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1 . Diagram of sampling area oﬁ‘the Ottawa River' . .

: ‘ including mid-channel sampling stations A--.CIP -

channel, B-- Blair Road; C - Lower Duck Island, ' }
littbral zone station D - Lowar Duck Island -_ 4
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river used for bathymetry andly51s : 11/

Zf}_l Ropif/wood and styrofoam appﬂrmtus i . 3 15

. . - ‘.n,

2.2 - lhe plex1g1ass slides held by ther&pparatﬁi ©15

. _ . ¢
S 203 The 125 ml productivity bottles (for phyto- . - . v ﬁﬁg
<% plankton ana}yses) and those containing ,. . o . A
pICX1glass slldes (for” perlphyton analyses). 15 - ‘

' 3 - Phytoplankton primary product1V1ty at BlaiTr Road
: CIP channel and Lower Duck Island Stations from _ o L
August,. 1971 to September, 1972. Vert1ca1<4$nes R bk

) are 5% confidence 11m1ts based on four A A
' ‘ Yeplicates. ~- . e s -

= -
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Y Phytoplankton blomass (pg/lf for Chlorophyta

anngphﬁta Chrysophyta and Pyrrophyta at Blair . s
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tlv;ty was measured . _ 37 / :



productivity at Blair Road, CIP channel and . e

. ~ Lower Duck Island Stations at 0.5 m. -95% ‘ . S
) " .confidence 1ntervals are 1nd1cated by vertical _

4  lines. : A6 -
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indicated by vertlcal 1lines. . o Lo
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Primary productivityf{uSing a radiocarbdn-ld tracér

tcuhnlque), biomass and Spec1es composltlon of- bothnphyteplankton and . L .
’ ‘ - - <

ﬂ pcr:phyton were determlned at threc statlons in the Ottawa River,,
LY i

-

near Ottawa, at two week 1ntcrvals durlng the ice-free seaspn, o L
. o ) - -
*1971-72, and monthly at one station during the icc-couered season,  ° -
. < s R T kl
.Tcmpcrature LOpGULthlty, pH total alkallnlqy fICC LO water

b

transparcncy ﬁ&ééihl depth) and total 1nc1dcnt radlﬂnt cncrgy wWere Lo “;Q(

rccorded for cach sampllng date ' e ' S .

. ‘--,' . ; '. . ‘ ‘ . ". e, . ' . . . . - . o I.- ' : -f “‘ -
It was shown .that scasénafﬁpatterns in phytoplankton T , ;GV'

productivity, biomasg,and species. compasition are ;elﬁtcd to the’
e A } M R . . .

physical factorﬁ measured as well as riVCr dischafgé. ‘Témpérature' o
.j ] - ) '

: -t

was foundlto be the most 1nf1uent1al factor 1n detcnnlnlng seasonal

Y = . .-

s
uct1u1ty and biomass, Durlhg‘
) {

v . h FA

'varlatlon in phytoplankton prlmary

. .3| ',;"‘ ' N . ;, ) ‘ . ‘ .'.
Perlphyton were found to- hayb.much lower‘levels of" prlmary

; o - LY

bproduct1v1ty pcr unit blomass than thelphytoplankton Postulated“ S

reasons for thlS dlffercnce are cell surface area to’ volume ratio { - .

\ , .
which was higher fon phytoplankton than perlphyton andnccll.dcnsxty '

’. Fl “ -

.-which was lower for phytoplankton than‘periphyton.;'Seasonal patterns

s . [ ] . T )
L . v )
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jjpcriphyton. Phytoplanktﬁn prqduct1v1ty pcaked in early Jun
bloma§5 durlng July and Augﬂst* Perlphytan product1vxty 1nd blomass

. AN .."P
- - . .
pcakcd durlng Ju1y and Augﬁst Both'cqmmuhities Kad increases ine . -“('

49 . . v *

product1v1ty and b1omass in October and very low levels, durlng the .

' N

wm‘cer-—-r Specxesjpomp051t10n ‘differed between the two\gommunltles

(4 . . R

Almost 25° of the, 111 dlatom speC1es observed oc;urred in samplGSu

* from both‘commphltles., "

*

LI ,‘“'——v—r____ -

S Spatlal varlataon 1n phytoplankﬁon product1v1ty, blomass I

) - ' : I
o’ I\ J

-and speCLes qomp051t10n was neg11g1blc but perlphyton dlfferenccs .
.. 1 - Y I
.““ﬁﬁ??‘shown £o bxist,between stationsﬁand with depth. e - :

’ o d ’ - . ook : .. !
. . .4 ) - oo ) . :

. . - . . "
o . o . B

¢ -Periphyten fiomfblei%glass slides weTe compared with that e
fro%anaturﬁ}ly-occurrihg'shbstr#te%. ‘Tqtal community biomass was) S
u e R . B - - . : ' i : ¢ . .’3 ‘.. . . .
similar between the substratghtypeii Specif§'COmp051tlon differed

o

to some extént betweenithe substrate typcs but o dlstlnct selec 1v1ty
. / . - - N . M

pattcrn for elthcr substratq typb whS'chserved '
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lbecn Ilttle stud;ed 1n temperate r;vers Infbrmat&nn empha5121ng

e o : Lo

.algal abundance jnd spec1es lists exists for phytoplankton in. maJOr S

- . - N . - . ..‘ o - '. N . ' " [l
: ,,{.h CHAPTER T+ L .
- . . ) ..‘ ._ . ) '- A_ . - - ) "A N N . ' ‘ . .. l . )
' " ~ /- .."v INTRODUCTIGN 2 o,
‘. ¥ - ] . . . - K {
r . ".‘.":‘". ..“.' toe r.
[} ’ l ‘ ) ' ‘ ' ’ ’ ’ ., ‘ N m-r.
‘ Prlmary product1v1ty of phytoplanktong nd perlphyton has N

e ' r . . KK

rivers 1n théﬁU:S and-Europe. Very little- 1nformat10n on perlphyton f T
ln large rlvers 15«ava11ablc., Inaaddltlon the relative 1mportance‘ B
. . o, 5

of pmytoplankton nd pefibbyton'fe primaty pgbducxivi;ytups been

_ rarely'estlmated for any. freshwater habitat, including rivers. - Y S
! h e - -~ i \ 0o P , - .

* — R ) ' 5,

P . . . e
® . . : . ¢ £ >

) g f o L a
Of tﬁe llterature on algae in temperate rlvers about 2% -

dcals w1th Canadian env1ronmentb (Hyncs; 1570) . - Thus 11tt1e data~

is avallable on’ phytoplankton and perlphyton in Canddian rivers,

oo g ‘ ,%

partlcuiarlyziithose w1th ice cover several months cach year,‘sudl

e

M_meoammlhwr._ ;'” o R ; ST
s . Bl -t . i ) ] . ) \-

N . ) . :
) - 2 o o

o o , . o el 3 . S
, C e : X D, [
.- Q *

{ . The llterature .on alga9 in rifers and streams has been o -
' 'l"-\ &, ) . ST L -'

summ?rlzed by ﬂynes {1970) Blus, (1956) d Butdler (1932) " perlpgytdh

"have been found to domlnate smkll streams. In large rivers, tnuugh SRR
. ' /'-a & ’
the iargc wate% hass may. allow a very important phytoplankton ele@

Y

o GX1St p0551b1y 1n etcess of the perlphyton : -_ RO
H . K < . . . : 5,
B R : L o _

hd <
. .
¢ -

Mpst'of the phytoplankton studles on- rlyers have empha51zcd
W
specied 115ts cell counts or chlorophyll concentratlons Prlmary

. @
v :. . .

product1V1fy of phytaplanktoﬁ has bcen measured 1nfrequently in large

rivers, It hae been studled by the oiygen and dhrk 11ght bottle

technlques in the. Pyas'na Rlver in USSR (Ermolaev 1973), and the

o

«

RiveréaThames and Kenn t,inoﬁngland CKowalezewsk}Tanﬂ Lack, 1972}.
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of measuring the change 1in dlsgolved‘qugen

over a.peribd of time in clear and darkened scaled bottles,filleqné

P o~ . ) :

- » . . * * e ) . Co, o .
with river water, 1n order to assess photosynthesis and respiration.
T . - ; .0 s fi

by thgrplankton commuhity. In particular ‘the 14C tfacer techniqué
(
has been’ used on phytoplankton in the Upper Ohio Rlver (Noods, 1965;

- and Seikheimgr 11963) and in the Rhine River at Koblenz (hnopp,
14

-

11ght dnd dark bott\?s f111ed w1th river-water and measurlng the
14C0 uptake by thé algac;over a set time perlod o
‘ »‘ . !

1

- In a«éynop ic viéw of 125 Améritan fivers, Williams (1972)

‘ related water quality to phytéplankton dlatom spemleSrcomp051t10n

[ ) 7.

. There was a strlklng 51m11ar1ty in maJor dlatom spec1es betwccn most

“of thc rivers; Dom;nant ph*}oplankton spec1es in temperatc rivers

are usually dlatoms, namely Astcrlonella formosa, Fragllarla

crotonen515, Stephanodlscus hantzschll ‘and Melosira spp. (Ennqlaev,

197% Cushlng and Rancitelli, 1972 Jurls 1972; Lack, K¥72).

and autumn . (Lack, 1972; Thomann, 1972; Woods, 1965) A 51nglL peak

_ In phytoplankton prlmary product1v1ty was obsarvcd by Woods (1965),

.

during the spring on the Upper Ohio River.

'lEErly'in'this century, work'began to investigate;fﬁe
phys;cal and chem1ca1 factors affectlng river phyt0p1ankton Phyto-

plankton levels in rivers: wefg found to vary 1nversely with hydro-

-

o’

‘ . \\F\i e . _
?hese;méthods consist’ uri " &hange in di ‘

11960}’ This. method" consist/of adding. 4 0, tracer as NaH co- to

Phytoplankton numbers in temperatt rlvers peak usually in the sprlng__'

»



A : . n : ' N

-_graphlc 1nstab511ty and stream dlscharge (Rlce, 1938; Rhelnhard

.1931 Galtsoff 1924; Allen, 1920, Kof01d 1903 and Schroder 1899).

- Temperature was is0 ated as the major factor in detcnnlnlng phyto-
BN -

' plankton seasonal d1str1but10n (Brlnley and Katesn, 1942 Cofflng,

e

1937 Roach l932 Allen, 1920 and Wundschl_;QZO) “More recently
- - ) -
the” 1nversa're1atlonsh1p betweeﬂ dlscharge and phytoplanktcn

populatlon 51ze has been descrlbed by Lack (1972), Ihomann (1972)

and Greenberg (1964) On the Thames Rlver in England, hlgh oo
(4 1 ’
turb1d1ty wa's aSSOC1ated with high river dlscharge and light was

1bolated as the controlllng factor for phytoplankton product1v1ty

N ———
-

and plgment levels (Kowalczcwskl and Lack, 1972), Work is still ;:“

neéded to clarlfy what controlllng factors come into play with
respect to seasonal changes and the1r effcct on phytoplankton

productivity and blomasa. S . .

Per1phytor in art1£1c1al lotic habitats has been studled 4

. by McIntlre et al (1969 1965, 1964), Mclntlre (1968 '1966)

rd

Zlmmennan [1962), Whltford (1960) and others. Studles in natural -

lotic sfbtems 1nc1ude Dickman (1973), Ertil et al (1973), Moore .,

(1972), Welch et al (1972), Sherman and Phlnney (1971), Garg&s
{1970), Moss (1969) Nelson et. al {1969],_Cush1ng (1967), Fraser
(1966), Tamas (1966), FJerdlngstad (1964), Elchelberger (1963),
Cabegszek_and Stanlsliwska (1962), Rawstron (1961), Douglas (1958), . a
iBlum (1957) aﬁUTBUt‘h’r (1940) ‘ Lo ' o o '

BN
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- e In thC-OhIO Rver at houisville Kentucky, maximum peri— Coe

phyton productlonQWas found at 0 1m depth throughout the ygar

. Ty
J (Elchelberger, 1963) ) Temperature, folI‘wed by river di arge and
o o
pL : :
1ﬁght was found to have the greatest seasonal effects on. gerlphyton . .
y . e
productivity.' ‘Seasonal periphyton production was~measured in the ) Lo

*

'Columbiéfpiver by Cushing'(1967) Here, maximum productlozoges

observed in August and Aprll but June and July were not s

-~

ampled

- Solar radiation, and chlorophwl{:igontent gorrelated closely with

.production rate (biomass per day).. ' N G .
. ‘ ,_ssw,s_»’:‘—”“w-~' P L S R
- ) The development of perlphyton methodology is st111 in its . -'. ‘hlhl
inf&ncy Methods of sampling perlphyton were reviewed by. Sladeckova ‘ kl _ ‘ ‘%%_
. (_ngﬁz) ThlS st111 reﬁhlns the most complete work in this area. A NN ' ﬁ

few new methods have been descrlbed and some old ones 1mproved since

1962 (Clasby et al, 1973; Schlndler, 1975; Allenh 1971;, Staley, 1971;
g ™~ § EE . T '

Stockner and Armstrong%;1971; and Nelson et al, 1969) but_ no major

’ bfeakfthrough-methods have appeared at this writing. ° Lo ' o

* Periphytonﬁbrimary productivity Using the ﬁft tracer‘_ | B

technique has been’measured‘more frequently on lakes (Schihdler et al

1973, Allen 1971) than any other type of freshwater ‘body. . The use

of thlS method en rivers; has been minimal. The study on the Ohio

N T

River by Elchelberger (1963) is the sole c1tat10n by Wetzel in the

L?P Handbook on'Primery Product1v1ty (Vollenwelder,_lgﬁg).‘ Kobayashi
' ’ o . V . ! : ' . V - ' . A . Wt
A (1861} used thet44c technique’ but- broke up and suspended the peri- - ‘#‘;
LY : L o . : " ; )

-phyton a5 if it weie plankton in the incubatioh'bottles},_The results . _ - .

9 - P | R




- [ . . ' . . L&

from using such a method are hard to interpret and difficult to

compare with otherJstudies. _ L ' S
, \. ' . o : L : , N
The role that currcnt.plays dﬁ.peripnyton pfoductivfty was

- .
+

studlcd by’ McIQ§1re (1966) who showcd a dlrect relationship between . z

A
current velocity and production ﬁs-woll as re5piration. The need

» . . . .

N '

for 1nduc1n¢ water movement in the- closed bottle MBthods of assessing -

[ . '

- periphyton primary productivity has beén stressed by Hyngs‘(IQYQ).

S

N bl - . “ - ‘ - '
. Accurate in situ estimates of periphyton ‘primary o .

productivity have never been made due to substrate and com

heterogenelty and bmall sample 51ze (Schlndler et al, 1973}.

.- \
vre::earv::h is nccded in thlS dlrectlon . u

- v ' - .t .

The relative contribution of periphyton.arnd phytoplanktor -

to a river's primarymproduction‘has'ﬁog been extensively studied.

! !
PLrlphyton comprlse thc main source of prlmary productlon in most

small streams (Cushlng, 1967) . Large rlvers like the Columbia contaln '

a significanf phytopiapgtoﬁ Commumrity’ deri&ed from the perlphyfon ‘and ~

" lentic habitats along the river's course (Moore, 1972; Cushing, 19675 ‘
Butcher, 1940) . -Periphytic and phytoplanktonic algal §§owth_were

" compared in the Duwamish estuary (Wash;ngton)'in relation to hydro-

graphic factérs \ge}_ch et al 4972) Maximlimfgrowth occurred at the

same locatlon in the estuary but at a Jifferent t1me of year for the

. . - \

perlphyton;than for the phytoplankton w}he seasonal variation ln

A

. periphytic growth was_reld;ed,Malnly to incident llghtgb.Ehytoplankton
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growth was related malnly ‘to hydrographlc condltlons such ag tldes

and river discharge. This explalned the teﬂporal dlSSLmllarltlcS ' BRI o

&t N

between the phytoplankton and perlphyton. Te spat1a1 similarities .

were attributed to nugrient concentrations in the water. : !

- ' . [N ) . N
~ -+ - ' . N

It is eorrect to statefthat gr}mary'produetivaty eata for ;
phyteplaﬁktoh and periehyton Ynttemperate rivers is ﬁanting.' o f‘
Although information\exists in terme of algallabundaﬁee and' species -
eompositign,eroductirity'esrimates aave ra;glg.beeﬁ'made, Periﬁﬁyten'-

has been'stﬁeied even_ less than phytoplankton in}large riverg. The S ) ’

mcthodology for study of perlphyton is st111 1n early stages\of - "

.. N , n- S
'development,‘SO research is needcd‘rn t@}s drr;ctlon. : 4 e
. l ' . ’ " ) . .l

Objectives of 'the Study - | -
| . t ', . . P . t
' i . The maJor obJectlve was to survey ‘the seasonal trends }n

- ’

primary productlvrty aﬂa blomass of the phytoplankton and perlphyton

, in a morthern river.- A secondary obJectlve was to develop a method

to assay perlphyton product1v1ty in situ u51ng a' C tracer te@hnlque,u B

~ ! ) ‘_\_} s i .
A anal ObJECtIVe was to examine. differences, between phyto— .
| - ’ .

plankton and perlphyton product1V1ty and species comp051m10n in three o

. situations drfferlng in terms of water pollutants = (1) the lmpact .

v

zone below a sulphite paper m111 (2) in a partlal recovery zone a .. -
below a Sulphlte paper m111 and (3): below a mun1c1pa1 sewage treat-- . : _-’
o \ v
mene-plant,_ o ' ; .
:.. . ‘. : ' ‘ -“; ) ! | :’;\\




N HAPTER, 11 ‘ B
o DESCRIPIIOH_QF THE s%@i.me AREA ,
. e
. 7" -., Dgscription of the Ottawa River,\ ‘
o The Ottawa River is the IargestfaIILCanad;pn watershed -in

Eastern Canada,_ The river Tuns 720 m11es from its headwaters in Lake

Cap1m1tch}gama to its confluence wWith the St. Lawrence R1ver ‘at Lac

-..l"

St. Lou1s, and (v1a the des Pralrles Rlver) at Repentlgny, dra1n1ng

an area of 56,000 squape_milfs of.eastern Ontario’ and western Quebec.

The River's mean anpual flow i$ in excess of 70,000 cfs near thee

«
]

mouth (Beak Consultants,f1972).

- A . . . K

The drainage area 1nc1udes part of the Canadian Shield, .

whlch is prlmarily ac1d1c rock orlglnatlng in the Precambrlan perlod
as well as Paleozolc limestone of the St. Lawrence lowlands _The

Lower Ottawa valley (encompa551ng the present study area] has a bed-

'- N
X

rock of flat-lying OTdOVI An 11mestones and shales.- These are

frequently covered by clays and sands datlng back from the period
/

of the Champlaln Sea 1nundat10n some 11,000 B.P. (Rowe 1972) .

. 50ils are- gedﬂrally h1gh 1n'organ1c mater1al and are composed ‘of

gray Brown luvisols and melanic brunisols which have been developed (
. . ] _}‘ ) .
with some humo-ferric podzols (Rowe, 1972). °

: .
~ L f ' f
A
-

The climatjc region encompassing thé present study area is.

‘Q" . ' ,
described by Koppen as a "cold snow-forest climate, moist in all
seasons. and with'warm summers' (Petterssen, 1958) .

¢
n

e
The domlnant forest cover type in the Lower Ottawa valley

[N

is composed of sugar maple and beech Assoc1ated W1th these are Ied

:;_.
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- L)

. # » - A
maple, yellow berh basswood whlte ash, largetooth aspen and red - .

and bur ‘oaks (Rowe 1972). ' _ o _‘3: ..' - C 7 a

The ‘water Qf the Ottawa River is character1st1cally soft,

LY 2
-]

low to 1ntermed1ate in total alkallnlty wbth pH just sllghtly bas1c

. -‘(7.1-7.2) and brownlsh;yellow in polour'because of humic.acids . The

ariver has been used'extensively by man for industry, logging and -

. municipal wastes' (Beak Consultants, 19721. - -
. "- & L . R - . . [ ) —_
Seuen-pulp and paper mills along-the_river bontribufe over

0% of the 500 tons of BOD dlscharged to: the river dally (Ontarlo

Water Resources Commission, Quebec Water Board, L971).' of the 38

mun1CLpal1t1es contalnlng a total of 514 080 people eigh; provide

ade&uate treatment’ é% reduce organic loads to acceptable Ievels D

atéordlng to-OWRC. No munlelpality prQV1ded tertlary treatment‘to_

.

remove inorganic nutrieuts prior to 1971. Munieipal waste sources
discharge 5,700 lbs/day of total phoephorus.and 19,000 lbs/day offf_

total nitrogen About 43% of the municipal phosphorus load to the &

Ottawa Rlver is qontr1buted by. the cities of Ottawa and Hull.

u .

. C N )

- Although theye are two pulp and paper‘mllls upstream of
the Clty of Ottawf (59 mlles and 242 mlles upstream respectlvely),-ﬁ
thes OWRC- QWB survey (OWRC QwB, 1971) 1nﬂlcated generally satlsfactory
/o

‘water guallty for most rlver uses, upstream of the C1ty of Ottawa. e

1A

The area downstream of the c1ty revealed gross contamlnatrgn

M . .
- a -

'originating primarily*from the CIP Gatineau and E. 8. Eddy pulp: and o

.
.
™
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¥ : . \g y
. v ‘ : J ‘. : ‘ Y !
paper mllls and the, cities of Ottawa and Hull EV1dence for 5Pl5' ) .L\,;‘»
lncluded exten51ve bottom sludge dep051t5' floatlng sludge” mats; ' :
\
hlgh concnntrat1on of s d wood fiber; reduced wate ransparenéy,
elevited 1eVels of BOD, ammonia, and conductivi -'exteﬁsiﬁe péfi— o
phytlc sllme growths odour; mercu conthmination of sediments,
plants flsh,andagater;‘ 1form bacterial- contamination and increased: -
levels of inprganic fiytrients. .. . SR e
. - " : . v . ] H .

N . . .

"~
[} ~

. Dgécription of the Samﬁling Stations

- " The geographic coordinates of the centre of the study area
. r . L] :‘- LI - g
are 457271 30"N latitude and 75037'SO”W_f6ngitudejz This lecaticn’is

" near the City of Ottawa, 4 miles and 3 miles downstream of the mouths
of the Rideau and Gatineau Rivers réspectively.
. - . L . o vl B o ~

The ma;or crlterla for ch0051ng the three m1d channel ' .

d
'P .

‘stations were: 1) pollutlon sources' 2) the st&tlon 5 prox1m1ty and
. . ’ | ' i , '.J ,
accessibility; 3) equipment security. o : -

- N a . . ' ol

%igure 1 shaws the location of thé.tq;ee_statioﬁé. Station . :
"A', named CIP channel; was. located one mile ﬁownstrgam‘of the '

,Canadian‘lnternatiénar Paper éblphite mill. §%ut£on "B, ﬁamé&:Blajr

Road, was located seven mlles downstream of the Hull Ottawa E. B. Eddy - o
. - : - e
sutphlte paper miil. Stat1on "C" named Lower Duck Island, was ' T

-

1ocated 1 S m11e5 downstream of Blalr Road statlon and 0 5 miles
“\

-

‘downstream .of the City of Ottawa primary_t:eatmcnt sewage plant.




Station D", mamed Lowér Duck Island littoral gtation was located
. . “q. . . - . .
directly across the river from station C on the shore of Lower Duck
. . ’ . . . . . . L (\ , S
Islgpd. Station "X" was the location used by Warnock (1972) in

N . =z ‘ ) . | . . =
describing the bathymetry of.a. cross-section of thé river. -
. ':’“l-..l -
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Figure 1 ) > T , a
' ‘ ’ \ ! b ¢ 8
o ‘ SR . Dlagraﬁ“bf samleng area on’ the Ottawa River 1nclud1ng
I . A
- : e m1d channel sampllng stations A - LIP channel
‘ \ . . ‘ Y
-'Blair Road -
}
- ‘ Ce Lower Duck Island

llttoral zone statlon D - Lower Duck Island

. t
. and statlon ”XZl locatlng the cross- -setyion of river used’fof

- - bathymetry analy51s.
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< . S, CHAPTER 111 v o L ooax 2
. ' —— . ) . . . R}A"“' My
i .MATERIALS AND METHODS . . .
o *
. . . " - ) f'“ , -
L Sampling Schedule ' . . . R oL
\ | ~ _ A s e - |
s : - K ) K o ad ‘ . - P :". ’ - ' K o )
“,.. .Physical, chémical and.biological measurements were carried . Y

,eut from August 17, 1971 to August 31, 1972 oh a biﬁeekly'basié dt
+all. three statlons durlng the ice- free season and monthly at the. '
. -y ) - M ' . .‘\\3
- Blair Road station durlng the 1ce~covered season.” Dlurnal phyto—

~ \' -
plarnkton, studqes were conducted at the Blalr Road station on June . -
. L' , v
. J . '
2 1 . ' -
_( 8, iu Y %/fand Aegest 31, 1972 S | .
-n’l ) eE f ‘ ' T * 5 . - K"“‘-e R

v

were carrled out at CIP d{annel 18 tlmes at Blalr Road 28 times
I's ,-: - - > . .

(lncLudlng winte

amd diurnal studles) and at Lower Duck Island 16

times.

i

,'to Aprll 9, 1972) and the ice-{ree season durlng the study year~ o

- lasted.220 days (August 17 to December 6, 1971 and April 20 to
f L B . ¥

‘August lGS:E;iZ). T _ ) I i DI
. C . : T 1 . '
. . - .- ; 5 N . -
. : . ) ! 1 '

] ‘ . : . . . . ..-:‘ - . - L
Physical and Chemical Measurements N -
Water samples for temperaturc and conduct1V1ty measurement - -
"were taken with a Meyer sampler at 0 5 m depth. ’Temperature was ..
‘l-t-* . :
@ et

'measured w1th\\\mercury thermometer to the nearest 0 1°¢. Conduct1vxty-
was measured on the same sample Wlth a Lisle Co. meter (Model #MCSQB]

-

,gnd results\yere,converted,to pmﬂos/cm at 25°C (Gpleerman, 1969).

- . ' Y . ,'/..} . } . . .‘ . \
. _/I‘ b . 6, . R : < b
A TR -




e :
. s . - . . 1:2
. ’ } e ¢ : . ~ .
’ ¢ ) ¢ ‘ : . > . .
. B i O o,
“The pﬂ total alkallnlt%”and free CO2 were measured using - ot

¢ . . A

a Hach Chemlcal Company\Dlrect Readlng Englneers L&boratbry f1e

-

d kit. » o

Lo Secchl depth was measured from the shaded slde of a boat
‘

permltted to drlft ‘in the rlver current to Qllmlnate horlzontal : '?Q." Ho

movement:of the dlSC. Twp measurements were thken and thé mean
. EN _‘:‘_. . - T g .

W
*

~recorded. ... ST ’ . . ‘ .
Y ‘ TE - : - " , R - R
" ! S - . S R V‘L‘ -
o Snow thlcknesses were measured by drlvlng a meter stlck Y
. a: , . N

dewn to Jhe 1ce“surface EY hooklng a MOdlfled meter stlck under R

L

...-..ﬂ_ _

ﬂthc ice cover, 1ce thlcknesses vere measured oh the holcs cut: for .; o —

14 ' 3

o . 4 . - A

‘taklng water and plankton samples. Ice holes NEre cut by hanﬂ with ﬂ K o

I A

: . ‘ e el i .
an axe. v , S “ : e .
& o Y ‘/ \'{_ C ‘1‘ . O T e 5
° Rlver stage helght«was prOV1ded by thc Department of the s

Environment, Marlne Sc1cnce Dlreetorate ‘from their gauge in tull,

-

Quebec (Dohler,,pers com,. ) ‘ Q'_J v § "Ey

. . Il ' £ ’ T LR ' - - <
. - 7 . .

-

- Phytoplankton Primary Productivity Methods' - ° - .

g ¢ % . o
The method used in the phytoplnnkton in sitw experlments '
. follgwed that:of Goldman (1963) Ihls:method\estlmates,1n;between{& e

. ..,.;- * o YR . ', - - " " +
; L 4 L e T '
net.and grossipxlmury product1v1ty using a = C traoer. Some- modi-

fications and additions to tﬁe Goldman methods were . Qecessary in

light' of nef findings (McMahon, 1973; Maiewaj'ko and Lean, -1972;_)- |
R . ( . r
Schlndler et/hl 1972, Will}ams et al,~ 1972 Wallen,and Geen 1968)

and because lotlc rlver systems prav1de dlfferent sampllng d1ff1cu1t1es v
! . - . ) e N ™~ i ."‘
[ " ) ‘\ -
.I‘l ,; PR - .
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These changeS included: uslng a different xneubatlon Eottlc hoIder “ - —_
e .

+

apparatus, emp]oylpg waterhr1n51ng of the Mllllpore:‘filters to’

Y 14
remove extraneous LC; C- countlng of wet fllters not d/}, and
-i ) ) ,. '
the use. of Aquasel scintillation fluor “in 14C countln; ' L L

o -

J— ' » L]
Ca. -.‘

- . . . . X E '._'_ P f
A'floatable_stYrofoan, wood and rope appardtﬁs,(ﬁigure
. } . . . } - ".”‘1—..' ! ) .
2.1) was :constructed to Hbvld the light and dark incubation bottlcs
7 - . A . e
yin the"cufrentmat~differént'deofhs “Each hottlc was fastcaed by a= . i :

. . R S

metal cllp to-one of the parallel wooden pars so lt could osc1llaté

freely in Qhe watcn current (Flgure 2 3. ;BottLps.were suSpended at : :ﬁ‘

n .'J .
0.1, 0. 5 I, 3 and 4 metersmdepth for a perlod of iouf hour; at O T
s _ L ,

Y ‘
.monthly 1ntervals at each of the threo statlons Incubatlons at 0 5

m depth were farrled out 51mu1tapeously at aIl three stations bi-
weekly and the data from these were transformgd to be representatlve

1

of the water column (Rodhe et al, 1958) Three 11ght bottle
. g ;

repllcates were»used_}n the fprmen?analxeesfand fouf.in the latter,

.bne dark bottle gasfused'fdr.eaeh dépth examined; Each pottle was R -

3 .

1nn0Lulated by syrlnge wlth one ml’ of delonlzed watcr conta1n1ng

- 14 .

c as NaH 9C0 ThlS amounted to a negllglbie addltlon of -

C

h4iarbonate to the 1ncuhat10n medlum because it was delonlzed water

4pC1 of

-

“The incubation period was from 10 a.m. to 2 p (Goldman
19633 After removal the rncubatlon bottles were xransported ‘to

boratory in a llght tlght box. 1he contepts of ‘each bdttle .| w

b .

1) was flltered through a 47 o) M1111poreR'f11ﬁer (0 45 p pore

- s1zd& Each fllter was rlnsedgbefote and after flltratron w1th . 3 ", , L;/

- 5 .
v L4

approxlmately 30ﬁn1 of 4910nlzed water to’ reduce any retentlon-of _
Sy J', . - o

extraneous 14 C by ‘the fllter or ft&ter re51dpe (ValewaJko and Lean '1972)%
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The wEt~filters (Wallen and Geen, 1968) were immediately!

submerged in 10 ml0f a liquid scintillation cocktail, AqﬂasolB

-

(NEN'Co.l in glass'scintiliatidn vials. ‘The filters became opticaily

| ‘
clcar in a few mlnutes and were counted- the following day ow'a - p - N
~Beckman LS~233 In addltlon, a 0.5 ml allquot of flltrate was re-

moved from each 1ncubat10n bottle u51ng an Eppendorf plpette This =

- v 1 -

wab counted in 10 m1 of Aquasol These samples were shaken in R

‘their countlng v1a15 1mmed1ate1y prior to\fountlng to av01d loweredr o
counts due to den51ty ph351ng . ' o .
, E P . S N

To correct for colour and chemlcal quench, an 1nte§nal N
p

standard technlque ué;ng C-toluene was emp oyed as recommended

e
e

by D. C‘ Mortlmer (pe . comm. ). Loss of sample radioact1v1ty due

/r

to volatlllty .upon rem val of the spectrav1a//’top during the ' - '

e
.internal standard procedure was not ?Eiprved. o

P
'

"- Lo o ‘ ' - g i ! ! ' » N .,‘ ‘ ‘ '
Constancy of;detect@gn/géometry was measured by -repeatedly -
\ i : N . ‘ . : . ‘
shaking the vial and theg,dounting, No significant variation in

. : e ' - : )

counts occurred in this procedure,.indicating detection gppmetry was
y X - )

not variable, No significant change was fbund in counts after | . ;L

sonlflcatlon of the fllter and subsequent suspen51on in the gel fod‘ .

n

of Aquasol ' - S S

-

30,000. °
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. -Primary productivity in perms of natural carbon ("7C) was
el s ; )
calculated using the following formula: ' = 3
¢ . ' ) . . . -
_ P=1L=%DxAxxX :
y . where, . . . ,
[\( . 3 ‘ . -y
- 12 - -3
F = inorganic -C fixat$bn expressed as mg C/m™ hr R
L = cpm 140 in the filter residue -(light bottle)
~7 14, . . ' o o
D = cpm C in the filter re51due {dark bottle).

S = cpm C im the incubation bottle (125 ml)

‘.

A = total 1E’;gan1er» C in the 1neub3§§on hottle’
(mg C/125 ml) '
m" . . ’ B
x= 8 X 103'(t:ansformation of 125 ml to 1 m;)

. L ]
t =4 hr incubation period . .

o

- - \

Lack of evidence in the literathre for.a significant

[}

isotope effect on carbon fikation rates merited its ekc}usion as a
correction‘factor.‘ Total . C was calculated accordlng to standard

% . r ' \ .
analyseér Model 215-A) was employed frequently as a check (courtesy of

the Department~of Civil Engineering, Uniwversity. of Ottawa).
-

/ Phytoplankton productLV1ty was expressed for each experlment

on a unlt of, water. SErface area ba51s by plottlng the values

(mg.C/m -hr)iagalnst depth and calculatlng‘the area under the curve.

These data @mg_gjm% hr) were converted to daily rates using the ratio

] . . . —

117

™

nethods (APHA;-1971). A Beckman carbon analyser (furnace and infrared.



~ between incident radiant emergy per hour during the incubaty

only the three-small circular a;ges on eachielide bean&ng‘per;phyten,

~ the incubation water and rinsing the slide probably removed any

and that over the whole day (Schiﬂdler and‘Holmgren, 1§7l) Inc1denn

radlant energy was measured on a contlnuous recordlng KahlSLCO . . B

1

actlnograph (Robltsch type). The yearly productlon was caiculated

o~

from the area under\the seasonal curve of dally rates.,

t PFriﬁhYton Primary.Brodect(;fty Methods - ' Co . . - oo

] . . S
O]

Periphytbﬁ pro&uctivity'was measured'oh plexiglass slides

(7.2 cm x k.3 em x 0.2 cm) preparedéto allow colonization only over . : .

a specific round area (0.04Ycm”).. Each slide was wrapped with black A

non-toxic PVC tape except for three holes (4 mm'digm.j, spaced 1.5 cm - ._%%g
.‘.‘ . - ) . \ . . B . 5 . ] e . Y
apayt on one surface of the slide.” Two of these slides were taped . ;

. : : r,e : . : .
baqk to back, secyred to tygon tubing, allowing the six holes in -

thc tape to be exposed for colonlzatlon and set in the river at, :

0.5 m depth with their longﬁexks parallel to flow (Flgure 2.2).

& . ' \_/

After a cne mbnth'coloniiationfperiod,ythefproductivity

test was performed, the tape covers being carefully removed, leaving

© . -

1

prior to transfer.to-bottles. Fiee ligﬁt and'five dark bottles (125 ml, -iiv;.

BOD) were used each’ contalnlng one sllde This comprised a total

i p\ -
of 15 light and 15 dark repllcates Each bottle was fllled Wlth . e e

river water. ‘Flltexhng of river water was not done because competltlon
' Q i !

for Hldcogoby the phyt0plankton was deemed.neg11gib1e.‘ Discarding

- - . . '

4



—

!y,

N

'bottles were fEmoved from the water a?ﬂ’returned in the dark to the

. facing up. \ S \ .

m-used t;HEHEERKQEEFEEEE;rence uf'colour and chemlcal quench in. the

A . * !
[P ' b

phytoplankton from the periph?ton. “Each bottle was innoculated

€

"with 4 pCi of Nan?* CO and incubated for four hou;¥ at 0.5 m depth

l—l.“-

~using -the: bottle hqldlng apparatus (Flgures 2.1, 2 3). Next, the

.!

¢« |
¥

1aboratory _Each sllde was rlnsed thotoughly w1th delonlzed,water

o,

1he slide was, then broken 1nto three roughly equal pOIthﬂS and each

+

- placed into a. sAParate liquid sc1nt111at10n v1al w1th 10 ml of

,Aquasol Each plexlglass portlon restod horLzontally on the base

of the 1iquid 5c1nt111at10n vial Wlth the colonlzed C1rcular area

4

v

< . _
A control at tlme Zeyo was also performed 1n the laboratory

-

to check for‘adsorptlon of C to the plexlglass and perlphyton Acid

’ washlng (0 01 N HCl) of the perlphyton was tried occa51onally and dld

not 51gn1§;cant1y reduce’ 14C counts, 1nd1cat1ng that prec1p1tat10n of

- l
! “Cp -

CO d1d notuocggihon ‘the cell walls muc11age or the plex1glass

-
- I v
- ¢
r !

The, 1nterna1 standard technlque as preV10usly explained was

sc1nt111at10n flubr. Results from ehecks for quencﬂlng caused by

i

plex1glass aﬁssolutlon 1n the sc1nt111at10n cocktail provéd fegative.

- : . N ' o e -
! '-Seﬁarating the cells'of the'ﬁeriphytonﬂin the SCintillation
/“.
vial by v1gorous shaklng d1d not 51gn1f1canzly change counts. This
J

1nd1cated that self abgprptlon among oyeriylng céﬁ}s and filaments

. - S 7

was not’ 51gn1f1cant - ';////(/. o . e ¢

WL
!
1&.
§
ol




>

S

‘_‘_ . Q ) _ r\
&G in the phytoplankton experlments a+0.5 ml allquot

(Eppendorf plpette) of radloactlve 1ncuqu10n water was counted £or .

ecach bottle to estimate motal avallable ‘4C

-

-

' J

The followlng tormula was used to calculate the perlphyton L

/

f ' . |
. product1v1ty values I of o - e -
L -D ) v
P = PPy A, XL
s ta
p TR
\\ : Pp~ perlphyton product1v1ty (pg C/mm hr) ) ' - _ i
S T o — ‘ ‘ \
N : - S TTTTT———
' Lﬁ B cpm 4. per 4+ mm (11ght ottle) o - BT
] 4 . . ' T
D_ = cpm 14C per 41Dmm (dark bortle) L . : ' B
) _ o i \ /ﬂLﬂ)ﬁ=
, 14, . ) : e A
Sp = cpm™ C in the 1ncubatlpn bottle (125 ml) T
' 12 , - '
.Ap = total inorganic ~C in the incubation bottle Ca
’ ) v .
; N . C(pg C/125 W) -
t = 4 hr (incubation period)™ o S

f+

a = 4?rmm2 (aréa.of singlé”?nﬁple)' )

These determipatiods were made biweekly bétweeﬁ‘August:l7 .
and Decemher 5, 1971 at all three stations and monthly between June ,'(,h,gf"J

26 and Septembe¥ 20% 197Z-at Lower Duck Island mid-chanmel (Station C,

Figure.l) and littoral zone'(Station D, Figure 1). All sampling and
incubations were dopne at 025 .meter depth.-

Between August 17, 1971 and December 5, 1 no tape covers.

o

*ﬁére used on the plexiglﬁss slides and one subsample was' taken from.

¢
. t_v,'



) ) . -
. ' . - .
. - '
. . o v .
) B . v ! .

- . | . - « -
b . . . } a

B ~ . .
each fpil;,coloeizéd‘slide; The known area of periphyton was .scraped

, from each plexiglﬁss slide. These subsamples were then flltered and
rinsed on separate 47 mm Mllllpore fllters (0.45 p pore) and counted
' o S : :
as were the_phytoplankton samples. Five  replicates were used in the -

)

1971 series s o ' o PR Y 1

™

Phytoplankton Biomass. Methods = . ™ -

. ’ T S
L . [ . . o !

Blweekly samgllng of phytoplankton at all three statlone

was carrled out between August 17 and December 3, 1971 aed between .

e, @

~—,_ 4 April 21 and-Aygust 31, 1972 and monthly at Blaif Station betuween
! - : - v L —— . [ -

January 17 and March\?B,Y1972.«' S L.

. w . [

On each datc a three- llter sample of water was taken at |
_0 5 m depth qsmg a Van Dorn sampler and concentrated

: \ﬁith a 20 p- | . ‘ /’-

" mesh conlcal-shaped~net. The'res1due in the net_wes rinsed into a -

small vial and preserveg»wrth Lugoifs iodiné solution (Vollenweider,

1969). - ; SR S - .
Phytoplanktdh biomass was, calculated (Vollehweider,'1969)‘ - _CJ/F\
using a Wild-Cg. M-40 inverted k)hase microscope 4nd a ten milliliter A

y Utermohl cedniing chamber : Cells were measured and their volumes o~

‘o
. -

I\‘ .
talculated u51ng formulae generated from 51m11ar geometric shapes
(hutkuhn 1953} The}speC1f1c grav1ty of the cells was assumed td -
be unity, Celi-and:colony counts were_medefin at least 20 fields at

150X magnificetiom,for eaph'sample. Biomass for-‘each taxonomic o N



?

,

minimum colonlzatlon perlod of one monfh beiere harvés'ting was"*

_all three stations. . .

Sll%ﬁ and’ gently ho&ﬂxgn'

; :separate'the cells.r A

- 0

category was expressed in tezms of pg/f fresh ﬁeight.
Q. . .'-.. :‘. ' ’ ‘ . ’ .’.
" o N L r

Periphyton Biomass'Meihbds . e

Blweeklﬁ'sampllng of perlphytpe ‘grown on plexiglass SlldCS
at all three stations was carried out between August 17 and Decem&%r
%? 1971 and between June 16 and August 31, 1912.; Natural substrates
were sampled using the Stockner ‘and Arm&troné-(19§l) sampler on ipif '

20 and August 24, 1972. | s o
= O C e s e

. . . . v*-‘-*—-
Plefi;:\\s\substrate perlphyton was grown and collecte& at

f1ve depths 10 l 0. 5 l, 2 End 3 me:exs)“““EEBGEE;;I;EE&\ier three

months ofﬁsampllng were put on the holdey- apparatus (Flgure\z) A
'
< - N
al%owed. « Sampled s}ldes were replaced with new slldes. Each sé@pling
: o . . - - e
consisted_of‘removing five replicate slides from .each depth level at -
. . ™ ‘ ’ N . .

The sampled perlphyton was scraped completely from each

[ L

* tion and aepraisal of relative;apuhdance‘and was preserved in Lugolls

1

‘iodine solutioﬁ.. The rest'of the homogenate was filtered throfgh a

"

tared GF/A glass fllter (4 25 cm. qlameter) and - allowed to air-dry at

_ room temperature over. de551cant ﬁor 72 hours The dry welght was

3

., .determined using a Mettler ”(resolutionjlo -5 gm). The fllters“were; *2

7 s o - )

o/




£
then combusted in a fUrn5Ce (SQOOC) be one hour and-reﬁﬁﬁghed. A

minor correction. factorgwas employed for the small amount of volatlle

—

matcrlal'ln the glass fllter lost at 500 C. Water of hydratlon was

a— - .
deemed a negllglble factor. -~ The ash-free dry wbights were cxpreésed

*

B 2
. in mg/cm . Lonfldengg 1ntervals (95% probablllty) were calculated

~ for the five repllcates per treatment.

\‘

~ Taxonomic Groupings
t - o i | :
‘ b e ' :
For the. phytoplankton sample§, -algae were identified to
f I . s -t ) . ? )
4 genera and their biomass was estimated. Subsamples were taken for
~—_ use_in identifying diatom fspecies.  The'didtoms were cleared with'
. . , '-_'“*‘_-*_—-_‘———«__. .
- T
potassium hydroxide and mounted in -HyraxT——..

Kl

—————
———

P *+  The ré¢lative abundance of periphyton'in subsamples wias -
Y ’ -

:esfimated using the following scale: 1) traee (1-100 cells/cm Y;

7} Sparse (100 500 cells/cm }; 3) common (500- 1000 cells/cm ), 4)
@

PR abundant (1000~ 5000 cells[cm )3 5) domlnant (5000 cells/cm ). Sub-

+

| samples were‘gxgmlned at ISOK magnlflcatlon in 20 microscope fields.
SR s " o . ;
ligher powers. of maghification were used for identification and
counting of.smallér forms.  For analysis of diatom species the sub-

' Y St s c oL o ’ ' .
samples were,clear@é;yfth\pota551um hydroxide. . . ; o o
. - ) P . . . . - .

-

The following taxonomic works were used for‘gdentificatign:_
Patrick and Reimer,:IQéG;‘Preécogt, 1962; Cleve-Euler, 1951;

Huber-Pestalozzi, 1942; Hutstedt, 1927-30. . . Sy
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; PHYTOPLANKTON STUDIES '
o “ . ' LT . ] | e .‘ F »P"
© Seasonal, Variation in Phytoplahktdn'Productiﬁity and Biomase '

.
,x

Ve e
!
r

T
]

ﬁhytoplankton product1v1ty ranged from 0.596 mg C/m day

(February 6, 1972 under 1ee cover at Blair Road) to 405.9 mg C/m day

(June. 6, 1972 at Blair Road). The grand mean. for the whole year a

-~

" whi'ch was derived by integrating’ thé area under the seasonal product-

1v1ty curves (Flgure 3) for all stations was 5702 mg C/m - day..” One

major peak in product1v1ty occurred in June, 1972 (Flhure 3. - B =

- 7 , odditLon,l<;emallen 1ess dlstlnct peak occurred in the fall of 1971

~

Freshwelght biomass ranged erm 0.5 ug/l (February, 1972,

spzEmErer T

at Blair Road) to 51 pg/l (August 1972 at Blair Road, Figure 4). : : i

L

The number of cells ranged’ from almost zero (March 1972} to 90,000 : -

per liter in late October, 1971 (Figure 5). Two major peaks in

. JURSE—
e

i %
R

blomass and cell numbers occur;ed over the year in fall (chobcr and

November) and summer (July and August Flga}es 4 and 5). The spring -.

U OSSR T T T T A A

{June, 1971) peak in prlmary product1v1ty did not occur’ durln& thé

period of maximum blomass July and August As well primary

ok T Ll

productlvmty increased only" sllghtly durlng ;he October peak 1n 2ell

numbers and blomass AlthOugh blomass was about the - same 1u.0ctoberﬂ

é-, - durlng July and August, priqary productlvlcy was lower in October ’

than it “was either in July or August. -, !

{ - 8

.~

yDiufnal Variation in Phytoplankton ProducfiVity and Bigmass

1 B e ‘ ’ ‘ " - . | i - lfI
The three.diurnal 5tudies at Blaif.Rbad statibn includéd
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Figure 5

'Statlon from August, 1971 to September 1972
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Phytoplankton cell numbers per liter for Chloropﬂyfé

Cyanophyta Chrysophyta and Pyrrophyta at ‘Bldir Road
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measurement of'phytoplankton'productiuity at‘0.5.m-depth; incident

rd

radlant energy, Secch1 depth and temperature These studies_were
carrled out on June 28 (July 27 and August 31, 1972 (Figure 6)?

Phytog}ankton samples were, taken every four hours (i.e. for each.

1
productivity serles) rn each study.  «

Same R - v

~ Biomass did not Vary.diurnallf but differed between the

¥ i *

- , e { .

dates as- follows: June 28, 27.8 pg/l; July 27, 21.1'pg/1; August 31, \
- 1 : o ) .

13.3 pg/l; Microscopiq examination,of identrcally orepared samples

'Df phytoplankton.taken at four hour 1ntervals on each date showed no

'r

dlfferences in spec1es comp051t10n and bromass between samples taken
- - . ;

on the Samé date - o - o o %3

' The sky was mainly clear on all three sampling dates . ﬁ%%‘

1
LA

Product1V1ty (0.5 m depth) peaked durlng the perlod of. hlghest " -~

r.

1nc1dent radlant energy for each date. Temperature rose later in the
day by almost one centlgrade degree about one hour after the peak ‘in "~ . .

1HC1dent radrant enengy Secch pth dlurnal varlatlon was not

regular between dates probably due t changes in the angle of oo

1ncrdence of the sun between the dates and observer error.

For each of the three dates, productivity bottles were -
‘maintained at 0.5-m throughout the day by exéhanging;them for:”ew S
ones every four hours. 'Interpolation between productivity d points

(Flgure 6) was therefore meanlngful because each 1s a mean value for

four hour period of incubation.’ Productlvity was assumed to be . \\ Ny

P ' , . o

. -1":' . (

o
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Phytoplankton diurnal studies at Blair Road ]

Phytoplankton productivity_(O,S m depth), incident
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radiant energy, Secchi.depth and temperature at Blair -
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\( 1gure 7) The'occurrence of each specreS\was followed from one

negligible ‘during the night, thus anafyses were carried out from
.o - . . . . . i . '_ )

sunrise ®o sunset. \

. . . " - N r

Phytoplankton Species -Composition - Seasonal Varidtion

-

The chrysophytes, mostly dlatoms were always present

throughout the studyﬂyear Tﬁey contrlbuted the greatest percentage

“to the total phytoplankton biomass. and were practlcally the only ) .

algae found under the ice cover Diatom percent composition varied : LB

seasonally Three majox decreases in percent composrtron ‘occurred:

a) in September 1971 when Cyanophyta were abundant (Mlcroczstls | _ -

mos t1y) , b) in the first week in. June 1972 when Chlorophyta was . ﬁ,
( .
abundant and c) in August when Pyrrophyta was . domlnant

-

;l o . v .
Diatom spec1es occurrence was evaluated on a seasonal basis
-t

sam:llng day to the next. Certain speC1es Occurred on a cdhtinual '

,contlnuously from ‘the commencement of the study . (August 17 1971] to

1972 to, the end of*the sampllng year in August 1972' ‘ -

fba51s for d1fferent’1engths of time during the year Asterlonella

formosa Me1051ra granulata and- Tabeblarla fenestrata occurred

'

Decembcr 1971 Asterlonella formosa persisted agaln from mid- May, _—

]

: SR . S _ ‘
Chlorophyta were detected from August to December 1971 and

May to August 1972 at relatxvely constant biomass bétween 0. 5 and -

s g—

1.5 ug/1 (Figure 4). Chlorophyta varled more 1n terms of cell numbers’

N

’
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N

taying relatively

’ ’ [ . o
than'in biomass. Cell numbers peaked in June

constant during the rest of the abové}stated perids (Figure 5).

Chlorophyta occurred in very low numbers between December, 1971 end ‘
‘ * . . . P ’ . . | ’
May, 1972. ‘ : E .
Y - ) .

-
e

S The Cyanophyta had a much more varrable aeasonal drstrlbu-
tion than Chlor0phyta Cyanophyta peaked in Cell numbers durlng

"Octoper- NoVember (63 000 cells per llter Flgure 5) ‘This group was
_not present between December, 1971 and May, 1972. It then increased

\'J

summex’ peak of 8 000 cells per Itter in June 1972, Cyanophyta and

to a swmnér high of about .5,000 cclls per liter-aftér the Chlorophytarj\M;

,/’ .
Lﬂlorophyta d1d not greatly contrlbute to -thé total \hytOplankton
: ) &
bromass however as thelr comblned average percent composrtron was : 3
e B X
only about 10%., E - ‘ o ' N

Spatial Variation in Phytoplankten Productivity,

Biomass and Species Compositién oo -

-
3

 On an annual hasrs, phytoplank;on product1v1ty was signi-

.

ficantly* lower at the Lower Duck Island station than at the Bla:.rw

¥

Road station That at the CIP channel station was not srgglflcantly

// dlfferent from the Blair Road and Lower Duck Island statlons Annual

/ig productron at each station 1nc1ud1ng the 05% confldence 1nterval was:
[ A ;
.Blair Road -, = 25, 100 + 3800 -mg C/m -year " ¢
‘CIP channel 20,000 & 3000 mg C/m year oo : -

Lower Duck Isiand 17,500 : 2600 Ar C/m year

r.

*t —test, 95% probability

]

4
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. PHYtoplankton biomass in the ﬁid;ch&nnel did-nof tary
spatially. ‘Samples taken every four hours at 0.5 m depth durlng the

three diurnal studies at Blalr Road statlon were not different from

-

, cach other, for each study ‘ThlS is,in fact .a spatial ana1y51s
2 " ’ ’ e . . . t ’ o
because the river flows approximately eight miles- every four jours.

‘Samples taken at 0.1, 0.5, 1, 2 and;3 meters Jat all three-statienej‘.fa’

i
. n

Ju 0 in August; 1971\wﬁen'prepared identically dnd compared microscopicaily,_

. |

* for phytoplanktonﬁ\were-not different from %ach other. o

In a comparison of the frequency of oceurrence of diatom

species at the three stations&\only'Tabellaria fenestrate differed
. b ' ' 0 . . :

r

(f’“\grbatly between Blair Road and the other two stationsg. (Table 1).
1 .

: , Winter Phytoplankton o N - /

. During winter biomass aﬁd primary productivity-wege ”fl ‘ .. _ g
extremely low at the 51ng1g’stat10n sampled The 1low for phyto—: | | o '
plankton product1v1ty was 0 59 mg C/m gay in Febrpary,»}972 under . ‘ | .
the ice at Blalr.Road (Figure 3). -Blomass at thaé time was about
i ngl tfreshweight) and was solely mede up ef-diatoms.' Primary p:odect- L

‘ tylty was not detected at depths greater than one meter be%ow the

ice. . Wlth the formatlon of melt water over the ice cover 1n March

a 51gn1f1cant 1ncrease in phytoplankton blomass was detected

~Y

(8 eg/l Flgpre 4y, The ice at that time was covered by a 10 cm

Cd
o

layer of watér whlch was at the base of a 40 cm layer of snow (Fable
:.-r N

1

EN
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_ T Lower ' : N
.+ GI.P. o U Ducks- Biwir ‘
: channel - Isl,and -7‘__ ~ Road %
“Asterionelia formosa L 547 ‘ . . 4/6 r‘, , /6 - ' Lot
Cocconeis placentula o . 3)? - 2/6 . 2/(, - ' \‘
. Diatoma elongatum - . . 0/7 -0/, ' : 1/6 N L mmman
T KT '. . V. tenuis : L0/ o 4 O/z —_— T ‘“1/6. '
Fragilaria bicapitata 147 S 1/6 : - .. ~1/6
‘£, construens A 75 A ) S 7
E, c‘rotonensi?5 . ' '3 | 217 R 4/6 T 3/6
B. inflata o o '0/7: 0/7 1/6 _
F. intermedia ST V2 AT V2 B 2/6 | v :
& virescens - - - o 2/7 - 16 3/6 T
Melosira distans - - a7 . 46 - 5fe"
M. granulata - S ) 6/7 f‘ 5/6" C 6/6. =
M. varians T . .- < a7 Tl gz . 476 IR S\
Stephanodiscus astraea S 347 o 2/6 T - 16 -+, 1
. - PR gy , , i g / ) : : . o
.Synedra ulna , e 2/7a y - 1/6 - . 3/6 ?
$ Tabellaria fenestrata ‘ B 4/7. - "6/6 ST - 6/6
T. flocculosar L a0/7 - 07 - 3/6 -
bad & > |
Tahle 1: Frequency of dlatom species for comparable phytoplankton . L
'samples at Bldir Roa.d CIP channel and Lower Duck Is’land }
: § . )
in the Ottawa River Data are expressed in terms of
" rattos (e g. .5/7 or 5 of 7 sa.mples contamed species x) ,
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TDATE .- ¢ - ICE THICKNESS =~~~ SNOW COVER THICKNESS N
. .« 7 (metres) * (metres) - i
. ' e - — . ‘ o
: pethPér‘?, 1971 'beginnL'F of ice . negligible
¢ T . i -format 1bn : . S -
L) . A ,: : . . . . , -~ P - . !
o January 18, .1972 . -- ; O.ES L 0.10 . b s
N C - :,.._ . *._ . L B ) .
February 6 - e ; 0.18

" March 4
Marc}E' 2(3'
+ - March ?-8 b

. . .April 19

040 - .

702357 L

PR . "ice break-up. - . U7

SeoooLo0a0 )Y
B o, 0.3 !Qﬁ

o

. 0.43

7 0.40 :
' (including _
10 -cms H20-) -
083 ° I : IR

'no.datqi"- . o '. %

. ' " ) S [
f ? \ ' [N ! * " i~
i o, : .
e K -
" Table 2: Ice and show cover thlckneSSes at *Blalr Road station .
(300 ft from the Ontarlo shorellne) .
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‘\w&_‘;‘!‘!ﬂ'\—““’.‘:ﬂvl‘-9'-9-.-.'-11‘..->-( f ervsmega e e =

-+ 7 2). Although biomass wa% 8 timés liigfier in March than. in-February, ’

prlmary product1v1ty lncreased only about 2 fold (0 59 mg C/m da

in rehruary to 1 30 mg C/m day in March)

1 fa
. . K .
‘e .
» 5 L . _ L
\ . ~ -{!‘ - Al
; T

Phytoplankton Primary Productivity afid”

b -
\ . ) ‘ ‘ -
. ‘Rﬁlated Environmentdly Factors - - :
] < o - -
\a e e . . . a ' ,
(- In this study, phytoplaéktoﬁ productivity Waé cBrrclated
r

‘with 1nc1dent radlant cnergy, water transparcncy, water temperature

and 1iver dlscharge

o

-

Water transpar&ncy and 1nt1dent radlant energy (Flgurt 8)
v

|tests were pefformed.' Wq er temperature and stagee(river-heigth

which is a medsure of river dischargé were the same for eanh“stﬁtlbn

and'érc plotted in Figure 9. Scasenal varlatlon in thcse ‘measure-
V

antb are clearly eV1dcnt and are related to prlmary prdduct1v1ty

# "

and biomass variation in the followlng discussion.

.
) .,

Prlmary productLV1ty (z]'fas correlated'ﬁgalnst 1nc1dent

}adlant energy {(x) for the ice- free séason (T

equatlon z,= 36.3 4+ 0.30 X3 ana1y51s of varlancb I ratio 5 89 95“

-probability critical F'level of 4.32).

-_‘_——--\.;

Rtpeatlng this- c&mpai}son

Yl

3

= 0.47; regre551on co T

but using only data when. temperature was relatlvely constantc(bttween

19°C and 22 C) yielded a correlatlon coeﬁfmc1ent of 0. 78 (z

0.46 x; F ratio 14, 13 95“ probablllty cfttlcal F 1eve1 of 5. 12)
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: ' P . b :
The results from these two correlations' indicate that a) the relation-

N
. 1

ships between primary productivity'and environmental fictors are not
. \ . i

) 651ngular but 1nvolve factor interaction and b} temperature plays an

1
t -

1mportant role in determlnlng the relationship between incident.

radlant energy and prlmary product1v1ty. Further, to thlS pr1mary

w

‘ product1v1fy (z) .was correlated agalnst both temperature (y) and -

1ne1dcnt'radlant energy (x) over the ice—free_season, with a -
multip%eblinear'correl;tion. The resul'tant mgltioie correlation
coeﬁficient (R), was 0.69; z ='-86._Z’>5“r 4,59 y. + (.41 x (I ratio
§.89, 99% probability critical F level bjf 3.49). Thus the z:q;;re of

R, (0. 69)2 or 0.47 represente'thewfraction of the variation in'primary

product1v1ty attributable to temperature and incident radlant energy

! pe R

(Snedecor and Cochran, 1972 p. 402)

.
3

To further describe the relative importance of the tem-

perature‘and'incident radiant, energy factors, a correlation was

S L3 . T o .

-performed between'primary-productivit& and temperature, keeplng~

t1nc1dent radlant energy "relatlvely constant" (between 250 and 500
9

gmcal/cm .day). This yielded a statlstlcally 51gn1f1canf\corre1atlon
of 0.52 (z = 32.6-+ 7.7 y; F ratio 5.30, 95% probability critical F

) 1 i . T X ¢
vilue of 4. 60) The conclusion is that temperature appears to-be

more important than, 1ncrdent radlant energy with respect to effect

on primary- preduct1V1ty. G . / N - ;

-

.Conéigering biomass as a%further¥independent yﬁ?iﬁéle,

e
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‘ pquibly affecting priméry_productivity, the folloﬁing correlations

" the varlables blomass and 1nc.1dent radlant energy. Lastly, sub-

vt

~

were parformea. Biomass (w) was correlated agalnst prlmary product-.

,1V1ty (z) keeplng 1nC1dent radlant energy "%elatlvely constant” as

before ) Fhls ylelded a correlatlon coefficient of 0.329, whlch wds

"

ﬂnot statlstlcally 51gn1f1cant Repeatlng this torrelatlon but u51ng

the -data over Wthh temperature and 1nc1dent radlant energy were

»

_"relatlvely constant"‘ylelded a statistically 51gn1f1cant correlation

coeff1C1ent-of 0.72 (a = 65.5 + 5.07 w; F ratlo 6.35, 95% pro@ablllty'

~

critical F value of 5.99). Employing ahmultiple linear correlatioh o

'|

between pr;mary preduct1v1ty and blomass {w) “and 1nC1dent radiant
. s

cnergy (x) for data oveT the ice- free season- ylelded a multlple

e -
Al

correlation coeff1C1eht of 0.57; z = -10. 65 4~2 33 w-ﬁO al b (F
ratio 4. 59 99” probabmllty crtt1ca1 F value 3. 47) Thus (.57)
/

or 33% of the varlatlon in prlhary product1v1ty was assoc1ated Wlth

-

r

stituting water temperature for ineident radiant energy in»thef
multlple correlatlon ylelded -a multlple corfelatlon coeffrCLent of

0.56; z = 2 79 + 1.63 W, 4-5 79 y,(F ratlo 5.15, 99% probablllty

" -

cr1t1cal F walue of 3.42). T&us (0 56) or 31* of the variation in

-~

primary_pro ct1V1ty was attrlbutable to biomass and temperature
This value.is' ery-clbsé to the 33% attrlbuted to élomass and 1nc1dent
radianﬁ~energy. Thus the rTelative 1mportances of temperature and

1nc1dent radiait energy from thls statistical approach appear to be

almost eqmal. : "(i; . L. :
- ; : “-1- | :.I

40,
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The correlations of variables up to nqw'ha#e included datd.

[

from the whele-stﬁdy year. Examlnatlon of data from the Sprlng

season, ylelds a relatlonshlp between stage helght and prlmary

L3

product1v1ty durlng th15 hlgh run off perlod . After ice- out in

-

Aprll 1932 " the stage helght 1ncreased and peakcd at theé beg1nn1ng .

of May, approx1mately 6 5 feet above the lowesr water level ", T

bcptember, 1971 Stage helght then decreased rapldly durlng May as -
the perlod of hlgh run-off ended (Flgure 9). Durlng thls perlod of L

".decrease in stage(s], phytoplankton productLV1ty (z) 1ncreased . The L - (;

- correlation coeff1c1ent between these two varlables was -0, 98

(z - 11 273 - 78.9 55 F ratlo 88. 5 95" _!probablllty cr1t1cal F value , ~ E‘N

of 10. ’/J ThlS inverse. relatlonshlp was not found when all the f;” '
fer R
7ta r the study year were compared .

N S Associated with high stage height during the spring run-
N2 off period was low water transparenhy (Figures 8 9). ‘As stage

i 9.
‘decreased, transparency . 1ncreased along w;th-prlmary product1v1ty

x

! and biomass. Thus durlng th1¢ dynamlc perloﬁ 'f change 1n May, ' _ T

temperature was 1ncrea51mg from 3 ¢ tO\IB\&\HEEE?hl dlsc\£§om 30 cms ' ';\
| ouai®

to 170 cmsl(Blalr Road) , lnCLdent radiant energy was high (between IJ

SSO-QQQ,SSO gmcal/cml'day) aed:stage height was decreaslng 142 feet’ | %. '

“to 137, feet.-'fhese all coincided with a distinct increase in primary s
- /!

product1v1ty (from 60 to 406 mg C/m day) and biomass (1 pg/l to 20
Pg/l), w1th a peak in Chlorophyta (8, 000 cells/llter) “ﬁ period ' o S

of change to_this degree 1s not found during the rest of.the year.

¥ - . . - -
- L}

-
-~
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: v T .
A d15t11ct10n to some degree. Seasonal variation in factor inteTaction

appears to E; 1mpqrtant.‘ = b

1
T
1
I
r
¥
r
r
r
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P
]
r
H

18%. %urther increase -in temperature to'229C in-July was not

i, T

i

aecompanled by an 1n£rdlse 1n prlmary productxvxty (Figures 3, 9)

+

~

Blomass of phytoplankton did increase &urlng,thls per1od however and

At T L G e

'

. peaked at the'same»t1me with temperqture (Flgures 5; 9).

L
¥ ,
{ Low water temperatures 0.1°¢) prler to ice formation .
t01nc1ded with very 1ow primary product1v1ty and algal blomass values
' QP; {figures 3, 9). Light and Secchi transparency remained,relatlvely .
- hf@\:ﬂ:thls time (Flgure 8) The positive relatlenshlp between '
$ ~ flightegnd prlmary produetlvrty seen in the summer was not 51gn1f1Cdnt

frere probably because the temperature was so low Wlth the fonm{\\n

u
-

of ice caver, llght penetratlon was . decreased temperature remdlned

0.1% and productivity and biomass.fell to their lowest levels of the

] i - . . . -

year. o ‘ .
[ - A

. | ! )
o " Clearly light, temperayure and rivem discharge are all
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1nvolved in determlnlng both the blomass, species comp051t10n an¢
e
prlmary pTOdUCt1V1tY of the algae. The controlllng efféct of each

]

factor, varles seasonally maklng it extremely difficult-~to sort out

which 1is the pr1nc1ple factor at. any one-lnstant in time. , -

¢ T . .

i H )
_Yj - Comparisoh” of Phytoplankton Primary Prodﬁctivity '
Ny - - - - .

[

Values from Similar Studiea

’ -- - . ) ' o : £
The best approximation of an arppfual\pean level employs :a

'seasonai curve under-which'tﬁé a:ga'is‘méasureda The aréa'is .
divided by the.number of days‘of>light—ﬁour; in the year to'obtgin
this mean valug. This i; rarély done in the literature as such.

'Usually'ériﬁhmetic.heans as averages of a list of data comprise the

- ] - N M . bu--

iulk of the literéture This is a less accurate method, especially’

~

or data from temperate zones where seasonal fluctuatlon is 1arge :
t

Thus comparablllty of studles is hlndered by"this

. Two studies on the Uppgr Ohio River by Seilheimer {1963).

43

. _ ' N )
‘dhq Woods (1965}'revealed.annual mean values of 35.6 and 35 mg C/m“lhr,

-

respcctlvely The means quoted from the Upper Ohio River studles
' ‘
reflect only the summer growth period and are compaiable with the

. summer mean of the present study of 16 mg C/m (hr?

In the-Rhine River, near Koblenz, the maximum phytoplankton

productivity'was 60 mg C/mz-hr (Knopp, 1960). Maximum phytopld%ﬁ?on

. . ' N M 2
primary. productivity iqjthe Py@sina River in the USSR was 32 mg C/m™ hr

r . e 5

&

4
,




~ : T ‘ : : -

(Ermolaev, 1973), close tb th maximum of 30 mg C/m% hr from the

@

present study. . - c - .

: Rodhe (1967) calculates the annual and summer means for ' '

\

‘a, large number of lakes It is 1ntere§t1ng-that an annual mean of

6 mg C/m -dey-(frem the present sfudy) is eqdlvaleﬁb-tq that found

“in’ an oligotrophic lake. . )

»Phytoglenkton Species Composition

- : . T

As reported by Hynes (1970),- the following true planktonic

algal genera are found most frequenfly in flowlng water: Asterionella,
Tabellaria, Fragilaria, Melosira; Cyclotella, Coscinodiscus, i
- - J

Stephanodiscus, Scenedesmus, Ankistrodesmus, Pediastrum, Cryptomonas,

fm

Mallomonas , Chlamyhomonas, Trachelomonas, Euglena, Synura, Ceratium, .

" Gomphosphaeria, Aphenlzomenon Anacystls, Anabaenafand Lyngbya All . ’

R

. of these genera eXCept for one of the flagellates, Eaﬁlomonas,

-
-~

occurred in Ottawa River samples. . ' -

s

- . L

. In addltlop to thesg planktOnlc genera thero were forms

-
-

that probably developed as’ perlphyton and were’ removed from thelr sub-

-

. _strate into the water;column (tychoplankton). These were essentially o

o

. diatoms: Achnanthés, Cocconeis, Diatoma, §xnedr%zuulNaVicula. In o P

!

k

¢

;
H
!
4
!
[3

i
i
4

1
.
i
3
X
1
T
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x
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terms of beth bell numbers. and bibmass adlatoms were the'dominant o S
' v
group of alg&e found in the phytoplankton samples from the Ottawa

St S W T A TP TR T P B R
<

- ‘ 3.

River. Thelr 1mpertance in river flora has been w1dely documented 3
(Hynes, 1970;.Blum;.1956; Butcher, 1932}. . _
: - r .
q r : o < ! '
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CHAPTER V
’. ' - 7 .
i% - PERIRHYTON STUDIES .
a0 F
"' i ] R - .. - ] . 1)

Seasonal Variation in Primary Productivity of

Periphy%on from Plex;glaés Slides
. l“""‘ ‘ D

The prodegiivity of periﬁhygon_grown_on plexig;ase slides
I g .. o C - ®

at 0.5 m depth was measured at all stations From August'ﬁo December,

© 1971 and at Leﬁer Duck ,[Island station from June to September, 1972

»~
»"

a

(Figure 10f. At Lower Duck Island, a_compafison of shore-and mid-

N -_ . l'\‘ - - ' N . - .
channel periphyton productivity was performed on three dates: .June

", 26, July 25 and August 29, 1972 (Tables 4 and 5).

[
2

Pcriph?tonﬁproductivity at the three statioﬁS'raﬁged from

0.001 pg C/mm hr in December JUSt before ice formatlon to 0.075

L kS

P8 C/mm -hr in July. “Tﬁls 15 the same as 10 mg C/m day and 750

day and 1 pg ¢/mn’ equals 1000 ng C/m°.

, v

The pradﬁetivity at the thnee stations rose in November,

i 4

1971. The maglmum at thlS t1me was D 0175 pg C/mm hr at Lower Duck.

Is;and station. The major annual maximun was .during July and. August

(0.075 pg Cfmm -hr). Vegllglblc colonlzatlon of plexlglass slides

occurred during the winter under the ice. The prlmary product1V1ty

was then SO 1ow that it was not detectable wlth the technlque used
. /

‘in-this study. L L
Ch Five'repIicates were used'in the 1971 serj
7 %z‘ “

t o

{ : : . :
Was an adequate sample. , - e
et e . . . "

[

Gimg-C/mz-day by using'conversion factors of 10 day-light hours in a

45
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ER §pdtLa1 and Tcmporal Varlatlon in Perlphyton

Biomass from Plex1glass Substratea > L
\\."’ ' .

e : .
Perlphyton blomdss as - dsh free dry welght was pl ttcd for

- < l
flve dcpths (0.4, 0 S 1. 0 . 2.0 and 3 mete1s) and threc St&tlQnS from

August, 1971 to August, 1972 (Flgures 11.1,-11:2 aq§~11.3).

a PR Y -
-t L] B

. } : A
i i 2 1

a

Twe seasoﬁhl peaks in‘p riphyton Biomass wgre oggcgjcd '
during thg study year, one in Octo er, 1971 5né'onc-§; July-August, -
19%2 (Flgures 11,1, 11.2 11. o] ‘ghls was E}qé f&r all fhrée"
HthLOHS and for’ each depth sampled Thé ﬁaximum'hidhéss'on mos t

occasions, was at 0.1 m. <Qver the depths samplcd 0'1 m always had

the highest biomass durinb the two. scasonal peaks. fhls was

attrlbuted to the intense growth of fllimeptous greaus (Stlgeocionlmw

.

and, € ladogbora) at th1s depth ‘At 0.5 m depth*%lomc S usually S -

decreased and remained relatively constant dgwn to 3 mLQ¢pth.
N . C , 3 - [

Beiow 3 m depth, 1i#ﬁifﬁgi%11 growth-wés detécééd. j
@) i i

: . 1 v
. _ ) . :

2 ‘
The oyerall lange in blomabb Values was from-O:QlS mg/em” _ L

{at 3 m in July, 1972, Blalr Road) ‘o 4. 95 mg/cm (at 0.1 m in »

August 1972 Lower Duck Island) "The range at Bl ir Road was‘0.0lS

mg/cm (3 my July, 1977) to 2. 369 mg/cm (0.1 m; Ju ly, 1972).. The =~ 7 -7°
/i July 3

rangc at CIP)channel was 0 0';9,.mg/cm (3 0 m, LJune 16) to 4.430 mg/cm

(0.1 m, August, 1972). The range at Lower Duck Isfland was 0.086 mg/gm

™

(3.0 m, August, 1972) to 95 mg/cm (0 1 m, Augusf,” 1972). ‘ihe

. . . //

; . .
P ‘ . . .

‘ . . : ‘ "
. . .
) . -
' o
.

>

e /,5f/f4'\ _
T [ . e
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Figures 11.1, 11.2, 11.3 R , ‘ .
'Seasona.l and spatlal varj.atlon in ash free dry wmght
: of penphyton gmwn on’ plex1glass slldes at Bla:L{ Road,
- CIP channel and, Luwer Duck Islcmd statlons. 95"
Lonfldence 1ntervals are 1nd1cated by vertlcal llnL,'::
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perlthton blomass gradlent with depth is steepest durlng the summer
i

than it ‘any other tlme of year Assoc1ated with this steeper ,ummer
<}

'&rddlent are cen51stent1y hlgh levels of phytoplanktonﬁblomass

(P1gure 4) -which may be, along-W1th'other partlculate matter redgeing

water transparency (Figufe 8). Fhls rcductlon 1n water transpancncy A
would allow less periphytic algal growth‘at further depths, thus
creating this steeper gradient! At 0.1 m‘depth,wﬂqire 11ght i&f.

probably.not limiting at this tiﬁe,'greﬁth during the summer months

.

yields the annual peak levels of biomass. - ". S

-
- 1
W .

Fhe water transpareﬂcy, perlphyton blomdss gradlcnt

Arelatlonshlp as stated is not that 51mple though Secchi depth .

data for CIP channel is con51stent1y lower than at thc other two

1

stations (Figure 8). ° The gradlent in blomase though, between,O,l

m and 3 m depth is. not gyeater at CIP channel than at the Jother

two stations. This is because much of the blomass at CIpP channel

3
A~

statlon was non- algal, usually fllamentous bacterla (Flgure 12)

These bacterla grow at all depths and are unaffected by llg)t

because they are not photosynthetlc. Since the method to Jeterm1he
perlphyton ash—free dry welght did not‘segregate for algae,

rclatlvely high blomass values were found at lower deptHs at “CIP

P ] _ el 4:‘ "9_;
station. ’
A




I 's-

Lo

 the year at GJIZm depth in wﬁdch-Lower Duck‘lsland Qalueé were
channel (Figures 11. 2 11.3). " Lower

- greater than those in the CI
1

Duck Island and Blalr Road values were not found to be 51gn1f1cantly/

di fferent u51ng the method of overlap of confldencc 1ntervals

f

(Ilgures 11 1, 11.3). Blalr RoagfvalyeS'were‘signifiédntly higher...
1 -\ \E ' ‘

than those at CIP channel on three occasions at 0.1 m depth (Figurés .

s ) —_— T
11.1, 11.2). .. -

”

v

«JTaxa from Periphyton Grown on Flexiglass Suostrates

Filamentous green algae filamenzous bacteria and diatoms
X
comprlsed the majorlty of the blomass over the year of sumpllng

L

(Figure %?). Chlorophyta was represented by 15 genera of whlch the.

foldowing were most abundant: Cladophora Closterium, Cosmarlum

’

'Spirogyra and StigeocdoniumL At 0.1 m depth Stigeoclonidm occurred
B

the most frequently of all the chlorophytes (70% of the. samples)
At 1 m depth Closterlum became domlnant (38“ frequency) At 3 m the

!

- ronly chlorephyte genus observed was Echlnosphaerelld whlch occurred '

only once, atuthe,CEP station. - ‘ v
. oo

. - - 'L_

- B . {'ﬁ_ -
, ' . . ' W
[ . - - - s 5«")'

Cyanophyta was. represented by 5 genera of whlch Oscrllatorla

] -

. —

was the: most abundﬁjt (Figure 12). ThlS genus occurred in about 700

-

'ththe Sampieé af O‘i m, 55% at I m and 20% at 3 m (Flgures 12 and

13).

'“CHFysophyta\was represented by.. 8] diatom specics; 31 of

1 é. . "" . : ) ‘-_ - . “r . !

R . ) ‘-'_ MR

e d -

oW
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“which occurred in.at least 5% of all qamples taken (Flgure 14Y. . The

-

dldtoms ‘showing the highest frequency of occurrence and persistence

throughout the year were -Achnanthes - m1nut1551n3

Cocconeié placentula

Lunotla exigua, Oemphonema sphaerophorun, Me1051ra Varlans Synedra

= b
ul&a and Tabellarljiégnestrata(Flgure 15) .- 1Wen;y-five of these 31
dominant species occurred at all sample dep _: Only six did not

occur at the 3 m depth =

" The Slair Road and Lower Duck Island stations were quite“.

1

similar in species: composition’ and biomass. The CIP station was 7

diffe}ent'in.gpeciesréonpositionQ The dominant biomass at CIP at
- , L ,’ %

all'depths was filamentous b&cteria largely 4phaerot11ua natans.

‘ Lladophora and StLgeoclonium whlch made up the dominant blomass at N

0.1 and 0.5 meter deptfis. at Blair Road and Lower Duck Island, were

o!found in vefy"low abundance at CIP;- Lower abundance levels of the

s |

: folrowing-genera were found at CIP as-well Closterlum Cosmarium,

' Oedogoniuﬁ Pediastrum and Oscillatoria, Fhe fbllowing genera were:

' &
found in hlghcr abundance at CIP than at Blair Road and Lower Duck -

Island Mougeotla Merlsmopedla and’ Euastrum : Echlnosphaerella and

n

Anabaena were observed only at the cIp statlon ~but at very low

Icvels of abundance. Staurastrum and Spondylosium were observed at

Blair Road and Lower Duck Island but not at CIP. "

. . ' 1
- . L
v

The con51stcnt1y Tow dlatom cell dcnblty at the CIP station.

[

at 0.1 m depth eomprlsed the most strlklng dlfference betwaﬁ -

’

staxlons (Flgure_Iﬁ).- No larperdifferences 1n‘d;ntom cell densities

T ad
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. occurred between stations when 1 and 3 m depths were compared, Two

I} B _ t o

major peaks at Blair Road station, one in-November and one at the cnd
' , R . . v . .

of July, at 0.1 m, were no%,obsﬁrved at the other two siations.‘ The

LR

puqns ¢t Lowcr Duek” Island statlon wcre\ibout half the corrcspondlng

Blair Roadhval s in October and July.. Almosfﬂno(dlatoms were found

Ton sub ffafesn' aced at 0.L mand I m below the ice COVe;~dur1ng the

wipébr. No. other algal forms were found on these winter substrgteq‘
. ¢ .[.

. .
e C AN \ EO—

Water quality measurements slowed dissolved inorganic

carbon to be similar at all three_stations (Table 6). However conduc-
@ . ’ R
4t1v1ty was subbtantlally higher. and” p. lower at’ CIP. than ak the othbf

4

.

o statyons (1ab1e ), Conduct1V1ty and pH wezc not dlffcrent'

.
B

between Blair Road and Lower Duck *Island. . ' ' - -

Water quality appears to bé different at the GIP channel
. - . . . ) ) . . B ‘ . ‘. o
station than at the other stations and this may explain the differences -

in spcciqg'compoqition._ Additionally, Secchi depth wasﬁcousistently.

lower at the CIP station than‘igﬂzﬁg\bthcr two stations-over the year

(Figure 8}). 5
_ . ' ' ‘ LOHdUCtIVLty inorganic carbon
. STATION- L pH (pmhos/cm at 25 L) (clcmental ¢ in mg/l)
. - : ..ﬂ — ) ‘ . N - \ \
. Blair Road ' .f(0ﬂ~(7.0—7.2) 70 (69-74) o _} VT‘S)
‘ , : - 4 -
Lower Duck-Island 7.01 (6.9-7.2) 73 (70-78) - -2 (4.6-7.8)
CIp : %6.74 (6.7-6.8) 90 (85-99) 0 (5.8-7.0)

——

<

STARLE G Annual mpqnd'énd ranges (in brackets) of pH, cond ctivity,

aud 1norgan1c carbon concentratlon from data t gt Over

August, 1971 to August, 1972 o \
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.ability for periphyton to integ

=

It is ¥nteresting that ‘at CIP:chantel, phytoplanKton
_p}ddpctivity and spécies composition‘ovt#:Zﬁe year, did not differ,

‘from.the”Blair,RDad.SiBtion,-althoﬁgh.beriphyton did &iffcr; .The o }

A

ratngver'time the” effect of the waﬁérﬁf
.~ “ '

lqualit?hat the colonization site (Dickman, 1973}, and the ?%ahility_~ o
. L ) - ' . % :‘: .

~

- of the phytoplankton to do this,
: SR -
~e;

ting result. '

-+ . -

' ’ ‘ J- ' '

Lo S . Fllamentous bacﬁérla were found 1n alP samchs at’ all depths -
at the CIP station. Fhe fllamentous sewage bacterium SEthIOtLIUH ~

rd

" a

Non-Algal Biota from ﬁlexiglass Sehstrates

atans domihated the‘CIP statlon community. - Fll ame tous bac%;xm@. —
s well 1

were found in,about 80% of the

(Figure 12).

v T e

Ciliates_apdurotifcrs Qere found in inergasjing -frequen

‘with increasing depth {Figure 12).

samples at the other staxions 2

At 3 m dcpth Clll1t05 wcéé«fburd

in about 70% of the %amples and rotifers in 60%. At 0.1°m dcyﬂl,

ciliates were in 40% of .the samples and rotifers 1S%.:.p111ates were

ost abundant between August,

i

"o

197F and December, 1971 (Figure 13).

J

D
1 \ . - e

- \‘

Shore to, Mld Channel Comparlson of Per&phy&on (\

R;xﬁ;ry Product;V1ty, Biomass and Spec1es Comp051t10n

s

“  The ppriﬁhYton growth o plexiglass slidqs in

Y

¥l

\;he mid-chahnel




-

rat Lower Duck Island statlon were compared with thathon 51m11ar

" ,‘

”'“‘511dcs in the lltteral zone of the 1sland (Statlon D,. Flgure 1}

dlICLtly across from thc mid-channel statlon Perlphyton primary v,, L b
is - o ,,
~ oo :
producth1ty, b;OMdSS (ash free dry W81ght) “and spQC1es Comp031t1¢1 :
b

WLKC compared on hggg/ZG July 25 and’ Augusr 29 (Fable 4 and 5).

3
- . - 3
h' ' .

l_, : Although prlmary product1v1ty was not found to be 51gn1f1— _ ' )

- f_ cantly* different- between the two Qtatlons on June 26 and July 25,,

; .
: r-the_shorellne yas 51gn1f1§antly,lewer tpan:the mid-channel on August |
- . .o @ Rt . - B L -
2C . . . L .. - '
...]. . . t_:'- . . - . o . ’
s ] q 3 - Y . (-
_J/‘ASh-free dry weight .followed the same pattern as primwfy ‘ RN N

productivity in the above comparison:between stations.. The ash-free

weight at mid—Ehannel'and shore station was 0.896 mg/ci;l2 and 0.276 -

1,

2 o .
mg/cm‘ rcspectlvely On_August 29 (Table 4}3 Fhose on the previous

_two dates were not. dlfierent o e -

Diatoms were more numerous in the mid—channel'than on the‘
LN ! )

"4\\Jk§§;;2 on twa of ‘the three dates (14,771 and 4,558 respect1voly on | ' :* .

' -

July 25 and 23,575 and 5, 483 re5pect1vely on August 29, Fabie 5)

qutoms were also represented by a greatey number of 5pecies»in the S -
mid-channel than on the shore (10 and 3 respectively-on July 25 and -

- ‘ c : L
12 and 6 reepectively.en'Auﬁust 20). - - o \‘,‘ . ) _ ; -

A . .

- The domlnant chlorophytcs and eyanOphytesnfoqu an the

1 ’ -

bhOTCLLﬂC samples were always represented in the mld-ehannel samples; ,//

btlgcoylonlum and Osc1llatorla were the domlnant non- dlatom algal
) o

SN

* unalysis of varianec, 95% probability . ; L&
X ratls . - . .

N R ) ' ) - B - - ]
™N ‘e | SR . 8! .

-
v
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! - ] . R ' ,
‘ . Channel . Shore Channel * Shore  Channel  Shore *
I . Junme 26 ~June 26 “July 25  July-25 Aug. 29  Aug. 29
. . . . ; . A 7 \ ) .
 Ash-free dry weight _
4 L .
-(mg/cmz} 0.061 0.086 . 0.315. . 0.285 ' 0.89¢6° 0.276 ,
S » : o 2 -
) I’riﬁmry productivity . ‘ . _ ' i o B - .

2 ¥ ’ . . .
(pg/mm”™-hr} - .. 0:0191- 0©.0127- 0.0753 0.0649° 0.0697 0.0331
- : T ! : - . B .,
(495 conf, int.)  +0.0093%120.0029 £0.018  *0.0129 #0.0188 - 20,0179
K : N J- . “ . . . ] .
‘ : \NS «difference NS difference %*§ difference
o - . : . : RS :
m 4: Periphyton biomass (gls_ﬁ'ufree di'y weight) and "prilmary‘productivity :
at Lewer Duck Isliund mid-channel and littoral stati’ons,- June 26,

July 25 and August 29, 1972 - - Y
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Diatom species

(no. cblls/cmz)

Channel
'June 26

Shore

. Shannel
June‘ZQ

Shore |

July, 25

Channel

Sﬂogc

Aug, 29

Achnanthes
minudtissima

Cocconeis.
placentula

Eunotia dioden

E. cxigua

L .

E. EECtlnallS

665

578 .

Gomphonema
. lanceolatum

G. -parvuium
G. sphaerophorum

Melosira grandulhta
bl \ -
i‘ HE

varians , |

M,

Synedra rampens

S, ulna

1 "‘.
Tabelldrsa -
- fenestrata .

Fragilaria intermedia

3815

- 3

July 25
4267

547

55
438°
7L
385
2080°
219

109

i -

8960

3808 | 2760

s s
‘ 690

~_ - | 2070

- <115

AUg. 29

- 3225
R R S - s

635 -

\115-'
- 345

2415
- 345 -

11268

1560

2135

'ﬂlS-

115

1327

Totgl Diatoms

14771 o

23575

Gemus (Present X)
{Absent 0)

Bulbochaete
T g
Cosmarium
Merismopedia

Oedogonium

Oscillaforif
g . T !
scudulvella

Sgirdgzra+
Stigeoclonium

1 it lamentons bact. -

~ O O © O O O O O
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Table 5:

+ and 1ittoral stations,

“and -Aug. 29, 1J72.

N

< ) »

N\

.
-

-

Taxonomical comparison between Lower D
Lower Y

e
. s -
stgslmusmypch&mcl

from samples Eékenldune'26!‘Ju}y'25”




* N . -
‘ A s : 7 oY
Lgneﬂx in both the channcl and shore samples Diatoms as already k .

stated were, not found to occur egually The fol lowing. diatom Spesiés £

fouid in the mld":ha““el"samples !were not found in-the shore Samples: o
: | (R
lldglldrla 1ntermed1a Mc1051ra granulata and §Yﬂﬁdra Spp : ‘ -

N . . e e

.
i

The Use of Plexiglass Slides. to Sample Periphyton

-
. N @

&

Plexlglass substrates were preferred to glass becausc the

"

latter are sclectlve for somc dldtoms and aga1nst some fllamcntous

forms (Albln 1905). Filameutous Teens were certainly not selocted

Vm,Lnst u51ng plex1gIass in the pres ent study because Cladthora and
. ~ .
' Stlgcoclonlum made up the domlnant biomass at 0 1 and 0.5 m dcpths

. Ay ) ’ 1
for most of the ice-frec season. S N .

-

: o ) . e . o . ' . . \

A .. ¢ - . " . T

b Adequaﬁe quanfitativ%bdata'on‘natural substrates for

compafisoﬁzbetween natiarhl.and artificial substrates are difficult to
. .\ ' . . .‘1‘1‘ , .

‘obtain. ‘fhis is obvious, because the rationale for using’;itificial/h : U

] - . Tt i
. ) — .
L oo . ', .o . f

- substatesd'in the first place'is, that’natural substrates are sa-

difficult‘to_evalﬁate quantitatively (Sladeckova, 1962).

-_w§am ling of naturally occurring substrates was limited to
e ' oLt : . : .

two dafes during the height Of the growing season: July-ZO and -

August 24, 1972 Ash free dry welght aqﬁ qualltatlve relative

s

. abundance of taxa were comparcd to that. frsm plexiglass SlldCS for ,-

+
@ -

the same dates quqles T

L3

. -. Many difﬁerences in taxonomical r¢lative abundance weré . -
. ) ; . - . Ty . . .
y; . -
- N h \ | q o
. ¢ : . )
L c. - . e . '
- " '
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T . . . 7 |
’ w

_ohserved between the two types of subéfratc. 'Stigeoclonium occurhed

in all the samples but dlfferod in. relatlvc abundancc at Lower buck

island on August 24 and CIP channel on July 20 (lablcﬁ)

Dlatonm

.l0ccurrcd in all Samples exccpt for the one from ‘the natural substrato

on'July 20 at Lower Duck I;land..quatoms yere not found in.oqual

N E . . . '
relative abhﬂdance between the two substrates on all occasions except
i .

-

fo1 one on August 24 dt CIP ch}nnel

. 5 t,l . _ :

ill&mCHtOUb blue greens (Cyanophytg) occurred in all
]

samples but in dlfferlng abundance q\cwqen the two substraté types

L

on ‘three dates: July 20 and August 24 at Lower- chk Isldnd lnd
t CIP channel.‘ Pllamcntous bactcrla occurred in all -
sdmplcs but ojly similar in relatlvc abundance betwdkn the two sub-

stratcs on onk\occasion: August 24 at CIP channol ic tWO‘sub—

strates in four of the five Jomparisons were found to contain some
. L2 pr———— e - R

tgxa with the same degree of:rclative'abundance. On one occasion,

)

iJulv'ZO at CIP chanheL‘ all the taxa occuffed at differing 1eve}§-o£'

"

relative abundancc betwccn ‘the two substrateb . 3 ( -

\r 4¢ 4
7! '

! hshafree:dry woights.were found to Be.ﬁimilar{betﬁceh.suba
4 .' N : N ) . . .- .
strate types, in all comparisons except for tHe August 24'GIP:channc}

¥ - - .
- J
fcompamlson in which the plcx1glass valucs were lower. The low beomass

u

on thesc plcx1glass slldes was attrlbutcd to hlgh wavess, whth .

probably removcd the . attached communlty prlor to sanpllng

=

o=
< h ¢ -

The pfimary pxoductiﬁity'méchff§doﬁcloped in ths'sﬁu@y_forl
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P . N PO .
) ’ i ) N " Y '
oo Co MK YCK TSLAND X
. "‘ ‘Plexiplavy nubetrate ) ) B Dnd,-hud Tor uubuu-.u ——r
: . "
July 20, 1972, 1 JHU 20, 1972 - :

-_.-. - 5t ;gagc}gnium (doninnnt) _ L ﬂle__ﬂ (donin.lnd -
= Tilrmentous Cysnophyty (sparse) [ = Slpdophorg (trece) = T

. .- filmntous bacteris, (npu.o) . 5 "~ filamentous hacuria - - S
. &3 ~ R
: = diatome (.parn) (abundent) ) -
: : X _ R - ﬂlmntouq‘ Qfanongr%g : -
Y . . - L 4 . . 1 ‘. npa,r;. .. .
o . T o - lor.iroro (mnnt) .
v nmm. 24, 197 T nu;uu 24, 1972

* v - ) i +
" . §tigegc1§g !E (domimnt) . . = Stigeocloniug’ (nbumnnt) ! b .
= filamuntsus Cyan y and \ . .
’ . bactaria (Irace ] . l% i:gacnj : ‘

= dintoms (sparse) - oo a « f{lementous’ .
. S " ' 5
& =~ filamantous K
. i ‘ * =" {preaynt) l
- ) = diatoms . (abundant) .,
;. Plexiglesa -ubntrnto LA <band-hess l0g qubotrate | - .
B - - — ‘
20, 1972 . . —— - July 20, 1972 ﬁ
/Jui: 21

. '-.-_-—-_-—-—-I-l—._ T ’
oo oﬁ geo zgnmm ,-{dominan\) ‘ ﬂ}_m)y_ujﬁ'(doaimnu Ly
' . {dominant) " . ~ Elsdophorm (dominant) . N
. - 1,: r sdat). : ~ Til. Cysnophyts. (presont} , | )
- - - 11, Mtcrh (pregoent ¥ : = 711, bacteria (abundent)
- d‘iatom (nmndnnt} - - - dil}tom (trace)’ -

-

Flaxigless slivetrats b nuu-huu lcg aubat.x-nc

«mﬂ ’ "'Jul_;go,mn-" . R S

- Stistoeloniym (present) . . -~ itlesocioniun (dottnant) . . ]

! -Qedogoniyn . * ‘- “ T Sledophorg (present) L. - @

= filementous Cysnophyte (abuadent) - Srireryre (trace) . 1 o - .
© = rilementous &;torh ubummt) ’i Qﬂggm ‘(trace) - . . -
- di-m (pmncnf.) Y R ST thﬂ...! (preaent) s \\ .
o _ . g ‘ \f, - £11, bactaris (presant) ' Lo S
. el ' e T - dlnton_l (¢eminont) "™~ ‘L_ g S
. Aoguat 24, 1v72 o _ Agunt 24, 107¢ . . :
' - Stigeoclopium (abucdant) . - Suigegcioniym taoundagt) | . T
= Upthrix (present)’ . . . l* £, Cyanophvia (present) - N A
i ,'-— geonediemua (trace) ., - = 211, oacteris (moundant) ‘. . L
M?_EL*‘A (-bundmt) | = diatons emum T e
T = othar 711, Cyanoshyea (prnent) N . R \ e .o
T < £id. bootoris (ammam) N C e e e
e -dint.om (presant) . . ) , o - 5 oo T T
. « Hepatods {tracey R R a -
) ( —— —,___2_ UL ) e : A Y U
< ‘ %. ‘ . ' . B - 1 1] :’ ) “ d"
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. c 7 Ash fre,e drv‘helght of penphyton frem artlizcml and

' S ‘naxulal substrates“f{ Bl&lI‘ ‘Ro&d Lower Duck Island

’* " ‘Eanduf TP z \\
: | - b _CWI statlons from 0 1 meter Elépth. ,Iurxna
" the h H
o 7 tight of " the growlng season, July 20, 1972 and
August 24, 1972, - T o ) |
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l‘ . .$ .':‘ '.- )
Cor . P - S 7 !
4 R | ' R | .
k _.‘ ?l. H 0‘- ' .
Y L 4 ’- H ‘\\:I
: \\‘ ~ .‘. .' “. =t : it g _ ) ‘e
DATE - LOCATION SUBSTRATE- - ASH-FREE DRY .. " NUMBER'OF =~ . P
Lo - TYPE WEIGHT (ahg/cm2) . SAMPLLS
° f o (95% conf. interval). ‘ ,,
972 \ oo SRR - )
July 20 Blair. dead-head 1.06 1 .
‘ ' log (a)* :
’ * 1" {‘ 1" dcé.‘d-hcad 2.724 9 . N
o log (b) ° ‘ s . ' i
) L L plexiglass 2.369 £1.262 s "
" Lower - dead-head . = Trw—3:2e__ __ 1 .
- Duck log (c) . : e 3
" P ~plexiglass - 1.95 £.896 L5 ’ .
h ;\ . ' " . . " . .
- s . f 1 1
" CIp buoy . 1,12
" " ‘dead-head r .3.48 :
log (d) - ‘ ; ¢
" _ plexiglass 1,739t 0.38
" - ; '.‘
P .
- Blair log {a)* « 3.29
. \d\ EETERE ‘/ log (b) . 7.54
- woe T T 3y piexiglaS_S"' él‘i‘des _destré-yed 5
7 \?"- ) Y * ‘!; ' i .
- = —at == == == S
' o Tn T e e rs 1.
" Lower . . log (c}—--.._:_f?\\‘ 3.60 e 5
Duck . . Co \7\'\'"‘:*\-‘\“*.\,_ .
r " TR B ¢ 363 T L
pleylass 4.9542.30 'y TS L
P : 523 ) S
X = ~ 0 ' . . -~‘..\‘-\‘ -
cip buioy 1.29 R -
. R - i) log: (d) L ]..37 ' -1.
? - T . . * \
T " P}exi{glass 0:339+0.15 5
T ..' .‘- . it -' R
L ' {/_\:‘ . ¢ CN
* pracketed letters 1 dj:S"te the same substrate was sampled on Juli .
20 and August 24 sl
. : . . \.\\ .
- w S .
¢ 1 et - .
. S R
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B the PJCX181355 grown periphyton was sufficient for defining the L i

scasonal variation and. dlfferences between Stdtlonb A number.of

EEJtUTCS ‘of this method .made’ in situ work on thc rler relatlvely

easy dnd 51mpL1f10d sample prepardtlon for llquld sc1nt1&1aixo;’f‘\j

a

S S, . J

gﬁhntlng ch tape cover method~allowcd a st dard area for colon~ ot
ization, increased the number of rcplicates and rcduccd thc time ¢ '

for sampling dnd labératory sub-'samr)ling The shaklﬂg bottlc held

by clips in the river (Figure 2. 3) 1nduLed wﬁter movcment over, thc

k4

.mOV1ng,511de in the closed bottle, This was adcqpate water movement ’ : T

¢ . ‘ ‘ _.““
bCLdUSB addltlonal shaklng by hand over thc 4 hour 1ncubat10n pcrlod ' ‘

in an experlmcnt at Lower Duck Island shore 1nc1ua1ng 21 repllcatcs
for‘each troatment (Septenher 29, 19725 did not- increase’ ;rlmary'

productiﬁity. As pfnvinnsly'enpl§1ned;§he liquid_splntlllaf;on e
cothting methnd gaﬁe repinQucnblc rééults and was néry much- simplified

- Ly

by using the plexiglass. & ' ' "o
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‘~compared."The_1gtter.of course can only Be expressed on dn arcal

\ . CHAPTER VI, . . = .

h . . oo .
L : 69
COMPARISON“bF PHYTOPLANKTON AND PERIPHYTON PR L qi w
. CI ] ; . Y . . T .
) o S - ¢« N >
Primary Productivity and Biomass . . A '
v . 'l . . :
* 1\‘__" r “._ - ,‘:
. ) %
Tq_make absolute comparisons quveen plankteonic and attached
: T~

dlyac, the data must have a’ common base. GhlorOphyll a coneentratlon

per. unlt substraTe area for perlphyton was compared with, ngorophyll

v i Loneentratlon per unit water volume for phyt’blankton by Welch et

. # l
al (1972). Slmllarly, cell nunbers and thorophyll a per unit arca

’

for cpipelic algae dnd per. un1t volume for phytoplankton welc ueed

z

bv MOQ?QKIQGQ) The above areaixo volume comparlsons are not equ1v

“alent I my Opinlon and therefore may not constltute a: 1cg1t1mdtc N
! o,
comparison, Employlng the concept of -the water column alIOW5 phyto-
' [rod

plankton data—to. be expressed in terms of. water surtacc area unlts

o . i ) . .q 4 2
(Schindler and Holmgren, 1971), thus giving ‘a. dirftt mcgeprezof all

' ' ' . : ’ o : N, 2

" the phytoplankton in amiiiined.eolumn of water. The depth of water

column used depends. on thb depth of periphyton "to which it is being
. , . _ 7 Ly :

. . .- T . = .‘ N . °
basis. ) o o N .
. . . A .

, Primary producti%ity maxima diffefed between the two- .

Lommun1t1€5,y1th perlphyton hlghest durlng July and August and phyto-
plankton highest 1n Juge. Both Fommunltles showed slight 1ncrea5es

. . » Ve
_in November and_lowest levels in the Q?nter. ‘

e
.

: Product1v1ty of phytopLank%on varled from 0.6 mg C/m day to

406 mg C/m day Perlphyton product1V1;y 'at’0.5 m Wthh is an accuratc

\
neasure of all depths combined (Appendlx VI), ranged from 1 mg C/m day
-~ - ‘ ) N - y : s
- i . . ' '
. . ‘ ’
\\ LY .
7y N c e




. ‘to 750 mg C/m°.day. The ratios bcgw?en the maxima and minima for
. the phytoplankton and periphyton are\670 fold and 750 fold, respec-
= . ’ - . . \ . : | ' '
ti.vcly. | .. \\ ! ’ ¥
. v . . . \\ '] .
.. o . .\ - ‘
“Phytoplankton freshweight biomass ranged from 0.5 pg/l to
g . AN :

‘ | .
-.B—I‘pg/l or when converted to an equiv.alen‘t‘a\f a three metcrgwatcr

iH

column wi.th 1 mz- surfdace drea, 1:5 mg/in2 to 1*5,3'mg/1]12. 'l‘h.e*ec.luiv-
) 4 Al i - 3 H L.
“alent values in ash-free C}ry'\eelght dre 0.12 mg/\m2 and 12.24 mg/m™,
“This rq}:io between maximum and minimum phytoplankton biomass. is about N

'IUD.foi‘d, comﬁared with that ;'of"fho phytoplankton ﬁroducti,vity Which -
Was 67'(1"?” fold. =~ - : ) .f - PN ',
AN . B o

Po\rlphyton ash free dry wught ranged from appronmamly

500 m'i7 to SO 000 mg/m at 0.L.m depth and from approxlmatcly

500 “tes10 000 mg\(m at 0v5 m depth, : The inax:Lmum phytoplankton bio-.
2 :
5 m or evcn Im water column is at “least thrce

I N

mass for a 0 1

K j 3 m, :

‘orders of i n’itude ess than, the max1mulmgr1phyton biomass valqu .
« T

50,000 mg/m ).  of ‘the 6ther hand, thc ph)\'to- .

\

(12 mg/m Vs 10 000 to,
- Qi‘m(l-\ton and penphytorl product/}\flty max:.maj were of the sare crder iy .
\ of" magmt\ude (406 ancl 750 ng C/rn2 day, respectlvely) This very ,'\'\ .
- high blomws and relatlvel \ low productlvfty oé- the periphyton when \\ .\. :
/ cbmpareli ‘to-the phytopl&nl'ctof mus t* be exammed more Cl‘OSCl}’ as follows.

+
v

The phytoplankton and perlphyton productlmty analyscs \ -

.were very sa\mljlar in sqth (1010‘5)r and the results obtdl\ned can be _ _\ : :

/ compared 's:iti'sfacfoi' 1y ( Hc’ﬂweve,r, the respectlvc bionass methods ‘ N

. f
' .
' R S
. - . .
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B W\ ..
< '1 A L

‘;diffcfed The phytoplankton blomass data was generated from mlgroQ

\, :
\

Hcoplc estlmatlon of algal volumes and cell densltycs - The pc11phyton o

- | s
» v ‘

“ash- free dry_yelght method'did not scgregate for the dlgac‘\ The

R

- . ‘\\

total pcrlphyton communlty was .assessed - lnvcrtcbr{%cs bacteria, | . . ®
fungl algae and debris.. The high biomaés and low productrvityi7 J&/';'
1\soc1ated wlth the pcr1phyt0u9would be ehplalned lfﬂthD deor}ty 01 s - ]

‘biomassgmyas non-algal. Howeve;— about 80 of thc perlphyton blom&S& ‘ C

, -

was algal (esniﬁated from relqtlve abundancc data). Thus thp" \; :

' - -

phnnomenon of. low’ productlv1ty per unlt of blomass of perlphyton dnd
hlgh product1v1ty per UHlt g&omass of phyyopidnkton appears to ' be
- . 1)

~

real. K . _ o, ) T
' Périphyton'produCtivit}'défa'ffom my study were 'of the
‘same order of magnitude as in other similar studies. In Borax Lake;

‘ 3\ , .. '. . & .
Eakifii?ia'for instance, Weﬁzel (1963) obserued a summer meant value

v

“of 730- mg C/mz_aa for glass-slide- grown periphyton. In Lawience

‘Lake in New Hampshlre, Allen (1971) observed a summer mean-value of = = &
ey . C . ‘
v . .

300 mg C/mz\day for plexiglass grown perlphyton 1he summer -mean

observed 1n the;lt;gya River jn 1972 was 350 mg C/m day.”“The con-
e i

. LlUbIOn from this is . that the perlphytOn produdt1v1ty data-aru

- 71;\ FN),\
1eallst1c along wrth the blomass estlmates and the ratios examlned o -\\ ’
. : oy - ' .
above can be‘assumed tO'be apcurate- . . ’
- . ) ‘ . ‘c. ‘ : . , . .‘,/‘ [ e . . . -

- 7 : - _ , A . —

Thus it appears that the periphyton productivity ‘per unlt . -

‘ biomasg is suﬁsténtially 1owet thap that of the phytop}dhkzgkﬁ This :; R '\‘i/
. AR - i ST A ({ booo- o
: ' | L )
...' . . b - )
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has bccn 1n01rcctly observed by Flndﬁﬁcxg (1965) in a- study comparing 3
| S .

o th”dlng CTOP Of phytoplankton and its prlmary productivity. He .

b B
‘ concluded the blomass—product1v1ty reLatronshlp Variii|from watér

- body to wdter body but a) the small algae:(nannoplank on} arc more
i .
active in relatlve as?ﬁmllatlon than larger spocxes and b) Lnerea51ng

populatlon density d1m1n15hed relatlvc a551m11at10n rates. Ihc

P

h1ghcr i=tab011c/rate of smaller cells can be atgrlbuted to thelr

.surface‘areaz%olvolume ratlo, which facilitates gaseous und
VA ' ' F .

t

7 3 nutr'cnt cxchange On the whole, periphyton are made up of medium ,I : ' '

.r

4 .
‘ to large sized cells (Ottawa Rlver mean cell velume 1000 p ) and
"{f,ph?(oplankton small to mediumf(mean cell volume 400 p ) This’ could'
pdltlally Explaln the’ hlgher producplv1ty to biomass ratio found 1n
-

2

<

-t

phytoplankton Wlth regard to den51ty, perlphyton‘are much more

at
-

-+ ‘crowded ‘than fhe phytoPIankton. CO‘;\Fltlon between algae is llkely

to bc much more 1ntense on t%ese substrates, than if they were

suspended in the water column. Phe relatlve amount of senescent;

dead or nont photosynthe51zlng c¢lls in succe551onally mature perl- o

- r .

phytoh cbmmunltles may'ﬁp hlgher than mhat for thc phytoplankton\\\‘/ \
[hese §0- called ”déad" cells would not be 1nc1uded i the productivity,

‘ esrimates and not corrected for in the blomass estimates. ..This could /Rm

. -

be a-further contributing factor to the observed result.

. . e . - ¥ .
-. - ’ % X .r R l . . b B ) . * ' : ] .
Species|Compqsi££Bn of the Pariphyton 'and Phytoplankton. .

S ~ One hdndigzzgnd eleven species of diatoms eccurred in all |

- ! . .
- . . ' + -
' ' ' - . : - . - . L
* ' / - v “ . . : < . o~

O



the pullphyton and phytoplankton samples examlncd (Appendlx V). .lho

]

spmc1ps of dlatoms shared by the two communities tOtdllL{rgg but only

o

“cleten were gound in any abundance (at least flVL in a subsamplc)

-

’hormldlug were shared by the two communltles Thése are not branchcd

l

Cocconeis pldccntula ,Fragllarla construcns ‘T, crotoncn51s, F.
.. A » A
intermedia, F. virescens, Melosira dlstans M. granulata, M. varians;

Syncdfa ulna, Tabellaria fenestrata'ahd T. ‘flocculeda, -
~- Logcoulgea. -

.Filamentous *green algae were never observed in the phyto-

+ plankton sémples although theydominated the pcriphytmn sirface '

samples This 15 probably because the phytoplankton samples were

J .
“taken in the ‘mid-channel, far from the ShOICllﬂCS whcrg these 4lgae

-

were concent;ated Upon_attrition from their substrate branched »
_fi]amcntou.ﬂfofms tend to be élumped'(from'laboratory observation].

and would jnot be m1xed into thc mld—channcl by thc reldtlvcly weak

AF ] . -
shoreline current as would smallcr, less .dense forms. A s

1 . - . . -

- ] S _ ) i
The filamentoﬁs blue-grecns Anabacna, Oscillatoria and
v

‘filaments and thus unllke the green, algae Cladophora and Stlgeo-.

clonfum, dld not fOrm clumps and could be swept into ‘the mld-channcl

to be sampled as phytoplankton Addltlonally, the blu¢-greens havc-
much shorter fllaments than the grcens rcduc1ng fllament welght and

podsible clumprng. Colonial blup greens ‘1like, qlcroczstls were'

dhe

found mostly in the phytoplankton samples Merismopedia was found

T

in a few pcrlphyton,samples -Colonial greeps were found almost"

extlpsively in the phytoplankton samples. The pxrrophyte Cetatium

s i : : R

. ¢




éﬂgf'found'onlyin the phytoplank;on_samp1ess -

’

74 -
.I

. |

L~

‘ Relative Contribution by. the Phytoplénktoﬁ and Poriphf&on

.to the Algal Primary Productivity and‘ﬂiomnss of o

“a One-Meter-Wigh Cross-Section 6f the Ottawa River

" _ During the peak of the growing season, July 1972, produc-

_tivity values fér perlphyton (0 5 m depth)ﬂand phytopldnktdh 3 m

e,

watcr ‘column) were 750 and 220 mg C/m day;‘gospcctlvcly Slmllarly. ‘
biomass | values werc 10, OOG and 12 mg/m 1 fespectlvcly By know1ng

the bathymetry of a Cross - sectlon of river (Statlon 4? Flgure 1) the

Y contribution t0'primary productivity ‘and biomass’ for periphyten and -

. dcpth level; ~ the base of the euphotlc zone. This valquis 100'm2

v

o e

phytoplongton may be calculated. The area of.river bottom available

for. periphyton colonizétion is de'termined by the 3 meter water

tor al meéér W1de 5t11p dCTOSS the river from Warnock‘s (1972)

draw1ng of the cross-section through Statlon ¥ (Figure 1). The area
< :
of river surface enéompassing'a throe_meter.euphotlc zone of actively

v A

photosynthesizing phytoplahkton is 740 m% for -this same strip. Thg Q_

‘a
v

1esu1tant standlng crop in this ¢ross- -section for perlphyton is -

- 1,000 gm and for phytoplankton 8.9 gm. The corresponding perlphyton .

prlmary productlvlty 15 75 gm ./ da d for that of the phfto-

f

plankton is 162. 8 gm C/'ay This" 111ustrates the phenomcnon of high

product1v1ty per uqlt biomass for phytgplankton relatlve to.perlphyton.
'Onfon annual basis the phytoplankton Yould -appear cven morc

~



dominani'as primary producers- because the spridg-pcaﬁ in.t
b : s \--, o ' '
produétivity was not included in the above calculation.

,
heir

L - ,
' . . ' - * . ' ‘0;. .
The obvious réason fpr the greater primary productivity

.

) e 4 : ) . )
by phytoplankton is its greater habitat size (volume of water) than

* that. for the periphyton (shoréfiﬁe surface area). Added to this

as already stated, the cell size and density ﬁifferénccs between

.the communities must influence the result.
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o cHTERVIL T Tl
” ‘ . : L o 7
TN, SUMMARY - A . .
’ ‘f l— \_/ Lo ’ J'" ' 1 . . o .
-The majof objective'of‘this study was to-surVey the R é_.
; v - .
f . Lo
gpasonal varlatlon in pr1mary PrOdU¢t1v1ty and biomass of phyt0~, w
¢

- 1
’

plankton and perlphyton at three StJtlons in a shart section of the.

-
Ottawa River. 'A’S¢C°ﬂdary Obﬂectlve Was to deyelop 4 method to

1

assay periphyton productivity in situ using-a 14C tracer technique,
: . '_,' ) . , e L : .
A final objective was 'to examine differences between phy toplankton -
. I o ) L - i -

e o - _ . - 3 ; : . vy
and periphyton productivity' and species composition, in thrce .
, o s .. N 5
situations differing in terms of water pollutants: (1) thc lmpdct—'
. ’ . * " "'. .p.. .

'.:oné below é sulphite paper mill (CIP channel.station), (2) ina *

partlal recovery zone below a sulphlte paper mill (Blalr Road

qtatlon) and\\fj below a mun1c1pa1 sgwage treatmcnt plant (Lower

DuLk Rﬁland statlon) . ' : .

[ ¢ . -J'

Phytoplankton pr1mary product1V1ty at Blair Rﬁgd St

-

. was found to have one major “annual peak in June 1972 (406 mng L/m.

~and q lesser peak in October, 1971 (54 mg C/m ‘aay) Phytoplanktr
biomass. at” Blalr Road station was found to have two deOT annual ~

peaksﬁin_Ocnpber, 1971 (45 pg/l} and durlng July Au