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Abstract " B - -
— - . . .

] . A

The higher aquatic plnnt composxtlon, d15tr1but1on blomass

-and standxng crop were 1nvest1gated during two consecutive summers,

in.a polluted section of the Otbnwa River, Canada n addltxon_

- "
we

1norgan1e mercury uptake from 5011 Ottawa R1ver sedlment and

‘ . -

Ottawa River. wnter, was studiéd 1n two rooted aquatic plant spec1es

Ta e

g1ttarla latlfolrn found in the study section of the Ottawa

s . -

R1Ver,'and Scirpu5'gyperinus;‘found_in a nearby tributdry of the

r

~Ottawa, -the Rideau River, . - ~ .° 7 .

‘A total- of 42 specres was recorded 1n 1972 and 1973

Seventeen of these - spec1es were common to abundant in both summers,

Sag1ttar1a latifolia, Polygonum amgh;bium ﬁzmphaea tuberosa,

" Vallisneria amerlcana and. Spnrganlum ngustlfollum were the most

-

a common and most . w1desprcad specres The d15tr1but10n‘pattern of

.‘most SpBCles was character1zed by pure stands or stands dominated
by‘one spec;esu Dense gr0wth was found in éﬁ:1tered areas,'at the

entrance to:bays and sand bars along the islands, | Nymphaea

.~

>‘tuberosa. generdlly found in sheltered hab}tats, occurred in areas

open' to strongtwinds'and-curr@nts Only three speciés Sagittaria
“5‘.*},

--latifolia, §pargan1um eurxea?pum and olzgonug,amphlblum (forma

terrestrlq) were found to be tolerant of heevy ‘pollution.

~= . In the 504 ha study area, 9.0 ha were covered by aquatlc
vegetatlon in 1972 and 24.0 ha in 1973 The increase was due

largely to a greater quantity of submersed species occurring 1n

L4

1973, Hean biomass of emergent vegetation was 1.94 kg £resh wt./m2



in 1972 and 3.24 kg fresh wt‘/n'l2 in.1973 For submersed endr
1oat1ng leaf vegetatlon tog%fher it was 0. 30 kg fresh wt. /m -apd: -
0 33\\g fresh wt /m in 1972 and 1973 respectlvely Dry welghts
were about\lo% of the fresh welght Underground parts accounted
for about 2:;\qf the total plant weight 1n emergent species and

10% in submerscd\spec1es In two specxes, Sc1rpus validus and

Nymphaea tuberosJ the roots and rhlzomes accounted for about 33%

of gbe plant biomass, *

In laboratory experzments low concentratlons (<1- 24 .ppb)

e

. of radloactlve ercuric chloride.were added to water. ngher

r

concentrations {up to 60 ppb fresh’wt.) were added to Tiver

sediments. Both\Sagittaria latifolia and SC1rpuS cyperinus were
=

found to accumulate mercury froh these sources When Hg was

takén up from the water by 3ubm rsed shoots it wa’s found in the
emersed shoots tubers and to a lesser .extent in roots. Roots
also took up and stored mercury, fhen such was - present in the
surroundlng medxum For thlS reason,.lt wachoncluded that
'underground parts should-not be ignore when deallng w1th emergent
forms of aduatic plants. In submersegd plants the underground
parts accounfvfor a fairly’ small par of tota; biomass, and may be
of minor' importante in the tothl mergury uptake. |
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Section I

COMPOSITION, DISTRIBUTION, BIOMASS AND STANDING -CROP OF HIGHER

AQUATIC PLANTS IN A SECTION OF THE OTTAWA RIVER, ONTARIO AND QUEBEC.

1. INTRODUCTION

In 1972 a fiyc year comprehénsive studf on distributibn
and'transﬁort of persistent chemicals in a flowing watef_ccosystem[
Was initiatediby the Natioﬁal Research Council of Canada (NRC) and
the University of Ottawa. The chemical compounds, being rgleaséd
to the envirbnmcnt as a f;§u1t of natural processes (weathering
and. draining of bedrocks) -and human'activ%ties (pesficiﬁes used in -
forestry and agriculture and mercury compounds used as.bactericides
‘1n pulp mills) are transported within r1vers and cycled in the

environment (GaV1s and Fergusou, 1972; Hartung and Dinman, 1972).

The study area selected by NRC is located in a-5 km
secction of the Ottawa River about 10 km below Ottawa; Canada where
the water is polluted by both municipal sewage effluents and

industrial wastes, mainly from pulp and paper mills.

The scope of the NRC and the Ottawa Unlver51ty prOJect
in th1s 5 km section of a flowlng water ecosystem 1nc1udcd the
investigation of the phySicochemical characteristics of the water,
the di;tribution and compdsition of suspended soiids, the bed
sedimeﬁts and the description of the biota, i.e. all primary
producers, cozzymers'and decomposers in the trophic levels g;pical

of aquatic ecdsystems. This information provided a basis for
< :

1)

\
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further laboratory work with persistent chemicals and prg#ed}usbful..'

in the field sampling program in assisting analyses of the.
composition and distribution of these chemical compounds,witﬁin

the study area.

The present study deals with the macrophytes, which - "*

comprise a significant part of the primary prodpcers in the study,
q .
mm“i'eacts to »

area, It has long been known that aquﬁtic-yeget
changes in the'sur¥ounding-environment. In 1933 B tcher4publlshed S o
an interesting overview on compoiifiyn and d15tr1but10n of hlghcr

aquatlc plants u&d théir relation to moving wate} in small rivers

of England. This general picture has since been followed by more

specific work:oh different_ecological aspeéts of aqﬁatic plants

in erning waters, Edwards And Owens (1960), OWeﬁs and Edwards

(1961, 1965 and‘1967) and Westlake (1966).were dealing with

.macrﬁphyte biomass and productivity also on small rivers and

streamsfi While Sirjpla Q196§) in Finland looked at cover and

frequency of aquatic vegetation and its relation to water velocity

in the field, Peltier and Welch (1969) combined plant .growth

studies with nutrient content of the water, light aéailability
and te£§erature in a.river in Alabama, U.S.. Recgntly several ' -~ :
important Stu&ies on the effect oﬁ pollution by sulPhité paper
_mills on aquatic plants have been carried out in large lake systems
in Finland (SUomineq 1968; Eloranta 1970 and Kurimo 1971} . Other

A pects of pollution were studied by Kohler, Wonnenberger and



L

-

Zeltner (1973) 1in the Moosach vaar system in Germany Thcy were

,100k1ng at the p0551b111ty of uﬁlng aquatic plants as 1nd1cators
_for pollutlon based on certafk chemlcal data. fin Cnnada Dansereau Efa
-
(1958), Gillet. and Dore (1974) and Gentner (1973) have looked at
.the species compos1t1on in the Ottawa Rlugr d1str1ct as ‘well as
in other areas. As ; whole, "however, no major inveséigations on f
_éhé eeoiogical significance;.§he distribution or the biomass of
higher aquati; plﬁnts in ﬁery wide river#,&uch as the Ottawa’

have been previously conducted. The importance of the aquatic

- .
vegetation in the two running water systems of small rivers and :

[
t

large rivers. can be expected to be quite different. Therefore, %t 
was cbnsidereg necgssary to carry out a special_investigation
on this type of vegetation, \its species compositidn, distribution, -

' biomass and standing crop in the Ottawa River.

1e

4
A
.

e




Lo X R - ' o 4

L .1
*» ' o ) ’ ﬂ
2. DESCRIPTION OF AREA .
2.1 River Ofigjn and Location of Study Arcu'
. The Q&tawu,River*i(:;ituatcd in’ eastern Canada in the
provinces of Ontarig and Qugbec (Fig.- 1), It is 1160 km long, and ‘ \é?

originates in ‘Lake Capimichigaha‘nbout 250 km north-west of Ottawa.

For 480 km it flpws westward Ehrough forested country. Upon
reaching the head.of Lake Timiskaming, the river turns south
. ] . . L

ecasterly and c ntinues in this direction until it finally drains

into the St. Lawrence River. Throughout its journey it fomms
.several lakes and'rapids,:dcséending a total of 366 m from

headwater to mouth. The total grainage area of the Ottawa River '
is 145,000 sq. km (OWRC-QWB, 1971}.3. - .
. . - he

e o
~, i -

The bedrock in the region consists of two major forms:
. h ’ . ' ( v
precambrian rock of the Canadian Shield in the Upper Ottawa
valley and the east side of the river, sandstone.and limestone

deposited during the Ordovician period in the west side. The

_mean annual precipitation over the whole basin is 876 mm with a
runoff of 444 mm. The largest part ;f the draihage arca is
covered by conifcrous forests intersperécd with swamps‘and peagaui;
. bogs. The gontribution'of farmland to lhe gurrbundingg is

comparatively minor.
.

In 1972 a 6.4 km long section of the Ottawa River,

including the S km long NRC and Ottawa University study area,

! - [ i
omme : ) ‘
* The information on the Ottawa River is taken from Ontario Water
Resourgces Comﬁissipn - Quebec Water Board (OWRC-QWB) report on water
quality and its control in the Ottawa River basin 1971 and 1972
‘and from C. C. Kennedy (1970). - . '

L)
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was mapped Figs.'z and 3); The section wps'reduced‘in 1573 ;o
- the 5 km lopg stretch. by fruncﬁting‘i;4 km‘from.ihe downstredm
end of,# e gec;ion, to conform with the limits addptcd for the
-stud/zirea by the NRC dnd Ottawa University. In addition, all ~
of q?fgf Duck Island was included in the 1973 sﬁryey'evén though
'it c;tend;d beyond the 5 km limit., Three large islands, Kettle
Island,‘Upper Duck Island ang Lower Duck Island dividé the

‘river into two channels-throughout the whole 6.4 km long section.

Ubstream,.in the immediate &icinity'of the study areca
two majqrrtributafieé, the Rideau aﬁd Gatineau Rivers,_fiow into
.the Ottawa River (Fig. 1). The Rideau River flows through areas
of cultivated lowlands and throdgh the city of Ué&awa. The

Gatineau River has its headwaters close to those of .the Ottawa

River dnd'descends‘directly south from the forested highlands.

2.2" Bottom Morphometry dand Shoreline Characteristics in Study Area
4 N .

The width of the ;iver in the'stud;‘area ranges from.
1.2 km to 1.6 km ahd depth ﬁéﬁe? exceeds 12 m (Fig. 4). Only
ve}y few areas aloné‘the shore drbp off suddenlf? Usuaily there
is a gradual decline to‘deeper parts. The bottom sediments vary
in composition throughLut thé-area. Hhéré the currént‘is ' Q
gpﬁparatively fast the bottom material is composed of coarse sand. ' \\\{

_Finer particles are found closer to shore. Nearly the whole

length of the south (Ontario) shore is composed of heavy clay

N
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Fig. 4 Depth profile in the-study arca .(as modified from Stryde

and Glazebrook (19745).
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intersperséd with a few small, 'sandy beaﬁhes. The steep clay banks,
are subject to severe erosion from wave and cur;ent action. Runoff
from;fhc slopes also carry a lot of Elay‘ﬁaterial into the river.

In 1972 rockfill was added to ﬁpproximatcly 1,266 m along this
Ontario shoreline to prevent erosion (Fig. 5). However, a large |

part of the shoreline is still not protected and many trees on the

bank become uprooted sliding or faliing into the river (Figl'G).

The bottom of the channel between the Quebec shore and

Kettle Island,‘downstream from the CIP paper mill (Fig. 2) 1is
covered with wood 'chips. Stumps and logs are common in the
shallow water. The bank on the Quebec side is not as steep as

that on the Ontario side. It includes a fair amount of developed

land and the paper mill.

The trees on the islands often grow close to the water,

their branches reaching out over the river, The tips of these

islands are long shallow sand banks, where the banks

sometimes extend for a short distance downstrcam along the island-
to form a‘sand‘bar and a shallow bay (Figs. 7a and bi. In some
places shallow sénd bars containing old stumps baf&ilel the shore-
. line. Logs are ;pmmSnly found in the sﬁallow water around these

]
islands.

2.3 Physical and Chemical Characteristics of the Water

& .
In 1972 and 1973 a mean spring-autumn (April-September) .



Fig. 5

Fig. G

Rockfill along the Ontario shore; an e¢rosion control

measure. (April, 1974)

\

Eroded river bank on Ontario shore resulting in trees
beinguigootcd and sliding into the river. Logs are

frequently stranded on the shore. (August, 1972)






s

Fig. 7 Shore and bottom profiles in the study area,

(Fig. 7b 1s an aerial view of Fig. 7a)
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flow of 2355'ﬁ3/scc. and 1690 ms/seé. reépcctivelf was estimated*
for fhe study areca. The rifer isjreguluted for hydro-clcctfic
power production, and fluctuations in water level in the study
area throughbu; the year do not gollow natural discharge patterns.
‘Dams reduce the volume of water in spriné and enhance the'w#ter

flow con51dcrab1y durlng the summer season. Sudden changes'in,

water lcvel resulting from changes in discharge rates at the

dams were observed several times during the study periodr

A survey of water veiocity in the 6.4—km section was

conducted in July and September 1972 (wérnéck 1972). He has shown
tﬁﬁt‘the velocities are”higher in fﬁe midchanhels tﬁan closer to
shore as woqld be expccted; During the time of tﬁe sfhdy, values
hveraging around 0.40 m/sec. weré obtaiﬁed In the shallow.reéions,
the flow was slower and ranged from 0.01 to 0.24 m/sec A more

deta1led study on current ve10c1tles in the littoral zone was

performed in July and August 1973 (Stryde and Glazebrook, 1973}.
Readings were taken between 6 and 10 m from shoreline. Velocities

‘ranged between 0.00 to 0.53 m/sec. (Fig. 8)...

The quality of the Ottawa River water that rcaches the

" upstream urban areas of, Ottawa and Hull is, according to the OWRC-
QNB'repé:t (1971j, satisfactory for.most urban and recreational-
uses, although its nutrient coﬁtent is high enough to support a
iarge production of aquaéic plants and.phytOplankton. Heavily

populated areas do not appear until the river reaches the cities

* Calculated from Warnock (1972 and 1974)



Fig. 8 Current”velocities (m/sec) in the littoral zone of the
study arca (summer 1973), (Data from Stryde and Glazebrook

(1973)).
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'of,Ot;bwa and Hull with a combined.rcgional population of more than '
506,000. By‘thc time the Ottawa River water flows thfoﬁgh Ottiwa
and'Hull prior to reachinglthe study arén, its cﬁmposition changes‘
cohsidegably due to industrial ﬁnd municipal wastes. Hull and most
of the smaller municipalities, Qifhin 50" km of Hull -along .the

river as well as industries had no treatment up until 1973 and
contrlbuted heavily to the pollutlon of the river. In add1t10n,

“the CIP paper m111 at Tempelton Quebec {Fig. 2) has a profound

impact on the water within the study arca (Figs. 9 and 10)

The data on physical and chemical pa}ameters for thic
south channel oppoSite Kettle Island in Table 1 (OWRC-QWB 1971,
Fig. 11), indicates the quality of the water entering the study

area.

The effluents that enter the river from the paper mills
‘consist of wood chips, bark, fiber and other biqdcgradablc natter.
The' inpact of the CIP paper mill is shown by the -high BOD (bio-
chcm1ca1 oxygen demand) levels in the area (Table 1, Mackic‘197l). and
.the-bottom sediments c0ntaln a large amount of N and H S gas., |
“dLLlC (Ibid) also 'shows that concentrations of phenols are
h1gher below the pollution source than above. The OWRC-QWB report
points to changes in transparency of the water as seen in Secchi
disk readings. _Immediatelj below the CIP paper mill a low reading
of 0.6 m is repo%ted whilé further downstream aloﬂé the shore the'

average reading increases to 1.0 m. On the other side of Kettle




Fig. 9 The channel below the CiP papcr mill betwgcn'Quebec shore
and Kettle Island is wide enough that the north east shore

of Kettle Island is net.always exposed to the paper mi 1l

effluents. (July, l9fi]

Fig. 10 The CIP pap r mill is responsible for the heaviest pollution

loading to the study area. (July, 1972)



f * ' ' ’
0
. B . ’
' 3
' .
v . .
‘.
.
.
.
- .
- .
-
\ L



14

TABLE 1.

Phy51ca1 and chemical characterlstlcs of.the wat;r in
the study area after ONRC QWB (1971) and Mackie (1971) ‘ Stations
are marked in F1g 11. The ONRC -QWB report did not statc t1me of
‘sampling Mackle made weekly determ1nat1ons at each station, and .
daEa from summers 1968 and 1969 w1th bottom and surface samples
were averaged. ‘Units are 1n mg/l unless otherW1se 1nd1cated .

For each paramcter the range is followed by the ‘mean anﬁ number

of samples.
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~Fig. 11 Sampling stations for water chemistry and light penctration.
Stations 1-5 were used for Secchi transparency measurements

. 19Ty L



+

e € ' pupis| 91348y
, pupjst 8|38y — 'S faunedd
|\|\I|||l\|l|.. H . N
B R d19 molaq
1 A ‘ T
a, . |
: Co T 29qand’
- . . diD mojaq
§SAM 3y} O} WY §'2 —>
19A14 NDBUDY
Y _



o 19
. '- // " .
o - - ‘
Island my own mgasurementsA(sampling'stationslindiqated in Fig. 11)" . - Iy

in August_1973 showed a low of 1.7 m Secchi transparency after
heavy rain storms and a high of 2.3 m under ndrmnl'summer;conditions —
in the midchannel. The OWRC-QWB report gives an average Sccchi

depth value of 1.5 m along the Ontario shoreline.
: ! y

”

Bacterial growth consisting largely of the slime ' -

bacterium Sphaerotilus covers the bottom as well as the logs and

étumps in the shallow water from the CIP outlets to the end of
'the.study section on the Quebec side. Apart from the high BOD ‘ f
and phenol values, othér chemical characters (e.g. éulfite)‘of the

water in this section may also differ significantly from the area
.“‘ '
upstream of the paper mill but these are not evident from Table 1.
. . ‘ 2 o
The northeast shore of Kettle Island does not appéar to
be affected by the wastes from CIP as much.as the Quebec shore.
This is reflected in the chemical results of Mackie's (1971) study

R —

(Table 1). The CIP effluents apparently do not alwaysjreach Kettle

Island as observed in the field, where on occasion, a border line
forwthe wastes could be seen with the naked eye. .

Upstream from the CIP mill outlets, the river is covered

by logs, with the exception of a narrow channel along Kettle isldhd,

which is left open for small boat traffic (Fig. 15). There 1is
—_ :

-

also a cleared open space of roﬁghly 800 m .in. length and 100.m in '

width along the Quebec shore. The water in this section of the river f«ﬁ_i
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is likely.to be affected by the ﬁatincqu.uivcr (Warnock, 1973),
According to Mackic's (}971] study, the Gatincau River has lower
alkalinity, calcium, ﬁnrdnéss, phenols, sulfates and conductiyity
‘than the Ottawa‘Rivér, while nitrates are higher (Table 1).
iHowcvér, any influence of thq Gatineau Rivpr.watér canno¥_ye
ﬁrchd with thé chemical and>physicd1'da£a obtained by Mackie.

His fcsults show ihﬁtead‘more similarity thwceg the water in the .
_channel on the Quebec side and that from the dpstrcam Ottawa. The
.Rfdeab River efflucnts appear to run paraliel wigh'thc Ottawa River
water. along thc.Ontariolshore throughout most of the study area.
~This couldqexplain the difference in phOSphutéS in the littoral
zone of the Ottawa~River'bn the Ontario shore, fram that o} the
Ottéwé River on the Quebec shore, where the Gatineau River Has its

major influepce. Any other changes in this region causcd by the .

Rideau River are not indicated in the chemical data of Table 1.

The river has also recovered cdnsidorably from the
discharges from the E.Bﬂ Eddy Co., by thc.tihc it reaches the study
arca-(OWRC-QWB; 1971}. BOD levcis at the cntrungc,nf the sthdy.a}ca_
are similar to those found abqve:Ottawa (Mackie, 1971 and OWRC-

QWB, 1972). However, there are still excessive amounts of suspended
wood fibers. Wood chips in the sediments in the Ontario section

of the study area (Fig. 12) are also likely to originate with the

E.B. Eddy Co..

During the summer of 1972, pil films were frequently



_ Fig. 12 "Suspended solids and bot tom sediment composition in’ the

study area (as modified from OWRC-QWB (1971)) .

e
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/ ' | L]
observed on the water surface in the channel on the Quebec side.

Thin layers of oil built up on the emergent aquatic plants

throughout the scason.

The average water tcmpératurc during winter under the
ice ranges between 0°c and 0.1°C. fhc wholp river freezes over
apart from a channel below the CIb paper mill and a few spots in
the midsircam_on the Ontario side iﬁ December or Janﬁary and \
the ice clears in March or April. Where current speeds are high
ice generally fails to form. In the summér, watcr'tcmpcratufe

\ : *
reaches a high of 250Cc )
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3. MATERIALS AND METIIODS

3.1  Mapping of Higher Aduatic Plant Distribution, Summers 1972
' and 1973 L

r

3.1.1 Field Studies

\
An aquatic plant was defined by Fasset (1968) as "one which
may, under normal conditions, gemminate and grow with at least its

base in the water and is large cnough to be seen with the naked eye'.

The Ottawa River program, of which this study is a part,
is concerncd with the flowing water ccosystem. Therefore, only
vegetation related to the open river water was studied intensively.

Bays and ponds on the islands were left unsurveyed.

Field studies were carried out in late summer, when the
number of aquatic plant species were in full development and flower
at its maximum (Westlake, 1969). This made plant identification

L]

possiblc.

The mapping, including estimation of total coverage by

~

aquatic plants, was donec from a boat and by wading in shallow sections

-of the study area. A glass bottom box was held over the side of the

boat to assist in observations of the submersed* vegetation, In the
sumer of 1972 ﬁqua lung-assisted divers were also used to check on
submersed vegetation in 1.5 to 6 meters of water. Deep water
spécimens‘wcrc collected by the diveré and by using a garden rake
over the edge of the boat, and. by dragging an anchor over the bottom.:
_of the river. lCollccted plants were stored in plastic bags in a

5°C cold room until they could be preserved or processed. Coarse

* submersed adopted from Sculthorpe (1971) for plants with their
shoots totally in the water face.
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plants were placed directly into a plant press and delisate plants
were washed of debris. and floated onto spcc1men mountlng sheets
bcfore bclng prcsscd Idcntlfludtlons were confirmcd by Mrs. Susan

Axkcn and mcmbcrb of the Plant Rescarch Instltutc of Ottawa

The occurrence of the species was recorded on maps'
(scale éf I:S,OOOj. The shorelines were divided into 100 m
intervals 240 in'qll by using a 100 m rope in thc-erCQ§s of -
mqpﬁing. The -area covefcd by aquatic plants with;n 100 m intervals
was cstimated visJally. This'was'casily doﬁc with cmergent
vegetation, since in most areas this type of plant growth.extended
to no more than about 30 m from shdrc. The submersed vegetation
was mafked off with the help of the 100 m rope. Thc'frequcncy
of cach speéics within the interval was marked on a subjéctivc
scalc‘of 1:tq 5, in which 1 was sparse and 5 indic;tcd very dense
grwoth. The grouping pattcrn was also mgrked on a subjective
scale of 1 to 5, where 1 indicated whether species were growing
singly or in very small g:oupé and 5 indicated fhat largé : oo

unispecific carpets of the plants were observed. This grouping

pattern scale is a variation of Phillips' method (1959).

Distribution maps were compiled from the above records
both for 1972 and 1973. In order to obtain a very general
‘indication of the distribution of water plants,éﬁd to simplify

' . * )

the detail on the map the plants were grouped into four morphological

* The distribution maps are stored at the Biological Sciences
Division, National Research Council.



“types with the following symbols (cf. Table 4):

[ Emergent plants, e.g. Sagittaria latifolia

‘Sparganium eurycarpum. (1)

o - Floating lcaffvegétation, e.g. Water lilies (2)

Nymphaea tuberosa, Nuphar variegatum.

f  Pond weeds with both submersed and floating leaves,

c.g. Potamogeton epihydrus. (3)

/ Submersed plants, e.g. Vallisneria americana. (4),

Distribution maps (Figs. 16-30) were also composed from the above
records for every species of aquatic plamt found to be common in

- the study area.

3.1.2° Remote Sensing

Air photos were taken by the Remote Sensing Branch of
'Environmcnt Canada over parts of the study area during the time of
the field study in 1972, On August 14th pictures were taken -from

" “anTaltitude of 2000 m. On the-5th and the 9th of Scptember they

were taken from 150 m. Both Infra Red film and conventional
cblour £ilm were used. Films are on file at the National Air Photo

Library in Ottawa.

The photos were used in aiding in the estimation of
"the total coverage by aquatic plants. The aquatic vegetation was
traced from the photo negatives onto transparent paper. 'The

_ateas_were then adjusted to the 1:5,000 scale used in the field

—— e




work and checked against the field obserﬁations.

3.2 Biomass and Standing Crop* Estimates, Summers of 1972 and 1973

The colléction sites for higher aquatic plants were
selected differently in the two sﬁmmers of ﬁhe survey. ‘In 1972-the.
sampling wag_esschtially ;andom;‘based on o system of transects
prepared for the Ottawa Rivcr Project, by thc.Ottawa University
-und the National Research Council. In 1973, th; distributioﬁ
patterns and thc‘dcnsity of the' aquatic plants were considered
before the actual sélcction.of sampling sites was done. Sampling

. techniques were kept the same as far as possible in both surveys.

Growth area, biomass and standing crop of -aquatic
|

vegetation were cataloged for cach of the separate cells in the - 7

revised grid system designed by NRC in 1973 (Eriksson, 1974).:

Data for both summers 1972 and 1973, were converted to this base.

3.2.1 Sampling Program for 1972

All saﬁples except twé-wcre collected where the Ottawa
River program transects intersected the shoreliﬁc of Quebec,
Ontario; Kettle Island and Upper Duck Island (Fig. 13). At £wo
sites, A and B; no vegetation was found. With the knowledge from
earlier field observations, stations cleose to the transect, with

morce or less typical vegetation were chosen for sampling. There-
i

\

LS

T ——————*—Biomass is Hefined here as all rccovered plant material, including
underground parts. Standing crop rcfers only to the shoot.

’



Fig. 13 Sampling stations chosen for estimating macrophyte biomass.
. ‘ , . .
and standing crop in 1972. Transccts are indicated by

straight lines.
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fore stgtion 7D was 250 m downstream from the transect point and

station 185 was 25 m upstream from the transect point.

A tptallof 19 plant samples was taken inh July, August
and Sepfcmbcr (Tablé,S). The first_series'of three sampies was
made in the middie of July and the rgﬁaining'ones‘in Augﬁst and
the first.week in Septembc:. Two kinds of samples were collectéd:
(1) aﬁﬁatic plants in sha}low‘wa;ex'end (2) aquatic plants in
deep watcr.l The shallow ﬁatéf samples were taken among cmeréent
vegetation close to the shorelines. The deep water samples were
‘taken in’water 60 to 100 cm deep. This refers to are;s]occupied
by floating leaf vegetation, pohd weeds with both submersed and
floating leaveslor submersed-forﬁs. The sampling was done within
é metal .frame, which was raﬁdomly placed at each station ment iohed
.abOVe. In the first series of three samples a 1/2 m x'l/Z m

A ]

quadrat was used. All aquatic plant material was collected within

P

~ this area. For the remaining series a 1 m x 1 m metal quadrat

was used. This increased size reduced variability in the sampling

results (Westlake 1969).

All aquatic plant material-including underground parts

. was collected within the quadrat for later analysis. The plants’
were placed in plastic bags and brought to the lab, where they:

were stored at 5°C for not more than 24 hours. Prio; to détérmihing

fresh weight the plants were hung on suspended lines fot 10 to 30

: ‘ . c
min. to allow’excess'water to drip off (Westlake 196@a). The
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species were ssrted and grouped into eight diffefcnt units: = green
parts of the shoot white base of the shoot, w11ted materlal
roots, rhlzomcs tubers, stolons and runners. The plant weight
was obtained in grams with two decimal accuracy. After weighinéi
plants were stdrcd"in-a‘frcczer at—lOOC., Pafts of the first thre;
samplcs and the total of the remaining samples ‘were sent to the
~ NRC laboratories for dry weight - and ash frce dry welght dctcrmlna- - /’;m\
tion. These determinations were done on combined samples where .
the ﬁnits weré groupéd iunto: 1)‘"green" (511 above ground‘parts
éf the plant) and 25 "root' (all undergroundfparts.of éhe plant). .
The results were given in percent water and percent ash free dry. |

weight. The former values were then used to calculate dry weight. 7 4,

Samples taken in similar types of vegctatign were

grouped together and mean valucs of fresh weight and dry weight

were used in estimating biomass and standlng crop for all sampllng (fﬂ
areas within the study section._ As there was only a maximum of two
'Samplgg takén for each group, ma#imum and minimum values are givcn
whenever possible. In the assessment of biomass and sfandiﬁg crop

the distributioﬁ patterns of plant specics were taken into |
consideration before samples were applied to the different

vegétation areas. The calculated biomass and standing crop were
finally-grouped‘intﬁ geven areaé:» 1. Quesec west (above thg CIP

paper mill), 2. Quebec east (below the CIP paper millj, 3. Kettle

Island north west and 4. Kettle Island north east Labové and below

the_CIP'paper mill), 5. Kettle Island south, 6. Upper Duck Island
‘ . ' . . i



and 7. Ontario shore. ' ‘ o o ' Y
DN . : ‘ . T

!O

3.2.2 Sampling Program'fbr'1973

Sampliﬁg'was conducth.throhghouf.thp month‘of Aﬁgust and
in the beginning of September. Tﬁe same tﬁo kinds of sampleS'ﬁere
.co¥1§ctcd as in 1972, i.Je. (1) "Shallow water" and (2) "Deep waters'

~ samples, ﬁowcver the deep watcr samples were collected in 50 to
150 cm deep water, instecad of the 60 to 100 cm of 1972. A total
of 27 plant samplés was rcmoved at stations indicated in r1g 14,
In cach location all material was collected with a metal quadrat of
one squarc’meter in area. This was placed in areas with more or
lcss‘homogeneous and typical ngetation; The boat was rowed
st;aight into a known area and the metal frame was lowered over- one

- side. fhe border Eefwceé oﬁcn water and vegetation was avoided in

the sampling because of changes in plant morphology, species . ‘

composition and density "that can be expected in-a transition zone

(Odum, 19?1; Qaﬁbenmire; 1968); Two samples were taken in areas
where the coverage by.piants was denée and one sample was taken
where plants were sparse. The blants-ware transported to the lab
and stdred in—tha same way as previously described for the summer
of 1972. The method used for fresh weight determinations was qlso
the same. To record dry weight all the plant material was chopped,
mixed well, and if large, subsampled bef;re drying in an ovén

maintained at 105°C for 24’ &ours. /Individual species and plant
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Fig..l4 Sampling ‘stations for biomass and standing crop ¢stimates -
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(1973).
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© parts were kept 5cpuratcd through ;hisproccss.‘ Ash free dry
weight was determined on the saﬁe_units by érinding the samples,
rthen taking two subsamples in each cusc.ﬁnd ashing at 550°C for
24 hours, Bc@ghis were obtained on an apulytical paguncc with 0.1
myl écnsitivity. In the calculation of#biomass and s;anding c;op,
the values recorded E;Bm the'quadrat samples were compiled (Taple
12) according to the following criteria: scven Jiffercnt plant
associations'domini%éd the vegetation pattern in the étudy arca.

Association 1 had mafﬁly Sagittaria latifolia in the stands.

Association 2 consisted of the main part of thc rest of the shallow

water vegetation, which was dominated by mixed stands of §.
1. . . -

latifolia and Sparganium eurycarpum. Associ¥itiont 3 was found only

in station 175 and contained mainly Sparganium eurycarpum,
—

b ! u - - . . | \v . .
Association 4 contained pure Nymphaea tuberosa stands. Association

5 was recoéﬁizcd as.dcnselyﬁbépuiated stands with mainly Vallisneria

amer%iiii‘gpd Sparganium apgustifolium, which could be rcadily scen
T 7 ]

from the boat. Association 6 was similaT to no. 5 in composition

of specics'but vegetation was sparse. Howevcr.thgfe were large
arcas of deep and turbid water where the vegetation could not be
seén from the boat. These were surveyed blindly with an anchor.
‘Thus no distinction could be made between dense and spafj?\\\}
vegetation. Since large ‘patches of dénse vegetation were fouﬁd,fo
be as common as arcas with very sparse or no vegetation,-estimates
are therefore based‘on biomass values in Associatio 5 in half this

L

area and Association 6 in the other half. -



e

Association 7 consisted of mixed stands of Sparganium angustifolium,

Nymphaca tuberosa and Polygonum amphibium,

33
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T4, RESULTS

4.1 Macrophyte Species Distribution und Biology, 1972 and 1973

A total of 42 species was recorded in the 6.4 km long
stretch in summer 1972 (Tables 2 and 3), and 35 speccies were found in
the summer of 1973 (Tablch). All the species found in 1973 were

e » .
included in the species list of the summer before. The five species

Acorustcalumus, Butomus umbellatus, Myriophyllum spicatum,

'Potamogcton spirillus and Scirpus fluviatilis, found only in 1972

occurred as s1nglc plants in onc or two placcs within the 1973
fcgion and were not found elsewhere in the 6.4 km stretch of 1972.

The specics §pargan1um chlorocarpum, found only in 1972, was

observed both within thc 1973 study. reglon and on Lower Duck Isldnd

Chara sp. was recorded iﬁ a few patches only on Kettle Island in

1972, K

The distribution of the aquatic plants is shown in Fig.
15 where species-are arranged dccording to 4 life-forms and

Figs. 16 to 30 where 15 of the most common species are recorded

scparatcly- Similar distribution patterns'were found for most
'spcc1cs in the ‘two summers, and the same stands could often be
recogn1zcd. The only striking difference betwccn 1972 and 1973 was

the chaﬁgc in the submersed vegetation. Although the stands of

1972 reappeared in 1973, the submerscd vegetation had extended over

"

a considerably larger area in ccrtaln parts of the river. In 1973

Vallisneria americana had extended further out (te dlStJnLLS of about

’

200 m from the shorclinc) in some areas, while along onc shore of
‘ . : 4 .
Kettle Island (north east) it had almost completely disappeared.

. . . LI



35

xx1SOM puﬁISI }onQ 10M01

()

(01) «#U3IN0s pueBIsS] XONQ J0MOT

(6) .5Y3I0U PUBTST Y2N(Q I0MOT

X xxX
X . XX X
X
XX XY XY XX | XX XX X
X X
X XY XY
X
X X XX
X . .
o X . X . F/
o [ == -~ [=n - -~ ~ L
= =) (o] ”M v} 1] = c
N Q t [ (ng [¢] o
=] Lt] ot 1) (a4 [ad o o
Tl ] — 4 — = o- o
| [+] | [} o £ 0.
=] ) jr=)
cC . = - — — 7 "
[T 0 2 0 n th = =t
e = ot b — — [« o
[=] = ! &= [ o] -
~ — =1 N =] o I+ o
[+ w [=9 tn = =
bt b . . o %
. 8 n £ 2 2 B L] -
~— = (o] = o ~ O w W
o [=5 o k3 H g " [
— - I t . *
w = = = =
Q o] — —
= ~ el ] X ] —
= bt = w W
: rt [
~ )
S | U — ~—
— B P= L2 ]
S’ S

!

-¢7-7761 Butanp eaie Apnis
sa1oads Yz pue I3pIo [EDT

saxoys

3yi 3o S$2I0YS 1IUIIDIFIP U0 95UAIINDIO
1aqeyde ul pai1sTI sardads a14ydaasrey

%

-7 oruwl snsliow STIBY20IPAH
pot3saAdrzue sireUTIUO]

: / ‘ds unijasinbg
uoyoueld ("xYdTW) STsuIpeued BIPOT]
(481y wd gz~ ) "ds "3

(481y wd 06-05) -ds sTIEY20913

. - +ds eawy)

-+ unsiswap unf{Aydoieaa)

* snie(loqwn snwoing

‘7 SNUETEBD SNIODY

_sat1oadg

"¢ A9Vl




36

b lirad

e

XX

XX

XX -
XX

XX

XX

-~

XX
XX
HX
XX
xX

XX

o

xX
XX

XX

XX

XX

XX
xX

XX

XX

e

5%

XX
XX

!

e e

XX
xX

XX
xX

eXeX

eXeX

XX

xX

XX .

XX
|+ Mx

»t

XX

xx

xX

XX

Xy

XX

XX
xX

xX
xX

XX

xX

XX
XX

x
XX §
X
X
X
X
xX
XX y
X
X

+

e

o d "3
04
uo pun
sdn uo xwwﬂumo>=m J
weaxl uo pol 15oAU] ...up
UBIST JO mﬂwmﬂ ut m“co veummﬁx 2L -
o N - €L6T =
.mmmﬁ.

3

Xy .>

aus1Ii®E

xomwe BlX : .

pUEDT s o

o ﬂ,wm:m.asmhmu»h“ .m
.nwmm E:mhmuouoamu S
on tuedredg

.omaum:mcm umt d

11031
*XYITH

r TyeA I 'S
A
SNpITE .
Aexg (110 . sTIIlIRTANT} °S
1) stitlel o5
M. sn3oursoIlE sndiidg
[ 4
. . rpleul

318eg
eTIE] °S
ey o
PITT M i :
oummwuﬂém:wwomuw: ﬁowumzﬁﬁﬁuwmw :

53 ¥ . 7o ;.
(e (saaeat .:mﬁmmw ﬁﬁcomﬁMmMpwc .m
‘qpAy ("uu mz m“unxwwMMuOQ

'3 é

TIpTO3Y 1uou et pa3uod
’ . UDQ#& v . ﬁﬂm E:..HH—M: O&
s hummwuouugsd Ezcowmh»z
(uwroj Auﬂwu azﬂnwmunzp mwmusmsz
1 m:ﬁumoﬁcamm BsS e i
*1 (mro3 9 3ug wnie i "

e 13 mm.m
' ITIXD )
.z ﬁ.ﬁﬁﬂ_zwuww ssummwoﬂhhz

. e o .
Tmag B CY3s o) w“ﬁa:: smwwﬂa m”m”w
" Buoxop (°3ed ah“mﬂaww h
" ST

-,

. avlL.
(P,3u0d) 7 318
- -



Thesec are species that were recorded during August in both summers

Table 3.

37

Macrophyte species occurring in the study u;éu dﬁring ' '
1972-73%, not mentioned in Table 2,
Calamogrostis canadensis (Michx.) Beauv.
Carex sp.

Eupatorium boréﬁlis (Nash)‘Bthhclder

Phalaris arundinacea L.

Solidago sp.

. Spartina pectinata Link,

.

1972 and 1973, but were not considered true aquatic species and

therefore not well mapped. Later it was found that they are taken

up in Fasset's manual (1968). The species were found only on the

islands.



r

Fig. 15 Macrophyte distribution in the study area (19_72-73)'.'
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Figs. 106-30 pistribution maps of aqﬁatic'pldnt species in 1972 and

1973. Explanation of symbols given in Fig. 16.
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of cither Scirpus validus, Elcocharis sp., Sparganium cur

Sagittaria latifolia (Fig. 16) wasfthe most widespread
specics in the arca, It often occurred as the dominant species in

mixed stands, where it was interspersed with either single -plants

or small stands of Scirgus validus OA\Elcocharis sp. or single

plants to large carpets of Sparganium curycarpum. [n some arcas

scparate stands of Sagittaria latifolia would alternate with pdtchcs

larpum-

or the &:rrestrial form.of'Polygonum.amphibiugj‘but it was alsd

found as the ‘only emergent species. 1t grew in both fast running
. I . a- ) ' “ . ! b
water on shoreg cxposcd to wind and wave action and in calmer

N

~reaches. - It was supported by a varicty of substrates, ecven by

thick layers of wood chips. The heavy clay was tho only substrate

-

which did not éuppor; growth of.$. latifolia. | '

The size of the species varied conéidcrablyf Where the
height was the same, the breadth of the leaves ranged from n;;?n(\\
? ' . ) .
(total -areca 25 cmz) to hroad (total area 300 cm?). The different

- -

sizes were not confined to any specific areas but the specimens

with .the' largest leaves were mostly found close to shore.”. Flowers

 were very -abundant, In ‘1973 shoots were observed to start

T

developing from the old tubers in the first week of June.” New

tubers started to develop in late August and leaves started 'to wilt .

. - o
utﬁjﬁk same time. o ' ' '

- In arcas with extensive aquati¢ vegetation Sparganium

I . . : |




curycarpum (Fig. 17) was as common as Sagittaria latifolia. S.

curycarpum covered ldarge parts as a single species or mixed with

- . {
$. latifolia or Scirpus validus.. Although occurring in other arcas ,

1

along the shores it was not'as-frﬁ?ucnt'as $. latifolia. It .
' : i s T Co
appcarcd mostly shielded by carpets of floating leaf vegetation | S ’

such as Polygonum amphibium qnd/or Sparganium angustifbliumf The

substrate was the same as for 3. latifolid, except it did not : -
grow where wood chips made up the major part of the sediments.
Shoots werce observed in carly Junc. Flowers were not very Comnon,

and the Species seemed to develop mainly from rhizomes..
- ) - :

SéirEu§ validus (Fig. 18) appeared f;chcntly in t

study arca. Mostly it grew singly or in very small groups of a

few plants. It.was interspersed with Sagittaria latifolia and or -

Sfu{gnnium curycarpum. When alternating  along the shoreldac, with

. ' . . . ' 2.
cither of these species, 5. validus grew in stands up to 50 m” 1in
‘ . —_ ., .

arga. lt often feaéhcd a height of 140 cm.
v ' e .

: . _ . k " ™.
One of the Elecocharis sp. (Fig. 1Y) ‘found in thec area had

the same growing pattern as §. validus but was not found as "

|
frcqucn%ly. The other Elecocharis sp. was very sparse. The latter

occurred in small clumps close to shore or on stumps in water

. -

about 10 ¢m deép. T
* I- '

Scirpus atrocinctus (Fig. 20) was fairly commo@ in some

' L
arcas. It usually grew in thin stands up on the shore and behind

v & . . . .
~ .o . .
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‘ ) . i | .
' other emergent spec1es.‘ Flowering specimens were frequently found,

" The same stands of- Ponteder;a cordata- (Fig. 21) were

.. identlfied in 1972 and 1973. Small pntches of the spec1es could
be found inside a S. latifolia stand, but it was more COMMmon to'

find P. cordata separated from ‘and outside other emergent vegetatlon

(Fig. 31). In all ‘areas flowering plants were recorded

Only two large, pure etanos of Typha latifolrg (Fré; 22)
were recorded in the study area. In lete summer‘of_1973 these
were found to be cut .down coﬁpleteiy, preeumebiy to use for the duct'
blinds built in the area. |

Amoﬁglthe floating leaf plants Polygonum amphibium (Figs. 23
and 32) was'the most widespread throughout the Study area. . It is
_noteworthy that on the Quebec shore, below the paper mill, there

was a terrestrial fonm of this plant which was not found elsewhere.
- :
The aquatlc form did not occur on this side. Elsewhere both forms

grew in large carpets and were never 1nter5persed with other spec1es

The terrestrial form alternated with stands of Sagittaria latifolia

and Sperganium eurycarpun. The aquat}c form often grew sub-

4

" mersed in bays described earller on page 9 or on the sand bars that
formed these bays (Fig. 7a and b). Downstream from bay openlngs,
¢ large areas were,covered with the species. Here old stumps were

‘ frequently found and the substrate consisted of a soft organic mud.

‘Both forms were: flowering fFequéntlytlate in August and long into




Fig. 31

Fig. 32

g

.

Emergent vegetation (in'foreground a stand of Pontederia

cordata; in.background Scirpus validus and Sagittaria
latifolia) on sandy substrate behind a "shielding point"
(p. 92) on Fhe'north shore of Upper Duck Island. (August,

1973

A stand of Polygonum amphibiﬁm showing typical epiphytic

growth of filamentous algae on submersed stems. (August;

1973)
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September,
4

Nymphaea tuberosa (Fig. 24) covered, large areas in a:faw
. * . % ) . .
places. It grew in separate stands but close to the aquatic form

of=Polygonum amphibium. It‘was-one‘of the earlier species to flower

" as it was found to bloom in late July ‘The rhlzomes foﬁnd‘ﬁhile

sampllng to estlmate biomass, were about 3 cm in dlameter and had

numerous new "rhizome buds" on them. ' R

Nuphar variegatum was very sparse in the arga; When it -

occurred it was aiways together. with Nymphaea tuberosa. A few

flowers of the species.were'found.
' B

Sparganium angustifolium (Fig;_251 was fairly common, and

occuppied'the same areas in both 5umhers.‘ Separate stands of this
speéies were common on sand bars at the tip or along the islands.
It also occurred in sﬁaller patches along the clay shore on the
Ontario side. Inrall areas it was eiposed to fairl} strong
currents and to wave action. Flowers were never observed and the

species probably spread only through‘vegetafive reproduction.

Potamogeton epihydrus (F1g 26) often appearoe in

forms mlxed in the same stand, a floatlng and submersed 1eaf form
and a completely submersed leaf form. In 1973 the species had
expanded into larger areas than 1972 and had become the dominant

species where Vallisneria americana and Sparganium angustifolium

had been the most common the summer before. In other areas it had

§7



N

disappearéd”comﬁletély. " Sandy bottom suppﬁrtea the deqse'groﬁﬁﬁ
while smaller patches were found on wood chips ~ Flowers and fruits
occurred frequently. According to Mrs. A1ken, some specimnns
_thought to be th1s plant, were. much more, branched than is usual

for this species, which mlght have been the result of water

chemistry (Aiken, Rersonal Communication) .

. Potamogeton Richardsonii (Big. 27) grew in the same areas’

as P. epihydrus, but also occurred as single plants among Vallisneria

americana.

A Potamogeton sp. with branched narrow leaves (Fig. 28)

frequently occurred amoﬂg Vallisneria americana or Sparganium

angustifolium "along one shore in 1973. Onlf a few specimens were
found'growing together.' The plant'was never observed to flower,
In 1972 a similar otamogeton sp., p0551b1y the samé, occurred along

the same shore

Vallisneria americana (Fig. 29} was the most widespread

submersed species. Dense, fairly large carpets were found in both
sheltered and open areas, but sﬁaller pafches which were spread
over large shallow areas were more common. The‘substrate varied
from heavy clax to, coarse sand It was found to be abﬁndént and
most common in water 0.6 to 2 meters deep, and 1t did not grow
below 3 meters. In 1973 the species had spread to,dlstances of .

125 m from shore. In 1972 it was not found more than 75 m away from

r
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" - the shoreline 'in these areas. Flowers were found to be abundant in

~ some sheltered areas but also occurred in fast flowing water,

Eiodea'céﬁaaensis (Fig. 36) wé; foun&'more.frAQUently in
1972 than 1973, In both sumers it appeared in small patches often
"on sandy substrates. In 1972 it also occurred on portions bf the ‘
river bottom CQVereq with_wood chiﬁs. Flowers were not 6bserved
‘ in the study area, In thg sheltéred Bay'on‘Kettie.Island; kpwévér,'

" flowers were found in great numbers.

. s 0y

SN .
Two'species'ofvaécro_aléae wérq found in the area. These
| were a Nitella sp. and a Chara 'sp.. Nitellé sp. occufréd on sandy
bottoms in deep water outside othef‘végetation or in‘'very shallow
water where wave action presumably hindered other growth. Tﬁe'
Chara sp. was found oﬁly in 1972. Tgig:species was found in the

same type of habitat as Nitella sp.

The moss Fontinalis antipyretica was found in small

quantities in the summer of 1973. It grew on sandy bottom in

. . a"‘J :
water about 1.5 m deep. It was observed both in the winters of
1972 and 1973 %in a few areas.on the south side of Kettle Island.

Either it had been overlooked in the'summé;s or it could grow more

‘abundantly in the winter season when compe#ition from other species

‘was minimal (Daubenmire 1968).

4.2 Macrbghyte Associations in 1972 and 1973

In order to get an idea how the phyéical and chemical

]




charatteristics of the watef es;well as tﬁe‘type of'éﬂofelines and.
bottom sediments have affected the plant communit1es, it is |
. convenient to divide the study area into ten aveas in a11 The.
.areas are-A. the Quebec shore (in Tables 2 and 4 d1V1ded into west
and east sxdes), B. Quebec side of Kettle Island C. Quebec 51de of
; Upper Duck Island, D. Quebec sxde of Lower Duck Island, E. 0ntar1o
side of Kettle Island, F. Ontarlo side of Upper Duck Island G.
westls1de of Lower Duek Island, H.,Ontarlo side of Lower Duck
Island, I'-Ontario shore and J. Western Points of Kettle'lsiand end

Upper Duck Island

The'number offspecies on eachLEﬂefe is recprdedfin Figs.
‘33 and 34 for summer 1972 and 1973 respectively. In the same
figures the number of spec1es commonly found on the shore is added

(Table 4).  Only 17 of the 42 species were found 'to be common in

the area and the records were very similar in the two summers. Six

-_'species appeared to be widespreaé in the 5 kh,long study section in

both years, while 3 were confined to only one. shore.

~.

Observations on the Ten Shores (Flg 15)

A. Quebec shore

A striking contrast in vegetation was observed above é}d

below the CIP paper m111 during both summers of the sufvey.  In the

study area .above the paper m111 where there were large numbers of
floating logs, it was not practical ‘to survey the area for plants.

. 60.




Fig. 33

Fig. 34

. f’l’!g\.‘,zi\
-
s )
R

R . e SO . .> 7
Total number ofﬁ?ﬁ#cies (underlined) and number of common

-ﬁpecies (circled) on each shore of the study area (1972).

4

Total number of Species (underlined) and number of common '

‘species (circled) on each shore of the study area (1973).
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Further upstream (area 1 Tables 2 and 4) both shoreline vegetation
" andirooted aquatics in deeper water were abundant. Downstream from
thevCIP paper mill (area 2, Tables .2 and 4) the bottom was covered
with wood chips and fine silt. The qua%tltres of-microblological

growth.con51st1ng mainly of Sphaerotilus that occurred on

'stumps. and logs in the shallow water as well as on any emergent

vegetation, decreased as the distance from the,mill increased.

'The shoreline below CIP was characterized hy sparse aquatdic plant
growth (Fig. 35). The first 2700 m had only a few patches of

emergent plants covering about 0.5% of the area in this distance.

L4

A few shorter stretches had also been dilturbed by private

developments. -Downstream the plants became more frequent. There

J
was no submersed vegetation along the whole .shore, however

' S_g}ttarla latifolia was one of the three spec1?s found oq thls

‘shore The second species Polygonum amphibium, as descrs

earlier in the text, below the CIP paper mill had a tendency to L

climb up ‘on the shorellne Spargan1um eurycarpum has not been

recorded as pollutron tolerant. but it certa1n1y appeared to be

! in this locat1on, as it started to appear where ‘the water was still

"severely affected by pulp miil effluent.

B. Quebec Slde of Kettle Island o | - 0
Shore11ne trees often QVerhang the water (Fig. 36). In
the approx1mate center of this shore (areas 2 and 3, Tables 2 and

4), 8Ccross from the CIP paper mill, there was a storage area for’
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,Fig. 35 Quebec shdére below CIP, For 2700 m there is no aquatic
" vegetation. (August, 1972) | ' o AN
big. 36 Sagittaria lawjfolia among overhanging tree bragches on

the north shore of Kettle Island below the paper mill. SR
(September,-1973)
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logs in both'sﬁmmers. The western end of this shoré had quantitiee

. of both subqersed and.emergent vegetation (Figs. 37, 38 andﬁ39).

Several of the most common species in the study area were found

‘here, Vallisneria americana being the most abundant species,

On the eastern end, where the baper mill effluent water

reached across the channel to the island, -the bo;tem was covered

with the characteristic wood chips and silt as previously described.

A difference was found in this area between the two summers. In
1972 five species were recorded, all being common, down to the
last 100 m before the tip of the island. In 1973'on1y one species

was found in any abundance and the other four spec1es recorded

: here appeared as e1ther a few scattered specimens (vallisneria

americana, Elodea canadensxs and Potamogeton R¥chardsonii) or in

-

a single phtch as jyh the case of P, eéiﬁzdrus. In both ;dmmers

Sagittaria latifolia™was the on1y~p1ant in shallow water (Figs.

40, 41 and 42), and the same stands were found in 1972 and 1973

. In 1972, the four deep water species grew in a narrow band at a

[}

depth of 60 to 100 m. The most 1nterest1ng of these was

Potamqg_;on epihydrus, as this was the only area in the study

section where it occurred over a substantial distance.

cC. Quebec Side of Upper ‘Puck Island
The effluent water from the paper m111 would sometimes
be distinguished from the Ottawa River water because of’ its light

brown colour and was not observed to reach this shore (area 5,

65




Figs. 37 and 38 Sagittaria latifolia and Nymphaea tuberosa behind

"shielding point" (p. 92) on Kettle Island.

" _Spargdnium angustifolium in the background.

(Patric Pang is holding the one square meter metal

frame used in biomass sampling) . '(August, 1972)







hay

Fig. 39 :Picture taken from the same area as Figs. 37 and 38 in

the summer of 1973. -The species Nymphaea tuberosa

. _ reappeared in 1973 in the same numbers while Sagittaria
latifolia‘had,disappeared in some places; ‘Submefsed.and‘?

floating leaf plants appéared on the shallow sandbanks

tapering off upstream (Sparganium angustifolium can be

" seen in the background). (Augtist, 1973)

Fig. 40 Sagittaria latifolia, first aquatic plant to be capable

of colonizing the shoreline Below'the_CIP paper mill.

(September, 1973)
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Figs. 41 and 42 Sagittaria latifolia appearing to be healthy in

the polluted wa;erialbng the north shore of Kettle

Island below the paper mill. Logs, wood chips and -.

" an oil film is floating on the water. (August,

1972)

—
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Tables 2 and 4). Rather, it seeus, through investigations done in
‘the area in 1973 (ﬁarnock), that the'water floying’between:the:
Ontafao shore and Kettle Island splits at the upstream tip of
Upper Duck Island and 51m11ar water therefore follows ‘both the
‘north‘and south shore of the islandh_ Summer cottages and docks
were frequent on the north shore. ' Outside'these there was very
sparse growth in water surveyed at a depth of 0 to 1. S m. Towards
the western end of the island the growth became much more dense .
e beh1nd the point. Most of the common species occurred here.
Further downstream the shore had the appearance of having been

washed away and there was almost no emergent vegetat1on, In 1972

 Najhs flexilis was found on this shore in a larée carpet mixed

- -

with dense Vallisneria americana.

D. Quebec Slde of Lower Duck Island (Suryeyed only in-l§72)
'Thls.shore (area 9; Tables 2 and 4)‘was.also protected'

from the ClP effluent by the same flow.that protected Upper Duck

Island. A straxt was formed here because of a small island

51tuated north of the main island. Where th1s Stra1t opens up-r

stream, it was sheltered from the full impact of the current

partly because of the posrtron of the main island, and partly by

a large. shallow sand bar stretchlng out from the stra1t between

Upper puck Island and Lower_puck Island toward the‘llghthouse :

indicated in Fig.'ls}' As terrestrial vegetation was low along the .

shore, there was little shielding from the sun over the strait.




o Co b ‘ \‘
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A11 the common specles of 1972 were found here. Sagittaria '

latlfOIIR 1nterspersed w1th some Spargan1um eurycarpun formed an

enormous carpet of about 5000 mz. Pontederia cordata formed larger

-patches than in any other surveyed area. The north shoreline of
the small island was steep. As a result only submersed vegetat1on :

_ was found here.

E. 0ntar1o Side of Kettle Island

At the western end, where thlS shore (area 6, Tables 2 and

4) had an area with a sand bar golng from the shore towards the east

fairly dense growth occurred in the two summers both on and 1n51de

the sand bar (Fig. 43). In 1972 ‘all the common species were found .’

. except\fypha latifolia. In 1973 the same species redppearcd and a’ few -

T. latifolia plants occurred.

The densest vegetation of the whole area was found at the
entrance to the hay'near the midpoint of the shoreline (Figs. 44-
47).‘ All the common species'appeared in large carpets.' Further-

downstream the shore often dropped away suddenly and the emergent.

vegetation diminished as shown in Figs. 48 ‘and 49. Submersed

vegetation was abundant, vallisneria americana being the dorinant

species. Tree stumps and a number of shallow sandy beaches .

.appeared along the middle of th1s side of the 'island (Figs. 50-53).
L4

Very sparse or no emergent vegetat1on was found here. Sometimes

‘Elodea canadensis and a few small patches of Vallisneria americana

would be found in this kind of habitat.but mostlx'the'hottom was .

_coVered with carpets of periphyton.

67 -



Fig. 43

South sﬁore of Kettle Island. Patches of Polygonum

‘amphibium colonizing the outer margin of a sandqar.

- Emergent vegetation along the shore consists mainly of

Sagittaria latifolia and Scirpus validug;lith the fioating.

leaf species Sparganium angustifolium colonizing slightiy

deeper watér (60-90 cm). (August, 1973)

L
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. Fig. 44 'Very dense aquatic-vegetafion (Sagittaria latifolia mixed

w1th small stands of SC1rpu5 val1du4) at opening of tha

bay on the south shore of Kettle Island. (One square meter‘
has been sampled for estimates of blomass and standing crop ) -\

'(August 1973)

| Fig. 45" Carpet of Sparganium a;gust1fol1um at openxng of bay on

thc south shore of Kettle Island (_plygonum amphibium and

Y _xgghaea tuberosa in background) (August, 1973) CT
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- Small stands of Pontederia cordata emerge earlier than

Sdirﬁus ﬁhlidus and Sagittaria latifolia in the month of

July. This stand of P.. cordata was later surrounded by

other plant growth as in Flg 47 '(Ju;y, 1972)

L3 -
1

Dense growth of the emergent plants Scirpus validus

mixed with S ag1ttar1a latifolxa'and Pontederia cordata

at the. openlng of the bay on the south shore of Kettle

s‘__

Island The latter Spec1es bears purple flowers (above

oar. in the boat). Further out in shallow water (60-90 cm)

Jlarge stands of the floatiﬁg leaf species Sparganium

. éngustifo!ium, Polygonum amphibium and Nymphaea tuberosa

are growing. (August, 1972)






i

Figs. 48 and 49

Thin stands of Sagittaria latifoiia appear on |
the south sides of Keftle Island, Fig.-dB ;hd |
Lower Buck Island, Fig. 49; where shores are ;
exposed to wind and current. (Mary Secoré is
saﬁpling the vegetation for estimates of.biomﬁss.)

(July, 1972)

i
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Fig. 50

Fig. 51

Large tree Stumps appear frequenflf along‘the island

shores. (July;. 1972)

Tree stumps gﬁd tufts of Gramineardominated the shdreline,
middle of Kettle Island South shore. Note the absence
of emergent vegetation which presumably fesuhts from

intense wave action. (August, 1973)

-






'Fig, 52 Some sandy beaches appear on the south shore of Kettle
_ Island. Macrophytes are sparse, but thick carpets of

epipelic periphyton are common. (August, 1973)

Fig. 53 Sparse emergent vegetation along the ﬁiddle‘pf the south

shore of Kettle Island.. Scirpus validus dominates the

fdregrqund. (August, 1973} -
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F. Ontarlo Side of Upper Duck Island

At the western end of this island (area 7 Tables 2 and

4}, there was*an area of tree stumps under water and many dead tree

branches emerging from the water (p051tion marked in Fig. 15) In

this area Polygonum amph1b1um and many submersed spec1es grew at

high densities. The vegetatlon d1m1n15hed from west to east along
the‘island. Broad and dense vegetation occurred again at the bay
open1ng and contlnued over a longer dlstance than on the other .two
islands This was probably a consequence of the shallow bank of
old stumps fOllOWlng ‘the shorellnes (Flgs 54 and SS) Patches of

Eleocharis sp. alternatlng with patches of Saglttarla latifolia

were characteristic of the emergent vegetation of this area.

G. Nest Side of Lower Duck Island (Surveyed only in 1972)

The shore (area 11, Tables 2 and 4) was open to current,
parts of it were steep and the reglon ‘closest to the Quebec s1de
was rocky. Almost the whole area was shaded by h1gh trees. Sub-

mersed vegetation was common thh Valllsneri__amerlcana as domrnant

- species. Emergent plants were only found in the area closest to .

).

the Ontario side which was expo;ed to llght.. -

H. Ontario Side of Lower puck Island
. Emergent vegetation wasusparse along the whole shore

(area 10, Tables 2 and 4; Fig. 49). Submersed plants were COmmMON.
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Fig. 54

Fig. 55

Einergent and ‘floatihg leaf ve'getation are éommon behind
the "shleldlng p01nts" (p. 92) and among the tree stumps

on the south shore of Upper Duck Island. (August, 1973)

The emergent vegetat;on is almost completely wilted
in October Plcture taken over the same area as Fig,

54, (Octbber 1972)
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off the shore Polyg num amphibium and Sparganium angustifolxum

- formed a large carpet. Nearer the shore quant1ties of Ngjas

flexilis were fouﬁd;

‘I, Ontario Shore

» . r

As describe& above this shore (area 8,_Tables 2 and 4) -
had been disturbed in many areas by man and by erosion from the

steep clay bank. The steeﬁ bank is-often densely populated with

trees which shade the near shoreline and the littoral zone (Figs. Ht::::3E5

56 and 6). Emergent vegetation in this area was sparse and only a

few patches of floating leaf vegetafion were found. The only

‘abundant équatic planf iﬁ this area was Vallisneria americana.

This was again found to be abundant and most common in water 0.6
“to 2 meters deep, and did not grow Selbw 3 meters. It was rare

in the water closest to the shore between zero and 0.6 m in dep;h{
Presumabiy this sﬁallow region was_disturbed by kavé actibn.1

This is similar to what was found on the Ontario side of Kettle
Island along the eastern part of the island. Vallisneria americana

S [ : ' .
was frequently associated with Potamogeton sp., a plant with

branched narrow leaves. . ' -

J. Western Points ofggg;tle Island and Upper Duck Island '

-4 ‘-v-.um\...‘,‘;,-

The shores of the western or upstrean ends of these

,'islands (inpluded in areas 3»and 5, Tables 2 and 4) were very
1m1lar, with their shallow sand banks tapering off the shore up-

stream. Only submersed and floating leaf plants wWere found there




Fig. 56 Eroded river bank on O |

Ytario shore in which trees become
s RO ' uprooted and/or slide into the water. (August, 1972)
2 ‘
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(F1g 39) In 1972 Vallisneria nmericana and Spargpnlum

ngust1f011um were dominant species Potamogeton_epihydrus and P.

Richardson1i occurred in smaller amounts. InM1973 the same stands

" of V. americana and S. angustifolium were found but P. epihydrus

and P. Richardsonii had covered considerably larger areas. At

Kettle 1slaﬁd in 1972 Nitella sp. occurted only at the western

peint. ~
)




4.3 Biomass'and,sianding Crop

In 1972 the total growth area was 9.0 ha while it extended
to 24,0 ha in 1973 (Table 17)‘ Th1s was 1, 8% and 4.6% respect1ve1y
of the total river area* within the study-section. In both year§
the shallow water vegetation, cbnsisting maidly df emergani species,
occupied a Smallef afeé than ﬁhe'deep water vegeFa;ion, which
consisfed of floating leaf, floating and'spbmersed'leaﬁ and subTJ
mersed forms. The emergent vegetation reappeared in the summer of
1973 within the same areas where it was found the previous year;‘

In 1972 the growth area of the emergent vegetati@n was estimated

to be 2.0 ha (23% of the total plant coverage) and in 1973 thé
growth ared had increased to 2.4 ha, which, because of the large
increase in tofal gfowth arca, was only 10% of total plant coverage.
Ih the second year of survéying, the deep‘water vegetation had
spread out over an area which was about 3 times larger than in

the firét year.'. Its coverage-had-extended from 7.0 ha in 1972

to 21.6 ha in 1973. _The largest vegetation areas’ were found around
the islands and above the CIP paper mill in both sﬁmmerﬁ. Very
11tt1e aquatlc growth appeared on the Quebec shore below the CIP
paper mill. Practzcally nc emergent forms were found along the
Ontario_shore;_but subme;sédzfgfms covered fairly large areas in

this region.

* Total river area (503 6 ha) was calculated from Warnock '
and co-workers (1974)
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Total fresh weight percentrdry weight and péfcent ash
free dry wexght (the two latter based on whole blomass of the
sample) of standing CTOp. and underground parts of a11 samples
‘taken in 19?2 and 1973, are recorded in Tables 5 and 6. Dry weights.
are given_ih'Tables 7 and 8. lThe.species composition of each sample

is shown in Tabies-g-and 10,

It can be noted from Tables 9 and 10 that in both years

the most’ important emergent species was Saglttarla 1at1fol1a ThlS-

~

species occurred ‘in most of the shallow water sampling statlons

In samples with the h1ghest biomass, 5. 1at1fol1a was the dominant
speciesland the vegetation could be very dense. As an example it
can be mentioned that sample 168.ef i973, with the highest weigh;

recorded, contained 250 stems per mz. Among the deep water plants,

Vallisneria americana was the species most frequently occurring in -

the samples.

The groups that Qere compiled from samplieg stations
with similar types of vegeeation for total biomass and standing
cfop estimates in 1972 ihd 1973 are indicated in Tables 1l and 12,
The mean, msximum and minimum valees of fresh weight and dry weight
of the 1972 groups are listed ie Tables 13 and 14. Mean values
and standard deviation of each mean for groups eolletted in 1973

are included in Table 12.

A
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TABLE 7 ny'Weight of Samples for Biomass Estimates 1972

Shoot . Root "Total

' . e Dry wt. Dry wt. Dryﬁwt;
' Station °  Date (g/m?) - (g/m?)  (g/m®)
1152 C duly 1l 150 w287
452 July 14 - 236'_ ‘ ‘- . 7
148 July 17 14 s, 2
35 Aug. 16 122 T 199
s  Aug. 17 41 20 e
s  ° Aug. 21 . .71 w0 - 8
195 " Aug. 22 357 - 85 442
| 158  Aug. 25 276 s7 333
185 Aug. 25 2z 12 - 304
25 . Aug. 26 s 2 5
85  Aug. 28 76 20 e ,
D Aug. 29 . 48 - 11 .59
4D Aug. 29 54 | , 9. - 63
7D Aug. 21° 60 9 69
w  Aug. 3t U3 4 39
11D " Aug. 31 26 0.3 2
19D ©oAug. 31 - 31 | | 2 33
14D Sept. 1 28 3 3
18D ~ Sept. 1 5 2 | 7

'S shallow water vegetation .
D deép'wgter vegetation

a) samples were taken with a } m? quadrat
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TABLE 8 bfy weight of sg@bles,for biomass estimates 1973
— . - ) .'ﬂ . . ‘, ‘ 0

Shoot - Root Total -

- Drywt. Dry wt. ~ Dry wWt.
Station - Date - (g/m?) (g/n?) (g/m?)
15 CAug. 6 198 56 .. 254
s  Aw.9 . 98 .26 - 128
65 . - Aug. 14 %01 .20 . 32
7S Aug. 14 127 . 8 135
10 - -Aug. 15 - 189 28 217
128 hAug. 16 260 20 280 f
135 Aug. 21 299 s 358
145 - Aug. 21 1o .- .21 131
158 . Aug. 24 268 56 324
165 . Aug. 24 ase 76 532
175 “hug. 27 116 29 145 )
185 © Aug. 27 . 304 so 354
i 2D Aug. 6 ‘q' 48 -2 N 50
3D CAwg. 7 14 3 7
4D CAawg. 77 . | 7,
8 " Aug. 15 104 -0 104
9D ‘Aug. 15 - 144 - 101 : ‘245
11D ‘Aug. 16" 148 BNt 259
190 - Avg. 29 13 . 8 14
200 hug. 29 20 1 21
210 Aug. 29 83 2 55
22D Aug. 30 55 2 57
230 Aug. 30 111" 6 17
24D Sept.’ 4 .59 S -} 60
26D Sept. 5 51 . 4 59

270 . Sept. 5 49 5 50




TABLE 9 Main' species in samples used for biomasé estimazes‘in‘1972 -

- Station

115
4s.
148
3s
15
105
195
155
185

215

3D
ap
7D
10D
1ip,
19D
14D

. 18D

Species

species unknown
épecies unknoﬁﬁ -
species unknown
Saéittaria latifolia -
Nymphaea tuberosa

Sagittaria_latifolig

Sagittaria latifolia

Sagittaria latifolia
: 60% 40%
Sparganium eurycarpum (Eleocharis sp.)

,Equiﬁgtﬁm‘Sp.

Sagittaria lgtifo;ial
Sparganium angustifolium. \
Vallisneria americana‘.
Vallisneria americané
Elodea canadensis

Elodea canadensis

Elodea canadensis, Vallisneria americana.
.Vallisneria americana -

Vallisneria americana

78
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' TABLE '10 Main species in samples used for biomass estimates in 1973

Station

b)

ilaen

latifolia, Scirpus,validusa

latifolia, Scirpus validus®

latifolia®

latifolia®
latifolia®
latifolia® |
latifolia, Sparganium eurycarpuma 
latifolia® | '
latifolia, Sparganium eurycarpuma
latifolia® ’

eurycarpumb

latifolia®

angustifolium, Polygonum amphibiuma

. . . b
. Vallisneria americana

Potamogeton epihydrusb

Polygonum amphibiuma

Polygonum amphibium, Nymphaea tuberosa®

Nymphaea tuberosaa

. \ . a
Vallisneria americana

Vallisneria americana ‘

. . . a
Vallisneria americana .

: ce v @
angustifolium™ .

vallisneria americana® (picked bf hand)

. . . a
Vallisneria americana-

. . S . gl ys.. @
Vallisneria americana, Sparganium angustifolium

. A . a
Vallisneria americana

Species
15 Sagittaria
55 Sagittaria
68 Sagittaria
7S Sagittaria
105 Sagittaria
125 | ' | ~ Sagittaria
135 Sagittaria
145 Sagittaria
155 Sagittaria
165 Sagittaria
178 'Spargahium
18S Sagittaria
2D Sparganiuﬁ‘
3D
4D
8D
9|
11D
19D
20D
21D
, 22b Sparganium
- 23D
24D
26D
27D
a).’ sémpled in dense vegetation

sampled in sparse vegetation




TABLE 11 Sample

togeth

Sample stations

4s 118
4D 11D
85 158
35
3D
105
.10D
.135"195
180 19D
7D> 14D

i

stations with the same vegetation associa
er for biomass and standing crop estimates
shores where these associations were applied

v

1]

Shores
o

Quebec west, Kettle

'Quebec west, Kettle
| Quebec edst
Kettle I;;hnd north
Kettle Islﬁnd north
Kettle_IsIand north
KéttLe Island north
Upper Duck Island

Upper Duck Island,

Ontario

80

tions grouped
1972 and

Island sopth

Island south

west
west
east

east
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TABLE 13 Fresh weight, ﬁean, maximun and h§g1mum values for bidmass
- and ‘standing crop of sampl statlons with the -same vegetation

.associations grouped toget er 1n biomass and standing crop
estlmates 1972 .

.Biomass. e Standing crop
‘sgmplé _ (kg fresh wt';'/m2 . (kg fresh wt./mz)' i
- Stations Mean . Max - '_Min Mean .  Max © Min
115 1.550 °© 1.910 ~ [1.240 - - 1.091  1.558 " 0.624
gD 11D "~ 0.280 0.390 0.180 . 0.245 0.315 0.175
S 158 2,400 3.780 £1.040 1.959 3.0732.  0.846
1.500 - - . 0.812 - -
0 - - . 0.599 To- - .
.974° - - 0.887 . - -
10D 0.327 . - - 0.292 - -
185 19 2.892 4,180 1.604 2.136 3.574 0.697
180 0.159 0.272 0.045 0.143 0.257 0.029
7q 14D 0.360.  0.496 0.224 0.314  0.431 0.197
S and D Shallow and Deep Water - e .
* This table is deriveg from Tables 5 and 7,

TABLE 14 Dry weight, mean, maximum and minimum values for biomass.
~and standing crop of sample stations with the same vegetation ‘ *

associations grouped together in biomass and standing crop
estimates 1972* :

.,

. Biomass ' ‘Standing crop
Sample (kg dry wt./mz] - (kg dry wt./mz) .
Stations Mean_ Max* Min Mean - -Max- Min
45 115 0.322 0.357 0.287 0.215 "0.280 . 0.150 ‘
4D 11D 0.045 0.063 '0.026 . 0.040 0.054 0.026
8S ° 158 0.215 0.333 0.096 0.176 - 0.276 0.076
35 0.199 - : - 0.122 - -
3D ‘ 0,059 - - 0.048 - -
10S.. 0o.08¢8 . - - 0.071 - -
10D 0.039 - - 0.035 - -
185 19S5 . 0.373 0.442 0.304 0.235 0.357 0.122
- 18D 19D 0.020 0.033  0.007 . 0.018 0.031 0.005
70 14D 0.050 0.069 0.0631 0.044 0.060 0.028

S and D Shallow and Deep Water

* ThlS table is dérlved from Tables 's and 7.
& .




. water vegetation were 0.30 and 0.63 kg/m for the two ygars‘

S

s
Bibmass estimntes in the whole study area (Tables 15,

16 and 17) show that 1n 1972 ‘the mean fresh welght of shallow

. water plants was 1.94 kg/m . In 1973 é:i::;ﬁxkae type of -

vegetation it was 3.24 kg/mz. The mean fresh welghts for deep

respectively - In shallow water planté, dn&efground parts made up
r

28% of the biomass in 1972 and 20% in 1973 based on fresh welghts

This gave a standlng crop of 1,41 kg/m in 1972 and 2.60 kg/m

1973. In deep water plants the undergrodnd bulk was less important,

being 13% in 1972 and 7% in 1973, giving alstandinj Cfop'of 0.26

rand 0.59 k]g/m2 respectively.

Medﬁ dry weights of biomass in 1972 were for shallow,

water plants 0.30 kg/m and for deep water vegetation 0.04 kg/m .

The valucs obtalned in:1973 were 0.29 and 0.05 kg/m respect1ve1y

The standlng crop of emergent. vegetatlon expressed in dry weight

for 1972 was 0.20 kg/m ‘and 1n_1973, 0.25 kg/m ; wh11e the values

for the deep water vegetation were O.Od-kg/m2 in both years. -

-

Fresh weight of plant parts as percentage of total

fresh weight of the plant is given in Table 18. The loss in weight

through drying and ashing, is shown in Iﬁbles 19 and 20.

/
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4
TABLE ‘15 Estimate of total biomass and stand1ng crop for cach shore
) of study areca (1972)*
- o 'Growth ' Biomass ' Standing crop. Biomass ' Standing crop -

Aﬂ%a-(mz)' , (kg fresh wt. ) (kg fresh wt ) (kg dry Wt. ) (kg dry wt.)

Quebec west S 1300 2000 ‘1400 * a00 300
L D 6500 1800 -~ 1600 ! 300 . 300
Quebec east S 100 200 .20 - 20 20
D 0 .0 A 0 0
kettle I'sland S 1200 1000 200 . 100
north west D 6700 4000 . 400 300
Kettle Island S . - 2000 1800 200 100
north east D 900 300 40 30
Kettle Island S . 9000 ~ loso0 2900 1900
south D 26500 7408 6500 1200 - " 1100
Upper Duck S 6800 19700 © 14500 n 25J% 1600
Island D’ 20000 3200 . 2900 400 400 ~
Ontario s 0 0 0. 0 0

D . 8900 3200 2800. 400 400

¥
S-= shallow water vegetation D = deep water vegetation

* mean values from Tables 13 and 14 were used in this estimate »

Growth area was estimated visually as described in Methods
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TABLE 16 Estimate of total biomass and standlng crop for cach shorc

Quebec west S

Quebec east. S

Kettle Island S
north west D

Kettle Island S
north east D

" Kettle Island

S

south D
Upper Duck S

. Island b
Ontario S

: D

* mean values from Table 12
estimated visually as described in Methods
S = shallow water vegetation D =

TN

of the study area (1973)*

‘Growth
Atea (m%) (kg Eresh wt.) (kg

400
‘5000

1200.

. .0'

1400
8500

600

0

- 120060

11200

8600
181600

.0
9100

Biomass *

*~1200
4800

3500

0

4000
7000

1700
0

39600
10800

28500
104800

0

8900,

ra

were used in this estimate. Growth area was

deep water vegetation

Standing crop Biomass étanding

85

crop

wt.)r

fresh wt.) (kg dry wt.) (kg dry
1000 100 . 100
3600 - 700 500
3100 300 ., 300
0 . 0 0
3500 300 300
6700 400 - 400 .
1500 100 100
0 0 0
31300: 3500 3000
8600 1300 1000
22500 2800 2300
99100 7000 o 6200
0 0 0°
8600 500 500
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5. - DISCUSSION

5.1 Macrophyte Species Distribution and Bidlogy for 1972 and 1973
o and Comparison with Other Available Data on the Otthwa River
and Other Rlvers . ‘

.puring'the two summers of the Eurvey, no imporfant changés
in spécies cémposition pere observed in the study area.i Very few
invest}gations:seem to have been publighed on the ecology of aquatic
plants in w1de rivers like the Ottawa For this reason cémparisbns
were made w1th smallef rivers such as those descrlbed by Butchcr
(1933) on small streams in England and those of Hynes (1971 and
‘ 1972). In an 1nterpretat10n of Butcher, Hynes (Ibld) divides the
higher aquatic plants.to be found in running water into three
categories, which he.bases on ecological behavioﬁr. The first

group is designated as plants attached to- rocks and other solid

objects including the mosses, which are us@ally confined to smaller

_head water streams. Fontinalis antipyretica was recorded ih the

—

Ottawa River. during my sufvey. It is common in oﬁher large rivers
. : - _ T

as well, where it is tolerant of a wide range of environmental

conditions including ‘organically polluted water (Hynes, Ibid).

P

‘The free floatlng plants, the second group in Hynes'
categor1zat1on, were very sparse throughout the study area. With
. the high floods and wind and_wave actlon,.they ea511y get washed
away. nggg_giggz;was found, fometimes gfowing among floating

_ leaf species such as Potamogeton epihydrus, P. Berchtoldii, and

Sparganium angustifolium.

. 90.



.The rooted aquatic'plants were the. most cbmmon forms
found in. the study area and are 1nc1uded in Hynes' th1rd group
The Charales whlch have rh1201d5 1nstead of roots, are’ q}so 1nc1uded

in this group, Chara sp and N1telln sp. appeared at very low

_ densities 1n the study section. ' -

Most of the species found in my survey seem to be commdn
in the Ottawa district, up and down the Ottawa R1ver, 'in nearby
|

lakes and other trlbutarles of the Ottawa (Glllet and Dore, 1974).

Sagittaria latifolia, occurred frequently in the study

section as well as in the whole Ottawa valley. It hﬁs-also been
reported by Sfﬁckey and Wentz (1969) as an abundant species in
pollﬁﬁed areas of another Ottawa ﬁiver in Ohio, U.S.A. It occurred
in fewer numbers in waters not éffected by industrial pollutioﬁ.
They also 1ist-severa1 Polxgonum species in the-pollﬁtcd area;,
.although P. ggghibium.is never mentioned by Stuckey and Wentz.
A-few Finnish stu&ies (Eloranta 1970; Kurimo 19}1) show_that this
species can grow in fairly dense patches in contaminated waters.
This was also observed in the Ottawa River. Kufimo (Ibid) found
it to be'indiffereﬁt to thé quélity of the bottom, growing equally
well on organic and mineral substrdtés,.and ii was'}ndqpendgnt

of wave and wind action,

- Other genera of aquatic plants, which I fbund, that were

. also charactéristic of running waters, were Potamogeton, Sparganium,
’ : .

L

Y
-~
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Elodeﬁ, Scirpus and Typha.

. ' . ; ;
The submersed species Vallisneria americana was abundant

and Elodea canaden51s was common 1n the study area. Both of them

have been observed by Alken (1972) Gillet 'and Dore (1974) and

myself in dense masses in shallow areas up the Ottawa River.

The growth pattern of all the species found in the Ottawa

River section was mainly characterized by numerous pure stands of

aquatic-plants. According to Sculthorpe (1971) several rooted
aquatlc plants tend to form vast pure -stands as a result of their

part1cular mode of vegetative reproductlon

5.2 Macrophyte Species Associations for 1972 and .1973

/

Certain observations can be made for the whole study
area in both years (1972 and 1973)._ Dense giowth with a vegetation

typical to lakes was found in sheltered areas (behind "shielding

points™") and at the entrance to bays, where there was shelter from

wind and‘current.‘ Butcher (1933) names this kind of habitat with

a substrate of mud the 'littoral'. He also mentions that a wide
A

variety of aquatic plants can grow here where their underground

parts will be either fibrous roots or thick rhizomes. This proved

to be true for the Ottawa River study as well, Sagittaria latifolia

- »
and Sparganium eurycarpum, with well developed underg;ound parts,

were dominant species, and other species with fibrous root systems

were found, such as Typha latifolia and Scirpus validus.
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L Dense growths of floating leaf and submersed species.
were found on shallow sand banks formed along the islands and in

 the bays between the sand banks and the island shbxe (Figs. 7a and

b). ﬂz@phaea tuberosa made upAiafge stands in these bays exposed
' to bd;h wind and current‘actién (Figs. 7a and b). It was soméwhat
1 pecﬁliaf to find N, tuberosa here as this species is normally
confiqu'to sheltered bays (Gillet and Dore, 1974). A possible
reason for the'5pecies"éxi$tencé in.this‘habitat‘could'be that
plants became estabiished soon after the ared was flpédeﬂ through
the construction of dams, and when there_wcre still tree stuﬁps
exposed to the water. The stumps may hé&e p;oﬁided good '"traps" |

for seeds coming Sownstream from other areas. By the time a more

unsfable substrate, such as sand had deposited in these areas, the
N .

-

plan€; j?uid already have had well developed: rhizomes for

anchoring.

The species compoTition and numbers of commonly found
species on all three islands in 1972, and on the two islands in
1973, were fairly similar in aregs.hot affected‘by heavy pollutipn.

. . . H
All had emergent forms, floating leaf forms and submersed forms.

The localized distribution of Potamggetonlepiﬁxdrus on the upstgeam
tip of Uéber Duck Island and on.the:north east shére of Kettle
Island in 1972, was the only gxgeption. As the'speciés was found
in smallerlnuﬁberé‘during 1972 than the following year, it is

possible that this species had just started to invade the areas
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around the:upstréam tip of the islands. Thesé,tips being long

shallow' sand banks, also exposed to current and winds, seemed to\be

a suitable ‘habitat for P. epihydrus and also P. Richardsonii.

According to Hynes (1971) a partly silted substrate on gravel, i.e,

- where current is fairly strong, is a common support for growth of

Potamogeton species. :

The north east shore of Kettle lsland, which is sometimes

exposed to the wastes from the CIP paper mill, showed an interesting

difference in species composition when compared with the rest of
the island shores. During both years only one emergent species,

~Sagittaria latifolia,'considergd by Stuckey and Wentz (1969) to

be highly poilutant tolerant, was found in this area. In 1972 a

few species of the'submersed and fioating leaf forms (Vallisneria

. .americana, Elodea canadensis, Potamogeton epihydrus and P.

ﬁichardsonij} were fairly common. However in 1973 the difference

- from other shores was even more pronounced, as no submersedworms
: . — . . L

occurred, and the only floating leaf form was represented by a

small patch of Potamogeton epihydrus. The difference between

shores is very probably due to the sulfite mill pollution. However

the change bétween yeérs is more difficult to explain. A bossible
explanation‘could be that generﬁlly, condi£ious on- the north east
shore of Kettle Island in 1972 were slightly better than 1973 and
happened to be favourable to a few species. : Effluents from the
péper mill ﬁay have more effectively sﬁopped photosyﬁtheéiﬁ‘by

. ' AN
¢
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decreasea light‘ﬁenetration in 1973, This would agree with Kurimo
-
: (1970) who in her study on a F1nn1sh Lake system, showed that Elodea .
canadensxs derlves only sl1ght bencflt from domestic sewage but, S

as yas also found by Eloranta (1970), the species is absent from
heavily polluted'areas. Also, in other areas in the etudy seEtion,

[ X . ' ° . .
conditions seemed to have been more favourable for its gmowth.-

'This was seen in the increased coverage by Vallisneria americana,

Potamogeton epihydrus and P. Richardsonii, around Upper Duck Island

and Kettle 1sland. The'oecasienally very low water lewvels observed
in 1973 may have permltted enough light to penetrate 50 that

-

growth could establish further out from shore

'Anether striking contrast waé noted during both summers,
between the Quebec and:Ontario shores. The Quebec shore-had only
emergent vegetation and onlf three species were found teat were
capable of growiné under the prevailing conditions. The Ontario
" side had only four common species, which were all submersed forms.
As the water chemistry has been shown to be_faitly similar over
the whole‘study-aree, apart from the B.0.D. levels (owﬁc-QwB }970
ane Mackie 1971, 2.3 this section), it is eelieved that the lack of
plants in_the deeper water on the Qeebec side was due to.the lack:
of-iight caused by higher turbidity along this'shore. Light
penetration decreased rapidiy with increased suspendee solids.._'
Bacterial_growth'(e,g. Sphaerotilus) was se'intense below CIP that -

plants would not be able to establish themselves before becoming
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»_complétely blanketed with theszfs{éme bacteriaz, Two of,thé emergent

spccies, Sggittarin latifolia jind PolzgonUm dmphibium,.occurred 7

. only on the shore above the water, whzch was unusual in the rest

-

of the study area as prev1ously mentioned (4.1).. This ability may

class them as pollutant to;erant species. Sparganium eurycarpum

was also considered to be a polldtion tolerant form as it grew well
. ’ ‘ - . \

in polluted conditions on the Quebec shore. On the Ontario side

erosion would'probab1y>be the main factor controlling emergent

vegetation, Both the unstable substrate clay in

this area probably hindered root detelopment, /although|the sub-

mersed species Vallisneria americana. a
Sparganium angustifolium were able to establish in grkat numbers

on this substrate.

In respect to éhe wﬁole study area, the watéf enterin
it was already péllutéd from_upstream sources and therefore t
were spec1cs over the whole area that were tolerant to ES;J
But, on the Quebec side the water was heaV11y polluted bellow the
CIP paper mill, and only abgu; 0.5% of the first 3 km of shoreline
below thé mill was covered by any plants. Emergent forms could
apparéntly tolerate these conditions and colon}ze the area before

submersed forms could establish themselves.

5.3 Biomass and Standing Crop i : -

5.3.1 Biomass and Stand1ng Crop Estimates in 1972 and 1973 and a

Comparison with Other Studies .
. /7 .

The fresh weight biomass was smaller in the summer of 1972
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.than in the summer of 1973 (Table 17) 1,940

T

LR

fresﬁ‘wt }mz as
opposed to 3, 240 g/m for the shallow water pla\fs and 300 as’
opposed to 630 g/m for deep water plants. Stendlng crop based on -
fresh welght differed "in the same way as bxpoase: 1,406 g/mzlin
1972_and 2,600 in 1973 for shallow water Vegetation and "260 and 590

2 . X L .
g/m” for the deep water vegetation.in each respective years. -

‘ ‘-
‘Based on the calcofgfions @fesented in Table 17, the
conclusioo.that fresh weight of bioﬁase.aod standing crop was
larger in 1973 than in 1972 isqonescapable. Not oniy was a larger -
area covered by aquatic plants in 1973, but the density of'plant
ma;erial per unit area was also greater. Total drylweiéhp of
pla;; meterial produced in 1973 was also greoter; but in a unit
area dry weight ehowed'no signifrcao;-drfference from one year to

the other (Table 17), s&we. the plants growing in 1973 also

appeared to be more suhcelgnfithan those found in 1972 In thetwo

'summers the percent underground parts was almost equivalent in the

shallow water plants and fairly similar in the deep water vegetation
‘(Tables‘S and 6).- The type of vegetation generally observed in a

running water system has well developed fibrous root systems which

(-2
Ay

could be expected to influence yhekbaoﬁgES values~ con51derab1y

(Butcher 1933). However, it was 1nterest1ng to find that the

. l'\

undergrouud,parts* in the shallow water vegetatlon survey in the

Ottawa River did not represent more than about 24% of the total
L] .

* Hestlake'sc?1963) impression is that the method used in sampling
the underground parts underestimates the proport1en of these parts,

Ty,

’
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plant biomass. This 1ow proportion may be related to the dominance

of S agittaria latifolia, which does not have an cxtens1ve root

developmcnt. In the deep water vegetation undcrground parts werc
even less important (about 10% of'thc total biomaSS) The welght
ratlos between shoots and the rest of the plang may vary with

~ season and the state of growth (Sculthorpe 1971) thus the sampling

time should be standardized. Sagittaria latifolia, one of the most

important species in the area was dg;ervcd to develop its tubers

late_in Scptember, and this'might be true also for rhizomes in

spec&es such as $parganium eurycarpum and ﬁymphaea‘tubefosa.

o -
Sculthorpe (1971) mentions t#at among other plants Nymphaea species
has relatively slow growiig rhizomes. In his study of macrophytes

in an oligotrophic lake, F. Eriksson (1973) found that the root

proportion in Spafkgnium aﬁgqstifolium (a fairly aBundant species
in the Ottawa Riler), was low in.August (9%) and higher both in
July (12%) and September (11%). No, exact information on the

species Vallisneria americana, common in the Ottawa River study

- area, has been found. However, both Sculthorpe and Westlake mention
that-goots, not including other undérground parts, probably
-
represent less than 10% of- ‘the’ biomass in submersed fresh water

spe;ies. They baso—the1r conclu51ons maxnly ‘on work done by

Edwards and Owens (1960) and Forsberg (1959) nc1thcr of whom

included specica\of vallisneria americana.

{

It is difficult to find published estimafcs on biomass

or standing crop in which the habitats for aquatic plants are

| N
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similar to those found in.the Ottawa ﬁivé?. Usually studies have

"bcen performed on much smaller rivers or streams (Oweps and Edwards
1961a, 1961b; Westlake 1961). Tﬁe.standing crop of the submprscd
vegetation found in thQIOttawa-Riva;.is more comparable to that
observéd in the eutrqphic Lake Sniardwy (Bérnatbwicz et al,_inB),
where wave actidn'was considered to have an important influcnce

on the development of the plants, than to estimates for small
rivers. The standing ;rop was found to Be much émallcr in this
lake than in others of the same area with éalmcr wateys; The
emergent Vegetutién had a smaller biomass in Lake Sniardwy than in

thé OttawaARivér, prqbabiy due to the fact that the habitat for

' -

the emergegt plants in the latter caﬁc resembles more sheltered
_areas in.a lake. Thé clagbﬁL estimate found,. concerning biomass,
is that of a polluted stream studied by Westlake (1961) where he
considers Thé ma;imum‘hiﬁmass to be low (0.12 kg dry wt./mz)
comparedj}e«many qther clean rivers with 0.11 to 0.52{kg dry wt./mz

(Westlake 1963).

5.3.2 .Ratios of Fresﬁ'Weight, Dry Weight and Ash Free Dry Weight

The loss in weight through drying was vefylsimilaf for
underground parts and shoots (Tables 19 aﬁé 20) . The results
. - l
obtained in 1973 show.that all subunits (shoot, white base, wilted

shoot, root, rhizome, tuber and runner) of all the species.sampled

- had‘dry weights of less than 16% qg’;heir fresh weight. The{species
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Polygonum amphibium had the highest dry mattcrtbontcnt, which was
}5.9% (the whole plant'waé'trénted as a shoot). Values approaching
~ this level were.also found in Icaves and rhizomes of Nymphaca

¥

tuberosa, Scfrpuélvalidus and Spg;gaﬁium eurycarpum while other

parts had dry weighﬁs ranging between 4 and 9% of their fresh

4

. . : . & : ,
weights, Higher dry weight content in the ledves, compared to

other shoot parts were also ostrvcd by F. Eriksson (1973) in hié

-

studies of Nuphar luteum in an oligotrophic lake. In the other

species investigated in the Ottawa River, i.c. Sagittaria latifolia,
b e

i

‘Sparganium eurycarpum and anlisneria'amcricana; all the parts

cxcept the tubers of'S. latifolia had similar dry weight content
(varying between 6'and il%). 'I; the tuber, dry weight matter was
ﬁigher (14.3%){ : ' .

.fn thellitqfatufe submc;sed species are considered to g~
havé lower dry weight content than cmcrg;nt hydrophftes, and the
floating leaf plant; are usually found somewhere in beﬁween in
terms of their dry matter (Strggkraba, 1966) . This paftgrn Qés not
" observed in tthOttaQarRivér survey, but . dry weight coﬁtent Was
.normally very similar between the ;Prec life forms when comparing
ﬁlants as a whole {Tables g and ‘6), In 1972 tt} total dry weight
content varied bétwccn 6 and 22%, while in 1973 the variatiéh was

within the same range but slightly smaller (4 to 14%).

Very little information has been found on ash content in

-

aquatic plants, but 15 to 25% of the dry weight is common foF sub-
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mersed species, and 10 to 20% in .the softer emergent plants ﬁWos;lake

1965a) . This scems to correspond well with the results obtained in

this study.’ Wcstiakc:also mentions that rhizomes have higher ash

content than other parts This was found only in'Sci_pué validus,

wh11c in Saglttnrla latifolia, Spargan1um aggustlfollum and

Sparganium eurycarpum the roots had a slightly higher ash content.

5.3.3 -Contribution of Different Plant Parts to Total Plant Biomass

Westiake (1965a) states that many percnnial emergent
ﬁlants have a large proportion of their biomass buried in the

sediments. This was found in Scirpus validus, as well as in the

floatlng leaf form of Nymphaea tubercsa, where rhlzomcs with the

roots made up 33 and 34% rcspectlvcly of the whole plant (Table 18)
-l

Here the root perccntage was very small.compared to rhizomes.

N As Westlake also says, the basc of the green shoot may

be a 51gn1f1cant part of the plant S_g1ttarla latifolia and

Sparggnlum eurycarpum were found to have 12 and 18$ respectively

‘of their biomass associated,with the base of the shoots. However,

in §. latifolia as well as in Sparganium angustifolium, Polygonum

amphibium and Vallisneria americana, the green portion of the shoot

was by far the most important part of the plant in terms of biomass.
: .

The root content was in all species less than-10% and especially

small in Elodea canadensis, Sparganium angustifolium, Nymphaea

tuberosa and Vallisneria americana. In Sparganium curycarpum, the
i .
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wilted portion of the shoot made up about 16% of the total biomass in

August, while it was not more than 7.5% in other species. During

‘,wintcr:thc root and tuber and rhizome component usually dominates

the total biomass, while in summer the green parts are the dominant .
biomass component (Sculthorpe, 1971). -This seasonal influence of
the ratios between different parts on the biomass is discussed in

more detail in 5.3.1.
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6. CONCLUSIONS

= 1. ,Thc ﬁaérophytc qompoéigion, di?pributiop and biﬁmasé were
investigated during two éﬁnsccutivc summers in a poilutcd section of
the Ottawa River, Ontario and Q&ebé¢,>be16w the cities of‘Ottgwa and
) .
Hull.
2. A total of:42 species were rgcbrdpd in 1972 and 35
. species.weré found in the su@mér of 1973. Seventeen of these Spccies

were common to abundant in both years. Sagittaria .latifolia,

Sparganiuﬁ eurycarpum, Polygonum amphibium, Ni@phaea tuberosa,

Vallisneria americana and Sparganium angustifolium were found to
- be the most common and the. most wideSpread species in'the area.

Emergent and submersed plant forms were abundant, while

floating forms were very sparse.

3. Similar distribdtion patterns were found in'mOSE'species
in the two summers. They were'characterized.by pure stands or
stanas dominated'by one single species and sparSely-intérspefsed
with one or two others.

4. Most plant species found in thé study area have also been
‘observed up and dowci:he Ottawa River, in nearby lakes and/Of in

" other tributaries of-the Ottawa. -

'5. Dense growth approaching that found in lakes, was observed

behind shielding points and at the entrance to bays, where there was
, ST . :
shelter from wind and current. Downstream from these areas the

-~ _
vegetation became gradually more sparse as current and wave action

bécame more severe.
B —

6. Dense grow;hs of floating~1eaf'species and submersed species
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were found on shallow sand banks fbrmgd aiong the islands and between

the sand banks and the island shore. ﬂzmphdéa tuberoég, usually

fouﬁd in sheltpred areas, wés here'exposed to both strong winds and
currents. - - | o | .

7. The spec1es comp051t10n and numbers of common species
.Found on qy} three islands wgre,falrly 5&m11ap. All had emergent

forms, floating and submersed leaf forms and submersed forms. The

'loéaliieﬁ distribution of Potamogeton epihydrus on the upsiréam tip
of Uppér Duck Island apd on the north east shore of‘kettlc Island
iﬁ‘1972, was the only-cxcepti&n.

8. In certn}n_pﬁrts of thp study area all the submersed

species found in 1972 i.e, Vallisnerié americana, Elodea canadensié,

Potamogeton ep1hydru5 and P, Rlchardsoni}) had dlsappeared in 1973,
This was probably due to decreased light penetration caUsed by -

effluents from the paper mill, as in other parts, V. americana, P.

epihydrus and P. Richardsohii had extended over considerably larger
areas during 1973 than in the prgvious year.  The occasional very

" low water levels in 1973 are suggested as the reason for the latter €
changes.

_'9;. Another strikinglcpntrast was noted during bpth summers,
between the Quebec-and Ontario shores. The Quebec shofe had only
emergent vegetation and only three species were found that were
capable of growing under tpe prevailing conditions. The Ontario
side had only four common speC1es ?wh1ch were all submersed forms,

Sparganium eurycarpum was considered to be a pollutant tolerant
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spec1eslas it grew well in polluted condit1ons on tho Quebec shore;

10. The water entering the study area was already polluted
from upstream sources, and therefore there were specxeé'ovor the
whole area tﬁat were tplerant ;6 pollution. On the Quebec'side
where the water was even more heavily polluted below the CIP papef
mill there was no vegetutlon for nenrly 3 km below the factor
Further downstrcam; emergent forms were able to tolLrate thean‘ﬁﬁﬁ\
conditions and colonized the area. Still further downetream,
submersed forms were found as well, | |

11. The total growth area in the study section, wh1ch had a
21 km long shoreline, was 9 0 ha (1 8% of the- total river
area) in 1972 and 24. 0 ha (4. 6%) in 1973. Submersed vegetation
comprised the most significant proportion of total aquatic plant -~
cover (7:0 ha in 1972 and 21.6 ha in 1973). The areas around
the shorelihes of the islands and aboVe;the CIP' paper mill had.the
most egtensive plaot'cove;s.

12. Mean biomoss was significaotly hiéﬁer on a foe:h weight
basis in the summer of 1973 than in 1972. Dry weight per unit
area showed no large differénce from one year to the other In,
1972 the mean biomass was 1. 94 kg fresh wt, /m and 0. 30 kg dry wt. /m
for the emergew)lants and 0.30 kg fresh wt?./m and 0.04 kg dry
wi./mf for ohe floeting leaf énd.submersed species together. 1In
. 1973 the mean biomass was 3.24 kg ffesh wt./m? and 0.29 kg -dry wt./m2

and 0,63 kg fresh wt./m2 and 0.05 kg Ary wt./mz.for the respective

vegetation types. Results indicate that plants were more succulent




106

~in 1973 than in the previous year,

13. In the two summers the percent underground parts of total
plant biomass was almost equivalent in the shallow water plants
. . . ‘ ] . . . . . S '
{about 24%) and fairly similar 'in the deep water vegetation (about

10%). The low proportion of 24% in the emergent vegetation may be

related to the dominance of.Sagittaria latifolia in the study area,
14.‘ Total dry weight percentage in émqrgent;.flqgting leaf "
and submersed fOrm; varied between 6 and 22% in 1972, while in
1973 tﬁe variafion was slightiy smaller‘(4_to 14%) .
15. In most species that'yere éollected, the green part of
the shoot, made up the largest proportion by ﬁeigyt of the Elant.
In Scirﬁus vnlidus and Nymphaea tuberosal.rhizomes with roots

rcpresented‘BS and 34% of the whole plant respectively. In N

Sagittaria latifolia and Sparganium eurycarpum, the wh%te'basc of

the shoot was found to be important, with 12 and 18% of their

biomass in this part. ' In Sparganium eurycarpum wilted leaves were

16% of tﬁk~plant, as early as August.
. . . : / '
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Section II

MERCURY UPTAKE IN ROOTED HIGHER'AQUATIC PLANTS; -LABORATORY STUDIES.

1. INTRODUCTION .

Despite tha.fact that the greataat amount of mercury
transpbrted ia a river system is a550ciated with the river sediments,
most studies of aquatic plants have been made in aqueous media only.
ThlS 1nc1udes both emergent rooted aquatic plants (Carbonneau and
Tremblay, 1972} and submersed species (Mortimer and Umoessxn, 1972)
In experiments where sediment is kaken into cons1derat10n (Dolar
- et al, 1971 and Hannera, 1968) 'or 1n,f1e1d work (Dietz, 1972)
little or no attentipn has beeﬁ'paid to roots, rhizomes:"tuaers or

stolons of plants that grow in sediment.

P

To understand the role that rooted higher aquatic plants
play in the recycllng of mercury through the eﬂ$1ronment and to
obtain useful 1nformat10n for future field samp11ng, it was felt

that a more detailed knowledge of mercury kinetics in’ rooted aquatic

plants growing in sediments was needed.

The present study considers three aspects of this general
problem:
1. “The movement of mercury from water to plants
" and sediments.
'2. The movement of mercury from particulates and
N 'L ' .
fine sediments into plants, water and deeper

sediments.
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3. The movement of mercury from deeper sediments

into water or directly into plants. ' : ,
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2. ' MATERIALS AND METHODS

2.1 Materials

L4

Plants:: Specimens e collected from the Ottawa River

-

(Section I) shortiy before the 'périments or from greenhouse

L4

cultures of the same plant material.

Soil: The plants were potted in Ottawa River sediments

of the.wood chip type (a heavy organic clay), or in a greenhouse
soil plus sand mixture as detailed below.
o A

Water: The aquaria were filled with water taken from

the Ottawa River.

Mercury compound: Mercuric chloride labelled with

203 203

Hg ( ,HgClz) was added to the water or the sediments at pre-
determined levels. The quantity of mercufy added was calculated
to approximate known values for Ottawa River water and Ottawa

River sediments. a

2.2 Experimental Technique

All experiments were run in a greenhouse. Rier

.sediments were spread out on lhrge trays, dried and aerated. Tap

water Gas then added until the sedimént haﬁ reached thé samé
consistency as when collected. Groups of young aquatic plants
were potted in the greenhouse soil or river sediment. .Each species
was képt in a separate pot and placed in standard aquaria

(dimensions 30 x 30 x 60 cm°) (Figs. 57, 58 and 59) filled above

. s0il surfaces with Ottawa River water (20 and 30Ly, A'plexiglas;—

hood. was placed over each aquarium so that the plants could grow
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Fig. 57 Experimental design of 2O:I’m'ercury incorporation study.
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" straight up hnimpqdod and still be contained within the aquhriuh

~ (Figs. 58 and 59). A gqhtle stream of air was blown over the water

across the aquaria. The air was, filtered throuéh charcoal at an

[

outlet in the far end of the: hood. Thc'plants were allowed to

stabilize for two to three weeks prior to thc addxtlon of thc

mercury. Mcrcurlc chloride was then added in a 51ngle dose at the

»\’

beginning of thc cxpcrlmcnt. ‘ . : A
, .

In ordcr to control insect invasions (wh1tc flyl which
on previous occasions had destroyed similar plants, the cmcrgcnt
plant parts were brushed with Malathion 50. Attnchcd algal
(perlphyton) growth was reduced only sllghtly by the addxtlon of

a few snails wigjch wcrc_lntroduccd for this purpose.

2.3 Sampling, Sample Preparation and Analysigﬁ

Ten ml water samples were taken frequently throughout

the experiments. Charcoal filters were analysed once during and

once at the end of the experiment. Each plant, its soil and

associated invertebrates were removed for examination at the end

of the experlmenz to minimize the p0551blc dlsturbance to the

system. The plants were rinsed carcfully w1th tapwater to wash

~

 away any water that could conta1n mercury compounds Thcy were

then divided into as many as cleven parts: fresh lcaVes, wilted

(] - f
~ leaves, shoots above water, shoots in water, roots,  fresh tubers,

.

decaying tubers, stolons and inside parts of emersed and submersed

13

5
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shoots and tjbcrs ‘The soil was separhted into three layers: _h

th;n top. lnyer comprised of a 2 to 3 mm thick ooze or floc formcd

during the experiment, a 1 cm thick layer under thc ooze and thlrdly

_the remaining soil 13,cm-of soil. Water, charcoal filters
representatlve parts of plants, aliquots of homogenizdd sediments,
snailsyand material from the sides of the aquaria were placed in
giass vials. Samples were analysed directly on a Nuclear Chicago
3ﬁcou?tér'with als inch, deep well sodiqm iodidcﬁrystal. Finally,

all of these samples were weighed.

In 6ne of the experiments pH was mcqsured usiné pH paper.
This was done simultancously with watcr'ghmplingi‘.Iﬁitially pH

was meﬁsurcd with a pH meter (Portomatic model l?S)lto give parallel
readiﬁgs with a more acg?ratc method. This was drbpped later
because the pH indicator ﬁﬁpcr proved to be satisfactory for the

purposes of this study, and contamination of the clectrode was

PR

avoided.

Daily temperaturc recordings werc taken for each room in

the greenhouse.
("

2.4 Experimental Design

Experimcnf I

Two aquaria (I "water treated'" and I2 nwater treated") with the
. »
following de51gn were used .

r

Plants: l. Two pots of Sagittaria latifolia (oriéinally

-~
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’ .

from the Ottawa River, tgkon-%rqm greenhouse cultures) were in cach

_aquarium.. i. Four pots of Scirpus cyperinus (alsd'taken from the
greénho@sc, originaldy from the RideaurRivér) Mere'iﬁ eacﬁ
aquarium, | J
Soil' Pofs'containing river clay or greenhduse soil
were distributed in the aquarla as diagrammed in F1g 57b

| A variety of containers: Plast1c plant pots with holes
in thé bottom, 1 liter plasti¢ beakers.and 1 liter glass beakers
were used. Eaéh'aquarium had two pots of each kindi

With a water level of 6 gm over the surface of the soil,
aquarium I1 contained 20 liters and aquarium'lz, 21 liters.

Mercury was added, to the water in both7ﬁquaria (Fig.
60a) . ‘Thc concentrations in the water of'aqunrium Il wWas
initially 0. 022 Pg/g and 'in aquarium 12, 0.028 pg/g. At the ehd
of the cxperiment thcsc conccntratlons had fallen to 0. 010 Pg/g
and 0.008 Pg/g rcspectlvely : | *

The experlment was conducted durlng 10 days in May, 1973.

203

The recovery of mercury was ‘83% in-aquarium Il and

56% in aquarium I,.

EXperiment\?I : ~ .

Four aquaria (III~"wdter'treatcd", ;12 "3]}l sediment treated", 1r3 .

vsurface sediment treated" and II4 "control™) with the.fbllowing

design were used:

1'13_




Fig. 60 E*pcrimcntal design for 2Oshcrcury additions to aquaria

ill’ Iz‘and II1 tOj;Id.

-~

—T
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Plants 1. three pots w;th ngxttnria lat1f011n (from the

Ottawa River), 2. two pots’ with Sc1rpus cyperinus (froh\greenhousc
cultures) and 3.‘approximate1y 200 plants bf_Lemna minor (from

greenhouse cultures) were used.

5011 (Fig. 57) sediment with high organic content, wood

chips and dccqmpos1ng plant material &as collected from a stand of

aglttarla latifolia in the Ottawa Rlver

-' Pots: ‘1 liter glass beakers.

Water volume: all aquaria were fillcd with 31 litérs of
river water Three liters were added on thé eighth‘day to
compensate for loss of water through uptake and evaporatlon

Mercury ‘(Fig. 60): in aquarium II Hg was udded to the
water as HgCl Initially the concentration in the water was . -~
0.014 Pg/g and at the end of the stgdy it was 10.004 Pg/g Mercuric
chloride was added to all the soil in aquarium II by plpet The
concentration'in_the-soil was approximately 0.06 Pg/g fresh wt. at
the start. The concentration in, the water after filling was
extremely low < 0. 001.pé/g “The counts however were still highpr
thangtﬁﬁsé £rom the background and control samples (see aquarmm‘II4
. beloy), The final concentration was also < 0,001 Pg/g Mercuric
chloride w;s added to a 1 cm thick top layer of‘soil in aquarium
II3 by remov1ng the soil, adding the meréury solution, mixing
thoroughly and replacing the mixture on top of the pot. The
1n1t1a1 concentratlon in this soil wias 0 34 Pg/g Agaln the mercury

concentratiow in thc water was extremely low, but slightly hlgher
L}
S
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fhan.bnékground and control. . This was algo the ch%e at the ond of
the expefimenﬁ.‘ o
Aquarlum 114 thch was designated as the Coﬁtrol'had the
same set up except for mercury addltlon as all the other aquar1a
in Experlment II. R o ;,Q_-
A Thé experiment was conducted during 12.ddys-in June to -
July, 1973.
| Note: five.snails were introduced into each aquarium.
In the calculations to.obtain 203mcrcury coﬁcéntrat' 5,
all counts were corrected for backgnound decay and counting
eff1C1ency, by referencc to the known standard, then extrapolated
to day 0 (first day of experlment) and expressed in Fg/g fresh

J

weight. - , ' :
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3.. RESULTS ' | o o s

3.1 Condition of Plants During Experiment

Plnnts d1d not grow well in the clay 'IThose grown‘!n mud
and river sedlment grew normally compared to others kept in tubs in

the greenhOUSe Sag1ttar1a lat1f011a developed tubers in the first

experlment kgmng_glngz_known to be mercury. sen51t1Ve (Mortlmcr
and Umoessin, 1972) grew well and reproduced in the- control
doub11ng its. blomass In aquarla II nd II , with extrcmely
low mercury concentration in the water, the L. Elngz_b1omass did
not increase. In aquar1um II1 (water treated), with high mercury
- concentration in the water, L, minor was dying off by the end of
the studyf Planktonic algae became abundant in all the aquarla

* and an ooze layer settled on the.soil 5urface°and on the bottom ef
the aquaria in all cases. :A'number of very‘small invertebrntes
were observed living in the top layer of this oozc &uring the
entire ‘experiment. | | *

\,
M o . :
3.2 Changes in Mercury Concentrations During the Experimernt

+

Me%eury concentrations in the wateT decreased rapidly
(Fig. 61) in the beginning of the experiments in cases where merchry'
‘Was. added d1rect1y to the water. After two days the decrease
-slowed down. In all other aquarla the mercury concentration in
the water was low from the beginning. It stayed falrly constant
belng sllghtly hzgher than the control during the first three days
- and close to or equal to the control during the following days of

study. & o _ _ ' x




Fig. 61 Loss oflzosmercdry fzom wa%gr over a 12 day period. Aquaria
‘ Ii and I, are represented hy-ghe mean of two samples;
aquarium II, .is represented by the mean of four samples
[

(vertical lines indicate ranges).
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Charcoal filters showed very little upthke‘of mexeufy

(included in “cher" Fig. 62). Where such uptake ﬁas found, it

was concentrated at the intake part of the filter with a negligijpfe

amount, if any at all, being found at ‘the other end. In the first

experiment (I and 12, both water treated) the

main uptake was

during the first six days. .In the second stgdy the only aquarlum

to show any accdmulatioﬁ in the filters, was number II1 with similar

3.3 Mercdry Distribution within the Aquaria (F

Of the 1ntroduced osmercury, 83% was
(water treated) and 56% in aquar1um I2 (wate

half of the recovered mercury was found in the

at the cbnclusion of the f1rst study . The ooze

(Table 21 and Flg 63) had the highest conc tr

"values of 0.61 Pg/g ‘fresh wt.. Further down, i

mercury was found at a level of 0.10 Pg/g. The
sed1ments which were mlxed before sampllng had
concentrat1ons (up to 0.02. Pg/g) The clay ‘sho

pattern,&Towever-nothlng was found_below 1 cm.

Plants took up 3 fa1r1y large Amount
and Fig. 63). Concentrations in submersed part

were higher than those in emersed portions.’ Th

mercury addition as in experiment 1. Hexe the absorption was
* higher during tbg;lhst five days. | X\\\\\;\ . .

ig. 62) 3
: L4

recovered in aquarium
by treated) Nearly.
water in both aquarla
layer‘of the soil
ation of 3Hg with

n the 1 cm layer,

rest of the

very 1ow : B s

wed-a 51m11ar s

of mcrcury (Table 2$~—Jf

s of these plants

ere was also a

' difference between the two plant species. The.dndcrwater parts of

119
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Fig. 62  Percent distribution of pecovered 203me;cury at ‘the épd

of the experiments as the percentage of total recove;éa'-i

203

. - % “mercury (numbexrs above.bars represent percent

L ' lines indigate ranges:and (n). represents number of
e ‘ . - samples for.each compOnent). .- . 3 Vo ’ .
‘ iR - * ) u . - .
] . C ' - . - -
iy ]
1 - ™ . .
- . . \
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TABLE 21 mefcury concentration (?g?qsﬁg/g fresh wt.) in'plants
. a
1

at the end of experiments nd I2 combined (mean of two
samples is followed by tﬁe range).

/

. -

: Scirpus cyperinus Sagittaria latifolla

Sample mean range . mean . range A
Leaf S o . 0.30 (0.23 - 0.36)

Stem over water  0.19 (0.15 - 0.23) - 0.12 (0.09 - 0.14)

Stem in water  1.02 (0.94 - 1.10) 4 -0.49 (0.40 - 0.57)

Root - 0.23 (0.12 - 0.33) ,  0.04 (0.03,- 0.05) >
"Stolon . ' - o -‘0:10

Tuber I ‘ Ce ' 0.53 (0.52 - 0.54)

Ooze layer - 0.61 (0.60 - 0.61) 0.61 (0.60 - 0.61)

Soil 1-cm layer 0.10 (0.09'- 0.11) 0.10 (0.09 - 0.11)

Soil 13-cm layer  0.02 10,01 (0.00 - 0.01)

b 4
= e — <
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Fig. 63 Distribution of 203mercury in planté and soil at the end
of the experiﬁcnts L and 1, combined. Bars represent

mean of two samples: : : S

tx
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S. latlfolla, had absorbed up to 0.49 Pg/g fresh wt. and Sc1rgus
"xper1nus 51gn1f1cantly h1gher amounts, Roots took up a. small g
amount of mercury The concentratlons were 0.03 to O. 05 Hg/g
fresh wt. 1n S. 1at1fol1a and 0. 12 to 0.33 Pg/g in S, czgcrlnus
The eievated valueﬁ\:f the latter could be due to some roots in

the samples-having higher conceutrat1ons by grow;ng through ‘the

123

holes in the bottom of the pots and out into the water. Comparatively

high mercury levels (ca 0.53.Pg/g) were also found in tubers of

S. latifolia that had developed dufiﬁg.the experiment. The center

-

og'these tubers had the same concentration as the whole tuber
indicating that the mercury was.present throughout and not just in

the surface layers.

' ) In‘thé-seconu éxperiment recovery of mercury dn dquafium
(water treated] was unexpllcably low, only 22% In uquaria II
.(all sediment treated) and II3 (surface sediment treated) recover1e5
were 100 + 60% and 100 + 40% respectively. The var1ab111ty in the
.duta illustrate the difficulties.in sediment saupling. In ;hé

1)

‘ls much as 83% of the recovered‘ 03mercury was found in the soijl

experlments where mercury was added te=the water (II

(Fig. 62). The main part of this mercury was distributed in the

. surface layers (0-1 cm in depth). Very litxle,uas found in the
y " .

deeper sediment layers. Mercury concentrations varied a lot in

the soil surface samples (Tables 22 and 23; Fiés. 64 and 65). They

water treated),

/

were mainly between 0.18 pg/g fresh wt. and 0.28 pg/g.but one sample'

I

v,

r
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TABLE 22 'zosmercury condentrations(yg 203 Hg/g ‘fresh wt. ) in

~ Sagittaria latifolia and water at the ond of exp
-1, IIz and II, (mean of three samples is followed %y

range unless otherwise noted) .

* AQUARIUM T

L B 2 B CI, - 11,
Sample. . : mean . range mean range . - mean  range
Leaf ' 0.020 (0.015-0.026) o.001 - - ;pLOOL
Stem over water 0.026 (0.020-0.035) 0.001 £ 0.000
Stem in water’ | . 0.032 (0.020-0.044) 0.001 | 0.001 '
Root o o.g?o (0.005-0.015) 0.015_(0:010-010205‘ 0.004
Ooze layer 0.229 (0.074-0.409) 0.083 (0.065-0.105) '0.187 (0.137-0.235)

.

Sediment l-cm layer  0.132 (0.110-0.167)- 0.123 (0.060-0.194) 0.282" (0.225-0.345)

Sedimgnt 13-cm layer 0.005 0.107 (0.069-0.155)  0.013 (0.002-0.021)
Water at start 0.014 - - :  ¢0.001 - <0.001
{n = 2) ' ' ' :
Water at end -h‘//co.oo; - <0.001 . © <0.001
W ]

n = number of samples

-]

[



TABLE 23 2Osmercdry'concentrhtions(Pg 203Hg/g fresh wt.) in Scirpus‘-.

" 125

cyperinus and water at the end of experiments Ir,, 11,
S '

and IIS (mean of three samples is followed by range

" unless otherwise noted).

| AQUARTUM - )
11
o _ | S I, 1,
Sample : ‘ ~ mean " range ~ mean range mean range  *
Stem over water '0.061 (0.034-0.095) 0.001 T 0.000
Stem in water - 0.177 (0.105-0.258)  0.004 (0.082-0.008)  0.001 - ]
‘Root "+ (.010 (0.005-0.015) 07045 (0.022-0.080) 0.002
‘Ooze layer. " 0.245 (0.177-0.285)°  0.065 (0.055-0.084). - 0.133 (0.096-0.157)
Sediment l-cm layer 0.092 (0.055-0.140)  0.074 (0.034-0.140) ~ 0.262 (0.242-0.295) \‘
Sediment 13-cm layer 0:005 0.070 (0.045-0.092) -0.004
Water it start 0,014 <0.001 <0.001
(n = 2) |
" Water at end - <0.001 <0.001 <0.001

-

n = numbér of samples -
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!
Fig. 64 Distribution of 203mercury in water, plants and sediment
1 IIZ and II3 with Sagittaria

latifolia. Bars rcpresert mean of three samplés.

, o .
at the end®pf experiments II

mercury concentrations in water at the start of the

experiments are included. - a
LR !
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Fig. 65 Distribution of 203mercury'in water, plants and sediment

<T/’/fat the end of the eXperiments IIl, II2 and 113 with

Scirpus cxpijiggi;//ﬂars represent mean of three samples:

mercury concéntrations in wafﬁ; at the start of the

' .experiments are included.
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had 0.41 pg/g. In the 1 cm layer there was less variation with an

-average value of 0,11 pg/g. The ooze layer on the bottom of the’

' . . : . - .
aquaria outside the pots, had a mercury concentration between

¥

0.2 to 0.4 pg/g fresh wt.. o '

Mercury introduced into the deeper soil (1 to 14 cm)-

remained there to the end of the experiment. 'In aquarium II2

4 1

where- 21l the sediment was treated with mercury, concentrations

_were-véry similar through all ;hrcé layers varying aroand 0,09 -
3 b : m

Hg/g (Tablés'zz and 23; Figs. 64 and 65). In aquérium II3 (surface

sediment treated) they were highest in the 1 om lnycr,'with an ., -
. . ! .

average value for all pots of 0.27 pe/g. Concentrations were

slightly lower in the surface ooze and very low'(0.0l Pg/g-and

less) in the fest of the sedimegt (1 to 14 cm).

The plants in the sad;mént treated gxpcriments.took up
“very little mercury in praportion to .the other compartments ,
(Tables 22 and 23; Figs. 64 and 65). In‘aqﬁaria 11, (all sedimcnf
treated) and II3 (Sdrface sediment tpeated),‘which ha@'very-low

mercury concentrations in the water during the whole experiment, -

all shoot parts of both species were found to have less than 0,01

o

pg mercury/g fresh wt.. The roots of §. latifolia in aquarium IT, .

S _— . . .
contained larger amounts of mercury (average 0.02 Pg/g) than in 115 : N
: : , N

(02004 pg/g). S. cyperinus showed the same pattern but vglues were

0.05 pg/g and 0.002 Pg/g respectively.

o
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‘Thc plnnts in the water treate& aqdhrlum (II ) ubsorbcd

,r‘

a higher’ proportlon ‘of mercury than those in sedlment treated

aquaria (Fig. 62). _The increase was confined to the stem and leaf . .
parts of both species’ (Tables 22 and 23). The ‘roots .of both species
showed a modest dec;sgse in mercurylrclnt{vc to thosc grown in ~

: - L N T
mercury trgated sediment. For exdmple, Scirpus cyperinus roots

in water treated aguaria were '0.01 Pg/gi!nd in sediment tre%ted
. ) Lo “ . . \ ‘ .
0.045 Pg/g. % R ‘ ‘ , ' | _ .,
When the epidermal layer of plant samples was removed,
> . T . - .

thére was still about 10% of accumulated mercury remaining in the

inner parts. "For Sagiitarid latifolia the numbers were: ~for | 4

-

emergent t1ssues 0.002 Pg/g, and for. submcrscd 0.006 Pg/g “For

) L
Q_ Scirpus cyperinus thékvglues.weré 0.016 and 0.010 Pg/g respectively.
. N\ . - ' .

-

.

- - ‘Also some decayed- tubers were analysed but showed low

'
TN

uptakes aound 0.001 Fg/g.

>
~ Smails and the floating leaf plant Lemna minor, in all

three aquaria, accumulated mercury, more so 1n aquarlum II (water

' tfpate&? than II (all sediment treate 'and 113 (surface sediment

tf%ated) The total amount absorbed by the organisms was too

small to contrlbute to the.dlstr1but10n pattern.
> | >
S : . ¥
v | \pH'waslfeeorded in experiment 1I. Measured in the daysfme;
. o - '
it was stable at roughly 7.5 during the whole study in all four ,
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v Th@raturowas different -during the two study periods
1 and II as shown in Fig. 66. .
! -
- i ‘.
.‘. J_‘\‘ |
- v )
W . -
3
. . *
S
. - .
" ‘
. - < .
L Y .
L X



Fig. 66
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Femperature readings in greenhouse during experiments.
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4. ‘pISCUSSION - ..+

The mercury did not seem to affect the growth of cither

Sagittaria latifolia or Scirpus cyperinus. The same has already

been shown with other eﬁcrgcnt %pecies (Hannerz, 1968; Ca;bonnéau
and Tremblay, 1972). Plantg grew well except in clay, which was
S0 dcﬁse that it was Hiffiéult for their roots to penetrate. In
the Ottawa Rivef study area (Séction I) there were no emergent '
plants found‘in this kind of clay. Only,submergéd species, whose

roots do not.penetrate very deep were found.

The plants were quite‘cffective in the uptake of mercury.
I appears that the hlgher the concentration in the water the more
_mercgry was accumulated by the’ shoot (Figs. 63, 64 and 65) Thxg\\\
pattern was indepeﬁdent of %he éoncentration levels 'in the soil.

When~ looklng at the shoot parts, similar résults tJhwhat has been

: presentcd before in Hannerz' study (1968) were obtalned In general
"submersed parts retained more mercury than emersed parts (Figs.

63, 64 and 65)}. Also, thq in;ernal.fissucs Qere fouhd to cbnta{n
iower concéntrations than the rest of the plant parts. This may
indicate that mércurf adsorption is more iﬁportant than Hg absorption.
-;The quest1on here.arises whether the mercury would be absorbcd to

the plant surface or is bqund to micro flora and fauna ("perlphyton")
attaché& to the plant surface.' fhis Aicrogrowth‘is probably difficult
to wash away completely'in the cleaning process, withou;.also
ﬁaging.off plant material. However it was found that similar algae

and debris which accumulated on the sides of the aquaria during the
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. experiments, had very low concen;rationsldf mercury. Therefore it
is more¢ probable that there is a physiological uptake mechanism in-

the outer layers of the plant tissues.

An indication of the importancc of mercury translocation
in S. latifolia was noted in the water treated aquar1n of experiment
I. During the experiment, the mercury concentratlon in the soil
increased up to 0.01 ngg. Tubers which developed during the
experiment in-this s0il accumulated hlgh concentrations of mercury.
As shown in Table 21 and Flg 63 the mercury ratio in tubers to
‘that in soil was about 500 to 1. This accumulation was not a
surface,phcnomenon, 51nce "the innter parts. of the tubers were Just

as radio active as the outer, and since the roots and stolons

growing in the same soil showed very little mercury uptake. If

tubers show the, same pattern in situ after the mother plant has
been exposed to high concentrations of mercury this could have a
-dclcterious'effcct on.animals that may feced on them. Sculthorpe

(1971) describes the importance of this plant part as a food source.

The important liuk in mercury accumulation in these
plants.seems to be the uptake.from water to submerscd shoots.
Where roots were surrounded by sediment with hlgh mercury levels
(0 07 to 0.11 Pg/g fresh wt.), and the concentratlon in jwater was
cxtremely low (lcss than 0.001 Pg/g) (Tables 22 and-23; Figs. 64 | -
'aud 65) ;ccumulation in the shoots was also extremcly low, The

traces of mercury found in these shoots could as well originate from

i
4
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the water as from the 5011 'Upward traﬁslocation from the roots to

the shoots does not ‘appear to be a 51gn1f1cant source of mcrcury

in the shoots of these plants.

The roots*appeqr'gble to take up and sforc mercﬁry when ,;%'

it is present ih—thq‘surrounding medium. In expérimbnt I (Tablé

21, Fig. 63) roots of the species S. cyperinus probably accumulatcd

mc}cury from water, as some of. the roots had 5pread out over the \
holes exposed to the water compartment at the bottom of the.plant '
-potQL In aquarium II2 Toots were surrounded by soil -containing
fﬁércury. At theAcnd of this cxpcriméﬁt, concentrations were almost
the same in the roots as in the gOII they grew-in. Whether trans-
location of mercury from shoots to roots is a 51gn1f1cant vector

in accumulation has not been‘;csolved in these cxpcximcnts. The

relative concentration between mercury 10VC1§&i2 shoot and root

vagies con51derab1y dependlng on spec1es and growth cond1t1ons

As indicafgd in the aBovc.text, a difference in uptake
between species was found. In S. cxperin;s mercury was foqhd at
higher levels than in 8. latifolia. If, as bélievéd, mercury is
mainly taken up by and translocated from the surfaée i;ycrs in thé
gubmerscd shoot, the morphology of fﬁé plaﬁt éurfage.coulg be an
ihportant factor in the concentrafion levels of mercury. In S.
czperinus; which has a bristly surface, the proportion of surface

layer to the internal tissues is larger than in S. latifolia with

a smooth-surface. However, the difference in uptake could be a
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phyéioiogical'phcnomenon. In recent_cxpcrimcnts’(Mortimer,n

1974) on two .species oflElodea'(a submersed aquatic plant,form) ‘
witﬂ ;imilnr surface morphology,-mercuryluptakc differea betweén
the two speéics and he explained this in.terms_of diffcrént |

physiplogical reactions to Hg.’

The pattérn of mercuxny uptake by Ottawa River sediments,
which was studied by Kudo and“Hart (1972) is followed in thege

‘experiments. The sediments form\the largest accunulating compartment

when mercury is added to wa;g%rqggd'thd sediments. retain almost

~—— ,—"‘ﬂ

all of the mercury aédcd to f£hem.

Although the fwo cxperimcﬂ‘% were run at different

ambient temperatures, there is no way to correlate differences
to (#¢parameter. The

complex seasonal paramet

emperature change-accompaﬁied the more

rs, such as photoperiod, totalilight and
temperatur¢ differentialg, which were not measured. However, ! am
convinced that the seasofal pérformance of the plant has a beafihg

on mercury uptake, partijtularly for tuber forming plants like the .

* o ﬁ\\\f,f—\

Sagittaria.

" Alghouth th ‘are still ‘unanswered questions about

mercury uptake in highé aquatic plants and the above laboratory -
answers might npt apply/when it comes to plant_behaviour in the field,
this stﬁdy showed thatmore work ‘has to be'put.iﬁto field sampling

for mercury‘analyses a possibly also for other minerals. In

works presented lately oh enrichment of heavy metals in aquatic

>
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plants underground parts have boen neglected, ‘ae in thc eaSe of
Dietz (1972) and Reay (1972) both collected only shoots for their .

: analyses. 1h15 cxclusion of parts grow1ng in the sediment may not .

be an important ﬂuqﬁr when it comes to submersed species of

aquatlc plants as,they often havc a very low biomass proportion
.in underground parts (Sectlon I1). However. it 1s very‘lmportant
in emergent species, where parts in the scd1ment as in the case
of the findings {n\the Ottawa River (Sectlon I) accounted for about
4% of the total plant blomass. Westlake {(1965a) reported thatr
*underground parts made up 50% or‘more of his total biomass. For

this reason, the root uptake component, was included in the

laboratory experiments which I performed.
' - : |
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5. _CONCLUSIONS

g N : %
Mercury uptake fndﬂ”Soil, river sediment and water by two

rooted aquatic plant species,‘§ggittaria latifolia and Scirpus

cyperinus, was measured after 10 days exposure to radioactive mercuric
L. ) . ! ‘ . .

chloride, The density of vcgetafion was ¢lose to what has been '
found in some parts of the Ottawa River. Both species were found

to be active ip their uptake-of mercury. Mgrcdry uptake by the

. * '
plants was propyrtional to the concentration of mercury in the
4 . ’ .
water. Submersed parts and tubers accounted for the largest

accumulation of mercury and little was detected in the roots.

Submersed parts alﬁo appedred to bé the important link-in the

-

translocation of mercurf.from“watermto,fhc.remaindcr.of,the.plant}..mA, e

Bvidencaiwas presented for a physiological mechanism in the mercury

uptake process by plants,

Even though plants accumulated mercury, the soil, river
sediment and the ooze formed during the study werc more important
[y - . ]

in binding the mercury. The plaﬁts accounted for a maximum of

'only 7% of the recovered mercury (in plants with tuber.growth).

In surveys concernea‘ﬁith total en;ighmcnt of heavy"’
metals in aquatic plants, the exelusion of underground parts may
'be an important mistake. In’emergen%rspecies,_parts gering'in' . \\_
tﬁe sedimént sometimes account for 50% or more qf the total plant
biomass, dﬁd_the mercufy Ebcﬁmulapion in these parts cannot be‘

ignored.

<ty
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‘éection II1

MERCURY ACCUMULATION IN OTTAWAARIVEﬁ MACROPHYTES . o o ‘t\ .

1. INTRODUCTION . ‘ .

As an extension of the in vitro experiments on mercury uptake

by rooted higher aquatic plants (Section II of this thesis), one,

emergent- plant form (Sagittaria latifolia) and two submersed forms

‘<:; ' (Vallisneria americana and Elodea canadensis) were sampléd—in the
summer of 1973 in the OttawaiRiver_s;udy area’ for mercufy analysis.
In thc ufevious year a preliminary‘investigation on mercury : ~
accumulatlon by higher aquatic plants +in the same section of the rlvcu AY‘ -
T was’ pcrformed Only one other survey on mercury enrichment by aquatlc

plants in a field situation (Dletz 1972) is known by thc author.

-—

N

' Dlefi s study does not take the underground parts {roots, tubers, ptc ) ™~

1nto conSLderat1on,'howcvér. Dietz's paper. discusses some unrcsolvcd

quest1ons on the role of roots in mercury accumulation from water

and sediments. These questlons scrvcd as the impetus for the

following inuestlgatlons. , The emphasis wasﬁ}ald On assessing mercury

concentrations iﬁ different purts of higher aquatic plauts in order .

to estimate the levclsqyf mercury found in macroﬂhytes in this section

of the Ottawd River. These data. were also compared with the

laboratory mercury uptake results.
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2. MATERIALS AND METHODS

" Water samples for mcrcury-analysés were taken from May to

" November 'in 1972.and February to Auguét as well as in October and.
_ November in 1973 (Norstrom and Peter, 1972; Norstrom and Brownstein,

1974)

In 1972, plant material for mercury analysis was takcn
from total and mixed samples of aquatic vegetation céllectcd-for the
éstimqte of biomass and standing crop (Scctioﬁ I, Materials and
Mcghods). Sediment samples were taken ;ith a plastic core 18.0 cmz‘
in cross sectional area to a depth of 13 cm.” At three st#tions
samples wérc tﬁkcn randomly within the ;ransects‘selccged by the.
Univer¥ity of Ottaﬁa and the National @cscaréh Council of Canada
(Section I, Materials and Mcfhods): The ;eét were taken in the ~
center of the same quadrat-from which plant material was caliected?
Samples were placcd-iq‘glass vials and stored in the frecezer for

onc month before being sent te the Nﬁc laboratories for analysis.

_In 1973, samples of emergent vegetation were collected

“on the 24th of September and submersed vegetation‘on the 15th of J

October.\t;he cmergcnt'plants were collected close to the Quebec
shoré and/at two locations on Kettle Island near the shore (Fig.
67). The submersed plants were sampled at a water depth of 150-
200 cm on the north and souti sides of Upper Duck Island (Fig. 67)."

The plants were collected at eacg station over a fairly large area

.in which the vegetation was rélatively homogenous. The plants

were placed in plastic bags and stored at_SOC for'up to four hours

o7

'



Fig.

v

G7

¢ .
Sampling stations for aquatic plants,

o
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';after sampl;ng- Plants wére cléancd1Vcry carefullylwitﬁ tapwatir,

and spread out on papcr Wthh would- absorb any adherclng water, After
frcsh wclght}was determlned the plants were stored in plistlc bags

at 5°C. Within thc next 12 hours, they were placcd in an oven at

30°C anq dried for 24 hours. ﬁhc dry welght was recorded and the
materidl wés millcd into finec particles. Th:ec.ﬁubsaﬁples of cach

of the emersed shoots, submerscd shoots, roots, stolons and tubers

of Sagittaria latifolia, and submersed shoots of Va1115ner1a

americana and Elodea canadensis; were prepared. All dry’ samples

were frozen in preparation for mercury analysis at the NRC
iaboratories Analyses of plant matcr1a1 and scdlments were done by
“flamelcss absorpglon spectrophotometry folloW1ng mod1f1cat10ns of
'Magos'-methods (Norstrom and Peter, 1972 Norstrom and Brownsteln,
1974). These analyses were performed by M. Brownsteir.

{

S
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3. RESULTS AND DISCUSSION o !

3.1 Mercury in water .

" The mercur; conccntratlons in wuter were falrly ‘low in the

!

two yea??“of 1nvest1gat1ons, with the hlghcst value in May 72
(0 050 Pb/l) _There may have been a gencral trend towards lower l

. e
, - -concentrations with time (October 1973 0,005 Pg/l)

3.2 Mercury in sediments

The scdiment'samplcs taken dircctly in cdnnéction with the
plant samplcs gcnerally “had mcrcury conccntratlons ranglng from

0.05 to 0.14 pg/g dry wt. (Tablc 24) . Thc h1ghcst valuc (0.79 Pg/g)

*wWas from bclow CIP where the sediment was assoc1atnd mainly with )

L) -

iood fibres (wh1ch are characteristic of the bottom sediments along
" the Quebcc sﬁgre). A fairly high value (0 31 Fg/;) occurred in
_fire clay on the Ontar1o shorc. Samples from the lattcr site have

shown high conccntrat1ons of muny other pollutants such as DDE, DDD

and DDT (Norstrom and Brownstein, 974). I obbcrved a locallzcd

effluent ‘of untreated sewage once after a heavy rainstorm in this

h
4

. et ' ] . : .

area.. Also a marina and sea plane base are situated immediately
i o . . "

upstream. These factors could contribute to thtse higher mercyry

levels. Earth taken from around airports has.been reported to contain

S

unnaturally high concentrations of mercury (Klein, 1972).

In 1973 no analyses of sediments directly associated with’

thc aquatic’ plants werc done, since only a limited nunber of samples

could be analysed within the JFtawa River prOJect Howevers a certain

L4

numbcr of sedipent a ges were carr1ed out on samplcs from other
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~
Table 24.. Density, fraction dry material “and mercury congentratign
"in scdiment associated with-aguatic plants (Norstrom and Peter;” WM72).
. (All analyses werc in duplicate. - With.17 other sediment sampley from -
. .the same 'study area' (Section I, Description of Study Area) the mean
“variation between duplicates was 19 ppb or 9.2%) . '

f,

Staéion "Density | Qry Weight Total Hg

‘ | (g/ml) - RO (pg/f dry wt.}
5 2.08 .« 77;8‘ 0.09 ; -
35 1.85 e7.8 J0.11 |
as - 1.52 69.8 0.14

8S 1.67 60 0.07
105 1.82 . 68.2 0.10

T1S 2.04 75.9 0.06 '
145 139 . 50.3° 0.31
15$ 1.08 32.6 0.79
185 1.26 . 79.6 0.05
195 1.60 - 60.5 0.26
218 | 1.54 65 0.07
3D 1.56 70.9 0.09
4D 1.38 , 72.7 0.12

7D 1.67 60.8 0.09
10D 1.48 67 0.12

S = Shallow water B _ ' v

D = Deep water
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sites in the study arc; (Norstrom .and Brownstcln, 1974). The highest
mercury conccntratlons (up to 1 Pg/g dry wt.) werec again obtained in
5cd1mcnts below CIP. The main channel sedlmgnts (§and).had the
-léwcst'mercury lévels (around Q.OS Pg/g dfx wt.);.'Thereforc.
sediments around the aquatic plants in 1973;‘c§uld be expected to
 havc had mercury levels around 1 pg/g dry Lt. and bclow,_but.nqtiless.

than 0.03'pg/g dry wt..

3.3, Mercugy in plants

. Accordlng to Norstrom and Peter (1972) thc results from '
|
analyscs of the mercury content in’ plants, were somewhat questlonablc
:1n the 1972 samﬁ&es due to a mlscalculatlon in the size of subsamples
needcd for analysis. Howcve;, results show that mercury corcentrations
in samples of mixed plant species wcfd génerallyilcss thﬁn 0.13 Pg/g
- dry wt. iﬁ both shoots ("greens") and underground parts ("roots")
(Table 25). A few very high values were oBtained in the roots‘(l.lf
Pg/g dfy wt.j in station }45 and (0.87 Pg/g] a£ s;gtion IOST lHowevgr
no correlation was found between "roots" and "greens”, "roots" aﬁd
Ascdlments or "grecns" and sed1ments (Ibid). High mercury concentra-
tions 1n\”roots" could therefore not be explained from h:gh
concentrations 1in the surroundlng sediments, nor from the mercury - o

“level in the water, which was only an average of 0.04 Fg/l durlng

May to Scptember 1972.

The results in summer 1973 show that concentrations in

plants of 1973 were similar to those of the previous year (Table 26).
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)

Theréforc.thé decrcaée.of mCrchfy in the river water frdm 1972'to
1973 did not scem to affect ‘the accumulation of mercury in thc plants
To compare results from the analyscs with the expcr1ments in Sectlon
of this the51s, and w1th other work and surveys done in the same
f; {d, mercury concentrations based on fresh weight have to be
considered (Table 27). ThlS presents a somewhat dlfferent picture

, )
than shown in Table 26. Lmersed shoots of §_g1ttarla latifolia had

a slightly highcr hry weighﬁ than submersed shobts, roots and stolons
of the samé species (Tablb\ZBj. The';ubers ﬁf S. latifolia had
cpnsiderably higher dry wCight'content at the low drying

temperaturc uaed (30 L) In th15 way the tubcrs had dmong the
h1ghebt concentrations on a fresh welght basis (0.012 to 0.015 Fg/g
fresh wt.) (Table 27) whllc they had thL lowes£ mer;ury ICVle on

. -

Because of the higher mercury concentrations in some of

‘a dry weight basis (Table 28}.

the underground. parts compared to shoot parts, the possibility of

coqtamination of samples from the surrounding m‘aia_(sediment.and
water) i; considered beiow. Sediments may'bcldifficult to wash away
completely (leaving very small amounts oﬁ the plﬁnt).f‘However'the
amount of sediment needed to give concentrations high enough to be

* B .
reflected in the results,certainly could not'remain on the washed
roots. Secondly, the roots with a smaller dlametcr g1v1ng a larger
surface area/un1t weight than in tubers or stolons should have had

the highest mercury.concentrations of the three plant parts on a
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.

fresh weight basis if sediment cqntamination-was critical. This was

not the case. -Insteadlthé results’ indicated that different plant

parts are ablo to accumulate mercury from water and/or ‘sediment to

L

dlffcrent degrees, as was scen in Section II of thls th051s




, S t . o S S [

4. CONCLUSTONS
Plants in the Ottawa River, below Ottawa, Canada clearlf |
absorb'mercury frbm‘thc water and/or the SCdiment. Concentrations

_1n the plant tissues (on dry weight ba51s) are about 10000 tlmes

that in-the water and about the same as that -in thc sedlmcnts.

The decrcase in mcrcury coricentration in river water

.between 1972 and 1973 were not reflcctcd in the plant analyscs

. "
Where comparable analyses were available there was no.
correlation between mercury concentrations 1in underground parts and

shoots, underground parts and sediments or shoots and sediments.




152 .

" LITERATURE CITED ‘ - | o 1

Aiken, S. 1972. Personal communication. -Dept. of Mechanical
engineering of Minnesota, Minneapolis, Minnesota 55455, U.S.A.

Bernatowicz, S., E. Pieczynska and J. Radziej 1968. The biomass
of macrophytes in the Lake Sniardwy (Phragmites communis,
Charales, Potamogeton spp., Typha angustifolia, Fontinalis
antipyretica). Bull. Acad. Pol, Ser. Sci. biol. 16(10):
625-629. ’ ' :

#

‘Butcher, R. W. 1933, Studies on the ecology of rivers I. On
. the-distribution of macrophytic vegetation in the .rivers of
Britain. “J. Ecol., 21: 58-91. ' S

Carbonneau, M. and J.-L. Tremblay 1972. Etude de rble de
Scirpus americanus Pers. dans la dépollution des eaux.
contamindes pars les m@taux lourds. .Natur. Can. 99: 523-532.

Danserau,'P. 1958. Vascular aquatic plant communities of
southern Quebec. A preliminary analysis. Proc. Northeast
Wildlife Conf. Montreal. Jan. 4-7, pp. 27-54.™

. ; . \

Daubenmire, R. 1968. Plant commﬁnities,.ﬁ textbo&k of plant
ecology, Harper and Row, Publishers. New York, Evanston
and London, U.5.A.°

. Dickman, M. 1973. Total dissolved electrolyte.effects on
periphyton. -Journal WPCF.45, No. 10: 2211-2215.

.Dietz, F. 1972. The enrichment of heavy metals in submersed
plants. Advances in water pollution research. Proceedings of

the 6th International Conference held in Jerusalem 1972, pp.
53-62.

~ Dpolar, S, G., D. R, Keeney and G. Chesters.l1971. Mercury
<" . accumulation by Myriophyllum spicatum L, Environmental
letters, 1 (3), 191-198.

-

Edwards, R. W. and M, Owens, 1960. The effecﬁs oh river .
conditions. I Summer crops and estimates of net productivity
of macrophytes in a chalk-stream. -J. Ecol. 48: 151-60.

Eloranta, P. 1970. -Po}lhtion and aquatic fiora of waters by
cellulose factory at Manttd,.Finnish Lake District. Ann. Bot.
Fennici 7: 63-141." ' : ‘ '



" Nuclear Laboratories, Chalk River, Ontario.

153

Eriksson, C. 1974. Report 13, Higher aquatic plant speécies
composition and biomass. In D, Miller (ed.) distribution and
transport of pollutants in floWing water ecosystems, Ottawa _
River project, University of Ottawa - National Research. Council
of Canada, Report-No. 2, February 1974. ‘

Eriksson, F. 1973. The macrophytes and their production in o v
Lake Vitalampa. Scripta Limnologica Upsaliensa 346.. '

. . ' ) ‘ 0
Fasset, N. 1968. A manual of aquatic plants. The University
of Wisconsin Press, London, Ontario, Canada,

" Forsberg, C. 1959. Quantitative sampling of subaquatic

vegetation. Oikos 10:II, 233-239.

Gavis, J. and J. F.ﬂFergusoh..lgiz. The cycling of mercury - f::::dEb
through the environment. Water research, Pergamon Press 1972. '

6, pp. 989-1008. Printed in Great Britain.

Gentner, S. R. 1973. Aquatic vegetation of the Ottawa River
near Chalk River Nuclear Laboratories (CRNL). Chalk River

Gillet, J. M. and W. G. Dore, 1974. Personal communication with
J. M. Gillet, National Museum of .Canada, Museum of Natural History, .
Botany Division, Ottawa, Ontario, - = _ o ‘ \‘

Hannerz, L. 1968. Mercury uptake in aquafic plants. Fishery
board of Sweden, Institute of Freshwater Research Report No. 48:
120-176. .

Hartung, R. and B. D. Dinman 1972.  Environmental Dynamics.

-In Environmental mercurx_contamination. Ann Arbor, Mich.,

Ann Arbor Science Ppblishers.

Hynes, H. B. N. 1971. The Biology of Polluted Waters.
University of Toronto Press, Canada and the United States.

Hynes, H. B. N. 1972 The Ecology of Running Waters.

' University of Toronto Press, Canada and the United States.

Kennedy, C. C. 1970. . The Upper Ottawa Valley. The Renfrew
County Council,:-Pembroke, Ontario, Canada.

Klein, D. H. 1972. Méfcury and pther metals in urban sdilst
Environ. Sci. Technol. 6(6):  560-502. . ¥

Kohler, A., R. Wonnenberger and G. Zeltner 1973. Die Bedecutung ;
chemischer und pflanzlicher "Verschmutzungsindikatoren" in
Fliessgewdssersystem Moosach (Mtinchener Ebene).



. IS L 154

4

Kudo, A. and J, S. Hart 1973. Report, 14, Mercury kinetics of
bed and.5uspended sediments. In S. Hart.(ed.) distribution and
transport of persistent chemicals in flowing water ecosystems.
Ottawa River Programme. University of Ottawa - National
Research Council of Canada, Interim Report No. 1.

Kurimo, U. 1971, Effcci of pollutioﬁ on the aquatic macroflora
~of the Varkans areca - Finnish Lake District. Ann. Bot. Fennici,
7(3): 213-254, ] ‘ -

Mackie, G. L. 1971« Some aspects of the distribution and
ecology of macrobenthos.in an industrialized portion of
Ottawa River near Ottawa and Hull, Canada. M.Sc. Thesis,
Univ, Ottawa, Ont. 161 p. ‘

Mortimer, D: C. 1974, Report 14, The higher aquatic plants as
accumulators of mercury and DDT. In D. Miller (ed.) distribution
and transport of pollutants in flowing water ecosystems, Ottawa
River project, University of Ottawa - National Research Council
of Canada, Report No. 2, *February 1974. ‘

Mortimer, D. C. and S. Umoessin 1972,- Report 12, DDT and
mercury kinetics .in aquatic plants. 'EE_S. Hart (ed.) distribu-
tion and transport of persistent chemicals in flowing water
ecosystems, Ottawa River Programme. University of Ottawa -
National Research Council of Canada, Interim Réport.No.-I.’

Norstfom, R. J. and D. W. Peter 1973. Report lIa and b,
Chemical analysis of field samples, Ottawa River Programme.
Ibid. -

Odum, E. P. 1971. Fundamentals of ecology. W. B. Saunders
Company, Philadelphia, London, Toronto, U.S.A. and Canada.

Owens, M. and R. W. Edwards 1961. The effects of plants on
river conditions. II. J. Ecol., 49: "19-26.

Owens, M. and R. W. Edwards 1961. The effects of plants on -

river conditions. III. Crop studies and estimates of net
productivity of macrophytes in four streams in southern England. B
J. Ecol. 50: 157-162.

Owens, M. 1965, Some factors involved in the use of dissolved-
oxygen distributions in streams to determine productivity.
Mem. Ist. Ital. ldrobiol., 18 Sippl.: 209-224.

‘Owens, M. and R. W. Edwards 1967. Determination of the biomass

of aquatic plants using an optical method, J. Ecol. 55,.3:
671-676. ‘



. ' /‘ [l

OWRC-QWB 1971. Water quality and its cbn;rdi in the Ottawa
River. Ontario Water Resources Commission - Quebec Water Board,
.. - o ’ : . : ‘

OWRC-QWB 1972. ‘Water quaPity and its control in.the Ottawa

River. Ontario Water Resources Commission - Quebec Water Board,
2.‘ " . . ol . . - .

Y

Phillips, E. As 1959. 'Methods of vegetatiom study. Henry Holt'
and Company, Inc. United States.

. .
Peltier; W. H, 'and E, B. Welch 1969. Factors affecting the “
growth of rooted aquatics in a river. Weed Sci. 17(4): 412--
416, | ' c -

Réaf, P. F; 1972. The accumulatigh of arsenic from arsenic

rich naturals waters by aquatie-plants. ,J. Appl. Ecol. 9(2):
557-565. . o

Sculthorpe, C. D. 1971. The biology of aquati¢ vascular plants,
Edward Arnold*(Pgblishers) Ltd. London, Great Britain.

Sirjola, E. 1969 Aquatic vegetation of the Teuronjoki River,
south Finland and its relation to water velocity. Ann. Bot.
Fenn. 6(1): 68-75. . ' :

Strafkraba, M. 1966. Der Anteil der hoheren pflanzen an der
Produktion der Gewasser. Mitt. int. verein theor. angew. Limnoi.,
14, Stoffhaushalt der Binnengewasser: Chemie und Mikrobiologie.

. ' »
‘Stryde, W. agpd D. GlazeBrook 1973. Low velocity current
measurements July 5 and August 17, 1973, Report for the Ottawa
River Project. D. Miller, National Research Council of Canada,
Sussex 100, Ottawa, Ontario. '

[

Stryde, W. and D. Galzebrook 1974. In D. Miller (ed.) distribution
and transport of pollutamts in flowing water ecosystems, Ottawa
River project, University of Ottawa-National Research Council

of Canada. Report No. 2, February 1974.

Stzz%by, R: L. and A. W. Wentz 1969, Effect of industrial
pollliition on the aquatic and shore angiosperm flora in the
Ottawa River, Allen and Putnam Counties, Ohio. The Ohio
Journal of Science 69(4): 226-242, :

Suominen, J. 1968, Changes in the aquatic macroflora of the
polluted lake Rautavesi Southwést Finland. Ann. Bot. Fenn.
5(1): 65-81. '

155

“



o~

>

=

. o L I ) . 156

P

-~ -

Warnock, R. G.*1972, Report 2, Velocity and susbendcd sediment
measurcments. In S. Hart (ed:) distribution and transport of
persistent chemicals in flowing water ccosystems, Ottawa River
Programme.. -University of Ottawa-National Rgsearch COUnCLl of

Lanada. Interim chort No. 1. S e~

" Warnock, R. G. 1973, Mentioned in seminar given in s¢minar -

-

series on the Ottawa River project d;?jngcd by M. Dickman, Dept.- '
of Biology, University of.Ottawa, Ottawa, Ontario, Canada. :

. Warnock, R. G. 1974 Report 3, Flow characteristics and
suspendcd materTal. In D. Mlller (ed.) distribution and
transport ,of pollutants in flowing water ecosystems, Ottawa
River Project. UnLNcr51ty of Ottawa-National Rebearch Council

of Canada, Report No. 2, February 1974.

Westlake D. F. 1961.. Aquatic macrophytcs and the oxgen ‘ _

- balance of runn1ng watcr Verh. Int. Ver. Limnol. 14 499- _ o
503.

westlaﬂg, D. F. 1963.- Comparison of plant productivity. Biol. -
Rev. 38, pp. 385-425.

Wcstlakc D. F. 1965a. Some basic data for investigations of
the product1v1ty of aquatic mdcrophytcs Ist. Ital..Idrobiol.,
18 (Suppl), 229-48. :

Westlakc; D, F. 1965b. Theoretical aspects of the comparabilify
of productivity data. Mem. Ist. Ital. [drobiol., 18 (Suppl),
313-321.. . .

Westlake D. F. 1966b. ° A model for quantitative studies of . ‘
photosynthe515 by h1gher aquatic plants in streams. Int. J. '
Air water pollut., 10, 883-896.

Westlake, D. F. 1969. 2.2 Macrophytes, p. 25-32. In R. A.
Vollenwc1der (ed.). A manual on methods for measuring primary
production in aguatlc “environments. 1BP handbook No. 12.






