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<. Uiring the periodjJune, 1973 fo May, 1974

aimnpibgical studies were carrfed out on, fhe wa*éﬁs of v
. ' l * [] s v .
' ~$00te' ~aradise, a narah and wild’ire sanotuary ;n

- namil on, untario ‘ All of the indicins of: :utrophlcatdon

a _ﬁeasured Indicated that the marsh ranked'ﬁmong thﬁ most

. [ .

;r. eutroph!c‘or aquatic systems in temperate reglona.. The

- o

ﬁ-'sﬁcundary treated sewage which was discha?ged 1nto the .~

_weste“n end of the marah riom the’ Dundas Sewage treatment

]
.

plant was »he primary sairce of nu:rients.. RO S

1he phytoplénkton populatioha 3rnwed ah\}olonged .-
-:aummar bloom typical of aquatic syatema pollutEd by. sewage <1

o R .

. ,}errfuent. Chlorophyll a, uned as an- index.of biomass,

'l s *

-

A

“.waa h*ghest during the npring and summer, and lowest dpring c

o+

:the rall and’ winter.‘ The converse waa true for. the ' ,-}

: A .
:_nutrlenra.- Phytoplankton decreaaes and increaaes-nere I
ST ceS >
e, eorrelated nith changea 1n the light/tempennture regimes

durlng the rall and\apring transition periodu.. Temperaturé-
) i

"‘had a pronounced eftect upon chlorophyrl variations . .

A

"—“““*—betwern*dnnuary*and Ray~i97#—&nﬁwest—90nd._
Heakly bioqupa variationg durins the,aummer at

"atations by nnd }2 ware related to B complex or 1nteractiona

1nvolv1ng cleven environmental parametera. Statioq h xaa‘_i

-
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iccuted in the West¥rn.end of the marak andl statiom 12

. - . . \

- ) . . . . ) . b
~ﬁa3-;n Ine paatern end. - Hitrate-nitrogen Wiy sugspected

were otserved in West, Pond and in the .maln open watEr a“$a

So:h& the nutrlent which was Limitlnp alrax p;0wtb

S w v ., "\
- PR

’he~uasterr'end'of-the ﬁdwsr “hosah"“cus m! nin; in the

-

sﬂd‘men‘s and nitr 1;uca*10n of amron*a were observed

in the Dea! dinsfélnal and West ?rnd ‘L- R >

)3

.

- T*e west and egdt—ond sample atatlons of the

-;absn-Qére-slgniticantly different 1n phvtoplankton ;;i

Pomposl lon and nutrient status when coqpared to each o her....

tar L

A‘gal genera and npecies tjpical of highly eutrophic waters'

e o e,

(5tat10ﬂ 12) Cblorophyta xene the dom-nant-gwoup in

‘West® bo d 'uhlle Cjanophytn forned *he dominant group in

"-he ﬂain aroa durinp the 3uﬂncr of 1973,  Species compoaltion _

and dcmlnnnce of maJor algal groups changed with the seasons

!l . .‘-'

_at both scation h and station 12 “gezwfmmm;n_w,- e

1n the Hest Pond utations and about 195 ng/ﬂ' fn the main

[
. 'l

S Dur!ng ‘the summer chlqrophyll averaged 693 mg/“'

'opcn water area statlona., H/P ratlos werc .dower ln the

. - /
ugpt end atat:ons than in the eaat end ntationu. Hu»rient&
1n the sewage efrluent had a greater afrect on algal A—

. ’ . l
~act1v!ty at those acationn near the point of discharge 3 ;k{“,
i d

'-Pond area (2& ac;hs) can be regarded as a. sewage lagoon

'thau*ona -1- th.cugh 5& By the time—&he water& reached mﬂ5
't.station 6, BOS or lncrganlc phosphate and abnut 903 or '

' nitrate-n;trogen were removed._ In‘thls reppect the.wesg'ﬁ
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.u' - ‘)
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& further trPa-nent on tha tnocmiag -seware N
~ . - ‘® ) " . ‘ t -

~ffluenr,  An a v:ul ,.a,decveased nutrient lecadlng wan

. ' . - : oo : . .
. . . - . . - \
Jischnr;eirintv the maln open water aresn. H‘ may have

-

r
.
v
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.
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gnffl-nn- factol 1n'detérm1n1np‘thq. trferent '

.y - o LA ‘
’%&y:cmvﬂqx,oq structure in the ﬂ% n open uatpﬂ PPa.
. Ve '
- ay N . p 9 . o
- ‘-_ytgrnax.utudieS'1nd1cated that observed variau-\

COovarihun parar @*erﬂ Wwere not hrea‘ ou,h to affect.an .

3 ¢

s

terpretatian of néa"enal Ch&ﬂSEa baséd on dqta,cc [lected

+

«
L
e

. a b!eweeki} chedule\(p"ovidinp th Et\aanrling nas

.

- 1
vonsintenti. Diurnal studles also suggesuod that wind
: ’ '\\-
T ,.&nc;dent sola" radia 1on, and prevléus 1ight hls:crj

.t b
v ARy have tean 1ﬁportant 1n exglaining ChIGPOphjll varin; nsI/
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INTRODUCTION - (

The eutroch‘calion or-accelerated B eing of
1bu"al ’"esh warer o“ marine aquat‘c syatems. Nas 1ong

‘veen, and 3t111 13, a protlem of primary ecologicalr T

polltlcal, end eqoncnic concern. - The cerm ' trophicatidn' -

mfans nething more tban enrichment with nut lents and, thﬁ(:}

%

ldconnequent *ncrease in c}?,ogical productivity or aquatic

. s;stems (”org 1969) The- tern prcduct*vi ty can be defined N

.as the quantity of organic matter produced by living

organisﬂs 'rom a speci’lc amount of raw materials in the ST
environment 1n a . unit *1me~perloJ (Ruttner 1973).. Much |

of the deterioration or water qualitjsis caused by lncemplete
'creatment of domestic sewage, anq 1nduatr1a1 efrluent wastes.-
0verfertllizaticn of agricultural land and consequent runoff

or rertilizers 1ntc laue baslna, together aith Ehe rall-out

- products of . atmospheric’pollution a‘so contribute to: the

| problcm Th!a thests 18 concerned with the investigation :

of the environmental effects or the discharge of ‘a daily i
afcrege ot two million gallona of secondary treated sewage

lntc the waters ot Cootc s Paradise.' Coote s Paradise is

i a narsh aed wild-lire aancnuary in. Hamilton, Ontarlc. The

) reaponseu of - phytoplankton to the nutricnts (most of whlch

ccne from the penage eftluenh)xand to qzhcr.physicel.pargmetersd

(. - ~ SR L ‘
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rhave been astudled,

BRI

. v . . b
,The earliest desdriptlom.of whft today wWould

Lo descrited as a ‘eutrophlc laKe' was migde by Leecuwenhoghk

. S L " ) - ’ . ' )
in the year 1674 (Fogg 136%).« The protlew ‘therefore, s ‘
. 0 . . . . . - '

not new, (lasgical examplef>or formerl; o}rkotrophic

{unpolluted) lakes which are now eutrophic ¢{nclude,
- -' :

- - . . - — « " . . - e . ~

Laxke Windermere -in £ngland, Loch Leven 15_Scotland, the

' Utersee tasin of the Zurichsee "in Swiﬁzeﬁ;and {Brook 1365);

Lake Erfe (Lange 1971}v'Léke Wiqhigan (Scheiﬁ?e and Stoermer\'
1571), Lake Kinneret in’ Israel (ﬁalmann19??), and Lake. oo

‘Ldusﬁing:on 1n‘the U. S A, (Hutchinson 1973}" The eutroph&cationl

'-nhenomonon 15 not unique to temperate'regions,'but 11 alao" .

-_prevalenﬁ 1n/§he tropics {erney 1972 Vlner 1973).- The
results of thla regearch contlrm that.the waters-or Coote s
Paradlae rank anong.most.eutrophic qr temperate aquatic
~env1ronments when chlorophjll is used as the’index of .

' R "‘—r‘l ) LA . ',‘4 /
eutrOphAcatlon.  {. A PRI T )u'

'y

_ The phy:oplankton ecologlst 1is primarily concerned
with 1nve5tigat1ng the causah ractors or the eutrophication :

" !

procesa and the poasible mechaniams'Ior'prevention and

«
~ reversai (Rauson 1956 P;lmer 1969 Ryther and’ Dunstan 1971,

c aunn and Welsh - 1972 Halmam1972 Winner x{:,fog& 1973,
: Hutchinaon 1973 Takahaahi and Nash 1973}\\ f 1973).. A
.claaamcal example of a nuccosarul reveraal ofyeutrophication_“
“nas thnt of Lake Hnahinstdn lHutchinaon 1973) One af the

benefits ‘of this reportfia that ib will provide a groundwork

- L) .
EEE . " . . . o
. \u . Lt N . ) . ' . 1) P A
: T , ! . o o

! " . ’ . . C . T - .. o . : ’
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T dugKest pcqaible rechdnisnﬂ Por ame}id@ating the

asituation. in. Coote 3 ”arad‘se

l

g In an artenpt to establ'sh water quallty}ﬁt‘?dardd,

”esea"chers ha;e deveioped var‘ous 1ndic1es G eutrophicatinn
The i;ef 1nclude5: “cell concen;pnt}on.gﬂaertel 19723,
{ndicator p;vtop}unktoﬁ ﬂpecies‘{Palmer'IGGO krehibald 19775
ﬂth“ophill a concentration (Vollenweidér %069 Hinn»r 1712)
ﬂ"rogen levels (Keeney 1972), phosphorou7 concentrations
{Fitzg erald l??l "Ltchinson 19739, silicon concentraticns
.iixwir and Guillard 196;§“ trace elements (°atrick et al.
065) necchi depth and turbidity (Winner 1972 Ruttner 1973).
ﬂigment ratioa (Margaler 1967 Platt and Rao 1970}, primarj
producplon raxea (Hutchinson 1973) assimilation atios' ' i
(uloonchenko et al. 197“), and changes in apeci dluer;iéy
{Vargefef 19éi Archibald 1972) Most of the above indices !
were studled 1n Coote's Paradise to put the marsh in a _ .-

*

proper perapective 1n relntian to other temperate rreshwater'

s

bodies. Practical}y all or the parnmeters measured were

'

nlmilhr to or" higher than the rangen reported by other workers.
. ' Living pggtqplanm "has an approximate chemicalr:‘
formula of: Cnu:Ha;, 0.,. h.; Py ...%,.....Halmann(1972) -
and.many workera (Hutchinson 1957. Fogg 1969. Maloney 1970),
sakahnshl and Naah 19?3) directed their attentions towards-
- the limifwns and atimulatlng potentiala of nitrogen and
phospnoroue as factors uhich utiuulate the development and

A : .
: peraistence ot algal bloomaain rreshwatere.:“



.'\

S SR
. Hutchinsor (1373), in an extenqive re:iew on

he eut"ﬁphicaulon prob1e~ in freshwaters, repor-ed that
- 3‘ \ '

_n“DBp worous may be the principal nutrien* lin*tibg the

Erowsth JF al;ae. Mo s {1972), reported tbat incq:ased g

"hu!phor*us 1oad*nga can come from seputc tank .leakage from .

>
il agea which border "ecregtlonal 1&?&3. The increased
wh&Qﬂnorous rcaults 1n Pu*rophication of thesp lakns

s N

_ha.mann\1172) provided convincing ‘evidence uhat phosphate‘
]

was tge only limtting factorlin haxe.Kinneret! xs;ael.

'queney (19??), reportéd that nitrogen an;\Bbeapgbrous

are the two nost“lnportant utrients which are 11kelj to\\

1'11t algnl product'vlty in rreshwater 1akea. ‘Gerloff and

~

oxoog (19)7) round that nitrogen m%; ‘be the important -

~ .
’

 ~nut:1ent limlting-algal growth 1n~eutroph1c Lake Mendota: B

‘\°resent llteréture sources (%ortimer 19#1 Harﬁé?7

R

1565, Austin and Lee 1973) . indicate that phoaphorous mining
As'an-lmpqr;ant phenomdnon-arrectlng the nutrient status

gzriaxes. ‘Fuznetsov (1968) and Keeney (%g??) repcrted that_

nitrirlca on of ammonia 13 also signiricant in 1akes when

- ]
-

nitrate conceg}rations are. low. Attempns uere-made.to/

ldentlfy phoaphorous mining and nitrification of - ammonia

‘and to stu%y.thelr,grrecta of algalnactivity. In additldh

theHer(ecca3drl€1ﬁq as an jmportant environmental factor
con%roltlng aigal'activity naé-!nvestigated;a'*ﬁe reaearch’
of Haer:el (1972) .agd that- of Harris and ‘Lott. (1973). have

indicatdd that wind eftecta should nq: be neglected 1n

phytoplankton ntudles. ' o o
S . S DN

" . . - - - . . - - . - . i



'_ﬁnce or twice wecklj over a rew seasons. “The var{ivle

- i
t

L

An oppottlinity was offered to investigate thé
changes in-the compositiof of phytoplankton populatinns
~ LR : , ‘ !
which accompany -envircnmental seasonal chgnges. JSuch

atudles are rare in polluted. marsh ecosvstens Mnost of
~

LY
-

the work done on narsh ecology concqﬁtrated on pruductixitj

-~

af higher vlants (Jervis 1969) or From a resource managemnnt

vlewpoint‘(Lugo 972) In other fres hwater aystgms,Arep i,u

on phy oplaqkton perfodicttv are numeﬁbus., '?ogg”(1069)

” Macan (19?0), Munawar and Na;PE"ck (19?1) Round (1971}, S —

Lowe (1972) and Hoss (1972) are some exaﬁples of attenpts
&

, to elucidate the causal factors of phytop]ankton.perlodicity.

.

' -oncurr»nt with the discusaion on, the seasonal peripdicity o.

. | -

: algae, 4in attempt was made to - %fentir; the presencb of specles,

;nd'va ive of high ¥ eutrophlc uatera.

01urnal studies (sampl%ng at two- hour 1ntervnls

1r'oz- a tuenty-"our hour period) were carried. out to 1nveatig&te

she :;ter~ varinbilttjwor variéﬁg—}ﬁblronéental .and biological .
Y
pnrumeteru. “hort-term variations are very crit{g&f'yhen o K

0cological .nterpretations ‘are ‘made from dat collec%ed

a4

- -

_uhicn has recelved most attention 1n ddurnal studies is l

i: chlorophyll a V(Yentsch and Ryther 1957, Yentsch.and Scagél

1958 Schimada 1958 Sceaman-ﬂeilsen and Jorgensen 1962

’L— .
| HcAlllater 1963, Glooschenko et al. 1972) A discusaion or

'the dlrricultles and caution whlch must be exercised uhen

| fprenented o " .:", ’ ‘// T -.T .‘.

attempuing Lo interpret diurnal chlgrophyll variationa was -

»



~
{he Lody of this thesls showed that ecologlical

...... rretations of natural phennmona (such as those

_/ , . ' ' d; A
: S

tnvestipated !ﬁ_thls study) are difficult td dome by. A ~

~

Food example was the causal ”actors affecting. the per*odicity

:\5* phatorlankton tn time and space \Ez dif“icult" #as the

rpsula or the paucit; of ero’og cal tools avai‘dble ;or
the meanurgmen\j tdeAtirication and control of an n- . - 3-

d4imensional -complex of eqvirdhmgntal var iés,jwhlch

N ,_" . . ‘. -

- characterizes living systems.. At?%§9{; however, broad

shape of a long narrow tr
'aur11ngton Heights (f1

ﬁextremity of Lake»

‘eaat of the manph.

ﬁcnera’iza'lons about nechan‘sms are posaiblo.' Such
’1 *
beneralh zptlons were *oqsible 1n thls thesis. )

-

. el Lt . -

1.2) -Description -and. History of Coote's Pafadisé,'  '- ':‘

!

. Coote}n|§aradlae ‘i3 a/wlld 11re sanctuary made

;ﬁp'or some 1000 actes of wqo anﬂ marshy vegetation -and .

dﬁen water. ' The total méfs' and‘open water area has the
_ _ ) e ) -
:,:ﬁ . -, . . ‘ ) .
,glt'with~1ts base'adjacfnt-to
n‘l). ~The marah 11es at the western

-

ntario uithln the Dundaa Valley on' the

properny of the Roynl Botanical Gardens, Hamilton, Ontarlo.

-
‘p

It is aeparateu from the lake by Hamilton Harbour directly

T

The south ahore is 1ndented by aeveral steep-aided

;1n1eta choked wlth aubmergent aquatlo, emergent and terrestrial'

L

vegetation. On the average. the land on the north and south

'.ahorea rises about 50 feet nbove the water level There

are twq larse peninsulas, amely Princeau Point and Bulls
v h - - : &

.
Co Lo s 'R k . . . -, ) ” . - Lo
. : . A, e + N Lo . . - .
- . N ... . X . . e . . el L
. . Cee e - . - . - - . -
' . . . T [ . i .
- - -t ‘. -t s . coe L : .
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Print, extending infc Lthe water. “ihe former rises gently
.- . [] ' , . ’

JLooatoul J§ Peet above the water level whilst #ulls Point

_ ' ; el Fa _ .

sittesr ateeply Lo about 140, feet ahove the water level.

Thy water level at {ts deépest point after the
; . .
Ao

. L S —h .
spring run-off rarely exceeds 2 ®¥ters in the east end

and 1'meter in :he west end., The west end ;S arbitrarily

derfined as that area west of Spencer's Creek (fig. 1).

Spencer's Creer - ls the major saurce of incoming water,

%

The sewage plant in theé toﬁn'oﬂ‘bﬁndaé discharges a§oﬁt
'tuslmili:bn gallgns uf.;eéohdaryxtreateq effluent into the
marsh Gaily, The effluent is dischargéa At the extreme
west end of thé Desiaraiqs_ban;i“(flg. ). Ofﬁér‘fnh}oi ‘ .

- M. X . . I

creexs and ,ﬁreams'dry up soon after the.sﬁring run;offBKV

#&ter %evel ma¥ also be affected by the water level of - BN
: Lake Gntario, and by uind 1nduced seiches 1n ‘the lake.' ' \\
| ‘The DesJardins Canal bisectx/the thle length of

the marsh (three miles) in an east to uest q1rectLpn. The -
canal is 'ringed by a line or willon treea on both sides :

in the(ueatern end of the marsh and 1s. recognizable in t%e

1
enat end (main open water areah by the presence of old

- pilcs proJecting out of the uater. The canal was originally

bullt in 1837 to allow navigation of” ahallow dfaflt boats

Vo

'rcf trade with Dundaa: Freaently, it ho longer aerves 1ts

B or!ginal purpolo.
‘ Accordlng LO'Charlea Durand (1897). "Cooce ]

?aradise (1n the early 1800 a) was. named arter a Captain c°ote,

. .
. Y- - . .
L ) " ] . . . . -



-
.o
\

7 wsqderrul sportsman. who Punted there befare the 1800"a,,."
B ! . . I . , =
T

Te waw'dﬂ%n"'bhd #s % parddlise harbourlnp a ?reit d‘#ﬂrsity
2T terroestr! a}\\xgﬁfquatlg flora and fauna, including .
tenver, mfnk, ﬁu krat duck, wild f‘hl otiver btirds, " snakes

and salmon awong other fish. A s*udy done by Kay (19“Q:.

clusstfted 35 3peé1e3ﬂorjfiah tncluding pixe, bass, pe"ch

.Tlnhouh shad and suckers., Kay' s (1“&9) 1ummor transpdrenc;

o™

_..-—--

_ nepo"tq of the wenT*&nd ea%t ﬂnd ol the ﬁarsh water were
secoh! depths oF ‘5 and “‘-100 cm respectivelj. Fay also'

'ncluded a classificntlon 115t or thﬁ 1oca1 ‘marsh’ flora Lut,

o

de not 1nc1ude the algae. ” The geological 5uvvey of the .“"

uat»rshed seils lnﬁlcatcd that the 1ncoﬂ1n¢'screams fed the

_marsh primarily ulth silt and clay particulate materlals

t3
Fay {1949), and 'Durand (1897) offered the only document ed
- &

vfelogiéai‘!nfqrmation on the marsh. ._The'fact that salmon -
thrived iﬁm;hq mﬁrbhiiﬁ,thé-early 1300'3-(Durand’1897i, is.
an ;ndiéa;iqn Qba;'tﬁ; water quailt; was similar to that of
Lakp bntﬁrio.- Twenty-rou}~yearsf&gouno,ﬂalhon were,round"'
(Ku 19&9)‘ ‘l'hera are alao no salmon in Lake Ontarlo today.

‘ Corveraat1ona with local realdents 1nd1cate that aince the

.conntructlon of the—Dundns Sewage plant and 1ncreaaed

-

"agriculturnl useage ‘of the watershed, the- watens of - the

marah 5howed visual signs of deterioration. ;”'gr'

’

The results or this study showbd that” shnce Kay '3

work (19&9), the transparency of the uater in :he marsh has

decreased by, approximatelj one-half during the summer. ‘The .

- A . N

- . oo ]
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. B . . . r
desreane In Y “s;arorr.-may e due to the, accumuiated

-

4

3
e

s
LR Y 3

c?

3

.
" b

. . . kY
 5ilt ar® clay muterial.huld in JUWPGH:IOU uj
© o - s . R .
wind actlion on.the water, .ranwpareﬁc, maj alse be

- R N ‘ ’
decreased 1) algal-concentrationa._

the presence of greate

HoWever, in Whe absence of detailud_pﬁytoplankton alnae

- N -

< spetulavive) 'Cissélved oxyg,“ concentrations seem. to be
gher now than in the late 40's, Again thia may be due to —

Erester photosynthetic activity of a presumably larger

algel population. v . S

.: - The 3%aff of the. Royal Eotanicﬂl Jardenh (perscnai )
i3 s . ) '

]

T ‘Q1cnt;0n) indica*e that there were no major chanées
ﬂ{” the terf;stnial anq emergent'?ege;atipn typeﬁ'duripg |
the last twen;y odd yeaég._lﬂoque?,a gréddal.degbease_of
féuhél tjpew ha?élbeeh obsébveﬁ; g&pécially‘ih the numberf::

of »11d Fowi nestlng s*t»s.'; g o : ].. :

o In the light of the 1nrormat*on presented above,
-1* appeara hat Coote s_paradise is gradually deteriorating

_1n 1tn capac!ty to function as a uild life sanctuary an&i

[}

'as 'y recreational area.,". S a ke -
, P
r . .
Lo
S ,
/ T T -
oo T -
. -‘-\‘ . = ' "
’ ' , . K
‘ ' B R :."'"‘l °
- b ; . ’ -
- s . ’



| -

METHITE AND MATERTALS '
f3,1) Statlon Locatlons - c ‘ .
In crder Yo obtaln water qdhlity data e

recresentative of the whole marsh wnter area, thirteen

i ' . . - ,

statisns were selected which included The point of
dlacharge of effluent from the Dundags Bewage Planty (which

WS ot ass‘?ned a _stat ion numd er) Pigure 1 shows the

‘. -~

‘pen wnter area and stdtion locations.' tations' 1 through._

4 were ’oca;od 1n the western end or the ﬁabsh-and sta*lon

»

7 through 13 in §he eastern end. The dlfferentiation

vetween €ast and west 1s strictly fdr'conVeniean. 'dtatlon' -
;l'uaa‘located in the upper end of the Desjardins Canal;’

] o ] - ‘
'ntat‘on 2 at. the entrance. to West ?ond; stations 3 and 4 in-

- Y

the noruhern and .southern half of West Pond and station 6 ..

( .
.about 10 netera east or the mouth of Spencer § Creek where

.

the wayera of” che creek and those leaving West Pond mix.

.

utayion 7 was .ocated in the eastern end of the main: cpen
water nrea at a. pﬁint where the combined waters of. . :
® ' l"--..._,

Spence"'s Lreek and Hest Pond mizea with that of the main

,bod;. Stationa 8 and 9 were poaitioneq in the northern half

- - '

or the mnln area and 10 to- 12 in the southern half._“

"_Station 12 was oppoalte‘?rinceas Point and stanion 10 orr

. N

-‘. , -. | .‘ i;l v ) ' 10 .
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Folnt. cStation Tl #dmsn located in the inlet
' ]

.o Y - : ..

ug:wecn°?rincess.gndgaassafraa Pointa, because"nf its

Kirerisherta

1

v . - ) . - v
._partial;;gglatian from the effects-of wind, Statlon 13

_connécting the marah with Hamiltan Harbour. e e

bot tomed 6 5cater aluminum voat both powered bv a 1.5

w25 hesliloned about 20 metars west of the channel

1

-y

.77 Sampling Routline
. . B . L

) »

o v Transportation between statlons tnvolved .the use

A

A _ _ ) ‘ . .
of el’hé a 12 ’oct aluminum canoe or a 12 foot fla;

w
r

‘ .

:Hnrse-power outboard bohnson “otor, The bbats were stored -

in uhe Mc”aster Univeralty boauhouse The boathouse '{s

.two nours on the average to sample 411 stations. (dep;;}ing:‘

’

on weanheraconditions) and another 30 minutes %o dock the

voat and retu{_"CO the dniveraity. The Unive 1ty 18 abou*'

5 miLes driving distance rrom=the boathouse.
. . |

m: ~ Most of the sampllns was done- between 3¢ 30 a.m..

‘and 12: 30 p.m.,on Mondaya and Tpursdays or each’ wEek

_”he 1ntensive sampling schedule began on June 1u 1973 an

qnded on September 6, 1973 Host of the data collected

h

| ‘_berore June 1“, 1973 was’ dlucarded A dlurnal series oL

:samples was. collected at. station 12 on’ August ‘2, 16 ahd 30

'freapectivcly and at’ station 11 on August 30 Sampling L

-~ H]

-;ror the diurnal atudiea was 1n1t1ated at 2 a q. and endeﬂ

)

12 midnigpt ror each day, uith attuo hour interval between:

ﬁ' 8
-, - 1 B N . R ‘Q" . s t 0

. N . .. . ‘-'. B et _; .
. . L . . . . : v A
| ) , o . Sl
LT i . . ! P ' . .
C . ) . ’ n b Lo . Lo . ' .

<located in the north east end of the marsh. it took about

h
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oo , ‘ . 13
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i B N ’ ‘
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mamelen o= ity ] - . » . .
=R e T e
After Suptemter. £, 1373 sampling wan done on

oweerly vasts £6r selected staticna. The .seiected:
tRa: LA n,' |i il LYY ‘g e I.‘d .{j . - " - o 1. ' 5-.. "'\ ’
ataticny were regarded a3 repregentative. .The cholce of
.o . A ) oo

©ostwvions was luptified by summer data analysis. Ng o

; - - . - M ' ., e . _;
vosampling was ‘done during Decenmtier” 1973 Lecause.nf the
P . . . - . . T ' b

niverse condltibna presented by fté'formétion.' The,. .«
Y orout !ne'homménced araln on-Jhnuarv 15 1975- and ended

o"- .

* an Juhe, 10?& ngnin only Jelerned 3tations were saﬁplnd

-

//;{tw»en Januar. i? and April 30 IBTL stat lons: 1 4.and ’
.y

N % -

1 ﬂﬁd‘ ne seuage effluent were. ﬁampléd ?or'tbe remhfnde%.«

3 é
cr tﬁe stud4 ﬁﬁﬁiod Stations 1, 4, 5, 6 9, 12 and thﬁ
3»&&;# €T iﬁén; were saﬁp%ed Uata for the whole fear -

- :ua«r*ai‘ected f?r 3% atiﬂws ¥ (except !or Jecenber 10?3)

'uand ﬁuﬁ fon 12 (e;cep. for Docenber 19:3 and ﬂa"ch 197“)
Rn;?%mplentwenb “taken during Maﬁch 197h for station 12

.'becauae of the riak 1nvolved in chopping holes through

ice ihich uas in the proceqn or breaking up and mclting

- L] - :'--vr*'\-
“.Jur‘ng pcrioda or. "safe" lce cover qgmples were obtained
‘.o--,/" .

bx:chopping:holes throqgh ;he_ic&,w;th %n,axe.,

~ ‘ T -
’ ! . . . . . . N v .

.1&.3) Deacription or'Vaﬁraples" : P

. . . . ]
N N . \ : .- . .- . ]
. . . .

v,

ablcs included in ;this study aref:'Air

-and-wafcr ﬁempél tures (°F). secchi aepth or transparency

Yo

(ln centlmetera) turbld:tyw(Pcnmazin Turbidity Units) '
hodrly uind speeds (m P h ) available direct sunlihbc

Tk ' Yo - .

; L v e

ot



‘ ‘ 1“

[ Ty Peay ' e ar ‘l" . ' > .
ourt per day, surface and tottem dissolved cxyeen (ppm -

:

A PR

ard %.saturation;, {norganlc nitrate and ammonia (ppm)

~atal inoreganle and particulate VO -?hﬂsghatw {ppmi,
. - . 9 X

EE PRI TS

nlerophylloa img Chloa =), and ¢ell numters i{cells per’

wio. Upectles identific tions Were glso carrled cut in

v

centufictlion with cell countn...Uata for primary productivisy.

Lo |

wnd- assimilation ratlios (mg J /P § ur o eTd my U,fmg Chi a/nr

respectively ) were ocbtained from unpuyt.lished regults o
K . ) hd

(-
Jor

thurréntlﬁlwitﬂA

L, 4. FL. Haprta «bmsv “OrK waps dcne
'treue stdd@éj. wind qpeed and dﬁilj direct sunllght hours

_ data we"e obtalned from the ﬂeteorological unit at the

'5byaf nctanical~uarden5, hamilton, ontartcT™ ‘ ‘ S

. T. . Co L] . " . ' ) .’ . -
2.4 Methods of Collectlon, Measurement and Analvses’
.(?.h,g)\jPhysIchl‘Paraméters o ' . 'i <ol

Lemperature data was collected with a sixhprobe
Y33 Telethermpmeter (range 39“?-110° + 0 25°F). Temperature
lgau recorded in degrees Fahrenheit because the ;nermistor
'Qaé"callbrated'to give-readings-tn f? Alr temperatures_

xere tnken at approximately 1 meter above. the water surrace.

‘_and the uater tempenaturea at 5 to 10 cd\'below the water

aurface.f An average ‘of ‘two readlnga was recarded., ‘The < ).
'xele-Thermomcter was . aenaitlva enough to glve reliable
aeaaurementn. During the uinter 1t was lmpoasible to F
measure air temperacures helow 30°F. Tnia 1nadequacy was
‘partlally overcome by using air temperature data collected

.o ) . - Yo . ﬂ
o ’ 'l- . ) . . ..‘ -



o . S . . e
v thﬁ ﬂetérolugicél unis art tne Hoyal Hotanical Gardens,
.The-énrn eritical températ;rg readiné°d¢s!red was that of
the cKLpter which‘wcuid never‘?all-below 32°§. . ’ ~
-,Seccﬁi deptn or transparency‘féadings were done’
with a necehl dise (21 em diameter) which wasiﬁeﬁghted
ﬁnd ?ﬁﬂﬁﬂ:?fd to n iowerlng string 1arxed Q th 5 rm
. B : _
tntervals, Secchl,éepth repdlpgs give n rough measuremerit T
.?flua:g; transparency amd serves as. a gseful'iﬁdéi 1n.
:1:,'-5(9:3nir.-',','—.'dater‘..dua‘lltg,- ‘(lRuttn.elr' ;973)-. Sec'chi dépth

/ . ¥ . N s - . .
haa alao been used as-an‘yndex of eutrophlication {(Winner .

19?2}. The maxrmdm qépth*-f visibillity of the diﬁb ﬁas“

ta!red by . lower“ng the disc until it.was no longer

v¢sible on the qhaded"‘side of the toat, ralsrng 1t until

Juss visiblg and taking the average qr the two readlnga.

Burlng periods of strong wlnas and under currnnts 1t was
A

31fflculr to obtain a good secchl ‘value. Waves produced

by w'nd act'on obllterated a smooth" ‘water surface

Water currents pulled ;he d;sc away ’rom a vertical to an

oblique poaitlon giving a reading analgous\xo the hypotenuse '

F L]

or a righ angle triangie rather than the vertical Secchl

°depths réadlngs are lnvalid if one can see the bottom or
- ﬂ

a’ body or waten. Thls problem arose during the winter it

)-('—-.-.

: station y when it wéa bossible to aee the bottom of Hqst

“ond Duri the per&oda of 1ce cover secchi readings are

lmpractic lﬁ . splte thc problems, the metnod served 1ts

3

SRR _-‘.'.'- T .-J\. S\

.
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J

wanther wags 1.0 em and atous + 4 comoduring wiﬁdy
. « )

[ ~—

ottt inns)  An added advantage 18 .that the secenl depth

reqdling can Le usedSto estinate tne compentation depth

vromultfpiying the sebtcehl depth value ty 3 iRLley 1hui),
Jinnnr,flé?v), and Sen'Gupta {1973 used this approximaticon

i ~0ﬂpenxation depth es ti abion. {Thé coﬁpehsa*fcn‘depth

M ’

b *na“ dcpth of a watL" coluwn at which pbotOSjnchésis

-ﬂaatﬂtﬁilu».on)'*s equivalent to. respiration (Ruttner 1?73;.;

L}

¢

Tu"bidit, d&td glves an ea;i_ e of squended

material in the wate" and is inverﬁely related tc secchi Lo
d . .

- depth. . uinner (19!~) suggests that turbidity values Elve
a reasonable index of'waber qual*tj if it can be equated to

-

«es on (all suspended particulahe natter) content. Turbidity

wags meaaured againar a 3ca1e “Bf O- 100 Forma7in Turb ity]‘

-”rits (w.T.U.). +. L.S FTQ with.a dach 1odel 2100A.Furbidiﬂete"

. v LY
'“n a4 scale or zero to 100 F“U 1 *TU ETY approximately
- , _
equivalent to 1. 60h milligrams/iitre of particulate (dry Wt ., ).

-material, The 2TU. to dry 3eighp conversion was- achleved

-

by'gravimetrtc~éxperiménts.

. 1

e ) Since there W83 no- auitable equipment availab}e

to measure hourlj wind speed and total nunber of dailj

L)

-nvailable sunlight hours. data ror these\variablea was.
4

-supplied bx\the Royal Botanical Gardena meteorolosical unit '
"'located abOUt 2 miles novthuest of th arsh. Hind acress
'and availabie sunlight are important in lgal axudies '

' because they both have some effecta on algal photosyntheais

+

. 7 Lo e . - - .. L
] . . - N . . . . . P . +

- . . o ’ - - . . K
. ; . . . . -
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tunolved “xvpgen

-

ne- medlfled Hinglér méthod deacribed by

Jrricrlang and Farsons {146

LD

}.wa:‘usgd far dissolved

sxyeen determinations, The methdd has a‘detection Limit =~

of 5.00% mg;naL_O,/litre and provyed (tself rellable, In this
study. The method invclved the following sters: after
. - 1 ' .

N . < Ve : .
the water sample was ‘collected, 1t was immediately treated

‘ ﬂlth s ml. manganous .sulphate sofution follo#eq by a 2 ml. .
- o : . \

.aikaline,ioqlqe. Manganocus hydrpxide ' is precipitated mnq,

\d;ﬁpqrsed_throughoﬁt-tﬁgla@mple} in the-p}eéepce qr ozygen_'
ihe“ﬁnﬁgangae (1;) h}drgxid&-is.o£édiied té basip hydroxides
o7 higher vaiqncy,statéﬁ. The<sampie was théﬁ a&igiried

with dﬁncentéa;ed sulphuric acld which in the presedce'of
. ;p '
';odide, reducea the oxid*zed mawganese back to its d1¢a1ent

5t4te and Fhleasea 1od1nc equivalent to'*he original

jdissolved-gx;ggn. The }odipe-uas titra*ed agatns; standard

"sodium'th'oaulphate to & colqur]ess—end point with 2%

starch as-an 1nd1cator. R

o Hacer uamples ror dlsaolved oxysen we»&.collected

‘n 300 ml 8. 0 D. bottles by carlrully tilting ‘the mouth
nnd allowing the aurface water ample ‘in with minlnum bubbling.
;hg saLple was created as descrLbed above and'then acidirled

+

with 2 ml concentrated 5ulphur10 acid in: the laboratory
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3

] » PR . ' | ‘- .
;Titratinong were carried ocut with an automatis 10 =1 buret

aF Fatnat standard undiuﬁ rh'a,ulrhate The thiosulphate

rat

.“’utiﬂ" uns ayandardized on each %aﬂplin? da: with ﬂxac

13

0.71 % potasatum ‘todide aolu fcn, The latter steép 13 e

recesgary to make gure **a* the thicsulphate 15 not deteriorat‘ng,
?wc'ﬁ?,ml"al!quots.fo"‘each sanp’e were tltrated and the

[y
average recorded 1f there was a di{fference not greacer "

.25 =ml thliosdulphate. I the q;f?erencé.wés greatetr, an v

rage 5f 3 readingg‘xgs récohdéd. Oiygén titrations were -
done on ‘the same day of samplinb.‘ Ir ror"an'v'r‘éason-the

titra*lons could not be done on the same day, the acidiried

sawplea utre stored 1n a rerrigerator gnd titratrd the nex* = >
(as was the case with the diurnal samplesl,-

. 8lank . de*erminations were carried aut concurrently

n the'f-ractor determlnatlon. “The f-factor was,obtaineggﬁu,' -

wl
L )

s

as follows: Adding. the reagents in the reverse order-"
aulphuﬁlc acid alkaline 1{odide and manganous sulphate, to.
distilled watel in a BOD bottle, 50 ml aliquots were wlth-
drawn and added to S mi 0. OIN potassium iodate. The aliquot-
plus Kn;wna then xltrated asainst the thiosulphate. The f—
"actOr was the reqult of the diviaion of the volume of KIO,

by . tbe volume of thiosulphate. The blank uas determined 1n

La similar manner except that no Kﬂ;uah used The dissolved “‘f_”‘
’oxygen of the sample was pompubed by the formula._ mg at 0 1/
litre = 0.1006 X £ X V where V was the volume of- thiosulphate;

required to titr&:e the 50 ml sample aliquot Hilligram at /'




] . . R . ( . .‘ '\1 9 . ) ' .-

N
. ’ -

tre dlssclved 0y .was converted to mg 03;/1 by multidlving

1¢
F

Ly 16 [(3tricxland and Parsons 13697 Mllligram 0;/1 or ﬁpﬂ
Q!ssolved J, was alsc converted to X 0 aturation by
dividing ppm O, Y.v the lﬁﬂlfsaturation value of bxygen'at

‘the water temperature at wnich the sample was tagen. The

e

0 * Vi . . ) .
atter calculaticns were capried cut with the aid of tables
. -~ M . N

put.llshed bty the Péecisicn.SciéntlfIE Company (1966).

. The only modificn*ion made ‘to the method wasg- o

v

uu;ng 2 ml of reagents rather than 1 ml. This was necessany. .
Lecauae ) ﬁl of "eagents was nat enough to tie up all the

axygen in the samples_which was more than often greater thans

A

3 ppo é ’he‘uﬁper range for the Stricvland & Paréonﬁ (1968) .

xethod. The modirieﬂ Winkler method ‘for. oxygen deteﬂa/nations

13 uidely uaed in rresh and marine water analyses.- The

Ama*n disadvantage*encountered by using this’ method 1nvolved

LY

sampl‘ng during windy conditiona. xhe presence of waves

L)

made - 1t vary difrlcult to. obtain aamples wlthout some alr
bubbles occurring'in the uater vhile flowing 1nto the B Q. D.‘

bottle. ' Since a surface aampie waa deaired this problem
‘could not be overcome. T T
_Total Iqorganlc Phqsphorodb - (Pd:-?i_andl?arti@ulateﬂ?hopphorous9

&

N '.ff , '"he role or phosphorous 1n aquatlc systems 13
‘ﬁntensively atudxed by limnologists (Hutchtnson~195? Haertel
1972, Hinner 1972 Takahashi & Nash 1973) Hethods ror

analysis vary whether orchophosphate,~tqta1 1norsan1¢ phothéte,

e . - . . %

.-",.‘. . _ o Q
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1

ECfllniqal, soluble organlc, rticulate‘oq other Eorms‘bf
E'bhtv,n‘;j!raarbu.ﬁ need to he detéﬁd. “The p;élner'ai"-l-y‘ accep'fc;-'edf-'
éfdca ta that ﬁolut}g 1norq§nic:phosphafe'réprESPhtgAth°h4oq*
’readily-utillééd source f{or phytoflénkton fdu*ch nasn 173 ”3.

Hiersan & Moses 1972, ?Ltﬁgerald 15710, “hosphorous

‘determinaticns in this study involved anal:s;% ;or total

'nur,qn 2 phcsppa?ét Anal;seq for ac‘d direstable par;iculaue
. " ) \-.. : .‘-'\
ph¢5phorous were ‘also ‘done.. Particulane.ahosphcrous was

/

“expressed as ppm inorganic phéspha;é.

Tée_iptoanal;ser
- o o . ff(_ \ .

o - The method used 1s that recomﬁended;by Technicon
-nternatlon Systems Corp. #93-70W (1971) for the Technfcon'
Autoanalyse“ II The analyser*autonatically aamples speclflc 3_
aliquotn of previoual; f‘ltered r*eld water samplep and nlxes
them with fixed volumes of reagen:s. The aampling rate ‘can’

be set between 30 to 60 aamplea per hour. Arter-mixing-with

reagenta éach aample develops a colour whose intensity is a,
i

funct!on of the concentration or the chemical species 1n

v

questlon (PO;-P) The coloured aolutt\p ia next pumped ncross
the path or a light.aource or 5pec1ric HBVe length (660 nm)
1r a colourimeter., Thc amouneﬁ%t light absorbed or tr!hsmitted

| b; the coloured sample ia a function or the’concentration or

' the dye 1n the . sample. “The concentration or the chemical
spec!en 13 printed out by a digital prlnter and a peak 13
sgmultaneoualy deacribed by a chartzfgcorder. A11 of the above..'

e

o w E / ‘ Y ., ‘ T s “
. . Coe L, - . B .- N 3 _'. o ) . ¢-. *.‘ ‘:.\

.



steps are contlinuous and the autoanalyser neads only

BiEnisaalabet Tt

, _ e
;1n *'~!ttent checks. JSamples are separated from each other .

t : ' ' ' -
cin the contlnuous flow avstem by alr bubbtles introduced

befnre and durlng reagent mixing.

Twe o
B

‘. . - PO ] ot :
SLhorsusd analyses

v

The range of total indrganie phosphorous analysed

- ’*" ”enHrICun metho& ~as 0.0 to 10. 0 pPpm wlt’ a minimum

iw

etection of ¢.2 pPm. mhls range proved to be sa'isfactory

o .

for the waters of Coote s Paradise during the preliminar;

b-

survey perlcd " Before each run the machine was Stgndardized

L3

xith :aﬂious concentra ons of stanaard‘phosphate solutlods.
:aarples were r‘ltered on the day of qollection with G”/C

;1&53 fiber filter paper and stored in 10 ml screw cap. glass

:1als. A 2 ml volume or each sample was transrerred to
,disponable type sample cuvettes arranged 1n ‘a circle in the .
[nample holder cr the autoanalyser. To‘rurther decrease .
_contamination between samples a double distilled water blank

* - - N ) .
- wag placed between each pair of samples. This method of

ﬂpreparation nas used for the phosphorous analysis of the

f*l%rates fron each qﬂg}ion._ DR : - 1ﬁ*

P

Preparanlon of tHe samplea for particulate

' phoaphoroua analysea vaa as roliowa° A known volume or

" s ' K 'l’-

sample water containing both phytoplankton-and other seatonic
'material Has riltered and the. filter paper (GF/C type) was‘

‘collected. &he latter was dvied in\a desaicator overnight

N
P . ) ST . - - L.

-

o

N
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ard aclid dipthed the following .day by'a method recomnended

A}

P Ly w. %Ifthe (< anada Centre for Inland Natera, Burllngton, :

Cntag;o). “ach “llter was, digeate@ until alout 0 )'ﬁl

b of hnteriél.iemained& ,Tre 0.5 nl was diluted back to 150 m1
- ¥

e with distilled water and flltered 1nto clean conlcal flas¥s.
The samﬁles were then run through the autoanalyser and the

. concent rations were recorded R - )

L3

The - chemical reactions uhich produee the colghred

_ cunplex between the sanple and reagents are aa follows™

rhe sample is rirst treated with 7. 9.ﬂ sulphuric.acid and

- T PR,

heated by a temperature bath at 90°C in the manifold of the -

autoanal;ser.‘ The acidification treatment h;drolyses all

' coednnsed phosphates to orthophoaphates. The orthophosphatén*
. are :hon ccmp’exed b; acidic ammonium molybdate reagent 1nto
phosphomolybdic acid The latter is then reduced to a molj-
bdenuﬂ blue complex by reaction with ascorbic acid reagent.

. o

A uavelength or 660° nm- 15 used in° the colourimezer. .'?he‘,

T "-'.".""“"- /-/—'_'T'—'-.

{ reagents are lntroduced 1nto the flow system in the order
descvined nbove. Subaequent peak generation on a chart o f?

i-recorder and prlnt dut from a digltal printer of the sample
: -

-

i concentration has already been deecribed

-

L'_ ._f ; Hhen eample concentration ‘fell below 0. OS/ppm.a"'_. 
zero was recorded. Ir, on the other hand the aample f.'

concentration exceeded IO ppm the original aample was diluted

: and reanalyeed The anor probrem encoﬁntered tn.the use of-%

S r

: the autoenalyner uas that the uhole comgle 1'part;e required
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-

'frequunt cleaning and servicing. Before and after sach run

w e syatem'wap_fiushed #1%h 7.9 ¥l aulphurtc actid .followed

Ly ut-leuﬂt'ﬁoo'ﬁ‘ dou‘le aisﬁilled water, Cample .cups
were d'w;osatle and never reu&ed T sampleq had to be

stored they were treated with a drop of ?OS sulphur ¢ acid

-~

oy

and x'ﬂrﬂd in a refrigerator until the next day-. 9ickling ce
“and ntorage did not affect :Pe 4ctua1 phosphorous values '

'rad 'he“a alyses been done the same’ da: however, samples

8ot Pd for Ionver pe"iodn had values Hhich were qu!*e:f

vartable when conpared to the actual concentrations. This

va“invion may be caused by the acid used as a preservative.~ .

v ¢ e
Vv

Y

when samples are preserved under acldic conditions polyphosphage
] ‘ .

e orthophoaphate transformations oceur (Allen & Framer 1072)

ﬂitra:é + nltﬂl»e Hitrogen a&d’Aﬂmonin ﬂ*trogen
— | , I

! -8

Analyais for Hltrate/HPtrite and Anmonia could-

-

not be,carried out during the summer because of insufficient
. L

:tine.\:h 10 m1 r;ltered al;qqot,sample ror.each.stgtlanwas
.préserﬁed witﬁ a drob or'chlorororﬁ gnd. sﬁored‘at yec

( olterman 1971) The chlorororm prevents oxidation by BN

m*crOOrgihlama and rerrigeratton 1ntroducea a second satety !

"ractor.- Analyaes nere carried out in the late summer.--lt '”‘““jm—

uaa poasible to do about 100 aampﬁgu per day using the
Technﬁcon Autoanalyser 11 method recommended by Technicon
International COrp.. (method llOO-?OH January 1971). The

q~mechan1ca of che method was slmilar ror that described tor

____,.__.

. . N - N - . . . Le
i~ w R} v . . . o : . '

. PR _ - S T -
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t-tal tnaorganlc phaspnorous except. for a dl"Ferent

3 - - ’ ‘
manlfoid svstem, wavelenyth and reagentng The Autﬂanal,ser

:wax'nwn_uﬁgd for ammonia. analyses because.a manifold for

L}%ﬂt spec 'al-flow-s;qteﬁ Was ungval}atle.V’ﬁhe.mgtnod.for

?'ammbn!a determinations will be drscu;sed'below; o -

“he horming concentration range for the xe”nnicon

i method for n:tra»e plus nitrite aﬂal,ses was 0.0 to 2 Q ppn

3 with #n aﬂceptable dogecyion limit. of 0. Oh ppm. ValueS'aeloQ :
u.bl pp m were "ecorded as zero._ uanples uhicb\pxceeded the.
range were dlluted and analysed again.‘ 1he sampling rate -

_ Was du samples per hour and double distilled water blanks |

'lwerc alternnted with the samples. The golourimeter,wavg-

[

1ength was 630 nm. - _
) ' Thne chemtcal reactlon involves the following steps._

ﬁhe ample 1s‘rirat passed through a copper-cadlum reactor ‘
;?Digﬁn'which-reguces all nl;pate Ep nitritg. The nltrite é'

1on then react alwith sulf&naniiiﬁlﬂe”rengéht'under acldlc.
_ﬁonditlons (phosphoric acid) to rorm a diazo compound. .Thei'
dlaho compound is next coupled wiﬁh N-I-Napthylethylenediamine
‘dihydrochlorine reagenc to form 8 reddish—purple dye. “The \
'intenaity of the colour 15 a. runct1¢n of the nitrite "_‘ oo
‘ _concelntra/t(ion. Pos;tlve interactiorp or interferences can R
'6ccur in- he presence or divalent metallic ions\auch as
'mercury or cadmium. Theae 10n5 form coloured complexes (with‘
'the reagent;) which have aimilar abaorbtion bands 1in the

region or colour measurement ,Since no analyags‘nere-done

4
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Cfer metallle lonn i 15 not known what the llkely effects

Ly

Hu“nre euch run :he aystem was, flushed with

Csutle ‘1*‘11loJ  water fcr one hour and the cclumn was

aztivat wd with ndnrd nitrate reagent. ‘Prepared standards

[y

were run Lefofe the 3amp1es were determined to check accuracy
' ' * - " s . N .

ard to standardize the machine, If thé system was Xept clean
L] . . » b m y p

ar.} connectlions were‘5ecu?é 1t-"an very well Uelays occurred

-

when preoqure in the ojﬂ’el was too high and flow pat:ern

et rengents was unuueadJ.r Mdst of the time this protlem was

7 -

cmused Ly cxidized and dibti'ceppeb-cqqmlum'fillngsl on

]
-

the average, more time was spent watching the autoanalyser

. compared to when phosbhc"ous anal 'ses were done, After

Se emuer-19?3, aafflzi/preserved-rornitrate'analises

kS

. were: not xep» longer than one nonth.

nhOth“P problem with the nltrate + nit rite-method

\

aaq the p p;eparat*on of *he copper-cadmlun reductor column.

-

The lechn con methcd recommends the use of powdered cadmium'

ot

‘bu;-th‘s was not avallable.- Cadmium was prepared by filing“

-cad~1um s'icka to the, dealred texture.l *the rillngs were

t »e ‘-

‘waahad several t}mea uith 5: copper sulphate solutlon and

doubled dlatllled water to remove collodial copper.‘ The

~

filrﬁgi*ée%e washed wlth dlethyl ether nefore copper sulphate

?:reatment to remOVe grease and dirt T?: clean rilings

were 1ntroduced 1nto a‘U-shaped capillary glass tubing with

- A}

Lthe nid or ‘A Paatauf Pipet. The column prepared 1n the

% Ll - ' . . .|-
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above manner Was gocd to reduce abl leas? %00 samp

»
3

——rTy TR
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T Ammcntia analyses were carried out using the

e

Fom e e

methad of Hardweod and Huhn {1479). Samples for ammontla

} énni nes rn;levt#d after Septemben 1973, Férq.all doﬂé;ﬁn

E’tho;ﬁamé day-whereas %Qosz fcé,the‘summeQ'weré doﬁe'tn':’

. : s ERR - L. ) . [

%Seﬁtcﬂb&h 1633r Tﬁe.ﬁame breservation method for nltrate

i wasn uqed for aﬁnonla.- ‘f’” o z: SRR
RS . - )

" The. chﬂﬂistr, of the nethbd conslsts basically

:_cr'rcatz;ng a ﬂample containing amnonia with phenate and

‘pﬂChIO;QCP In the pfesence of sodiun nttroprusside

cntal,st colour developrent proceeds ?ers rapidl; at rocm

-t

.enpe“ature “to gIVe a blue celoured complex. The *ntenni*y‘

ol the co(:ur 3? a funct‘on of the ammonia concenbration.“'

The o oar ls ntablc for more than one hour. ' Standards

' rana ng from™ 15 to 0. 3 PR wére prepared with aMnoni;\\\ '
. Phlor&ﬂc. 2 ol of “S ‘x/v) triaodium phosphate buffer were'

added to 1 ml or each standard and the Qolume made up to

~
-

'.?O ml with distilled watpr. 5'ml of reageht A (prepared
. rrom 15 ml of phencl qtock plus 0.02 gm sodium nltropruaside7
»?Q#e up ;o 100 ml) and 2 5 ml reagent B (prepared rrom 15 ml B
Azégmaggcldl bleach + 15 ml 27% HaUH diluted to SO al) werc
h&ded with shaking. The volome of eacn standard was made
g to 25 m} with distilled water and 1e£t ror 25 minutes

1ﬂrcnﬂqolpur development. Samplea and a biank yere prepared -

. [ - . t ' . s
v t .
¥ B . . N SNl . e -
\ -, ) . . . 'y . ¢ . R

r,
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After coluur dévelcpment the extinctian of each .. ' »

standard:and samples was measured agalnot the bLlank at 630 nm

; o TR R . : : .

tn 1/E" glass cells «iin'a bauseh and Lemts Spectronle 20 =

-~

.L;OjlroprJnHELGF. A‘stahdardfcurve way, prepared aqgffae
. B - & »
concéntrationn of the unkncwné wére calculated from the

fva da"d curve using a LLPDucorr 4“0 utabiw*icidn‘Calcﬁlator.'

:

mhen a.l.ml'aample wal uggd the 5en31t1v1ty>was gqu'only

o the.flcappmllevel;' N@éq samples fell Lelow 2.0 ppm Uhej

were done cnce mo%e.usinéfg 3 or 4 ml vo‘ume 1natead ol ft
.i‘mlu'.?his,increaséd.the senslt;vity and{the_true concentﬁatidn

L]

was ob;aiheQ’by'd1v1¢1ng the -answer by the ‘nimber -of ml used.

Hy 1ngsea$ing;thé mplume; ammonia values as low as .0.5 ppm

_can Ge detected, - . f.. . o Lo )
'f N i .‘ -..‘ ) a - - B oL .
{dLael Blologlical Parameters ' : o K
N ) T P . O o S
Cell Counts. and Identification. . . . 7
.9 . S : - : - _ *
kﬁ¥~i: Cell counts and an ostinat» nr spec es abundance. .
\‘:_‘.' ;f'l‘ '

B uere calculatednror atat*ona ﬂ nnd 12.‘ 60 ml allquots were

trans erred rron ‘the thoroughlj agitated 2 liter sample

'Lottles to 6b ml sered cap pelj bottles., Each sample was IR
. I“ ‘\ . . .
fixeaﬂiith Lugol ausolgtion. Lugol g aolutlon was recommended i

'y i _ ~ce %Pewﬁep—4a4aaé———-—
L , : T
‘WAl ers in Bur'TQFton Gntario as the be:t preservative Tor T
aghytoplanxtqn. Hunauar and Nauuerck (1973). Lund et ai

- rd Lo ) :. ‘ 2 Al A
" ' .,. . .-- L N _ ‘ N
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e a
Criiiy, Moga £1 7’} and Rieler f}ﬁ?j) used Lugnl's solution
tnthelr ph,toplanx'on ctudiew Other wérkérn waed formalin.
7?a?teﬁ ‘ﬂuﬂﬁ toddine !Te:t 1471, or a comt:ination o%' |
Qatﬁrf‘ ethyl aleohol aﬂd orﬁnlih {Céi ng et _lt 1068)

aﬂplpn were prepared for countlnp and ‘dent!fication
by trh%aferrlnm a1 :l-allquot from the steock bortle to a
i ml V*Prrohl type sedlﬁentat*on chamber.” The chamber 1is
-dnu.qud ?.. use with.an inverted micqucOpe. In these
3tudlen_a~3elsslin;erted mirruscope équipped Qith phase.

.

_ccntfast was uned. ”he 1 m1 aliquots used:iyr summer and
early “all qaﬂples were diluted to 10 m1. A sottling pime of
ui lean* ¢ hnura was allowed befo"e count;ng Lund et al
f‘QTQ} recommends 8 ﬂiniﬁum settling time or 3 hours for a
13 al sample., Dur*ng winter and early spring (1974) a full
‘10 ~1 uliquot of the sample was netessaPV‘to obtain enough T

elln;'-At no time was concentration of the cells necesaarj.

dther wo-kers (Patten 1962, Tdtt 197»- ~389r and Hasler: 1969}

,worrning with sma]ler celqmmberu had to’ concentrate cella
AN - s
»”he presence of large amounts of clay type particles and .

AN v

othkr part1Culate naterinl made 1t dlfrtcult to work with ﬂiﬁf

statlén 12 sanples. o f B

.\\ Sagér and Hasler 11969L estlmated cell counta by

countlng 30 randomly chosen tieldn._ In “this gtudy hO flelds -w 

'uere counced ror the ‘summer and rall pqpulations and at least

' 100 raﬁdoq rields for the uinter and early spring populstiﬁns‘*

fAThe total cell oount (celln/ml) was estimated by taklng the

“-, . " . Ly

v, ' . Y

A . 3 IR




a .
' ]

2elld uverage'oflthe numter of flelda counted.and multiplying ]

v by 13.990:  The latier number feprcsénts.;he numberiof

times “he "flooc" area of the countiné chamber. 1s éreatec

than :;e ares of the fleld enclosed bj the oblective lenq.'

A 53851f1§4:;qnaof-750.1 was used (x#9 cheCtive, o T
xi% eyeplece ; and x1,25 body méén}flcat;on),“ | . |

Accdréing to Lund et al? (1959) an accccacy of

3 0% is achie:ed if 100 ;ells are counted. 1fr che ﬁﬁnber

of cells ranged betwaen 4G0 to 1, 600 the accuracy increases’

to between 1C and 5% reapectivelj. Using/Lund s fibures the
est!mated;accurac; foq‘tﬁecaummer and fall population; was
at‘deasf + 101 with mdﬁt ralling tn the ¥ 7% range. -Duclng
_.che winter, the accuracy was at 1east + 20! for both stations
-y and 12.' Durlng early spring ‘the accuracy o counts for . : ﬁ:
k statlion & "anged between + 7 to + 10%, while for 5tat10n 1clc

1

the accuracy ar'counts'uas +-2OS' _ -
; ' - Speoleu 1dentif1cation were attemped with the

ald of: various mﬂnuals and texts (Hhitford and‘Schumacher
;:1969, Frescott 1970&,19?0&-Pa1mer 1969, Patrick 1959 and Sy
Drouet 1959) In all caacs, 1t was poasable to 1dent1fy at.

r

'leabt to the generic levcl. It may be qulte posaible that
ftha 1dencif1catlons reported gave only’ 8 rough estimate or

he-richneas per’ sample. Thla auggestion 15 supported by .-‘- /

1

E virtue or the ract thac Pa;rick (1963) recommends that at

“TETKV‘?GGG‘CEITK*bE‘UUUﬂtEd‘tU obtntn—a—re%&abie—ptctareraP————"——
ppec}eu richness. Patrick (1963) atates that 200 to 500 cells

e

. LI P . . . ., . R .
. . . . ¢ C . . .
- . S - . . . . .
+ o . . . - ) ) a - ) - e K o




';culd only Rive a small percéntagelof speqies‘present.
Hiwever, Lcwé (14735‘1n'5n e;pauhfivé_s%uéf 9f“d1atém
FO pulaticns d 'namics iﬁ'a central Ioﬁq d?;bh, counted only
-}36 valvea_For specles 1den;iﬁ1€atloh. -If“Lﬁwe'q data‘ig

realistic, *ﬂoﬁ theAidentl”icafﬁbhé done in this qtud; ﬁaj

- nlng be reallstiﬂ becadse cellq counted avéfaged about

F . ‘ t e . —

Bl 'oﬁ'qawple Foweve" the main object of cell 1dent1f1cation,

in this repory was to get a fairl; accuraue picture of the

-
-

arupgence ¢l the ﬁajor alg al Eroups.

¢ o L o ..
q

*Rlorophyll B

\;‘Chloréphyll a data'was obtained'ﬁy uding.thé‘method
‘Qeséribéd by Stricgland ghd-?absbns (1968). ﬁo‘corrﬁftion. '
"#Aas made rcr-pheophyt;n.i App"oximately 2“11ter ﬁoluﬁes or
 §Q}race iater was collected from each atation by lowering
. the two liter bottle abo 30 cm below the water su;%ace
ralsls g it ‘up gradually and making sweeping movements in ~

.va*ious dlrections belou and at ‘the surrace._ The object of

;1th13 tuchnique w28 to get a mixgd vertical and horizontaL

;faample . The bottlea nere stored 1n a ligrt-proor ‘styrofoam
‘box and returncd to the’ laboratorj within tw ‘a half houra._

L ,
E .hjtoplankton were collected by filtering knoﬁn volumea and

__cnllccting-vhe—$%%Eer—paper-"hi)/pmre .xltera and GF/C glass

. Ciber rllter paper were. uued. S - m¥~f’“’ﬂf.
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C

ciltered to ottaln enough cells for extraction of the plgment.

»—

¥iltratlon was-donc often enough to allow the colod}‘of the
. <
ftlter ‘paper o serve as a u1ﬂfu1 guide in determinlng how

. N
Comaeh watc" need bhe filye"ed.- Hat more than 1G3 nl and 200 ml

wWere requiwed for Lre west and: east end statlions respecvivelj

3.

S

; nlzimqs, as_llttle as 25 ml.wgre-riltgre¢ for
2, 3, % and s, r'u"in'g'»'che autuﬂn; winter and .

:a:i na

Lu

O

early spring the volune required was a8 much as one liter.

| 0ur1ng the “period prior to June 1hth {1t was very
_Jlrf”CJlt to extract all. the chloroph;ll from the sanples.-'
tecause afuissue grinder was not used. “arger \olunes of

v

sclvent wc:e tried tut thls only part¢a11y sclveqxthe .

'p"oblem. The filters wore also cut “up. 1nto very anall pfeces
and .hia 1ncrea3ed the extraction.: xhis &ethod onIy extracted
etueen 70 80: of the pigment. bﬂneﬂal the larger the
.:nlume filtered the greater ‘was the err&r. It was not |
until the end of June that a nanual test -tube tjpe tissue

| *"'nder was use€d.  Singe data collected arter June lh 1973

J-
corrections had to he made to the

¥as used In this thes
chloroph}ll datn for the latter half ol June.- Thia was {'*'
achleved by uslng both: methoda of extractlon and calculating
ﬂ_Lhe_eanor—ir+o%ved—‘cr—sé@tra%"sampivs——”*—tcrréctIbﬁ'factor o
was then applied to- the }ace June values. Tripiicate
'extractlona were also dqne ‘with the grinaing méthod. for
each ntabion during September 1973 to determine stundard

errors. The average error for the west end stations was

i

a



Cpleces aﬁd was brouyﬁ up‘*c".dbouw 4 to 5 minutes until a

' “ . . " e
;ﬂ . . -
+ 4.+ °%T and 4.06% for the east end statlons,

. T . -\ )
The mwctual method of extraction of chlorophyll a’,

‘nvolved the foilowing,ﬁteps: after filtpation the filter

Cjaper wan fclded uith'thqralgae o1t the inside and stored

tn jlastic vials in a freezer. Within half an hour the
S : . .

f11%ter parer was ground dp fn 710 ml tissue grinder in a

few md of 90% acétoﬁe. Thé fllter 'Wwas cut up into small
" " —rh .

< .

sreen aancns.on was formed. The resulting suspensidn was
“ : . ' . ’ :

) ' . : . 2 - -
transferred toa 1% Al graduated centrifuge tube’and the
" - i‘

vlu.c made up to 10 nl with 90% acetone. The tute was Y”/

.

_:ealed with a cork nung, vigaurously shaﬁen and SCOred 1n

thc_rreezer.ror at least 2 hours,. ‘Arhgr'storage the sample-

[ ’ oo -
. : T.

~

'.uﬁs'rehoiéd,'Q ml 90% acetone'we"e added sealedlwith-

‘rarartls wax and cent riruged at 7000 rpm for 5 to 7 mtinutes.

1

Tne clear édperhatan -was transferred to 5 ml 5 em path . .,

2
B S
-

L»nrth quart? cuvettes.

[ 4
The extinction ror each aamp;ec%as'medsuredn

\-‘
.

" agalnst .a. 90$ blanx acetone 5olution at 750 663, 6“5 and 630 np

'_attrlbutable to plgments.‘ kuacetone blank was nlso run

I F‘

pe~t1ve1y uith a Zeias PHQ II spectrophotometer. 'The'

“ex ang.ion valuc obtnlnod nt 7‘30 nm m,;uhuactgd__frcm&thosel;.._“

o

at the other wave lengths to corrept ror any ‘turbidity not

~
LT

against each ane length as a precautionary check ag&inst the.

reagent,
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i s fhlprobhyll a calculations'werc done wilth the

ald ~f the SCIR UNEDCO PORMULA: {Stric?land and” Parsons - -

11.68B, - 2.16E¢ 4 + 0. 10 Eqyo
- oy .

: f:‘H 13 the extinctlon,value at. the waveleﬁgihs 1ndicate&
'J}y the Jubﬂcripts. This férnula'éxpreaséﬂ chlorophyll a as
_mg xhla/n mhe chlorophyllxa value obtained b use of the
”ﬂ"-u la i3 div;ded by the volume. of the sanple filtered 1n e

liters to a*rive at the *rue answer. This q*ep is necessa""
Ny . —_
Lecauase the .ormula asqumes that al 11ter sample was CoC

td

: {0 '
r 'ered. The method recommended by Str‘cnland and Parsons

f‘ibPW has a, detection limit of 0(02 mg- Chla/m

N

e : If 1t was not posalble to determine chlorophyll

©an thw sare day, the ground up- extract {or the filter paper)
Q-
'wan suored in the !reezer overhight and the analyﬂis continued

. the next da; Snmples dere nevev atored for periods longer
than 16 hours._ Digested sanples stored longer. than 36 hours

1 4

 expcr1enced pigmenc deterioration.
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Section 111

[

RESULTS AND pIaCUSSION ’ - ‘ .

3.1) oeasonal and weeklx Variations of Phxgical Chemical

‘and B*ological Parameters

Preshwater and marine aquatic systems in- temperate
 reg1ons ‘of the world characteriatically exhibit marked B
seasonal. trends of phyaical, chemical and biological oo
parametera (Rhode 1953 Sverdrup 1953, Hulburt 196& Round
51971, and Ruttncr 19?3) The waters of Coote s-PargQiael}g
_are no exception to the generally acceﬂ%ed trend; Tﬁis ;“.
5s€ctlon will bc devoted to an interpretation of the obaerved
‘,weekly and aeasonal variationa between June 1973 and ‘May 197h
';1n Cpote f Paradlse. Chlorophyll a will be rererred to as

' chloropny11 1n the body or the discusuion—-

‘7(3,1.53 Statlon 1 and che Sewage Errluent t

. L ' Q ‘
-

| o Pigure 2 ahons the biomass (chiorophyll) and
‘fdlsaolvud oxygen plotn during tha summer of 1973, apd the
;fwinter and spring or 197# Biouasa ahouad pronounced |
{ rluc:uations during the pummer, aweraging QSO mg Chllu’
; (Tnb1e 1). Thﬂ overall picture was a high summer (uso ng
}“Cblfﬂ') loq winter (avarase or 26 5’!3 Chl/ﬂ‘). and an
k 1ncreaaing sprtﬁg (average or 83 ns Cbllﬂ’) chlorophyll -
"coﬂcentration.l This seasonal trand or chlorophyll variation;: j

[ . r [
- - . . . . ' . . . P
. ,_ N L RN . ;

. I N ‘. b BRI et T .
S T e o
. . C . . . 3
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.:15 well docueented ror‘aquatlc systems (Hutchinsen‘lgs?,

Round 1971, and R\Kttner 1973). o é\/ |
: - The summer chlorophyll average of hSO mg/M’ g

 ‘cdn be conpared wWith 64 mg/H' in highly eutrophlc Gaynor
- Lake, r‘olo*-ado (‘dinner 1972) 67 mg/r'!’ %polluted prairee
lakes 1n South ‘Dakota (Haertel 1972) 100 to 300 mg/M? in

:ropical l.ake George,,South Arrica (Vazer 1973), and 300 mg/H'
i

1n_'ﬁypEreutroph'c' Moeee Laké,'wash ton, U.S.A. {Bush and

| deelch 1972). The winter chloraophyll average or 26 5 mg/M?

was nigher than the -7 mg’ Chl/M’ yearly average for meaotrOphic

.Lake anario (Glooschenko et al. 19723),and was’ comparable -

".§%>32 mg Chl/H' tor the: polluted western basin: of Lake Erie

ing the eummer (Glooechenko et al.,197ua) and 38 mg Chl/H'-

Sin highly polluted Saginaw 1n Lake ‘Huron (Glooschenko et al

19?3) Vbllenwelder 11969) reported that a range of 1 to Zo.mg

‘-‘Ghllﬁ’.nas the normal range expected to ‘occur 1n temperate

"rreehnateh lakea. The above comparieone clearly {Spicate that

the waters or etation 1 are hisnly eutrophic.HV

-

’ Pigure 2 ehowa that during the eummer, peaks or

-‘chlorophyll uere ueuelly rollowed by 1ow dissolved oxygen

5concentratione. The lou oxygen vaiuee may have been ‘the

3-'reeult or hish blologie‘!aand chenicel oxygen demand creaéed _“

,,:by organic qeterial 1n the eedinent dead algal cella, and
' 1nconplete1y deeompoaed orsanio materxal in phe errluent.‘”J

o In eddition, 1: een be expected that the frequent large

'T'bloome or duckueed (Lenna sp ) which eovered the entire :
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sur cace of the canal contributed large amoqnts of organic

'-afer!nl to the sediment when they (duckweed) dieq

I The sharp decreasea in chlorophyil rrequently

coinc*ded #'th-the tlmes when thercrwas aa extensive mat

‘or ducxweed c0vnrin3 the~{\:er aurface. The'mat of'duckwecd

effeccively chaded the phyt plankton from the potentially
i

Eavallable solar radiation required for photosynthesis.- ;n

a 3ense .the algae surrerej rrqm 1Iight starvation' and could
not. maintain a high cell concentration. .There were’ times,

howeve:; when‘chlorophyll was low in the absence of duckwqco.-.

" At -these times, ox&gen was also lower than normal and a bad

. odoun7prevazleu. The'prObablé'caosea for the_low‘otygeh

- values were diseussed above. It may have'ﬁeen-poaathlc'thnt‘
_ _decomposina gctivities produced chemicala which were toxic

to the alsae, thus c&using a lower chlorophyll ccncentration."_

it was also ponalﬂie that the rrequent large blooms of algae 3

. produced substanccs which lnhibited their own’ cellular

l.factivitioa. Sod% authors (Hutchinsan 1957 ?ogg 1969, and '

_ﬂacan 1970) agree that thia aelf—inhibitlng phenomonon 15 :
“one or the many cauaal ractora arrecting algal periodicity.,;'

Pigurc 3 a. shoua the 3ummer distribubion or

) jaquble 1norgan1c phoaphate at stacion 1.- Soluble 1norgan1c

3”fphcaphate uveragéd 5. us ppn in. the sewage etrluent and h'..g‘_,

?_cll 26 ppm 1n the wacers of atation ‘1. Station 1 was ’I

"1locuted sone diatance rrom the point of discharge or the  ~ ’

R T e LT s e

”niqewagc:e::luont; Since the sewase plant uas 1dcnt1f1ed to "f,

. ' . . . . . . LI . - o -
" Lo - St - B . . P - . . * ' ta o a
X . Loat T . P S S - - A - t L ch - .
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L the mnjoﬁlﬁgurce'of nrtrients o the canai, thén'the‘

rArher phosphate’ in the canal needed gjome explanation. ’
. . ] * 4 - ‘
i P S - ‘ ] w
Hurris and Hacchus {1974}, sdgpgested-that tne higher
¢hogphate le"els in the canal may Havevheen»attnibutable'1 )
A o PR )

v phos pﬁorous m;ning in the 3ed*ments of the canal. ST

.

vnosnhor)Ja mining has been dﬂnonstra ed. &y Hortimer (19“1;,

] AN
D Harter CS) and Austin and ! ee (1173) Others,_(?oree

]

-

I

.

~et gi. 1971, and L1 et 11 1372} Have provided a fheorv

Bl TN

,fnr'rhosrhcroua m*nin; based on’ experinents done 1n some

o . -

Wisconsin lakes. vqosphorous can be precifated as a rerric
: - P . /

pzaqpha*o zel in the’ rresence of oxygen (Li et al. 19?“)

hoxever, 1n the absence-a‘ ox;gen (under anoxic conditions)

':he oxldlzed pﬁo;phqte_is reduceﬂ to sqluble fe;nous phosphate

kh'c" is releaééd'to thé ¢vérlyfng Water. On many‘occasibns
Codur ng the summer, surrace u*ssdived ox;gen values ranged

e

‘between 14 to 101 sa uration (1 l to 1: 7 ppm) It 18, .- .

herelore nothir”icul*'uo envi&age anoxlc conditions 1n

r

nhe ned'nenta or tne canal uhich would contribute to the Jﬂ

.n

hlgher 1eve13 Qf soluble 1nbrgapl¢ thSphate. g

Cow
. ~

I w g

.

"‘-"_ Inorganic phqsphate values were lower in the

-
o

- P

S SO

S winter and early apring than 4n the summer. This can be :

explalnéd 1n berms or the absence or the pﬁosphorous mining
_ phenomenon qbserved in the aummer uhen temperatures uere
highen._ The ract that oxygen never experienced the 1ow

vgluen mcasured during the aummeripakes 1t clear ‘that n'_5

;_—uu rlcient oxygen was present to keep 63e phosphate leveI

- . . L]
- . . - N t !

y : o . - - or -

1?... . | T . .:.‘Z . ; - ",

-

a
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AcwWn.s  2n February %. l‘?“ttherinorganic phosphqte measured |
5014 'ppn. in the same day the level was 0.1 ppm.in the

-] . - - . . N

X . . N
newape grifluent, This low ,value wasg, due to a2 phosphorous
alum expériment undertaxern by éh'engineeflng
resenfch.group from McMaster. University at the,DundaafSewage

-
.

7Uh%1ng_the spring d?’i??&, the occurrence of flgods

. dlluzcd-!noqganic‘phcsphate-on tWo dccasions,to ? 5 and_h 3 '

_late sprlng da:a indicated th&t phosphorous mining was

"eginning to occur more frequentlg. -,_ -. ' ' .

~
-

ppm'"e»peébively,vcomphred.toAa.spring verage of 7 82 ppm.,
nﬂrthe hemperatures and bioﬂass increased 1n april L97u ' 'X;.
. d - -

1norbﬁb4c phosphate lcvels increased to vaypes as high as

-il.a, 10. 1 12 0 and 13 8 &pm.' On these particular days

the surrace d*asolved o;;ben was low and avéraged between

- 'o

T2 ta & ppm (= 2 3 to hBS aA*) compa"ed to a range of 6 2 to~\

'1; 62 ppm (: 65-128%" SA”) ror uhe month of Harch The'“:

L.

— . 5,
o

On the uhole nitrate and.ammonia uere lower in o

»ne 5ummer than 1n the uﬂnter and spring mhis.-ls a- f:; ' -

P

H‘r*rlactlon of the lower winter blomasa ezerclning a decreased

'ﬂrGQnirement rar nutrients.’ Hutrient bulld up 1n the winner

.and spring 13 a phencmenon=we11 documented £or temperate

rreah water lakes. (Hu:\hinson 1957 ‘Round 1971, and Ruttner_

-1973l. During the nammer an’ 1ntereating sequence or events A

nvolving nutrienﬁ converaiona 1n the canal and their erfects

‘on biomass a: atations 3 and ‘4 :4n West Pond was cbserved

{ . k]

'
B -f . - . - .- .
. L. . A ) : * - .
. o . . e .
) . j . v .o ! *
' LT . P - L .
. P B ’ . . . § . I .
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.



v
.~hanges of nitrate and dissolved oxygen the rollowing

,*nuerpretration was poaaible - when ammonta concentration

fhan 2 ppm‘%June 18 and 25, July 26 and 30 and August 20, Coe

.‘nas biological conversion of ammgnia to nitrate (nitrirication)

,nitrirication of ammonia .via the reaction°'

Aqnlvuis of the'ammonia af station 1 showed {luctuatlions

f?igure “) which occurred approximatley ever; two weeks.

'uh”n the qnmonia fluctuations were compared ta the seaspnal

'

was3 hlgh (15 to 30 ppm), and 6xygen concentrationa were .

’

"e‘os saturation, nitrate concentrations were - low.' (June 18 —-

nne 25 July 26 and 305 ‘and August 20 1573). Conversely,

'Q v Lo T

“when oxysen was above 100! aaturaticn or close to saturation,

ammonia values wera low and'ﬂltrate concentration were greater
__-—-—‘-“-_-__‘-‘-—-_-——-

."‘

- 1973) The 2 ppm nitrate was larger than the summer aVerage

‘of 1. 58 ppm.g It is clear rrOm these obsenvations that there

As the analysia uas for H0,4‘+ NO, » 1t 18 not known how

‘ the, tetal'la partltioned. Host or 1t could be nltrate ,
"nitrosen-becauue oxygen uas always measurable and nitrlte

“repreeenta ad’intenmediate product in. the: autotrophic"

K]

20, + HH* -y uo, + H 0 + 2H* (Keeney 1972)
. Loy
41tr1r1cation or amnonia to nitrite by Hitrosomonas and

N e s nartn e e

nibrite to nicrate by g;ggggggggg (both membera of the . e

—

-';br near saturation (July 23) and both ammonia and nicrate‘

, 1trgbacter1acean) wns reported by Quaatel dnd Sholefield

(1951) Buanell (1968) and Keeney (1972) . There uere times. ' :

_ however, when oxyggn vas abova saturation (July 3rgfd August 9)

-

. . L . . f
- LI . A . . . : . s




- mz: uarrow

1200

400

v w \/v~ A \/

.--30 -




. supporta the above case that the sewage plant contributes

Ly

soncentrations were low. ~These events are undoubtedly ‘ :
correlated to the periodic output of ammonia ln tnéﬁéewage”‘fﬁ\_#
._cffluent huznetsov (1968) reported that anaeroblic -
n.crooraénisms (1n an anoxic environment) can more _" L"‘\
'\efric*ently utilize nitrogen rather than carbon as. an

energy nowrce. Just how much ammoniricatlon can be

- a#conplisned by anaerobes 1in the canal is not known. It‘ie:
'certain nouever, that periodie ammonia output by the plant

fas high as 16 ppm) contributes this nutrient ror nitr rication.

t will be shown wnen station iy 15 discussed that the

a

. ammonla and nitrate conversione tn the canal arrects the

'_biomasa in Hest ?ond. . — 'a

Durrng the wiu‘:r at. gtation 1 an. 1nverse correlation'

’

(P w 0. 05) betueen nltrnte and ammonia uns observed (Table 2,
ftsh 51 ann the aame rer the sewage eftluent (P = O. 001).- |
Tnere aas alao a posittve correlation (P.=:0. 01) between- the
'_1ammonia 1n the erfluenéband the canal. Thia latter correlation

ammonie to the canal._# _ﬁ" T 'i_; 7 .‘

Table 1 shows the comparison of tne other variables

) at statIen 1 ror the uumner 1973, winter and spring of 197#
Hote the - variation or the nitrogen to phosphoroue (N/P) ratios
-,'Because moet authors (Rytner and Dunstan 1971 and HalmaanQJZ)
| suggeat C H P. ratio or 106 16 1 bnsed on the approximate .
rormula c,.,u,,,o,,.u P ror protoplasm (Halmann1972§\~the T"

N/P rqtia aervea aa a uaeful 1ndex 1n P or N- limitation
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atudies, “he significahce of the H/P ratio ‘'will be. '
dlacus sed more fully uben station u is conslidered,
On none .of the sampllng days during the winter

- ! v
was the watc temperature near freezing (32°?) at 3tatlon

1. "he higher than expected water temperature of hS 6oP

«as a diredt consequence or the warm uewage effluent which

.eragcd about h8°?.7 When ‘the average chlorophyll for

® L c

.the summer, uinter and 5pr1ng are compared tc the respective

seaconal average temperaturea 1t 15 clear that temperature

‘nad some errect on the hiomase periodicity (Table 1)..

" further discuncion ot temperature errects will be presented

later in the statlon h section.

PR

R Secchi depth or transparency during the winter was

. not.valid because thc water was clear enough to see the_

- bot tom.‘ Ddring "the spring the average secchi depth was

"GS cm. This 13 quitc transparent uhen compared to the .'_' N:éf

aum:her avera,ge of 23 00 .cm.j The seasonal di!‘tenenee c!‘

: secchi deptha ves a runction or bhc biomass .and turbidity

. (Table 1) ' Even though tranaparency was greater during

'Tthe winter ‘a large biomass could.not be. nupported bec&uae

'to' the 11m1t1n3 efrects or lower temperatureu and shorter

A
1

- day lengths (Ruttner 1973) Tc rully appreeiate the pi"'

slgniricunce dr the_gecchi deptb soue compariaona nith

:_other water bodleﬁ vild be made. Buttner (1973) givea the

"rollowing'seecp"'

ks .
'pths velues for tour Hlsconnin 1akcs,

:l;Cryatal lake, Trcut lake. Belmet lake " and Hud lake had
B .""“'ﬁ-f#rvf;‘i;??~‘:3:.w:lj*~_rj,*j-:;ﬁ “J"

s

_‘} : B
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t"&nsparencies of 13.5 m, 5 9m, 1. 9 m and 1.5 m»respeé;i&ely.

Thé yearly average of ﬂtation 1 was about 0.49 m - about . .
,, .

three times less. transparent than Hud lake. |

(3.1.b) scatxon72-

Station 2 (flg.‘l) 1s located at the entrance to
Hest "ond.: Pigure S,shows the distribution of chlorophyll
and disaolved oxygen at - ‘station 2 between June 14 ;hd |
QOctober 4, 1973. No §:E£1es were taken for the winter and N
_ sprlng or 197“ ‘ Average chlorophyll for the. summer of 1973
(June to September 6) Was u56 mg/H' | This cdhpares to©
“50 g Chl/H’ for atation 1. Chlorophyll rluctuations were

| ﬁuch 1&33 pronounced than at station l falling only once

belou 100 mg/ﬂ’ on July 30. The periodicity may partly be
explained by the mixing of station 2 waters with water from -
the canal and Hest Pond depending on changea in wind speed
'and direction.” The efrect of wind was easily observed by
rollonins the drirting ‘of duckueed (Lemna 5p.. ) which uaa' )
.rrequenbly abundant. Other ractora such as light availnbil;tg, —
5 £Emperature, nutrient atatus, and coﬂpetitive 1nteractiona S
'rmay also arrect chlorophyll tluctuationa.‘but theae nere -‘
‘zdifficult to 1dent1ty. Biouass shonod a signiricant

fdecrease after Sthember 6 is rall aPPPOGGhEG-_ The average ¥.-

R

~.chlorophy11 value ror early rall uaa 65 mg/H’

Dlssolvad oxygen showed a aimilnr relationahip

to biomasu aa ror atntion 1 - 1 e. o:ygen loua rollowing
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N - R P
winctding Wwith tlomass pea) He J : ’
ctnciding Wwith mass pears. . Hetween June and the [{irst -
Jeptember oxygen fell below vIlfe 100% saturation

i
vriue five times, the lowow* beiqg = 631 saturatdon. ‘The

:1gu¢ut oxygen JaLpeJ reﬁorded were 345 and 346% saturation.

snlas Was the requlr o! an overal‘ hi?h pno§5svnthetic
activd j of the constant large crop 'of algal cﬂllq The

arae summer bibmass . avorahe of 45b mg Lnl/% qua‘l"ies
~ne waters of statlon < to be hiphly eu.rophic. ‘mccording

~ Kaéggy (1972) the nuurient 3tatu {p.89 pp. "O" and
< ]

.ﬁﬁnﬁpm Poy’ ) of station 2 certainl, glves 1t poly tréphic

stanus. As a result ‘one would not expect such . h‘gh o

wsolved oxygen concenurations. Arenh! bald (1973), reported

dl{usolved ‘oxygen rigure ‘of 64.L1%° saturatlon for a heavil?

4

_pollubed river which had a. similar nutrient status'uo

[ R \

,Lation 2. Desplte the preﬂgure of‘a presumably high

_L*n‘obi al cxygen demaqﬁ ra? respiration and decomposition)

-

" the photoa;nthetic actlvity produceu more oxygen *han is

*e

neederd ¢or the 8.0.D. (biological ox;gen ﬂemand) much or

“which was removed upstream at. 3tation i., Of courae, dissolved

ﬂxjgen might bg considerablj belou 1001 saturac!on dufing B

the nlght. However,'np namples were taken arte" daylight

'Jtc prove that this was the case,

A slgnificant 1nverae relationshlp exlaced between )

anmonla and dissolved oxygen concentrations {(r = =0. 488

n o= 26-1, P - D 01), during the period June, 1Q73 to Octobqr

‘h,rl973, This phenomonoh (also 'dentlfied ab s»ation 1)
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Al

as provably the result of the nitrificatlon of ammonia, - -

- . R -~ . .
“ree ntation 2-data did not clearly show the occurrence of

x -

L]

nifn nitrate concentratliond coinciding with low ammonia and .

e J'SSuL-ed ﬂzjben corccntrazi;ﬂ;. HitTat E.uuntrntratloﬂs
L3

Cwere alua,s Lelow 3.u0 ppﬂ, and frequentlj rell bGIOa 5 ppm. -

it .s pquible that the algae preflerred nitrate as a nitrogeﬂ

curce. and *uihflj used up this nutrient mﬁ&ﬂ 1. 15 proddbed

'n la"g“ quanSities by the nlt iflcagion process. This 3'

L
‘.

iat ter suggesqun c&n be Jupported Ly the fact thau during
cne last weew of August and the whole of September 197J,
'dnhonla ~oncentratibng were conaistently grnater ;han 8.00 ppn,
'r- trate values cort*nued to rema n low (as duang the summer “3 \\
'uu‘ch had an._ average of . 0 89 ppm) and dissolved oxygen’ ‘
uv“ncentratIOns aere_..equentlj belou *he 100.'saturation'
;lv"el yur*ns thia period biomass -wag 5t111 high {a range.
°f 94.00 to ?50 mg Chl/"’) and the ammonla cencentrations.
A1d not show an; appreclable decreages. o t" ‘ _
Total 1norgan1c 5oluble phosphate averaged 7. 7’ ppm _
J;r¢ng the 5ummer. Figure 3L°° 5hoas;the.5ummer thSphate;

- -

‘“1uctuations Bt station f Compﬁféduto station 1 (figurg 3;c{

a *

*he values are Iower. Although the blomass was about the
aame as station 1, the lower phosphate levela at sbatlon 2
'probJLIj reflecca more precipitation of insoluble ferric o
phosphate due to- the higher average dissolved oxygen .

.oncentrazion than az station 1 (1n addlton to uptake by biomass)

. - - e - e . - .
: . s
. R ) . . . i
‘- . . . ! ' . . . .o . L t :
e T m : . . - - . . : : . "
- . Lo | . . . . ' - ’ .
B . co v Y
: . . . ' . PR - [ - . K
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Prom tie 'last weey &7 Aupust te the first week
Yeor the aecch! depth showed a steady lncrease from
3 -

Ti0L¢ em fAugust I7) té 75 em {Tetober W), This was a

result ofthetdecreasing tliomass ad fall approached.
Tonverzely, the uurl’dluv showed a consistent decrease

RaBE 2}
" .

ne the same perlcd falling ?rom 17 R.TH, to

[ a¥

\L

..C F.T.2,
‘tmer non-ltving particu ate “ater al may also Hhave

Csantrituted to t“e nrxe"ved secchi.ﬂnd tur‘idi* variations.

..
- —

However, it was quite obvious that the large algal crop was

the primary centributer.’ : . “
. 4 b - , " '

n
-

'3.2.c) Stattons 3 and &

o
e

o i . n_at'ons 3 and “ Were reupectivelj located 1n »he-

xnyth ueq* and ﬂortn east areaa of Wes’ Pond (flgure 1).

fioen of -these statians showed ‘ndent‘cal fluctqations.in_

“hﬂﬂ*J ry nhd biomass during the summer. This bart'of the
?

t2cuand on. bherefore wil’ concentrate on statlon i which

>

_%as sampled for a 12 montn period {June 19?3 - Nay 1974)
1uxcep* ‘{n Decenber 1973 when unfavpurable weather conditlons:

~ made sampllng Qifficult. Station 4 will be considered as

N

typical of West Pond as a wholef The first part of this

1eet‘on will deaI with the varlations or'bior%ss, nutrients
_1nd phys cal paraﬂeters and how they relaue in a genenal

aenne .as the seasons pncgressed | A more thorough discussion

'nvo‘ving all variable 1nteractions uhich might contribute

-

-

. b . ' b

.ug-une e;ekly variatlons or biomass in west Pond between
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Sume angd Cctoter 1971 will Tollow,

Seascnal Pregregston of “nlorephyll and Changing

tgnt /Temrerature EfTects '

‘Flgure 7 shows the’ pl t ol the seas Oﬂdl vartations

~T ehlorephyll .ng/P 'y Vetwoer ¢une 1% 1373 and Hay 31, 1a7k

nniuat-?ond.;-uistipct1cnlobpphgll ;yendq-wqu_pbsgrved.

,in the sunner. fall ; winter and spring. .Tabie 1 gives

e average chlarophyll values for the‘four,sgasons. The
summer p»riod averaged 695 mg/M’ and the.Tall, winier and

npr\ng-were 231 21, 01-and le 1 mg Gbl/ﬁ{“respectively;

The aversll plcture p"eaented by Nesg_-ond was ¢f a léfge

uqd perﬂistent‘%unmer‘bloaﬁ hh*cn decrcaqed as fall and .
A -

uir--r app"oached As Bp"ing approached a smaller bloom was ’
/ . -

Cevident. There was 8l3o a swall weax winter pulae. In

?iéu of the two major blooms described the 12‘month plot

. can be rebarded BS HN exception te the generallv aucepted

,henomenon of: spring and rall blocms dhich occur 1n natural

l'

oli?otrophic freshna'er lakeﬁ (ﬂutchinson 1)57 and Round
Lﬁ?;)u‘ udmondson 41969), reported a s‘m‘lar chlorophyll

- pat&ern fn pollutqd bake ﬂashingtcn.' it is”importan* to
note that Lake Haahington e:perienced a similar nutrient .
nuppl" (contributed rrom sewage efrluent) and eutrdphication
problemras Hest Pond. ‘One might wonder if. thesseasonal

chl orophyll pattern obaerved in Hest Pond 1s typical of

rutrophic waters which are continuouslj supplied with

% . - . ,
o . )
. .
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;Lau»e »"fluent.' A sinilar chlorcpﬁvil pattern daa
g*‘erv ed 1nl*he polluted we1tern basln of uake Erie: whlgh

ives qewage effluent (G looschenko eg\nl. 197k,

S

nA3 furt ner 3upportq the above 5uggent on :hat wa,ers

- .

cH are contam*naued with sewage e'fluent experience
‘i nhar h?“r‘5»1c prolonged summer phytoplankton bloom
Round - (1971) attbnpteﬂ to exprain Uhe seasonal

ph nplanxton Lloons or pulses by descrlb*ng shock or

.'cnrdina. polnts which Occur 1mmediate1y after or berore a

o

'uloqm. The cardlnal points hawe been 1den 1fied to occur

'\ Rl B

1~ times whgn the light/temperature regihes Qr nutrients

status changeq/ﬂFiztiggziz. Ruttner {1973) defined the . = °

cardinal\gdxﬁt& .as the environmental conditlons necessary

l‘
: for maximun or’ m*nfhum physiologica activltyf The two

.0_

light/tcmperature ggrdinal polnts descrigei’iu Round (1971}f

occur durfng the Marck{ﬁpril (sprins) ard the September#

Gctober (fall) transittﬁﬁ’ﬁeriods. ‘These points may be

identifleﬁ by nhe poaltion or arrowa ll and 2 in figure 7.

f

Arrow [ 53 represented the time period uhen daylength?

[
temperaxure changea uhich ogeurre

fSeptember 27 Chl = 888 mgfu‘), 67 B°F (October u

(light duratioh) and tempernturesgrere ralling.- The
sﬁ this time were 73°

continued to decrease the biomasn rollowed 1t to a tall

'_.'.‘.‘ - , T

chlorophyll - 318 mgm’) and 55°? (October 20, Chl = 271 mg/H’)

e e

The tempera:ure drop was’ 18°P (rigure 8)}.. As_the: tempcrature
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low: of 18 ™ Chl/M' (temperature = 50°F). 'Figure 7 also.

3hows a plot or the annual variations of cell concentrations.

"fcells/nl ‘10810 scale) Note the oorresponding decrease

L]

in cell numbera during the same-period o L *
C .

It was dirricult to.inteppret the . errects of

'sncr*er daylengths on algal biomass.‘ However an 1nd1rect

'1nterpretation was possible. Data supplied by ‘the Royal

“o:anical Gardene in Hamilton gave average values of the
nunber of direct sunligqg houre available on a daily basis
dur‘ng tne rall transitlon periodf The average rigures

for the months of September; October, and November were

.;6:62, 4 7r and 2.36 houre of aunlight per day . respectively.

The decreasin number or daily hours of sunlight.

as rall approaehed meant that photosynthesle did not occur -
. @ -
. .far the extended time periods which occurred during the

-dlfmer when avalleble sun llght houra averaged 8.9 per day.

llmiting errect of the extent, duration, and quality or

:(Delvin 1969, aoldnan 1969 and- Round. 1971). Thé eftect of

tempereture nae been similarly demonstrated (Goldman 1969,

Ruttner 1973 and Tokashashi and Naah 1973) e

The cardinal point 1dent1f1ed,by arron l2 durlng ‘

"the Rarch/&pril traneitlon erlo& represented eondltions

when the average da113~aun1 ght houre ehd temperatures were

increaoing. The eyerase te peratures ror the last tuo

1weeks or Harch 197# ues 3h° compared to h9 T7°F ror the o

first three ueeke or Apr:l._Between Maroh 29 and Aprll u

.. T . : A Lo
. - : . IR KN “ ‘. PRV i DR ) | [N
. . . T - . . . v

-light is & phenomenon well doouﬁented fof‘algal photosyntheals o



- . ) 13 ' o)

-

©he temperature 1pereaseq\by'16.3’? (fig. B). =~ The average

datly. direct sunlight hil¥rs for March and ApriI were j 1
& -
and 6.2 respectively.’ These figures showed a marked trans-

lpn wh‘ch occurred- wh n the spring blooms of alg&e
cwmmenced. The situation h

& was opposite to that observed

ur;nb the eeptemberIOctober transition period. Agaln,

°

: pound s cardlnal point was. 1dent1fied and explninable in

rl

-eres of 'he.changing 1ight/temperature regime.

- - -

./'_ ‘A further obeervation was made durine; thﬁ winter

and spring regarding the relatlonehlp between chlorophyll
,cell ﬂoncentration, and temperature vagiations.. Plépre 9 ”

1hows *he plats ér chlorophyll, cell numbere per ml, and -

ﬂperature. between Jenuary 15 and May 31 197“ 1n West

.°ond The graph clearly shows that changes in bl omaee and

cell numbere derinitely rolloued temperature changes 1n time.
-Fosltive and eigniricant ccrrelntions {Table 2) were’ , o

calcalated betﬂeeq,temperature and chlorpbhyll (r = 0.307, 1

p = G. 001) and temperature with cell numhers per ml {r = 0 903,
' p = 0. 001) . These correlntions demonetrated the strong

luence or temperatnre on biomase variatipns during the

"wlpter and spring.- ,"‘ “p": “-.'1'
| (11) Nitrate Amoni-af Phosphate and Chileropnyll ‘
-t .'f' Some 1nterpretation or the seneonal varlatione in

nutrlent status and hou they relate to blomass u111 now be

presented. 1';;gl,f"
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N Table 1 gives the seascnal averages of nitrate
+. niz rite N, anmonla q' and total soluble 1norgan1c phosphate
f’*ho'flgurea shou that the nutrient status during the summer
" nqd apring ;erd Idweé thénuin the fall and wintér;,‘ThIS'was
a4 llct result of the overall higher summer. and sprina
tionasq-exercising a greater d;dand of the ambient nutrlent
supplies, The converse was true for the winter and fall : o
“hen Liomass was low due to lower temperatures and shorter' ,
da Lengths. The strong effect or temperature on biomaas was
a‘read; stressed. %utrlent buildun durlng the colder months
of the- jear when biological activity 13 at a minimum 1s
the normal situation for rreshwater 1akes (Broun l971,
Rut»ner 1973 and Takahaahi and Hash 1973) N
Figures 10 and 11 show the seasonal varlations of
the varloua nutrients 1n Heat ?ond. -One would expect that
'nutr;ent supplies might have been‘exhausted during the B
_ sunmer due to the ex:ended summer algal bloom (226 to 1318 mg ;
-Chl /MY). It must‘be emphasized that biomass recorded as - -
)hlorophyll in Heat Pond wg}e higher than any reported for d
a temperate rreshuater bbdy The station 1: dlscusaion-]
save comparable\phlorophyll rlgurea reported\for other
highly eutrophic rreshwater lakea.; Table 1 shous that |
- biomass. at- ntabton 1.ﬂas 1ower than at: station LE Nutrients_;_

could not be exhausted in Uest Pond during the sunmér

‘\..

because, (l) the aenase plant alwaya provid?d a constant

Bupply (8 87 ppm nitraté 5 95 ppm ammonia j}d 5.5 ppm

. € - "_‘- P . A . . . el e
R S S hf’-
. . _: . . '_.‘ v EN . . a : ot e KN , °
- (S - S . R , L
.
.
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/

6]
ﬁhosphate). (2) there was. phosphorous mining and nitrir’cation

in the canal, and (3) phosphorous minlng and. nitrificatlon

were.also,identified in_Hest.Pond-(will be discussed later)..

fiil). Oxygérgvéﬁlordbhyia'and Pro&uttipn~,
Dissolved oxygen concentrations averaged 253 1Y 4
saturatlon during the ﬂummer. decreased to below 100! during
the: fall ane,ainter and increased to a 138, 52 3aturation 1n
thn spring of 197h The dissolved oxygen trend closelj ‘
followed the chlorophyll changes as the seasons’ progressed
(flgure 10) e hlgh averase summer diasolved oxyéen
concen*ratlona were a direct result of the 1ntenae photo- .
:;synthetic activity or the unusually 1arge crop of algal cells.
-On a per cell basia the oxygen production may not be any~'
higher than algal cella in other Treshﬁater systems (but
‘ ee below) But the compined efrect or many photosynthetic
cells cloteiy%pacued together per unit volume of water '
‘ 5upe-saturates~the-water volume.. The cell population ranged ff.
. btheen 200 000 to 500 000 cella per ml (avernge of; 3 5 X 10’ it
f cella per llter) during the nummer._ The cell concentratiqnn
l was very bigh when conparad to other temperate freahwater '
o .lakes$ “Po¥ example Nalewadko (1966) reported a summer s
cell numter ranse of 598 to R 6&6 cells/ml ror Lake Ontarlo.j.:
| Th@ superaaturated diaaolved oxygeq levels may f]f;.ﬂ

E

" be explained 1n terus or primary production (rate or oxygen ﬂ

' evolution or production per unit VOlume or'water per hour,.

v . . .
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ng ox;gen/m'/h) or in terms of. asslmilatlon ratios frate e-
of ox.gen produced per unit wu. of chlorophyll per hour, o
_nh C,/mg Chl/h For purposea'of comparison to Heat Pond‘ ‘ff
.’he figurea quoted will be converted to rates of oxygen
.pwc*uc:*on. The coéversion 15 based on. the aseumptrsn _
*hat the ratio of 0, evolved to earbon rixed ia close to
unt ty (Parsons and Takahashl 1973). ; B ' ";fﬁ;.
Data for primary productlon and asaimilation
}fatios were. obtabned from research reaultsncarried out in .
wWent Pond by’ Harris andnﬁacchus (197& An press) during the
.uumme" of. 1973 The data calculations revealed an average
-;‘prlmarj production rigure of 1 65 g Oz/m /h with ‘a hign or
3, l( g Ozlm’/h Theee figures are verjlhigh when compared
to 0. hB B Oalm’/h ror polluted Lake Erle (Glooachenko et ai
97&5),0 296 g Oalm’/h ton eutrophic Lake Cochrane, South  \;fe :
| Dakots,’ (Haertel 1972), 0 266 g Oglm’/h tor pnlluted Gaynor o
,ake in’ Colorado (Hinner 1972), 0 26 g Oz/m’/b ror Lake i- zg‘vf
- Ontar:o (Gloonehenko et al. 197Rb) 0 16 g 0, /m’/h reported B
~h°J ﬂutchlnson (1973), 0 05 g Oz/m’/h for polluted Saginau
‘_Bay In Lake Huron (Olooachenko et al. 1973) and 0. 013 g 0;/
’/h 1n Lnlce !uchigan (Schelske and Sboemer 1971)
The asetmilation rntioe fér Hest Pond averaged . .";l?“
j,2 37 mg Ozfmg Chllh with a maximun or 4. 56 mg O,Ims Chllh. |

‘”heee valuen are aleo high when qompared to a maximum of u. 0

: ms 0, per ms chllh 4ur1ng rertilization experimenta in Great
Centrql Lake, B c by Takaahaahi and Hash (1973)-i Asainilation K

i . L . T e e

L o

LN




[

gt o of 1.2 to 1.b mg'U;/mg Chi/h were reported for

ase gntarto (jlo chenko et al. 1974bYand 3.0 mg 52/mg-

. — —

~,

w1/ for Lake. Huron {Glooschenku-et'al. 19373V, Thg\

-

roduction flgures reported here may also be upderestimated
i ‘ _ A

czause the lncubatlon times were tos long., The formation

¢ large numbers of sxygen hutblen {mmediately "after

troutation of the H.0.3. bottles made it impossible to.
’ . - F

cix oall of\fhe'ﬁfssolved oxXygen produced Ly phbtdsynthesl
"w's was an added source of erﬁor wﬂ{ch'could nave cauged
ag'undcrestimatiow of the actual producticn figures.

Hoiever the very high’' values reported here are dhat would

S

e "xpﬂc.ed in such a h‘ghl" cut“oph'c wat e" vody as Aes

s . e

. T S .- % ~ |
L 'e&a Iy Blomass Fluctuations and Asdocl \zed Physio-
_Chemical ﬁnteractlona.' June = October 1373

]
_ ~ s _ ry .
.‘ "

) ‘.

. ’t WAS mentloned earlier that dest pond supported

'

1 prol oqged nnd perslstent hummer crop of pn;toplankcon

'w"T h never fell belou 200 mg Cﬁl/ﬂ’ %owever, biomass

'“‘uc*uauions did ogcur above this minimum level. _A‘closer
"xxnination of the Heat ”ond'a data revealed whdt appeared

»

;-o be a verj complex set of interactions 1nvolv1ng several'
" vur1ab1es éhich mny account for the biomass varlations. '
The 1nteractlona lnvolved the rollowing 11 variablea-”
'available sunl!ghb hours, uater temperatyre, secchi depth,

tur idit;, chlorophyll dissolvad oxygen particula:e -



-
»
-

. .-‘ ‘ L] . N

rnus;hcr?us. soluble gphoaphereus, nitrate + nitrite’
) , -, ' 7 o~
;t'r;g/u, ammonta nitrogen and wind speed., It was also

. N b V - ‘
{<<5vercd thatohe nltrate~axygen - Ammonia con"ors*on«

. ' ‘ _; -

ccerved in She Destardins Janal at statlon ] affeﬂted

t
-

smuas in Hést‘?ond.;'n case for poss!ble‘nitrate 1*m1tati§n
<111 e bullt on the btasis of the nltrificaticn process
tlzcunsed forstatlion 1- and BOW it affected biecnmass In
et FYond., The phcnomohon of *u!urj conaqmyﬁi ﬁ'of:-‘ )

. ! s
PSRN OTOUS 1) alsc te dls CUSSEd.“J13@U3a10n °H
nitrt?ica{{cn and *o&:lhle 1uxu"'.ccnsumptlon'of‘phoéphobbqs
are neceﬁ;af@ibefore.gﬂ}interpretatibn_of thg'efevenA: P
. : U : '

varlable 1nteraction5,13-attemptcd.

L]

- -

?‘é@re.ll-idéntifiés.bioméas pulses which
r*ﬂurr»d in dest Pond’ be*ween three ;o 9e ;en days afﬁer '
:.'.‘..z_-‘. at‘cn OCCU!'!‘Pd in thq canal at statlon 1 (re!‘er
Ao r*g. L.for the ni»rate-ox;gen—nmmonia convorsion graph).
rl sure 11 1ndicacéq the nltrate 1evels af station 1, before
“"rif*catlon and the blomasn at station H at the same time
in. Hest-?ond The grap%balso shows the blomass pulses

«nich occu"red after nitrlrication (three to seVen days)

'_and the nltrate concentrations (after nitrirication)~uhich

;

:eceeded the. blomasa pulues, The biomass pulses suggestedﬁ

.‘f

ha 1trate nitrogcn may have been 11mit1ng.g ”1 activity

during tne aummer.



66

. ~
.Y

—

— ( Wbw) orx- ey *

u 29

P

_. Co;mﬂm

o vco& amo\s
mohuc_

e

__Eaeozu A_. "= <

| A

.ko:mu_t:_c ‘_e:m 'oN. E&B
L o:mu_tb_cmgo*oo OZ Eaao




€7 -

A case for ni;rnte 1imitéfion_éan alsd bd.made-
o the basis.or the nitrogen to phosbhate ratid (h/?}
rrc 'cu:l. nertioned in the sta*ion 1 discussion. "Thn
use of the H/P ratio as ‘n index in nutrient liﬁ*tation

n;ddiés ts based on the approximate chemiqgl formula of
119453 protoplasm: o ’

C:..h!.‘,—ot;°‘l“? .' '. ‘ (Halmanrl'Q;r?)
assuming that livingrgrganisms require nitrogen to phosphorous"
fn the: ratio ol= to 1. Ryther and Dunstan (1971) recommended‘
‘an N/F ratio o{ 15 to- 1 for marine phytoplankton and lé“to 1 .

"fdr frdahuater types. However. a working ratio of 10 to 1 '
jhns been established (Ryther and Dunstan 1971). ?' h
B In Hest ?ond the average N/P ratio was 0. 05
) -during the summer.’ Thia very fbﬂ ratio suggested that
. it"ate may be limiting in West Pond. Figure 12 shows that .
‘the ni rate 1evels rrequencly fell below the 0 3 ppm
recognized to cause no:ioua algal blooms (Haentel 1972, - l'
‘Bush and Helch 1972) . However, there occurred intermittent
. peaxs, af’ nitrape greatcr thnn 0. 3 ppm. At thése times -f .
' the Bctual H/P -ratio may havc been a listle higher than'
 the average summer riguve quoted above. qu example.
= on Aqgunt 20, 1973, the . raeio was 1. 00. This was st1ll lot
i uhen compared tgwthe working value or 10 quoted above._-_f_
Au will be diacuaaed later, nitrate is only one of many\i
. raq;ora afrecting algal activity. The innerestiqg pcint' N
‘ made here is that nitrate 1imication in usually observedﬁ'

v
u



68 -

.S:&a N+ FON—-—

.ﬁSOAnw-.ou.no 103 Puo# oonv nmmﬁ Aex pue nha.« !.Bh usen3 oq 4 :o.—.vnu,n e

2.3»:.:; ueSoI3 TN, vjuomks pus ‘usBoI3 TN $3TNITU + 853?:2..835
e e—— W) | S N_or_
e w v 3 o

2550

S JI7diNES

tme.azu:::--




<
in marine aquatic systems and phcsphate limitation tn
freshwater syetemp (Keeney 1972 Ha’mannl972 Ryther
and Uunstan 1971, and- Hutchinsup 1973),. In West Pond ‘

f\a Preshdater system) nitrate, rather than phoaphate

1Lm;tatlon waa,suspected.

Luxury Consumption of Phosphorous

i o

'As‘discussed above, phosphbbous.limitation.bf '

*

_ :roath 15 fh& uaual .case- rar phytoplankton algae in rresh—

'waters (chi” 19ua Fuhs 1969, o Kelley 1964, Legggﬁgnd”’

Jingledein 1970, ?1tzgeraldﬁ&&l.,_sghindler 1971 o
“'Brien 1972 Droop 1973 Hutchlnaof 1973) _ The ;eason
‘-for this 13 that 1t is more diff&cult tor run-off water
'l‘uO leach potentlal phosphqroug saltg from the soiI in t:hen
water_shed which would feed a lake.. To make this point
imore clear, Hutchinson (1973), reported ‘that- because
iphosphqroua 1a an element with an o d atomic number:n
‘(At. no.f- 15) 1t 13 much rarer tham 1ta neighboura, silicon‘
-Land suiphur. Hhile 1n the earth 1t 1slpartly lost as
;iinsolubic 1rbu phosphide to the metalng core and 15 not

O‘e'-s-

"eaaily gvailable-to the aurface. The same cannot be said

REEETI

'for nitrate salts which are highly aoluble {? uater. f --gg

N-'?hosphorous was never 11m1t1n3 1n Hest Pond becanae of; two
: loars
-ireasona. (1) tha 1oweat leval recorded (0 5 ppm) was at

\

'least 25 timen srehter than the concentration nequired ‘£0 ~_'

-

:ﬂstimulate eutrophic algal conditions (ﬁalmannl972 Haertel




10?2,‘BuSh and wclch 1972), (2),hu¥u}y uptake-or
consumption of phosphate was suspected |
The luxury uptake phenomenon refers-to the

1.111t; of algae to actively take up soluble phosphate
n*th subsequent storage when external supplies are. abundant
{“oyg 1973). Luxury consumption of phOSphorous is ‘
"Pcognized by many workers (Kuenzler and Perrau 1965,

) Schindﬁ!r 1971 Wheater 1972, Fogg 1973, and Hutchinson

'19?3, 1957). It has been observed for both marine and

'freahwater algac (Fogg 1973) ’

A .
-

Particulate phosphate analysis was done to

1
-determine how much phosphate uas contained in the’ alqu
'cells in wcst Pond where the phosphate concentration ‘was

\alhays hish (see above) : A posltiwe significant
. ‘1
. correla‘ion was fcund between particulate phosphate and

-,iomass (r = 0 661 p.= 0 001) ?igure 10 5hows the
”relationship clearly | A signiricant negatiwq correlation'

-was also calculated betwecn aoluble phoaphate and biomass
: ™~
"[r "0, “97, p_g 0. Ol) Figure 10 clearly shous this inverse

celationship. These correlations meann‘that the ambient'
Sl

| soluble phouphate aupply was partly controlled by the ‘

' ahility of algae to actively uptake and store phosphate.“

-7”he positive correlation bet;een particulate phospnate .f«‘.
and biomasa meant that aa the hloﬁass increased the con- e

gcentration or phospbate 1n the algac also increased.‘ The‘:

!

signicicancc or theae correlations was supported by a.."'c
- N ' L ,

[ . ,l . e, o
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n

[

'nngatiVe sirnlficant correlation between particulate:
"hosphate and soluble phoﬁphate {r = =0. 1803r p = 0. 05)
‘Tatle 3.gives, the correlations, degreea of freedom and
_pmbaniuw

| The case for possible luxury consumption of
pnodphate which can only occur in high phosphate situations

'gau strengthened by the fact ‘that the algae specles

(Scenedesmus: quadricauda Chod.’) which comprised 80% of

the population 80% or the time 1n Hest Pond during the-

%ummer has been shown to store 50% or 1t3 cell phosphorous

tn the ‘form of polyphosphate (Fogg 1973) A thorough

_dis cussion of luxur ; ptake by Fogs (1973) quoted a -

_flgure of 0.06 uyg 7 per 10‘ cells as theﬁlimiting phosphorous

~_oncentration In Hest Pong the average

| phpsphoror concentration was 1. 26 ug ° per ~ 108 cell& for .

f;the summer.- Lhe analyses 3howed that particulate phosphate

‘concentrationa ransed betueen 4. to 1u ppm Finally, 1n |

‘tracer studies of the phosphorous cyclp 1n seawater, w&tt

-t

 and Hayes (1963) described a. dynamic equillbria system v

"tnvolving these rorms of phosphorous.' The scheme uas as

o rolIons.;“~ﬂ- ‘“.,:‘ Dissolvod organic phosphorous

S R S DU
CPart o Pec U M il el Digs. Inerg. F-
SRR Co 3 : S
”he Peacblon 3 to’ 2 ropresented uptake of: prthophospnate

r.(aoluble phoaphoroﬁa) hy Iiving organisms (pbytoplankton and

. , 'i

.
- t .. A . . . .
0" . Lt - oo " .
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et e . Leand e b, Do




| ‘TABLE‘3-‘

CORRELATION COEFFICIENTS FOR VARIABLES AT STATION N
JUNE lh - OCTOBEH 20 1973
1

- DEGREES OF  CORRELATION _ s
" VARIABLES - . ~ PREEDOM -  COEFFICIENTS PROBABILITY

—
-

SUNSHINE HOURS .- . ° I R R
L\ WATER TEMP. 24 .  %0.7202 .. P = 0.001

_-cUnSHI“E HOURS

BIOMASS | . 24 < P = 0.01

. oUWaHIHE HOURS o - S e
& HHGY T L T S | . p=o.01

SUNSHINE HOURS - L S A
L OXYGEN .. 24 . - #0AT P = 001"

WATER TEMP. . . [
a BIOMASS oo 20 #0414 - ., . P = 0,05 -

WATER TEMP. = . ST . |

a OXYGEN "~ - 2K o 40,596 B = 0.001 .

R

OWATER TEMB.. o oL T T e
b AMMONIA . 2b - T.0.6252 .  P.= 0.001.

WATER TEMP. & .o 0 | |
‘PHOSPHATE cson y 2w . ~0.B205 B #0.05
" WATER TEMP. - . S nsonTxvﬁ BUT .
'y, SECCHI - 24 T - rr-0.22 .. - NOT SIGNIFICANT
-BIOMASS & '-.};_-f["1,'='}.' T _:, f“‘“.
CAMMOXIA -0 28T ‘1-_-0 35 S B=0a

- BIOMASS < - . - L~ 1”.5j‘}'. T ey
L OXYGEN . - v 24 -+é\§627 . B eblos
A BHR  pnf PR A
BIOMASS & -+ - sl © C
CPHOSPHATE . . 20 0 oo ,.-o u969 ﬁ;-*__Pm--O,Ql L

- BIOMASS, —-— T B ST e ‘. S -

‘. & SECCHI . Al -r-"’ﬁ.', .-0_.51116. 3‘-7‘ P - 0 01

; ~,7n.3i»‘ e PosxTxﬁa BUT
Sl +o 3ou5 B NOT SIGNIFICANT

\FlBIGHASS‘
: TURBIDITY

3 optinued ‘, .
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. TURBIDITY o S e L
MWD SECCHL 24 - -o.7ite T - P =001
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T~ [ . ) _ e T . ) . :

‘OXYGEN AND « - -4 - - S
JAMMONIA- . .. 24 . -0.522u6 - P = 0,0L"
OXYGEN AND. - - P S '

TOT.- INORG. ; T e T
© PHOSPHATE ..+ . .24 . .. =0.5279 = .y P =0.01
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oo [0 ‘ ' L ' ‘ R ".' ' ; . .
- BIOMASS AND - e o L et
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CWIND AND . e e IR
910“853 ‘ e eger o - 400501 A P.= 0,02
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, ot

racteria, but not zooplankton) - If this scheme 1s also
the case for freshwater systems, then the above-discussion

41d not conaider the effeots of bacterie and -dissbived organic
lphosphprohs:\ f L - !;.
;2 '
. 3 _’\,.;-{ . | ! V_. . _ E
(v)A-Complex Interactions betﬂeen Yariables !

LB

4

The interactions among the eleven variables which
may contributento biomass activit; in’ West Dond were |
*dentified wWith the aid of .3ignificant positive and negative
‘c(rrelations (Table 3) and summarized bylgeans Tof a.
diagran (figure 13) tf'. _ _”: Q:._ o N
. \ Positive correlations between sunshine hours and
water.tenperature and those (sunshine hours ~and water
temperatureﬁ with biomass, ras not surprising.; Short and .

::1ong wave rediation would heat up theKWater, and aqailable

_.'

¢

_snort wave radiation ‘would’ be ytilized o photosynthesis.

\

Increases in the nater temperature uﬂhld stimulate alg
_'erowfh resulting in a. larger bdomas}u The larzer biomaﬂs

would photosynthesize more, thus producing more ﬂfygen.

W”his was-snpported by the positive,correlation between '
2 4 . N - ;
dissolved?oxygen and Uiomass (stle }) l ‘lu-w S

',"' . u .

Pigure 10 ahous that there uas ‘an overall inverse !

relationuhip betneen dissolved ox&gen ahd soluble phosphete,'
nd a Bimilar rdlationahip between biomass and solubl\ qu”
-hphoaphate. Tab e 3 givea the signiricant correlations._ |

As the biomass igcreanud» photoaynthesis increased. This



SUNSHINE -3 o e
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Aa‘ed 1ncreased uptake /of' phosphrp}é‘:;.' Highéxoxygen

tiodzction thengoccurred when the soluble phosp ate

o neen urations were. low and biomass was hi
lnterac io:t would exﬁlain the fnverse nelationships\. N

deacribEd ove. , The neg&tive correlation between water

o tem erature and phosphate indicated that higher temperaturesjf/;

"stimdlated photosynthesis ana uptake of osphate .TThe'-:
phosphate-biomasa—oxygen—temperature relationship can be .

seen in figure 13. o TR

! - ‘ : 1

?? L Peaka in biomass were usggiij associated with a -
r'ior high or simultaneous high nitrate 1eVe1 (ﬁig 12)
pe“actively photoaynthetic algae were producing oxygen,

some of which was utilized for the nitrification of éﬁ&onia

_:ia thgzi!hction JJ' ;', S -:.f.m;my

-.;‘@' NH * + 2. o -rHO + H,0 + 2Ha ‘~(K'eEﬁl.e'y 1972)
h‘s was aupported by - the signifibant inverse relationship
'between ammonia and dissolved oxygen (Tahle 3) Hitrirication
.'_was also discuaaed for"station 1 | The inverse relatioﬁship
botaeen biomasa and ammonia may ofrer an_ alternative G e
-1Rterpretation for thg inverse relatlonship between oxygqp
| and ammonia. As the biomass increased uptake of ammoﬁia :
:’f)c"curred concurrent with the 1ncreased oxysen production.

s' ”his yould reault in the obaerved negative relationship

betwoen»disaolved oxysen and ammonia.gj_.i_”; a ‘.‘,{;1in1:;?h

———eg

é-*“ -”wf'i' The intense productivity (3 17 5 03/“’/h)'ﬂﬁd‘h13h:’
' aasimilation ratibs (h 56 mg 0 /mh Ghl/h) and large biomass -




"Hﬂuxﬂ occur both during the day and the night . Durhng

LT 0 mg thjM ) and subsequent death and decay was. likely =

,,nrouphout the whole water colimn because the aECChi depth

77

. l , L
,__‘ . ) — : S

l

3

o croduce{a heavy oxygen demand on the SEGiment. ﬁhfs‘ R

.

he day ph toaynthesis would not be expected to occur

-
- .

readings were in th__z% em range during,the summer._ This

“!dnt thateno photbsynqﬁesis wouLd,occur bekow approxinately
LW and a hair times the seEchi depth (about 50 cm) (Seet . i

et hods for this calculation) This would 1eave about™ 50 S

~

'-centimeters of water where' no oxygen production was possible.- '

""ays would prevent diffusion of oxygen downwards.

:Juring th

&

138 tc’loh 182 0 to 81 and 2“3 to 80 percent saturation ',

;‘rﬁspectively These conditions uould be likely to produce

In addition stratirication of the water column on calm

e .

Evldence for atratirication of the water column

uas imferred from surface and bottom dissolved oxygen profiles.

summer, on June 18 July 3, July 26 and August ,

"*3 thé sur lace tOvbottom dissolved oxygen were 128 to- 48, ;..,

e o l"'

an anoxic cnvironment near the sediment aurface.‘ Anoxlic

‘-J

‘,condi tons’ would velease aoluble rerrous phosphate by the.

?;decomposers mdst be recognized as an important factor

| Tanectingﬂthe nutrient statua cr the uater.”

;ﬁil the water col__g_ggd’briqihthe phoaphoroua to the

*7rcductipnq@r ferric phosphate.' The turbulence p?oduced.by '; L

the action oﬁ-uihd (to be diacuased in detail later) would

aurface. xhe point to be made here is the activity or

° .




Lo

. : ‘ - S T
| Here a system has keen discusseg'which recycred

phesphorous and nitrified ‘ammonia. | . .
| Other signifiCant relationships identified
-1nc1uded those between water cemperature and blomass’ -

wirh becchi depth and also, secchi dpth with turbidity:.

A3 the positive effect of temperature increased blomass
‘the secchi depth decreaaed and the. turbiditj increased.
| | , ?inally the relationship between wind and biomass
_ muet be discussed. A significant positive correlation :
. uas.found between the average of gn\dmeah wind speeds or
Vigg'two days berore the biomass was sampled and the biomass' |
f”able 3) Thia correlaticn may be explained by the fact = %f
~that wind generates enough mixing in sqallow lakes and ponds n;
'-iuo considerably stir up the aediments.; During windy pericds;
.nere was 1ittle dirrerence between surface. and ‘bottom |

diesolved oxygen concentrations. Stirring oi sediments

can‘release important nutrienta which may ‘be in shont supply

.- in surrace waters-."';'-”. ' ~t~;
‘ ﬂeﬁ& Harria and Lott (1973). and’ Haertel 41972), .

- have J;?onatrated the erfect or wind on: algal productivity
~and 1its 1mportance as an environmental ractor.‘ In the
Jﬁarlg summer ot 1971 Haertel (1972) calculatea both | |

t posttive and negative correlations-between wind stress f g '1if

.':and chlorophyll content in a~aha110w South Dakota 1ake..;

R ' :
r‘“here are tuo poauible cxplanationa for a negative correlationz '




L]

) ) .1 . _'___‘__.m.i.‘

3
~

' - - d’-—.‘ 'l T . 3 .‘
~Flilrstly, too much wind would increase the concentration of ¢

-uspended particles. These particles could effeetively

A

'"dee out much of the available light required for phyto—

v

‘1anf*on aCtivities resulting in a decreased biomass

’

econdl;, under high light intensities, a- moderat wind
*ress night circulate algae down from’ inhibiting light
:in r'nsities at the surface (Haertel 1972) Since samples

were taken from the . surface, the chlorophyll can be -

fexpected to be low during times of moderate wind stress. )
positive correlation might be explained by hind stress
.generating release of seerce micro or macronutrients from . .-;

. sediments; thus enhaneing production, growth,;and cell e
o . . " . : .

U

sion of phytoplankton. .

" The above interpretations,-correlations and summary ‘ﬁ

A

of ’ié&re 13 represented only those variables which gave f “

—

significant correlations. Even thougb a reasonable scheme

. was presented 1t must’ be stressed that other variables

may be equally importent. For example, the effect or trace

;"lements'as 1imitdng factors (Gerloff and Skoog 1957, Byther and
‘-ramer 1961, Patrick et al. 1969, Lange 1971, ‘and’ Manahan '

and Smith 1973) ‘was 'not considered, nor was the poesibility

P

of sigqificant'veriability between samplins periods .'.
_(except ror wind), Tbere also’ existed the possibility

,ror the e:istenee of unidentifiable variables (Patten 1963)

Wt

“ The time of day uhen variables were collected ‘was ‘also a

B critlcaiqractor4 The discgssion or the . dlurnal studies_[
. - ) - ‘- ) . -‘..-‘ . .'_ ) o0

hl

H
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U

done at statlon 12‘w111fempnaaize this point. There yae,_

4

however,“the advantage chan the-inferenCes were'possible"
tthout "¢ e ald of controlled field or laboratory

ntoerlnents.

-

(3.1.d) :Stations 5 and 6 {June 14 -:September 6;‘1973).‘

Station 5 was loqatéd at the exit of West Pond

apd station 6 was some'distance east or west Pond at a

rolnt where the waters leaving west Pond mixed with those
?f.°pencer's Creek (rig. 1). Station 5 showed pronounced
chlorobhyl&m’luctuations (fig. lh) which were partly due

to cndnging wind directions. An east wind would brlng the '%F

T

'.aters of Spencer 8 Creek to station 5 and erfectlvely dilute

uhe *hlorophyll. Hhen floﬂ‘Trom Spencer 's Creek was ninimal~nv

e >

and there was westgrly wind, chlorophml;_atstation 5. wasv
—Z

)

??#-slnilar to 3tétion 4's, Despite the rluctuations the average

-

,/ . . N~ i L e
. . P i . ' toe . .
J‘ ’ -

Average chlorophyll rﬂk the summer at stabion 6

aunmer ohiorophyll value oT 319 mg/M’ at station 5 was .
Jvlll gr

. - r
has 135 mg/M";\\hch lower than the otner uest end stations\\«

,1 3. 4, and 5) The lou&r chloroph:}}_EE_ftabion 6

Y.
.t

véas g:! direct result of dilution frpm Spencer 8 ﬁreek which

=]

had a biomass concentration lesa than 10 mg/ChlAM’ -Figure ‘

150 A.shows ﬁhe summer chlorophyll plot. Most of the time

.the:biomasp-was«uell-below ano‘aoo mg’ Chl/n’ level.

1]
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Sol blb'phosphorous variatidqsr*oﬁ'statfons 5 -

it oare shown 'n figureq 3 b and 3 ¢ rc pect vely:. Théé

summer 4-u;a,ns were L.OS ppn (B{ation 3) and z.ﬂl opm. .!\.
_ ::a::o?“ugi “he phoaphOQEuw var aziﬂn at stauion 5 closéiJ
":~ lowed *har or stabion ot (f g- 3\b) Dur*nh ‘the latter l;-
';al? of June and the: '1rwt weel or July;.soluble pnosphorous
";:Ecn:batl ong ereunusually-highbat both stationss and 6,.
Tar hibh .soluble phﬂ“phorous ‘was dlSO observed at
.;taibqna 1, 2,23 und 4 {flgures 3 a, b, and c, station 3 not
1npludé&)' ?or saFe of comparison figure 3 d shous a sinilar

satizn for the nain body stations (rppresentad b; stat*on

-
rt

1i). . This phenomenon cannot be explained by the data

~;511€Cy-d unless the sewage plant effluept,was responsible.

- ’ ‘:_ : . * [} ) . . . . ' ,
dnfortunately, thejeffiuent was not sampled during this

5 and & can /be compared to- stacions 1 2, 3 and u (Table by,

.,e averag nitrate concentrationa are also 1nc1uded ‘ ihE”

ccncentrur&onn*changed along a diatance gradihnt between
. \ ”_’ -

statlons and‘ﬁ’ Figure 16 gbous a plot of biomaaa,

PR

uble and particulate phoaphate and nitrate averaged over
the sumzer for ntationa 1 through 6 The calculationa
' 3houed that by the t,me the wdter reached station 6 the
"-roluble phospm'ous conge?trationa ‘were - reaucedby 78. 75’ and
fnitra;e by 85!; Thes;‘percentages moant that the large ;
stnndiné créﬁ of algae@alons.the canal.and in West Pond were

P

- ! -
;- . ., et = v,
T . i .
R L s )

. . . . \ L

4 LN v . -

; = . k ~
L .. . .

L) N L] ot
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DEIREASE IN SOLUBLE PO.=P AND NO=)+ #0=: NITROGEN
' PROM STATIONS 1 = § WITH BIOMASS vALuws .
| ¢ I uo”—‘:"'
VSTATION  BIOMASS® ~ : SOL. PO,-P¥ '?‘OJ:-N" o

o cwso . a6 7 1.60. .
5 u .“56 | ?:,73-‘., 2 089 o |
R '555~ o 5.26 .'-0.35~.' )
y~.-i* 695 -*«~-ig 37 ._ 5.3§ |
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k] -
« actaally funcrioning Aa a‘tertfary sewage,treatmant-unit" .

. R o
nly o that there’ nere no artific'al ton 013) actively S
taking  up the nutr itnts. The high cell nu*leja and | EENES

K ;r:;dc;:én rgtes d 1scuwsed for ncst “ond add er

d’bi’ltj v .

s

support thia up*ake phencnenon; ‘he interpretations -

presented Rers deﬁonsurated the adnptabil‘tj and po*ent*al

LT oyt plar?tcn whéF/raced wi th constant forclng nutr‘ent

o

funcrions prowidln@ all othﬁr_environmentql_:aptors were

f‘in_thn'upui Tum rénae, U R e ,Jl
. S L 7: o a L
Joivel | The ¥atn Bcdy Stations (7 . 9, 10, 11, 12'éﬁd 13)
.o - ) ol .
ﬁl-.-“ ‘¢?at10n 12 has been chcﬂen,as-representative of -

-~

“he *a n body statibns.- Statlon 11 which was located Ph a

anel e"ed 1n1et between Sassafras-and Princess Points is the

anle exc»ption. The reason “for croosing station 12 was

‘ i

-
"*a"»d on & co#parison of nhe avérage chlorophyll,variations
~tn biﬁé or stations 8 9, 10 and 12 comblned dith station

.12 {f1g: 17). . AB the grnph sbows, there was little difference..e

.Ig—- -

L was - expected that because of the 1ocations or stations 7 .
"and 17, that’ they wouﬁd have been difrerent from the other

matn body atatlgpa (rig. 1} However, when the chloroph;ll

-

r1or.a of stations 7-and 13 (rig._IS B) were compared°to the
*average combined chlorophyll of stations B 9 10 and’ 12 |
(f1g. 15 C) there was a. distlnct similaritf “AgTa result; T

'\a"

'\¢tation 12 w!ll be considered aa typical of ﬁtat;ons 7 through
e Q

S 13, L B Y - . - E : ) . . ‘ ‘.
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‘1), station (12 {June Y4, 1973 - May 31 197u) :
—— N _ f | -

. -
[}

gured 18 nnd 19 show the seaqonal variations'
*h‘~"o*hyll diasolved‘oxvgen.'nitrate + nitrite Qitrogen,

"31.>1ﬂ hh sghorcus. temperature, ‘secchl depth, and turhidiuj

+ station 12. ’he overall seasonal prog"esqion of nutrients
:tomans’, and phj_)cal parameters were s**ilar Lo uhat -
] r é't\ o
icnf“-tnd or qtation h : However, biomass uas lowar during

. ai;-*-aﬁons at $tablon 12 than at: atat on-ul(Table 13 P

a

hrrave ;evels were higher during the-suﬁmer and fall wﬁeﬁ

P

e&:“areduto 3tﬂtion 4. The phoa;wate concennrations were

song 'dnrnbl lower througho‘t &11 seasons at station 12

»

nle 1) than at station u
Hutrient concentrationa were lower in the sum@er'
4ha: in rhe other 5canons (Table %) . This was the*result bf'

'Le"cd output from ¥West Pond dilutlon or the waters leav ng

AeNT °ond ‘by gpencer 3 Creek and more uptake by a-&%rger :
su:ﬂ;r b*omaﬂa 1n Hest Pond. Hutrient build ug in. the rall
and winter, and subsequent decrease as spring approached
wnn’ 1dent1f1ed (as ror statipn Hound 8 (1971) September/
ot obcy-and March/April cardinal points an&'fhe corresponding

. A
lomass, decreaae and 1ncrease were also 1dent1ried.: Pigure

Sher

~

2 shows »he teéperabure relationship with chlorophyll IRV

——— ‘ »

@ ean June 1973 and May 1974. The relationship between

avaiiable sunlight,houra apd biomasaiwigh_rﬁapect to the,f .
cardfﬁai‘pointi”ﬁésfthe ¢Qme as for. statlon U, _: : - .
. i " » R ,‘_.‘:‘.I . " . . . - .

B '5

-
vt

ol
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i'%qoived oXygen concentr at*cn r'*mn o3 from

~

RS swa;on were no differcnt';o that. observed at

n\

statlon G, Levelsn were above 109 pnrnnnt saturatioanp

'Ev‘ﬂ‘“ﬁﬂr and“jR\ﬁig and bglom 160 pc"cent sauurntlon in

all and the winter {Table 1). “On the averagn, “the

41enelved oxygen concentratibns: were 1owcr'thaq'at‘stﬁfion

.. T;c‘dq;mer sﬁatiognlz_QQerage was 1384 saturatioﬁ compared
“oTa 2538 ﬁaturation level for statioﬁ }.f This Maa,probably;~r
u';13cét'fesu3§.or “he lower aﬁérawe'suﬁmér biomass of

1 (o7 "hl/“"at station 12 cg_/gred to a 695 mg Chl/’

-

‘Tor West o'ad (Statlon 25) S

So. 7 The' alots of secch! depth and turbidity in figuré - -

vy
e *how a clear inverse relationsh*p. The lower funmeb

iecch ni ‘depth Has partly due to the large standing CPOP Of

"alzae - an.inverse,relationship similtar to that experienced

at atatlon 4, . L T .

’

iﬁi)'-Variatlons betﬁeen June and- Cctober 1973.
. - - . » -. : | . l . . ‘ . . .-
Examination df the chlbfoﬁhy11~distr1bution during

’

vhe sunmer’ and early fall of. 19?3 revealed the. occurrence'
af 2% x d!stinct peaka and one’ smaller peav, all of. which

#erﬂ above“-he 100 mg Cﬁi/H’_ level (fig. 18). This o e

Hn,servation resulted in three questions viz: 1. What

'T~auaed the. fluctuationa? 2.- th aas -‘the average chloropnyll
"crncentration abbut three times louer than at station h” and 3.

a‘:t/ f
'¢n 1tfponaib1e that a aimilag/set of variable 1nteractions

- L4 . - ’
g R IN o - . ) ‘ ] - . .
' I . ;o S D P o
v 0 R . . . -
S . : // PR
: o . . . : oM
.



S .xa ooperating at Natlon I2 as was identifled at station
l ‘ ) - ,.' . . v .) - . i .
. A partial'answer to the-riroo question was ‘that
JF:ugn-vd":at‘on& closelg !ollowed tenperature vaniat’on".

~

Cetel 130, ‘anninnt.on or the data reveale@ ‘that each pear

. - R l‘

mAads on"esponded to- small 1ncrease3 in tenperature
The? nnlculat*ono based on a linear regrespion anal;a*s (mable

f: qqhwnd.that ror every rioe o }°F'there ﬁ&s;amN.BT ng

——-
i

j f“"'ncrease in b'omass. of oou‘fe; thls m@. have been .

merely a coinnidental effect and some’ other unidentiriableg

( o - —_—

var hb‘e {or complex of var‘ables) may have- been pesponsibleo

it qnodAh be renembered at this point that thg role of

.

T "enatu" -waq more obvious during the winter ‘and Spring

qtat*on y,

In response ‘to the second question, the most

i, '."ths nrea to be investigated was the possibility or nitrate
'r" phoaphorouo limitation.° Hany workers have demonstrated R
that phoaphorous and nitrate are the ‘two of the moot~ “
lvrpcrtaﬁt nutrienta reaponsible for the development of alg&l
“loons {Bush and Helch 1972 Halmann1972 Hutchinson 1973)
‘Thc signlricance or the H/? ratio has already been discussed.-m~
 A comparison of the N/® ratioe ror all the 3tations shoued}
éhat the uest end stations had loner H/P ratéos ‘than the .

east end stations (Table 5). The hlgher N/P ratiostyhich .
of o

“haracteriued the main body- stationa were nhe resul
~much - lower phosphate concentrationa. The higher nitrate-

Iy




' g .93
- L
5 . ‘
) *TABLE 5
' N/P RATIOS FOR ALL STATIONS | -
ESPECTIALLY LOW ARE STATIONS 3 AND 4
‘ oS

PERIOD - ° STATION  N/P  BIGMASS mg/m® -

une = Sept. 0.14 ' .. = 150

1
s 6 2 0.11° 456
S e e
. . 0.05 695 -

L 5  0.05 419
;o ‘6 ;‘0.11 - :-‘}3§;D_ . o

s 1 o 1610 . o

| s oss 0 L
9 ois2 ooz ..+
10 - . 0.14. 183
1. 0.8 - ;_i68 |
2 eey o o
‘8 137 . 163 . |
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' ‘TABLE 6
REELATION - COEFFICIENTS FOR V:RIAHM,S‘AT STATION 12
' . . JUHS ldlq'OCTOHER 20,‘1973
: .11-".. C .

- DEGREES OF . CORRE
1

CUARIAHLES PREEDOM (H-1).  COEFP
: ‘ . Sl 3
-y ‘ . o . , ’ 5 .. } ‘ o
. TIUNEHINE HOURS 3 N : _
5 WATER TEMP. 24 . . +0.532 P = 0.01
WATER TEMP. I
L, BIOMASS 26 ¢ - +0.492 P = .01
WATER-TEMP. 7 - - ' oL
L TURBIDITY . 24 . +0.5912 P ='0.001
WATER TEMP, o - -
4 JECCHI 20 . -0.759 . P.= 0,001
BICHASS | ] " . .
 DXYGEN 19 ; . 40.587 - P = 0.01
. BIOMASS. S e :
ONITRATE . 0 T 15 +0.65. P o= 0.01
COWETER TEMP. o . . S
L AMMONIA .2k T -0.41B9 . P = 0.G2

SXYGEN & S : v . .
PHOSPHOROUS - 24 , . =0.4776 P = 0.0
NSHINE HOURS &~ L o |
TURBIDITY © . 24 . S +0.395 .. . P =0.05

s?
L

- . SUNSHINE HOURS | R - , .
& AMMONIA . 24 o =0.597 - P = 0.001

SUNSHINE HOURS S |
© AND SEQCHI . 24 - -0.574 . P =0.01 ~
, o i~ : e v
TURBIDITY IS : - . . S
. &% SBECCHI. .. . S .2&1’ © =0.786 . ,‘P_ = 0,001 -
.‘.. .“...-r 7,- ~ . - " B ’

”~
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, P * . N 1
L ‘ ’
enteitlons (Tatle 1) at giattisn 12 were bn e’resuit
N P ) ‘ N 2 . . '
trrnt frem Speremer's Creesx, o he lawern r—}-\sphnvazl elsn
. po) e, *
R L ) ] . . -8, v
S tne Pentuld of a decrensed sutpul Sromowent ' 0t
Worte o Fenuls decrenced ocutput fromswWent nd and
oo oL . . [ .
pULlen of ‘Lme Waters leaving grest Fond by Spencer's
LI = - - - o ) :
. -- B . PR Y o \ i ' . ’
Creed, 1% chould L rememtered that West ?ond-rémoved :
. d .f ’ ; - o~
e k| o v o > & T '
¢ LaTFe-percentage cr, the 'solutle 1norgdn*c nhosoh te,
Lnoadditlen te this, run-off@ater into the,m in’arEQ can -
eyt mo r: 1* rate than'phOSﬂha:e frcm the surrounding -
» - . ' T I
“erratn (see-Sec.. 3., c.lv‘ fqn d*chss an of %his pointi). .
. . 7 . L

. _d' . &
Even thcugh the ma ain bod"bﬂtugions nad ‘higher”® .

N ratlos han ‘the wests end stationg, the ratlios.were ,
. ‘ ? . a : ‘I.‘. . -
R ‘"""'dnrahlj 1oﬂer than’ t e aorf*ﬁg ratlis of 1@ zo 3 s

’r;";“"cnded Ly, R ther and Dunatan (15711 ‘ The average'

-nfir ve concentrdtions (0 leyﬁ; Qeéﬂ. 140 hiphew thaé ‘
sEe T3 ppvaélue reqﬁ ed to 3t1nulate nu sance,algal o ; 3
{lcnﬁu_ By h and. Welcs '1972 Saw“er lQﬂ?)J Tﬁe Qﬁll' .". b ol
:qn;cnirgtion La alJc ﬁﬁpor;ant d%en diacuusiwg nuvfienu-‘ oo
lihi‘;:!cn. Viﬁer (19?3) reported{that_the oncentratfcn
5l whien a'ﬂ erl eﬂt 13 1imd :1nglhcfeaﬁ§3?§]Zh 1ncyeasiné- .

‘ - . - Ve

7.*‘1 concentration. Because of-the'iargé cell ' ,~ : -'. 5

-on_entratiann (2.2 x 10' cells/ te") which were DPeSEﬂt ,;_;:.

. 1

.at station 1z nitrate limitation may have been poss?biew S
. . .n ' ' '
Luantltat ve laboratorj expeﬁiments would be necessarv.

L5 prove thig wowxing with E:) nixed cell pOpUl&uiOﬂ e

AR | also;complicate the pnoblem becauqe different sﬁec;Es ‘ .;




e ) . . :

. o ’ ° . . A . .

X, ' . R ) : L . 0

o X .

N - . . .

" K X - b
- . .

. . . o ¢
e ;-"..".Ultal"._t"OU:él}' ;‘-ﬁ_t ‘l.'.rr.lt.ed b" i terent nutrlents

A cnne”.cr phosphafe ]1._ ation appearbd?éo be
;:?T'p:auﬂ_u;e bpbahn" on'qgny<ocsahion5.the bqncéntrations
il fal%wfthc‘iiﬂits ol detectd oﬁ,lor were fust bérel? .
.o S e T .- v
W?:ectablq (flg. 1B).' Eh_an'acteﬁ;%ftb'ﬂore accurately dgtecq

. T 10w phonpha;e concentratinn 5 a' ore sen 1t1ve

a
‘\

l

alysn wad tried on some of he ﬁawpling days. The

rciulizlbgyea;ed *hat sclutbtle phospha*e'soncentrations -

T fell.below S lh ﬁpm: xn1“~c0ncen ration was highe

A . i LS

-;2-‘tnzﬁ that recognized (0 01 to 0. 06 ppm) to atimdlate ,r;-

. 11;;1 b{ocmsiiﬂaloney 1310 Pira serald ‘9? | ﬁaertel 15 72)

- ,,.,‘ The poin» ﬂade be;ore concebning,;he level
: ?hfch a nut r‘ent beconbs lini ing, hheh!bhe cell ‘
. ;unccntraaion:ia iﬁcreaslng would alsojbe valid here.
? ‘Tnaé'is &n.;nc"easing cell con*entrat*on:kould lncrease

S : . s ] ,
“ iﬁe 1evel ah wh*ch : nufrient 15 norma&lg lin*tinb
;o | ‘ .

Viner 1973}, nllen and Hramer (1 72) reporteu that

_'_. . ) . .‘
o turnaver tines ror phosphorous 1n.natural systems varieg
. — £ T
Letween a matte" of ﬁlnubeu to tenszof hours w1 b this-
. - . ‘ [
AT aanyg po‘nt in mind it is conceivable that phoaphaie

" .

wud never 11n1t-“h\at 5tation 12 in spite of the. large -

t_,"’ . [ 4 . “

i hetl concentrat‘ons (0°%2 to 4% 16 x 10% °é11°/m1 ).

hnd . "i

— -.,

¥u-'ac». Valoney (1970), achieveﬂ cell concentrations ’ .

e lgh as }0.; 10' cells/ml in dulture experinents-,p

- L]

! Hwhun the,pnouphate.concentranions were as low,as D.Oﬁ;ppm.'

L . - 1 - N ' -t o . -



st r‘ LYY

".L_: . there

-
n oaddition

he &t m“er a"sta fon U,

may

ave been

-

)

and the diagram

A part!al answer
- fvie on the bnsls of th
S ‘
crtated ‘:4‘ T&ble 3]
“ttuntlion heéere wWasg
coempiex tdentifled atrstaticn‘k’é
fower gignif

the

was greater varlance

in
rcept

result of

; the station

2G.

The

i

similar to the &arléhle interactlion

“ o 4
thers were

{cant corrala*iona. J“*e fewer s‘gni’iﬂant

the fact

the statfon 4 algal population was very

' - - * .t
in that there 'Wwas zhRogi

quadricaudé7§ersisting

»
f1fferent than staﬁién 12's
% ”uﬂ’CU'LU"e of acenedesmua
nrcughout €

ccrrbla:

[ ]
a2

Lot -:en ni:ra:e | an¢ chlorophyll (“ = 0. 6“5,

4

C!" vi

-~

i

.o

'Furthermore

n

the

Fge effluent had ﬂuch less Influence av-&tauicn 12

e

The interpretation of figure 20 would be

g}

#

Y

preéeﬁted for f*gure'13 (Statlon §j.

icant dirrercncap(bes*des the ’ewer

was .the’' po&itive sigﬁiricant correlation

_A--.

.nn‘gniflcant (Table 3).

AL w*a ion H tne correlation was negative and

P o o-.q1).

Thia observation emphasizes

ncale 13 not alwajz posslble.

-

that although brond sinilaritics ex*st in the ecological

our of aquatic s;stema, predictabilitj on a finer

12 data.

26
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B ‘ ) | : ’ ’ /
reation 11 ’

. ' T . -

e . . - Lo
N L
)

. Deapite ftg locntion ( g. 1) wmch'afrorde'd 1t

A

’

R icéreaned'ihfluence‘ar wind é’ ect 5, measurements of the ®

1“:~dferq at mtatioq ‘1 ‘did no, reveal any significant

H"“p'enccﬂ from the ﬂair body sta»ions. 'The biOﬂass and )

'_‘ﬁd}riwn: distribution-ove", he Summer weré qot atypical
with respect to the sther maln Lody stationa. '_ S B
' . v o ' ’ S
Sncchi depth read'ngs dere more - accurate because -

ﬂ' '*nvh‘ndrance provided bf\wavp action at uhe main body - v
: ' 1%

.-

1gnq wan’ not as pronounced "igure 21 shows the variations'
v & ~hloroph?11 diasolved Qxxgen, and nitraﬁ% between June 1

sang ‘overber 22 1973 Surr&ce dissolved ox;gen fell below ;“

"u*-e 100X saturaéion Ievel as Prequentlj as at station 12 .
B 3
*u.inr the same geriod (figs. 18 and 21) Station 11 was, ¥

4

hi wnver, nalr as deep (3 reet) as stabion 12 (abcut 6 reet)
**‘n uould mean that biqugical decomposition dﬁtivity exebted

. breater demand on nurface dissolved oxygen concentrations. );' _
-4 . BF OIS

Vigurc 21 nhows that there was a- tendencj for -f

an inverse relationahip between biomass and dissolved oxygen.

This relationnhip indicated tnat more deconposition may

f‘, o . - . . *
ﬁﬁ:e been occu"ring when bioﬂhas-was high. Diurnal studies o

{to pe discussed Iater) indicatod that marked stratitication f;k

lancu,&ed atu,;agion 11.. Difrerences between‘aurrace and 7[;
3 notton diasolved oxygen ranged between 56% saturation (10 cm’

‘above the. aediment) to 160! saturation at the uurf&ce°
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. Iy
el wat . - .
o - :
. ) - : ) . ‘ ' * /
N ‘nis observaticn indicated that a gradient does exlist tn
‘ne water column Durinp ‘the day- photosgntﬁetic activity
F ] )
alas contributed to the cbserved disoolved oxygen gradient
| S~ As the diurnal studles wil} show, the oxyéfg e
'1J'oqt diéappears a"ter midnight. :his foulq have been ' ]
. T e

the rezul:-orjsurfape cooling during the nigh*'#hen :

""*3—;e'atured'ére louer. As the surface’ aater cooled 1t o
.*, ' . ' ] I
nﬂa_e ncauier (denqity or watep lncreases as the temperature

_*ﬂrr"ases) and sank to the botton of the watey column, at-

the same time diaplacirg~the warmer, lighter bottom wé%ét,\ﬁi:'

l .. @

, e the sur!ace. . This process continued‘until the whole \Y
fwo'\r'colunn-became 1éorherﬁal.‘ This would cause . the h

"

d;sappéarance of the dissolved oxygen stratification._ SuéhA f-a

-

'a *1J.ng phenomonon occurs during the fail and spring turnovev ]'

'-;e" ds in temperate lakes (Hoss 1972 and Ruttner 1913)
' : N ok

'F;Pl],lntorprétatlon or théaniorndlosﬁhdies.: ,.:?57'

The,primary oquctlve of a diurnﬁl study 1n a
L " -~ O :
= ~1tural fresh wa'er system 15 to 1dent1fy the biological

"h;aical and chemical variauiona and 1nteractions uhich may

S : -
cecur during the course or a tuenty-four hour périod. _,\

“,,dbserved variationS. 1t large enough would be critical 10 fio-pi.

- ¥

the 1nterpretation*or aeasonal changes baaed on weekly
uamplew 1r the nampling time waa not consisbent.; Three‘

dlurnals were done at scation 12 ort. August 2,.16. and 30 T

l'

and onc at abation 11 on August 30. The variables which



".c"» “ecordﬂd every -two houra 1nc§uded biomass; cell

e e s

L) . t
‘(\,'

-

;gcnt.ation, soluble ‘and partic Iate phosphate, nitrite o

F aitrate’ nitrogen. ammonia nitrogen,,aecchi depth

'uwzid't,, wlnd apeeds, water and air temperature, and

h )
4

n 1dcnu short wave solar radiation.:';'

»

. ;3.2;3), $tafioq 12 7 The??roﬁlemror Ghloﬁophyll-Bleaching_r

?Igures 22 8, 23 ‘a. and’ 2& a.shou the diurnal plots -

5l p* mﬁhs, solar radiation, ggh'surface and bottom dissolved“

ox;gen on August 2 16 and 30 respectively.. Distinct diurnal‘t.‘
Jar‘ationa nere obvioua for ail the variablea. The variable'

hhiCh wlll recelve the most attention 1n the rollowing

Qdincuasion uill be chlorophyll because many of the diurnal— ’

3% udles reported atressed the importance of chlorophyll

.:ariations (Yentach and Ryther 1957,c;3h1mnda 1958 Yentsch

~.and Lee 1966 and Glooschenko 1971) ,117-“ff f‘fi--~i,]jﬁﬂ

On August 2 ch;prophyli"“baed akdecrease in the -

"

'_early mornins, an 1ncrease towards noon, a sharp decrease L

"uetueen noon and 6 p.n. and a suba'quent 1nereaae betwe$P

[N

'_ichangea or chlorophy mgy

- . 1957’ 'j
‘;1971)

§=p.a. and 12 midntght. The decrease betueen noon ngJG p. m..;_f
jrepresented a 351 drop 1n cblorophyll (122 ms/H’ to 77 mS/M’)a

Several vorkars havﬁ"ugﬁeatéd bhat tne obaerved diel ”;1;p}j

hthe:reault of a phyaiological
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-: sclar "adiation'variation which !s reflected in o

'ni.er nurrace (durlng mid-day) respond to-hi gh—lightwiﬂ.

' shoto-oxidation (destruction

o s )

The physiological reaction has.been identified

) ' . .

v -
R

o

»5 a c¢hahge in chlorophyll per eell This 1s the response
photesy nuhetic activit, (Shimada 1958, Yentbch and Lee f“
.-Lu:. ir the 361 decrease in biomass actually represented
. decrense in chlorophjll per-cell then it maj be explainable

ta’ terna of the chlorophyll bleach*ng phenomonon recognized

W
i some 'workers . (Yentsch and Lee 1966, Glooschenko et al.

”éb) These workers argue that the . phjtoplankton bt the

s 0
intenn 1tlea‘by-lowering.thei{\chlorophyll content to prevent

f the photosynthetic apparatus)

.."EnuSCh and Lee 1966, Glooschenko et al. l972b)

"a*ea where the dinrnala were done indicate thab unden wind

S '@he observed decrease of biomass between noon and

'_6 .:. may- ha:e also been the result of the possibility that ,

e sann-VOlume or water-nas nét sampled every time.‘"‘The'
A

"~ument for chlorophyll'bleaching would also have to be.

- 1upported by doing’ a vertical sampiing droriie during the f"

o2k hour-period &long with the cell counts and\calculating ,{‘

'ne chlorophyll per cell If the cells nean the euphotic :

\‘ .

1 zone (Juut above the 1ower” 1imit or p otosynthetically

uaeable light) ,did. not ehow 8 decrease at the tim when the o

dec "eaae‘wasaobserved»ac thé,surrace,”tpen ghe,argument;

aax be aubenantiated \-ﬁjgs1}\ua- “:nl T

-t

Preaent atudies.of ‘the phytoplankton in che same.f
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H

:,:Ji:ions of about & m.p. h.”there #as no obse%vable'

[

vertical surnuification or the ell population (ilarris,
sricnal cqwmunication) Figure 22 'a. shows the- diurnal

«ind profild. At the time of *Be chlorophjll decrease,

: J

L . H ‘ 'J ‘
.w-"d 3peeds were in excess of ? ,p...-and remained as.

t L)
. such unt.l midnight.i ‘Under thése conditions, one would

vxpeoh a well mixed water COljﬂn evenkg distributing the -

zeiis. on the basis or tbiu qasumption the chlorophjll

-

u"ia'idns may have been real. - .”f - ) ’ T

n.;d 3peeds and chlorophyll fr = -0 6“ ? = 0, 02) 1ndicated
Lnat the. uind might have cir ulated the cells down awaj fron ..
oA :ible 1nh1biting 1ight K tensities (This possibilityr .-~-h;

e suppdrted by Haertel 197') thus explaining the chlorophyll
. " X -

Aecrease._-’ :
Another po.nt xhich may be discussed 1s thac

c;ncerning the ntructurg o' the population.l :r a large
'-yercentage of the populahi n was made up of motile cells
then the cells may have mi ated down auay rrom inhibiting
Li.gat 1ntensit1ea. The ¢ 113 may have also been reacting
_poa tively to a cbange in the nutrient gtatus or the ; .
dwier column Ruttner (1 ?3) made the point that in the L
-efqpt or a- dinininhing sqpply or nutrienta Lt the water |
.surrace nharq\algpl activity is. greatest, that ‘the cells

" ‘may move down to. a level where‘the conce trations are greater.
l ' "'. o R . s ._%I g "_‘<. -' oL
A B A SN A co

N
o
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Vil J) has shoun that algae disnlay marred hyqteresis effects

‘l. . . " ! ) . T e .
entsch and Hyther (1957) and r’loc> chenko et al
;}.Jb}emphaaized that the pcgviqps historj or the phjto—

; Lankton - 13 lmportant to its light respon&es Harris,

t thelr photosynthetic responses to increasing and - decreasing,'

Ltant reglaen <. physiological adjustnents which ‘occurred in

3 —attcr of minutes. It s lnteneating to note that the

—uvh hlgher (“SO ly/day) on August 2 than it was on A&gustki‘

ial 1; kotal avallable solar radiation in langleis/day was

~hf3 lv/daj) and July 31 (“03 lv/day) In other words,

l

. Zne p plankton had a previous history of 1ower solar

<$d'at10n. h e ' . .-. .:' .'.._ . ' o ' o .. )

L]

: ahe chlorophyll variations during the second diG?nal

\
:1 23 a) were ‘similar to- the rirst diurnal except for

peam which occurred at 6 p. m..'i Chlorophyll ahowed its

’
I
L

-‘,ﬁosc marked decrease during the ‘noon_ hours when the radiation

LE hiahest xhe decrease 1n chlorophyll-was 351 betweenrf

_ .0 a. m. ‘and h p m.l The previous light hiqtory of- the'

 ,opu£at10n on\thla day was “76 ly/day 8nd “71 ly/day on the

-vao days betore\thc diurnal wau done, and 553 ly/aay when L

*he dturnal was done.' Glooschenko (C C I H&, 3ur11ngton,

@pe-sonal communication) 1nd1ca:ed that phlorophyll bleaching

.hoo‘and~600 langleya/dny.. Bleaching conditiona then werea -

‘exiatbnt on August 16 1973-

nay - be - expected on. days uhen the uolar radiation 1a between'

e The third dlurnal revegled a chlorophyll pattern'[

.wﬁich wns ‘much dlrferent from the rlrst two (fig. au a)
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R T,
" - . . . . , An’@ ’ _‘ i

tiarophyll was distinetly higher durtng the day and' -lower

tiring the early marning and“night ir chlorophgll bleaching

¢ “¥uprred on August 2 and 16' then this did’ not seem to be.,
*ne caBe on Augua” 30 In ract uhere is general dlsagreement

TRNE xlﬁnolopists concerning the time ol day’ when cnlorophyll f

-

dénleves: 1t3 n*gheat concent"ahicn 1nntsch and Scage1

-

"fﬁﬁ5§3 S eeman-ﬂeilaen and Jovgensen (1304) and Glooschenko
11471) repo rted hignest tn sity. chlorophy’l during the ni&ht

<Ltle  Sht mada (1958}, tentsch and Rjther f19 7) chllister‘ j

-

“1443) ) and Lorenzenu\Tﬂﬁ3) rnported highest in situ values

‘“un‘ng the day. The ‘situation on August 30 15 in agreement
<ith Lhe latter authors - |

In an attempt to determine qualitatiVely the chanse

! .n uhlGPO“hyl1 per cell cell counts were carefully done and
lo ted on. rig. 2“ a. The rangq of 2. 06 to 3 33 micrograms |
lorophgll per cell represented a difrerenqe or ”7 8%. :ijQ;EQi

;fgu e,’h a. ohows that the lowest Chl/cell values occurren.i' 

‘,e'nnén 3 a.m.” and i p. n.‘ The data may be interpreted ‘as,

OLlows - Chlorophyll synthesla occurred between 8 a.m. and'

Y

e noon. AL thla tlme she solar radiatlon remained constant

ﬁrenter thnn 60 15/hr) Thishnay have caused a decrease 1n i
lorophyll s;ntheaia bexween 12 noon and 2 p m. with a
ilnuuaequent lncrease 1n the afternoon.‘ Glooachenko et al (1972b)
suggested that precursors‘or chlorophyll can build up . during
nfhe da;light hours.i Thia/would explaln chlorophyll sxnthesis

1dur1ng the arternoon and night._ The interpretations 1ndicate

B . ‘_- ;-—-
. _ R . R PR ~ T . - oy
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*

s nat rucq caution s neceﬂsary in the diacqulon af
aqusal 'actoro Al qctiqg ‘dlurnal variatznns-of chlérophill.
) . \:.:,. ‘ ' q ) . !
1.2.v) _DYurnal varistion of other varlables
. B ‘ . ’ 3 ] N

4

Pilgures 22a,b,c; 23 a,t,c; and 24 a,b,c show’

she yﬁriotione.éftthe other paramesers for'eli'three.-\
'd:urne;;' The te*pernture and dissolved oijen profiles

-'ﬁr ?11‘three dafa were Jimilar During the davlibht ¥ o
Vt-ane xee etratif‘cation of eopera*ure aod dissolved oxygen
W1t ‘ncreaaing wind speeds. the stratificatlona started
‘:Lo diaappear durtng the niphts.' Positive-and‘sign*ficant:f'
| Torrelations were: calculated between temperature and
d¢ssolved oxygen and chlorophyll and dlsoolved oxygefj/
,h's t*&nd was nlmilhr to that discussed for station 4
'~_excert that the station u correlatlons wern based onli';
‘oedwonal varlations.‘ | |

y . | .
bn the firat diurnal soluble phosphate showed

"oo partlcular variatlon.. Particulate phosphate was ..

e <

| Hpoaithvely correlated with chlorophyll (r = Q. 776,

‘* - 0 01) - Secchi depth waa negativelj correlated ‘with - -
AN o
“u"bidity (r = -o 875 P =" 0. 001) “Wind was pasitively L

"‘7ﬂo"related with turbidlty (r w 01 696 P =0, 01).and nesatively

'_eorrelated with chlorophyil (r - -0 5” P = 0. 02) ?' _ .
positive correlntion uith turbidity and negatiVe correlation

'wlth Biomasa seemed to contr&dict each other because one

-would expect a posltive relatidnahip between chIorophyll e

b .

T :'.-f I R Q

v . L -0 . " Lo 4 . . .
! - o‘ oo e T "é-'— o . . . R a



- o . 110

.
o

‘Piamdss ) and turbid;ty Turbidity is also a funétion‘of

a"-i-culate ngn-livlng nater’ialﬁyich was plentiful at

m . Ty

“at ?ﬂﬂiﬁ‘{obvious Oﬂ the brown colour of the hater and
uxgzlf ot.ser ved uhen cell - counts Were done) The negative
50}'7. nship bevween w'nd and bionass was previouslj

'"t“"““ﬂ“ed to be due to *he wind circulating the phyto-'

pLanzton away fron *ﬁe urface where th° sanples ‘were taken '

Haertel 197:.*) 4 . N

. .
o f On the second diurnalll negat‘véhcorrelations were:

J“d he«.ween nitrate and chlorophyll (r =-0. 692 ?:= 0. Olf
‘.;?d lorophyll w‘th phosphate (r =¥O 623 P =-0, 05) B
“i_eae negative correlations meant that the nuCrients were
,ua nE actively uuilized by the algae.; Dissolved oxygen was
Fosint velj co“related to temperaturp (r = 0. 95 P = 0. 001)
jrja very sagnif c@nt correlation indicated that the photo-
'i*'ﬂ‘hcgic activit; or the algaemaas 1nf1uenced by temperature
fraqges (and wua aJso a function or 1ncident radiation)

On the third diurnal there'was a ﬁositive correlation
Lot ween wind and chlorophyll (r - 0 83, P = 0, 0Q15 Remember
v"“a* wind had*an opposlte efrect on chlorophyll on the first '
:urnal The poaltive correlation can\be 1nterpreted as a. .

i a,

| f”'“ﬁ iﬂduced circulation or ‘the cells {algal) towards the e
. ua'pr—;u£racé;-'%h¢ coll céunts shouegdihat the greatest ':f?
cell concentratlon waa round uhen che chlorophyll was . highest L
rduring the noon hour perIOd) | ~A_.._ c R .
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.} Station 11 - Dlurnal, August 39, 1973

~

A dlurnal .was done at u*Ltibw 11 mainly because

e effectn cf h*nd were negligdvle chparnd to s,auion 12, ="

et ~'a.-on das loca»nd *w a deep.;nlet flanked on both
shderd bv‘a line of trees auout 5o to‘lOO‘?éef tall. . uecause

f.{;e tree cover on desa‘ras ard br necess po’nts (rig.‘l)
LY.

*re phytoplan ton hern recel.ed a %ﬂalloﬂ amnunt of d*rect f
D . o /I’

:1.5':‘.;’._;:!‘.’. than_thoqe Bts stauion 2 '

- R / o ,

?igurcs 25 a, b and ¢ shaw thn diurqu' ctuations

e Lhe parameters measured at ~tatlon 11 ”1pure 25 4. shoas
CthRat 3lo“oph"l‘ experlenced a sharp decreaaé betneen 10 a.m.
ant 12 roan and rema'ned 10w unt 1l ﬁ.p.m. ' phloroph;ll was
"::‘est durlng ?he night andfeaflyAmofning - a sit uation which
~cn»raﬂ~3 uith thc thlrd diurnal chlorophyll profile of

- ata :19w 12 ('13.72' é}.'ixhe chlqupthl prorile at station 11

it in ugreement w‘th the kn_g;;g observations report»d by
' g

;tne:a.ﬁ?emtaqh,und Ryther 1957, Shimada 1958, McA;lister '

‘jlééi,ISSEéﬁﬂbn'1963 and Glooachenko et 1.-19??5};

Ce e e N
ﬂagﬁiicate cell counts were done betueen %ua,m.'and”

M. p.m and the chloroghyll per cell was calculated and”

3 ,_; A

;'otzed on figure 25 a. xhe 1 concentrations «ere

' ~elat‘ -IJ very stable during the 8 a.m. to 10 p m.. period

;,'

d 1é'noqn.. These'decreases occurred at a time' -

[
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thn the solar radiation was greater than 60 langleys/hour f
‘vetueen 11 a.m. and 1 p.m.}. Arter the period of high

radlation chlorophyll per cell showed a gradual 1ncrease.

“he argument preaented above stronglj suggests-

_bat chlo"ophyll bleaching occurred at station ll;: The

arguqenx would be etronger 1f 1t were possib‘% ﬁo_do _
. LI
vertica‘ prerile thrbughcut the diurnal period; However,
';ih'a was- quite 1mposeib1e without disturbingna uater column,;

{
i Onlj three reet deep TQe interpretations presenbed above
Lot

l‘

.are supported by the work of Glooschenko et al. (19725)- o
AﬁnegatiVe corre}ation was round betueen temperature‘
and chlorophyll (r - -0 75“ P =0, 01) The negative‘- '
o—relation uas a by product or the solar radiaticn heating
';:‘up the rater and at the eame time, adversely afrecning the ;'
- chlorophyll concentrufien. A comparison of fig. 25 a and
25 c shoas the relationship‘betueen rad&ation and sunface
*emperature., Note that the - temperature curve lagsed behind 7';

uhe rad{efion curve.l Thie was due to the ract that time S
- was. required tc heat.upathe water eurrace.f_“ o

,_' | Temperature (eurrace) waa Jigniricantly positively.:.”
s correlated to dissolved oxygen (r fio 921 P =0, 001) and [_ ﬁ.
. chlorophyll was negatively correlatid to diasolveé oxygen |
(r = -0\1h7, B = 0:01) The negative cérrolation 18 '

con:radlcting beeauee one uould exbect‘a poaitive COPP81&t1°n,b

that de" the_oxyéen should be low uhen ?chlorophyll 13 low, '
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e . It is Poasible that even, i bloaching dﬁd occur, Y

. n.cglls were still aule to produce encugh oxygen to -
. : '

&*33d“f for .-the higher surface dip clved nxjgen durlng' -

e da,light hou“w ulooschenkﬁ et al- (1&L2b),have

. ;—"/ . L

Coaiown .nat ccils below the water Surﬂacé do not experlence
?h@déénhyll bi@aching. If this was the cltuatlon at

rwation 11, then-diffusion -of oxygen to the surface may
rave occurred, pb@g\expi&inlng‘the high surfaée q1ssblvéd

CI,’-‘E‘:.’?./ LA . . ) ‘ l . . . . o X

- ) . b

-

-ji? : gurg 29 b. shcws that nitrate 3nowed no*diupnal T

e
" Wy

. 3 tern whlle ammonla displa;ed a tendency towards an
i'n:ﬂgse Helatlonship witn chlorophfll (a aignif*cant o
correl »1on dld not substantiate this) uoluble and

o "*1culate phosphdte 3howed a; slight tendency of lower

-

~

LT ®
-

ncentr?fions during the day (fig 25 “) _The-contribution )

1

'a the nutrlent Ievels to chloroph»ll wariations was -

. . - .
c

‘nnr-rore nebliglble.ﬂ,' . : .
. . PR o “5\\
The lnterpretation or ‘diurnal studies has 1ts o ‘
: ’ | |
E:"fcultres. Both wind and’ sﬁlar rad*at*cn 3eened to. '?..Q'

,-.uvw their erfects and no complete 1nterpretatlon can be-.

qf'ered. Thc primary 5Ign1f1cnnce or the dlurnal s*udies :f
~as the demonstracion that chlorophyll varles durins the”
'“"ouruc or one day.l This variation emphaaizes how critical :

ane time or the day 15 when sampling a water body to study

1¢asonal variations. This conulstency of sampling tlme

* f’ "™ St
'wun ccrictly adhered to for alh stations between June 1973
ool e .' " u.gf o i:(g', R
. E vE ot - N / S g




. £, : \
' 9 .5 ‘ a.: ‘.;‘ L ."1.15
and May 1914 uhen this studv ‘Was doqe The dlurnal s = ,
o Wty
;urz nd of the wate*.chemistrv were not signiricant

="h UFh to afrect an 1ngerpra atlon or seasnnal Changes,.

-~

TR ?erlodlcity»of majar‘alhél Eroups and- abundance ‘™

 rElation5h1pn L oA T,
o Thlu sect‘on will—be devoued to the seasonal

. ,.nnges tn the phytoplaﬁkﬁon population structqre in Hest  ' _
) — u r‘,' . .‘---""_T‘

“and and station 12. - Manj aorkers have dttempted po _'

ucida*e the ecologlcal conditions wh'ch may con}ribute 'H -

13 the “wax and wane or succession of algal grdups or " Y

N R )

: _snec*es *n rresh and marine aquatic ecosystems (Macan e lﬂ;

3370, ?atricx 1963 Vince and Valiela 19?3 Sparling

4« .

o HakewaJko 1979, Munawab ahd H&uuercﬂ 1971 Duthie and
eenivana-1971) In Cooce n Paradise the phytoplankton

ﬁ..d‘d e#b;bit B marked perlodicity between June 1973 and

0 . oo = e K . . : s

s

| fa;i;ay':ééaifaﬁ ﬁj(ﬁést'?on&)'f“':.'{i R
“-'? ﬂilr?igur? 7 abows the plbt or the cell concentrations f
nnges whlchnoccurred 1n Hest Pond hetween June 19?3,

‘and aay 191 Tne graph clear]y shows that there was an .

T”extended and relaﬁivel? m°ﬁhtaﬂt cell population during the

-\ e

'tlwumﬁer, a. decrease in th rall and winter, and a.subsequent

1ncrease 1n ﬁng spring. Table 1 gives the average seagonal

\'.ccll concentrationa._ Betueen June and October 1973 &verage

'..o:a1 cell numbcrs uere sreater then, 3. 0 x 10° ceﬂ%ﬁ’@ls

. .-‘,r, LT . _f r_. - ) ‘\'I

" - - LT . - - @ - - . " . P e . . . Lo . N
o LI P T e : . ik : P
I T S B L ' . . . RS L. o ) P
vl R P I L - . ST E e e e e R
I A LT e : e . P . h
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; § _ | -
«tu a-range Jf 1.987 & 105 to L, 6 ¥ iD’ cells peremlu

b . . T
':»p cell concentrationq compare to 0,020 x 103 cells/ml

o

tnoa productive inahorr area or Iaue‘Ontario (Sparling and
J)'

Nalewa ko 13?0), 0. Ohﬂ x 10’ cells/ml Fo" Lake Michigan

l :

'¢~n»13fe and toermcr‘ 1971) and 6.47 x. 105 cells per ml

o ?hly pollutéd uake Hendricrs- South Dakota (Haertel

[+]
| ¢

By
With regard to natural cell popu‘ations the West
nd cell concentrations were tjpical or eutrophic aquatic

'! ("'35 .

n
.1

ﬂalonev (1970? achieved cell corcentrations of .

lﬁs‘celle/ml 1n nutrient enrichment experi‘}nts when the’

v

ceils ge*e treated'with 3ewage erfluent Wheater (1972)

« and ¥ ‘ndcyand Valiela (1973) have demonstrated that sewage -

efr-uenc was an excellent gro«tn stinulator for phytoplanktonn”'

ol isrchererore obvioun that theeDunda 4un1c1pa1 oewage-

0

?n Bl ¥ poo!tlvely contributed co the high cell concentrations

, [}

’ounb 1n ﬁest Pond.. The planc discharges about two million

L

'a’lonq or secondary treated seﬂﬂée da!ly into/the Desjardins

.

N anuz which reegs into Hest Pond -.;f ;'i
-
A f
~hu g In ¢h1orophy11.. This Raa expecced because biomass

On the average, changes in cell nunbers rollowed

o

fxpre ned as chlorophyll 15 a function of the cell concentration.

-

j;bn transitlon rrom the summer to the fall and from winter

g 5prlri-(rig. T) was interprecable usins Round's (1971)

L

ve !dentical to’ that preaented ror the seasonal bionass

ght/t 'uérature cardinal pointa.r The 1nterpretatlon would h

- -

»
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inpes which occurred o West Pond. Slgnificant correlatlions
uvru_ca‘cuiated between ﬂhlor0qh311 and cpil concentration

rorothe 3eriods June “to ! OJﬂrber 1973 (r = D.599, P = 10.02),

-1£J~4ununr. to Ha" l)!u {r = 0% 090 ? = 0, 001) Correlations.

‘-3y nes ] ¥3 ‘be ag signlr*cant as thosé reported here'
w:ausé ttzinomlsts (Munawar_anﬂrﬂauwerck l971)'fee{ that
“te use of cgl{_?oiume-rathe% fhan celllnunbebs éili give_
mQ"ﬁ'arEurate Eoﬂparisons-‘ “Hp rational behind the ‘use or

tﬁv Lel‘ volume is that it given a nore accurate picture
e "e species 1npor»ance in a population. Por example, a

"

fox —enbers of a largeapecies(Scenedesmus qpadricauda) may

*;ae Lhe 3ame volume pf largﬁ number of smaller species
' . . . 5 -

-n.odcoccus 3p )
i10440) .The.compdsitiéﬁ“dfwthe;population~iﬁhwest Pond -
] . . O . } .r n o . 7 - \ '.. "
B

.f It ®as dirricult to identifj all the speciea which

~4de up th- summer nlgal populatlon in Hest pgmd Hodever

1 was possible to establish the population structure 1n

-

- yerma of tbé*four major algal groups and their representa»ive '
'ﬂneré:, Table T glves a statis*ical snmmary of ‘the four
rny 1a viz.; Cnlorophyta (green algae) Bacillaricphyta (Diatoms)

‘v;dﬁQPhYua (blue-green algae%J_and Euglenophyta (euglenoids)

Tne Tipurea showed that “the g green algae dominated the, """

560pulation throughout che sumﬂar.r The blue-greens, eugienoids

'and ;he diatoma ranked aecond, third and rourth respectively

"ﬁ terms ot rrequency or occurrence per sampling day,~ ﬁg‘




r

’“ABL:‘. OF THE HnJOR nLGAb GROUPS AT STATION 1I Co
4 .
e "OH THE oUﬁMr.R O? 1973 (JU‘IE - S.-:.PT ). :

< . " N . .

hvgaasa S R | CELL NO. . . /AVERAGE NO.

. DAILY £ OP° ' NO. OF  RANGE OF .CELLS PER
5=:uP - TOTAL POP. PREQUENCY® - GENERA® X'10% . ML/DAY

- : ~ . [ .
“nlriphyta f-; 92.8 “,iop : -jf$ 11 Tlez,u-3§é.af | 255-908 e
aﬂak»~ph,,a 195 . 92,8 4 - 000-26.0 _‘. 5,371
Fastilar 1opny=a 1.15 85,0 .- 3 000-26.9- "% 3,167 .

;E;L_ph,tn j—~—ﬁ 107"_' 180 . 6. “hoo-uo 5 ',' 11,258

5 i o R _;;; ':‘ L o 2
L . S T——" .

. &._C4(Irun§e;din cells/ml, . - : 1:;[ - DR e

. ?%f zhe_sampliné-ber}bdl »'"
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e on was quite dirrerent r"he decreasing order
R

wan greens, cuglenoids,fdiatoms nnd.hlue-greens.-=Hegard1ng

tuee cell concentrationgper day,. the figures may be

misieading because of the cell volume problenm discussed

‘egriler, Pownver,.aﬂsequinr the 1nportance of pach majo"

~roup on the Unsid ﬁf‘tbe data p"eqented here hould be

¢

f?@?ainaive because of :he phyahglogical dirferences of '

iﬁq:upec'éﬂ 1nvolved:: This~3uudy canﬂot_deal with supn_g

a ,.o‘len.

Lhe 1nterestin5 "eature of thP Chlorophyta was

:“a‘ onﬁ 5pec1ea ocenedenmus gpadricauda cowprised 69 to 9u

t

'"v"ﬂoqt or the population between June and Novembew 1973,

’fi . 26) -\‘he observed Chloropbyta doninance can be -

‘-vL;ained in terms o high phosphate levels the low NZP

'°w: no'sewage errluent. Pearaall (1932) and Hjther (1954)

a1

s,

\"Jn.l"“ed *ha* green algae are the pe"sistent group in-

R .
Lon,

"“lerance to soluble phosphorous concentrations greater thanj '

waters characterized by low h/? ratios. " Bush and Welch ‘
a " . ’ .

‘Tsﬂfgi, reported the dominancp of Scengdesmuq quadricauda"

'n an area of ﬁoses uake where the H/° ratio was always

~

- a ' ‘ ‘o

 ¢ ;he 1ow. n/e ratlo of Hest Pond was due to "the

phoaphate concentrations ( 5 Lo 25 ppm) and lox nitrane

x*fncentrations (0. 0 to 2 TY ppm) Hhode (19h8), and Soede: '

et al. (1971) demonstrated that Chlorophyta have a. marked

e ——

C ratio o"wbat Pond .and the ract that the water wasd contaminated
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A

N ‘ . .
“ ug(}. Horeover, ucenedn&ﬂu uadricauda- “anned among

- -

e ,op five species of Blgae 1is£ﬁ3’gy Fulmer (195&) -as .n

trnifcgrora of highly pollute 'a;ua;ic qjauema.

x&blﬂ 8 liqts the. - geRera dh’Ch ol__rred in.

fﬁs, Pond dur ng the summer and earlv fall Many of these

PR anong balrer 3 113 or polluted wasers indicator

henera. iﬂcluding Ch’an dOﬂon&S, AnKiSurOdESHUo, NitzSChia,

a:icula, aphanocapsa aqd Merlsropédla xhe Euglenophyta

\_,~-;g3 lisued in table 8 were among the top 20 of the 60

s ,nnara which °almer reported‘namely, Euglena, 4rachleomonas,

rhncun, and LqpocinclISu:- The Euglenophyta round 1n Hest

. ( o
Fond were alsc reported by %unawar {1970 1972) to be-

-

cal 'n sewage ponds 1n Indla..

;;A ,)1. .- The use ofcalgae as po‘lution 1nd1cator5 of rresh B

_wa’e*_s;stems has 1tn disadvantagha Archibald (1972)
.-r»ported that diatom specles regarded aB Eiglcators of

'0 1gouroph1c (unpolluted) watcrs ‘can also oceur in eutrophic
..
ujszems. Patrick (1959) reported that 1t 15 much more

'rrlcult o make precine 5ta:ements abput genera than
~accu» npecies, 3nd that onlj reu generalizations can be hade

atout the . type of ecological conditlons in which uome

;g beqera rlnd their best development. In spite of this the

RN

:.,opulatlon 1n Hest Pond contalned well known pollution' |

«

*nticator npeciea and geneﬁa.

In the#lighz ot the exiatins literature (Echlin

4
7,1966 Pogg 1969, Haerte] 1972 Shaplro 1973, Hutchinson '

. I ,..

ul- fo
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.3.,1), it may be argued that blue-green algae should

nave been dominant in West' Pond during the 3ummer. The

“gunent used 15 that the blue-green algaqrhave a

g

cenpe titive advantage ovar other types when nutrient

”“upplies become exhauated during the summer. This*did-

e
o

uOs.pCCUP 13-Heqt;?pqd.- Heaaons have already been given

' .uﬁich explainéd'ﬁhe:Chlorophyta domlnance~1n Hest Pond.

Alue green algae have becn reported to have a low aoluble

phosphorous requirement and aome types (Anabaena rlos agpae

{Lyng. } Breb ) can- flx atmospheric nitrosen (Fogg 1969)

Soluble phoaphate concentratlona never rell below 0 5 ppm.-i

{3 3. c) Periodicity or the qnjor algal groups in west °ondj7

January 197h . Hax<1973

"‘l

3 ’Pigu;e 27 ahows the percent composition of tne ;"_  .

- -xajor algal groups betueen January and Hay 197“ o

o oligotrophic freuhwnter systems, one uould expect to flnd

e-J Tt L
@ dominant diatom population during the colder season&

\Hunauar and Hauwerck 1971, Hoas 1972) The Hest Pond\\ |
datn shouad that this waa not the caae.ﬁ Diatoms contributed }4‘
to leaa than 5’ or the population between January anq March ‘l?;;

197“ except on January 23 and February 2 when the perﬁsntagﬁ-'

couposition wan h5 and 8_31, respectively.‘ Between Marcu ji: “

population naaxmade up or both centric (Cen Y - el .: (*;)
Dennate (Pennalea) tspﬂﬂ 1ﬂ¢1“51“8 EZE&EEEl__ SP-. !2&22&22 o
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l;. 31:&32222.*9 ,Epvlcula radiosa Kutz” Achnanthes sp. and

' ,.
,.._..____-—-

tun sp.' For-&he rcmalnder of the . period diatoms
firmedea negllgible part of the populatlon (rig. 27)
_“; During ‘the winten, the dominant typen were the.
"- "noph Q and the Cyanophyta, except ln early Januarj
ren :hc Chloroph;ta averaged 32* of the population.i

‘a:enedesmus sp dld not rank as. an 1mportant specigs during

t“is tbme. .On. January ‘30 a sreen al&al pulse was Pecorded g Z

*hich #Was dominated by Chlamydomonas ap.. The blue-green

C -

'_qlgae was dominated by rilamentous apecies includlng the |

'

5 a. Oacillatoria and Aghanizomenon. The euglenoids were

?1gure 28 ahows the actual cell concentration

fcsuly &uglena sp. wlth E_glena elaatica Presnott dominating'

.bhis group.

velationahipa among che four phyla during the period
'manuary 15 and Harqh 7 197& ‘-The question that uas asked
at n1s time uas, why aere euglenoida and. blue—greens |
dominan*=durﬂng the winter? There uas some evidence '
_;xhich might explain the eulenoid peraistence.‘ During the
'z win.qr, the water 1n Hest Pond was clear enough to display

8 thCE, sllmy, green mac which waa atretched over the jff"
s»diment aurraag// A similqr sight uas arrorded 4n the . -]i;f
.'Deajardins Canal. A aampla ot the-green,slimy material l‘
was scébge& qp andrreturned to the laboratory ror examination.:-'
'.JUnder chc 1nVQrted microscope, the sample revealed'the ;‘

presence or thickly aggrcgated 5lobular-maasea or apherically {%
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~hnd ob servatlons cannot present a sinllar argument for the;

Caisne,

~ ) T e

A : * ’ . . . -
' .‘ l il
Jearedoells..

‘re spneres started to separate fronm each other, at the

. e q - P ' ’ ’ '

amectime tranaforming themselvés to rhe well known gqape
_ A ) B
© ¥aglens elasticn. nce the water 1ﬁ’*he canal wh

S ca 43rﬂer Bhan deﬂu pond"' 1v-:4s 'erj ﬂonceivabIe that

-’ . .

ciln xerc separated *row the zanal's sedlment surface and

r

wiigen mnd were 3ubsequ~nt1v seeded 1n*o weab pond

vertical temperatupe prorilq,in West Pond revealed-thaﬁ .
! ‘ . . - ) » - . wo Q'
. LY . . ' ! "
“nn water just above the 3ed1ment.2urf&ce was atxlnast-3°

¥ warmer ‘than at the”surface: “It i3 also very concedvaﬁﬁe

} .

<fus wind could have been ef;ective in-d{slodging cells =

“ne dediment surface. The -occurence -of ‘floods during e

'4h\1//,me may . alsc havn disturbed the sedlment. The:datai

-~ -
e

azzurence or the other co-domtnang ‘group - the blue-green.

- oA - ' e
k R R L PR . . -
Ty, 2 BN .

L4

'Dubing the uinéhr, the cell cdnéentratioﬁ range

\\\\'. | - T . e

As the Samele warmed up Lo room tempersaire

™~

om |

«as 1,550 to 12, 600 cells/ml._ Thi's ?ahge was ‘much émailer‘*

fﬁaﬁffﬁose af the aummer and fall (table 1) However,\

\
L

e w*nter cell concentra;ion can be considered high

when compared to B84 tof261 cells/ml for Lake Ontario

.733 1972} during the'winter.‘ “In faat “the’ winter\cell

.

“nn”»ntration In Hest Pond was higner than the %ummer cell

A-v1 .

"~rncentrat10m range of Lakq Ontario which was 598 to 2 6h6

e
h >

:/ml (Halewjko 1966) P 'ﬁ .

'*wa exajka 1966) and 1000 cells/nl for Gull Lare Michigan-

ial
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As spring_approached, the green algae began
- ::cunt Tor an U ruasinri"xb.eq er tercentage -of S
o . - . ] . PR ) . - .
. . .l - o
populationt (f g. 27 7). euween March and May 21,

»A -

sraen algde ranged bexwebﬁnﬁ7 e gs_u

of the total

S e pcpulutioﬁ.f boncurrenr with- ohe Pbl«roptha 1ncreaqe

. . [ 1

ffvnqﬂenﬂus g_adricauda hegan tﬁ ﬂccup: tho position -

e “¥o,ed ¢ur1ng tﬁe ‘Fummer nf 19 3. Between npril and

?3g-?1, :h;n'speg;es-n counted ’or 75 ta 335.5% of the

tutal tell population. .qurlng the green algal'ipcreasé:

e ctﬁcr“&hree'ph*la'cdnsﬁstentl" made up a deéreaSing-t :

- p .
twrzentage of the ropula ton. . The Sﬂr1ng cell consentration
o - 0 K . T .

. range fur the ahole popuLa ton was 3 300 ;o 158 oo cells/ml
; _' — —--—ﬂ .

- “n a Lendenc; to ‘nc“eaqe as rhe surmer approached

_..—.-—-—'

_ .he hmportant con»ributior or this part B" the
e ' - _
11« Jasion ia *hat dlst‘nct Urends were obqe"ved in the

b ] ‘e

J,rucbdwal changen o,‘uhr phj»oplanxton nopulation as~*he

- _".’

avagons. progressed .'ahe llter&t re 1 s scarﬂe with
":ni' tlon abaut ph?roplanktqn succession in, polluted

NN -

=arshes (Round 1971} '1¢5f"'h" ? .:' e

f R .
s — ' v .- . v - . . . .
> — ' . Lo ' . . o . N - -

Y e3.3.8) Aigalzperjodiditk atfsﬁhtion 122h o -

i
.

' . ’

-
i

.d

I S L The bverall errect of seasbnul environmental A

nges on the total ph;tcpraqx»on population a; atatibn 12 .

gy ~1milar to Nest Dond (fis. 29) Houevgr the POpUlation'

:tructure was dcfinitely Qirrerent. SCeﬁedesmus quadricau@g_
S

' aia not occupy a aomparable ponition a&,that ObSEPVEG in‘1

-

-

! . L S FRR . . L -
b . e ' . g N . . Tyt s ! i ' -

[ T _ oy - 4 . KR .
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“and. _Rathbr»_the dominant {roup was the
‘~-r rh,un durlng »he,%umme" ' Tnterestlngly,.%he
~ﬁ;rnen‘u‘wal cell "ondeq“rat*on "»na*ned rela*i;ely

%

“¢.3.t *nrougﬁoqt the gsummer, aqd 1oreared to be "

a-lombnant with the Hlue-green argae (Pig jQ).

&;:wpeﬁ J"né ahd uep»ember }9:3, *he rell cbncentrat*onl
canged hetween 0.92 x 19’ to 4,14 x,;lo,’_.c.g-l,ls/.-nl with

':he'nigheq:"numbers recd}ded'in midésuﬁmer After

Jqp;e;ben‘EO, the blue- greeﬁ albae exyerﬂenced a ‘dramatic

: ’ i 'ﬁ
1cerease-account1ng ror a negltgible por*ion of the

'I"

s’?ﬁl popU1dhion.-f

-he porslsten. sunﬁer bloon of Hlue-green aléhei L
nnﬁ'&m accounted for more thah 605 of the “dpﬁlaiion-hay
. P 1 LY
© tave been the result or lower phosphate concentrations,

) -

.-he" H/p ratlos (table 1) and the decreased influence'

f.thc senase efrluen». .In coqtrasts to the station 12

-

‘_nituatlon, Hest-?ond.was characverized b? hisher pho$phate,;h-

-

Iowo* N/P rqtios and was more . *nrluenced bv the sewage o

r

,-"luent.j The‘went ‘Fond populatlop-was dominated solelj-

 ;1? Ch orophyta. | \' )
Table 9 aummarizea the. list of thé 1dent1r1ab1e

'*#qera ahd species uhich were found at station 12 during e e

the ntu?y period._ The blue 5recn pOpulatiqn consisted

IJ‘

..r:,ggar hy of rilamentoun species including, Oacillatoria 8p.

’»

"3ieotrt ha~ sp., Anabaena helicoida, Bernard Hostoc sp.’f




o 7 »

. o L .Awﬂ ‘:oavcumv.nmmﬁ
.uonaoboz “Eu nnmﬁ o:sn coo:pon ouud_ :oo.uw u:u ouwﬁa noo.um..osﬂp oYz Jo

uoﬁpﬁoavoanon oYy ov uo&unﬂoo coﬂna:noa .:oo ﬂnpop oz..._. Jo aﬂoqﬁo«uom Om

- . . . 2

"R

. 3

..h

_oc

L

i

s
- .
' .
A YiAHIONY
ON 713D Tud
R S

- -

-

-
-

-

Lo
O
T 400 X ON 113D




tuntnirodesmug - sp.

By
-

NERn A’IDR D"cn-,

‘

S tngsivum. 8P.

'34nro"éu3 ap.

]

Telany monns np

u_s..;..-.-l{n\ sl""

-~

P"‘um

Lo b ¢.vvl”

solenotds

o

rLiriiaceus sp

LN

!cr'v"'ogsis ‘ 7
' et "‘;u.hn_- Lem')

Lueleng
ST
Tiresaott)
o s

LhaEetni 8p.

L anq—gﬁnngld_‘ 

v

Pnacug 8p.

fﬁ:oclhtlis_spi

A 4

. subsolitaria G.S.

,Jng~'xﬂ ?ﬁ*enberg.'

Trazhleomonas Sp;

P

' Cryptomonaa sp.

.-...uﬂmm .
.;‘...hnn.z.a. (Reimer)

3

spnaeroph

nculg a O... Huell

b \

'ﬁ

onella sp.

;gpﬁﬂﬂonan ovata

Hhre qb erg -
ﬂ’

i""'

-Cosmarlumvspu

. Pranchia droescheri .

__Pediastrum sp:

-Chroococcus 3p.

132

iftBL" ‘ o
‘I"""‘ FOR 5%110:1 12 o L
: Chlorophjta ' lk\/ﬁ\
ng._xopm 3P &almanmsp \‘“"f\
Qgglgﬁinum sp. qgegedesmus qqagnl,auda ]

Lemm.) -

‘Kirchneriella

West

9uadr15etum_(Lemm.)'

y3tis sp.

“ Cyano
Aghanggangn spL

Anabaena hel‘coidaj
(Bernard) s

-&.r_t.@.!-;gs_rleap-

o_l__mm .

Dlatoms and Brown Algae

Cxclotella ap. .o
-G rosi obtusatum .
Isulliv.; Boyer .

. Melosira sp.

;Havicula sp,

_':\‘ .

- Tetraedron -lunala .
{Reinach) Wille .

Tetraedron $p.

. m

".Herismopedgg 5p.
‘Q_gillatoria limnetica

- Hostoc sp.-

(Chod )

- 8. acuminapus'(iég,) Chodat ... .

- Scenedesmus ‘sp. .

‘Tetrddeﬁm&h’sp,

iscla aspera
(Reinsch) Hansgirg

vta.

elastica &phagzzometh 3p': R

Merismopedia Trolleri .
(Backmanni . S

(Lemm. )

Oscillatoriﬁfspl

-

Hitzchia palea
(Kutz 5 W. Smith

~H1tzsch1a 8p.

e S

V:Synedra sp._‘ . {”;1w. -

Szﬁprg_sp; {x;
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xnd Aphanlzomenon 3p. The non-rilamentous types were

“erismopedia trolleri Bachmann, Herismopedla 3p., and

{nnﬂorﬂpsa ap. Theac gcnera were reported to be typical

'_91 DY fertilized, sh3110ﬂ lakcs and ponds (Rawson 1956

Munawar. 19?0 Bush and Helch 1972, and Hﬁertel 1972)

ok i

' As the rall or 1973 approached diatoms and green

11;530 shoued a steady 1ncreasc.- Surprlsingly, Scenedeamus

‘4

~u1d‘1cauda dominated the population during Hovember 19?3

owaver the cclla did 1ook différent and werc perhaps f

"'(?»"cnt utrain or rorm ‘more adaptable to colder temperatures.'

—~_~&—accu—ence-or physiological atrains of the same species
_*5 not an’ unrealiatic'asaumption. Other uorkera have :
;fnportcd cn the occurence cr physiological szrains of

ucerionella sp. (Round 1971)

LY

During the early fall the centric diatoma were
'--Qn, numcrous than tha pennate rorma.‘ mhc most abundant"
: rcnera was Hclosira sp... Pennate diatoms became more: |
undant 1n Hovember 1973, including species or Nitzachia
: and havlcula.-ﬁ Euglenoids formed lesa than 51 of the
--ﬂ—-
: ﬁOpulation durlng the rall. Brown rlagellates (mol!ly

Jp'omcnas typea) accounted ror 2 5 to 7 61 or the cell

populabion. Total ccll concentration ranged be‘ een L T

k 000 and 30 000 cclls/ml.- Thia range uaa much smaller :f-

. than tha aummcr average (table l).

_ . The percentage compoalt&op of the maJor algal
' Fﬂroups duriug thc uintcr and sﬁging 15 plotted on rigure 31.

'
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a

“ne sraph does nqt.take.ihbﬁ account ﬁecenbef of 1973
cerayne nNo sanples'we"e taken, Durinr aanuarj and

_:\»Luaw- or 197u, wWinter aamples ‘were obtained by chopping

»

noles 'H"OJgh the ice. The cell concentration “as very - S

tow 3ur1ng the uinter w;th.a range of Slk’to 1“&6 cells/mll

L] “"
e .

o the major groups ”luctuatnd quite markedlj, excert+‘

Tne rublenoids which uere negl*gible. - The . eugleno da,

1
L

~uu:e“, showed two peaks on Januarj 16 and ~eb"uarj 6.
.é’r,-g"cen algae cons? uted the greater portlon of the
_;«;ulé n ranglng bebween 1? R to 91 21 ;he green algae.
1n*dlatomsmanged between 0] Lo SHZ and 0 %o 1001 respectivelj.
-*'ure 32, shows the compar;son be»ween the diatoms green

ae and- thevtotal cell population during thé winter

: “ﬂlmpring

- }"' Durlhg the . spring of 197” diatoms sho«ed a
"»zd; -ncreaae wfth a decrcasing tvend towards the end of : :T:

Q hen tho green algae started to increase (rig 3I)

- v

' ?-..ng the early sprrng period the hlue-green algae .
5r~oun ea tor leas thnn 31 or the population. On thq'1g3t7 
anrl.ng day (Hay 31) blue-green algae was 16. 35 of
“ne cell populatlow (6 500 cella/ml). |

it

Between april 19 and Hay 23, diatoma contributed

'

oom ore than 60! or the pOpulntian‘ On April 3, there :

“as a pulse’ or uhe pennat diatom Asterionella sp.,

i“ollowcd by a.m. tom ﬁulse on April 11 consiating or

ionellq sp,, Neidium sp., ﬁg}gglgg SP': &22255555& 59‘*' 
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.lﬁiiliiii 5p., Ei&ﬁ&ﬁlg 8p" and ﬂéﬁlﬁﬂl& Sp., - mostly. Dennate

fEies “1°°P~ EELEELEQ A3p., and Cyclotella sp., which are
‘ : . - - o .
~omtery of the order.bentralea._ Between April 19 and

"

L Aryrti 27 there‘was a Melosira pulse accounting for horo
fhkﬂ L0%.of the cell population. Hawson (1956) considered o

uc'es of the geﬂera, Felosira and Asterionella ‘to- be

e :ﬁi!:aul.e of eutroph'c ‘akes dhere the nutrient supplies

‘ n‘h a low or 20 OOOqcells/ml 1n early Hay and subsequently

L

*';4 er in the month and averaged about 81 during May. 'xbe

l

 Were generou 3. “This was cnrhalnlJ the case at station 12

quring 'he spring when nutrient levels were hign\i\éble l)

Epn.n and Juillard (1963 .eported thap dia»ons were. more.

'Terle T "esint inhibit 1cn from high phosprate leuels in o

-:a:ufal st uations »han it was. for other groupu of algae.

1
o
= .
'J

ay hgve been partly the reason why diatoms were
'3 ‘

'” “'nan' during the spring at station 12.

Brown flagellates averaged 1&1 or the population

:d.iﬁg the rirst half of April,. decreased to less than 31

cha conapicuous brown rlagellaue was Cr;ptomonas sp.’

‘e
-~

The averaro cell conccntration fqr Cr;ptomonas sp for May

*Jq 5000 cells/ml compared to 350 cells/ml during April. % 3
) . The cell concentration or the whole population

'nowéd an exponentiah 1ncrease during &prll (fig. 32). -?“

J:“rage cell concentration for the firat halr of April was
00 cells/mi compared to an average of REOOO cells/ml rOr

Lne lntter halr of April. Total cell concentration dropped .

0

PR
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trooreaded to 80,000 cel’ﬁ/"l *oaa"do the Pnd of the month

“when the changes in popula*ion ﬂtructure at”

ctarton 12 ts companed to that of West Pond it can pe T
woewn that there werc d.afiﬁat diffcrences voth locally
Jud opa:ially in ti 1his dlsruos on of uhe tﬁmporal

'.”w";es in ohe phytoplanﬁton conpo tion does not prntend
L 'a‘conplet An n-- diqensional complex of environmental
vurlables 13 1nvolved, all cf which cannob be identified'

ine above interpretat‘on had 1tq 1111to.set by the available

-rological\tools used in »his atudy.’
= /e -

,“i.z.e),_ﬁh toplankton charges 1n relanion to changes 1in

K ﬁubrient Staous duringﬁthe period Januari to Hay,

197 soations y and 12 . "; :}_-' s

LY -

”his 3ectlon Hill deal brief}j with the possible

i

. effects of nitrate, ammonia cand onorganic phosphate - oo

~r " -

',oncentrat‘ons or ench of the maJor algal grougs becween
f,'nanuary‘and May 1975.‘ Tab1e3ﬂ10 and 11 give all the

~coréé1at1onnobeﬁieen'éach algal group.and each nufrieht. )
"»or—elabion coefficients #ere also calculated between theo_j
al cell conceo:ration{\and each of the nutrlents ror the_w"
- saze perioed. e L ,".‘3:-"} 1._ “.'7 __j: = rj

There were’ onlj two signiflcant correlations Tﬁr*

Cthe station u population. ;hose uere 1nver5e correlations

e‘ueen the green algae and nit"ate and the latter with

-

the: total ccll population (tpble 10), AlI other correlations
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LABuu 10

S . CORRELATION coup TENTS BETWEEN \\\;R' '
NITHATE, nuuonxn AND PHOS 'A?E,.Ann EACH MAJOR ALGAL_ GROUP.

L8 1}
-

L dawuany -'MAV 1a7a OSTATION B o .t .k

. 'DEGREES"O? S _ S
UamlABLES PREEDOM - CORRELATION ° ~ SIGNIFICANCE (P)
. . . , ’ . ’ . ) . ..---v-‘ A ] . i ". ) o’ :
- (REEN ALJAE € HQAS - - 20-1 .
+ .-"r ) . - .

P = 0.0
EEN ALGAE & NH, " ~0.37TH . P o= 0.10

-0.648

ar

15EEN ALGAE & PHTM=P 0. ™ ' ~0.276: . NOT SIGNIFICANT
. L] : . . .

‘LUE-GREENS & NO,T . .. " 0 T-ga2s v

LLUE-GREENS & NHY M 40,059 e T
“LUE-IREENS & POTM-P - #0.106- . "

ciagows & NOyT O T m o o —ouzko . o

L'A“)HS Ak M, o -0u2600 L -

| ":\.O‘% & ?0:’-—? T : "' . . ‘-0.2517 ‘ ‘n

-

-

SSLENOTDS A NOYT o wou3 . T

w“ib;l?WOLDS P A S 40,210 o
;;%: LENOIDS & POT-P " t0.200 - " .

py

.L GROUPS & KO- . . " [ '-05675 - - ' -0.001

3=

.. sRoYPs & M,*-  © ® . ~0.141 °  NOT SIGNIPICANT .

a-

L GROURS & POT'.P e 0 =025 L T

b 3 . ! . . .. .

. . . . U .. . " . o =y .
. . L : ) N . . o 7 -
Tk . .. . . - . : -
L . i T . . . . . Lo : - . -
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Aere instgnifisant, tut ,nncra‘., showed a tendeney to
‘ \ :

to tnverse. The lnvepse-ccrrelations_mérelj indtcated
. "-";" . . .

{

-3t the nutrlent concentrations were primarily a
rinctton of the cell concentrations during tﬁ% colder
B . L ) . . N

"

>

’ . . ~ . . .
enrong and not wice versa. This is strengthened by the

Tact o what :eﬁpernture was shown to be the mﬁst,slgnificant
- : . [}

vartatle contrelling algal ticmass: betwoen Januar; and

Mywo 1974, This. latter-point was discu*sed prevlously, and

~ -~

#au'suppor:ed_by gigdi{ﬁcént cpfrelét}ops‘between

{e:périturé and cﬁlorophyﬁl, and temperature w%éh cell .

cencentratioﬁ‘(ﬁable 2). h B |
The sltuat;on was saﬂilar at station 12, There

AsTe nificant 1nverse correlations between the diatons

)
4

‘ahdfni:rate, the green algae and nitrate and the notal,

[N

o w. .
Cmedl concentrat lon and nit"ate (table lL) A11~other,.

rrelat ons were 1nslgn1 1cant except for a significant

rsritive corrclat ion. be.wepn phosphate and the euglenoids.-

a ‘ ") L

Thiz correlat on ®as’ di’f‘cult to’ explnin, unless 1t was’

1rﬁrﬂi* coincidental._ The concluaionthen, would be that

LY rients did ‘not pla" a signiricant role in controlling

r.

4133. cell concentration during the colder months or

. P

‘:hqlnampling period. - .a. Lo i Lo
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.'-0:260
. =0.266

10.066 .-

T 20,659
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-0.375

L 200395
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CORFRICIENT

AND EACH MAJOR ALG AL GROUP
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0.

01l

"

0,01

"
.

"

"

s
LY

0.

- 0. 001

01 .

- o 1
. 5

k]

NOT SIGNIFICANT

HOT SIGNIPICANT.

'NOT SIGNIFICANT a
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. COHQIT’O .EQ‘CQQTL'S PARADISE - . :
L . had - PR . . ' .'— - . . ‘- o '

-

- The complete reve"sal of the eutrophioat‘on

~~ﬂ'aem th theauaters or Coote s P; dise maj never be : T

gl zed ' Houever, the s*tuation can b ameliorated iP

sertain 1mproveﬂento a"e nade._‘It must be remembered

.....

agt rophioation problem to Codte : aQise was returned . | "
_ : .

ﬁd.ﬁost) to it& originaf state. i 'was achieved By \\_'

Th
"Ei.-.uing the 5ewage errluent 1nto/another water body

-9 .
. > ; . T o i

Ir xhe Dundas Sewage “Iant 1ncreases ita caoacity o
g - . g

e nandle a larger voiure of, sewage ef fluent, and rncludes

-

i

Tae ewuan treatment unu h»n the final ef!'luent would

} »ortribute a conslderahly lower nutrient concentrabion in- A NG
. N
Lo ‘he watera or the gawsh.' Experiments by a McMaster R

- M A

[ C

3 ““g.neerlng group uaed &n alum compound which decreased the

c--s

'“hosphate concentrations in the sewage errluenc by a34much ‘o
"Hﬂ 38! (rrom a aummer average or 5. hS Ppm to 0 10 ppm) If:“' |
t._ 1um trestment 13 lncluded along withethe dredging or -“',
1ﬁe Desjardina Canal and Hest Pond {whichbwould eliminate
E'\ns:ns‘p*rgvr'oua mining‘gr the uediments) the phosphorous

r'on.r:em::'m:.‘.,cma may not be high enough to sttmulate the'.*.. _— .

. \
L]

1’*?
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o e lopment offdasuivc dlgal tlooms In the western end

e e ' -“." X e g S 104 ‘- . - '
‘_'/;e arsh {hg.,ncLuslon,of an alum treatment unlt may . SR

. ‘- . - ) »

1 v : ' !
~eoan expengive venture, but.qﬂﬂ co t should be welghed
e T o T T NG : -
icatnat the tenefits; -~ ' oNL L s

P . . . ' . . A . ' '

" - all of‘unc abo.e Jbeps ar».:aren .tha.dilution
. . \" ’ ¢ ' : B. '
dune wabevn leav ng Hbs “ond hu JSPNCEP 3 Freex uould T

:-":'vr 1ccreahc Lhe conconurnulono,o‘ nutrients didchagged ’ .

foLtntu the Muun aﬂen Ha er area uhe QJGrQll dpcreased nutrient‘

-

.

:;n:gntrauion would,e_;&ptively reduce yhe possibilltj for

s vy M - - ' . L _‘ L

e dgvelopmcnﬁ'ar algal blooms thnogbhouu uhe marshg. "y

Cefteibution of phosphates. from run-off water from.the . = - .+
oo C . - - ' ) . ‘-,l.\.‘\'-l.‘

. . [ « L sl

X -

witerghed would be ‘minimal because of its low solubility in L
. . ) . : .. . < . L] +

ater,  The point Qii/glr“ﬁdy made

e Ltakhing phosphorouu SOUPCB"‘LPOW the 5011 (séé.Sec. 3 l.c. iv)

oncerning the difficulty

Y- S *s poténnlal abt l;ty to increaae he eutrapﬁloatlon 1n
AR _ & . . &
'rcsnwa’ers . o 0o R - - .

e - . X Co . . . L L »

.

- -

P }.‘, Another recon mendatlo would be ib:discharge the -

-

o

= ey nb (aftpr proper ‘treat mént) into.Lake Ontario or

;m:lton Harbcun. .his ma; be necessary even 1r the narsh

#

i&ﬁ dredqu The reasoniqg behind th1s suggestion is that
:&e pnsaibili:y would still exiat ror the dev lopment of

~ezertaln typenkpr nox‘ous blue-green algae when*phosphate.5

T * CLI

t)

eﬂ.rncionn are very 10&._ These blue-green algae can . -

woo

. rty a tnonpheric ni'roseﬂ 1n-the absence of nitrate supplies'

1t the water envlronment (”OSS 19693 _ If thls problem."

were ,O occur, then bhe experimental reswﬂts of Pat:ijgzét a w-; i

':,939}; nay be gpplied'to 3olve tbe pqulem.; PataijﬁQet gl.;,

b . . . . R . " T cee

o R TV R T R B S T
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‘4 ‘ _ N : ,
P4 erknorimented with in‘eur.oph:c svatems Wwnlch support

-

.

H

4

¥

H

i
-
3

woma of blue pre»r alpa :
a ’ o
' ~The a u~ﬁﬁr doea not p"otend,uo be an expert:in

.
-

be-djscusscdrwi;'uezp-rts-ln the field in order to

..,
¥

Y .
.

wrrive . at any qconomicall" feaalble solutlon, I steps anq.

-

wrd whe effluent s discharged.{nto the marsh, then a

~epsilar sampling achedéle Shopid.be implemented to check .

LR

't_.- Y
Tne water qualit" aeuid 1 prove over a per‘od of ,uime.. .
KEver,y bho characteris te b"oun dolou" oft uhe xa*ers 1n
5 L

ﬂ

e lp q uLll continually gtir up the bottom sedinents and

-a:nbgenié bacterih'counts, no* less than t«ice neekly

aaen 1o increase the uater ﬂuality-in Cooté's Paradlse,

\P P ’ . ~ } ’ L . . ;--'

[}

e’ nutrient concentrations {(ammonia, nitrate, nitrite,

r'—v'..;’.:n;ea).'x»zo!c‘sicsi»an}x--henxchl oxygen. demand, - and

:_'.u n open wa*o" ared will st 11 pﬂ“a¢. as "long as

moe¥ brlngs *n 1nrge a...oun’s o" snt ahd claz-' particles -

ten have been accumulutlng over many Vea“s- zhe,acvion

.

.

ﬁéﬁp- hene particleu in suspension. I' the cdlour of the-

11 dlscharged lnto the marsh then apencer's Creek

13 not a signlricant problem ‘and the improved effluent

! - . _ . ~ W
) IJ ,' . o o S 144 e
- ) . " B ~
R o merss rh L . . : . . o Coe
ST N }a.e‘gemonstpatcd that by 4ﬁnreaning the concentratlon
f minganese;’ ‘clean-water dlato ma' can CJmn1etnI" replace
bl ous populntion,or.bluefzr?eh algae. Hu chinson (1073)
'.f - ‘_' . : = v _r /
ooy ruRgested that Patrlck et al.'s (1969) wovrk should -

e [treatment of 5#wahe ef 1uent was:es. The above subgosuions

'i?cnce*ﬁs Creex wa'e-J nre rec»ived b -uhE-marsh .Spencer'sﬁ
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the useful funetlon ef diluting. .

.
—

St orcantinue Lo zepve
1. . . . ‘ ' . - .
s ARTers leaving, west ond. T :
. The maln problem 1nvolvé¢'in,the'tﬁplementation
oo . + } - - e
s rhe above reccommendatisns i a:finan ial*one; Tne _ ,
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vl
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Ceantoe up oof the waters 1n-uoote‘ﬂ.Paradisektherefore,
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SUMMARY .

. . : _ ‘ ] ¢

“he water Qf Coote's Paradise 'has experlenced rapid
5 ' .

Ut nophicatlon over the last 55 years. o

nll_‘nd‘cies of eus roph;cat on. used in ta-a study nualii‘*«:

N ]

- .Lﬁiﬁ‘s pa"adise as’ ﬁnﬂ t e most highlj DU"r'bpnic

Apclys ropni ) na\.u"al I‘"mhaat er ‘marsh ﬂcoavstem"mf

- . -

remperate regions. - - W .,
L The tWe n'I’lon t,al}onr= of 3eccnda"v greatﬂd aewage

. . ’ R

o flﬁen: ah‘ch 13 df scharged ‘nto thn extrene we:g end"'
gty ;he¥uenjarqins Canal,consuigubes the primary sourcé

-t

- : . . ‘ - ‘ ) L e
.gu:rientg. _;hls-nutrient supplywia vrimaril; responsitles

Lot he present 3tatus of »he warqh.. - - oS

.

! an@ 6 #ffcctively rémoves no“e than BOI of uhe nitrogen
and phosphate (p;;ae nt -at sratlon 1) bv the uine the
.g&urs rc§cb gtation 6 In this respect this part or
tHe mnraﬁ~runctloﬁs aa- a aewage 1aboon prov{g}ng .

j lddi:iOnal treatmenz on the errluent.~,* fhe Péﬂova* Of
nut rientn, plua dilution from Spencer 8 Creek result " in
a lower nutrient loading ln .hc malin. open wate" area cr'
?Q% @aCnh.‘fif_" S f}'

pe

*lolog! cal act’vitj of the phj»oplanffcn between sta“ionsV
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-, . , IA ‘ ' ’ \ .

The effect of the' sewage *effluent is

more strongly

»

<t In the west-end staticns (1, 25 3, 4 and 5) than
thosc'$n_t£e-mn%n cﬁen_uatgr area. - This is eiidenceé
mﬁ‘diffefeﬁcea in the pﬁy;oprggktonActhosigiqg, and
nu;rien; 3:aﬁqs; both spatially and.temporérilﬁ"

Yat spntlone L and 12) R o | . ‘

Ewcew'alg domJnau’d by the Jpﬂcie Scenedesmus-

.Lua“ricnuda was the du.inant Kroun In West Pond during

&

- =he sumn#r while ‘lue-hree algae were co-donrnant’

4

«ith zZreen. algae at station 12 during the ~same period

“acillatoria sp. was the moat conaplcuous or the blue—

P

sreen algae. - S R L o

L \naracueriatic pollution 1nd1cator species and genera
T "eﬁreqenting all the major algal groups were 1dent1fied .

a% azions 4 and 12

cntended nummpr b}oom orfalcae ﬁhlch'éeéms to‘&g :}\H

TR

]

-'2p1ca1 of 'reshwater aystems contaminated with T

o —

’rzkgndarj ureated sewape was present both in West °ond—

_"nnd in: all the malin open water area stations. Stations

L]

3

. 'l,‘2, 5. and 6 nhoued more pronounced chlorophyll : fj

-

'luctuationa than stations 3 and N, and’ the maln area’ -y

4!;.3510[38. .
P

*.J'”hlorophyll averabed between USO to 695 mg/%’ between

T 3t8310n5,§aﬁnd 5,.compared toa 1q6 0 mg/M’ avqrage rQr
‘ N a
- -’ﬁe maln area stations

-



r

P | 148"

ye te- the hiph photoaunt act*vltj, the dlssolved

K??en levelJ were COHSi»u&ntlj 5reatn" than 200%
. [

an "a'ion in Weal . °qnd during the asummér of 1973.

Nltrate was sudpectnd us a possiLlu.nutéieni limiting

f .-
alga l nctivlt; i dcst Fopd beuauSﬂ ef low N/P ratlios,

-“‘gﬂuen* undc»ectable nitrate oncemrat*ons and

L |

‘~"lorophyll pulaes in West Jond wh‘ch were preceeded

;, pulses of ngq nitra*e concentra lons in the

Uenjardins Tanal,

. W!tél’ication'of amwonfa‘aqd phosphate minlhg'were'f

*Juspec ed at stationa 1 and W,

s

”\utrient concentrationﬂ were lower in- the summer and B

sprlng and hlghe.-in the f&ll and winter at all

statisns. - The ccnverqe pas true for chlorophyl‘

 Jecrea5e3 in chiorcph;ll in vne fall and increases

in the apr*ng were correlated to the chdnglng llghf/

-*cmpernture rebimcs during the Septerber/Octqber

'nnd Kareh/ﬁpril transitioq periods.

Betuecn January and Hay, 19?“, tenperature variation
] ..

ETY. !dentified aa an important paraﬂeter causing

l

chloroph;ll and cell concentratlon variations.

. K complex or rnteractions betueen tha/ﬁagsuﬁed variables.
. Was identified at atations L. and 12 du:ing the sunmer

'olsnlficant co"relationa made it poasible to constPUCt" J{

two aodela which sumnarizﬂd the variable 1nterdéff};s._

ar
»
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AXind was recognAhed as an 1mportant envirqnmedtdl © o

varig@le a“!‘ﬂculnh algal activity at statlons 4 anq "

3
1z, - The effect of dlnd Wa3 not as cignt ficant at

L 1

N

station 11, becaunse of 1= shelté%ed ﬁosicicnf
o, Oturnal stugdles indicated that' = avalla litj of
incldent sclar radiation, wind speed ﬁnd p"evlous

light hiatqry'may'be {mportant in_interpreting diurnal

'.‘ . . .‘ . ) . . .
variatlonas of ch}orophyll. Dlurnal studles also showed
“nat stratiftcaﬁlon_df ténm pe"a..urp and diasclved oxjgen L.

o @’curs‘in :ﬁe water columna otrat*ficatlon breaks up

»

due to wind lnduc#d ;urhulence durlng the daj, and.

3urra e cooling durlng *he night o

o : - "

¢ rom an ecological ‘viewpolnt, the marsh orrers an
| &xc#llent opporgunlty to study ~the adaptability of

*hjtoplanktan uhen exposed to a constant supplv of -

;arpe amount or nut"lenta. ,

-~ . v "

L. The -nterprevat*ons and observa oné‘ﬁrésented {n.this

ra;orh were posaible without the a*d of - contro‘led ,  ;_€'

"leld “or l;boratory experinerts. nr-emse 1nterpretacions
-;J‘ of ecnlogléa! phenomcna are difficult because an ‘n-

dlﬂensiona; complex of. pnvlronnental faCuOPS 13 1nvolved

an; of4¥h'ﬂh are dlrflcult-to 1deﬁu1 y and/or control

-

S0 Suggestions nhioh might renod tha‘eut"ophication '
“'"roblem 1n the waters of COO»Q 5 Paradise would reﬂuire ] 7
the rollowhng st»ps- : Inc"ease the present capaclty ’

"‘ af ;he Dundas*Seragel;reatmentiPlan;h $.  Inclu?e a-




tertiary sewage :rcatment unit to the plant. C. .

Jredee the Wca*ern end., o the ?e!jard‘na Canal and
west Pond, b._ uitcua"gekbn final ﬂf“ﬂuﬂn* 1q€o
2 larger Lody af water or.util::e it V11 a sprinkling

svstem for a:ricul ural yurroses._
; :

JAeathe icall,,._? inexpn" en ed otserver hould deacribe

.r

-:nflwaters<orfCoo’eF° ~arad‘se ﬂs-'deplorable and ‘-3
rdui‘smellinr. This description L3 easilj supported by

the ﬂgench ln thc ueaiardivs Panal west Oa West'Pond,

}

'the‘unusuall" green colour of He Pond's water in the .

- " . PR

aymmer, and the character‘stlc brown cclour oP the

wnter in the ﬂA*n area.. 1he bxown colour of the

.

water in thg ma‘n arha represents accunulated 311t

,&ﬁd clﬁyfmatgrial-fed-lnuo't' marsh by Spencer 5 Creex

tver the years.,. = .
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I3 "Yellow Iprings Instrument Co.
int, ) Tele-Thermometer. . Range 30°F to.
: /. - o
117 dug;e:p t 9.2% degr ges ?. . . s,
Hand made 21 em.# dianp er 3ecch1 d*sc.
o L g ‘ -
Siring cal bratpd 1" em. intervals. te -
w@ighted on' the ugdeﬁs!de. .
] o o N .
_Hach model 2100 A turbldimgter. | L T
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17 ml manual tissue grinder,

-
e

. _ . : . .o
«EIZE PMG 12 “onochromatic Spectro-
phetometer, 5 cm. path length quartz

cuvelrea, model CL International-

1000 =1 Filtgring Flash with tubulation,

300 m1 EOD bosttles, 10 ml Automatic .-

" buret, Fasteur pipets, 50 ml pipets,

o ) 5 -
125 m1 conlcal flasks.

'ZSISS}#R758983IInvcrted.microscbpe

equipped. with phase, 10 ml Utefmohl

type counting chambers.
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‘Clihical Centrifuge, Flscher 5c1é¢{I;:;X\\

Dun-seal Vacgum ?ump,ﬁzsﬁ ml Buchner.

“type millipore filter .funnels {(pyrex)y. _
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L ABLE REAGENT ' e .
n yy. REAGENTS s GBANTITY
.0.. - - . b .. %
w.wutle and " - Agcort.ic AQld Heargent '
LANN VY S | - . ‘s ! . . . ) '
Larh.sdinve Ascorvlce aclid, C H 7.6 ¢
; A o . ’ Hk“a?s R
et
Jesnhnicon - Acetone,“CH,CO.Cﬁl' o . 55,0 ml
Irternatfconal  Double distilled water ~ . 1000.0 m1 .-
Method 893-70W . ')LiQuonox.phosphate'free S
' e ] -+ . b L L
Fqn;tl)?l i solutton = . T . 0.5 ml.-
Andsntum, Molybdate - Reagent
. . AR ' A . . . -
" Anmenium molybdate, (HH )y
. Mo,0,.4Mio 00 T 100 T
uulphuric acld, o580, °
. Lz ... 1000.0 ml -
5 - . ) ‘ . ) ’ )

. D ' ‘Sulphuric Acid Reabﬂnu

L. S A
] :

Cone. Sulphurlc acid - . 192.0 mi

Double d‘stilﬂed nater ‘ 808.0 ml

. mi o o b.atock Standard 'hOBphaue‘ -
7 '5“}300 ppm) . -
.gpnjdrous pooassiu"
;aihydrdgeé‘phcogqatei o - o

‘IKH;?Q~.‘;,'. . o _" 0.143 g

' _C\Onc- H 30 -', - - y 1.0'1’111

Distilled witer "__‘ .. 1000.0 @} C

30% Sulphurlc Acid Reagent
“Conc. Sulphuric Actd 30.0 ml

Double digciffbd water.  70.0 il
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S Methbhd by

fardwcod and
fann, 1970,
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. Phenol Stock 3oln.

“Ammonium Chlorlde

Y

Alrailne water {phH %, 9)

Lo Ve
ety
. L
Tone. Thesphorlceancid
. R A
! en -
P >

ﬁ-I.Nap:hyle:hylene&iamine‘

~dinydrochloride T .M, N,.

ercy :

 .D;5ti1léd'a5ter

Cadmiun Powder

= filings

L

»

‘seln.

o )
Diatilled, water

Diethyl ether: ,

‘Na,PO, buffer 58 {(w/v)

. 1, .

_?hendl'crystals'CC‘H,dHY

Methanal (CH,0H)
27% ﬂaGH»Sﬁﬂn.J-‘

NaOH pellets

'Distilled.watrr‘ _

Thlcride, HE 1

 .830.gi

2% tw/v) Copper Sulphpte  B

© 15

P

QUANTITY

Vv

"

5.0 &
2000.0 ml

2.5 m1

26.0 g

14

200.0 m1 ‘\Q(W

2000.0 ™1

v

1000.0 m¥

'1000.0-m1

100.0 ml °

1000.0 =1

'500.0 &

8 0.0 ml

-
’

é?0.0 g Lo

1 1000.0 ml




. N .
CARIABLE REAGENTS
noonlal Heagent A
) L § 4
. Cthenol Gtack S+in,
i a N
x Sodium nitroprusstde
. ‘ .
crystials ! .
. “ L)
N . \
Flotildlied water
Heagent & . . [ .
< - . . - ' .
. Coigﬁrcfal Lleach - 7 '
273 tags S -
] ‘_— 7" )
CDlsttiled water
nlorophyll & Acetone reagfnt.
R IR | - X
irloeland & chAcetone -
rraons, 1968 Distiiled waters .
. e - ' % .
r. 133-196 ‘
_ o
: . o o .
ctaagived Gxwgen ¥angzanous Sulphate Heagent
. M . p ‘ -

., Manganous sulphate
. . monchydrate MnS0..H,0

- Di#tilred'water 1

c e
k (uiif;94.5nio) AR

-a

‘alkaline. Ioddde Réagent.,
’ deium_ﬁydroxidé pellets
Potassium Ioddde (RI)

‘Distilled water

Dandard Thiosulphate’

. \ )
(0.0IN) ' .
Sodium'Thlqgulﬁhé;e

A

' 950.0 ml -

QUANTITY | ¢

15.0

0,62

85.0 m1 )
15.6 m1 4
15.0 m}
cG.% ml .
309.0 ml
109.0. ml

.

-

365.0 8

' e
1006.6 m1 -

.
]

N SOb;O;g 2
" 300.0 %, |

-y
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PFnGENT&

Sedium ,arkor te

.
.

Larton J‘" lplide

Jo‘ut1e'starch

u

208 MalM . -

‘Conc,'ﬁyhro¢hloric

.',

‘0

'ac;d ( 1)

_—

; g paﬁef o~
'ulac*al acet*c ac‘d \j
?otgﬁsium Iodate ééagent

{0.01 %) ' . -

Potassium Ioda%te

'Disﬁifled water

'
4

Lugol's Sﬂlu ion

Vouaus*um Iodidu,

Iod‘ne ﬂ“VStalJ,.

(K1)

lac‘al ace%ic acid

D*scllled Hate"

.',._' "

. ;".'f 156

QUANTITY :
9 . LA ?

'

v .
0.3%67 g

.

. 1000.0 ml

. }A‘
3.0 B
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