

respect to this aspect of the lake ecosysten. Fron reports

in the 1literature reviewed ~ear11er, it seems that‘ the

present temperature increlents- should not be exceeded,

hovever, as product1v1ty may be ‘inhibited - at "temperaturest

much in excess of" 30 oC.
~As’ meptioned . earlier,‘ the greatest effect of the
thermal effluents on the vprimary 'producers (epiphytes,

iacrophytes, phytoplankton) in Lake Wabamun is not a_direet

temperature effect, but results from-the absence of vinter

ige and snov cover (Allen, 1973; Klarer, 1973). Light may

penetrate the water all year in the ~diseharge ;areas,
. \ .

allowing a continuous year round pattern of photosynthesis.

The diSCharge_of waste hot water'to‘lakes, streaus;'andj

the .ocean, is a common ~occurrence in the'inaustrialiZed;

world Most cases of thermal pollutlon have not been proVed*
to- be drastlcally harmful  to. aguatlc blota (Calrns 1956°'
Coutant, 1970; Lev1n et al., 1971), altho%gh this statement

is _based largely on 1nvest1gat10ns at- tenperate latltudes.

’ ‘\4

¢

Thermal‘dlscharges in the troplcs apparently can be lu¢h
more haf/"ul ‘because trop1ca1 organlsms are usually llVlnb

at temperatures that are already close to thelr upper lethal
- " ' | ‘

L e ‘~‘

-
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Linits (Badery ot al., 1970)'. T

’ . |

A ten-fold increaseA in thernal electric generating'

capacity betueen the years 1970 and 2000, has been forecast“

for western Canada (Bruce, 1973). This will prdbablj mean a

°

parallel increase in . heated discharges. to aquatic

‘environlehts. Hhile this“could iean ‘increasés in ‘harnful

effects to these aquatic env1ronlents, it does not.have to.

Coutant (1970) has poxnted out .that problens assocxated with

" thermal effluents are more related to the desrgn of pover

plan{s than to the absolute anount of heat discharged. This

gtatement is supported by the situation at Lake "Wabamun.

Excessive 'growths 'of;-aquatic“ nacrophytes and possible

Ad L}

deeper areas gf the lake. Rec1rculation effects ‘on plankto%,

effects of increased-temperatures on whitefish spavning and-

o , ®
developnent could be avoided by plaCing discharge p01nts at

if adverse, could be av01ded by a study of lake currents and‘f.

4

proper placenent of - 1ntake and disharge pints.:

It has already been stated that the most ndrked effect
1

on aquatlc plants by the therlal effluents at Lake Habalun»

occur during the winter period of ice’ cover. ;Th § is also ‘

l

the tine -of the greatest ‘threat to vhltefish spainiﬁg and -

"developnent,~and a . time vhen eVaporation of°\hater fron‘{

O P

jdischarge ‘areas -ay be 51gn1f1cantr*v1th respect to lake

water balance (Nuttall, in Gallup, 1971). Qﬂl these effectsi

could be av01ded by u51ng therlal effluents fof\sone forn of

’ heating purposes during u1nter, and only distharging then tof

o

" the lake  in- the sunner. Ironically Qfon51der1ng the.

{ " 3

A o

~C
B
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| yet been founa. e
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clinate), no econonical winter nse o{ -the warned vaters has

e
\" P T B .

@, ) : l

L

The desirability of inclnding ecofbglcal studles in the

plannlng of thernal electr1c_ generating stations is nell

illustrated by the sitnatldn‘at Lake Habannn. Such Studies

°‘o.

houl&“ specific to each sxtuation if adverse éffects of

o

"COutant, 1970). Hopefully,.the numerous pover developnents '

’?antlcipated for the - futnre wlll 1nc1ude such stud:‘o.es.vu

ST e ’ Ce

- ~ e e

thernal dlscharges are to be llnlnized (Lev1n et al., 1971'“%% ;
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SUMMARY OF RESULTS

-

Foa

uain Body of the Lake -

'1.’Lake Habamun =umner surface water temperatures were about

ki

20 oc,. and the maxlmdm recorded . was ;23,5 QC," Sunmer'

ﬁtemperature stratifiéafibn was rare and transient. I&e

~ e

cover was from November to Aprll 1nclu51ve,‘w1th up to'i1g
meter ‘of cqmblned ice and snow_ cover occurrlng.’

‘2;vTurb1d1ty was low in wlnter and June, hlgh 1n Aprll Hay:l

"and July- September. 1% llght penetratlon .uas. found ‘at‘

about ;6—7,5 meterS‘ in the »water~_columu durihg'Julj-v B

-thust._snouﬁ3cover;_ versus ,only ice coverh strongly,

reduoedtkiidht‘ penetratlon (mln. 0. 05% of 1pc1dent) 1nto

- w» o

" the water column., -

'3.IWayamun is~oiej? hardwater, blcarbonate :‘iaﬁe , wlth,
’forthophosphate levels‘ typ1ca1 of a moderately eutrophlc'
_lekea Srlioere ”was[ the only dlssolved 'SQlldi shou;ngu'
buobv1ous seasonal fluctuatlons.fr | ‘ : .
>aL_Cell ‘numbers for flve phytoplankton groupsv(blue-greens,_.if{'
fvuoreens, . dlatoms, flagellates,,t éudﬂ{, ultraplankton)rei:
throughout a year showed a max1muu of about 30, 000 total'
ﬂ,wcells/ml 1n October, 1971. Blue-greens were .dom;nautxhln'
quly;september, E ruportent°, taxa _be;no ;uAnghaena;
;Aﬁhanoc_Eééc éoeioszhéeriuu,'_aud,"ihn' a. llmnetlca.x
Ultraplankton iere('lmportant 1n September—November and ;

Januaryduay. Dlatoms were 1mportant 1n Aprll-uay,,brlefly

- . .in .June, ana in. November-December., Plagellates ‘were
- . ane. - ik | Panis

L~
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L

1mportant in wlnter. Total crop was’ high in July—0ctober,

: lowf in. November—ﬂarch, hlgh in Aprll-uay, and low 1n

127

June, W1nter lovs (about 1500 cellS/ml) were c01nc1dent

w;th ‘snow cover on. the ice. The’ sprlng pulse started vhen .

snou had- nelted 4o£f .the‘ 1ce cover and peaked shortly
after breakup. |

Phytoplankton chlorophyll a concentratlons corresponded
those gof a moderately.eutrophlc lakeu belng hlgh in

Aprll-nay, ‘low in June, hlgh 1n July-September, «moderate

in. October-December, and low in January—uarch. ‘The. latter ‘f_'

1ow‘,was assoc1ated ulth sncu and ice cover. The hlghest
mean concentratlon was 16.4 mg/m3 1n August “the. lowest

. . -
0.8 mg/m3 in Harch. Ind1v1dual hlghs and lovs were 19 1

, and O.BImg/m3;respect1vely.

6;iPhytoplanktcn primary"productivity was hlgh ,in July-

' 7.

-

\

_annual daytlme phytoplankton -net

»

August, moderate in. 0ctober-December, undetectable under-

ice and show. coverb1n January—uarch,'and moderately hlgh
from - Aprll to July. Mldday product1vrty (1000 1400 hr )
extended to a depth of 6 m inf July—August ' and durlng
Hay—hugust _comprlsed 35% of daytlme productlon. Haxlmum

mldday product1v1ty recorded vas 115 8 mgC/m3/hr. Maximum

roduction'awas. 170

gC/m2 July-August daytlme productlo averaged about 1500
mgC/m2 ] Con51der1ng phytoplankt n product1v1¢y, , Lake

Wabamun ranks as moderately eutrophlc. R

.hss;mzlatrono ratlo optlna',averaged about'6.5 in July-

S

'recorded daytlme net productlon 1uas 3,045 hmgC/m?,._and‘
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,
hlghest optlmum recorded.

August and ‘about 3.0 in May-July, - 1972. 8.6 wds the

8. Phytoplankton- cell numbers, chlorophyll a, product1V1ty,

and turbldlty showed a general positlve correspondence._

Low' phytoplankton lparameters and assxmllatlon ratlos 1n

June 1nd1catedAnutrrent.def1c1ency. Horkan (1971) afound

~ highest :zoopfankton" numbers J.at ~that season. ThlS may

‘indicate zoopﬁfnkton , ‘grazrng. ' effects - on - the-

phytoplankton. The effect of snow coverlln llmltlng 1lght

At"

phytoplankton parameters.

‘B, Thermal Effects

9. The heated effluent formed a surface plume radiating from,

lpenetratlon apparently was respons1ble for wlnter lows 1n”j

dlscharge canals. Temperature 1ncrements approximatedlas'

C° 1n summer and 15 co 1n wlnter.

. the effluent areas, consequently eit .. was. assumed “that

'16; Turbldlty (u51ng Secch1 dlSC) was con51stent1y hlgher in

-,

light -penetratlon 4 uas'_‘inhibited~ Ice free reglons R

surrOunding discharge canals allouedl 51gn1f1cant llght

penetratlon of the water column 1n Hlnter\

. 11. No changes in ~dlssolved sollds«‘were;pevident‘in the

thermal effluents..

12; mhere were no  apparent differences .in - species

i.composition ,of;vthe ‘phytoplankton‘ hetueen- heated _ana

“ﬁunheated’areasﬁASurface’total cellfnumberS'at.statlon_'WO

p were lower than'pat ‘station 19 ~in mid-August to mid-__“



fwnﬂ: o Novemher, but higher 1n December and early ﬂarch at the

surface and 1.0 meter depths. Total cell numbers did- not

-~ : . R A N S —

dlffer notlceably between heated and unheated 'areas at'

}, any other time or depth Thermal effects on plankton may
. depend on rec1rculat10n of plankton through the power ,E
_ plants., ’ ’ ‘ h _ | | |
13, ComparisonSA', of - 'nhytoplanktoni‘ “chlorophyll g?
concentratlons 1n heated and unheated areasf correspondedbl'
to - the cell number comparlsons ahove.. o “
1u; In the summer ;of -1970, prlor to theuoperatlon of the
Sundance power plant, . product1v1t1es at statlon’_SOr were
slmllar‘ to those‘ cf other Sundance area statlons, butf

: o o
somewhat lower than surface product1v1t1es 'of the. main-

-~ lake.- ’ . ' . 3 R I

+

15. In' 1971—72 effluent 'Station product1v1t1es uere .
con51stently hlgher at the surface of the water, sllghtly'

hlgher at O 5 ‘m depth, and at 1 m, generally no greater

AR

than product1v1t1es in the ma1n lake."
uSurface product1v1t1es were con51stent1y hlgher at?
nearshore !statlons than ‘in_hthe maln lake, possmblyT
because _of algal adaptatlon to: hlgher mean llght levels
| near shore. Effluent statlons »had greater -producth;tydz

Ve , - e
o than' unheated . nearshore statlons . at  the surface,

2w

L f generally greater product1v1ty at 0 5 m,‘ and'-sometimes]:.
Lo . . _ ,l_ .

- 7greate.r product1v1ty at 1 ‘m.

16. Comparlsonsc"”of, ‘1ntake ~-and efﬁluent '_stationq-

. i L T . o ' ) o
' product1v1t;es - .. ipdicated that = phytoplankton °
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photosynthesisnwas stllulated by passage through the

pover plants and the acco-panylng tenperature rise:

'fd17 Temperature. product1v1ty, and ass1m11at10n ratlo showed

greatest 1ncreases in' the - effluents‘ near‘ the vater};

' surface and in vlnter. InCreases in ass;nllatlon ratios

’

_shoved that photosynthe31s was stlmulated Increases ln'

product1v1ty vere p051t1ve1y cofkelated v1th 1ncreases in

7 tenperature, the Q 10 for all product1v1ty values belng“

2. 6, for surface . comparlsons -belng. 3.§;Tfand for "

» subsurface conparlsons belng 1 6.:

Stlmulatlon of photosynthe51s nay’ be"'nl ‘direct’

<

temperature effect and/or a result of 1ncrea$ed nutrlent,-

Ao

' avallablllty in. the heated ‘areas. -

Lover Q,o values for subsurface conparlsons, and the _L.ﬂ

N\

Qrdlnate 1ntercept | ofﬁ',regre551on‘ 'llnes- .1ndlcated,~""ﬂ'

productlon _in effluent areas lva' lover than in otherj'

3

areas of 51n11ar temperatures. ngher turbldlty 1n heated‘

areas may have been responsrble.'

' 18.;Several other studles have reported thermal effluent»

stlmulatlon/of phytoplankton productlvlty at’ tlmes of low“'

amblent tenperatures but rarely a- year round stlnulatlon.f-

e 2

.:‘f 19 ‘Hacrophyte T,stands . may - have reduced Phytoplanktonfnff

‘ product1v1ty in the effluents hut probably d1d not negate

'the thernal stlnulatlon of producﬂ1V1ty because thet'

'latter vas largely conflned to the surface

Thernal -effects on overall plankton netaholisn‘are'

funknbvn and -Tequire investigation. It can ‘only be



"caniuded' that ' phytoplankton dajtime-'Inet:*-prinaryp? ;

_productlon was stlnulated ;md;“::‘

There twas -an 1ncrease in dayt;me phytoplankton net o

productlon 1n the Kapaszuln Bay reglon of 2$ 1n sunner:l

plus 12% '1n wlnter for 1“$*annually. Thls represented a

2% annual 1ncrease for the Hhole lake _asf-a result of~“""

operatlons : both power plants. The greatest effect ofv

i the‘ thermal effluents ~6n phytoplankton product1v1tjf

fresulted from _tne~vma1ntenance of year round 1ce—free;a

zones.‘~ D ..',3 coe e ’ S

'20. Increased phytoplankton daytlme net product1v1ty 1s_fnet'

gharmful effect, consequently, the present thermalv

- reginesf are: satlsfactory regardlng_'thls 'llmnolgqlcal?

R

“-parameter. . . . L v'7: B
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APPENDIX’I‘

, Values for productlon, chlorophyll a, Secch1 disc.
~-~—;—~-'~---~—~—~-—.--v1s1b1111:y, temperature, -and- oxygen-concentration-at- stated
' times and 'locations. 1970 roductlon results are for gross
production with the oxy method. 1971-72’ productlon-
results are for net pgpgﬁgf;on wlth the C14 method
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CAPPENDIX TIT o,
. o
phytoplankton :Ldentlfled fr/n Lake Uabamun, 1971 72.
# not recorded by wheelock (1969) L
'Ultraplanktop
S Cyanophzt_&...
régahaené ég.--. o r-': ._COelosghaerlg! Sp.
Aphanocapsa sp. A Gomphosphaeria sp.
- Aphanothece sp. e .. Lyngbya 11gnet1ca Lemnernann
. ChroocCoccus Sp. ' '~ Merismopedia spp. o
s Coelosphaerlun naeqellanum 'chrocystls sp.. ",

,-1\ A S Unger AR _sOSc;llator;a SpP.

‘% o - Chlorophyta’ - ‘

.Anklgg !Esmus falcatus Oocystis sp. - : e
(Corda) Ralfs o UPedlastgg! gorx_num o

,Anklstrodesmus SP. - ‘ ; (Turp.) Meneghini

AsteroCoccus sp. S Pedlastrun duplex Beyen:

- Closteriopsis sp. - ; . :Pegiastrum sp.

jClongrLum sp. S ‘| 'Scenedesmus

~Coeldbtrum sp. ' , - Selenastrum sp.

fCosm ium sp. . gg "y, Staurastrum sp. ’

. gguc1ggn1a SP. - o =%a ' Q%aedron mlnlmum (Au Braun)
Dictyosphaerium sp. wp - . e , Hansglrg
Lagérhéﬁhia%gg;.-*,..%g . _Tetraedroﬁﬁsg; : T
‘Mougeotia sp. .. mL v oo T B

. LY s Lo o t
L ‘ﬂBac1llarlopﬁyceae'*_V’ﬁﬂi.ﬁ,"
Asterionella sp. . . . . Steghanodlscus sp. oA
Pragilarja sp. ‘.. . = -~ ' ' synedra sp. = .- = &%
- -Melosira 'sp.” . - -+ <Tabellaria sp.
. 1Elégeilate5'
Ceratium sp. - S Perxdlnlum Sp.
*Cryptomonas sp. e *Rhgdomonas _p. '
Dlnobrxon sentularla Ehrenberg :
' o Ve : ' ﬁ-L‘
I;u\;:’. -~ < .. I
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