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ABSTRACT
A pomb1ned €1e1d and faboratory'study was carried out to determine
the effects of thermal d1scha#?£s fro& two power generptdng stations ‘
on the submerged macrophytes of Lake‘ﬂabamun. A]bérta.
' }he distfibdt1on of submerged'macrophytes in Lake Wabamun was )
. mapped and qther lakes, mostly in central Aﬁberta, were exp}ordl :
starting in 1970. Lake Wabamun was found to be unique in having a .

-~

‘heavy growth of Klodea canadensia, which is otherwise rare 1in the
! area, Reavy growths were‘found 1Q zones influenced by the heated *
discharge from the older 600Mw power station. 'A'search of earlier
records 1i@1cated that Elodea had not been 1isted for the)lake before
1968. It was conﬁludeg that the Flodea community had appeared in " the
1ake w1th1nvthefpreced1ng'i0 years. The second, 300Mw station began
oberation in late 1970. Chari was soon killed 1n ah area ‘around fhe
mouth of the discharge canal and was 1nnnd1ate1y replaced by Flodea.
Between 1971 &nd 1973 the 3 acres occup1ed by Elodba expanded to 90
acres. The ddstribution of EZodea roughly cOfncides w1th the zanes
most affected by the heated d1scharges from the power stations. .
~ Light measurements 1n open water. and under 1ce wers mde -vmh.ar
,waterproofed spectmradiometer and a quantum mm (400 - 700nm) to 7
detem,me the qucth and 1ntans1ty 1n the photic zone. It was found'
that tht levels tn thc m&ep commn yarieﬂ widal,y with 1cg micka '
- Mess gnd. particularly. tnw dqpth. Mmm 11ght &mnsmmou hy
?thn ntnr omwmd at MDmn ;nﬂm—gmn) L i
Bhnt. phmlm at !ow stm ms mm % y
e

b m mm mﬂgr then thé ,emec séﬁﬁq h'the he
‘ k : ] A M,i * Y '1"“ “‘ "‘u"t i, ! : i
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size. Mature Elodea componly detaches from the bottom to form f]oat1h‘
 rafts wh1ch constitute a nuisance Vegetative bropagules a%e
produced 1n arger numbers and over longer per1ods of t1me€by Elodea ‘
than by the other species, thus enabling 1t to spread rapidTy

Net assimilation rates of freshly collected Flodea canadensis,
Mym'ophul?um avabesc‘ana, I’Otamoryeton per'tinatue and Chara globularig

were measured under differ1ng conditions of temperature 1ight. Qnd pH

in specia]]y degigned cuvettes using an oxygen electrode, , :‘l.

Blodea and Myriophyllum had the highest net assimi]atidﬁ -‘*"\.0'3

-

reaching a.light-saturated rate of about 30mg 02/hr/gm organQF "™

matter agbZS c. P pectznatus and (hara reached only 16 and 6mg
2/hr/gm organic matter.respectively Flodea and P. pecttnatua proved

_ta be the most efficient plants at Tow ]1ght levels. Al species )

were affected by pH. At pH 9 and Tow 1ight intensity, MyriOphyélgm

and P. pectlnatua assim11ated at 70% of their opt1mum rate, whi]e 3

. Elodea and Chara assimilated at only 20% and less than 10% of mnxime;.
respect1ve1y. Ezodea'a re]at1vely h1gh eff1c1ency’%t Tow ligh& levels

fagrees well w1th 1ts ab111ty 10 grow at. greater depth than the

other species.' The inabt1ity of Chara, and to a lesser extent,EZodha*'

| to ags1m1]etp'eff1ciently under conditions of hfgh pH may. part1a11y v

%

o R

explain the1r'ﬂim1ted distribution in Jakes. which are naturnlly
_a1ka11ne or become highly alkaline during algal blpows

.
g
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INTRODUCTION

[

"The vital activity of plants {s, like that of animals, the

result of the co-operation of two factors; the intermal structure,
or inherited disposition, and the influences operating from
without, or stimuli" - Julius von.Sachs, Lectures on the
Physiology of Plants. 1882

That plants react to their environment is well known from
observations made of their distribution and behavior in nature. Each
plant has 1ts own particular se¢t of physiological requirements which

determine where, and under what conditions 4t Wil be successful. “he
e 4 . .

method of growth, of propagation ar ngs1stance to temparary adverse

conditions may enable a plant to ga1n advantade over its competitors.

This study began in 1970 with a survey of the submerged aquatic

e mcrophyte communities 1n Lare Wabamun, Alberta. The survey was

. A1n1t1ated in response to public complaint over unusually heavy growths

in Kapasawin Bay that were being blamed on the discharge of heated water
by a 600-megawatt (Mw) power station whosevf1rst 75 Mw unit was
commissioned in 1956.
As a reslult of this survey, and a survey of other lakes {n central
/ Alberta which followed, it was found that the receiving waters of

) ,
Kapasiwin Bay supported heavy growths of Elodca oa'mdcnaie Michx., a

. species found only rarely and 1n small qumﬁth&in other bodies of

~ water in the aru. ~

.
-

A nunbe\pf remﬂs (unpublished) written in the early 1960's qnd

.an extensive nport by Stanley and Dobson (1961) on the aquatic plnnts
md the thermal effluents fn Lake Wabamun am not mention the pmwce
of 5&96« in the'lake. The prtncipq] sm*m limd in Kapasiwin Bay

' .nm Qﬁopkylhn mlbomu Chara sp. ml Pobamogeton: muﬁ.fbm
: xm wasy gam m the mc ;m n :.m Wabamm uymmk (lm)

§ Y
,Sa‘l'
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fn 1968 He reported 15 th the heated effluent 1n Kapasiwin Bay and
1nc1uded a photograph of a dense patch in a flowering cond1t1%p. It
‘ appeared that at some time between 1964 and 1968 an_1invasion of Kapasiwin
Bay had occurred in which the or191'na1 species were displaced to a great
degree by Elodea., | . ’
During the winter of 1970 a second power station (300 Mw)-yas
commissioned at Sundance on the opposite side of the lake. In September ﬁ\
. of 1971, Elodaa began to invade an area located a short distance out
from the mouth of the Sundance discharge canal.where Myriophyllum and‘
Chara had previously been growing. Al‘le“n and Gorham (1973) have suggested
_that a combination of low 11ght’and elevated temperatutes caused Chara
. to die and be replaced by Elodaa. '
. It became of interest therefore, to know precisely how Elodea
gained such an advantage over the established species, especially 1in the’
waters,'rece1 ving the heated effluents from the discharge canals of the -~
power stations, This study was undert‘aken to examine two Hkﬁy v
oss1bi11ties in some detail using a combination of extensive field
bservations and lahoratory experimentation. One poss1b1 1ity was that
year-mund ice-free conditions 1ed to the growth and dnvclopmnt of .
" Elodea at the expense of the orf g1nal specms because of di ffem\ccs h
. winter dormancy. The other possibility was that the heated efﬂuent
df nctl,y promoted htgher net assimi 'lmon. hence more growth of nadca. '
than of the originel’ 'species, | | ’
Four of thq major species fn Lake Wabamun were chosen for ;t.udy
Mchx., Myricphyllum exalbesoens Fem.. Potamogaton
~ peotinatue |, md Chara globularia Thid1, Flﬂd observations were

‘mde tﬂr\mftS t tho ntire year for a MM mm mn to dntmmm

v ° ) . b ’ : - v b
LI t . : . Ve N .
. 5 ' .. . ¥ o
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their pheno]og1¥s.

Net assim11ét10n measurements were carried out in the laboratory
usiné‘fresh plants collected from the lake. These were then squected
to a range of 1ight intensities, temperatures and pH values that 1nc1uded

thoie levels that were found to occur in the lake.’

The field observatiens and laboratory experiments are described
separately in Parts I and 1I, followed 6y a General Discussion 1n which

the major conclusions from both parts are synthes{zed.
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LITERATURE REVIEW \
A ton§1derab}e body of 1iterature dealing with aquat{g plants

exists. Much of the ‘earlier work was brought togethé&r by'Arb;r,(1920)

in a w;rk which ;L st111 of great relevence in the field. A comprehensive

review byt Sculthorpe (1967)vcovers nearly all the literature dealing

with the anatomy, physiology, ecology and distribution of~@hﬁatic

pTants. The literatu;e reviewed below is a selection of those publica-

tions which have been  the most pertinent to the topics fn this thesis.
Nuisance growth of 1n£roduced agugt[p macrophytes. - |

- , . . ‘ :
Within the last 150 years, several species of aquatic plants have

been introduced and have undergone extensive spread into new areas
where they were not endemic, and because oﬁiheavy growth they have
choked lakes and rivers. The spread of the qater'hyacinth Eio gtfg
arasaipes, in the tropics and squthern Un1ted"§ates is descr1bed in
Sculthorpe (]967).as well as the spread of Az9lla fmlioulotdca in
Europe. Arber (1920) and Sculthorpe (1967) trace in considerable
detat] the introduction and spread of Klodea eanadenata in the United

'mngdoﬁ\ in the nineteenth entury, In all thqse casés. the offending |

species were 1ntr\od)’@\tg nev;“amaé by man, and all toq often by
batanists and plant enthusiasts who fai 103 to° anticipate the .

consequences of their actions,

'cho msumnnt gf thc pmducﬂvfty\gf an nquatic phnt smnm
hes bm nppmchgd n. ;mrﬂ ways.. Forsberg (1960) mmm tM

o mmng crops by ;onming the pnm fm o fiaed arm ond !‘ A
P q;;;miamg thntr dr,y might m m grgardg mm bx diffnmcs after

S 'mmg, ;m ;m mm mman m:m nf th! phnta bx m mplmw il
;3‘:* R '? .' Vit e ‘ : f;.*» e u':\ q *‘ i E "1 ;4’ %:‘ R . "k" y"'{‘{@




' -7':91' 902 fm mm:m 1n L 1ngcn1n% gppantm m nhich ﬂm mnt Qf

o

ment of water.' An evaluation of the different weight methods 1s given
by Westlake (1963, 1969) as well as a method for the determination of

fresh we1ght (Westlake, 1965).

: Product1on may be measured over shTrter tdme p;r1;ds‘by
. determining the rate of net assimilattoni This may Be done by
measur1ng the rate of carbon uptake or oxygen produc ion. MWetzel J"'
(1965) evaluated the two techn1ques and felt that thF oxygen method
had too many prob]ems to be of general™ use He c1tes the problems of
oxygéﬂ retent1on in the aerenchyma and the rate‘of diffusion into the
surrounding solution as sources of large errors. Hartman and Brown |'
(1967) measured the volume and comgzs1t1on of the‘gqf,stored 1n»tpe '
aerenchyma and found that oxygen tended to appear faster in the ; ¢
internal atmosphere of the plant than in the water surrounding the p]ant. 2
The errors of the oxygen technique not w1thstand1ng. it remains in use -
| especially for physiological work ‘rather ‘than for field applications.
e.g9. lkusima (1965), Steemann Nielsep (1947. 15?53

Wetze] (1965) adyocated the 14c tochnique for the measurement '

of net ASS&&HIatioﬁ’and described apparatus and procedures for its use.

. Cwmrntivaly o studns on t,he effetts. of 11ght and temperature
hava been cgqu out cspgcmu under field cond],tmns., } -~

Thg 1Qb9rltor$ study'ﬁf qa:imilation by aquati plants undgr a
| , .' vtﬂ?q of cohdmm by Blgcmn and Smith (1911) mmm? 3 c’lqssig ,,‘; ~

he fmd. 'Mt amrﬂgﬂm \m dctominec by masurim thq upt&ka

- mrbnn dimin,;light nnd tmwm mld m nrm. , ,



. m wat gfﬁeim pmm cmmmng gt 3 vfm um, ms mn Q.m

4
which had been growing in heated water at 30 to 350C and 'in| unheated

water at 25 to 289C and found that the respiration rates of yarm

water plants were higher than those from cold water Qhen measyred at

the same temperature. The lethal temperature for P. parfb&iatﬁa'was‘

459C. Wood and Zieman (1969) examined the appearance of Thalafeia‘

a]ohg a transect.extending down stream from a power ;tat1on discharging

heated water 1n§o an.est#arine river. The temperatures near the

discharge Qere high enough to be lethal to the algé.. Meyer and

Andenrson (1939) measuned the rate of oxygen production by Elodea |

oanadensie at several temperatures. Oxygen production remained constant

at 25°C but dropped slightly after 30 minutes exposure to 30°C. At

40°C oxygen production dropped- markedly after only. 10 minutes. Th1s

was attr1buted to increased rates of respiratipn. . 4 .
Blackburn et al. (1961) studied the effect of 11ght on the growth ’

of Elodea densa and Heteranthera dubia. FElodea was found to gnow bestv ﬁg;

at Tow Tight levels (about 10 foot-candles) when using dayl1ght ‘ 3\\

fluorescent']amps. High intensities caused-bleachihg'qnd Qeath.

A

Heteranthera grew best at 590 foot-candles. S Lo \‘,

[

Meyer et ef (1943) 1nvgst1gated tha rate of appnrent photosxnthgsis

| L
s «ptm, thm msuring thg Amunt af omgn prndmﬁ amr 30 mnutqs. L
L The, mmtm af the water cotim yos ahgz@c, ‘mm.mm w o

r




a level between 2 and 3%.
Chapman (1971) descrigés thesddstribution of macrophytes in a .

New Zealand lake in which:the.exotics, Lagarosiphon major and Elodea

PN

canadensis had invaded and become estab11§hed some time earlier. It
‘was found that“of the several macrophytes present including potamogeton
SPp.» Drepanocladue, and Lagarosiphon, Elodea was able to colonize

to the, greatest depths (8 m). This was poss1b1y influenced to some

degree by the f1neness of the bottom sediments which'\pre preferred

N
by gtedea. . . \ . P
Measuremeni of 1light in water '

An extens1ve review of the treatment of 11ght measurements 1n
water is given fin Hutchinson ¢1957) and Vhﬂlenweider (1969) Instrumen~
tation and methods of 11ght measurement. 1§ gdven in Sauberer (1962),
Extensive 11ght measurements in all planes at d1ffe2i7t depths with
a’gollimnted detecﬂyﬁwerg made*by Tyler (19§0)..Nqst of these
stud1é$'have been made using selenfum cel]ii?ftqn,eqqigegd with a series
of filters which transmit relatively wide wavebands.. Comparatjvely
few Tight measurements have been made of monochromatic 1ight. " Spence
(1971) c1tes a nhumber’ of references n connect1on with his study in
whmh he used a Spectroradimter equ‘lpped vdth a fiber-optic probe

! 1;9 mnsure spectm] hmnaity at_depths dﬁn to one.meter,  c.s o
) Un1tsyin quh 119ht levels hqve been cxpressed vnry cunside&o
iy mq m@ do. mg haye a p‘hnt ph,yswlogicn bms e 9. foot-cmdfc or-




relevent to photosynthetic work. He expressed the amount of 1light
reaching a given depth in quanta/cm /second as derived from the
measurement of - the energy o} a known wavgbqnd divided by the energy
per quantum at the average wave]ength of the wavebdnd being measured.
The number of quanta received can be divided by Avogadro's number to
give "moles" of quanta (.01 x 1023 quanta = 1 Einste1n). A treatment
of these units and their derivations ;s 91ven in Nobel (1970).

Carbon Sources.

The uptake of-carbon by aquatic plants is quite distinet from that of

Tand p]ants."in solution, cnrbon can occur in three forms; free carbon
dioxide, bicanbonate, or carbonate ions. The relative proportions

of these molecular or ionic species is detenmingd by the pH of the
:o1utjon (See Append1x 11).” ' | ,

Arenss (1936) showed that b1carbonate ions could be used by some
aquatic plants, however, 1t was Steemann Nielsen (1947) who investigated»
the effects of various concentrat1ons of free carbon d10x1de and
bicarbonate on the rate of photosynthes1s of se*era] aquatic plants.

He found that,with the except1on of Fontinalis ant%pyrettoa, “the plants -
used in the experiments could use both free carbon d1ox1de ’pd bicarbon-
ate but that the rate of - b1carbonate uptake was only,ibout 50% of the |
rate of free carbon dioxide uptake when the concentrat1ons and 11ght "
levels were the same, ,] oo A ‘ S o ,§
J "The a;;mmm of carbon dioxidn was 1ndependant of other 1ons
| 1n the jglution gut the up{aka of h1cqnpona§c sou\d be gnhanggd by Q |
mixtum of émnns suchy ds pomgtun. cnlciun and mgneﬂm, ,519nif1canﬂy,
h¢ fomd m&; gt n Mgh aight. lgvel nf 37.090 lux, tnq m assdmilgtipn ,

\' }’1




. | ' ;
with a bicarboriate solution of 1.5 meq/liter. -S‘1m11aru.from pH. 5.2" '
to 3, th:e rate of assimilation was constant. At these lTow pH values, free
carbon dioxide is the dominant fonu. R

- .. Bicarbanate could be reduced ‘to quite lpw Tevels by Myriophylium.

At 37, 000 lux an initial solution containing 5 to 10 meq/]iter of

bicarbonate c&nd be reduced to less than 50% of 1ts origina] carbon

content. In doihg this the pH rose to H. At this pH a solution of

carbbnate—bicaribonate sti‘&consists of about 20% bicarbonate. »eman
Nielsen found that bicarbonate was absorbed by both sides of the leaf
but Rydroxyl /(o\/were released from on]y the adaxial su’ace '

. Steeman Nielsen (1951) proposed that bicarbonate uptake was
linked to the uptake of cations and that the rate of uptake was 1im1ted
by the excretion Qf hydroxﬂ ions from the, upper surfac:he leaf. |
Further work by He]der and Boer‘\na (#972) wi th the transport of labelled
rubidium through the 1eaf uf ‘Potamogeton Luecens conﬁrmed that

rubidium was taken-up at the lowe surface of the 1eaf and’released

at the upper sur¥iire with 1ittle fatention 1in the Jeaf, do%ar
trans ort of rub* imm;s found to Be dependent uPon 1 ? ‘
nﬁ The:* di rgction of tmnsport remqined the § n| w&gﬁ 1y .

hg 1ower su’rfacg of the leaf was muminated‘ Hﬂqer \and'._' me

propose .tha; the: nss‘lmi 1ut1on of b1carbonate fs the onl,y m‘lpfpmcqss. o
They suggested that the lower Iaaf ceHs gm mre pemeable tq ‘ »-M“’
| bicarbemte than thp uppen cens, whna tnc upper cg]ls nre more | ‘_
Permnablq g hydroxxw 1ons~‘ puv!ns qss1m1tat1nn a eenccntrnston ra:: ':{”Q,{ﬁfgfé
gmﬁmgnPNMmgmmntm1uﬁ ﬁnmwmuwignanQn ﬁ{ﬁg




Steeman N1e1$en (1952)- ﬁound that chang1ng 1ight levels affected
the rate of oxygen production After go1ng from a Tow 1ight 1eve1 .
(3 000 Jux) to a higher level (100,000 1ux) then .returning to the.
original 1eve1 the rate of oxygen production during the second
3 000 lux exposure was considerably lower than the first and was Pﬁgen
below the 1ight compensation point. The rate recovered after some
time when the plant was kept either in the dark‘or in 11ghtlof .
moderatel1ntens1ty} He attributed.this foect to p@oto-oxidation.

but did not measure dark respiration. o
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1970 SURVEY 0F SUBMERGED MACROPHYTES IN LAKE WABAMUN
A comprehensive survey of the d1str1but10n of. submerged |
macrophytes in Lake Wabamun was car;ﬁed out in the summer of 1970 and
additional observations have been made primarily in the east end in -
subsequent years. The survey was accompHshed by the use of a pgt
grappe] and SCUBA diving along transects whdch usually ran perpendicular
to the shoreline. Locations were determined with a Wild Optical Range-
finder for distanoesup to 1, 000 feet and a Hughes Class A\sextant for

greater distances or 1so]ated stations. Depths were measured with a P
. ) .

“lead 1ine or a depth gauge worn by the diver.

The results of the survey are shown n Fig 1 and a 1ist qf the

submerged and floating-leaved species is gven 1n Tab]e 1.

Several community types were found to occur 1n the Lake. One,

1N

described, as. mixed, consists of Myrtvphyllunu‘ otamogetan vagtnatus Turct and
Potamogeton riobm'daonto (Benn, ) gy db. with lesser amounts of o

7 M

Cbrutophyllum and other Potamogetons. Chara‘forms~an understory with.

8 high dqgree-of bottom cover. This community occurs throughout most ‘V;'
of Mognlight ‘Bay and near the shore of the north side of Knpasiwin ;“Ml, :

W , west to the dmherﬁe cenan of thq mbawn station. Italso N
occurs alons thq \mt shore of Goqsequm ‘gey ,-” T

v,'l}

v R RN ST T
Thﬂ GMW !h’lch mupicd_ms& ﬂ the"* ‘stgm;:-onqt of .th'e 'l'eke RN




()\ v ' . ! : ' \“‘I‘ )
Macrophytes occurred a11 around the lake as localized colonies -
mainly Potamogetons, some Ceratophyllum and Myrtophyllum Chara occurred

nearly everywhere while Elodsa was not seen west of Riche s Paint.

h -
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FIGURE 1, Distribution of the submerged macrophytes in Lake .
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Nabamun 1n 1970,
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hts found Yn Lake Wabamun

Submegqei or floating-leaved

Caratophy Llum demeraum L.
Chara globularis Thuill
Drepanocladus SPp.
Elodaa oanadensis Michx.
llippuris vulfaris L.
Lerma minopr L. .
Lerma trisuloa L. ’
Myriophyllum exalbesaens Fern.
Najas flexilis (Wi11d) Kostk and Schmidt
Nuphar variegatwm Engelm. o
Polygonum amphibium L. / .
Potamogeton filiformis Pers.

. Potamogeton friesii Rupr,
Potamogeton natane L. -
Potamogeton. peatinatus L.
Potamogeton praslongus Wulf.*
Potamogeton pusillus L.*
Potamogeton richardsonii (Benn) Rydb.
Potamogeton striotifolius Benn.*
Potamogeton vaginatus TurcZ.
Potamogeton mosteniformie Fern.
Ranmunoulus aquatilie L.-
Sagittaria gmeata Sheld.
Spirodela polyrhisa (L.) Schieiden
Utrioularia vulgaris L.
Zanniohelliq palustrie L.

Emergent species 7

" ‘Acorub oalamus L.*

Bquisetum fluvigtile L.
: Pz tes oommnia Trin,
Sotrpus $PP. '
Stim ﬂu:m ::'It. Encel
Sparganium leuryoarpun Engeinm,
Tgpha latifolia L.
) v ' } \

|

. l 4
TT.X. KITan, personal commnication

.

o
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OCCURRENCE OF ELODEA IN CENTRAL ALBERTA

Extensive collection of aquatic plants in Alberta have not been
made and 11ttle 1s known of the geographic distribution of species or
of the1f relations to water quality and sediment types. Some 25 lakes,
mostly in Central Alberta, were explored as time permitted. Elodea,‘
in particular, was sought after (Abpendix I). Moss (1959) listed
Flodea canadensis but 1nd1ca;ed that ohly a few records of its occurrence
existed.

Most endemic species of submerged macrOphytés were found in all
lakes examined, Only in fhose which were highly alkaline was the
species 1ist noticeably reduced. The species that were much less
widely distributed were Elodea and Chara. N |

Elodea was found {n several spots in the Sturgeon River system
and 1ts aésoc1ated lakes. One piant was found in Lake Isle, A small ~
patch was found in Matchayaw (Devil's) Lake and a third patch was
found 1n tﬁe*Sturgoon River near G1bb6ns Elodca has also bqen!found
in a small {selated pond beside Highway 16 west of Stoney Phin.
locally’ caned Danard Lake. The occurrence of Elodea in Alberta fis

.summarized 1.n’ Appgndh Il.

\
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DESCRIPTION OF LAKE'WABAMUN

Morphometry and Power Deyelopment

‘Lake Wabamun {s located in central Alberta 45 miles West of
Edmonton. The lake morphometry has been described according to the

recommendations of Hutchinson (1957) by Nursall and Gallup (1971):

Elevation .7l22.7m
Area 82.5km’
Volume 0.455kn’
Length \ - 19.2km
Max{mum b*’rJeAath © 6.6km
Mean breadth 4.3km
Maximum depth 11,6m
Mean depth 5.4m

‘ Shoreline length 57.3km
Shoreline devqlopmnt factor . ].83
" Area of surface dra1na9¢ ‘ 372, 4km’ |
.The hydrographic surve} of‘Lnka Wabamun is {llustrated in Fig. 2. @

.

Extensive coal deposits lying both to the north ﬁnd to ‘the |

‘south of the 1ake which are baing strip-mined have made fhe locat1qn .
very su1tuble for the establishment of coal~f1rad elcctricaI generating
“stations. The first of thll!. locqtcd At Mabamnn. wns comm1ss1oned in :'
1956, It 1n1t1;11x pr@duqad 75 Mognwutts, but this was {ncreased by
'scuggg LX) tntnl ofkﬁao Np 1u Narch. 1968. .

o Aa smd (mign wes buﬂt on m aouth s1de of the 1m at
- »mmgc and 118 first it rated 1t 7200 W, wiffommtsstoned n

fﬂl Qf ‘97@, »M“ “"“M; %. Q‘QLI‘ ,m tM hkﬂ fm‘ gqgling : ‘,i%"{il’

N i W
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F}GURE 2, | Hydrographic map of Lake Hébamﬁn redrawn from Government

Y . of Alberta, Department of Water Resources, 1960.
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purposes by pumping it through canals and dischar91ng the heated water
back fnto the lake. _The amount of-cooling water used bylthe stations

varies seasonally, the Wabamun station circulates 270,000 galions per
| m1nute in summer and 137, 000 ga]lons per minute 1n W1nter, while
the Sundance station, with only ha]f the generating capacity, c1rculate

1&)0009allons per minute in’ summer and 73,000 ga]]ons per minute in
winter. The stations discharge enough heat at these flow rates to
raise the temperature of the coo]ing water about 10. 59 C in summer and
' 14.5% in winter (Allen and aomm, 1972). This heat represents
about 65% of the energy produced by burning the coal
The heated effluents cause localized temperature strat1f1cations
whose 1ntens1ty. depth and extent are determined by local weather
-cond1t1ons In wfnter. the heat keeps extensive areas of the lake
’1ce-free. The sizes of these areas'vary with the air temperature and
their shab.quf',mouIdéd by thc-prnvi111qg w1nq;- The 1ce-freé area
Jt-Hibamun averages‘about 250 hcctarQ;W}GZd acres) while at Sundance
it 1s 60 hectares (150 acres), Nearly all of the lake bottom within
:these 1ce-frne arpas 15 within the phot1c zone (less than 4.5 n).

Nater Chem1stnx

“An cxtcns1vn program of water sampling 1n Lake Wabamun has been
. carried out by ¢o1lnagucs w1th the ona]yscs being performed in the .
'Department of Zbolegy. | "' S ',‘ |
§ ! Nind action during the aummar mi&'ﬁ the lake 30 that sampIes |
N lf~ cQIIQCth from y|p1gq§ Qr,g; qnﬁ gqpthp show 11ttle difference, The ‘
,,.m ™ m n ort msmcn mmd mh other lms m&ksﬁ.. BN
Y ma ucs msgm mmg of pmpnm l_mu m lmg datacteds
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Z]
nearby Lake Isle, a very productive lake comparéb]e in size to Nabnmun
which regularly produces heavy growths of shbmerged‘matrqphytes and(of
Aphanizomenon floe-aquae (L.)‘ka1ts.5w1th Wizard Lake which produces
macrophytes and heéavy blooms of Aphaniaomehon; Danard Lake, which
contaits Elodea and also has heavy growth of Aphdnizomenon, and
large Pigeon Lake which does not bloom and has a mdch.l&r production -
of macrophytes: o

© Sediments

The 1ake bottom consists generally of a fine flocculent oozé

of é light brown colonr which 1is cdnsiderab1y more than two meters déep in
most areas. Sediment samples were taken with dredges which collected
the tpp two decimeters and a steel corer with p]astic liner which
sampled about the first half meter. The samples were air—dried
1mmed1ate1y then sent for ana]ysis by the Soil and Feed Testing Laboratory
Department of Agricu]ture, Edmonton. The results are given in

5

'Table 3. )
+ The sed1ment contains very~11tt1e organic matter. Its nitrate
1eve1 is Tow but phosphate frequently appears in moré ‘substantial
' amounts but 1s essent1a1]y Tow, Phosphate levels are” strongly
stratified with the largest amaunts present in the top 20 cm. The
S highest 1eve1s Qf phosphate have heen found at depths below the
' photu: zoqg, It is not hnown at present how avaﬂable the phosphate ’
retﬂneﬂn the sediments 1s for use by the plnnts. A ‘Iarge amount Of | B
f:i ca'lcmm carbonate from snaﬂ sheHs and mqr] js prgsent 1n the sed1mnts, .
i chqr areas in. the hke, nntably ’the gastprn shms of quqsiwin Bty ﬂf'\?

and &qo&nquﬂ] Bg.y,hmg ﬁm bottqm of elwewith qwnﬂﬂﬁs °f 5t°“93* |
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are barren

Dispersal of the Heated Effluents

= The heated eff]uents from the pbwer stations have two genera]

il

| effects, they increase the temperature of the watér in an area of
) | .

: variab]e size and shap y and secondly, the increased temperature

prevents 1Ce formation in winter. Heating itself directly atfects
|

' the phys1(ioglca] processes of the organisms exposed to it and the

loss of 1ce cover results in an jncreased 11ght flux during the winter
| with 1ts onn'implicat1ons on the physiology of photosynthetic organisms.
-~ The noéement of water‘after~it Teaves the discharge canal is
, .strongly 1nf1uenced by wing-1induced currents. Prevailing winds set
up currents in the lake which are directed by the topography of the
surrounding land and the lake'smorphometry. As yet these currents }
hare not been mapped but general trends can be.seen from long-wave -
gerial ipfrared photography and by the shape of the ice-free areas
in winter. . E ! K '.; |
\ . Several series ‘of aer1a1 infrared: photographs have been taken
'of Lake Nabamun. Tw0«photographs have been reproduced h&?e through f_
the courtesy ‘of Professor J .B. Ruttall of the Department of .Civil |
R "Eng1neering Plate L shows the extent of the. heated water in Kapasiwin -

" Bay during'a perfod of light sopitherly winds, On August 15, 1970 1t
. shows that the heated water spread over the surface of almost all of

, Qf? .Kapasiwiq Bay TVOnEZOdGQ rqfts are visible fdn the photogr ph. the

’"re norther%y qne 1mped1ng the flqw of warm water frpm tra elltng

.\ S
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PLATE II.

. -
«
. - - h -
. ) - .. .
« r ~
'@ ﬂ.u..a.b v ,.ﬁ’
<

Aerial do:.nt:m infrared photograph showing the surface &mnlwmﬂg of the haated water from

-

the Wabamun power station on October 6, 1971 with nortiwesterly winds (based on Edmontde

tndustrial Airport data). Flow {s in a westerly direction close to the north shore.
J.B. Nuttail)

-
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' surfton’ Battom temperatures even ﬁum cloge to the discharge
canals remiin at 4, T™his implies that the importance of the heated
' efﬂmtg in zm winter ch mmy 1n m ‘reduction or Q'Hlimtian e

26

as Riche's Point where it is deflected out into the lake and dissipated.
?

An 1sotherma1 map showing the distribution of heated water from

the Nabamun Power Station for August 12, 1970 has been prepared by

’Professor Nuttall. This depicts the surficial patterns during a

light northeast wind (Fig. 3). ‘ He
The temperature of the discharge water {s high enough to prevent
{ce foimation in areas near the canals throughout the winter. In

other areas the fce and snow cover is variable or reduced in thickness.

-The size of an ice-free area is influenced by the prevailing air

temperatures. A period of warm weather brings about fits en]argement;

Figures 4 apd 5 show the shapes of the open areas at the Wabamun

and. Sundance stations on different dates. At Wabamun the open water
frequently extends around Point Alison to the intake canal indicating
circulation in tﬁ1s direction even in winter, Plate III of the
Hebamun open area taken on March 20, 1973 shor{iy before the break-
up of the 1ce shows a flow pattern along the,north shore very similar.
totthat seen in Plate II. The surface temperatures within this flow
near Riche's Point were only 4°. A similar flow pattern along the
north shore was pho graphed by Dr, J.R. Nursa]ll in March 1970 Th1s \\/ﬂ
pattern of cuﬁ?ent vement appears- to be one of fairly general
occurrence. TS

Both the infrared ;':hotogrnphs\ and the 1~ce-fm'nareas sr.gow only‘ .
surface eSnditim;. 'x}a w1nter.:troﬁg stratification occurs ma;- the

canals; the thermocline.often 1ies ‘only a few centimeters below the

of m ice otmr. not 1n rqmag the mn&um of m mtcr



27

®
- ' » ‘
\
FIGURE 3. Surface temperatures at the d1sch“arge canal of the Wabamun
~ power station on August 12, 1970, (Courtesy J.B. Nuttall)
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: .. FIGURE 4. ;ice-free areas produced by the Nabémun power station du'ring‘ .
@ ”'lthe winter of 1970-71.
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FIGURE 5.

Ice-free areas produced by the Sundance power station

during the winter of 1970-71.
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PLATE I1I. Aerial &1ew of the western edge of the ice-free areP
- produced by the Wabamun power station on March 22,(73

about 2 weeks before ice break-up.

’ ' §
PLATE IV. Mgasuring spectral intensities under the ice with a water-~’

+

proof spectroradiometer. April 7, 1973.

30,
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| 31
surrounding the piants
The d1spersa1 of heated effluents in Goosequill Bay in re]at1on

“to metecro]og1cp1 conditions 1s poorly understood at the present t1me

')

The Light Reg1me of Lake wabamun

Light intensity, light quality and the length of exposure affect
the growth of'plants. "In a lake, the light reaching the plants is

affected by the water surface which causes losses through reflection,

. | e . '

, by scatter1ng due to particulate matter in suspension, and by- absorption
’ o ‘ ‘

N . by the water and solutes,
{

‘Light quality in Lake Wabamun was detenn1ned with an Instrument
Specja11t1es Co. spectroradiometer which was enclesed in a water-tight
heusing. .fhe instrument and housing were kindly made available by -
Dr. R.G.'Netzel, Director, -Kellogg Biological StétionMMicMgan State
Un1verS1ty .The instrument measures spectral 1ntensity over a wavé-
length range of 390 to 750 mm and the output from the instrument 1s
" recorded on a strip chart recorder.  The housed 1nstrumeqt and

- "

. recorder were ca]ibnated aga1nst a G.E. C lamp in; an I.s.C.0. calibrator.

)

Measurements were made by lower1n9 the 1nstrument to the desired o :

depth where the waveband was scanned ' | ' .‘ﬁ . '
Measurements were: made on March 3, 1973, % ‘open water ona - ‘,; o

cleqf‘ day. chns were made in the air, and at a number of depths | |

The, spectra] 1ntens1t1es of sunl‘mt and 1n the Water polum for thts R
Kkt s ._..a,, ite - . | B ‘ | ,;' 3 . \.

ﬂnte ere qtven in- Fig.j§.hll~hf“,e =l ,~m,x Y

'\

i Meesuremants were mde undr. 0.8 5n of 1ce on P@rﬂ 7 1973 (qutq IV).
s mgs"thfts tme there was verx Httln smw cgver qn tm ﬂie. ind 1 '

: ;!4

!

~~~~~
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Readings were tafén 1mmeg1ately below the ice and 2m beneath
the lowgr surface of the ice (Fig. 7). 1In open water, blue and red
1ight are lost rapidly with increasing depth \eaving green-yellow
light with a maximum spectral intensity at 560 nm, This colour

\ is typical of'most lake water which is fairly rich in organic ma;erial.
Similar curves have been published by Sauberer (1939).

Measurements taken under the ice showed that the ice acteq as
a light d1ffusér and caused 1ittle change in the spectral composition
of the l1ight passing through 1t. Blue light, gspec1ally, did not
undergoe as much absorp{}on by the 1§e as by IAke water of a comparable
thickness. ,

Attenuation of 1ight in Lake wabamun has been measured using
three different 1nstrgments. The I S. G 0. spectroradiometer, a Lambda
Instrument Co. 11§ht meter equipped with a cosine-corrected quantum
sensor measuring a waweband of 400 to 700 nm, and an unfiltered |

.op'a?»covered selen{um phatocell. .
" . " " Attenuation (extinction) coeff1c1ents. E, were measured with the

| npeotmradiomter at 450, 550, 625 an?{"BTS nm. The decreis'\m'

. {ntenstty with depth for each wavelength, fwether with the

respective attgmuﬁon coefficient is given in Fig. Ba. The values

of E were datermined from the ekpression .

« £e .&B.LQ_...&L. (1)

Mn !a is the light mt&nsmf at the upper depth, Iz is the 1ntensity
et tm )mr depth and g {3 the djffumnco ‘Datween the two depths.

fom ummw mmcimts. E', were msund using the '

g

. m*wm sensor lccordlnq to the sm aqwtio“ me levels’

%

P
/ M Mr E' are ﬂm in Mg. ®° ﬂw mrch 31 and Jum 29 1973.,

"."
.
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FIGURE 7.

T e

Spectral distribution in the water column and under tce,
* Measured with an 1.S.C.0. spectroradiometer on

April 7, 1973 at 1000 to 1200 hours M.S.T. with a clear

sky.
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FIGU.RE 8. Light attenuation coefficients
(a) Méasured at selected wavelengths with an 1.5.C.0.
speét‘mradiometer onv March 31, 1973 (;ame conditions
as Figure 6). | ...
(b) Diffuse coefficients measﬁred with a Lambda Inst.
Co. quangum sensor (400 ﬁo 760nm)‘on two different

dates. (uE = microeinstein).
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| 'tramandously. Some examples are given balqw:

‘Because the quantum sensor measures 1ight over a wavetidnd of 400 to

700 nm, changes in 1ight quality affect its response. As the red and
blue wavelengths are filtered out near the surface, the diffuse |
attenuation coefficient 1s high, but as the 1ight becomes more
monochromatic with depth, absorption becomes more constant and the
attenuation coefficient decreases, causing the locus of the intensity
vs. depth plot to curve downward. The diffuse attenuation coefficient
was measured on several occasions and averaged about 0.7 in the winter
and in the spring.

\ Light me;surements taken with the selenium photocell under the
ice.surface were kindly made available by Mr. Leigh Notonwof,the

Department of Zoology. The 1ight loss due t0“severa] conditions of

ice and snow cover was calculated from the equation:

]
Attenuation factor = 1ight intensity above Tce (2)
T1ght Intensity beneath ice

Attenuation of fhe 1ight 1s due to the j{ce and to the snow cover on

top of the ice. The transparency of jce decreases with age as the
number of bubbles and inclusions increase, Transparency of snow |
also varies cons1derably. depend1ng upon 1ts water content and crystal
s1ze.

Both 1ce and srow depth are h1ghly variable, The fce gradually
increases in' thickness throughout the winter white the snow depth does |

‘not necessarily follow any pattg;n. Narm periods and high winds may

b]ow snow’ off the lake redug1ng its th1ckness and 1ncreas1ng Jts.

crystal sizq. As a rgsult. the‘attenunt1qn due to 1ca anq 2noy vnrias "
e "’."*‘3

» .
L
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Attenuation factor

30cm snow & 68¢cm  ice 7 x 07

. 30cm snow with a layer of slush & 67cm ice 9.8 x 1073

4 Th1n cé&st of snow & 70cm of spongy ice 9.6 x 10’2
"+ No snow, 48cm of spongy ice - . | 0.16

From these figures 1t can be seen that the snow cover plays the greatest
role in determining ice and snow attenuation.

The amount of 11ght reaching a given depth can be rough]y”

[

estimated from‘the surface 1ight intensity, the ice and snow attenuation
and thewdiffuse attenuafign coefficient of the water.
In mid-winter with 68cm of ice and 30cm of snow giving an
attenuation of 7 x 1 = and an E' of 0.7, a surface light irradiance
of ]SOOME/N?/SEC would be reduced by the fce and snow cover to:
1500uE/m /sec x 7 x 10° 4. < 1. QSuE/m~/sec ‘
Using an equation derived from equation 1, the 1ight at a~depth of 4m

of water below the ice wou]d be reduced to: ,

1, = 1.05. -0.7 x 4 (3) ' o
« .. = 0.06uE/m"/sec
which s an extremely low value. If the snow 1s reduced to % thin
-2

crust giving an attenuation of 9.6 x 107 the irradiance at the

bottom surface of the 1ce would be 144uE/Mm /sec. and at Am below the

1ce 1t would be 8. BuEAn /sec

N



in clumps and a bgttom coyer of Cham

STUDY SITES IN LAKE WABAMUN

Plant growth andvdevglopment and phenology was moﬁitored mainly
at four sites. Their locations are given in Fig. 9. Two of the
sites, B and D, were placed near the mouths of the discharge canals
where they would come under the main influence of the heated water.

Site A was placed in cooler watef in an established Eiodéa
bed, and a control site, C, was chosen in an area wheré Elodea
occurred but where the heating effedt from the power stations was
minima1. A s1tes were at a depth of 3m.

Site A is located South of the Wabamun pier. It has Elodea 23
its dbminant macrophyte‘w1th traces of MyriéphyZZum. It is fairly
strongly influenced by the heat from the Wabamun Station but the

influence is highly variable and the site does octasionally freeze

over in the winter.

¥

Site B consists of a.pure stand of EZodBu\\;igblf strongly
affected by the heated water thraughout the year un all wind conditians,

The heating 1s strong enough Eochuse temperature stratification at

~all times. . ' N -

Site C was established in an area where Elodea was -present,

‘but where the heqting was minimal, The site 1s cgyered with ice for

most of the winter but because of westerly currents along the north

shom. the jce 1n the area melts prematurely in the. spr1ng. ~ The .

B ,sit.e is populated with B‘Zodaa, Myz-iophyzzum, Potomgetan vag'matus

‘ sm D vms astab’lished near thg unuth of ehe Sundance power

t ='sﬂmmm P dlqcharge cgrm hefore the ganemtqr was comiss‘loned in o

38
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October 1970. At that time the macrophytes occurring on the site
consisted 6f heavy clumps of Mgpiophyllum and P. vaginatus with a
continuous bottom cover of.Chara. |

Plant growth and their appearance at the sites was followed by
sampling with a grapnel, by direct observation by diver and by | ;
photograph. | v )

Early in the study, attempts were made to quantify plant
growth by measuring biomass per unit area’af bottom with the use of
a kmz quadrat. ‘The piants were‘then co]lected from inside the quadrat
by a d1vér. ‘The technique provéd to be impractical because the plant
size was so great that they became entangied with surround{qg p]aﬁtq
and the divqr. Jhe are? around the quadrat quickly becaég riled andd
v151b111t} wag/;educed to zero. Because of sampling errors and

large variations in plant height and density, a large number of

. . () : '
samples would have been required to obtain -statistically representative

" data. L ‘

Plang heights were measured. This was most easily accomplished
by diving but whenwth1s-was 1mpos§1b]e,'p]ants cnllected'by the grapnel .
were measured. . | | | < ;
The beSt téchnique for(thaning a reTaF1vg measure of biomass #isy
éé?omplished by dgtefm1n1ng‘thg dry weight of ten stems collected by
diving whenéver poss1bie.‘ Callecting by hand minimized breakage of
tﬁe gf?qs. o | | -

»
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FIGURE 9. Locations of study sites.
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* The power station operated intermittantly t

shut down for a 2-week period 1n August, 1971.
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S
1S INVASION AND SPREAD OF ELODEA AT THE SUNDANCE STATION

(Site D and v1c1n1ty)

The plant community occurr1ng 4n the area of the Sundance

Station s discharge canal was mapped during the summer of LB?O prior

to the commissioning of the firt 300 Mw generator in late October

hroughout the winter and was

The re]ation between power
production and the temperature of the discharge water is. given in

A]]en and Gorhdm (1973). |

; A number of changes were noted in the area of Site D. dur]ng the

summer of 1971. Myriophyllum did not achfeve its usual densities and"

in abundgnce The Chara understory,

»

P. vaginatus wasys]ightly reduc

appeared normatl.

On September 9, 1971, Anspection revealed that a' large "hole"

had been created in the Chara bed adjacent to the canal mouth'whiéh

1nc1uded S1te D The area had been denuded ‘of Chara, and numerous
clumps of Flodea 20-25 cm high had become established. The Chara ,
1nmad1ate1y outside this areawas sickly 1n appearance and the
Myrtaphyllum and R vaginatus remaining "{h the "hole" was covered with .
detritys. Cogstderab]e turbidity originat1ng in the discharge canal
had peen noted in 1ate August. The extent of the EZodea 1nvasion
about one month later, on October 2, 1971, Wﬁs mapped at “which timé
qt occup1ed'three acres, The Elodaa colony was mapped. three times

' subsequqnt]y and showed .a rapid 1ncrease 1n area during the folIowing :

sumr (Hg..lo) , e



" .kr\ ' . .t
- i v
-

L,
FIGURE 10. Areas in the vicinity of thé'mouth of the Sqndanbe
diqéharge canal densely 6ccup1ed b} Elodeai Mapped'
on 0ctober 2, ]971u July 20, 1972 September 29, 1972,
and July 4, 1973, Acregge showﬂ indicates total area

occupied. . ' o -’&



42a




sunlight which combined to reduce net assimilation of carbon below
compensation long enqugh to deplete the plants' Mserves. A more
detailed description has been published by Allen and Gorham (1973)
and they have postulated that %_§1m11ar type of invasion

occurred in Kapasiwin Bay possibyy- following the commissioning of
Cthe (300 Mw) unft at the Wabamun Station-ln the winter of 1966 67.
At the time of the, Hrst. ﬁﬁvéy 1.'

was already occupied by lqggg.
into Moonlfght Bay. Isaiaf P ps were first detected in Augusf,
A‘a !

70 most of Kapas iwin Bay

‘ £
trtime, Hlodea has moved

o
U‘

1972. To date (July 1973),Flodea in Moonlight Bay has not displgced
the original species ‘but has simply mingled with them. Since Moonlight
Bay 1s connected to the rest df the lake by only a narrow channel, it
does\not receive any s1gn1f1cant heating from the Habﬁmun Station

and remains frozen ﬁhroughout the winter. Under the conditions

present 1in Moonl1ght Bay, 1t would appear that much of flodaa s

competative advantage is not realized.

13
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. , SLOW SPREAD OF KLODEA o

Nlodaea 1s able to spread beyond the oridinal area Of invasion
by a slower process of {nfiltration and colonization. large‘number$
of f;aqnwnts from the main bed are carried from tpg area by currents
and establish new plants. Such propagules have béf‘ found over the
entire eastern end of the lake, some taking root at depths of 6.5m.

For colonization to occur at a great distance from thé.hain bed,
ft must be large and dense enough to act as an intense source of
fnoculum,

- ’

The slower colonization is: characterized by Rlodea growing as
individual plants rather than as clumps. The original species are not
1mmedkate1y displaced but they may gradually be chdked out with the

passage of a few seasons. The spread of Klodea in Kapasiwin Bay may

have partly occurred in this way.
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PHLNOLOGY
The seasonal development patterns and methods of proliferation

‘ . ®
play an important role in determining whether a plant is capable

.

of surviving in a given environment. 1In many submerged aquatic plants
sexual reproduction if of little importance. In A]bértd,for examp]e,‘
Myriophy! hen flowers infrequently apd few of the flowers that form
produce mature fruit. ~Klodea canadensia is dioecious. [t may produce
abundant flowers'but only one sex is usually present in a given body o
of water (Sculthorpe, 1967). Only male pldnts have been“observed in =\
Wabamun so far. The Potamogetons, however, p%oduce large numbers of
seeds and these aré probably a significant method of propagation. The
seed;.are strongly dormant and require a low temperature treatment to
germinate. Decomposition of the testawhth time also aids in germination.
Spence (1971) has shown that there is also a red 11ght requirement.

In Lake Wabamun, particular attention was given to the .formation
of pnopagula§'6y Klodea and Myriojhyllwn in heated and unheated areas.

In heated, ice-free water, Elodea passes the winter as sizeable
plants which may be well over 1m high (Plate V) A1l of the plant
is bright-green, healthy in appearcnce apd growing as judged by
periodic measurements, In late summer,the new branches that are “
produced tend to have/shortened internodes fbrming "winter tips" which

have substnnt1a1'qua+t1ties of starch. ,fﬁé'imount of 1nternode”

shortening or imbrichtion seems to be related to the average water

temperature, with‘l s occurriné;in warmer water (Plate VI). If

| thtke'tihs'ara removed from the parent plant during the winter, they

tend to float. Rlofiea does not die back 1n tha heated areas during
the winter but con#idtrable dfe-back does, take place in the unheated
! ' ‘
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~

PLATL V. ' Underwater view of k/odew, showing the large standing crop
»

L 3
near the mouth of the discharge canal of the Sundance

power station. February 10, 1973. Plants about 70 cm tall,

¥

9

L

PLATE VI. Winter tips of klodea canadenais showing the effect of
water temperature on their morphology. 'Left to right:
Warm water. near Wabamun discharge caﬁal (Site B)

Conler water near Sundance discharge canal (Site D)
Cold water under ice at the control site (Site C).
h ' Note short internodes oF winter tip in Eontrist'to
to long internodes of ﬁarent stem. |

April, 1971,
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areas coveéed by ice and snow.
Shortly after the ice break-up.whibh generally occurs in mid-
ril along with rapidly increasing hours of direct sunlight,

.‘cmphyte grow'th begins. In the heated areas, /'lodea e]ongateé; even
more rapidly and flowering begins in the most heated areas by mid-
May. The time at which flowering occurs 1h ﬁ/ndva appears closely
linked with the temperature to whicn it is exposed. Assuming a

| constant water depth, p1ants growing closest to the discharge canal
flower ear]1est wh1]9 those at a greater distance flower over a
month later. Flowering may not occur at all in ynheated areas such
as the control site,EC. In carly spring, many of the winter t%ps
produce roots'at:the,nodgs and at tha same time, th@ stems bécome
brittle. Breakage readily takes p}ace and the gips.f]oat.away.W\These
floating cuttings -or propagules, comp]cifvw1th roots are quite :
ab%pdant in the eastern end of the lake throughout May and June
(P1ate V1I). ' |

ﬂ Myrfophyllum also forms imbricated winter t1p$ at the ends of <:/

its br&nches but late in the Fail, These qré denser than water,
sink to the Bottom when thelpareﬁt plant d1sintegrétes and there over-
winter in a dormant condition in both heated and unheated areas.
Rooting of the winter-tips doés not accur until the water warms
sufficiently 1in late Spr1ng . A " .

Winter tips of Elodea and Myriophyllum behaved similarly when
they were warmed. )K1ps of both, species collected in March rooted
and bqghﬁ to qlongﬁéﬁ;with1n“three days when warmed to 18°%¢ in the
Taboratory, o i N . ’

| ‘The Targe aumbersépf‘float1hg-w1nter tips produced by Elodea,

'
*

47



A

PLATE VII. &lodea winter tips which had broken off and were found

/

PLATE VIII.

floating in the lake.Note presencs—of roots. March, 1971.

Fragments and tips of Klodea washing up on the ice at'ihei.

edge of theZicenfree area produced by the Wabamun power

station. December 9, 1971.

.48
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and their high mobility make them excellent egents of prqpagat1od.

They are released even in fhe winter from heated areas (Plate VIII)

as well as i the spring and become established and begin to

elongate before other spefies such as Myriophyllwn and the Potamogetons
break dormancy and so are able to shade competitors. Colonization

can also occur in the fall when other species are in a depiiitated
conditiog' From field and laboratory observatioﬁs it appears that

the wintgebtips of Elodea require no exposure to low temperaturee to

4

1n1t1ate root development. ,

"The seasonal development of Klodea is alsa affected in the
heated areas. Plants in these areas overwinter very well with no die~
, back and enter the acEive growing season in a lqrge, well-~developed
condition. They grow eapid1y,.f]ower and’reacgnkhe surface eaglier.
When they reach the surface,usually in early Jg]y‘at Site B, they are
essentially mature p1ents. They lose their bright dreen appearance,
:taking on aQ'olive green hue and the branch tips near the surface
become redd1sh or partially b]eachrd from t&e high light levels
(P]ate IX). The plants become senescent and because -of the1r
prox1m1ty to the surface, they are broken off near the base by wave
‘aetion and float to the surface to form rafts often of considerable
size,which drift w1th the wind (Plate X) <;kthis dparacter1st1c
fhat makes Elodea such an obnoxiaus weed in Lake Wabamun.
_ In contrast. Myriophyllum s development is not-significantly’
',accelerated in the heated areas. It's overw1nter1ng tips are “
o nstropgly dormant and do not “root in the fall or 1ate winter.
; Nyriophyllum must therefore re-establish itself every spring from
the,winter tips produced during the prev1ous fa11 e

L]



—_
/ )
+ B

Al

CPLATE IX. Flodea showing browning and senescence from an area in the
main stream of the heated water from the Wwabamun discharge
canal (left) compared with non-s!!gscent klocdea from a nearby

area in cooler water (right). June 22, 1971,

PLATE X. Floating rafts of Elodea in Kapasiwin Bay. July 24, 1970.
‘ ‘ Vs (, +
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rLodea ln Ul"lEst:U (UUGS'I"t."t‘)LdUIIbIIC) w1 oLpe radr o rrum
' tips or ]ong,buried stams or sto]ons.‘ Shoots may reach 0.5 to Im
in height before the lake freezes over Its develbpment patte%n in,
unheated waters with ice cover %ore near1y resgmb]es,the seasonal
development of the other macrophytes. fhe growtq and phenology of X
Elodea atlthe peated sites and the control site is given in Fig. 11.
- The phenology of My;fophyllum.is essentia]ly‘the same in the
heated énd hon-heated,siteé, A and C,'respe¢tive]y. It may be

summarized W}Qh dates (which will tend to vary somewhat from year to

year) as follows:

May 15 - June Elongation
June ~ September 15 Maturatiqn'
Septémbeg 15 -~ November 15 Senescence; formation of
‘ winter tips o
| November 1% - Abr1] 15 : Decay;"winterqtips dormant
. ' o on bottom |
April 15 - May 15 | Ninter't‘i'r‘ dormancy
The phenology of Chara and the Potamogetons was nog‘stud1ed in

detail. However,"np strik1ng differences 'were noted be;ween the

heated 'aWunheated sites. . |

-



PART 11

NET ASSIMILATION EXPERIMENTS
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FIGURE 11. Phenology of Flodea at two heated sites (A and D) and at

the slightly heated control site (C). .
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MLASUREMENT OF NET ASSIMILATION

It was desired to determine how the four species of macrophytes
performed under varying conditions of 1light, temperaturf and pH and
how they compared with each other in their responses..

The response of a plant to a given set of environhental
conditions can be measured in several ways such as increase in size,
fn weight or by‘its assimilation of carbon. The first two methods
may require a prolonged period of time while the measurement of net

assihilation is rapid and can provide a continuous record of a plant's
I

metabolic acti%ity. .

Net assimilation can be measured directly by carbon d1ox1d;
uptake or indirectly by oxygen production. In an aqueous system,
carbon dioxide or bicarbonate may be used by the p;ants. Ubtake
~of carbon can be measured Accurately only by using ]4C~labelled
bicarbonate. This technique however does not allow contfnuous measure-
ment:_ Oxygen production can be followed accurag;lx'by using a
- polarogﬁipntc sensor which cont1nupusly,measures the oxygen
oncentration in the water The technique assumes thqg tﬁere is
good diffusion of @xy?‘ P

ANl m‘xrophytls w1thnv“f?*

;{he p]ant 1qto the surrounding solution.
‘ Qf (Ghara have an extensive '
sytt!m of air spaces ar. serdh \ch can act as’'a gns reser?oir.
HhenQe oennchym s f1lled to capacity, oxygcn leaves the plant
aither in qolution or as bubbh; when oWn ntuntion of the
.wrromdmg mution is M“"’f Bubblc formation cnﬂ ‘be grntly ‘ ‘
mduccd by lmﬁng ﬂn mn conmtrmon of the M
métim to um bélom utnrnt!on. The formation of mm m«w

bc mmm lm:m: m emlh m;n mam g;« not ma;um.. S




', was &s low as possible.

\

SAMPLE COLLECTION AND STORAGE
Plant m;terial for use in Yhe net assimilation experiments was
collected in Lake Wabamun an& used as soon as possible after collection.
Plants were stored in water 1n a growth chamber at 4°¢ with 16 hours
of Tow 1ight from 200W of incandescent Tights. Afr was bubbled
Ithrough ihe waterl A1l plants except whan} tolerated this treatment

for at least 10 days. (hara was useable for 4 to b days after

collection, but was generally used within 24 to 48 hours after collection.

No canditions wefe‘fnund {n which chara would survive tor long periods.
The plants collected were the healthiest a&d cleapest that

could be procured. The term1na1‘5cm of Chara and 10-16cm of‘the

other species were used. The plant material was washed to

remove detritus. Some ep1phyt1c algae particularly diatoms were

present but, plant matgrul was -chosen on which the epiphytic pdaulaﬂon

. Y .

After heing used in a net nss1m11auon £xperiment the organ1c

weight of the plants was determined. The phng were oven-dried

at 80 C for 38 hours, \Mghed and ashed, Ihe*asn weight was then

sub;racted from the dry \mqht to give thgneight -of combusuble

substancess The organic vmght was dpemed "o be a better way of

mnuring the munt o# plant mterial used ,especially when comparing

.t d1mreﬂt spec4es. Iho amount of ash an a dry \Mght basis yarie;

s

conswtmbly fm ;puchs to amiu and m change duMng the yenr. e

Ly r\
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DESCRIPTION OF NET ASSIMILATION APPARATUS
A1l net assimitation experiments were performed in an
anironmenta] Growth.ﬁhamber Co. reach-in chamber (Plate XI). The
working space in.this éhamber measured 1m x Im x 0.7m. The walls

Yich helps: to retain their high

were of aluminum coated with mylar

[

reflectivity. Temperature could & controlled over a range of -10

4 .
. to 50°C. A large heat .transfer capacity enabled the chamber to

achieve,a new temperature quickly.

Lighting~in" the chamber consisted of two sets of 1ights, six
}50-watt incandescent lamps and twenty cool white f}uqrescent lamps.
The fluorésé;nt lamps~the not used. The incandescent lamps could
be controlled in two groups consisting df 2 and 4 lamps each which
could be used to give 1ight settings of 1/3, 2/3 and 3/3. Ipe lamps -
built into the chamber were supplemented with an addittonal bank of
s1x 200- watt flood lamps and a single 150 watt bulb. The built- 1n
lamps were located ip a l1ght cap which®was water-cooled while the
heat from the supplementary lamps was absorbed by four plastic

A

wntervf111ea ce11s two tnches th1ck (Plate Xll)

56

Two types of quvette were used, one with a volume of 173m1 . -

for 1ight and tgmperatur' oxper1mehts und ‘a larqer cuvatte of 1.86
]1ters capacity for pH pxporiments o |
« ' The smalT cuvette was made from 3cm104clear plastic. It was.
fitted vﬂth :hrée swums of Tygdn tubing (3/15" ingide dtameter). “
small - }'é,.tmatéd nﬂrring bar was placed in m hottomand -

cmgufxth . mrfonw pustic disc. In openﬁon m snrrtng

bee saryed 45 0. cemmugu U, draving water down through the l-

‘I"f . .
: * ] [ ]

' Nrfonm msc nﬂd out throu-)h tﬂg ;wn nms tu the top of. the SRR

\ B P o f'rt ’«l L '?z'”!:",': S e



‘.

PLATE X1. Growth chamber used for net assimilation experiments.

P with the small cuvette and chart recorders.

~.

) \\!‘ .’ ’ . , ,'; J ' )
PLATE xr . Arrnngemant of extra 1amps and he,vt absorbin

_ growth cha\wmr. Shovm with cuvette 6 place.
v , : N
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‘&‘
éuvette. This form of circulation provided a perfectly steady f?ﬂa

of water over the plants and the incoming streams from the side arms

'prov1de& adequate flow over the membrane of the oxygen sensor (Fig. 12).

The oxygen sensor used was a Beckman polarographic oxygen
electrode connected to a Beckman Fie]dlab.oxygen meter. The sensor
was pushed through a rubber stopper which served as a top for the
cuvette. A small therm1$t0r bead epoxyed on the end of a glass tube .
was located beside tﬁ@ 6xyq9n sensor. The oxygen meter was tonnected
to a Heatﬁ Model EV—26B chart recorder and the temperature sensar to

a- Wheatstone bridge. |

The large cuvette (Fig. 13) was also Wadv from clear plastic
tubing.ip.Scm in diametgn with a flange on the upper énd also of
clear plastic. The 1id was a flat plastic disc held Aown by 8 bolts.
Two short tubes were aFtached near the bottom of the cuvette. Through
. these An’oxygen sgneqr and a cogx;al pH e]ectrodé mountéd in rubber
%topper; could be QnSe:?zaT';quculat1on was provided by,q,sgirr1qg'
) bar. The plants were kept away fro the stirring bar b}‘q Screen
suppor?ed,by a plastic ring on three lggs.. A nﬁmber of glass rods
_attacheh to tbé 11d prevénte¢ mo%ement ijQhe plants. - The pH?'
electrode was cofhected to a Rgdiomeier pH-metér-Qh1ch.was equ1ppéd
“with 5’fn&orﬂer'conneétionithat led gord;néﬁﬁn& Heath recorder.

’ﬁ . f v , . . ]
K ' ' ' oA

A



FIGURE 12.

2

~

A Q-cuvgéte, volume 173m1 |

B ~ Tygon side~arms

Polarographic oxygen sensor

C -
D.~ Thermistor t_emberature probe ® .
E -~ Magnetic stirrer

k- Nater-filled heat absorbing cells, 5 am thick

G-~ 6x ZSQ-watt flood lamps )

H- 6 x lSO—watt 11ght bulbs located 1n thq 11ght |
cap of tne growth chamber

U g Single 150-wutt light’ bu]b '

. . L, . ’ .
L ] . .
s W, b

Apparatus'uséd for the light anJ temperatufe experiments:
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FIGURE 13.

pe

/

Cuvette us&d for pH experiments ~ vo]ume‘]f86‘11ters.' x

L]

- F
)

PoTarographic oxygen sensor

Coaxial pH electrode - . -

e
)

Stirring bar | o
Magnetic stirrer | 45

™m o o
b] )] y

Screen

Ly

]

Glass rods to prevent plants from moving
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' which was bent through a right ang1e The photoce11 was conneqted

61
CALIBRATION OF APPARATUS
+ " The thermistor was calibrated a§a1nst a good quality mercury

thermometer and a graph prepared which converted the units from the

Wheatstone bridge to degrees Celsius (+ 0.2°).

- Light levels used in. the net assimilation experiments were
meaeured in micro-einsteins/ m /sec A quantum sensor made by the
Lamhda Instrument Co. of Llnco1n Nebraska wes used. This*seﬂsor
mea;ured ]1ght over a waveband‘of 400 to 700nm. . One efnstein .
corresponds to 1 mo]e of quanta. The mean wave1ength measured by the | 5
sensor 1s 575nm, = One pE/m /sec. corresponds to 20 82 uH/m at 575nm

. The light f1e1d inside the small cuvette was measured w1th a

small silicon photocell mounted on the end of a p1ece of glass tub1ng

through a voltage d1deer to a Heath recorder - The photoce]l s, out- |

put was cal1brated aga1nst the Lambda Instrument Co. quantum sensor - \

| , the photoce]l probe 1nto the wateref111eq,cuvette and adJu$t1ng the

us1ng severe1 1evels of incandescent 1ight A, graph was,then prepared

" which converted the output of the photocell te uE/m /sec.. Th1s graph

|
! \

was val1d for 1ncandescent T1ght on]y. r S : : ip: e
Light measurements {nside the Flvette were. obta1ned by pJac1ng k

n1ghts to a]] the pract1ca1 comb1nq£10ns. The phoﬁoeeil was then “‘i j O
rotated ;hrough an anglﬁ oﬁ 90° and the serdes of l1ghx megsureMents .

drapeateq his mas doné at 90 4ntervals for a fu1] g1rcle. At each |
- 119h¢ level the fo@r meagbrements wh1ch deseribeq ‘the 11ght fﬁ&ld; ":-»
) B / “‘. A
j,‘were averaged gnd ennvertgd to uE/mg/swc,/ The- who1efproce¢nre wu& erdﬁ

repeqted iﬁ frﬂquént fnterva?e,viLighb‘_pmbinaQiong nere chqien wh10h 'f
ve"gmdﬁnqg' e e




The oxygen meter was calibrated using{a standard of air-saturated
water. The oxygen concentration at a given temperature was taken from

' a table by Truesdale, Downing, and Lowden (1955).
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PROTOCOL OF EXF”ERIMENT'S | IR
Light temperature expemments were carried out in water
conta1n1ng 1000ppm of b1carbonate (as potassium’ b1carbonate) Th1s
so]ut1on was stored 1n a growth chamber at 4% with the p1anbs3 Before
the expemment the sdhmon was guwoxygenated by bubbling mtrogen
.o

thr‘ough it. The oxygen concentrat%on was redgced to about Tppm. WA .

-

-

q‘uantity of washed plants was put in, thé small cuvetté ‘and the

bicarbonate solution poured in. The amount oflp1ant ‘mater1a1 used

(O 1. to 0.5¢g dry wt) was enough to g1ve good rates of oiygen productmn
» without bemg so crowded as to cpuse se]f shadmg Th1s'was determined

!
\only through experience The p]ants were everﬂy spread in the cuvett‘e

63

with forceps, ‘and the cuvette p]aced on top of the st1rrer 1n the .' * .

growth chamber set ‘at 5 C. The pH was then: measured and a&Justed to" "

. { "

8 1 with hydroch]ort acjd., The stopper carrymg the oxygen s{ensor
ang thermistor was 1rﬁ'erted and the electmcaT connect bns made. The
' cuvette was then a1]owed to "settle 1n“ in complete’ darkness for ,

"

about 30 min. The latter part of th1s dark periad wa’ used to measuqe

v )

the rate of respirationy des1gnated R], Coe ,'v4 .‘ ’1) 1
‘ The cuvette was - exppsed to the 1owest 11ght ]eve1 £i rst, foﬂ

tyrned fo And the final respirat1on rete,,déaTg as, RZ’ was : i
',":\.}f“f‘ masured. ¥ !\‘.v TR ’7 : v ' 1
“oix)” After mmpletion af"the run at 59q the_,. DEYRTHYe Was shanged .

p“t

'A to 15°c The water 1n the héataabsorbi 9 celis usua)}y coo%fs%ﬁ'f#y_ ot

‘qftbe cells. Thie

: :
-‘,}\Fk's‘u
[

A




_withdrawing cool water at the same rate. The quvette was allowed to

[N

come to‘§emperature the ‘oxygen concentratign, Adpwered with nitrogen,

\
and the v re-adjusted to.B'l After "sett]ing An" the light’ series

»

was repea&qd. The entére operation was agaig repeated at 25°C.

-

Upéﬁ\completion of thévlight—temperature respofse nmaSurements.
the organic weight of the plants usedlin the experiment was deter;1ned
The pH exper1mlnts were carried out 1n the large cuvette at

20°C at a fixed ligg& leve] (approx. 25uf/m /sec) in a solution
contain’hg 600ppm of bigarbonate at pH 8.3, The pH was adjusted
upward 1n steps with sodium hydroxide to pH 10.6 and downward Th steps
to pH 5 Qith hydrochloric acid. . ) ¥
During the course of an experiment, the rate of oxygen production
was recondéd.' This.rate was determined by measuring the sfﬁpe of the
ling drfwn on the strip chqrt'and expressing it as ppm Oz'produced per
hour, ' The rate was then multtﬁ]igd by.a constant derived from the
volume of the cuvétte divided byathe organic weight of the plant
mte?fnl‘ This gave net assimilation fn mg Ozlhr/gm. The rate of
oxygen production. uks not altered by the addition of cnlcium and/or

+

magnesium fons. . '



RESULTS

Light and Tempegature Experiments = - o
,

The apparetus used to measure net assimilation dna‘rPSp‘F311OhN

of aquatic macrophytes proved to be vemarkably responsive Lo

. the dissolved oxygen exchange of plants, A change in the light level

generally prﬁduced.a change in the oxygen production rat0°w1th1n 1

to 3 minutes. The slopes obtained in the 1ight on the chart recopder
were usually very straight even over lengthy periods of time, indicating
.that net dxygen‘product1on and 1ts diffusion from the plant into the

surrounding water was constant. The respifat1on rates obtained in

A} . .
. the dark were not constant and gave curved lfnes on the chart. The

rate of respiration was highest immediately after exposure to 11ght

and gradually diminished with time. The ratg\of oxygen consumption )

continued to diminish until the available oxyden was totally depleted.
Gas trapped in the aerenchyma did not produce any serious
problems. If the plants were klpt in the dark they used up most of
their stored oxygen. When these plants were 11luminated, it took
several minutes for oxygen to be releaigg into the syrrounding water.

Th1s\;:b period varied inversely with the light intensity to which

they were exposed. During the Tay perfod there was no et oxygen

., exchange with thg water giving the appearance "that the plant was

-\1n airact contact w1;h the, external solution.the lag period possibly

- ‘uﬂthin the eell uhcvy 1t will be91n to

' light co@g&na;zad Since nearly all the photasynthe€4; cells are .

prnsnnt; the timo taken for the oxy n to reach conctntrations
ﬂgb\ffuse out rap1d1y. Dur1ﬂ9

£ s time the rnxpirntqry needs of ﬁﬁq cell are met from internal
30 oxygen 1% not taken 1nto the call from the outside, |

[}
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Th@ahet assim1]q£ﬁon rates produced by the four,species under
different conditions 6f 1ight and temperature at a pH of 8.1 are >
shown ig Fig. 14 and the resp1rd%1on rates over the temperature raﬁge

of 5% to 25°C are given in Fig. 15. Ihe curves shown are derived

from six or more experiments. In Fig. 14,'3 reference line has been’

drawn through the 40 uE/"F/sec irradiance level to enable comparisons

of net assimilation rates at l1ight-limiting levels to be made more

-~

easily. Depending upon seasan and cloud cover this level of irradiance

occurs at some depth between 1 and 5 meters in waters similar to Lake

wabamun with an E' of 0.7.

. pH Experiments . SN

’

Two types of pH experiment were carried out. The major series
of experimeﬁtérwere performed at low light ]evgls (25 uE/mz/sec)

using a solution contpining 60Qppm b1c&?bonate (at pH 8.3) at a
! ./

temperaturé of 20°C. / The large cuvette was used as 1t provided a
l

large volump-of solution whpse pH was more stable while the plants

~ were photos(nthes1z1ng Rates of net assim1lqtion at varfous pH

values were plotted as percentages qf the maximum rate attained.

. Figure 16 shows how the four species examined performed. under d1ffcr1ng .
E PHS. ‘The pH range 8.5 to 10 which covers the, pH muas most frequently
f 4und “{n Alberta Takes has been marked on the gr,ph

Aaccond axperiunt was performed 1n which 2 quantity of

'Myriophyum was eprsqd to conditions of low And high 1ight (25.

nnd 260 uE[uzlw:) and m Jow and high concentrations of Mcarbomt.c‘ ‘
&0 and coom at pH 8.3) while the- pH was gried. The results wite
plottm! ty_ m sm. fmt ns pamenqus of}o hxim nt& S

atmmd and. hcoad, M nsom;c mm of net gssfnﬂation (Ffa, 17&. b)
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FIGURE 15. Respiration rates for iilodea canadengis, Myriophyblum

| exalbeboans, Chara globularis and Potamogeton pectinatus
‘ ‘ , < . .
over the range of 5-25°C expressed as mg of oxygen per

.

K .+ "hour per gm of org¢n1c matter,
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FIGURE 16. Effects of pH on rates of net assimilation for Elodea
aanadensw, Mymophyllum exalbescens, Chara gZobuZam
and Potamoge#on pectmat:ua under cond1t1ons of Hm‘lﬁng
11ght and 600 ppm of bitarbonate (at pH 8.3) expressed '

as. percentage-of the max1mum ‘rate aQtained TypicaltpH

range for Alberta‘lakes {s- indicated by reference 11nes, ~
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Theféuperiment; producell two types df curves. ,The experiment
with thé MyriopnyZZum gave S-shaped curvesfwhich can be explajned 6W _ ‘
tneibaeds of carbon uptake eithe:Jas free &arbon d1ox1oe o; as bt—l S
carbonate. At pHs less than 5.5, free carbon dioxide is the dominant A,
species so the rate of assimilation seen at these pHs is governed by
its uptake and the l1ght~1ntensity. At pH§ over 8 b1carbonate is
the dominant species and the rate of ass1m11at1on is governed by the 'f A
.‘ uptake of this fon and the 1ight intensity. At pHs between 5 and &, |
- both, Species are present 1in varying proportions (Append1x I11) and
intermediate rates of assimi]at1on are obta]ned At very high pHs,
(over 10) net ass1mi1at10n drops rapid]y, At high pH the amount ofﬁ?
carbonate, 1n(the so]utton becomes quite large and as carbonate is’
unuseab]e, the ¢arbon supply diminishes. However, even 4t a pH of
. n there 1s still a 1arge enough proportion df bicarbonate in so]ution
| 1f the tota1 concentration 1s high, to enable assimilation ta proceed

at the maximum bicarbonate rate. The decrease 1n net assim11at10n

~ that. dbes occur at pHa over 10 w9u1d appear to agree w1th Steeman S
“Nlelsen's theory that 1t is the presencé of hydroxyl 1ons which |

=

,m‘mms assmnmon-.- - ,‘r ey R -
Ca , ; ,u& . _,_..‘ N S -

sg‘erff‘*‘rf«The curvcs gonerated by«tnp f1rst ser1e§ of experiments show. ‘52 SR
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Reactions tO'Conditiohs of Aania

' The four spec1es were exptsgg to Tow oxygen concentrations by .
keeping them in the cuvette over ﬁ?ght in complete’ darﬁ\ESs at 20° C
¥

During this time they lowered the oxygen d%ntent of the water in the

I

cuvette to values approach1ng zero. ' After. about 18hours in the
' 'dark the 11ghts were turned on. FZodea, Mymophyllum and Potamogeton
'\-peotznatus began to produce oxygen aftgr only a short lag per1od

| C%ara usua]]y d1d not respond at all or d1d ) at a great]y reduced

| rate’. Exposures to conditions of anox1a for a period of four or f1ve

hours Qroveq to be detrimental to Chara.
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DISCUSSION AND CONCLUSIONS N

Effects of Light and Temperature

Expressed on an organfc weight basis, Flodea aanadenaie has the
most efficient net assimilation of the four species studied under all
l1ght and temperature conditions used. Tts maximum net assmilation
rate was éboOt 30 mg Oz/hr/gm at 25°C at pH 8.1. h‘lm?ca is
particularly efficient at low 11ght levels and its net assThilation
risey \;ery raptdly with .increasing 1ight intensities.

Myriophyllum exalbescens 1s the species which most neariyg

dpproiches Flodea in net assimilation rate. [ts net assimilation rates

were quite simtlar to those of klodea undet 1ight-saturating cond1;1on5'

but under Tow 11ght l)yels Myriophl([[hm was not as active especially
at 15° and 25°. |
Potamogeton pectinatus . is efficﬂant at low 1ight levels where
it approaches the rates qchieved by Elodea However, under high 1ight
: 1ntens1t1es its sutyration rated of net asgimilation are well below

those of Elodea and rqriaphﬁlwn at all thyee temperatures.

Chara has & Nry low rate imilation - only about
20 {o 0% ef‘ thc‘ rate of Elodea. It i3 not as qffa;ﬂent_ at low light
levels " the"-qth,or species and béi:omes'lfghf saturated at quite low
{ntensities. , I R
The nspiution um nf the four Speqias L1 three uweutures .
are shown 1n Fig. 1%. Thq Ry mm obtained mr the plants had
m in tha m'k for s :m are those rates which. would most nearly
imate mmm- mpi ration rém. The Ry values obtatned
Mgtﬁy Aftar hmmc mmmm ‘are’ assumd to be the stesdy
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oxygen concentrations occur inside the cells. The large d1fferenées

between R] and R2 could indicate that there is some photorespiration

occurring. However it is probable that, to a great extent, the higher
respiration rates measured after 111umTndtion are produced by the
saturating concentrations of oxygen th?t are present in and around the
cells. .

In genef&l the respiration rates of the four species follow

LI

the same rank order as their net assjm11atiop rates Myr10phyllwn,‘

-

. however, has a net assinﬂlotfon rate st1lar to that of €lodea Under
high 1ight conditions, but its night-time respf‘ation rate 1is

v significantly higher.

,'\ )
’perate in a region where both 1ight and temperature levels are

Aquatic plants growing at depths where the 1ight levels are low

critical. Plants can survive at a given depth only when the day-time
net assimilation exceeds the nights respiratory losses by some
acceptable margin. If the plgnts are subjected to conditions which
' produce defecits for any substantial lengths of time they will consume'
/thﬂr reserves and eventually die.
Deficit conditions can be pmduced by lowering the’ 1ight levels.
~ This may accur with high turbidity. cloudy weather, ice cover or by
. mutual and self shading. The amount of detritus, epiphytes und marl
cccumhting on the p'hats my act to significantly reduce the amount
of HqM: méMm the phctosynthet‘lc tissues. Chara grows close to
the bottom.and in deeper water the Chara 1tself tends to pmduce a
amt-fm 2008 mr it, ' This enables detritus to collect. on the ‘
pl:nu, Chara 18 n’lm noted for {ts production of marl which m e
rnch a gmignmg mckn?@ 1ate 1nthe season. In contrest,

A .

Tt




K

e T
Klodea .and P, peotinatua‘}rk more flexible and grow well abové\tﬁe
bottom 1nto water which is circulatfng so that detfitus does no{
,g'collect on the leaves as easily. Marl may accumg}hte on their leaves
bdt. because of thelr flexibility, th% marl easily flakes off 1f the
.plants are disturbed. Myriophyllum, particularly a; it ages, serves
as a substrdte for many organiéms to Tive on and these also tggg to

’ o
lower net assimilation, . | -\\J/”

LY
If 11ght level and its duration are not limiting, an increase

in temperature would be beneffc1a1 to the plants causing more rap;d

growth, If the plant is living at a subs1stanre level with respect

to 1ight, an-increase in temperature will produce an increase in

the respiration rate which could cause the p]ant'to go into a deficit
licond1t1on. Chara in particufdr, with 1ts low rate of net a§51m1lat10n,

1s susceptible to damage at Tow 1ight levels. Its reserves of carbohy-

drates are low when compared'to the other spec1gs and so cannot

tolerate’ a deficit condition for a prolonged period of time,

ffgc;; of pﬂ

The pH experiments showed that the net assimilation ®f all the - -

gq;qt1c macrophytes studied 1s strongly -affected by pH, especially at
Tow 11ght 1evels where the carbon supply 1s not 1imiting. Myrfophyllim
and P, poattmm are normally found in moderate to very alkaline
'wnurs in A]borta. Atlpﬂs of 8,5 to 10, chh npmsonts the range

of most nm in central Alnpm.,thoae two plants are nble to t;nnyf”
out net assinilation at rates uMLh arg close to their mpoctjve

- maxim, c'hmu chmu. md Flodea perform pooriy at Mgh pH ulms. ,
o m Ms b«n found gmufng gt hm 'pH but m phnts mm mmd '

- only. 1n the m1m nmr. nadm m mm fgmﬁ m 2 mfﬂcmt o

Y ' : . ot .
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number of lakes and streams in Alberta to clearly define its preferred
conditions for growth. Chara has not been found in our survey of
lakes in any body of water where the pH waé above 9 or where blue-
dreen algal blooms regularly ogc?rrgd.' Although the 1ight levels 1in
a lake during an ;1§a] bloom may b% severely reduced, the pH produced
by.the algae would be enough t0'i%hibit net assimilation by Chara.

Effects of anoxfa.

Chara's susceptibility to anoxic conditions make ft particularly
‘vulnerable to starvation and death. The sediments in most lakes of

central Alberta are anaerofic and Chara, growing in still water near

these sediments, can easily suffer from oxygen-deprivation. This is
especially so when large amounts of organic material from algal .

blooms or from other macrophypes- fall. to the bottom and decay.
Chara's preference for a sandy bottom and shallow water is probably

a consequence of this aspect of its physio]ogy.
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GENERALTEISCUSSION
The most s1gn1f1cant effect of the heated effluent %rom the
power stations fis tt prevent the formatfon of ice over f%rge areas of
the lake and to reduce the thickness of the ice and snow cover around
them, This 1n turn increases light 1nteqsity in the water column to a
level where macrophyte growth can‘occur. 'Elodea is able to grow under
these conditioﬁs whereas other species are dormant. In this way Elodea
gets a head start each spring and is able to crowd‘qut énd shade the
other speciey. B : .
Elodea is also successful in spreading in the lake begfuse of its
ability to form large numbers of vegetative propagules throughout
most of the year. " Those produced in the fa11 tre able to become
established with 1ittle competition when the cher species are in a
‘ senescent condition and fqrming dverwintering étructures. A~§teady
éhpply of propagules from the heated areas has contr@buted‘ﬁo the
raptd and successful coloniznt1on of areas which are less affected by
the thermal discharges from the power stat1ons.
.The studies of net nss1m1]at10n in re1nt1on to 11ght and temperature
'A1n the pH range of 8,0 to 8. 5 typ1cal1y encountered in L&ke Wabamun, '
~ showed that Elodea had a s19n1f1cgntly highgn wat gss1mﬂat19n than
,tha other three specus examined under aM exngmental cond1t1ons. It
”‘1& F e tqm&ﬂnﬂate bs‘gt.er during cloudy yieather or at depths where ‘
tha othd* ;mcfeswm n or balow cmnntmn. , I is Hlmﬂse Able to |
5 mmmg better thgn mo';thcr spectes at the Mghnr mmum | L
pmnmng mr m mm of thc discbam mm‘ mm's g rate
) ‘gt mmwli im@n swﬂad mﬁ g rs‘mjmx »htqh mtg gf mpm&m
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.thermal d1scharge
%t has been noted (Allen and Gorham, 1973) that above-normal hours
of sunshine together with below-normal water Tevels lead to heavy
macrophyte growth The amount of sunshine in May°and Jun4 p]ays a

particularly important role in determ1n1ng growth fpr the geason

v

Water lével variations which occur in the lake are probably not as
important in 1nf]uenc1ng growth as the hour§_of bright sunshine. Based
on the measured diffuse attenuation coef?ﬁé;ent‘bf 0,7, a 30cm
variatibn in water level will change the 1ntens1ty of the light

'
reaching the plants by 19%. S1nce the p1ants become 11ght saturated:

at 5 to 10% of full sun]ight a variation of 20% broughb aggut by -
water level fluctuatdons will not affect assimilation as much as a | fj
20% variation in monthly hours of bright sunsh1n? which may be ‘expected
in the Edmonton .area. | .
Thermal d1s%narges into Lake Nabamun have changed the environ-
mental conditions of the lake: suff1n1ent]y to faggg:-fhe estab]ish-
ment and rank growth of Elodea. This plant,because of 1ts characteristic
: "growth hab ts, has become an obnox1ous weed in_the lake. The only . | 3:‘i
effective longaterm solution to. the prob1em would b to complgtbky |
stop the adq,nmn“of r)égt to the laké by the powen ;t;ations. It 1s
. ‘not’ pqssm ‘ as yst to predict precisely whnt effecr,s ‘this wi H ha\k

on the growt and phenolpgy d? EZodaa. A complete rcturn of the 1ce,.'~

cmr woyl4 pq necessary to gain the qmmt benemﬁ and tMs Wmv R SR
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much of its competitive advantage and®the density of \the beds would ’
probably decrease allowing the original species to make a comeback.

Th1s process may take severa] years to complete. L1ke\@any

{

ne1ghbor1ng1akestheeastern end of Lake Wabamun was densely populated

by submerged macrophytes before the power stations were(built, and
the removal of‘the‘ heated effluents ffqm tﬁe ]ake will not cause
it to become weed-free.. ‘ \

‘ //Aazoqea has not been as suecessfu1“1n other lakes which have ice
cover because its phenology 1s more §1m11ar to the endemic, we]l— ‘
estab11shed spec1es and it must compete w1th them on a more even, 1if
not inferior bus1s. Elodea's ]oWered rate of net assgm11at1on at
high pH may also pnevent it from spread1ng in these other lakes. Most ,-
of the lakes in centra] A]berta have h1gh pﬂs-espec1a1]y while they

‘are prodchng b1ooms of blue- green algae, The rate of net assimflat1oh
of Elodba at pH 9.5 1s only 20% of the rate of its pH optimum, while
the net as;um11qt1on of widely d1str1buted species ]ike Myrtophyllum

and P, peotinatua at pH 9. § 1s 60% of the1r optima. The §1m1lar

effect Of h1gh pH on net ass1m11at1on ofechara probebly accounts for
its 11m1ted d1:tr1but1on s1nce 1t hay not beeh fgapd fn any of the
Takes surve,yes} in which the pH was above 9 é’r where g\gﬂ blooms l

‘aceur regu’laﬂy. '.“ " e :
v this study - she effects of Tignt 1ntenﬁiti’w&i'1?*!#.'?""‘“'°"f*

.submrged mmnrqtes were of pr1ncfpa1 conctm. mm m' ne egtencion
m pm t mm nf 11qm: smm athsr tm o mmmv :m mh 4*:-
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the p]ants elongate towards i?ﬁ top,nf the water co]umn the 1ight
quality as well as the 1ntensity change unt11 they reach fu]] sunlight <
at the surface There it was noted, some spec1es undergo pigment
changes and/or b1each1ng From what 1s known about the effecaf of
11ght quality on the physiology of terrestrial plants, it is reasonable
to supposé that different species of aquatic macrophytes may'have
.developed a number; of significanf'physib]ogical re§pon s to light
quaf&ég and 1ntens1ty gradients affecting such processes as photo~ .
synthesis, dOrmancy, flawering and morphogenes1s Further detaileﬂ

field and ]aboratory studies of these poss1bilities are obviously
. ™

needed and are likely to prove very reward1ng.
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/ APPENDIXT o A
LA List of Lakes and Riyers Examined for e
"} Submerged Mactophytes. | :
‘ /I\ ) ' o . ' .
fﬂ R L e o
Ant]er vg“‘-' - ' ‘ Matchayaw (Devil's) - .
. Beaverhﬂ] ; | ‘ \,‘ Micquelon c
B‘onny ,: s | | \ "~ Ppigeon 3 ; -
.‘Cache f | : | Redwater River | | T
Carsqn:‘jl'f:T o }, - ’ | ',YS_andy | -
l,"' COOK’DQ}\ Stebert ‘
" Danard iy . ‘-’\ . 0 smkey |
‘ | ’Sprigz (Edmonton Qeach)' |
Ste, ‘Anne '
Sturgeon Ri ver (at G-lbbms)
Thunder:,fg o
Vﬂngent te , C "
Habamun. s o

j \ Nizard

. }‘o.,



Locations where Elodea 8

Y

Location

North edge of Milk
River Ridge

- NW of Calgary in a -
© ditch .

Near Gem, N, of Brooks
Near Vauxhall ' 1

Sturgeon River ‘near .
Onoway

wqbamun LAKe
Isle Lake
thard Lake
natghaydw (ﬁéail's)
Styrgaon Rivep (Giﬁ‘ﬁ,]

i
. DL

Bugust 2, 1921
| August 2 197lw‘

/-85
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APPENDIX .11
' a
ﬂ ‘has been found in
Afberta. .
L .
B w ' \ L\
-Date é' Collector
/" ’ ! 'Q
: ’. B ' . 1]
July 20, 1885 J. Macoun .
b . .
July 30, 1953, W.C. McCalla
August 20, 1954. E,H. Moss . L P
'Septa‘f 4, 1955 - E.H..Moss |
. K e — . . " Y
August 18, 1958 SR Pegg o D
May 14. 1970 CED.ANen
qune 29, 1971 . ED.ANen .
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. APPENDIX III
’\ ) L) *
. Re]at1onsh1p between free carbon d10x1de, |
, - bicarbonate and carbonate with pH
.
t e , )
\ : . ~
The proportion of free ‘carbon dioxide and carbonate present in a solution’
with a given pH on the accompanying two_graphs is calculated froem the A
foTlowing equations. The amount of bicarbonate in the so]ution is i ) \
determined. b_y subtracting %CO + %CO frdn 100% Cu &
o\
| . !
‘ 1 4 1
%0, 5f ——— | -
2 T+ Ky %100, L
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