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PREFACE 

This is a linlological study or the Dundas Marsh, 'Which is 

located in Wentworth CoWlty at the extreme western end or Lake Ontario. 

The conditions which are described have been studied river a period of 

three summers, and a representative picture,of environmental relations 

in this area has now been ma.deu 

The Summer season of 19"6 was devoted to preliminary evaluation 

of the water conditions. The early phase or the prognun involved a de

tailed study of the water basin by systematic sounding. Water samples 

were obtained at representative locations and analy'sed by various physi

cal and chemical tests. 

In 1947 the study of the phy'sical-chemical factors in the water 

was made with emphasis on their relations to the fish population or the 

Marsli"o A new field laborator.y constructed on the \ shore or the Marsh 

at the end ot the 1947 seaso_n afforded facilities -for ,the continuation 

or th~s part of the work. During 1948, the program was enlarged to include 

a study of zooplankton. 

This survey study is a preliminary one. No previous limnological 

work has been reported for this area, as far as we are aware. The avail

able literature pertaining to the Marsh has reference to historical, geo

logical, and natural histo17 topics 'Which are or no great significance 

to this survey • 

. It has been wel.l established through the work or several authors 

that the summer temperature, dissolved gases (o~gen and carbon dioxide), 

carbonates,and _ilydrogen ion concentration, in a body' or water are the 
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fundamental units or productivity. These factors, expressed along 

with the fish life and plankton population, give a relativeJ.7 accurate 

picture or the nature or the water. 

The above £actors were determined in the Marsh, and a discussion 

ot their presence and interactions constitutes the bod7 of this thesis. 

The observations are discussed and tentative conclusions are drawn from 
\__

these re8lllts. 
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CHAPTER I 

Introduction 

Marsh lands, as recently pointed out by Graham ( 147), have 

been the brunt of a two-fold attack for many years. On the one hand 

are those who believe that the wet lands should be preserved for wild

lite. Opposed to this view are those who believe that the marshes 

ahould be utilized for other purposes. 

This argument ultimately concerns the question or drainage 

tor the wet lands. As the result or improper utilization of some 

marshes, drainage has led to the development of a dr.r, useless desert, 

but often the marshes, where properly suited for such drainage, have 

resulted in the establishment of rich agricultural land, more useful 

than it had been as a marsh. The question of what to do with an ex

isting me.rah can be answered only b.Y a correct analysis of the marsh, 
i 

and from this a proper classification made for its better utilizat~on. 

During recent years various government agencies have become 

increasing~ conscious of the importance or proper land and water man

agement. Thq have often advocated the drainage or marsh areas to in

crease the cultivated land for agricultural purposeslil This type of de

Telopment has fortunately taken place only after careful analysis or , 

the tull capabilities of the area. In most cases the area drained was 

proved to ~ .tar superior agriculturally than it would have been as a 

Yildlif'e refuge. However, in any consideration or land use, careful 

consideration must be taken or its potentiality' as a wild life refuge1 

firat., before further treatment is given. 

l 
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Marshlands in an undisturbed form are of great value, and are 

tortunately' in most cases unsuitable for adapting to crop production. 

Thq serve best in an widrained condition to provide ground water main

tenance in the surrounding land. They maintain conditions suitable for 

vildlite, such as refuges for muskrats and other types of aquatic an

imals. They offer havens for migratory birds. They also offer much in 

a recreational sense. As shoal waters adjacent to large bodies of water, 

they provide breeding grounds for deep \rater fish and a natural habitat 

tor warm water species. 

According to Storer ( 137), the beginning of the present century 

marked an important step in the utilization of existing marshlands. 

Owers of a few eastern marshes recognized the value of the muskrat, 

and treated the marshes as "wild farms" frOm which 
\ 

they obtained a 

11zeable annual y-ielde Bailey ( 137) stated that the muskrat industry 

vaa recognized as one of the most important resources of the State of 

Ma17land, and that muskrat marshes were as valuable as mf3 other type ot 

tam lando Hewitt ( '47) described the profitable conversion or a farm 

in Southern Ontario into a marsh. 'With the flooding, natural vegeta

tion rapidly developed over the area, with cattails, bul~shes and sub

mergents all thriving. During successive seasons the profits derived 

from h\U'lting and fishing were more than the land would have yielded 

through land crops. 

Vith the wildlife and fishing agencies becoming aware or JDB.D1' 

tomer mistakes in draining unsuitable land, the wet lands are ~ow 

•PPrOached scientifically', to obtain the most efficient returns. In 

ao,.. cases, as above, the conversion or dry land to marsh conditions has 
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resulted in increased profits through a better land use. Lessons leamed 

trom earlier mistakes have led to the establishment of natural marsh areas 

al ecological study areas, to indicate the expected yield from other wet 

lands, for which state such lands are naturally'best f;ltted. A thorough 

understanding of water classif'ica.tion and of mnrshlands,leads to more 

effective management of these areas. 

Outstanding in the development of the survey work of natural 

vaters has been the programs of JD8I17 or the u. s. State conservation de

pariments. In the most usual approach, the field programs include in

Yeatifations of numerous biological and physical factors,especially re

lnted to fish production. 

A knowledge of the relations of these factors to each other~and 

to the orge.nism is important for the interpretation of the conditions 
I 

occurring in a complex aquatic habitat. Such studies are of' first im

port.nee to fish culturists; in pnrticular. Im inventory of a water area 

uauaJ_l.J includeea charting the water basin, the location and abundance 

ot aquatic vegetation, temperature, oJcy"gen and carbon dioxide determin

ations, acidity, spec~es of fish, predators and food and spawning condi

tions. McMurry ( 133), Greene ('33), Faiginbaum ( 134) are among the many 
J 

authora who outlined these factors to be important teatures or survey work. 

The branch of science which deals directly with this diversified 

approach to biological productivity is called Limnology. As defined by 

llelch ('35) this includes all the influences which determine producti-

TiV in inland waters. As a science llhich deals with fish study, it is 

necea1a17 to include both biological and hydrobiological methods {Wundsch'27 
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In its hydrobiological approach Str,6m ( 129) showed how it had grown to 

include such diversified fields as Geography and Geology, Chemistl'7 and 

Biology. Limnology is mainlJr a generalizing science, as defined by its 

rounders, Simony and Forel, and is the one discipline of science able :to 

assist in the understanding of fishel'7 conditions, for the eventual in

crease of fish in fresh waters. (Halbfass, 127) 

Among the interpretations of fresh water conditi6ns are those of 

Thienema.nn, who early regarded the water as a single "biotype". He 

looked upon the limnologica1 unit as the culmination of both physiograph

ical and biological approaches. Rawson ( 139) termed this biotype a micro

cosm, and considered the operation of its internal changes as a metabol

ic activity which directly influenced the activity or the fresh-water 

inhabitants. These live in a suitable environment 1where they are able to 

secure energy for life and at the smne time avoid too much co~petition 

with others. Livingstone ( 134) pointed out that the environmental com

plex plays just as important a rote in deterr¢.ning the performance of 

an organism as the internal complex within the organism. The severity 

or life in the environment is greater where there is more variability, 

and the inhabitants become sorted into a zonal arrangement dependent on 

t.1e available energy. (Pearse, a34) • The impo~ance of the so-called 

•metabolism" or the water is believed controlled by three principal 

groups or factors. The nutritive aspect or the water is supplied by the 

•edaphic factors, and the utilization of this nutrient as energy is made 

poeaible by the climatic and morphometric factorse Other interpreta

tions or these main features of la.lee "metabolism" have been made. 

http:Thienema.nn
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The ability of any form to live satisfactorily under any com

bi.nntion of environmental factors is. an expression of adaptation. Fry ( 147) 

recentl.7 classified these environmental factors as to their effect on the 

metabolism of the organism. This approach is therefore physiological. 

The studies of Strp$m ( 131) and Naumann ( 132) have emphasized the 

importance of the above factor basis in explaining differences in the 

productivity of llidely separated bodies of water. 

In an appraisal of any 'Water area,it is necessary to select 

basic factors which are of the greatest importance to the environment 

and to the organisms. The relation of these agents have been:proposed 

bf MBD1' workers, as we have seen, to include both nutritional and meta

bolic aspects. The cycle of the nutritional ma.terlals depends not onl.7 
' 

on the biological questions,but as well on topography and geology. 

Thienemenn stated that the factors that controlled the abundance of en 

organism,were those that presented the least favourable conditions for 

the developmental stages or that organism. The factor basis has en 1m

portant bearing on productivity through operations on both growth and 

development. 

The science of Limnology in its early development,revealed much 

information which had definite relations with fish production. Reighard 

is credited with eoordinatin~ the sciences of fish culture methods and 

l.1.mnological studies,into a direct approach to the study of food habits 

and activities of the fish fauna. As the science grew, interest was 

placed in the laboratory work, but later operations have put a more con

centrated studt on the actual field conditions, supplemented by' labo:t"
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ato17 problems (Harkness)• 

In the study of Limnology as related to fish production, the 

ultimate goal is to obtain an anS'W'er to several que.stions concerning the 

complex or factors,llhich makes up the immense ecological network in 8lQ" 

treah water area. The movement or the fish and plankton organisms is 

but one manifestation of variations in these interrelated factors. 

For any given lake or water basin the kind and abundance of the 

prims.17 nutrients in the drainage area, and the morphology of the basin 

undergo seasonal and annual changes. These changes are sma.ller than the 

changes in the climatic conditions.(Chandler, 144). The hutrient pro

duction of a water basin might be expected to be quite uniform if the 

seasonal and annual changes of the ~limatic factors were as small as 

the changes. in the edaphic and morphometric factor~. 

Thus, ih the study or such a Wide field as aquatic biology, it 
' .

ia necessary to select very fundamental agents and emphasize their effects 

on the ~vironmental complex. 

Geographical position is the starting point to a compl.ete study 

ot the bio~ogical productivity of a water area. (Rawson, '39). The 

effects of the shape or the lake basin on the fauna and the metabolism of 

t."ie lake were earl.1' proposed by Thienemann. ( '27) vhen he pointed ~ut 

t:1e importance of the mean depth or the basin as the main feature or 

the determination or lake typee Morphology is responsible for seconda:ey 

factors such as temperature, dissolved gases and the productivity or plant 

materials. Thienemann concluded after many observations that the benthic 

or eutrophic type of basin was the most productive and was generally' under 

http:prims.17
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18 meters in depth. Str,lm believed that the relation between the total 

vater volume and the extent of surface was the most important factor 

in developing eutrop117. Certain facts point to the familiar feature of 

eutrophic lakes in having an increasing amount or bottom mud. 

The area of a lake affects its "metabolism" in a number of ways 

through the effects or exposure to wind and hence to water circulation. 

The increase or the area diminishes the inshore productive region, and 

the shore length to total area ratio is reduced. The bottom slope 

atrects the life in a body or water in a way independent or depth and 

area. Alsterberg ( '.30) developed the idea or the importance or contact 

vith the water and the bottom surfaces. He considered this contact re

lation as the ~in factor in developing eutrophy. ~trpm, ( '30), consi

dered the littoral development important in developing eutrophy. This 

11 in line with the relation or the marshlands to adjacent productive 

vater areas. The mean depth is also an important consideration,as the 

vater bnsins 'With greater mean depth have steeper sides than those with 

lesser mean depth, and the littoral tendency is restrained though poor 

ahore facilities. 

As the shape of the 'basin is determined by geography. then topo

graphJ', the materials absorbed by the water are determined largely by 

geological formations. Stt,fm described two tendencies always underway in 

a water bod7: "The tendency of each l~e to form a microcosm,where the 

evolution of' its life processes are determined b;r morphology or its basin> 

and the tendency that works toward making the lakes mere products of their 

areaa.• 
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The determination of edaphic and morphologic factors are made 

and used interchangeably,but Rawson doncluded that "while the edaphic 

!actors determine the kind and amount or the principal nutritive sub

atancea, the morphology and climate 0£ the basin~ may to a large extent · 

determine the u~ilization or these'materiala.n 

In a shallow body of water it is not difficult to see how the 

circulating mechanisms keep their maximum efficien~ operating to pro

duce an abundant life pattern. The shallowness, according to Birge, 

( '08), permits. of a large growth of life. Wind keeps the water in ci:r

culation and the products of decomposition are immediately available 

!or iife activities, allowing life to· go on unhindered. A large inter

change between growth and decomposition ta.lees plac~ all the time, 

allowing verr little.organic matter to sink out of usefulness. 

The shallow lake is very rich in plant rood and consequently 

supports an abundant crop of plants.and animalse The older basins gene?"

. all.7 produce more organisms than do younger bodies of water. Individual 

vnriation in la.lees is, however, always a factor to be met with, and 

chronological age does not necessarily agree with geological age or with 

productivity. (Harris, • 40) • 

The quantit:...y ·or ~ife 'Which any water body can support depends 

ultimately on the supply of inorganic salts in the water and to some 

extent on the operation of Liebig1s "Law of the Minimum"• 'When this law 

ia applied, it can only' be ·done so satisfacrborily»to those factors 

vb.ich are limiting and act~ enter into the metabolic chain. (Fry '47). 
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Much work has been done on this aspect of Limnology. The 


phJsical and chemical variables in aquatic habitats have been studied 


extensively by such workers as Birge, Juday, Thienems.nn, Naumann and 


ma1l7 others. At present, the amount of work underway by individuals 


· 	and survey groups represents a wealth or literature. However, im

portent fundamentals are readily" discerned from time to time. 

The first studies of the physical chemical conditions in a 

bod7 of water should provide general information as to the character 

ot the water, in comparison with other lm.ter areas, and the expected 

conditions during the course of a year or a season. A single measure 

ot 8llJ' or the variables will not give a reliable index of either eu

trop~ or any kind of .productivity, as Harriss. ''29) showed in a 

comperison of ·two environments. Welch ('35) also mentioned the ina

dequ~cy or a single season's results as a dependable index of expected 

t'fents in a_ water environment.., and the necessity of having reasonably 

complete lv'drographic data in advance of the physical chemical determi

nations. With these concepts or environmental complexes based on factor 

anal.Jeia, the first work toward a study was devoted to obtaining the 

ordinary- h.7drographic data for the Marsh. Physical, chemical studies 

vere made of depth series samples ta.ken at various sampling stations at 

the ea.me position during the summer seasons. Knowing the depth series 

data and the dissolved gases as determined to be a fair index of what 

conditions will be in· other years (Birge, Judq, Scott, Thienems.nn)1 this 

phase ot the work was altered during the second season. Efforts were 

then devoted to the study ot the horizontal variations in these variables 

http:Thienems.nn
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and to the tish popule.tion indigenous to the area. Irregularities in 

the physical chemical results led to the study of diurnal qcles at 

several representative stations. 

The overall plan of this study was to make a complete hydro

graphic survey of the water area, to make studies or the physical chem

ical variables in the water and to determine the relations of these facts 

to the biological elements, toward an understanding of the Marsh as a 

useful ecological study area. As stated earl)" in the introduction, it 

was the prime purriose or the survey to assess the full capability of the 

Marsh for its·most efficient utilization. 

Geological HistoIX of the Drainage System 

In the early Paleozoic ere.,a large sea covered the entire area 
itoda7 occupied by the Great Lakes. This sea deposited silts along its 

north shore, known today as the Canadian Shield. Later in the Paleozoic 

era the land masses rose and formed a large plain slpping to the south

ve1t. 

In the period wich followed, erosion forces stripped the sed

imentarr rocks overlying the granites or the Canadian Shield. The 

weathering or these old rocks ronned the Niagara escarpment. 

Betore t.he period or gh.cic:tion the liho1e region is belleved to 

~... ..-~ ~ i:!!Jt:er, ant ~ ~ ].i~ ~~ qr.-.A:Jt ~:f~ ~~--:::~ 

io S;eccer {•07) consisted or one l.e.rge river, the Laurentian, a pred.e

CHtor ot the St. Lawrence. It nowed near the edge or the ancient LaU:l"'

ent.inn continental mass 1and emptied into Cabot Strait. The Laurentian 

RiTer 87Stem extended northeastward from the deeper part or Lake Mich

igan to Lake Huron,(Fig. l~ southward to a point opposite the present 

I 
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Bruce Peninsula, were it was joined by the Huronian River and a branch 

trom the south end or Lake Huron. It then passed the Bruce Peninsula 

to Georgian Bay, along the escarpment to the region or Lake Simcoe,and 

aoutbvard past Toronto to the Lake Ontario basin,where it was joined 

bf the smaller Dundas brsnch with -the larger Erigs.n river which drained 

the Lake Erie be.sin. 

Glaciers were the result or an increasing change in the climate. , 

Moat ot the northern half of North America was eventually covered by a 

r..aeaive ice sheet. (Fig. 2). In the Pleistocene glaciation period.there 

vere believed to be several advances and retreats of the glacier masses 

due to modifications in 'the climatic conditions.· There are evidences or 

tvo euch retreats in which the Lake Ontario basin was free from ice. In 

these periods it is believed th.at the basins were oQCupied 'b1' lakes much 

like the present ·ones. \ 

With a gradual modifiontion or the climatic conditions the ice 

aheet moved northeast and the basins formerly drained by the Laurentian 
\ 

rinr were again exposed. The many small lakes produced by the melting 

lee drained through valleys to the Mississippi. 

The basins increased in size with continued retreat of the glacial 

uaaea, and the waters 'Which united along its edge were finally forced to 

clnin to the southeast through lower vallei outlets. The final drainage 

became the St. Lawrence River, which serves at present as the Great Lakes . 

drainage basin. A withdrawal or the ice lobe known as the Saginaw lobe 

relUl.ted in a connection of the waters ot Lake Saginaw and the Erie basins, 

('1&· 3) • This had become extended into the Ontario basin when the ice 
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Figure 3. Grand-Imla.31 Connection 

Figure 4. Lake Warren Stage 

Figure 5. Lake Iroquois 
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lobe still blocked the outlet through the St. Lawrence · vall1ey. This 

' ' 


atege is know as the Lake Warren sta.ge and it discharged through the 

Ubl.1-Grand river and Fort Wayne outlets (Fig. 4). ·Lake Warren crept 

along the glacier in the southern edge or the Ontario basin through the 

Finger Lakes region of New York Statetl 

The Hudson River outlet was in use through the Lake Warren, Lundy 

and Iroquois stages, and the escarpment was covered with water. Erosion 

lowered the outlet and the lake level eventually fell,exposing the escarp

ment. The waters or Lake Erie emptied into Lake Iroquois over the falls 

near Niagara and Lake Iroquois, (Fig. 5), existed first as a small strip 

along the southern and western borders or the Ontario lobe·~ It drained 

first through the Mohawk-Hudson valley and then when the lake was set free 

it consisted or an area slightly larger than the prese:qt Lake Ontario9 

At the western end or Lake Iroquois the shore extended along the Niagara 

escarpment ·and included the entire Dundas valley (Coleman, 122). 

Geological and Topographical Histor.r of the Valley 

Dundas valley lies at the western end of Lake Ontario in the form 

or a rude triangle, having as its base the beach spanning the eastern 

aide or Burlington Bay, end for its two sides the Niagara escarpment. 
•

The valley may be divided into three zones. The eastem zone includes 

Burlington Bay, a bod}t of deep water separated from the middle zone, 

which contains the marsh, by Bqrlington Heights, an old bee.ch or ridge 

Yhich contains fossils or the Hudson river period. The western zone con

tains the remainder or the ~lq extending from the town or Dundas to 

the villa.ge of Copetcnm. which is on the elevation of the Niagara ·escarp

ment. \ 

http:villa.ge
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Beginning at Burlington Heights,there is a na?TOw canyon

1haped chennel lying in a position about R?dE and somwha t over eight 

miles in length cut between the walls forming the escarpment. The 

channel is about four miles ride at the eastern end, and gradually 

narrows, until at Bink.ley' 1 S Corners on the Hemilton-Ancaster road the 

•aller is three miles, a width it ~intains for more than two miles when 

the westerl.7 escs.rpment tums east to the village or Copetown. 

The portion or the valley from Burlington Heights to the town of 

Dundas is to a considerable extent occupied by the Dundas Marsh. (Fig. 6) 

Between the Marsh and the detritus at the foot of the escarpment on both 

aides, there is a tract or level count17 lying at a general elevation or 

eight7 feet above the marsh waters. The level plain on the eastern side 
I 

ia f'requently cut through to the blue Erie clay by streams of cmmpara

tively re.cent origine On the western side,the country rises by successive 

steps to the foot or the escarpment. The we~tern side is peculiar in 

that there are no streams or any size. The composition or the plain is 

chief'l.7 clay and silt in alternate laye~s with patches or conglomerate. 

The height or land separating the head or the valley from the 

drainage system to the Grand River is composed largely of coarse 'WB.Shed 

sand with broken shales in several placese 

The escarpment forming the walls on either side or the valley is 

composed principally or Medina shales. These are succeeded by thin beds 

ot the Clinton formation, and the whole is surmounted by beds or the Nia

gara formation. The eastem escarpment is in many -ways different from 

the western side. From Hamilton to Ancaster1this escarpment shows a clear 
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tace or hard Niagara limestone and Niagara shales lying upon the shale 

beds or Clinton and Medina formations, and covered over for a greater part 

ot the distance by a thick band or broken material. 

Ov~r the escarpment between Hamilton and Ancaster a number or 

streams have cut channels as they flowed into the valley•. Among the 

largest or these is Chedoke stream. The walls of i1;s_channel show a clear 

eection or the upper band,Elnl in places the hea'V7 band or limestone on 

which the broken band rests. The limestone ·1a from six to eight feet 

thick and the broken material eighteen to twenty feet thick. The lower 

beds of rock and shale are hidden b;y debris falling from the sides or the 

chennel. 

The presence of at least five ancient sea beds within the valley. 

11 well indicated. Two of these, Burlington Bea~h and Burlington Heights, 

are well defined. The former is a low sand and gravel bar about five miles 

long and from one hundred yD.rds to half a mile in width. It is the most 

recent:cy- formed of all the beaches. 

The second, Burlington Heights, is a beach or much older origin 

than Burlington Beach. It forms the barrier between the Bay and the Marsh. 

This beach, with its broken strata or sand, gravel and conglomerate, begins 

close to the escarpment south of Hamilton and can be traced through the 

cit7 along the road leading to Burlington. It is separated from the raised 

level country lying along the escarpment at the northern end by a deep 

channel which at one time was the mouth of the old csna1, and outlet or 

the waters fiowing through the Marsh· into Burlington Bay. This has been 

described by Spencer end Coleman as being derived from baclaiard currents, 

created bJ' connict or the shore drift and the Dundas streams, together 
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wilh storms brought b;y east winiis. This elevation has been called a 

beach, but the evidence points to it being, more correctly, a sand bar 

or ridge. It 1IJJ3.7 have been formed during the Lake IroquOi.s period. 

Proof that the ridge was .laid dawn in deep water may be found 

in the conglomerate composing the beds and ~derlying the clay in differ

ent parts or the valley. This conglomerate is formed.by' the infiltration 

or the beds or gravel and sand withUme carbonates. As the carbonates 

could not penetrate the cla;ys, lying in some places above the conglomer

ate, it may be reasoned that the water charged with lime was flowing 

through the valley and depositing this lime before the upper cle.y beds 
-i. 

were formed. 

The carbone?.tes were derived from the washing of the waves against 

the escarpment limestone. Some streams of recent times ere so loaded with 

this material as to form a marl coating on mosses and other plants grow

ing within their spreye I,t may be that after the wave action against 

the cliff's the hea.V)" clay deposits vere laid dmm. 

As no congl.O!l:erate is f'otDld beneath the blue cl.ey,it can be in

terred that the conglomerate beds with overlying silt and clay are the 

result or a period succeeding the glacial period when the blue clay was 

laid dO'Wll. These beds are the result or the closing u;p of the mouth 

ot a ~tream flowing down the vallq and a flooding or the area over a 

long period of time. 

The breaking or the b&nk which clo~ed up the mouth or the stream 

dn.ined the vallq to the extent we nov find 1t, and left the channel 

occupied bJ' the Marsh. (Kenned1',1885.) 

http:formed.by
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Early Natural Histon: of the ,Vallez 

The following natural history notes are ta.ken from the writ

ings of Charles Durand, who as a boy lived on a farm near Dundas in the 

period of 1818-19. 

The place called Coote•s Paradise was named after a Captain 
Coote, a wonderful sportsman who used to hunt ducks and game there 
wq back before 1800. It was a paradise for game of all kinds. 
Immense fiocks of ducks and wild fowl, and wild animals innumerable 
in old tL'lleS were seen there. It was also the resort of 'Wild fur 
animals, such as the otter, perhaps beaver, fisher, minks and 
especially muskrats; snakes were abundant there of all kinds. 

The Marsh lay in a deep valley between the heights of Burling
ton Bay or between the bay and the town of Dundas and beneath the 
cover of the Hamilton and Flamboro ridges of mountains. A stream 
always ran in the middle of it from Dundas to the Bay • Around the 
north end if the Heights and into this stream llhich was partly clear_ 
water, fish came from the Bay, and from the outlet from the Bay into 
Lake Ontario. Thus all kinds of fish entered the creek or river, as 
it was in old times, and went up the stream to the mountain in Dun
das, where the falls or the mountain stopped tpem. Beautiful sea 
atJ.mon used to be caught in abundance from lSOO to 1830, to rq Know
ledge. The Marsh '-was a dense watel")" bog and wild rice, water lillles 
and tlowers that gr.ew in water were abundant. (Durand 1897.) 

\ 
\ 

\ 

\ 
I 
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CH.APl'ER II 

MORPHOLOGY OF THE MARSH 

For the preliminary period of this surv97, suitable maps of the 

Marsh area were constructed on a large scale, using as reference ma

terial the existing topographic survey maps of the area. The map en

titled, Canada, Sheet 3+ Hamilton, Ontario, was used as the main re

ference source and enlargements or this map scale were used for our 

turther work. 

The first step was the sounding of the open water, following 

the construction or the base maps. The water was know to be of rela

t.ivel.7 shallow depth and therefore elaborate or highly e&ccurate sound

ing equipment was not required. For the purposes of achieving the great-

eat accuracy with the least expense for equipment a stout graduated rope 
I 

and weighted anchor were used for this part or the survey, in 1946. 

The anchor was constructed so that when resting on the bottom it 

would permit a direct reading or the vertical depth at the point sampled. 

The rope was indelibly marked 1n meter and tenth-meter divisions. 

Sowid1ngs were made over ranges between well defined landmarks. 

The individual soundings were made at locations determined by a selected 

number of oar strokes Q The average distance covered by the stroke of one 

individual in calm water varies little after much practice, and it was 

poaai~le ~o plot the soundings with reasonable accuracy, considering 

that the differences in depth at the many locations were very small. 

The data were plotted along the ranges on the large base maps, • 

using corresponding distances between- sounding positions. Water level 

19 
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records were.obtained from the Hamilton Harbour Commission, which main

tains a fixed staff gauge on the south shore of the Bay. Records from 

this shore or the Bay are applicable, with reservation, to the Marsh, 

and give the variations or the water level over the period observed. 

No records were made or any seiches that are undoubtedly active,and 

the data recorded are not inclusive of this occurren~e. 

The Marsh, called both Coote's Paradise and Dundas Marsh, lies 

It is separated from the lake by' Burlington Bay, a body or deep wter 

which serves as a natural harbour for the city or Hamilton, directly east 

or the Marsh. The area or the Marsh is approximately 648 acres, and is 

in the shape of a long narrow triangle w1th the base adjacent to Burling

ton Heightse 
"\ 

Along the south shore are several deep inlets penetrating into 

the adjacent residential area. These inlets are choked 'with vegetation 

or both aquatic and terrestrial types.· The former consists or both sub

merged and emergent forms The south end of the Marsh is bounded byu 

highwrq 102 between Hamilton and Dundas 

The north shore is steep and is cut by two deep river channels. · 

The level of the land on the north and south shores or the Marsh is be

tYeen r1rt7 and eighty feet above the water level. Two peninsulas of 

noticeable size extend into the open water area. The one from the north 

ahore is known as Bull's Point, a high projection of land extending as 

tar aouth as the Desjardins canal. It is steep at the canal end, with 

be.nka rising to one hundred feet above the water level. · On the south" 
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Figure 6. Map or Dundas Marsh 
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shore is a low peninsula,, called ~rincess' Point. This point or land 

extends due north into the open water toward the Htgh-Level bridge on 
\ . 

\ 

Burlington Heights. 

There are two small islands in the open-water zone,and one 
\


smaller island in the vegetat~on zone tn a southwestward direction from 

Bull's Point. 

The Marsh is bisected by the Desjardins Canal, a waterway navi

go.ble for shallow draft boats. The Canal was originally constructed 

through the l'Iarsh in 1837 to racilitate trade with Dundas. Subsequent 

exploitation or the railroads led to the building of a railwa7 line into 

Hamilton along the course or Burlington Heights. A cut was made through 

the Heights to permit continuing canal traffic to Dundas. 

With the gradual disuse or the canal it has become heavily 

silted from the two incurrent streams. Spencer's creek,1 whi~h enters 

the Marsh through Dundas, is the o~ water course continuously adding 

vater to the marsh, as the other streams become dry beds after the Spring 

fioods. The'e floods bring large amounts of silt into the Marsh rrom 

the high land above the escarpment. 

The filling or the Marsh over a period or years or nooding has 

co.used the gradual elimination of much or the marshy area. Filling is 

proceeding from the Yestern end and will ultimately lead to the_ obliter

ation of the water area. 

The depth or water in the present .vegetation zone is rarel.1' more 

than l meter. The bottom slopes very gradually to the open water zone, 

vhere the deepest areas do not exceed 2.0 meters at high water level. 

In Figure 7 the contour lines are illustrated, with differences of one 
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halt a meter. The configuration shows the filling or the basin from 

the.western end due to the sedimentation or the infiowing streams. The 

aowiding or this open water zone was completed during the period of 

high water in 1946 as shown in Figure 8, which illustrates the seasonal 

vater level nuctuations in the Marsh. These changes occur constantly, 

both seasonally and annu.ally'1 and consequently cause a.reduction or in

crease in the amount of aquatic vegetation, which is dependent entirely 

on suitable water levels for ite maintenance. The vegetation at present 

concentrated in depths or one meter or less wil spread eastward toward 

Burlington H~ights with successive years or low water. The complete 

obliteration of the' open water zone would be the result of any large mi

gration of aqua.tic plants as a consequence of low water levels. Musham: 

( '43) . showed that the levels or the Great Lakes rise 'and fall 8:CCording 

to a regular cycle ldth periods of about 22-2.3 years betwe~en maximwn 

high levels o Minimum low levels occur regularly midllB.Y .between these 

highs. The seasons during which oui: observations have been made have 

occurred during one or these maximum high levels or· the Great Lakes c,..cle. 

It is auggested that the veg~tion zones are smaller now than they were 

ten or twelve 7ears ago. Information supplied by- residents tends to sub

atantiate this suggestion. It would seem that the water level cycle is 

impressed on the vegetation to the extent that it causes fluctuations in 

horizontal distribution. Such a condition will continue until silting, 

H explained above, obliterates the water area entireq. 

Variations in the water level directl.7 affect the conditions suit

able tor the muskrat. As a marsh dweller, it depends on plant materials 
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Figure 7. Morphology- ot the \later Basin 
\ 

\ 

\ 
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tor tood and shelter and a steady water level favours particulh.rly those 
I . 

apeciel or plsnts 
I

/which support the highest proportion or muskrats. '3ell

roH and Brown_, ( 141). round that where the water level was relatively' 

•table,there was en increase in the number or muskrat houses per unit area 

crrer an area where the level was constan~ changing. 

L 
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CHAPI'ER III 

VEGETATION 

·Fishermen and fish culturists, iriterested in the welfare of fish 

and waterfowl 1 are interested in aquatic plants because they realize that 

luxuriant vegetation in the water bordering marshes means en area of 

ahelter and a productive source of food (Muenscher 136). 

Related directly to the morphology- or the Marsh is the production 

ot an extensive vegetation zoae. or the entire 650 acres or area, over 

one halt is covered by an emergent and submergent aquatic nora. 

Reference to Table 1. which contains a check list of the plants 

or the Marsh (Judd 146) shows the presence or over seventy species or 

plants. Several or these, where not actually aquatic, are listed because 

or their proximity to the water shore. Among the genera 'Which make up 

the most important components of the flora,are the TYpba and the.Glxceria. 

The latter, Glyceria maxima, is present in the marsh in a large central 

stand occupying the main vegetation zone. As an integral part or a pri

111D.1"1 succession,Lambert ( 146) showed how its early protraction.forms a 

mattress,which prevents the ... invasion of other forms. Bordering the Des

Jardins canal on either side is a row of willows, which extends as far 

Vest as the turning basin at Dundas. 

The Txoha latifolia is found in all parts of the Marsh, concen

trated mainly in areas adjacent to the shore line, and merging into sub

aergent types ~ch as Utricule.ria, Ceratophyllum and Myriophxllum in Vfr7 

shallow water. 

A sizeable concentration or these subnergents occurs at one 

point on the south shore, known as the Carp Pond. The water is one meter 

27 
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deep, and as the swmner season progresses, these aquatics entirely fill 

u area of about tw acres, making such ·a dense underwater mat that it is 

clitticult to push a boat through the Pond. 

Mixed with the Tlpha is a large concentration or Sparganum. A1-a.r--... .... 

aembers of the NaJadaceae family., form small concentrations in w1th the· 

1rPba latifol1a in shallow inshore areas. The Q,vperaceae famil.7 is pro
1

ainent in all parts 0£ the Marsh, mingled with the T!pha. Sagittaria is 

alao present throughout the shallow areas. 

Prominent in the Marsh are members of the Lemnaceae. Concentrated 

groupings of Leznna minor cover the Desjardins canal at lDBllY' points in the 

late summer. Much of the shallow water among the inshore stands of Tn>ha 

11 COTered b_y a la7er of Lemna minor. 

Two lc~rge zones o·r the Nymphaeeae are present 1ri the central part 

or the vegetation area. These include the Nxmpheae odors.ta and Nuphar advena. 
I \ 

T\IO or three main stands of Decodon \are 1:-ocated on the south shore in shallow 

vat.or. 
\ 
\ 
\ ' No concentration of submerged vegetation was found in the open 

vater:. close to Burlington ~eights. Along this exposed eastern shore wave 

action is effective in eliminating any noating leaved vegetation. Only 

r.ach forms ·as the Decodon and other hnrd1' species are able to survive. 

Among the aquatic plants of greatest .value as w.terfowl food and 

OOTor plants are the fol.lowing found in the Marsh: Tn?ha latifolia, (common 

e&tt.ail); Sparganum eU1'7carpum, (giant burreed); Potomagetoth (pondweed); 
r 

Scirpua nlidus, (sortstem bulrush); LA!P!la minor, (duckweed) and other 

•ben of the Lsmmaceae and Pol:ygonum ( amartweeds) • 

http:odors.ta
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Figure 9. Vegetation Map. - Dundas Marsh. 



TABLE I 

check'· List of Marsh Plehts 
I 
\I 

~ : or the 	' 

\~das Marsh 

Ricciaceae - ·. Ricciocarous natans L. Corda. 
Riccia fluittans L. 

Polypodiaceae -
I 
Onocles sensibilis L. 

Equisitaceae.~ Eiauisetum nuviatile 'L.I 

Typhaceae - · 

Sparganiacea'.e 

Najadaceae -

Alismaceae 

Tn?ha latifolia L. · 
l 

I 

- SPftrganum. eurycarpum Engelm. 

Potom@=geton 	pectinatus L. ( : 

nodosus Poir. 
crispus L. 
zosteriformus Fein. 
foliosus Raf. 
berchtoldi Fieber 

Alisma Plantago - aguatica L. 

Sagittaria latifolia Willd. 


Hydrocharitaceae -· , Anacharis canadensis (Michx.) 

Gremineae .:. 

OJperaceae -

Calamagrostis canadensis (Michx.) Nutt. 
• 	Phaleris arundinaceae L. · 

Glyceria striata (Lam.) Hitch. 
Gltceria maxima (Hartm.) Holmb. 
Phrs.gmites communis Tren. 
H:ystrix patula Moench. 

Eleocharis calva Torr. 
Carex diandra Schrank. 


subtrica (Kukenth.) Mack. 

pseudo-cyperus L. 

versicaria L. 

stricta Lsm. 

cristatella Britt. 

vulpinoidea Michx• 


Scirpus atroyirens Muhl. 

wlidua Vahl • 
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·Araceae - Calla palustris L. 
Acorus colamus L. 
Symplocarpus foetidus L.(Nutt.) 

Lemnaceae - Spirodela pol:yrhiza L. (Schleid.) 
Lemna minor L. 
Lemna triscula L. 

Juncaceae - Juncus tennuis Willd. 
tennuis dudlerl Wleg. L . 

Dioscoreaceae - Dioscorea villosa t. 

Iridaceae - Iris versicolor L. 

Polygonaceae - Pol:ygonum coccineum Muhl. 

CeratopbTllaceae - Ceratophxllum demersum L. 
I 

Nymphaceae - · · 	 Nymphaea odorate Ait. 
Nuphar advena Ait. 

Banunculaceae -	 Rammculus aceleratus L. ' 
pennsylvenicua L. 

Anemone canadensis L. 
Caltha palustrie L. 

, 
Crucif ereae -	 Rorippa palustris L. 

. 
Crassulaceae - Penthorum sedoides L. 

Rosaceae - Potentilla palustris L. (Scop.) 
anserina L. 

Baleaminaceae - Impatiens biflora Walt. 
pallida Nutt. 

Lythraceae - Decodon verticillatus Ell. 

Onagraceae - Epilobium hirsutum L. 
adenocaulon Haussk. 

Haloragidaceae • . Myrioph..yllum verticillatum L. 

Umbellifereae - Circuta bu1bifera L. 
Sium suave Walt. 

Cornaceae - .oornus stoloni£era Michx. 
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Primulaceae -

Apocynaceae -

Asclepiadaceae .. , 
Verbenaceae - . 

Lsbiateae -

Solonaceae 

Scrophule.riaceae -

Lentibulariaceae ~ 

Phrymaceae -

Caprifoliaceae -, 
Cucurbitaceae -

Campanulaceae -

Lobeliaceae -

Compositeae -

Steironema ciliatum L. Bat. 
Lysimachia nwnmu].aria L. 

ApoeynU111 cannabinum.L. 

Asclepias incarnata L • L 
Verbena hastata L. 

urticaefolia L~ 

Mentha arvensis L. 
Lycopus americana Muhl. 
Scutelleria galericulata L. 

Solanum dulcamara L. 


Mimulus ringens L. 

Chelone glabra L. 

Veronica americana Schwein. 


Utricularia vulgaris L. 


Phr:yma leptostac!lya L. 


Sambucus canadensis L. 


Echinocxstis lobata Micbs. T&G. 


Campanula aparinoides Pursh. 


Lobelia siphilitica L. 


Eupatorium purpureum L. 

·urticaefoli:gm Reichard. 
perfoliatum L. . 

·Check list courteS)' Dr. w. w. Judd. 
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The importance of plants in rendering a lake productive or fish 

has been described b;y Klugh ( 127) • : ;They add nutrients from the soil to 

t,he water through .the process or .organiQ 4ecomposition, thus adding organic 

detritus to the water be.sin as well. Among some or the important relations, 

t.hey provide forage plants for some animals, and hiding places for tish 

and other a11iDJBlS~ (Kricker, 139). Frobne ( 138) concluded that the emer

eent aquatic~tand in a direct •provendering relationship• to many an 

aasemblage of insects. Liebnann ,noted the value of plants to poll~tion 

ertects and as a beneficia1 agent for fish lite. 

Man1' other.e.utrors have shown that aquatic plants are important 

considerations it aquatic animals are to thrive. Reighard ( '15) showed 

Tariations in the fish distribution as related to theibottom conditions 

and thus to the consequent variant vegetation. Muttkowsld. ( '18). foupd 

a more abundant fauna where plants were prominent. Pearsall.: ( 121L 

stated that a correlation existed between the bydrographic age or a lake 

and the vegetation and fish life. The plants are or great importance to. 
aquatic vertebrates or all kinds. In relation to productivity Klugh; (•26), 

suggested that the abundance of higher plants might be taken as an indi

cation of the expected producti"lity, especial:cy- in relation to fish. 

The soils and bottoms of lakes are important in determining the 

distribution or plants. Most of th~\emergents of the open water are .grow

ing on a silt7, organic bottom. In Nle~tion to this factor of satisfactor.r 

10ila on the bottom,is the absence ot Wild Rice, ~izania aguatica) .·from 

.th• nat~ vegetation or ~he Marsh. This annual is probab~ one of the 

beat and most important vaterfowl plants. As the conditions of &all. are . 
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auitable for its p:i:opagation, there must be other reasons for its absence. 

f?'le tirst or these is probably the effec~ or variation in water level, which 

occurs widely during the Spring ·grOwing season. A rise or six inches or 

ssore during June or J~ will .reduce ~e crop as shown by Moyle ( '45) • A 

tactor ot greater significance than the water level nuctuations 'is the 

activit7 or the .Carp, (Cxprinus caroio), ,which inhabits tlie Marsh in great
\ ' 

11Dber1. 

In JDBn7 shallow prairie; lakes which.have an extensive vegetation, 

arent damage has been done by the introduced Carp. Hubbs and Eschmeyer. { '38) . 

lhovecl that much or the vegetation destroyed was not eaten but merely up

rooted or destroyed by roiling the 'Water. During the spawning season the 

Carp are seen to jump out or the water and roil it in places where coontall 

(MUtopWllum) is the main suhnergent e This plant has great resistance to 

\he activity, as growth continues uninterrupted after the spawning period. 

The roiling action or the Carp is carried on in open water areas, stirring 

up the bottom mud end' causing in increasing degree or turbidity. In addition1 

\he rooted plants tlhich may be c·ommencing growth in ' the Spring are torn up 

br this activity. Cahn~· ( 129). reported the harmful effects or Carp in a 

pond when it became a dominant. Such plants as Potomageton, Ceratophyll1tm 

!Rllisneria, were routed out .and transparencies of the water were on.17 30 

1nchea in several cases. Transparency values in the Marsh are less than 

\bia and are probably partially due to the activit7 or the Carp. Plant 

crovth becomes limited b;f' the reduction in transmission or light caused bJ" 

'"'• reduced transparencies. (Oosting 1.3.3) • 

The control of 8arp is or vital interest to fish culturists and 
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wreral workers have devoted attention to this problem. Struthers.. ( '29) _. 

lbOV9d the importance of control during the period when the frr 'Were lfith

1A their first 7ear of life. Control measures during this period are pro

duced by lowering the water level suddenlJr and destroying the exposed fr'T• 

ru deetruction of Carp in shallow ponds has resulted in a clearing of the 

vder,(Ricker, 140), thus producing conditions suitable for the production 

ot•egetation and consequently' increased fish population. 

The control of Carp has merited attention in this section because 

1\1 dnelopment and economic importance are directly related to the vege-. 

\&Uon. As a dominant type, it is unsuitable in aey aquatic habitat, es

P'Ciall7 if game fish and 'Wildfowl are to be encouraged. Important refer

cce1 have already been made to the absence of Wild Rice in the Marsh. The 

Hanh leads directly to the Bay, and serves as a breeding ground for Carp. 

It it is to be allwed access to the Marsh, it will eventually drive all 

mating good fish faunae out of this habitat. To keep its number reduced. 

1\ 11 advisable that commez:cial netting be permitted during the early part 

or 1ta breeding season e 

The abundance or the aquatic vegetation is directly dependent on 

\be chemi&tl')" or the water and on the type and fertility or the bottom., as 

" have seen• Frohne .. ( • 38). stated that the variations in the hydrophyte 

aoaea were invisible indicators of chemical and physical conditions present 

1A the habitat. The w.ves and wind act as a dominant effective factor in 

\he distribution or these physical ~d chemical agents in the watere 

The relations of the chemical characteristics of the water and 

\.~• general plant distribution have been investigated by ~ workers. A 

dtt&Ued report on the Jllall1' lakes and steeams .of Minnesota b.r Mo7le ( 145) 



':-' 

f .. • .•• 

'. :. 

shows that in hard waters the concen~tion of carbonates is an important 

factor determining the natural distribution of the aquatic plants. Within. 

the chemical tolerance range the bottom soil and the pb1'sical nature ot 

the water are perhaps the major distributional agents of the habitat. 

As will be seen later, the waters of the Marsh are of a hard carbonate 

type with a total alkalinity ranging between 100 and. 200 p.p.m. Such 

a range defines the ~ype of xegetation usually present. In hard water 

lakes maw plants often form marlJ among these are the Potomagetons, 

Vallisneria, Ceratophvllum, Castalia and Chara. (Kindle '27). The natural 

vegetation of such a bodJr of water as the'Marsh offers the best indicator 

as to the interest the .Marsh is to satisfy. The quantity of vegetation 

~ increases as the water zone ages. Bpoted vegy.tion obtains necessary 

salts from the soil and obtains other necessary raw materials, such as 

oxygen, carbon dioxide; nitrates, carbonic acid (free and bicarbonate) 

and phosphates :from the water. These are in turn given back to the water 

when the plants decq.. Therefore, in evaluating any water area, the vege

tation assumes prime importance. Its distribution and abundance are help
\ 

.t'ul in anal.7sing the various factors which must be considered in the 
' \ . 

effective utilization ot the area, espe~ially for the production or fish. 

\ 
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CHAPTEJl IV PHYSICAL AND CHEMICAL FACTORS 

Sampling Stations 

In the open water region the physical chemical factors were 

studied at the stations marked J., 2, .3, and 7. During 1947 these 

stations were visited only occasiona.ll7, but in 1948 stations 2 and 7 

were f'ollo11ed over an extended period. On two occasions during 1948 

diurnal cycles were studied at Station 2. 

Station 10 was located in the Carp pond,referred to earlier 

aa a dense submerged mat or Ceratophyllum, KyriopbYllum, Utricularia 

and Lenma minor. Surrounding this location was a large stand of 

Glxceria maxima and Txpha latifolia. The remaining less important 

sampling points are shown by number on the accompanying map, (Fig. 10). 

The sampling depth varied from 20 ems. to 150 ems. The former 

represents a surface water samplep and the latter a ;bottom sample, in 
' 

most cases, in the open water. The bottom sample depths vary, or course, 

w1th the station. The depths are reported in the appendix and graphs1 

trom the surface, so that a reading or 150 ems. means a sample obtained 

150 ems. beneath the stirface•. 

On one or two occasions the· water of the Bay was sampled for 

comp~tive purposes. In this case, where ~e depth was greater than 

35 or 40 feet, a reversing type sample bottle was used. Depths are 

reported in the same order as for the Marsh sampling points. 

TransparenCJ" 

The amount or silting in a lake is no doubt or great impo~ce 

in determining favourable or unfavourable biological conditions. Turbidity 

37 
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Figure 10. Sampling Stations 
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is more or less of an index to the rate of silting' or filling, in that it 

vould appear that the more consistently turbid waters would tend to smother 
I ! 

all lif'e. This propert7 of water ta become turbid results in a lowered 

transmission or light, thus being or direct importtmce to the aquatic 

plants which require light for photosynthesis. It has been mentioned pre~ 

Yiously how the two ·factors, Spring fiooding and the activity or Carp, are 

responsible for increasing the turbidity of the Marsh water. This turbidit7 

results in a low transparency. 

A modified Secchi disc was used to determine the l_ight penetration 

or transparency. A white enamelled plate was fastened to the lower end of 

a meter rod, and it ws immersed at the various sampling pointso Rea.dings 

vere taken only when the sky was bright and the sun directly overhead. No 

readings were made during rough water. Two readings were taken at each lo

cationo The first was recorded as the plate passed dOllll out or the limit 

ot Yisibility,· and the second was recorded as the plate was raised verticall.J" 

Just into the limit of .visibility. The average of these two readings is re

ported in (Table II). 

Reference to the table will show the results or several observations 

\Ncen during two consecutive Summer seasons. The general variation is with 

a higher transparency during late Fall and early Spring,and a low transpar

enq during the Sunnner. Several variations from this gen:eralit7 can be seen, 

and are probably due to lDBllY' infiuential agents, two or which have been men- · 

Uoned above. 

The transparency nt ltation 2 increased from the earl.7 Summer low 

ot 2S ems. (6/'J0/48) 1 to a transparency ot 55 ems. (8/9/48/). Increases in 
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TABLE II 


Transparen07 


(ems.)

1, :6Date 1 2 3 4 7 s· 9 10 

8/ll/47 50 

8/18/47 50 .44· ..-SO 

8/25/47 60 so so 100 • : 
~ 

9/'J0/47 50 50 

10/10/47 40 40 SS 

10/15/47 60 

S/19/48 30 77
\ 
\

6/23/48 .32 
\ 

45 100. 
\ 

6/25/48 40 \ 45 90 .. 

6/30/48 25 .30 70 ... 

7/2/48 40 \ 22 80 + 
7/5/48 45 .35 50 + 

; 

7/6/48 4.3 \ 60 + 
7/9/48 55 .35 _ 

7/12/48 40 .35 

7/14/48 .30 25 

7/19/48 35 83 ... 

7/28/48 50 

8/6/48 35 

8/9/48 55 .30 

- 40
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the values in the Fall were small, and can be seen to be only as. great 

as 60 ems. (l0/15/47). Station 7 showed the generalized trend, with 

77cms, (5/19/48), being reduced to a low ot 22 ems.; (7/2/48) during the 

earl.7 Summer. Slight increases resulted in t~sparencies of not over 

3S ~· f'or the latter part of the Summer. At Station 101 , which was a 

ngetation station, the decay and decomposition ot the plant ~terials ; 
i' 

caused very little change in overall transparency. The bottom was at 

all times visible through breaks in the plant mat. Absence or wave 

action at this location is probably' the most important factor in determin

ing the greater transparency. 

During the early Spring Station 2 had low transparency values, 

but variations from day to day are to be attributed to wind action. The 

bottom materials are made up or sort cla:y-silt and are easily disturbed 

b.r vave action. Station 7 shows the main trend as indicated above. Var

iations from day to day a.re not so great as at Station 2, probably due to 

lhallower water with reduced wave action. The growth or plants at Station 

10 prevents visibility tests on all occasions but the absence or wind is 

noticeable at this location. 

The relation or Carp activity to lowered transparency has been 

•hown bJ' several authors. The reduction in transparency JD81' not be due 

entirelf to their spawning habits1 ·but to their method or reeding as well. 

Other variations in transparency, such as the 'decrease in Summer and the 

1Acreaae in Fa11
1
are probe.~ly 1.related. to the total plankton present. Col

ourless forms, both--li'ri.ng and dead, all combine to increase the turbid

1tf which red~ces the transparency. 

' 

http:both--li'ri.ng
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The effect or erosion in d~creasing the transparency is well 
.• 

known, and was ·~shown by' Jones .. ( 139): to resul1; in a reduction or vege

tation, especially or the submerged forms. Introduced species of sub

merged plants were choked out .by' transparencies rarel.7 over 12 inches. 

References have been made to the absence of· Wild Rice in the Marsh. Its 

tailure to suryive may possi'bly be re~ated also tp this problem' or tur

bidity of the open water d~g the growing seasons. 

In rela~ion to the transmission o~ light for photosynthetic 

purposes,Chandler. ( '42L found in studies in western Lake Erie that the 
. . 

transmission of light- was greatest in Winter end Spring, and least during 

the ~mmner. Turbidity in those-.- waters was primarily due to materials · 

trom the bottom. The turbid!ty was found .to affect a number of things, 
• 

among them, the comparative size and duration. of time of the plankton 

pulses and the distribution of the microcrustacea. 

Do~. ( 142). concluded that higher turbidities were inimical to 

tiah life" In shallow ponds and bays the higher plants may add indirect:cy

to the fish population, as seen above. Where turbidities are high, how

ever, transparency is reduced and the plants are prevented from receiving 

aui'ficient lignt" 

Tressler and Domogalla. ('31), found transparencies of from 0.5 m. 

to 2.5 m. for Lake Wingra, a shallow body of water. Bennett. ( 140), mea

aured a variable transparency of from .,45 ft. to 4.8 rt. for Fork Lake, 

a ahallow body of water. In this case it appeared that the transparency 

Ta.ried inversely with the amount- or run-ort water. As a result or survey 

vort on the upper Mississippi river,!~ was· concluded that erosion silt 



coming into the water in large quantities was a most serious factor oper

ating to destro7 the fisheries or the river. (Ellis, '.31). In Jll8ll7 casee 

the increase in turbidity is reflected in an increase or zooplankton in 

the surface layers. (Doan, 142). 

Temperature 
. ' 

Temperature has alwqs·been regarded as of great importance in 

the direct control or the distribution or life in the "Water. Throughout 

the period 0£ observations,a reversing thermometer (Negretti-Zambra) was. 

used for all water temperatures. For each sample taken for analysis 

ther.e was a record made of the temperature at the level of sampling. This 

required two i1emperatures, a surface and bottom, and the depths reported 

are in ems. from the surfacee 

The only observuable effect temperature has on the vegetation is 

in limiting the growing season because or the time in warming the lake in 

the Spring. This liiniting o~ the growing season is probably related to 

the temperature of the bottom mude According to Pearsall the muds have 

temperatures much like the waters that bathe them. This was found to be 

true by Birge, Juday and Ma.rche ( ~ 27) , except that there is a lag ·in the 

change of bottom temperature as compared with the water temperature. 

Effects of this lag would delay germination and rooting of aquatic plants. 

The temperature ha~ittle bearing on the type or vegetation other 

than the.above growth co~diti<?ns; the vegetation, however, has considerable 

effect on the temperature. (Oosting 1.33). This is espec~ true in 
. . . . . 

aballow ater Where water movement& are restricted. 
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The temperaure of the water is directly related to that of the 

atmosphere, and changes'in the latter are impressed upon the water, so 

that water temperatures follow that of the air (Fig. 11). In this zone 

ot Ontario the mean annual temperature ot 8.Soc. 'With a range of 16°F 

between day and night temperatures has been dete~ed by Putnam ('38). 
~ 

Such a range is renected in the water temperatures recorded during the 

three Sunnner seasons~ 

Obviously the ~ter temperature is ~losely correlated with the 

total amount or radiation. There are variations in this both seasona.111' 

and annually, which means differences -from time to time in the maXimum 

eand minimum of recorded temperatures. Refe1r1ce to Table III will show 
. \ 

this to be true. Periods of hi~ temperature are1 generally related to 

times wen the slq is clear. Alternately. with these periods.are low 

temperatures , brought a'b?ut by lower atmospheric temperatures. The temper

ature varies with the time of day 88· well. When there is a clear sky the 

maximum temperature or the open water is approached between 4 and 5 p.m. , 

No observations were made within a four-hour period on diurnal studies, 

and the time or the exact maximum is not knowno However, before 4 p.mo 

and after 5 p.m. the tempera~ures are obviously lower than they are with

in this period. 

In the vegetation station (lo)· as compared with the open water, 

(Station 2), the maximum temperature or a diurnal cycle occurs about an 

hour later than it doee in ~e open water (Figures JJ, 14.) The water 

\imperature ie a~ to lag behind the air temperature eomevbat more slovq 

at Station ·1onthan at Station 2. The correlations betW.en the air and . 



~. 

' 

.. ,, 

45 

TABLE III 

Mean Temperature·- Hamilton 

.!. 1946  - 1947 

July 

22.2 
19.l 
20.2 
22.7 
25.2 
24.4 
20.7. 
18.6 
18•.8. 
21.0 
20.8 
24.1 
25.2 
25.2 I 

22.7 
2.3.0 
24.1 
24.7 
18.5 
17.5 
19.I+ 
16.o 
17.4 
20.5 
2.3.8 
24.6 
22.0 
22.4 
25.7 

. 25.5 
21.9 

Aug. 

:14.9 
16.) 
16.8 
21.0 
22.7 

.23.·g 
24.9 
24.9 
2.3.5 
19.7 
24.1 
27.4 
29.1 
.30.2 
24.7 
20.5 
22.4 
26•.3 
20.5 
23.8 
24.9 
23.8 
25.5 
27.4 
28.0 
22.7 
20.8 
23.3 
20.2 

•23.0 
24.4 

i 
! 

July 

Datea 1 25.5 
2 17.2 
.3 18 • .3 
4 . 19.4 
5 21.6 
6 25.5 
7 22.2 
8 25.0 
9· 24.4 

10 21.6 
11 27.2 
12 22.2 
1.3 22.2 
14 23.J 
15 17.2 
16 18 • .3 
17 20.5 
18 23.8 
19 25.0 
20 23.8 
21 23.8 
22 - 21.6 
23 23.8 
24 24.4 
25 18.8 
26 19.4 
27 19.4 
28 21.1 
29 25.5 
30 
31 

20.5
20.s 

Aug. 

18•.3 
19.4 
20.0 
21.1 
22.7 
21.6 
22.2 
25.0 
25.0 
22.0 
18•.3 
18 • .3 
17.7 
18 • .3 
20.5 
20.5 
21.6 
20.0 
21.1 
16.6 
18.3 
15.5 
16.6 
16.1 
17.2 

. 18 • .3 
20.0 
20.5 
14.4 
15.5 
18.3' 

June 

13.8
· u.4 
12.s 
11.9 
18.S 
20 • .3 
14-9 
10.9 
1.3•.3 
18.4 
19.9 
14.9 
1.3.8 
1.3•.3 
14.9 
16.0 
14.9 
15.5 
16.1 
12.2 
17.4 
18.8 
19.9" 
2.3 •.3 

.. 	21.9 
22.•7 
24.1 
25.2 
29.9 
25.s 
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water temperatures tor both of these stations are seen to be very close. 

These relations areunuch more so, than in large bodies of water. Ziegel

meier .. ( 140)'. reported sim1lar conditions tor the ~ompt but reduced '>" 

temperatiJre chang~s ot •ter i.nlShall~ ponds to. that ot the air. Kini~ 
\ . . 

mum values in ·the open water stations\ occur between 4 and 5 a.m., depen- · 

ding, or course, on the diurml f'luctuat,iona in the air temperature. It 
\ 

is noted that at these periods the air telapera.ture is lower than the . ! 

water temperature, especially b .etween the hour a of 8 p.m. and 7 a.~. 

The conditions are exaggerated in the wee~ bed where the minimum oooure" 

between 4 a.m. and 5 a~m. Air te.mpe*ures are again .lower than water 

temperatures .between the hours ot 7 p.m. and 7 a.m. · 

An effect ot importance during a diurnal cycle is the condition 

where the surface eter temperature becomes lower than the bottom tempe11
'~ 

ature. This is especially true in weed beds, where wind action mlS no .· 

effect in mixing the diti'erent strata of the • ter. Such an occurrence 

takes. place at the .mini.mum· point of a· diurnal oycle if the air tempera.

ture drops unusually low·. The cc:>rrelation of air and •ter temperatures 

is very obvious at these ti.mes. Baker! ( '42): found that sudden drops 

in air temperature see.md to be a contributary cause ot tish .mortality. 

Probably such ahar.P drops would push the water temperature below th8'in

cip1ent lethal level tor the spec~es c onoerned, thus permitting the\temp&' • 

ature to act as a lethal factor in suoh circW11Stanoea. 

The diurnal range is an important factor .. in the 118.ter temperature 

ot the aquatic ~bitat. When .the night air tempe~ure does not drop 

Tery low, the morning water tem.p.erature is higher than it ·as before. 

Thua·Tery high ater "uperatures are concentrated and these high periods 
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Station 

nite: 
1/ 7/48 

4/ 2/48 

4/13/48 
5/ll/48. 

5/19/48 
6/23/48 

6/25/48 

6/30/48 

'1/2/48. 

7/ 5/413 

7l 6/48 

,, 9/'8 

2 

10.0 
10.5 
14.0 
19.8 
18.6 

24.7 

. 23.l 


22.B 

21.6 
24.2 
19.8 
22.0 
19.0 
23.9 
28.5 

TAB!a IV 

'1.'BMP.QA.'roBE 
( Surface - Botto.m ) 

7 _. · 10 Station 

. Date · · 
0.2 	 7/ll/48 
1.5 
7.8,. '1.4 7/14/48 
7.8 ?.a 

e.1. ·. : '//16/48 

7/19/48 

20.0 	 7/20/48 
18.9 
23.2 	 7/23/48 
22.3 
24.0 	 7/26/48 
23.4 
22.5 	 7/28/48 
22.1. 
24.6 24.6 7/30/48 
23.7 23.l Io 

24.2 8/ 2/48 
.•, .·23.0 

25.5 25.0 8/ 6/48 
28.5 	 84., 

·a/ 9/48 

.. 1· 

( 

. 

2 

25.0 
24.8 
24.5 
24.3 
23.5 
23.S 
22.2 
22.5 
25.7 
24.3 
.23.5 
23.3 
21.9 
22.0 

·21.9 
21.5 
25.0 

·' 24.7 
21.0 
18.6 
19.4 
16.0 
21.4 
19.4 

7 L 

27.0 
25.0 
24.4 
24.5 
23.6 
23.6 
24.3 
24.4 

22.e 
23.1 

24.4 
24.4 

19.9 
20.0 I 

21.3 
. 19.S 

10 

25.0 
24.3 
23.5 
23.4 
23.5 
23.0 
23.6 
22.2 
24.8 
22.4 
23.0 
22.2 
21.2 
21.0 
23.1 
21.2 
24.3 
22.0 
21.2 
21.4 
18.'I 
17.7 
24.5 
ao.o 

ii i 

, 

I 

'j 

' ~. 
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TABLB V 

TDP.B:RA'l'ORI 

Diurnal C7olea 


Station 2 	 Station 10 

ocDate Tiae Depth 
0 c Time Depth Air 

ems. ems. Te.mp.
'I/ 5/'8 ll:30 20 24.2 10:30 20. 24.6'~ 29.2 

a • .m.. 150 23.6 a.m. 100 23.1 
3:45 	 20 24.6 3:00 20 26.0 30.6 

150 24.0 100 22.7' 
7:55 	 20 25.0 7:15 20 26.l 25.0,' 

150' 25.0 100 24.0 
11:30 20 '24.0 11:00 20 23.5 

150 24.0 100 23.0 
,, 6/48 3:35- 20 22.1 3:00 20 22.6 21.5 

a.m. 	 150 21.6 a.m. 100 22.5 
7:30 	 20 21.6 7:00 20 23.8 

150 100 
11:30 	 20 22.0 11:00 20 24.2 23.1 

1~0 19.0' 100 2i.o 

7/19/48 12:00 
·;J 20 2~.2 11:00 20 23.6 22.6 

N. 150 22.5 a.m. 100 22.2 
4:00 	 20 25.5 3:15 20 25.0 26.8 

150 .' 24. 7 100 23.1 
7:50' 20 24.9 7:20 20 25.1 22.2 

150 24.8 100 23.6 
'/20/4/J 12:15 20 23.6 11:30 20 22.2 18.9. 

a .m~ 150 22.3 p.m.. 100 23.0 
4:00,. 	 20 22.9 3:30 20 21.4 16.9 

150 23.4 a.m. 100 22.4 
7:30 	 20 23.3 7:00 20 22.2 22.2 

150 23.2 100 22.3 
12:00 	 20· 2'5.'1 11:30 20 24.8 2'1.8 ' 

lDO· 24.I 100 28.4 
I. 

Iv 
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Figure 13. niurnal Cycle - Station 10 - 7/19/48 

Temperature 


Figure 14. Diurnal Cycle - Station 2 - 7/19/48 
Yemperature 
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my re.ma.in for several days. Reference to the figure will show this con-. 

d1t1on. Differences in surface and bottom temperature are, as a rule, not 

very great in the M's.rah. Depending on •the diurnal cycles, differences of 

tr0JJ1 OC
0 
- to 1.5 C

0 
in the open water are comm.on, with occasional greater 

ditterences, depending on the air temperature at tbs ti.me. In weed beds 

these differences are greater, and may be f'rom 0 - 3 c0 from top to bottom. 

In case of diurnal cycle minima the donditions are reversed and the lower 

temperature '!NiY be at the surface, as shown above. 

Throughout tbe sea.sons recorded .the wide range of' temperature extended 

frClll 0
0 

C in winter to 270 C in ~um.mer in the open water. i.1.'his maxi.mum 

occurred during a period of extreme heat. Bottom 'tempera'tures in 'the vra-cer 
, 0 

at this location were as high as 25 c. 

Station. 2 is located in the central region of the open water zone. 

1n direct line w1th the cut through Burlington Heights. As an open water 

station it is subject. to much wind action from the south west direction. 

In 1946,observations were taken only during July and August, during which 

time the mximum recorded above was reported, ?/24/46 at 10:30 a • .m. Refer

ence to the diurnal cycles shows that at this time the mximum is not us

•111 reached, thus a higher water temperature would be expected. 

As this station is subject to stirring by wave aotion,it is apparent 

that the surface-bottom difi'erenoe of not more than 1.5° is a result of 

this action. In 1948 onl7 on two or three occasions did the surface-bottoa 

41trerence exceed 1~5° C, and then during periods of high air temperature 

Of continued duration. As the Sumrmr progressed 1the winds warmed up the 

"PP•r la7ers,and this warm later is enoolJ,ntered progressivel7 deeper. 

http:re.ma.in
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Station 7 is located in, open water, but is in a sl:l8.llower region 

(1.5 m.) and is not subject to as much wave action. Differences between 

surface and bottom are less than the 1.5° 0 differenoe,as at Station 2. 

Station 10 has a dense underwater mt of eubmerged aquatic plant•• 

Temperatures are generally higher in the surface water than 1n the open 

water1and surface-bottom dU'ferences are greater, probably due to the in

activity of the wind in etirring the veter, and the ineffectiveness of in

10lation 1tenetrating t ha vegetation mat. 

Shallow bodies ot water are characterized by higher surface maximua 

temperatures. Tressler, ( 1 40) ~ reported the aximu.m temperature of Buck

119 lake, .a relatively shallow lake, as 29
o
C. Chandler·~ ( 144) reported 

the mximum weekly mean temperature for western lake Brie as 26.1°c. Lake 

0
ling:ra, a shallow body of wa.ter 9 registered a m:z:imum of, 26 0 at the sur

face in Summer (Tressler '31). Studies· at Presqu' Isle ~1' in Lake Erie 

lhowed the highest temperature of the lake to be 22°0. The surface •ter 
0 . . ' 

•• seldom higher than 1 above the bottom ·(J'ennings '33). 

The highest mean temperature of many observations seems to be in 

aid-sum.mer, deptnding, in this location, on the diurnal fluctuations of 

the air temperature. Thermal conditions are without the phenomenon of 

1tratification, unless i~ is micro-stratification, which has not been da

ter.mined. The minimum temperature is therefore not dependent t>n the Fall 

OTerturn but entirely on the state of the atmospheric conditions. Surface 

and bottom temperatures are reduced together during the late Fall and into 

\he Winter. 

During the Winter the ice for.ms on the surface water when its temper

ature reaches o° C and gives up its hee.t of fusion. The ice thickens through 
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the season by a down growth ot crystallization with the water immediatel7 

beneath the ice. The bottoJll water· in the Marsh reached temperatures as 

low as 1.7° C, much less than the temperature of the maximum. density ot 

water. It is possible that in a severe winter a very great depth of ice 

my be tormed, leaving only a small volume of •ter in contact with the 

bottom in.Ude Such a condition is of consequence in the case of the fish 

life present, as shown by Greenbank'~ ( 145). The heat t1rans.mitted :from the 

mud to the water during the tinter plays an important part in warming the 

water during the Winter period. 

The temperature of water bas important bearings on several factors 

associated with tb;e .general question of fish culture. Such questions as 

the amount of dissolved gases, rates of bacterial decomposition ot organic 

mtter, and the metabolic de.nands ot the higher organisms are all tied up 

intimately with this prinary environmental tactor. 

The consumption of food by three species of fish, (Eupo.motis gibbosus, 

Lepomis incisor and Micropterus salmoides), was found to be increased three 

times by an increase in temperature of trom 10° to 20° by Hathaway, ( '27). 

Although mny things are known to affect the growth of fish, low water tea

. peratures and a short growing season are among the most important 11.mitiDg 

factors on the attainment of the highest possible fish production. The 

reason seems to be that fish cannot digest tood or grow,unless the water 

is above 55°F or 60°r (Bennett ,·40). 

The variation in quantity ot solar radiation delivered to the water 

surface during the year is the prime factor determining the biological, . 

ph7sical and chemical CJICle of changes that take place within the water. 

(1uday'40). The rise or temperature 1n the Spring speeds up life processes 
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and the increase in solar radiation makes possible photosynthetic activity. 

Circulation ot the water brings substances into ready use tor this photos)"Jl

thesis. The annual energy budget ot a lake is the energy rece1ved from. 

the sun and sky each year and the uses the •ter mkes ot this energy. De

composition ot the organic .material derived from the plants atfects the che.m

i1try ot the •ter by means of the effects of temperature.' The oxidation 

ot organic .material creates heat, which is added to the water temperature, 

attecting in .llBDJ' diverse ways the other factors present. 

Dissolved O;xygen 

To provide satisfactory results, the sampling for dissolved oxygen 

and carbon dioxide J1D1st be such ,tm. t the water in the sample is represent

ative of the water at the depth where the sample is taken. It must be in 

an unmodified condi t1on when at the surface in preparation for analysis. 

Because there was no sampling equipment in the laboratory, an adap

tat1on ot Hale's water sampler was constructed. The sampler consisted of 

a meter stick to which a 500 ml. sample bottle •s fastened by a clamp to 

the zero end. A two-holed rubber stopper was inserted in the neck of the 

aam.ple bottle,and a glass tube extended through one ot the holes to the 

bottom of the bottle. The upper end ot this intake tuDe was protected 

b1 a piece of copper soreen. The other hole es filled by a short length 

ot glass tube, to which a long length of rubber tubing was fastened. Tb.is 

hbing led to the intake tube of a large 2 liter collecting bottle. The 

IOUth ot this large bottle .was closed by a· two-holed rubber stopper. One 

ot the holes had a length of glass tubing extending to the bottom of the 

bottle. The other hole •a tilled by a short length of glass tubing, to 
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which a hahd bulb syringe was fastened. The intake from the sample bottle 

extended to the bottom ot the larger lottle under a level ot water in the 

bottle. One or two pressures on the· syringe were sufficient to allow 

the water to flow in the intake ot the sample bottle at the desired 

depth. The inflow of •ter into the large bottle was taken as a signal 

that the smaller bottle was tilled with its own volu.m~ plus that necessary 

to till the tabe and the lower p~rtion oft;~ large bottle. The sample 

bottle •s .raised after applying a pinch clamp to the long rubber tube. 

The rubber stopper was carefully· removed trom the bottle and a glass 

stopper inserted, sealing the water in the bottle. Immed?jely after 

sampling, as time permitted, the reagents were added to the sample bottles. 

The samples for dissolved oxygen were prepared for laboratory titration&. 
. 

b7 additions 
' 

of the preliminary reagents. Samples 'far di~solved carbon 

dioxide were collected in s 1.milar fashion and kept cool until returned to 

the laboratory for titration. 

In estimating dissolved oxygen 1it is re4o.mmended tha~ aDy" sample 

suspected of containing organic matter 1have a preliminary oxJaation tietore 

carrying out. the analysisj) otherwise misleading results my be obtained~ 

(Roberts '41). 

The determinations of dissolved oxigen were ..carried out according 

to the Rideal-Steart modification of the Winkler me:thod as in "Standard 

Uethods for the Emm.ina.tion of Water and Sewage", ( '46). This method take• 

into consideration .the pessibility of organic contamination and allows a 

PHlim.imry oxidation, More refined methods of oxygen determination baaed 

on the dropping· mercury electrode, Ma.nning: ('40), have been described, but 
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were not satisfactory· tor our purposes. The following steps in the proced

ure were co.mpleted immediately after sampling. Additions of the reagents 

were JIB.de to the 500 ml. sample bottle by a pipette tip immersed under the 

aurtaoe of the liquid to prevent unnecessary agitation of the sample. The 

glass stopper was replaced carefully after each addition of reagents. 

1. Re.move glass stopper and add 1.4 .mls. ot cone. B2so4 , by means ot 

a long narrow 2 JD!. pipette, .Just below the surface ot the water. Replace 

.topper. 

2. Remove stopper and add enough KMn.04 to give a violet colour, 

which should remin tor at least :five minutes. Small amounts ot KMD.04 were· 

added it the colour did not persist. Replace the stopper am allow to stand 

tor the time period. 
I 

3" Attar sbalcing and standing tor at least lo minutes add 1 m.1. ot 

ti> oxalate solution. Replace the stopper am invert the bottle several times. 

'Die colour ot the permanganate disappeared it the om.late added was autti

oiente 

4. After the sample is colourless add 2 ml. ot KDS04, and inTert the 

bottle several times, after replacing the stopper. 

5. Add 6 ml.a. ot the NaOH~ solution by pipette as before. Replace 

the stopper and invert tm bottle several times to mix the precipitate. 

Allow to stand several .minutes a.Ill then al:Bke thoroughlr again. A clear 

liquid occupies the upper portion of the bottle af'ter the precipitate 

•ettles. 

6. After the f'inal settling ot the precipitate, add 2 mls. of cone. 

Jla804 to the side of the bottle and allow it to run slowly to the botto.m. 

Replace the stopper and invert the bottle several times to destroy the 
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precipitate. The sample is now permitted to stand until reaching the 

laboratoey. 'l'he dissolved oxygen in the water -is absorbed by the .mangan

ous hydroxide. A mixture ot high8r oxides ot .manganes.e is tor.med, and 

following the acidification in the presence ot an iodide, iodine is released 

in qWIJl~ities equivalent to the oxygen col':ltent of the sample. 

7. An equivalent amount of sample equal to 200 ml.a. ot unmodified 

water, (correction tor loss due to addition of reagents must be accounted 

tor), 11· transferred to an Erlenmeyer flask. Titrate rapidly with N/40 

Na3S20:5 solution until the liquid becomes a pale straw colour. Add a tew 

ml.a. ot 0.5% starch solution and continue the titration slowly until the 

blue colour fir~t disappears. The titration is stopped at this point and 

the amount ot N/40 Na2S203 which has been added 9ia recorded. 

The correctlon tor the loss,due to the displacement b7 the reagents, 

11 dependent on .the volume of sample retained in the original sample. For 

atisi'actpry resulta 1the amount of sample titrated is 200 mls. which gives 

the oxygen content. in .parts per million directly from the number of mls. ot 

'B/40 .Na2S2<>3 added. For accuracy, the· results must take into account the vol

wn ot the bottle and the amount of sample lost during the addition ot the 

itagents. This is.equal to ·the following relationship: 

(volume of sample bottle X 200) 
(vol. ot sample bottle X volwne of reagents added to sample.) 

In our analyses the average values 4er1ved from all calculations 

llTe the amount required tor ,titration as 203 mls. This is equi'valent to 

200 al.a. ot unmodified sample. 

'lhe oaloulatlon of the resul\a depends on the am.aunt of sample used 

tor titration. It 200 Ills. are used the number ot Illa. ot N/4C)Na2820:5 
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used is numerically equal to the dissolved oxygen in parts per million. 

Relative values are obtained where the a.mount titrated is different (203 ml.a., 

trom the above figure. Results in terms of percentage saturation are se

cured by dividing the titration value in mls. by the solubility value as 

determined by the temperat'1re of the sample. Correction tor altitude is 

made, by .means of Rawson's nomogram (.Bawson '4!5) • 

Waters vary greatly in their individual characteristics, in exposure 
~ 

to cliDBtic conditions and the JJBterial carried in their waters. They 

illustrate ditferenoes in the amount and distribution ot oxygen. In shallow 

lakes,oJC7g~n is usually well supplied because of the la~k of t'herml strati

fication and ' the constant circulation which brings the water in contact 

with the air. As well1 the presence ot the aquatic vegetation through photo

synthetic activity delivers oxygen to the immediate water. Occasionall7 

in a zone ot stagnation 8o:i::ygen is absent at times ot maximum temperature. 

Tb.is depletion iepends on the presence ot much organic material, which in 

turn depends on the presence of an 'aquatic flora. In winter,the ice 

cover tends to isolate the water from the air, preventing absorption of 

oxygen, and production from phytoplankton and submerged plants must provide 

the available supply. Respiration and ddcomposition continue but at a lowered 

rate. In Summer the decomposition is highest as well as the photosynthesis, 

and there l1'11Y even occur supersaturations of oxygen because ot an overbalance 

ot plant activity. Seasonal changes are reflected by diurnal changes which 

are dependent on temperature and light (Whipple '27). 

The range' ot dissolved oxygen tor all the analyses conducted through 

'he three seasons went from O p.p.m. ({)% Sat.) to 13.6 p.~.m. (16~ Sat.). 
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'l'he tormer value ia quite frequent in the bottom strata at Station 10 

throughout the Summer. The latter was the .naximum. recorded concentration 

and occurred on 7/19/48 in the open 'M:lter zone, at noon. 

Consideration of the time factor ,1s perhaps more important tor 

dissolved oxygen data in shallow water areas than tor any other tact~r. 

'rhe reasons for this consideration are due both to the operation of photo

1JDthetio aotivi ty- of plants and phytoplankton and to temperature. Tem

perature effects count~ra.ct photosynthesis 1because at higher temperatures 

less dissolved gas 1• able to be retained in water. Photosynthesis is an 

lnaolation ef'fect,and tak~s place at the period ot greatest light which ua

•lly corresponds with the hi@Jlest temperature. 

Diurnal studies ot oxygen concentration were made at the sams time 

and location as the determinations of temperature. The greatest amount ot 

41asolved oxygen for the open water stations (Appendix:) (Fig. 15, 16) (Table 

nI) occurred at 4 -5 p • .m.- and abput two hours later tmn this tor the weed 

atations. Minimum. diurnal values were found to occur in early morning houra 

between 2 a.m. and 4 a.m. The .oaxi.mum 02 peaks correspond approx:inately 

•1th the peaks ot temperature tor both the open water and vegetation zones. 

Klni.mwn values are related to the low temperature readings, showing a rela

tion between photosynthesis and temperature, the former, of course, depen
, 

dent on light. 

Station 2, in the open 1111ter area, shows a change frOJU 8.93 .p .p .m. 

'1~) at 7/19/48, 12 N to 12.39 p.p.m. (15o%) at 4 p.m. Later in the same 

CJOle the 02 drops to 9.75 p.p •.m. (113%) at 12:15 a.m. During the next tour 

hours between 12:00 a • .m. and 4:00 a.m. the .minim.um value is reached with 

l1ntrm1mtemperature also falling in this zone. Further increases in time 

http:count~ra.ct
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were tollowed b7 increases in t e.mperature and the oxygen concentration 

again reached toward a maximum. 

In a vegetation zone Station 10 illustrates lower overall oxygen 

values because the surface s8Jllples were taken 20 ems. below the true aur

:race and thus under the ppper mat of plants. At 11:00 a.m. on 7/19/48 

the surface (20 ems.) oxygen was.2.26 p.p.m. (20% Sat.). By 4:15 p • .m. 

the amount had increased to 6.31 p.p •.m. (75%), and in late afternoon by 

7:20 p.m. had reached 9.10 p.p •.m. (109%), the max1.mwn recorded tor the 

cycle. This point corresponds with the JJllliJllum temperature at the station. 

lUrther time increases result in a lowering of the oxygen concentration to 

a minimum between 2 - 4:00 a.m., 0.71 p.p.m. (7.~). At 7:00 a.m. the 0:1:'1'

gen concentration is 2.19 p.p.m. (,24%), and has returned to its original 

level by 11:30 a.m. of 3.79 p.p•.m. \(45%) e Wiebe, ( '34), showed that differ

ences in the oxygen concentration ot shallow water in day time is related 

to the amount of live· vegetation, and night differences are due to differ

ent quantities of dead plants. The respiration rate ot all organisms de

. creases,as the concentration ot oxygen is reduced but bacteria are able to
1

remove all detectable traces ot dissohed oxygen 1n the presence ot an7 ox

idizable organic mtter (Zobell '40). Thus the lower ox,-gen values tcr 

Station 10 ,are directl7 related to the greater amount of organic .naterial 

in thl t location. 

The surtaoe changes illustrated above,show the wide daily fluctu

ations in oxygen concentrations and the dependence on temperature effects. 

In the case of bottom samples these variations are similar, following the 

surface variations. Differences in the surface and bottom .. sample •7 be 

Tt17 &DBll or large
1
depending on diffusion and wind circulation. For 

http:was.2.26
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'D\BLE VI 
Dissolved Oxygen (p.p.m.) 

Surtaoe - Bottom 
(See Appendix tor tempera\ure and ~ Saturation) 

STATION 
Date: 6/23/48 

6/25/48 

6/30/48 

7/ 2/48 

7/ 5/48 

7/ 6/48 

7/ 9/48 

7/ll/48 . 

7/14/48 

7/16/48 

7/19/48 

7/20/48 

7/23/48 

7/26/48 

7/28/48 

7/30/48 

8/ 2/48 

8/ 6/48 

8/ 9/48 

2 
10.53 

7.68 
8.89 
9.29 
6.01 
5.57 
6.89 
7.09 
9.95 
6.02 
7.71 
5.81 

11.10 
9.17 
9.50 
6.52 
6.08 
6.27 
7.16 
7.07 
8.93 
6.92 

13.62 
8.78 
7.79 
a.11 
8.82 
a.21 
8.98 
a.so 

10.08 
9.73 

10.86 
8.69 
8.68 
4.74 

11.97 . 
·9.23 

. 7 10i 

8.33 
6.33 
7.70 
7.24 
6.59 
6.95 
5.21 
5.21 
8.83 
7.21 

12.28 9.43 
0.32 6.36 
0.99 6.19 
3.38 0.67 
4.70 4.26 
4.23 '0.99 
7.31 5.91 
6.72 3.19 
8.27 2.26 
7.57 0.61 

3.79 
0.71 

7.79 3.26 
7.78 2.13 

o.o 
o.o 
0.31 
o.o 

11.59 1.22 
11.17 o.o 

3.04 
o.o 

10.0 o.o 
o.o .9.45 

10.25 6.62 
4.25 o.o 
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TABLE VII 

Dissolved OxJgen 


Diurnal Oyolee 


STATION: a 10 
Date Tillle Depth p.p.m.foSat. Time Depth p.p.m. %Sat. 
'I/ 5/48 11:30 20 9.95'116 10:30 20 5.52 65 

150 	 6.02 65 100 0.52 5 

3:45 	 20 ·11.20 132 3:00 20 2.78 34 
150 9.83 115 100 0.85 10 

7:55 	 20 9.75 115 7:15 20 e.20 lOO 
150 9.38 111 100 0.50 6 

ll:30 	 20 8.14 95 ll:OO 20 ·o.91 10 
150 15.94 190 100 0.85 9 

'I/ 6/48 	 3:35 20 7.09 80 3:00 20 1.25 14 
a • .m. 150 6.09 60 a.m. 100 0.94 10 

7:30 	 20 7.~63 7:00 20 0.77 
.150 7.70 a.m.. 100 0.36 

11:30 	 20 7.71 87 11:00 20 2.02 33 
150 5.81 61 100 0.62 7 

'1/19/48 	 12:00 20 8.93 100 11:00 20 2.26 26 

N 150 6.92 79 a • .m. 100 0.61 7 


4:00 	 20 12.39I150 3:15 20 6.31 75 
150 9.70 llf? 100 1.63 18 

'1:50 20 11:44 136 7:20 20 9.10 109 
150 12:33 145 100 0.23 2.5 

7/20/'8 	 12:15 20 9.75 113 11:30 20 3.01 34\
150 	 7.98 90 \ 100 0.63 7 

4:00 	 20 9.8 '.113 3:30 20 0.71 7.5 
a.m. 	 150 5.01 58 a.m. 100 0.74 8 

7:30 	 20 10.03 116 7:00 20 2.19 24 
150 8.74 97 a .m. 100 0.53 5.5 

12:00 20 13.62 165 11:30 20 3.79 45 
N 150 a.1a 104 100 0.71 7.6 
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Figure 15. Diurnal C;ycle - Station 10 -
Temperature - Oxygen 
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Figure 16. Diurml Cycle - Station 2 ~ 7/19/48 
Temperature Oxygen• ·~'. 
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Station 10 the differences during the cycle are as follows: 1.65, 4.68, 

e.87, 2.38, O.CX3, 1.66, 3.08. These have a direct relation to the se

quence of events in the photosynthetic cycle. The large difference ot 

8.87 corresponds with the point of maximwn oxygen in the surface layers. 

Similarly 0.03 corresponds with the minimum. oxygen value in the surface. 

Such correlations do not always hold, but the bottom oxygen concentrations 

are usually lower than the surface values in the weed beds and shallow 

ater, with mucky, organic bottom. 

Diurnal changes in open water zones are not drastic changes, as 

shown in the tables and graph. However, as we have shown, the· changes in 

the vegetation zone.are large enough to cause a migration of organisms 

from 	these areas during the low oxygen pirt of the cycle, or to result in 
. . 

the absence of ti~ and aquatic animals at all times •. The lack.of oxygen, 

with othe:r factors was shown by Bennett ( '31) , to cause the death of more 

fish t ban any other factor These ch8.nges during a daily cycle must be o. 

reckoned with,in presenting data on dissolved oxygen tor slBllow wate'rs in 

Bwnmer. In Winter, Scott ( '31) found no great diurnal variation in the 

dissolved oxygen. 

" Tbe dissolved oxygen of the open water area "Was rarely found below 

~ p.p.m.1 at any time of the investigation tor seasonal or diurnal changes. 

The minimum. value recorded was 4.54 p.p•.m.. tor a bottom sample at Station 

7 in 1947. Most values of the surface water were saturated trom 60-l.3<1fo, 

depending on the time and te~perature. The. supersaturation conditions are 

dependent on an excess ot photosynthetic activity. 

In the vegetation .stations ,the general case was tor bottom samples 



65 


to have from 0 - 3 p.p.m. d1ss9lved oxygen, rarely higher. Surface samples 

as shown for Station 10 are under the tirst layer ot the vegetation mat, 

and do not show the true surface con4it ions of the plant activity. How

ever the fluctuations are wide, with relatively low values compared with,., 

the open water. Iaurie ( '42), showed that the oxygen' content in a vegeta

tion region barely reached that ot the open water even when at the periods 

ot the diurnal m~i.m.wn. Eftects of the vegetation covering, in reducing 

the absorption.or oxygen trom the air and also photosynthetic activity ot
• 

the sub.merged plants wes shown by Stei:anova ( '28). Roach, ( '34), found 

oxygen concentrations of the open water ot Buckeye Lake to be 5.5 p.p.m. 

but where the vegetation was plentU'ul the average concentration was onl7 

0.2 p.p.m. 
I 

Surface bottom differences are evident in all cases with the lower 

..alues on the bottom. During the seasons studied there was no special 

seasonal cycle observed, probably because of the special environmental com

plex of shallow water and consequent diurnal, changes. 

Low dissolved oxygen was found where the organic decomposition would 

be expected to be high, as in regions of concentrated plant growth. High 

dissolved oxygen occurs throughout the open water area, indicative ot con

d~tions suitable tor fish and ~quatic faunae. So long as the bottom con

tains some oxygen,no other gas than carbon dioxide is produced from. decom

position. It the oxygen is removed, then anaerobic conditions produce 

other gases such as methane and hydrogen sultide (Birge '08). 

In Winter the snow covering has a result in •educing the oxygen below 

the minimum requirements ot certain or all species of fish. 5-11. shallow 

lakes with highly organic bottoms are the most susceptible, and if they 

http:absorption.or
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receive sewe_ge as well,the ox;ygen demand is increased and may veil ex

haust the supply and result in fish mortality. Greenbank, ( '45), round 

ttat the oxygen changes in small eutrophic lakes under the ice were corre

lated with the depth or snow on the ice ,and in turn the oxygen depletion 

vas correlated with the general orgr:.nic richness in the lake. 

For the final evaluation or field observations on dissolved OX¥

gen, experimental data covering the requirements of aquatic animals must 

be considered. The amount of oxygen consumed by the fauna1and the mini- . 

mal amounts which barely support lit~ , va17 with the environment oonditions 

operating at the time. Temperature, carbon diold.de and pi are also impor

tant and will be covered presently. 

Carter, ('30), found that in h~avily vegetated ar,eas the fauna 

are controlled mainly b;y the oxygen or the wt.tar. Lov o:xy-gen was produced 

by' temperaure changes failing to mix the 1ffi.ter layers because or the pro

tection afforded by the ·aquatic plants. The movement or game fish and forage 

tish in a body of wate~ was shown by Harkness to be controlled by temper

ature, oxygen and carbon dioxide. content. Epidemic& of' f'ish mortality 

have been reported by' Pruthi, ( 1.36) , and are believed due to the exhaustion 

or the dissolved oxygen in bottom 'layers or 'W'B.ter, as a result or the rapid 

deca.7 of accumul~~ted organic mr:tter. The absence of f'ish is definitely 

"correlated with low oxygen .con~ent-. 

M8Jl7 observers haTe pointed out that the metabolism of fish and 

other aqua.tic animals fo11<:1W8 the Van 1t Hoff law with respect to temperature, 

ao that the amount of oxygen removed from the water by the fish varies with 

the temperature or the water .regardless or the amount or oxygen present ' 

until a near lethal point is reached (Keyes 130). Boericke, ( 1.3.3), stated ! 
t 
i 

http:diold.de
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tmt the bulk or weight of aquarium fish was a true index of their 

oxygen consuming capacity. Ruttner, ( 126). 1 found that the oxygen con

sumption or many aqua~ic animals is ~st doubled with each rise or 
100 C within letahl limits, and Powers, ( 122) 1 had earlier pointed out 

the correlations between the utiiization or o:x;ygen b,y fish at low oxy

gen .tensions. 

The delimitation of dissolved oxygen thresholds' for various 

species of· fish was shown by Moore,· ( '42) 1 It was found that OJ<Yge~ ten

sions near the critical level were only slowly lethal. Oxygen concentra

tions of less than 3.5 p.p.m. at temperatures or 15-26° ~ere fatal with

in 24 hours; 5 p.p.m. and over was not. lethal, 1 p.p.m. and under was 

fatal at SIJ7 temperature to all species except the occasional Ame1J=us." 
The amount of dissolved oxygen tolerated by the yellow perch, steel col~ 

' 

olll1'ed shiner and blunt.nosed minnow was found to be 2.25 p.p.me et 20

2(,o (Wilding '39) • The oxygen consumption of Cyprinus caroio depends on 

the time or dq and the habits ~:f the fish. Thus Oya, ( 93s), found a re-

1.a:tion between the oxygen consumption and the el[Vironmental temperature. 

The variation in the- amount of oxygen consumed by fresh water 

fish or different species is apparent from many workers. The lower limit 

for dissolved oxygen is a point difficult to detiil~ Thompson: (.•25).. 

states that Carp snd Buffalo have been found living in water with as little 

as 2.2 P•P·~· dissolved 
\ 

oxygen. As a rule, he found a variety or fish 

only when 4.4 p.p.m. of dissolved oxygen was present, and the greatest 

variet7 or fish when the ox;y.gen was over 9 p.p.m. He showed that f'ish 

died ovemight in'wa.ters of less than 2 p.p~m. ,- this figure being in 

aecord with the work or Moore. From maD7 references it seems that the 
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upper limit of dissolved OJC7gen at which asphyxia may be expected in 

fresh water fishes if-there ar~ no complicating factors is in general 

about 3 p.p.m. at 25° c, ·sn amount greater than is found in the vegetation 
. . 

sone. As 3 p.p.m.·is approximately the lower limit or dissolved oJcy"gen· 

at which fish .can survive, and as waters cs.nying 5 p.p.m. or more 

dissolved oxygen are favourable for JD8I17 fishes, (Ellis·•37), ;it is of 

interest to make reference.to the Tables end Appendix in regard to dissolved 

o~gen concentrations· in the Marsh,· ~ .see the expected distribitiona1 

pattem of the mixed fish faunae. 

Dissolved 6arbon Dioxide and Carbona~es 

The sampling pre~edure was similar .to that for the determination 

or dissolved oxygen. The samples were transported to the l~borato17 as 

aoon after sampling as practicable. During trans!t they were cooled to 

prevent undue temperature variations in the water. As the carbon ~ioxide 

escapes from the water easily it was believed that some variations from 

the true conc"entration might occur during transit. Check tests on this 

procedure by titration in the field ruled out.any significant variation 

it the samples were kept cool: and the transit time was short. Tbe prodedure 

in the laboratory was as follows for dissolved carbon dioxide: 

1. Pour careful~, to prevent agitation, 100 ml.a. of sample into 

a 250 ml. Erlenmeyer flask •.,. The sample was measured satisf~..ctori:q by. . . 

•eana of a buret. 

2. Add 10 drops . of phenolpths.lein indicator solution.i. -'',." .. 

3. Add N/44 NaOH £rom. a . buret while moving the fiaslc ·in a slight 

jl. 
I' 

:~ 
l!i 
:k' 
1•• 

ciecuJ.ar motion until the first pink colour appears. 

http:ciecuJ.ar
http:reference.to
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The amount of "free" carbon dioxide in p.p.m. is obtained by 

111ltiplying the n~ber of mls. of N/44 lie.OH by 10. 

The procedure for the determination of the carbonates is divided 

t.nto two parts: the first, a· measure of the carbonate alkalinity deter

ained by the phenolphthalein and the second a measure of the bicarbonate 

alkalinity determined by the use of the indidator methyl orange. 

I. 1. Add 100 ml. of sample to a 25 mlse Erlenmeyer flask. 

2. Add 4 drops of phenolphthalein indicator. It colour appears, 

normal carbonate is present. 

3. It sample becomes pink, add N/50 H2S04 trom a buret until the 

colour just disappears;t 

The alkalinity in p.p.m. CaC~ equals the number of .mls. ot 

R/50 H2S04 ti.mes· 10. 

II. 1. Add 100 mls. of sample to a 250 ml. Erlenmeyer flask as above. 

2. Add 2 drops of methyl orange indicator to sample. If a yellow 

colour appears, then bicarbonate is present. 

3. Add N/50 H2so4 from the buret until a taint orange colour first 

appears" The methyl orange alkalinity in p.p.m. of CaC03 is equal to the 

number of mls. of' N/50 112so4 times 10. 
,. 

In the relations of' the dissolved gases oxygen and carbon dioxide, 

the surface waters tend to be· in equilibrium with the atmosphere in which 

the balance is held by prevailing c ondiMons of temperature, since the 
. \ 

quantity of dissolved gas' varies in inverse relation to the temperature, 

it the pressure is constant: Below the surface, saturation conditions are 

altered by the processes. o1'"-organ1c activities. Plants release the oxygen 

and absorb the carbon dioxide in photosynthetic processes. Aninals and 
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\
plants take in oxygen and release carbon dio~ide in the process ot 

respiration, thus resulting in a constant gaseous exchange. Some 

factors that influence the gas content are the temperature, the light, 

and the proximity of plants which are responsible for the major pirt of 

the gas exchange. Wind velocity is also ot some importance, as it 

causes mixing ot the water and affects the surface concentrations. 

The vari•tions in dissolved carbon dioxide in water are in· in-

Terse relation to variations in the oxygen content. Respiration and 

decompostition tend to increase the quantity of carbon dioxide. Photo

synthesis reduces the amount of carbon dioxide. The equilibrium between 

the water ani air amounts to a bout 4 parts per million, and except during 

the periods of JJBXimum photosynthesis the percentage of carbon dioxide in 

the water is greater than in the air (Denham., '38). The relations of car

bon dioxide in water bave been studied by such authors as Birge and J'uday 

('ll), Kemmerer ( '23), Scott ( 9 31) among many others. Carbon dioxide is 

readily soluble in water and may occur as a free dissolved gas. It is 

more usually found in union w1 th the elements magnesium and calcium, as 

a carbomte. A bicarbonate, it formed by the union of carbon dioxide and 

the carbonates, is always able to mke available the carbon dioxide for 

photosynthesise The amount ot gas is dependent on its .i:artial pressure, 

and thus the amount in water is limited, making the gas available from the 

bicarbonate very important tor the· life in the water. The amount of car

bonate present determines the tr.~e and bicarbonate carbon dioxide available 

in a water and consequently the expected productivity ot the water. Aquatic 

life is prinarily dependent en photosynthetic activity and hence an avail

. 
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Free carbon dioxide occurs only in snall amounts at any time in 

the open water zone. Amounts of over 5 p.p.m. are of unusual occurrence. 

Oond1tiona are different in the vegetation zone, where there is always a 

large amount of the free gas available. Se.mple1 taken at noon or early 

atternoon have lower values than samples of the morning, thus indicating 

the presence oi: a time factor as for oxygen and te.mperature. The tables 

and the appendix list the complete series of observations take~ over the 

three swnmers and sh.ow the location of difference between the open water 

and vegetation stations. The free gas is generally lower in the sur

tace layer than at the bottom where we 18.ve seen the oxygen supply is reduced. 

'l'be processes of dooomposition use oxygen and add carbon dioxide to the 

ater in contact with the organic mteriala. The relations of oxygen and 

carbon dioxide are seen to be inverse with a low oxygen concentration accom

panied by a high oarbon dioxide content, as shown in (Figures 17, 18) of a 

diurnal cycle at Stations 10 and 2. 

In the vegetation zone,Station 10 shows a decrease of dissolved car

bon dioxide during the late -afternoon1at a period when the oxygen 'WB.S at 

its maximum.1 along with the temp~rature in the photosynthetic phase of the 

diurnal cycle. During early morning conditions a re reversed, and the car

bon dioxide increases to a naximum about 3 and 4 a.m. at the same time as 

the oxygen appro~ches a .minimwn. Similarly the temperature is at a min

ilnwn at this phase of the cycle. Further changes result in a constant val

ue for carbon dio~ide, depending on the available light or a decreasing 

Talue with resumption of photosynthesis. Surface and bottom changes are 

awiar. 

In the open water zone a diurnal cycle shows the addition of S.Dllll 

\. 

\ \ 
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TA:SU: VIII 

Dissolved Carbon Dioxide 

P•P••• 


(Surface - ~ttom) 

STATION: .2 7 10 2 'I 10 

Date: p.p.m. p.p.m. P•P••• Date: , p.p.m. p.p •.m. p.p.m. 
6/23/48 o.o 2.7 

1.7 3.5 

6/25/48 1.9 o.o 7/19/48 o.o o.o 13.5 
2.6 o.o 2.0 o.o 15.l 

6/30/48 5.1 3.7 7/20/48 o.o 12.9 
4.8 3.4 o.o 13.2 

'1/ 2/48 1.1 3.9 7/23/48 o.o o.o 14.8 
4.1 5.6 o.o o.o 18.3 

7/ 5/48 o.o o.o 13.3 7/26/48 o.o 10.2 
3.8 3.8 20.s , o.o 16.0 

7/6 /48 3.5 21.8 7/28/48 o.o 14.2 
54.0? 25.l o.o 10.l 

7/ 9/48 o.o o.o 10.6 . 7/30/48 o.o o.o 6.9 
o.o o.o 11.l o.o o.o 17.2 

7/12/48 o.o 
: 
o.o 9.3 8/ 2/48 o.o 10.8 

1.7 6.5 15.0 5.3 12.7 

7/14/48 o·.o o.o 8.7 8/ 6/48 o.o o.o 15.1 
o.o o.o 5.9 4.3 o.o 10.7 

7/16/48 o.o o.o o.o 8/ ?/48 o.o o.o 6.6 
o.o o.o 9.6 o.o o.o 10.0 

. ·' 



Date 
f/ D/4B 

9/ 6/48 

7/~9/48 

·7/20/48 
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TABIZ D: 

DiaaolTed 002 - Diurnal 07clea 

2 	 10 


Ti.me Depth p.p.m. time Depth 
ll:30 20 o.o '10:30 20 

a.m. 	 150 3.8 a.m. 100 


3:45 	 20 o.o 3:00 20 

150 o.o 100 


7:55 	 20 o.o 7:15 20 

150 o.o 100 


11:30 	 20 o.o 11:00 20 

150 o.o 100 


3:35 20 o.9 3:00 20 

a.m. 	 150 3.9 a.a. 100 


7:30 	 20 o.o '1:00 20 

150 o.o 100 


11:30 	 20 11:00 20 

150 100 


12:00 20 o.o 11:00 20 

N 150 2.0 100 


4:00 	 20 o.o 3:15 20 

150 o.o 100 


7:50 	 20 o.o 7:20 20 

150 o.o 100 


20
12:1£5 20 o.o 

a.m.; 150 3.9 100 


. 20 	 3:30 20
4:00 	 o.o 
150 o.o a.m. 100 


7:30 	 20 o.o 7:00 20 

150 o.o 100 


12:00 20 o.o 11:30 20 

N 150 o.o 100 


p.p •.m. 
13.8 
20.6 

12.1 
19.9 

6.2 
23.0 

14.3 
24.5 

12.9 
15.8 

19.9 
14.9 

21.e 
25.1 

13.5 
15.1 

9.1 
10.2 

i' 

I 


I
11.5 . I.:14.0 

12.3 
12.5 

10.3 
9.4 

\ 
f' 

I 
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l!'igure 17. Diurnal Oyole - Station 10 -
Temperature, 0x78en, ~rbon Dioxide 

+ 

oarbon dioxide1
12. + 

Figure 18. Diurnal Cycle - Station 2 - 7/19/48 

Temperature, Oxygen, Carbon Dioxide. 
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quantities ot dissolved carbon dioxide to the water in the earl7 morning 

hours. lliki ( '29) ab.owed similar conditions in a shallow pond. Normall7 

there is no dissolved carbon(dioxide, or at the most a very small amount, 

in both the surface and bottom strata ot the open water stations. The 

llight additions of gas occur at the expected period of OXJ"gen depletion. 

Differences between the open water and the vegetation zones are in quantity 

only dependent on greater changes in photoaynthetio and respirat•ry activi

ties. 

When photosynthesis is not proceeding in the open water the water 

contains s.nall tractions of carbon dioxide which are present due to absor.P

tion from the atmosphere. It decomposition of the organic detritus of the 

bottom materials is being carried on due to increased temperatures as the 

1eason experiences an atmospheric maximum., the amount of carbon dioxide 

will increase, and shows this at several places in the open water zones 

despite the reduced solubility of the gas at raised temperatures. In the 

Tegetation regions where the concentration of plants is not as great as at 

station 10 the assimilation of the plants may reduce the gas entirely and 

lake the water alkaline to ·phenolphthalein by the production ot nor.nal 

calcium carbonate. Shallow water areas with much vegetation have usuall7 

a supply of carbon dioxide in the surface water. Results of studies of 

this ooourrenoe have been reported by Chandler ( 144), Tressler ( '31}, 

Cowles ('23), Birge ('OS) and 1ennings ('33) among many authors. 

In any discussion of the role of nutritive compounds dissolved in 

11lter as tactors affecting the productivity, the relations ot carbon di

OXide as 1 t is present in the form of carbonates and bicarbonates .must be 

4onaidered (Ma.ucha, 1 43). The buffer action of the carbonates present in 
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TABLE X 

Alkalinit1 
(Surface - Bottom) 

STATION: 2 	 7 10
J 

JBte: Ph.th. MO Phth. 110 Phth MO 
'1/14/48 10.4 l.22.3 10.4 132.1 - 166.3 

i7.4 116.9 ll.O 132.5 ~ 171.1 

'l/16/48 s.o 102.4 21.4 136.4 ll7.0 142.5 
9.4 101.4 15.4 139.5 	 152.5 

'1/19/48 	 17.8 117.4 16.2 133.1 182.1 
110.9 	 19.6 130.6 186.4 

'1/20/48 	 35.0 116.0 176.6 
13.B ll7.B 	 182.8 

'1/23/48 	 13.2 109.2 9.8 122.0 186.B 
17.8 102.3 n.o 115.8 	 190.3 

7/26/48 	 18.8 131.0 194.2\'16.2 129.6 \ 	 209.1 

'1/28/48 	 14.0 106.3 196.4 
7.2 107.3 	 196.5 

\ 

'1/30/48 	 21.2 110.4 14.6 
\ 

lll.2 183.l 
21.6 110.2 14.4 110.2 	 196.3 

8/ 2/48 	 25.0 105.0 193.6 
105.7 	 202.1 

8/ 6/48 9.0 124.2 24.6 118.8 	 198.3 
106.9 . 	 38.0 166.2 200.6-

8/9 /48 	 18.2 102.6 30.4 106.l 181.3 
.i6.6 121.2 10.4 138.!5 194.l 
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TAB~n 

Alkalinity-

Diurnal Cy-oles 


STATION: 2 10 

Date; Time Depth Phth m.o. Time 	 Depth Phth M.D • ..
7/19/48 	 12:00 20 17.8 117.4 11:00 20 182.l

Noon 150 110.9 a .m. 100 -- 186.4 

4:00 	 2~ 34.8 108.0 3:15 20 - 178.5 
150 28.4 115.8 100 - 184.2 

7:50 20 22.2 124.8 7:20 20 162.6-150 20.6 120.6 100 - 182.3 

'1/20/48 12:15 20 19.0 125.4 11:30 20 172.6-a.m. 150 116.6 	 100 - 163.6 

4:00 20 16.2 124.2 3:30 20 - 180.1
a • .m. 150 10.4 ll9.4 a.m. 100 179.5 

7:30 	. 20 23.2 113.5 7:00 20 - 179.6 
150' 12.0 120.4 a.m.. 100 176.2 

ia·:oo 20 35.0 ll6.0 11:30 20 - 176.6m· 150 13.8 11'7.8 . 100 - 182.8 
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12.PM + 
, Figure 19. Diurnal Cycle - Station 10 - 7/19/48 

Temperature, Oxygen, Carbon Dioxide, Bicarbonate. 

Fig~re 20. Diurnal Cycle - Station 2 - 7/19/48 

Temperature, Oxygen, Carbon Dioxide, Bicarbonate 
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the water acts priJJBrily as a carbon dioxide regulator. ·The depletion 

ot carbon dioxide by plants is compensated by the liberation of carbon 

diodde from the bicarbonate in •ter of high alkalinity. The carbonates 

in the •ter come chiefly tran. the geolog:lcal drift mterial. Surface 

streams accumulate ground water and oarr, the carbonates to the drainage 

basin. (.Broughton, '41). ihe· methyl orange alkalinity of the water as 

carbonate, in the Marsh, has a range of from 101.4 p.p.m. to 209.1 p.p •.m., 
which .rjeans tlB. t tbe water basin is part of a hard water lake, and thus 

several general qualities are present dependent on this clasl\lification. 

Among these . is a definite flora related to the lBrdness of the •ter. 

'!be values reported are inclusive of open water and vegetation zones, 

their respective locations having different mean values depending on the 

other chemical factors. 

From the tables and ~phs it is seen tla t the methyl orange~alka

linity. is lower in the open water than in the plant zone. Differences of 

as much as 80 - 90 p.p.m. are found between these two locations. This is 

probably due to the absence of growing plants which produce enough carbon 

dioxide through their respiratory activity for photosyntheslso In the 

open mter the bicarbonates are reduced by the loss ot the "haltbound" 

carbon dioxide for photosynthesis, pr~ucing a quantity of nornal carbonate. 

Thus in diurnal cycles 111 the open water the bicarbonate reaches its mini-

awn values when there is a complete absence ot tree carbon dioxide. At the 

same time the mximum carbonates are recorded during the 24 hoar cycle. The 

ilinimum and maximum reported above occur respectively in late afternoon, at 

a tim, when mximum oxygen· an4-~.temperatures or the 01cle are found. 

For Station· 10, It.a ·,~own before, the carbon dioxide is· suftioient 
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times to supply any requirements tor photosynthesis. However, the 

rbonates show a reduction in amount at the same time. aa at the open 

r ,station, namely when the oxygen approaches a ma111.mum. Aa the carbon 

· 1dt8 is readlt available it is used tor photosynthesis. It is probable 

t chrbon dioxide is removed simultaneously trom the bicarboiate, leaving.
i 

insbluble carbonate which becomes a marl coo.ting on any ot the plants 
i

a thiJs vegetation mt. The amount ot bicarbonate is sutrioient for 1uch]. 

~ ocC1urrence" The formation of mrl by the action ot plants in shallow• 

~rote~ted bays has been described by Kindle ( '27). Be showed that many 

>lanti were responsible tor the formation ot l!llrl, among them Elodea, 

:otamQgeton, Ceratophyllum., Castalia and Ohara. Plants like Potamogeton 

>ocasionally deposit showers ot lime incrustation to the bottom, as well 

LS being encased in a lime ..film on their leaves and stems. Many plants, 

lfhen brittle to the touch, often slough oft a brown, gritty mterial it the 

plants are crushed in the band. This is more noticeable as the season pro
! 

gress!es through the summer. in weed beds protected from agitation of the 

.-
~nd 

i
~nd wave. The assimilation ot plants by using b !carbonate is described, 

,, ~saner ( '37) and it is sho1'D. how the carbonate is released to form the 

mrl Iooa t ing.e . . 

Carbon dioxide produced by aerobic decomposition is available tor 

plan' uses in the water basin. Marsh gas has no relation to plants and any 

substances converted to it through anaerobic decomposition are lost in the

Itoodl cycle. · In sballoW lakes the circulatory mechanisms have Jiii.xi.mum etti

. 	01ene1 w1 th the production of a large amount of lite. Carbon dioxide and 

decolposition produota are used over and over. The photosynthesis ot 

Planlts in the upper stre.ta reduces ·both the tree carb~n dioxide and the 
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halt-bound carbon dioxide as the da.ily, and, it is expected, the ,Yearly 

cycles prodeed. In the lower levels, decomposition of the plant materials 

reverses the gas relations, using.oxyg~n and releasing carbon dioxide. 

According to Ruttner,the assi.milation of the submerged plants 

causes a variation in the conductivity of the vater,a.s this half-bound 

·'carbon·dioxide is used trom the HC03,in photosynthesis or .DBrl J1Bnufacture. 

In the evening the conductiTity increases ar.d reaches a mxh1mi ill the nigh:~ 

aul is redaced to a mi nf Clll;:'T ill the late afternoon. These conditions are 

explained by the assimilation of carbon dioxide. The preseme ot high 

carbon dioxide values is shown to be not an important factor in plant growth• 

. (Bourn, ·'32). This is in accord with the ability of plants to extract re

quired carbo~ dioxide from the bicarbonates present in the watere 

Aquatic animals are not so able to control the carbon dioxide ten

sions of the external ~nvironment. Regulation in the animal must depend 

on its inner physiological processes. This regulation .must be rapid when 

there is a rapid clange in the external carbon dioxide tension or in the 

amount of oxygen present as shown above. The .more rapidly it can adjust 

itself to the changes, the more independdnt it is of its habitat. Many 

authors have shown that fishes do react to differences tn carbon dioxide 

tension, and thlt the reactions to oxygen differences are very indefinite, 

showing that the carbo.n dioxide is probably ot better index value for satis-, 

factory ti sh life. Shelford and Allee ( '13) suggested that the carbon di-

OXide content, with strong alkaline waters excepted, was probably the best 

index of' the suitablitY. of water f'or fish. 

Carbon di oxide tolerances of f'i sh have been studi ed by many authors 
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such as Wells ( '18), Powers ( 138) and Fry ( 1 39). Powers has stated that 

fish can absorb oxygen satisfactorily in the presence ot carbon dioxide 

in the concentrations usually found in natural habitats. The factor which 

causes mortal!ty is a sudden increase in the carbon dioxide concentration 

to which the fish cannot adjust themselves •. It is reported by Thompson ( 1 25) 

t!Bt fish exhibit avoiding reactions toward low oxygen and to high car~ 

bon dioxide (Wells 1 18). 

ihe difference in the sensitivity of various· species of fish to ad

verse vonditions bas been variously reported. Fry ('39) listed these differ

ences on the basis of the effect ot carbon dioxide on oxygen utilization. 

Moore {'42) listed the order in which several species resisted low oxygen 

at low temperatures. Most authors .agree that species such as the pe·rch, 

sunfish and bass are more sensitive 'to lower oxygen tension than are the 

rough fish such as bullhead, carp and dogfish. Possibly within species 

there are tolerant and susceptible physiological races, and differences. . 

occur within single populations (Greenbank '45). 

Hydrosen Ion Concentration (pH) 

Directly related to the changes in the dissolved gases, is a usual 

seasonal and diurnal cy?le in conductiv1.ty
1 

and an acid or alkaline reaction 

as measured in terms of pH. The acidity is due to the presence of di~solved 

carbon dioxide an·d the· pH or alkaline waters is thus governed by the carbon 

dioxide content. The hy~rogen ion concentration is definitely related to 

the amount of carbon dioxide present, as shown by Greenfield and Baker ( 120); 

Sheltord ( 1 23), Juday, Fred arid Wilson ('24) among others. Saunders (.'26) 

and Powers ( '30) showed tbi t the pH depends on the carbonate, bicarbonate 

lDd the temperature. 
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During the tirst season the pH was determined colorimetrically 

with a Lamotte-Kenny soil colorimeter. In 19471the pH determ1nat.ions 

were mde electrometrically by means ot a Beckmann Industrial Model 

pH Meter. A specially designed extension lead tor the electrodes per

mitted readings to be mde at ariy required depth in the Marsh 1Q1ter. 

The instrument was calibrated at regular intervals against prep:t.red 

buffer solutions. 

The instrument was carried ~n the boat and at the point of sampling 

the electrodes were immersed to the required depth. They were protected 

from breakaie by a bra~s screen housi~ which ~ould be easily removed tor 

calibration of the electrodes. It was necessary to have the boat as motion

less as possible during the procedure,as the vertical motion of the elec

trodes caused a swaying of the needle. Rea:dings were taken only after the 

electrodes had been at the de-sired level for at least one minute. 

The pH, as determined during the three summer seasons, showed a 

wide range of values. Lower values were not less tban pH 7.0 and the upper 

range varied from pH 9.2 in the open •ter1to 9.7 in the vegetation mt. 

This latter reading was recorded during late afternoon of 7/19/48. Such a 

Wide range is dependent, ot course, on· the variable environmental conditions, 

but primarily on the ·carbon dioxide factors present at each location of 

sampling. Diurnal changes are the dominant factor in explaining the sea

soml tluctuations. The water, for the most .i;art, was not more alkaline 

tlan pH 8.6 in the open water. , and not less alkal. ine than pH 7. 6. Water 

more alkaline thin pH 8.6 was found in the surface strata, except at photo

synthetic peaks during the d:turml cycles when occasional bottom samples 

even reached pli 8.9•. r!be samples less alkaline than 7.6 were formed at the 
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bottom layers in the plant zone where the organic detritus was creating 

an oxygen demand and producing much carbon dioxide, especially during 

early morning. One or two readings as low as pH 6.7 were recorded for 

bottOlll samples in the plant zone. In general,the pH in the surface •

ters df the Marsh differed by ~bout o.e between the open water and the 

vegetation stations during a diurnal cycle. Seasonal differences are 

similar with an average pH, o.e units higher in the open w11ter than in 

the vegetation zone. 

As the range for the pH of the surface water reJrB ins atJove pH 7.6 

tor the summer season1 the 1'arsh is definitely alkaline.· Although buffered 

by the carbonates the pH may approach neutral 1ty because of the extensive 

areas of orga~ic decompcs ition which produce large amounts of carbon dioxide 

as shown above. These conditions are to be expected, as the 'WB.ters ot the 

Marsh are drained from aree.s r.ich in limestone mterials, and also the ve

getation zone builds up an annual detritus yield to the floor of the basin. 

Surface bottom differences are not great, as the bottom samples are rarely 

. more than 0.5 pH units lower tllrn the surface water. 

Diurnal variations at Station 2 on 7/19/4B as sh.own in (Figure 22) 

show the development of a mximwn pH in late afternoon followed by a de

crease to a minimum at 3-4 a.m., corresponding with the .carbon dioxide 

curve in inverse fashion. The curves for Station 10 illustrate a similar 

trend of pH w1th the peak pij'. 9 .3 ) 7 /19/48) somewhat less in value than the 

Peak at the open wate;r station. Philip ( '27) reported similar changes in 

the Hydrogen ion activity of a shallow vegetation zone. Changes of pH 7.4

9.6 were registered -over..a diurnal cycle. Botto.m samples at Station 10 

registered 	the lowest pH ot 7.o as t"he period of maxiJTlum carbon dioxide was 
• 
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TABI.JC nr '.. 

Hydrogen Ion Concentration 
(pH) (Surface - Bot~om) 

STATION: 	 2 7 \ 10 

Date: 5/19/48. 8.9 
a.a 

6/23/48 	 8.5 8.5 
8.1 8.2 


6/25/48 a.a 8.7 

8.7 a.s 

6/30/48 	 8.2 8.3 

e•. o 8.2 


'I/ 2/48 	 -8.7 B.3 
8.4 8.1 


'I/ 5/48 8.9 8.6 0.1 

8.1 8.4 7.9 


7/ 6/48 8.5 7.7 

B.2 7.5 


'I/ 9/48 9.2 9.1 

a.a 8.3 


7/12/48 8.1 8.1 7.5 

7.4 7.3 6.8 


7/14/48 7.4 7.5 7.4 

7.2 7.3 6.7 


7/16/48 8.3 8.6 e.o 

7.7 8.4 '/ .4 


7/19/48 8.9 e·.7 8.2 

8.4 8.2 7.7 


7/20/48 9.0 8.5 

8.4 7.6 


7/23/48 8.7 B.5 a.2 

8.6 8.3 7.7 


7/26/48 8.5 8.1 

8.3 7.4 

7/28/48 8.7 s.o ! 

8.3 7.5 

7/30/48 8.9 8.6 7.9 


a.a 8.3 7.5 

8/ 2/48 9.1 8.5 


8.4 7.9 

8/ 6/48 ' 8.4 8.7 7.4 


7.9 8.6 'I .O 

8/ 9/4S 8.9 a.a '8.2 


8.6 e.o '1.2 
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TABLE XIII 

.Hydrogen Ion Concentration 
(pH) ,Diurml Oralee 

STATION: 2 10 c '! 
Date Time Depth pH Time Depth pH 

.I ,J, 

,, 5/48 	 11:30 e.9 2020 	 10:30 . e.1 
' ~ ~ .' 

la.m. 	 150 8.1 100 7.9 r! 

3:45 	 20 9.0 3:00 20 s.1 
150 8.9 100 '1.5 

7:55 	 20 9.1 7:15 20 . '7.9 

·:: ,;. 

',,150 8.9 100 '7.2 	 1· 
l,:~ 
.! 

11:30 	 20 8.9 . 11:00· 20 7.8 
150 a.a 100 7.5 ' ,! 

,, 6/48 3:35 20. e.4 3:00 20 '1.6 
a.m.. 150 a.1 100 7.5 

7:30 	 20 8.6 '1:00 20 
I 

7.6 
100 8.4 100 7.3 

11:30 	 20 a.~ 11:00 20 7.'1 
150 8e2 100 7.5 

7/19/48 	 12:00 20 8.9 11:00 20 8.2 
N 150 8.4 100 7e7 '... ·~ '. ,., 

',,4:00 	 20 9.2 3:15 20 8.3 
150 8.9 100 '7.6 

7:50 	 20 9.7 7:20 20 9.3 
150 9.5 100 a.o , ; 

.. 
'1/20/48 12:15 20 8.6 11:30 20 7.7 [

a.m.. 150 e.o 100 7.•1 tl· 
4:00 	 20 8.4 3:30 20 7.4 

150 7.9 a.m. 100 7.1 [ 
r 
I
j•7:30 	 '20 8.7 7:00 20 7.7 

150 8.4 100 7 .2 f 
12:00 20 9.0 11:30 20 8.5 I· 
N 150 8.4 100 7.6 t 

i 
!' 

!lt 
!:1 
i;i 

'I 



Figure 21. Diurnal Cycle - Station 10 - 7/19/48 ..
Temperature, Oxygen, Carbon Dioxide 

Bicarbonate, pH 

ioxide· 
t2f"'1. 

'Figure 22. Diurnal Cycle~-stat_ion 2 · , 7/19/48' 
Temperature, Cbcygen, Carbon Dioxide_ -

Bicarbonate, pH• 
• 
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approached. Following. a.carbon dioxide decrease the pH rose to 

Pf 7.6, equal to its original value at the beginning of the cycle. 

The relation ar aquatic organisms to the pH has been extensively 

studied. Some o~ganisms occur within a very wide range or pH for their 

environment; others h~ve.a more restricted zone or tolerance. The effects 

or pH on vegetation are not ·so noticeable, as the results th~ vegetation 

has in altering the pH values. Effects or a Sphagnum mat in lowering 

the pH is a well Ic?own factor in the development of acid peat. 

A study of~ the .P8 of fresh wa~er in relation to vegetation was 

·made by 'Wehrle ( 1 27)~. For rol ~th Potomageton the extent or the pH 

va~iation, he found, Wa.s about 0.2 units for the bottom but 0 18 units 

for the top layers during a diurnal change. 'With considerable green veg
\ I 

etation present a pool showed a rise in its top layer from a morning pH 

·or 6.6 to an afternoon and evening value of pH 7.75; for the bottom layers 

the change was from 6.5 to 7.0. 

At Station 10 which has a dense mat or Ceratoph.vllwg., HYriophVllum 

and Lemna minor, the surface layer showed a rise in its pH value from 8.4 

at noon to 9.3 in late afternoon, a pH change or 1.1 units. Bottom values 

showed a rise of from 7.7 at noon to 8.0 in late afternoon during the per

iod or maximum photosynthesis. 

Evidence that the pH measurements are indicative of environmental 

conditions is apparent; yet it.is not easy to demonstrate that the H +ion 

concentration has any effect on the inhabitants living under n:tural con

di tio;ns. The impr.irtance of pH determinations lies in their measurement 
J 

r 

of carbon dioxide rela.tionships· to the water environment, according to 
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Saunders ( '26) • 

S.ingh-Pruthi ( '27) believed that the carbon dioxide pressure ~s 

ot greater importance than the pH. It is true that increases ot pH in 

the water can be explained by the loss ot carbon dioxide through aeration 

and photosynthesis, whereas decreases in PH are directly related to the 

accumulation ot carbon dioxide as the result of decay(Underhill, 139). 

In shallow ~.water the pH is .modified b7 the flora and fauna much 

more tlan in a deep body ot water. The pH is lowered when water nows slowl1 

or decaying vegetation is present•. Cowles ('23) showed the relations o'pH 

to carbon dioxide in shallow lakes, these relations holding if the boun~ 
carbon.~ioxide renains constant. He found that at a vegetation station 

photosynthesis tended to reduce the carbon dioxide sufficiently to give a 

rise in pH which occurred at about 4 p.m., the naxim~ period. Reference 

to (Figure· 21) will show this relation to hold for Station 10. 

The plankton of fresh water is the ultimate biological factor 

affected in the complex of phy~ical and chemical interactions. The pH 

is a relative index of the plankton content as the .maximum and minimum 

values 'have been shown to bear some relationship to the distribution of the 

planktone Consideration of the pH relations is the important ~onneotion 

to under~tanding the productivity o~ the life processes in the aquatic 

habitat. Lowndes ('28) studied the ranges ot pH for over 40 species ot 
'I 

oopepods an~ found tlat gradual changes in pH have· no direct or toxic in-

f'luence on the plankters, although. there may have been an optimum. value 

tor each.species. 

Fish appear to be capable of living in a· wide pH range. For several 
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species the range seems to be -satisfactory between pH 6.8 - 8.4 (Behre, 128). 

On the point ot preference by fish, Brown and lewill ('26) found that fish 

withstood transference trom a lake of one pH to water of another pH value. 

The fish withstood abrupt changes even through the whole range. The auth

ors concluded that fish select the pH to which they are individuall7 

aeoustomed rather tlBn the optimum tor the species. The tact that tiah 

can live ·in acid -.ters,yet have been killed b7 excess carbon dioxide 
i 
~-

even in the preseno e of abundant 0%18•D
1 
suggests the impcrtance of dis

arlm1nation between the effects of carbon dioxide and pH.• 

- .· 

\ " .. 
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CHAPTER V 

BIOLOGICAL FACTORS 

Zooplankton 

Plankton samples were collected at three main locations during the 

Sum.mer of 1948. The sa~ples were"-obtained trom the surface water by passing 

10 liters of Ye.ter through a silk bolting cloth cone. The mesh of the net 

was no. 20 grade, which consists of a,bout 6,000 meshes per aq. cm., with 
. \ 

openings averag,;_jng 0.001 sq. cm. Th& cloth was formed into a cone to 
1. 

which a small brass cylinder was securely fastened at the lower end. A 

s.rrall piece of the bolting silk was applied over the open end ot the cylin

der and acted as a collecting surface for the plankters. This cloth was 

re.rrnved after each sampling and the organisms were ,.ashed with filtered 

water into a vial for storage. Formalin was added to .make a 4-'5 %fixing 

solution. For enumeration, l .ml. of sample ot the concentrate was placed 

in a Sedgwlcke Ratter cell and the total count of representative organ

isms 168 re~orded. 

Station 2. - The water at Station 2, while comparatively shallow, 

(1.5 - 2.0 m.) represents the deepest water of the open water zone. The 

station is remote from the vegetation zone to the west, and represents 

plrt oft he Marsh which is continually exposed to agitation by the wind. 

Prevailing winds from the south west cause a mixing of the water so that 

the physical and chemical factors ~re relativelj stable and similar for top 

and bottom strata.· '!he seasonal change of these factors is not wide enough 

to ~etect any main trends. Outside of the diurnal 07cles the factors may 

be regarded as constant. Temperature is the onl1 factor which represents 

any general trend and ia dependent-;- ot course, on the diurnal variations 

91 
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in atmosphere temperature for its intimate changes. The maximum sur

face temperatures were recorded in late July. 

The Cladocerans which were observed were nmnerous during the mid

summer. The predominant forms which were counted were Bosmina end Daphnia. 

Of these two, Bosmina was the most numerous. Cxclops was the most abun

dant copepod during the period of this stud7. Canthocamptus was not seen 

at this station and Diaptomus was observed on only two occasions. 

The nauplii were by far the most nwnerous of the· copepods and were 

present throughout the entire season. The largest number obtained was . 
225 per liter on July 25-48. 

The Rotifera were very abundant: Annuraea cochlearis, Annura.ea 

aculeata and Pobarthra were the predominant forms. Asplanchna. and Brach

ionus were fairly abundant, the latter no appearing until early July. 

Noteus was present in 101cnumbers through the season. Notholca was found 

on only three occasions, reaching a peak of 58 per liter during September. 

··The presence of the diatom Asterionella in large numbers at the 

beginning of the season promted the enmneration of these forms during the 

entire s~ason. The peak value of 32,705 per liter at the end of April 

soon dropped to zero in the latter part or July. It was apparently a Spring 

form that was observed at its peak during the first srunpling. 

Station 7 is more related to the vegetaiion zone, and being shallower 

than Station 2 does not experience as nmch wave action and shows some 

d~fference in the physical. and chemical factors.(Appendix). The Cl.adocerans 

were numerous at this atation. They did not appear, however, until May- 21, 

somewhat the same ~ime as at Station 2. The Bosmina were again the predominant 

http:Annura.ea
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form, reaching a peak of 805 per liter on July 9. Daphnis. was less abmt

dant. Cyclops was the only adult copepod observed during the season. 

The nauplii were very abundant, reaching a peak of 234 per liter on .. 
July 16. 

Po1yarthra was the most abundant rotifer. The Annureae were present 

in about the same numbers as at Station 2. Asplanchna and Brachianus were 

both present in relativel.7 larger numbers than at Station 2. Notholca was 

observed duiJing September on~. Noteus was more abl.mda.nt than at Statio,n 21 

reaching a maximum number of 92 per l:!ter (July- 2) • 

. Asterionella showed the same distribution or numbers as at Station 2. 

The maximum number was at the firs~ snmpling date, after which it became 

less abundant. 

A smaller pls.nk:ton population was found at Station 10. At this 

station the physical chemical factors have been show to have their greatest 

variation both seasonally and diurnally. ·The Bosmina were the more abundant 

ot the Cladocera and show maximum numb::rs of 286 per liter on July 9. The 

Daphnia are less .in numbers but have greater v~:riety of types than B.t the 

other stations o Cxclops was th~ most abundant copepod. Canthocamptus was _ 

aeen only on one occasion. Nauplii were present throughout the season. 

Ostracoda were seen on three sampling dates in mid-July and were 

on17 found in the vegetation zone. - The Annureae and Po!Yarthra were present 
. . . 

in about equal numbers through the ·summer. Notholca was seen only on faro 

occasions. Asplanchna . was present in very small numbers I as was Brachionus, 

llbich lm.S found only during mid-Jul.1'. Noteus was present in about the same 

numbers as at Station 2. 

http:abl.mda.nt


,J 

~'·: 

r 
i' 

~ 
~ 

' {. 
~·J 

(; 
~, 

i; 
'·:. 
t 

i 
f:. . 
I 

" 
L 
f'-
~ , 

t ,l' 
~. i 
i:j tj 
f; 
~' 
f, 
{,; 

;.1 

j·i 
p 
~:! 

Jl 
'~!!i 
;ff 
l' 

i!~ 
'!'!:' 

t>' 
E·· t. 

" .. ~' 
. 
~~I 

' 1''i· 

r . 1 

I 
ft! 

94 


TA.HIE XIV 

Zooplankton - Station 2 
(per litre) 

Apr. •1 •1 J"une J'ul1 J'ul1 J"ul7 1ul7 1ul7 Aug. Sept. 
23 11 21 25 2 9 16 23 30 9 13- Temp~ 13.0 10.0 15.0 22.4 22.a 23.9 23.5 23.5 25.0 21.4 


:.\OOCER.A. 

!OW.Da 20 300 90 32 816 56 184 148 52 

4thJ11a 1 50 4 12 e 42 20 


· J1c. 4 208 

:J!?QDA. 
;uthocamptus 

· :ielops 2 47 163 44 24 32 34 20 62 28 
a1plius 22 17 104 225 86 214 112 134 !56 146 64 
::aptomus 2 2 

~ 
~ureae 1 6 4 338 56 80 336 64 80 32 90 

1:yarthra 84 26 275 226 222 132 62 14 50 32 

':tarthra 

·a~holca 3 2 58 


. ·Jilanchna 11 6 86 52 6 26 8 62 10 
· :tchionns a~~ 252 164 30 52 16 
· cteua 5 5 22 14 8 2 8 

:.1'01JS.__ , 


; ·f.erionella 
' 

32705 10080 3672 1900 160 320 200 40 


\ 

\• 



L· r-
, . 

95 

TABLE 73 

Zooplallkton - station 7 
(per litre) 

Apr. May lla7 lune 1ul. J"ul. J"ul. J"ul. J'ul.Aug. Sept. 
23 11 21 25 2 9 16 23 30 . 9 10 

Temp. . 13.3 9.0 15.0,23.2 22.5 25.5 23.6 22.8 h.4 21.-3 ; ... :·

OIADOCER& 
Bos.mina ·_ •..L· 21 25.0 580 805 278 136 62 230 80 
Daphnia 2 2 40 ·104 35 32· 6 10 26 
JliSCo 22 

COPEPODA. 
Canthocamptua 
Cyclops 3. 5· 43 235 192 305 22 16 68 66 20 
Nauplius 42 14 57 200 136 200 234 208 38 170 118 
Diaptomus 

ROTIFERA. 
Annureae 8 2 495. 200 215 50 100 28 48 36 
Polyarthra '1 10 640 692 380 88 140 10 120 100 
Triai'thra 
Notholca 6 
Aeplanchna 1 120 156 ·5 14 36 141 76 10 
Brachionua 195 180 175 44 300 14 112 2 
Nobeus 7 5 92' . '15 20 40 2 " 
DIATOMS 
Asterionella 22440 5'16 880 4750 280 200 

/. I 

• 
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TABL'.1 XVI 

Zooplankton - Station 10 
(per litre) 

Temp. 

Apr. 
23 

13.5 

May 
11 

9.D 

May J'une 
21 25 

15.2 22.4 

J'ul J'ul J'ul 
2 9 16 

J'ul J'ul Aug 
23 30 9 

22.3 25.0 23.5 23.0 24.3 24.5 

Sept 
13 

CIADOCERA 
Bosmina 
Daphnia 
Misce 

2 
2 

1 6 
6 

28 

28 286 
a 

22 

82 

14 

112 
308 

26 
10 

28 
2 

6 
54 . 

COPEPODA 
Canthooamptus 
Cyclops 
Nauplius 
Diaptomus 

10 
167 

a 
32 

17 
86 

16 
60 

7 
113 

64 
24 

6, 
58 

138 
34 

4 
2 

38 
2 

54 
32 

OST~COD 32 12 8 

ROTIFERA 
Annureae 
Polyarthra 
Triarthra 
Notholea 
Asplanchna 
Brachionua 
Noteus 

11 

2 

2 

4 

3 

l 

3 

6 
22 

4 

28 

18 
16 

5 
12 
30 

96 
114 

4 
18 

26. 80 
64 2 

a 8 
16 

28 
8 

2 
6 
,.• 

62 
4· 

10 

38 
4 

14 

DIATOMS 
Asterionella 323 . 

...• 



Station 

Cladocera 
Bosmina 
Dap~ia
:misc·. 

Copepoda 
Canthocamptua 
Cyclopa 
Naupliua 
Diaptomua 

Oatracoda 

Rotitera 
Annureae 
Po11'8rthra 
Triarthra 
Notholea 
Asplanchna
Brochionua 
Notew1 

D1atOll8 
.Aaterio•lla 
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TABL'.I XVII 
.. 

Zoo Plankton 
Seaaoaal J.Te~p · (per litre) 

2 '1 10 
\ 

\~54 222 52.4 
\12 23 35 
19 2 5.8 

-~ \ 
0 0 0.1 

41 88.6 32 
10'1 128.8 55 

o.s 0 0 

0 0 0.4 

98 106.9 32 
102 197 21.5 

0 0 
5.'1 o.s 0 

I.fr 39.8 .fr 
M 98.9 1.9 
5.8 18.1 6 

'"61' 8618 19 
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Asterionella was round only during the first sampling. The 

presence of large amounts or green algae at Station 10 was one difference 

noticeable over the other stations. The seasonal variations for the three 

groups, Cladocera, Copepoda and Rotifera are interesting, for the changes 

in numbers are dependent on the physical chemical factors.- During the 

latter part of.June the Cladocera at Station 2 reach a peak~ which is soon 

followed by a decrease which continues until July 9. · A sudden increase 

reaches the maximum summer value or 1024 per liter, due largely to an !in

crease of Bosminae The following week shows a sharp drop to 68 per liter. 

On July 30 the number is increased.to 192 per liter and it then tapers off 

smoothly to the end of the season. The Copepods were most numerous at 

Station 2 at the end of June. Then followed a decrease until another peak 

was reached on July 9. Further increases resulted in n low vnlue or 76 

per liter on JUly 30. A sharp ride on August 9 was due to an increase or 

Nauplii. This was followed by a drop on September 13. The major peak of 

the Rotifera is reached on June 25, .followed by a decrease to a minimum on 

July 30. Then there is a rise to the end of the season. The Asterionella 

falls from its peak on April 23 through the summer season and is absent 

after the f~r~t week in August. 

An examination of (Table XVII) shows that the Bosmina was the most 

abundant Cladocera, and at Station 7 this organism was more abundant than 

at any other location. Daphnia was present in lesser abundance but was 

predominant at Station 10. Station 2 had the greatest average number of 

miscellaneous Cladocerans. 

The largest number of Copepods was present at Station 7. The genus 
. . 

http:increased.to
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Qpclops was responsible for the large numbers at this location. 

Diaptomus and Canthocamptua were very infrequent. The naUPlii were 

present in large numbers at each station, but predo~ated at Station 7. 

Station 7 had also the largest numbers of Botifers for the season, 

mainly due to the Annµreae. Pol.xarthra Asplanchna, Brachionus snd Noteus 

were aleo more abundant at Station 7 than at Station 2. Notholca was the 

only ~tifer present in greater numbers Rt Station 2 than at Station 7. 

The Astrionella vere much more abundant at Station 2 than at the other 

stations. 

Attempts to explain the difference in distribution of the zoo-

ple..nkton must take into account all the various factors which may be re

sponsible for such differences. From (Table XVII) it is apparent that 

the stations in order of productivity are 7, 2, 10. Station 10 is a 

heavil.7 weeded location and offers several disadvantages to plankton 

production. It offers impediments to migration, and plankton forms which 

are present among the weeds have little chance to move their location 

either seasonally or diurnally. Apart from this condition, its ·physical 

and chemical factors are greatly different from the open water stations. 

The temperature relations ::·.re eimnar, if reference is made to the Appendix, 
. 

but greater differendes are found in the OJt7gen, carbon dioxide, pH and 

carbonate values, particularl.7 in a diurnal cycle. The great variation 

in these r~ctors probabl.7 explains partially the overall reduced productivit,', 

compared with that or an open water station. The vegetation station did 

produce the greatest number of Daphnia, proba.bl.7 because they were pro

tected by the plants. In the open water .the Daphnia are vulnerable as 

THQDC' ~l""\1Er\icr- 1 [P.R ~ " • ·-· ....,1...: 1\! -· """ ... , AR'fj 
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fish food and so r..re found in re~~ced numbers. 

As fo-r Stations 2 and 7, it i_s more difficult to see differences 

in the distribution mechanisms. · Front a review or the physical chemical 

~ data,it is seen that Station 7 has a less average transpE.rent water than 

Station 2. This fact is shown to be important b;y Doan ( '42) llho round 

that turbid water causes the plankton to come to the surface. It is 

possible that such a di£ference, howeeer slight, might explain the over

all greater average productivity at Station !. Temperatures for the two 

stations are similar. Oxygen values and diurnal changes £re almost iden

tical. Carbon dioxide values are occasionally higher at Station 7 than 

at Station 2. Reasons for this difference are prG-bably due to the presence 

of more organic detritus at Station 7 because the station is closer to the 

innnediate vegetation zone. The carbon dioxide values are reflected in a 

slightly higher total alkalinity and bicarbonate at Station 711 PH vc::.lues 

are almost identical for the two stations. The £actors or turbidity, car

bon dioxide and alkalinity1 might appear to have some distributional effect. 

At Station 10, however, where the carbon dioxide, carbonates and alkalin

ity are all much higher than at either 7-or 2, the plankton productivit7 

is very low. 

The presence or such forms as Bosmina, Cyclops aiad the Rotifera. 

in such iarge numbers is interesting in the light or work published by 

Denham ( '38). He found that in portions of a river llhich pollution was 

entering,the Bosmina and Cyclops were the predominant Crustacea,and Ro:! 

tifera,we;e present in veey large numbers. Metcalf ( 142) round that the 

number or copepods and cladocera "18.S greater at a sewage effluent than 
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in an open water zone. The fonns or plankton are thµs increased because 

of the greater particulate food which comes in 'With the effluent. Fish 

are attracted to the resulting high plankton population. He founc/no other 

correlation than the above between the plankton, temperature, wind direction 

and velocit7. Hupp ( 143) round a high plankton population to be downstream 

from the point ot sewage pollution. The plankton peak seemed to be governed 

also ~'the rate 0£ ri"Ter now above the ef'tl.uent. Brinl~ ( •43) showed 

water. Near the sOurce or etfiuent he found algae and dissolved oxygen
I 

to all· .but disappear, while the coliform bac.teria are numerous • 

.It appears that there are .other factors besides the physical 

and chemical ones,ror relationships to pl8nkton productivity. The pbysica1 

. features or the basin and the plants both have en effect. on the plankton· 

through their interaction on the chemical nature of the water. Water 

areas along shdl"e zones and in shallow ponds have been shown to be more 

productive than dense beds or subnerged aquatics, or even or open regions. 

Pollution 

The known sewage effluents into the lifarsh were of two .nain sources. 

One is located at the west em of the Desjardins Canal at Dundas. '!be 

other is fro.m. the south east corner ot the Marsh at the Longwood Road 

Bridge. Samples of water were collected periodically trom the surface 

tbr an estination of the coliform organisms. Water samples were collected 

in sterile bottles and transported to the laboratorr as rapidly as possible 

within the six-hour period atated as the sa~e limit (Whipple, '27). Dilu

tions of the water and subsequent incubations were made with Be.cto-MaoConkey 
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Agar, which is a differential plate· ~edium containing neutral red, which 

colours the coliform organisms. It a~s as a distinct medium for the de

termination of colonies of' coliform bacteria,which form brick red spots in 

the medium. The action is due to the acids,formed by fermentation of the 

lactose, upon the bile salts and the adsorption of neutral red. The typhoid 

and dysentry bacteria, even if present, do not ferment lactose and thus do 

not alter the appearance of the medium.. After dilution and innoculation 

of the plates, they are incubated at 37° C for 24 hours, when a oolon7 count 

is made. The colonies arre reported as plate counts with the number repre

senting the colonies present. This phase of the survey was mde possible 

with the laboratory assistance of :Miss H. Eydt, during 1947-48e 

The effects of' pollution on .rrany of' our waterways are.-well known 

because of the harm done to ·fish life•. ·The tact that .DBny incidences of 

pollution could be remedied and turned into beneficial effects ·is an argu

ment f~r the need f'or understanding all the foregoing tactors. The presence 

of statutes limiting pollution hazards in this province is a means of' lim

iting, perhaps, the harmful effects of pollution in non-surveyed waterwa7s, 

before· studies of the interrelated factors can show that some degree of 

pollution is benefic:lal,for the purposes to which the water is best adapted. 

Excees sewage and industrial wastes are unquestionably harmful,and can re- . 

duce an area to one destitute of fish and other aquatic life. 

The various effluents my be detrimental to fish and aquatic lite 
. I 

either indirectl7,through quantitative alterations in those substances 

which give water its inherent oharaot·eristics, such as oxygen, carbonates 

and pH, or direotly,because of specifio physiological effects on the or

ganism.. The various subs~ces carried in solution and suspension in the 
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11ater determine whether tJ:e water is favourable or unf'avourable tor aquaU o 

lite. The definition of the amounts of these substances which are sastia

tacto?')" tor fish life is a very complex relation. 

Water standards for fish and aquatic organisms are not identifal 

with the standards which define •ter suitable tor· human use. Water suitable 

tor aquatic life is further complicated by the tact that the various species 

have differences in tolerance ranges. Conditions which reflect pollution 

are the disaolved gases, pH, carbonates and the plankton forJ11S present. 

The stations listed in (Table XVIII) represent ampling points ).n a 

linear series commencing at the Dundas effluent and ending at Station 2 in 

the open vater as shown in (Figure 23) •. 

Station 4 is tit this straight line,and is located at the same point 

as Station 10 of the physical chemical series. 

The highest average Escherichia coli count was found at the Dundas 

effluent as expected~· Station 2 shows a much reduced count at the entrance 

ot Spencer's Creek. Station 3 below the prominence ot Bull's Point in the 

Canal,has·a ·reduced average count of 245 colonies. Station 5 corresponds to 

Station 7 of the physical chemical series 9 and has counts again lower than the 

previous bacteria station. The lowest average counts occur at Bacteria 

Station ·6 in the open water •. 

In the vegetation zone ,the Escherichia coli counts are higher than all 

other locations, e~cept at the sewage effluent. The reason tor this is 

not known, but probably bas to do with the temperature eftects 11 whllch approach 

higher values here than anywhere in the Marsg, because ot the stillness of 

the water among the weed mt. Such high temperatures present in this location 

act as a suitable stimulus tor the rapid multiplication of bacteria. 
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Figure 23. &cterial Sampling Points 
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· \. TABL1' XVIII 
\ ' .. 

\ . \Pollution i. 
' •· 0011>oouta (per Ill. ) 

' \ 

\ 
I . 

Station 1 
' ' 

2 ~ 5 6\' 3 

Date )1948 
\ 

J'une 28 825 300 125 310 106 '~- 14 
\ 

IJ'ul7 5 750 151 215 335 625 233 

Ju17 12' 1550 343 180 950 80 111 

J'ul7 19 1000 293 375 250 156 163 

J'ul1 86 6500 146 2'16 5'15 350 

Aug. I 17500 725 300 865 142 65 

j:~. '68? M3 M5 801 166"' 
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The results illustrate the principle ot dilution, over the series 

described, and show that although the Marsh is heavily polluted there 11 

· a purifying system in operation whioh reduces the Escherichia ooli counts 

to a minimwa in the open water area. From {Table XVIII)and (Table XIX) it 

is evident ·that·:.\he amount ot sewage pollution going to the fuy from the 

Marsh via the Canal is negligiblee 

The ~arliest phase of the reduction in numbers of the Escherichia 

£_fil colonies takes place soon after the entrance of the effluent naterial 

at Dundas. At the source t'he sewage 11Bterial is added in relatively ~ltered 

form, and it is not unusual to find the dissolved oxygen at a relatively high 

concentration. As the rate of flow is exceedingly slow,it means that the 

"oxygen 	sag" common to such conditions will be quite close to the effluent. 

Farther down the canal from the effluent, the products of decomposition 

bawa :beemnne ~~Ilii'Hll ~ m:Ula~im .. mtri~ .and mtmtes,a.:l.d can b9 util

ized as fertilizers. ('lllble XIX). The water is in this wat enriched tor 

the develOIJ.lllent of abundant plant and animal life. The bacteria of the water 

and of the sewage naterial act as decomposition agents for this .material. 

Brinley ( '43) stated that in such a c~ndition of the water the plankton 

increases' resulting in a greater fish production. ibe 88118.ge t if properly 

treated originally, does not result in a typical "sag"in the water flowage 

· 	 but the nutritive effect becomes immediate. Brinley {'42) studied the· re

lation of domestic sewage to stream productivity by com.paring the aquatic
\ 	 . 

population of heavily pollut,ed streams and clear streams, in the Ohio River 
. 	 \ 

basin. The· phytoplankton and ""1xed. fish populations in the polluted stream 

some distance below the point or' ,entrance of raw se•ge were mny times 

'\ 
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Source 

Turning 
Basin 
Dundas 

Sewage 
outlet 

Spencer'• 
Creek 
outlet 

St. 5 
(Pb.7s1cal 
Chemical) 

St. 8 
(Pb.7aical 
CheJd.oal) . ., 
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TABLB. XIX 

Aaal.1•1• - Dnnc18.• •Nh 
ll/19/4ll 

~. coll All: Pl Es 
P•P-••• 

100 388I e.o 10.0 

' 100,000· 

e.1 .&5 

10 . 885 a.o .. o.&0 

. · l ··' 108 '1.9 l.O . 

1~ 100 1.95'·' 
·, 

~ I ,•,-;_ 
) .. 

'), ·'' .-.• ,,. .. ,., I' .. ,, 

.. :: 

' . 

D.H. Jla'tlaeaon 

Bo8 
P•P·•~ 

. NOs: 
P•P4!L 

.ao " 1.0 

l.O 

0.02 o.a 

0.05 0.5 

o.oe o.e 

0.06 o.a 
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higher than in the clear stream. Raw se•ge in high concentrations is, 

however, detrimental to phytoplankton ~nd fish life, but farther downstream 

where the Se.l(3.ge has been reduced to available plant foods 1there is a marked 

increase in the production of plafttten and fisho 

'!he increase in river flow, or wind effects in producing currents.ma.)" . 

reduce coliform counts through dilution,and at. the same time ne.1 increase 

the number of organisms in a relatively polluted stream by washing in organic 

attar. The greatest instance of coliform organisms was during mid-summer, 

due to the favourable effects of temperature on proliferation. 

A heavy growth of ve~etation can act as natural activated sludge, as 

shown by Liebmann. Such an effect is of especial importance in the Marsh 

where great JJBsses of vegetation are in inti.nate contact with introduced 

sewage mterial. Any solid na terials carried down the caml are filtered 

and broken up t the nater1al falling to the bottom/ and. increasing the organic 

aterialo The plants act, as we have seen, to reoxygenate the water and afford 

protection and attachment for organisms essential to the self-purification 

process. It has been shown b7 Nightingale ('27) that domestic.sewage free 

from industrial waste is not harmful to fish life unless 1t reduces the oxygen 
.. 

content to less than' 3~ saturation. The coliform organisms •7 lower the 

otygen content to asphy%ial levels because of' their aerobic nature. When the 

oxygen is fairly high, as in vegetation beds, and in aerated open water, and 

\he plankton types are ~~ourable for fish food, the fish are abundant, in

oluding many shallow water forms such as perch, carp, catfish and auckerf, 

nen though the coliform colonies ·rra;· be relativel1 high. 

The colon bacillus ief a normal inhabitant ot the intestinal tract ot 

http:currents.ma
http:Se.l(3.ge
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all war.m blooded animls. It probably is harmless itself' but it serves as 

an effective indicator of the presence of sewage and a Jl8asure of the in

f'ectiveness o_t that sewage. It 1 t is recognized that all we are attempting 

to do is demonstrate the presence ot sewage, and that where there is sewage.. 

there may be disease bacteria, we are still not ·detracting trom the original 

IDlllJ11JB~ o1! ~g;tli~ ~r~ responsible tor the great bi~logical pro

ductivity ot the Marsh. -it ·is ·1ntersting ·to ~'.f;e ~~·f~ t~ ~·~W~1 

be satietaotory tromall biological aspeots,it 11&7 actually be tar be7ond 

the safety standards allowable tor hWllln use. 

!!!!!. 
At present at least 35 ~pecies of fish are known to inhabit the 

\ 

waters of Dundas Marsh. (Turner '47). Several migrator1 species may enter 

the Marsh at times other than during the periods recorded. The list ot 
\ 

species as 'studied during 1946-1947 is shown in ('m.BIZ ·xx:). A review of 

this list shows that most of them are'\1'm •ter fish. 'nie presence of 

se~eral deep Yeter fish illustrates the condition of migration into the 

Mar$ for feeding and siawning. Such is the case in regard to the Alewife 

(pomolobus ·pseudohorensus) which moves into the Marsh in large numbers 

during the month of J'uly. The absence or the Salm.onidae is significant 

in relation to the other species which are .nainly war.m water tishe The 

evidence presented earlier in the report on dissolved oxygen and temperature 

readily explains the absence of cold water fish, for trout prefer water be

low 18° o (U:d 21° C is the approximte. _upper limit in which trout can be 

The oxygen requirement• are alao higher t ban tor several ot 
_t ·"' 

the war.m water species. 
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X.pisosteidae: 

Ald.idae: 

C1upeidae: 

Corregonidae t 

CatastomicJaet 

Cnrinidaer 

Ameuiridae: 

~socidae: 
\. 

Cyprinidontidae 

Serranidae: 

Percidae: 

Centrarchidaet\ .' 

Atherinidae: 
Cottidae: 
Gadidae: 
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TABLE ll 

Species of Fish - Dundas Ma.rah 


Lepisosteus osseus (Linnaeus) Long nose gar 

· Amia calva (Linnaeus) Bowfin 

.Dorosoma cepedianu.m (Le Sueur) Gizzard aha4 
Pomolobus pseudoharensus (Wilson) Alewife 

Corregonus clupeatorm.is (Mitchill) Whitefish 

Catastomus com.mersonni1 ( Iacepede) Sucker. 

Cyprinus carpio (Linnaeus) Carp 
Semotilus atronBculatus (llitchill( Horned dace 
Rhinichthys atratulus (HerlDBllD.) Black nose dace 
Notemesonus crysoleucas (Mitoh111) Golden shiner 
Notropis rubellus (Agassiz) Rosy face e~iner 
Notroois cornutus (Mitchill) Common shiner 
Notropis hudsonius (Clinton) Spot tail minnow 
Notropis heterodon (Cope) Blackchin shiner 
Notropis spilopterus (Cope) Spotfin shiner 
Notropis deliciosus (Gerard) Sand shiner 
Notropis heterolepsis (EigelJlQ&IUl and Eigenmann) 

Bla·oknose shiner 
Hyborhynchus notatus (Ratineaque) Bluntnose minnow 

Ameuirus nebulosus (Le Sueur) Brow Bullhead 
Schilbeoides mollis (Hermann) Tadpole .nadtoa 

Esox lucius (Linnaeus) Pike 

Fundulus diapbanus (Le Sueur) Killifish 

Lepebena chrysops (ftafinesque) White Bass 

Ferca flavescens (latchill) Yellow perch 

Stizostedion vitreum (:L!itohill) Pike perch 

Percina caproides (Rafinesque) Log-perch 

Boleosoma nisrum (Rafinesque) ;fohnny darter 

Poecilichthys caaruleus (storer) Rainbow darter 


Huro salmoides (Laoipede) Large .mouth bass 
Lepomis gibbosus (Linnaeus) Pwnpkinseed 
Pomoxis nigroma.culatus (Le Saaur) Black crappie 
Pomoxis annularis (Rafinesque) White crappie 
le.bidesthes eicculua (Cope) Brook silveraides 

. Gottus oo'ittus (Richardson) Millers thumb 
Lota lota Linnaeus) Burbot 

http:clupeatorm.is
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The tables and gra.phs which e'~lier presented data on temperature 

and dissolved oxygen tor the Marsh show that in .midsummer the temperature 

of the open water zone 11ay rise well above the suitable level for the 

cold wqter fish. 'lhe oxygen concentrations are suitable, however, at any 

point in the eastern area of the Marsh tor warm water fish. These obser

vat ions point out that the conditions are suitable tor a certain type ot 

tish and where unsuitable tar others, as the salmonida, their absence veri1

. ties the conclusion based on physical and chemical conditions. The constant 

turbidity is one other hazard tor the Salmonidae and its presence has earlier 

been shown due to the action ot inflowing silt.and to the action of the Carp. 

As to the warm water fish tor which the variations in dissolved oxygen, 
' ' 

temperature and transparency are less severe hazard.a, the physical and chem

ical factors nevertheless have a limiting action on the movement of fish with

in the Marsh. 

The reasombly stable mid.awn.mar water level1per.m1ts ot a large extent 

of sub.merged and ·emergent vegetation as shown above. This vegetation is im.

portant in supplyiJ;J.g indirectly all kinda of fish food. The effect ot the 

vegetation in producing very large changes in the dissolved oxygen content 

is reflected in the absence of most ot these tish trom dense weed beds, 

with their .main distribution in the open water area to the east ot the 

llarsh i tselt. 

A review of the findings on substances available tor plankton pro

duction in natural bodies ot water shows that the Marsh should be rich in 

plankton. The ammonia content• nitrites and nitrates are shown to depend 

to a great extent on the addition of the sewage naterial at Dundas. and in 

the dtcomposition of plant produota. The ammonia content ot these •ters 

and the total non protein nitrogen were satisfactory as shown (Table DX) 
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tor the production o:f' an abundant plankton population. 

Besides the plankton and veg'1t1on,the other nain source ot tish 

tood is the bottommu6. The bot7tomas described above is very rich in 

organic material,and as shown by the dissolved oxygen data has a very 

high oxygen demand. It would be expected that the bottom :f'auna would be 

plentiful, especially in the open •ter region. Untortunatel1 no in:f'or

mation is at hand as to the type or abundance ot such organisms. The or

ganic detritus :f'ormed trom the plants ot each succeeding generation to~ 

a constantl1 .replenished supply of food materials. These, along with the 
r 

nitrogen .oaterials produced tro.m the s eage effluents assure a constant 

aupply of tiah food and the basin should support a high annual fish produ.otion • 
• A I t ' ·, 

. " 

' ' 

\ 
\ 

\ 
\. 

\ 

\ 




., 
~ 

' 

CHAPim VI-~ QONCIDSIONS 

From ~he physical, chemical, and biological factors that have been 

studied and described above, several tentative deductions can be JJBde concer

ning the expected productivity ot this area and other similar sba.llow water 

basins~ 

The Dundas Marsh is a very old basin. Its beginnings were established 

in the early post-glacial period when the •ter.s levels ot Iake Iroquois 

were washing the upper levels ot the escarpment. Subsequent lowering of the 

inland glacial lakes caused the formation ot Burlington Heights, which acted 
( 

as a barrier tor the waters retained within the Marsh. Further lowering ot 

the water levels resulted 1n the tormtion ot the Marsh, as we know it today. 

1be first iJD.portant developinent after the lowering or the water was 

the establishment of an e~ensive aquatic vegetation. Orig1na1ly this vege

tation extended over a much larger area and the open water zone Ye.a pushed 

tarther east. The a.mount of aquatic vegetation present in any season is in 

direct relation to the water level of the Marsh, which in turn ·depends on the 

water level tluctta.tion cycle ot the whole Great lakes be.sine 
•l • 

It has been shown that the level of water in the ~sh fluctuates 

Widely" The development ot extensi'Ve vegetation depends priJnarily on the 

re:a tively stable periods between these wide variations. During the stable 

periods the vegetat~on Will advame or regress to and from the existing 

open water area•.Such movements ot the plants,. together with the inflowing 

•ediments will. eventually deprive the Marsh ot any open • ter area. It baa 

been shown that ·older basins support a greater nriet;y and quantity ot 

Plants than •o the 70unger basins. Sedimentation ia higher in an older 

baain and results ~n'"' turbidity when the wind is able to circulate the 

113. 
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shallow water. other factors influencing the turbidity are the temper

ature and the plankton population as shown. 
. . 

The plants lave a great importance in affecting the lite cycle of 

the water basin. They provide tqod and protection tor the aquatic aninals 

but most important of all, they cause variations in the physical.,.chemical 

tactors1which are the basic features of the life c7cle. 

The temperature of the water is directly and intimtely controlled 

by changes in atmospheric conditions. Currents in the water and winds are 

secondary distributive faotrors. The temperature regulates plant activity 

and insures the repetition of the chemical pittern ot the water. Plant 

activity' or early Spring lead~ to a reduction or dissolwed carbon dioxide 

and an increase in dissolved oxygen, when it is .most needed tor animal 

growth. Several salts which are in the water are combined by the plants 

during the Summer into more complex su~stance-suitable for plant and animal 

nutrition. These are supplied along with the oxygen to insure growth and 

development. Assimilating water plants shift the pH or the water toward al

kalinit7, which will in turn have the effect of reducing the assimilation 

later in.the season. 

Many fresh water·studies in the past assigned a pH value to the water 

at one particular time and place with little regard for any variable factors. 

It bas been shown .t bat such values are quite inadequate unless .more com

prehensive data are available to quqlity them. 
t 

The hydrogen ion concentration would seem to be only a tair index ot 

conditions in the Marsh at any ti.me. More reliable intor.na tion is furnished 

when the pH values~..ar,e.accompanied by data on dissolved oxygen and carbon 

dioxide. The maximum pH ooours during late afternoon at a time ooino141ns 

http:intor.na
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with .mximum photosynthesis. ·At the same time ;DJS.Ximum oxygen values occur 

in the vegetation zone. Along with the rise in pH and oxygen was the 

apprnaxfmatel7 the same time. Minima for these factors at all stations nre 

in the early .m.ornin~ours when respiration becomes the dominant plant activity. 

Carbon dioxide as a respiratory by-product we.s produced at its J1Bximum amount 

during early morning hours ~nd showed an inverse relation to the above 

factors. The carbonates including both ~ound and halt bound carbon dioxide 
\ 

show similar diurnal changes as\the tree carbon dioxide. A decrease in bi

carbonate is taken to mean utilimtion of the half bound carbon dioxide in 
' \ 

photosynthesis, and as a reSllt of such a removal, a hard lime narl is le:rt. 

The. Marsh waters are highly alkaline, \receiving the supply ot carbonate trom· 

the .immediate ground -ter and the inf'iowing streams, 

The open water area 1+at.isfaotory· for all we.rm water :tishe~. Oxygen 

values at all points are above the minimwn ot 5 p.p.m. selected by Ellis as 

the lowest point desired by good mixed t_ish :taunae. Carbon dioxide values 

are low and are not believed to be in any way harmful to tiah life. The 

tem~rature rises to sWIJD.er peaks much higher than that selected by cold 

water fish and consequently such forms as the trout are not found in the 

water at any location. 

The difference in these factors between the open water zones and the 

dense weed beds are very g rea.t., Diurnal and seasonal fluctuations have been 

shown to be .much more pronounced in the area.a of dens·e'vegetation than in the 

. open water. Such wide fluctuations mean t·hat life conditions are unsuitable 

tor any but the hardiest ot species. and we find only the Carp in the den•• 

http:sWIJD.er


I 

I 
I 

. ! 

i 
l 
l 

I 
t 
J 

116 

vegetation mat, during its spawning season. 

With the type of fish life observed, it is apparent that with in

creasing age a •ter basin develops a taunae of inferior fish. T.tie game , 

fish are forced out of the habitat to seek more muck-free spawning grounds. 

The productivity of the water is limited by the fertility of the 

bottom and the nutrients in the water. The link between these is the presence · 

·of water bacteria whic!l convert the organic .DB.tter into available nutrients 

tor the use ot other organisms. 

Many attempts have been . .made to use the results of the quantitative 

investigation of plankton as a basis for esti.nating the productiveness of 

water basins in fish life. The problem is of great importance as it is rel.a

ted to the field of fish culture. One may ask if the plaO:-cton volume is a 

relative index of the productive capacity. The question has been discussed 

for a long time and as yet no satisfactory answer can be found. Some workers 

are of the opinion that as the plankton is not a basic food f'or all fish it 

does not tell much about the production of fish in the water. This is true 

tor some fish which are feeders on crustaceans, mosquito larvae, war.ms and 

other bottom organisms •. It might be assumed that the bottom organisms 

would offer a better index of productive caPacity. Such studies will be 

required for this area before a complete picture of' productivity can be 

obtained •. 

The average content of the plankton in the water ICB.'Y' be regarded as 

an indicator of productivity even though the plankton-eating fish are ab

sent. Phytoplankton and zoop~ankton form the connections between the gases 

and mineral salts dissolved in the __,.ter and the fish which are used for ... ·.·· 

food for higher organisms. The plankton, if not used tor toad by the fish, 
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.is used by the bottom organisms, and the fish productivity. is indirectly 

but noaetheless related to the plankton content. 

The present investigation was to determine the nature of the 

Marsh area from the aspect or the limnological factors present in making 

it productive or fisho It has been show that there is a large population 

of fish, and as well a very abundant zooplank:ton populatio1t consisting or 

Rotif'ers, Cladocera and Copepoda in large numbers especially in the open 

vater area. As ve have seen aboYe, these factors are dependent on all 

the other ~terrelated p1l7sical and chemical conditionso 

The sewage pollution, at first believed to have a deleterious 

effect on the Marsh waters, has been shown to be probably responsible 

for the extensive productivity of both plants and animals. Vith the grow

ing plants and aerated water, the Marsh is able to utilize this material 

effectively without the danger often associated with excess waste. The 

materials are broken down effectively by".bacteria into the nitrites and 

nitrates that are responsible for increa.sing both plankton and fish. 

The Marsh is seen to be a very productive region and suitable as 

a habitat for many aquatic organisms. It is not a static area, however, 

and must be expected to evolve much farther until its possible extinction. 

In order to preserve i-btpresent features and provide an area of increasing 

usefulness it is necessar.r to consider measures which can make this possible. 

The presence or Carp has been mentioned at great length in earlier sections. 

Its harmful effects on both the plant and fish life are not easily dismissed. 

The elimination of the Carp from the Marsh is the onJ.7 ~ or maintaining 

this area in a state or increasing usetulness. TQe only immediate method 
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of doing this is to continue netting the Carp at spavning season before 

their eggs are laid. For fut~ consideration, it should be possible ~ 
\ 

construct a dam beneath the High Level Bridge to separate.the Marsh from 

the Bay. This would c..llow the le~l or the Marsh -to be raised above that 
\ 

og the Bay and maintained at that level throughout-the year. It would 
. \ 

then be possible to effect a sudden c~ge or level or the Marsh water to 
\ 

destroy many of the Carp fry each season. 

Such a project might permit the Marsh to become a more static 

area. The vegetation would assume a configuration dependent on the water 

depth, and, if necessary, deep holes could be dredged in the eentral area 

for establishment of conditions suitable for game fish. If the Cerp were 

eventually removed,it is probable that the water would c_lear as· it has been 

shown to do in other itnpounded waters 'When Carp were removed. 

The effects of this program would not be detrimental to 8.?11' o~ 

•
the,existing physical and chemical relationships. The sewage pollution, 

barring excess garbage Wa.stes, would continue to offer a supply or nutrient. 

materials to enrich the water. The induetria1 wastes, which are believed 

not to be of importance at present, could be prevented from becoming a future 

menace from expanding industries by' satisfactory legislation ~oncerning 

this area. Such a project would permit the Marsh to become an even more 

useful and valuable area tor maq diverse aspects of recreation and ecolo

gical research. 
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CH.API'ER VII 

SUMMARt 

1. Dlmdas Marsh is a verr old water basin forzned from the receding 

waters of Lake Iroquois. It is separated from Lake Ontario b.r Burlington 

Heights, an old beach ridge of the Lake Iroquois period t;>f post-glaciation. 

2. The Marsh consists of an area of approxima.te]Jr 650 acres. Half of 

this area is occupied b.Y extensive aquatic vegetation. At least 70 
! 

species 

or plants are recorded. Among the plants.. 2.re the fol.loving main types: 

Gl:rcer:la, typha lati£ol!a, Ceratophyllum, Myriophyllum, Utricularia, Elodea. 

). The water depth in the vegeaation zone is not greater than l meter at 

high water. DeepBr areas are in the eastern end adjacent to Burlington 
-

Heights. Fluctuations in the water level occur seasonallJ' and annual.17, 

4. The bottom of the open water zone is composed of a silt7 organic . 

detritus. In the vegetation zone the bottom is a thick mat of organic material. 

s. The water is constantl7 turbid. Sacchi disc transparencies were not 

found greater than o.6 meters and occasionally. were as low as 0.25 meters. 

6. The temperature range for the Marsh water is from o° C in winter to 

27° C in summer. The water temperature is int~ related to the air 

temperature and shows close correlation during a diurnal c70le, Maximum 

temperatures occur between 4 - 5 p.m. Minimum. temperatures are between 3 - S a.m. 

. 119 
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7. The dissolved m;ygen in the open water vaa round to be above 


S p.p.a. at all times. In the vegetation zone the photoS)"Dthetic and 


respirato17 activity or the plants causes vide nuctuations in the diurnal 


CTCle. Diurnal maxima are between 4 - S p.m. and minima at 2 - 4 a.m. 


8. Carbon dioxide is present in miniml amounts in the.open water. In 

vegetation zones the amount or free gas is often high, proba.bq due to the 

large a.mount of decomposing plant materials. Diurnal maxima are between 

5 - 7 p.m. and minima between 3 - 4 a.m. 

9. Total alkalinity measured in terms or eaco3 is between 100 and 21.0 

parts per million. Bicarbonate alkalinit7 is higher 1n the vegetat.ion ieone 

than in the open "8.ter region. Diurnal nuctuations occur in direct re

lation to the tree carbon dioxide. 

10. The pH or the Marsh water is between pH 7.0 and pH 9.2 over the 

entire range or sampling. The pH or the water for the most part is between 

pH 7.6 and.pH S.6. Diurnal nuctuations vaey inverseq vith the aarbon di

oxide. 

11. The zooplankton was abundant. Bosmina was the most prevalent Cladoceran. 

Qrclops was the most abundant Copepod with the Nauplii present in large num

bers through the entire season. Agnµreae, PolYarthra, . Asplanchna and Brach 

!onus vere the dominant Rotifera. 

12. Pollution from the sewage ernuenta was high, but the effects of this 
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are shown to be beneficial to the productivity or the water. 

13• Thirt;y-five species or f'ilh have been 'recorded in the Marsh. The 

dominant forms are Carp, Perch, Shiners and other warm water tJpes. 
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90 

7/21./46 ll:.30 c1ear 
21.5 
23.5 
22.5 

8.33 
6-.58 
5.29 

1.7 
o;o 

7.6 
7.6 
7.6 

140 
40 
90 

140 
40 
90 

140 
40 
90 

140 
40 
90 

140 
20 
20 
so 
20 
so 

7/3J./46 

8/U/46 

.8/21/46 

8/~/46 

8/_25/47 
l.0/10/47 

19/15/47 

ll:OO 

ll.:15 

ll:40 

ll.:55 

E. 

clear 

clo~ 

s.v. 

28.0 

~ 

22.5 
22.5 
22.0 
22.0 
21..0 
20.6 
20.5 
1.9.0 
18.S 
18.S 
21..2 
20.0 
20.0 

14.a 
- 14-9 

17.3 
16.2 

60 
40 

60 

3.72 
10.82 
8.64 
s.42 
9.67 
9.80 
9.52 
2.95 
5.19 
5.41 
8.15 
1.95 
6.66 

2.5 
o;.s 

. 2.0 
o.o 
o.o 

ll.81 

7.20 
8.90 

4.1.0 

7.6 
7.6 
"1.6 
7.6 
8.4 
8.6 
8.6 
7.2 
T.8 
8.0 
8.3 
8.2 
8.2 

s 

I ' 



Station 

2. 10 
100 
10 

1.00 
10 

100 
20 
50 

100 
/ 

150 
20 
50 

100 
150 

20 
so 

100 
150 
20 
so 

100 
150 
20 
so 

. 100 

l~ 
50 

100 
150 
20 
50 

100 
150 

Date Time lieath'er Temp.. Temp. Transp .. 02 
Air Yater p.p.m. 

1./23/i+S 13.0 
12.6 

S/ll/48 10.0 
10.5 

S/19/48 .H.E. 14.0 30 

6/23/48 9:JO E. ., 23.9 19.8 
19.2 

.32 10.53 

18.6 
18.!S 7.68 

6/25/48 2 p.m.. clear 25.0 8.89 

9.29 
6/30/J.S 12:00 s.v. 27.6 24.7 

24.6 
2S 6.01. 

23.1 

7/2/48 2 p.m. baa7 
·J.9.7
22.s
22.s 

40 
5.57 
64!89 

21.6 

7/9/48 2 p.m. E. 
20.6 
23.923.a· SS 

?.(Y:J 
11.10 

23.5 

7/12./48 12:30 clear 22.6 
25.0 

9.17 
9.50 

· 24.s 6.52 
7/14/4S 10.JO E. 24.5 

24.5 
30-. 6.08 

24.3 
24.3 6.:n 

02 
%Sat. 

119 

80 

'11 

60 
79 

77 
]JO 

l.04 
ll3 

77 
72 

74 

C02 pH .Alk. Alk. 
p.p.m. phth. m.o., 

o.o 8.5
s.5
a.3 

1.7 a.1 
l..9 8.8 

a.a 
a.a 

2.6 8.7 
s.1 s.2 

. ) a.1 
8.1 

4.s 8.0 
1.1. . a.7

a.7 
8.6 

4.1. s.4 
o.o 9.2 

9.2 
9.2 

o.o 8.8 
o.o ~:q

7.8 
1.7 7.4 
o.o 7.4 l0.4 122.)

7.3 
7.2 

o.o 7.2 7.4 ll.6.9 



, -x ·=ts m 

¥* t··'ri+rtt·rttti#fC' 
••-.•.:&.oa. D•

t e-·'t-t ·@:•'. 

r.:a.
*Wt ·t ):Wt ·ot"K 'S 

W-tbor 
t ,ft 

}1,r
tHtYt,ttC't a $ " 

r~- T:ranep. 02
Vater P•P••• 

1 ,~•• h!?' 

~2sat. 

l , 

cP2 pH 
p.p.m. 

r 

.A1k. 
phth. 

.A..ik • 
m.o. 

2. 20 
50 

7/16/48 2:30 Rain 23.5 
2J.8 . 

7.1.6 o.o 8.3 
8.2 

s.o 102.4 

100 J 23.8 s.o 
150 23.8 7.<n 82 o.o 7.7 9.4 101.4 

20 
so 

7/2J/JJ3 2 p.m. s.w~ 23.0 23.5
23.s 

7.79 89 o.o 8.7 
8.7 

lJ.2 109.2 

100 23•.3 8.7 
150 
20 
50 

7/26/48 l p.m.. s.11. 21.2 
23.3 

. 21.9 
22.0 

8.ll. 
8.82 

94 
100 

o.o 
o.o 

8.6 
8.5
s.4 

17.8 
18.8 

102 • .) 
131.0 

100 
150 

22.0 
Z..7 8.21 92 o.o 

8.) 
8.J 16.2 129.6 

20 
50 

7/28/48 12 n. v. 25.0 21.9 50 8.98 l.00 o.o 8.7 
8.7 

J.4.0 106.J 

100 8.6 
150 

20 
50 

100 

7/.3o/'4S 3 p.m. s.w. 26.0 
21..S 
25.0
24.s 
24.7 

8.80 
l.0.08 

99 
l.20 

o.o 
o.o 

S.J
s.9 
8.9 
8.9 

7.2 
21..2 

·' 
/ 

107•.3
uo.4 

/ 

/ 

150 24.7 9.73 115 o.o 8.8 21..6 ll0.2 
20 
so 8/2/48 l:.30 p.m. clomy 20.0 21.0 

20.8 
10.86 120 o.o 9.1 

8.9 
25.0 105.0 

100 20.8 8.7 
150 18.6 8.69 91. 5.3 8.4 105.7 

20 
50 

8/2/JJl 5:30 p.m. S.llo 21.9 21..9 
22.0 

12.99 145 o.o 9.1 
9.0 

23.s 107.4 

1.00 
150 

20 
so 
l~ 

20 
50 

l.00 
150 

8/6/JJl 

8/9/48 

2:JO p.m. cloudy 

2 p.m. E. 

21..5 

22.2 

21;..9 
20.6 
.19.~
18.l.l.2
l! .o 
21.4 
20.s 
20.2 
19.4 

35 

55 

ll.38 
8.68 

ii:~ 

9.23 

125 
94 

ii~ 

100 

o.o 
o.o 

4.3 o.o 

o.o 

9.0 
8.9 
s.4 
3.4 
8.1
7.9 
8.9 
a.9 
8.6 
8.6 

28.2 
9.0 

18.2 

16.6 

lOJ.J 
124.2 

106.9 
l.02.6 

121.2 

\ 



. 

Station Date Time Veatber Temp.. 

Air 
Temp. 
Vat.er .. 

Transp.. 02 
-p.p.m. 

02
1' Sat. 

co2 
p.p.m. 

Iii ilk. ilk.· 
phth. m.o. 

' 

J. 20 
50 

7/17/46 1):50 E. 25.0 
25.0 

14-90 
15.?9 

l..l. 7.6 
7.6 

80 
20 
so 
80 

7/21+/46 12:00 clear 
24,.0 
26.5 
26.5 
26.5 

]J.68 
8.91. 
g.64 
?.1+6 

3.1 
o.o 
o.o 

7.6 
7.6 
7.6 
7.6 

20 
so 
80 

7/31/46 ll:30 E. 2).0 
2).0
22.s 

10.71. 
10.Sl. 

6.86 

2.0 

5.2 

7.6 
7.6 
7.J 

20 
so 

8/J./J46 l2:3j 22.3 
21..8 

19.)2 
~~ 

o.o 8.8 
8.8 

80 
20 
so 
80 

8/2l/'46 ll:05 S.lif. 
21.-4 
20.5 
19.0
IS.s 

15.43u..12 
10.09 
9.23 

o.o 
o.o 
o.o 

8.6 
8.S 
a.a 

. 8.4 

~ 
CJ' 

20 
50 

8/2S/46 ' 12:20 s.v. ZL.7 
21..6 

7.15 
7.J.o 

~ 0-.0 8.2. 
8.2 

80 21..S 6.1.8 o.o 8.2 
20 

100 
6/ll/47 19.7 

18.7 
8.64 
8.44 

8.7 
14.7 

50 
150 

7/15/47 14:00 E. 25.0 24.3 
24.2 

s.ss 
3.72 

s.s 
8.7 

7.6 
7.3 

20 
100 

io/lo/47 ]5.0, 
15.0l. 

40 13.70 
lJ.28 

o.o 
o.o 

20 
82 

l./7/48 ice 9• O.l. 
1.8 

ll..12 
l.C)S 

10.4 
24.8 

7.8 
7.3 



Station Date Time Weather Temp .. 
J.ir· 

Temp. 
Vater 

Transp .. 02 
p.p.m. 

02 
%Sat. 

co2 
p.p.m. 

pH llk. 
phth.· 

Alic. 
m.o. 

4. 30 
60 
80 
30 
60 
80 
30 
60 

7/23/46 

7/30/46 

s/13/4/J 

1035 

1020 

1200 

S.V.clear 

cJ.oiJdJ' 

25.0 
24.5
24.s 
23.0 
~.o 
23.0
21.s 
21.0 

1.13 
5.17 
3.71 
7.l.8 

.6.15 
6.65 
S..42 
5.54 

0.20 

2.90
s.3 
;.2
i.o 

7.6 
7.4 
1.3 
7.4 
1.3 
1.3 
8.6
a.4 

80 
30 
60 
80 
30 
60 
so 
50 

150 
50 

150 

20 
]50 

20 
100 

8/2o/46 

8/21/46 

7/16/47 

S/l.l/47 

8/18/47
8/25/47 

9/30/47 

151.0 

1115 clear 

1430 E. 

l.: l.5 p.m. s.v. 

26.o 
.30.5 

26.3 
28.2 

20.5 
21..0 
21.0 
21.0 
20.5 
20.0 
20.0 
25.0 
24-3 
26.4 
26-4 

27.l 
25.1 

. 12.2 
12.2 

50 

44 

so 

5.24 
10.71 
9.94 
s.14
s.95 
5.89 
5.62 
3.87 
2.36 

u..53 
9.53 

8.01 
3.15 

/ 

./,/ 

4.4 
2.50 

3.,-6 
7.70 

9.40 
2.7 
2.7 
l..3 
1.5 

3.1 
4.7 

/ 

. 
I 

8.4 
8.6
8.2 
8.2 
7.7 
7.5 
7.5 
7.9 
7.9 
8.8 
8.5 

8.7 
s.o 

s 

20 
100 

10/10/47 u..s 
14-3 

55 



'-, 

Station Date Time lleather Temp. 
ilr 

Temp. 
llater 

Transpe 02 
p.p.m. 

02 
%Sat. 

C02 
p.p.m. 

pH ilk.. 
phth. 

Alk. 
m.o. 

5. 50 
100 

7/18/46 1240 clear 25.5 
22~0 

10.71 
7.J.2 

o.o 7.6 
7.6 

140 
50 

100 
150 
so 

100 
150 
so 

100 
150.,0 
100 
150 

7/25/4h 

8/8/46 

8/IS/46 

8/2.2/46 

1115 

1350 

1350 

N.E. 

c1ear 

S.E. 

B. 

22.0 
23.5 
23.2 
22.4 
2).6 
22.4 
22.4 
21.5 
21.0 
19~5 
20.4 
19.0 
18.7 

1.32 
1.t.l. 
6.56
s.79 
7.74 
6.35 
4-81 
6.88 
6.11 
5.l.9
s.04 
4.78 
4.03 

l.1 
o.o 
o.o 
l..O 

5.9 
o.o 
7.2 
o.o 

1.4 

7.6 
7.6 
7.6 
7.5 

8.6 
8.2 
8.2 
8.8 
8.0 
8.0 

i 
50 

100 
11.SO. 

so 
150 

20 
100 

50 

8/29/46 

7/17/47 

8/6/47 

8/J.8/47 

1345 

1515 

llJO 

B. 

S.E., 

E. 

25.0 

24.8 

26.3 

-20.0 
19.0 
18.S 
26.0 
24.4 
24.1
23.s 

so 

6.98 
6.09 
5.97 
).87 
2.12 
7.81 
2.12 

o.o 

4.30 
5.6 
6.8 
2.7 
2.0 

s.4 
8.6
s.3 
9.2 
9.6 
8.2 
7.9 

~--

6. 30 7/16/46 1100 E. 7 • .34 0.90 7.7 
6o 
90 

9.16 
5.56 1.0 

7.7 
7.7 



Station 

7. 	 40 

80 


120 

40 

so 

120 

40 
-so 

120 

40 

80 


120 

JtD 
80 


120 

40 

80 


120 

so 

150 

• 50 

150 


.. 50 

lSO 

so 

lSO 
50 

so 

I_,./ ,I • 

Date Time Weather Temp. Temp. Transp. 02 02 C02- Ur Water p.p.m. %Sat. p.p.m. 

7/16/46 E. 	 a.s2 ;.30
9.os 
8.72 	 4.so

7/23/46 llJO s.v. 	 26.0 s.u o.o 
25.0 	 -4-3924.s 	 4.02 o.o

7/3o/46 1050 	 23.5 10.32 2.8 
23.5 	 10.32 
23.5 	 9-2> 3.a

8/13/46 1230 21.s- __ 6~96 o.o 

\ 21.S 9.86
/

20.s 	 4-47 o.o
8/20/46 1550 s.v. 	 21.~~ 6.33 o.o 


21• 7.50 

21.0 6.10 o.o 


8/27/4h ll.45 21.0 6.59 o.o 
.. 	 20.0 5.71 
l.9.5 	 4.86 2.4

6/12/47 " 24.9 	 21.7 7.9 s.6 
20.8 	 6.64 5.9

6/26/47 s.v. 22.7 	 22.2 4.83 6.4
21.6_ 	 4.54 5.4

6/26/47 S.lJ. '2.7 	 21.6 4-61. 5.3 
21.6 	 2.71 4-4


7/15/47 ll.00 E. 23.7 	 2,4.0 6.ll 5.2 
24.0 	 4.94 4.98/25/47 28.0 ;o 

lo/15/47 1.7.0 
is.a 

" 

pH 	 .A.lk. .A.llc. 
phth. m.o. 

7.7 
7.7 
7.8 
7.6 
7.4 
7.2 
7.4 
7.6 
7.6 
a.a 
a.6 
8.6 
a.4 ~ 8.3 
a.3 
8.6
a.4 
a.2 

a.3 
8.2 



Station 

'1. 20 

100 

10 


100 

lDO 

20 


100 

20 


1.0 

20 

ao 


100 

150 

20 

IO 

100 

U50 
ao 
IO 

100 

llO 

20 

IO 


100 

lDO 


20 

IO 


100 

115() 

20 

llO 


100 

lllO 


Date 	 ·· Time , Weather . ' 	 Temp. Temp. Transp. o~ . 02 
Air Water p.p.m. - Sat. 

11/21/47 :I wind 2.0 2.6 

12/l'0/47 s.w. 0.1 	 11.79
1.1 	 10.8'/
1.7 

1/7/413 	 ice 9" o.a 
1.a 

4./2/4B 	 '1.8 ,.. 
G/23/48 	 ill:> s.w. 2'1.6 20.0 a.ss 90 


20.0 
19.6 
18.9 	 1.13 6'1 

6/25/48 	 ll-40 clear za.2 'O '1.'10 90 
aa.o 

aa.o& 
11.s 	 ,,... 81 


6/30/48 1120 s.w. 2'1.1 24.0 30 •••9 76 
. aa.1 
,. 	 13.9 

23.9 	 80
••• 
60
7/2/413 	 ll40 19•• 22.0 22 0.21 

.a.a 
aa.. 
u.1 	 1.21 09 

7/'6/48 12 If a9.a 24.6 	 8.83 10:> u.s 
2•.1 
23.7 ?.21 8' 


7/9/413 1130 B. .BG.D 3D 12.28 147 

24.9 
23.t 
23.e 	 a.aa 96 


002 
p.p.m. 

12.7 
11.'1 

2.7 

3.0 
0 

0 
3.7 

3., 
3.9 

o.6 
0 

3.8 
0 

0 

pH Alk:. Al,k • 

ph-C.tl. m.o. 

7.9 
'1·8 

... 

a.1 
a.a 
8.15 
e.2 
8.7 
a.'1 
tt·"
a.a 
e.s 
a.a 
a.a 
e.2 
8.3 
a.a 
8.1 
a.1 
8.65 
a.I 
8.85 
8.4 
9.1 
9.0 
8.90 
a.s 



tt wffl* W -Wfc ·a re · rr··r· , ·-w r+m·& trtt K rtt· '¢ -» t rte t t 'f t < ·~' r" f ·- t --1 ·a W i fttlt ... ·w1 f '' Wft e··~·,,t ' . t 

·Station Date Weather Temp. C02Ti~ Temp. Transp. o~ ~ pH AJ.k. . All:. 
Air Water p.p.:m. . Sat. p.p.m. phth. m.o. 

7. 20 
IO 

100 
150 
,20 
GO 

7/12/48 

7/14/48 

12 N 

lOU5 20.& 

a?.o 

21.0 
z..4

"·· 

36 

20 

e.vv 

s.se 
4.70 

110 

"°1515 

0 

6.5 
0 

a.1 
'1.'5 

'·'7.3 
7.D.,_, 10.4. 132.1 

100 
190 

•~· so· 
-100 
lJI() 

20 
IO 

100 
llO 
20 
IO 

100 
lJ50 

20 
DO 

7/16/48 

7/19/'8 
~ 

7/23/'8 

'1/30/'8 

-

215 P.JI. 

/ 
',/ 

-~--
1245 

1215 

1215 

Rain 
/ 

, 

s.w. 

s.w. 
Bain 

s.w. 
4 

, . 8'•• 
~.. 
23.6 
13.6a., 
213.6 
u.s 
u..s 
i6.4 
14'.4 
-12.e 
as.o 
as.1 
13.l 
8'.4 
14..4 

,.23 
?.31 

&.78 
a.a? 

.,..., 
7.79 

?.?8 
11.&9 

.IO 
8:5 

,,, 
98 

90 
av 

89 
136 

0 
0 

0 
0 

0 
0 

0 
0 

"·'?~S 

a.& 
8.415·a.,
a.38 
8.7 
'8.6 
a.a 
a.a 
e.1 
a., 
a.s 
8.3 
8.6 
·a.a 

u.o 
21 .... 

]J5., 
16.2 

19.6 
9.8 

11.0 
14.6 

132.D 
136., 

139.S 
133.1 

130.6 
122.0 

115.8 
lll.2 

100 
uo 

20 
BO

100 
lJ50 
20 
l50 

100 

8/6/fB 

8/9/48 

2 P.M. 

12 ll 

••l)rizzl• 

B. 

•••4 
.,.4 
19.9 
20.0 
ao.o 
ao.o 
21.s 
10.1 
it.e 

30 

11.1'1 
10.0 

9.415 
lo.a 

lSO 
108 

104 
114 

0 
0 

0 
0 

8.311 
8.25 
a.&o 
8.6& 
e.q 
8.6 
a.a 
a.?e 
a.1 

14.4 
24.6 

38.0 
30.4 

110.4 
lll.8 

166.8 
106.1 

ll50 19.S 4.2'5 45 0 e.o 10.0 138.5 



. . . 
\ 

\.., . ' 
;· 

Station Date Time Weather Temp. 
Air 

Temp. 
llater 

Transp. 02 
p.p.m. 

02 
%Sat. 

C02 
p.p.m. 

pH A.lk. 
phth. 

Alk. 
m.o. 

9. 8 
28 

7/15/46 1.67 
2.s9 

20•.40
u..90 

7.'J 
7.'J 

8 
28 

7/22/46 10:30 E. 24.0 
23.5 

2.35 
1.so 

6.0 
7.1 

7.'J 
7.2 

_$ 
28 

8 
28 

7/29/46 

8/12/46 

11:20 

10:20 

clear 

s.11. 

22.6 
21.5 
20.0 
19.0 

6.38 
4.80 
5.02 
2.59 

5.2 
4.9 

ll.8 
1).0 

7.5 
7.4 
7.4 
7.2 

8 
28 

8/19/46 10:.30 s.v. 22.0 
21..S 

3.55 
2.94 

u.o 
15-4 

7.2 
7.4 

8 
28 

8/26/46 lO:lS li.E. l.1.0 
16.S 

12-41 
5.14 

a.o 
n.9 

8.0 
7.6 t 

,, ~ ... ~' ·.. 
•' -'\:t ••~ ; "' ' . ' ,~ .. lfO.• ..... .. .. ~ t· ,_ 

'· 

. i 



Station Date Time Weather Temp. Temp. Transp. 0 pH Alk. Al.le:.02 C02
Air Water p.p.m. 'i!Sat. p.p.m. pb:Cb.. m.o. 

10. 10 
. 25 

BO 
10 

7/lD/46 

'1/22/46 1100 

OJ.ear 

E. ae.o 

9.08 
••"3 

'·''a.&e 

9.0 
u;.3 
lS.25 
•• o 

7.6 
7.5 
'1.2 
'1.6 

25 
DO 
10 
20 

7/29/46 1320 olear 

23.1 
13.1 
21.e 
20.5 

6.84. 
2.V? 
e.u 
1.0? 

1.9 

"·'3.3 
a.a 

'1.2 
'1.2 
'1.6 
?.a 

DO 
10 
2S 
DO 
10 

8/19/46 

7/10/4'1 

1155 

/
1305 

•• / 

N'.I. 

/ 

./,,. 

21.0 

20.1 
aa.e 
a1.o 
a1.o 
25.0 

o.oo 

'·"0 ..83 
o.u 

10.03 

?.O 
- 9.10 
].3.2() 

32.20 
•• s 

?.a 
8.6 
8.4 
'1.2 
8.9 

DO 
l.eo 

l50 

/' 

~ 

?/16/47 131:> 1. 2'1.0 

21.0 
20.8 
2-6.l 

8."3 
3.UI 

4.e 
2.e 

'·''1.6 
'1.8 

lt50 
20 

100 
100 

8/11/47 

8/2'4/47 

1130 l?e''I 

28.0 

.... 

aa.a 
2s.o 
23.2 

100 

l.'10 
1.03 
o.oo 

4.a 
?.6 
2.a 

7.S 
8.1 
'1.9 

20 
lt50 

20 
60 

8/25/47 

10/2/47 

1230 s.w. 

bright 

28.2 24.6 
13.o 
10.0 
9.? 

90 1.18 
o.oo
•••6.13 

4.7 
D.7 

18.8 
19.6 

7.9 
'1•6 

80 
90 

4/2/4.8 '·'7.2 
~--. 

10 4,/1.3/4.8 4..0 a.e 



L~~-......,.~H~'""""" ...,. . ....,..~~ -1iililil.._o · •fa't 1
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'\ ( 

SCa't1on Date Time Weather Temp. Temp. Transp. 02 02 C02 pH Al.k. Al.k.
Air \fa-cer ~ Sat. p.p.m.P•P••• pht.11. m.o • 

10. 20 6/23/48 1015 s.w. 23.9 20.a lOOl· 0.'11 M 6.1 '1.9
IO 19.s '1.9


100 19.t 3.02 82 u.1 '1.8

80 6/25/48 1100 clear 28.9 22.4 90/. 2.71 31 10.0 e.o

IO aa.a 
·- e.o

100 21.4 0.36 3 12.9 ?.8ao 6/30/4.8 1030 s.w.. 27.& 24.0 'IOf 1.59 18 1'1.9 ., .'1 

IO 23.6. 
 '·BD100 as.a o.oo 0 11.4 ao 7/2/'8 1100 haZJ' 19.4 22.3 eof l.'15 19 12.9 e.o'·'° 
DO 11.9 9.9

100 11.1 l.U 18 18.9 'I .'I10 7/9/'8 1100 B. 111.0 1.~3 lll 10.6 8.4
IO a..o e.1100. ....4 '15 u.1 '/.8••• 

7.0 
i

IO 7/12/48 1130 clear 31.0 u.o 1.19 ?4i 9.3 
IO 

~ 

. ,.. 
.100 u.s O.l'I 10.0' 6.88

IO· '1/14l4.8 9.45 s. 79.9 13.&; 4.21 DO 8.'I' ?.4 166.3IO 11.4 ,..
100 a., o.99 1'1 1.1 1'11.180 7/16/48 1 p.m. ~. a.• 0 e.o69·~•i '·' l'l.O la.e•.,IO ?.a
100 aa.o s.11 ].D2.5"° '·' '·' 



• t • ·v r e t w wr -" 'i u n wr ; - rs - tr . ·t'Tnt' ' M'ttt n . . '. •·tr . M ·7 r ten . " * ,, . r f'WSI ; , i a ... w e r Tin * . sur ; . ii . J t r 

Station Date .Ti~ lfea:c.b.er ' Temp. Temp. Tre.nsp. 02 02 C02 pH Al.k. AJ.k:. 
.Air P•P••• ~Sat • p.p.m. phtll. m.o. 

~ 

.._ 

10. 10 
IO 

7/23/48 1145 S.\f. 24.6 23.0 
aa... 

3.26 3'/ 14.8 a.a 
e.1 

186.8 

100 12.2 2.J.S 14 18.3 7.7 190.3 
IO 7/26/48 18 N s.w. 20.9 21.'2 o.o 0 10.~ e.1 194.2 
IO 

100 
21.1 
21.0 o.o 0 16.0 '·'7~4 109.1 

20. 7/28/48 11 A.K. w. 24.? ~3.l o.s1 3 14.1 e.o 196.4 
IO 11.1 7.85 

100 
10 
IO 

lOO 
IO 

'1/'Sl/48 

8/2/48 

ll30 

1230 
\ 

s.w. 
11.1 

29.0 / 24.3
/ u.1 

/ -· .. · aa.o 
/'. 12.0 21.2 

o.o 
l.a 

o.o 
3.0I 

0 
14 

0 
Sta 

10.1 
1.9 

17.1 
10.8 

7.5 
'1.9 ,... 
7.a 
8.5 

196.15 
183.l 

196.3 
193.6 

. IO 
100 
·IO 
IO 

8/2/4B 
/ 

4:1.D P.K.

~ 

as.a 
.... , 

11.4 
21.4
as.& 
aa.4 

o.o 
7.4.9 

0 
86 

J.B.? 
Q. 

a.s 
?.9 
a.65 
a.1 

u.e 
.202.1 
167.2 

~ 

100 
ao 
IO 

8/6/4/J 1130 •• 
,I 

/ 

aa.e 
11.? 
18.'7 
17.6 

a.oo 
o.o 

Bao.; 
u.s 
11.1 

?.65 
'7.4 
7.1 

186.3 
198.3 

100 
20 
IO 

8/9/'8 1230 •• 23.0 
- ·17.7 

24.15 
11.0 

o.o 
&.18 

0,,, 10.7 
1.6 

'1.0 
a.a 
., .15 

800.6 
181.3 

100 ao.o · o.o 0 10.0 ?.I lM.l 
.....,._ __ 



, .. ,, .. ,-·· ,-· . 
.··,··· 1 ······1 • ·' rm f * · tcntf 

Iii ·i111~1·1;ilii Uri I T .. ·t.ii . · 11 . . ... .. -
t J ·Cfl' rt ,· r y -""& dfW- .. ~,,..,.,, ·r •ttdi'Y. t ' tmvt ' 

Station Date Time Weather 	 Temp. Temp. Transp. 02 02 002 pH Al.k. Al.k. 
. .Air ater p.p.m. .1' l?at • p.p.m. phth. m.o. 

\ 

11. 20 7/19/46 1105 s.w. 26.5 	 9.06 o.o 7.6 
40 26.5 9.?l .. o.o 7.6 

20 7/26/46 1100 clear 9.50 o.o '7.6 

40 9.00 o.o 7.6 

20 8/9/46 1120 s.w. 25.5 6.85 3.0 


.25.5 6.85 4.3 

20"° 8/16/46 1045 22.5 4.18 10.31 7.8 

40 - 22.5 3.81 11.10 '7~8 

20 .a/23/46 1120 lf.E. 19.5 8.69 o.o a.a 


'° 
I 19~5 8~34 o~o 8.0 


10'° 8/30/46 1140 s.w. 18.0 '7.60 o.o 8~6 

18.0 '1.23 o~o 8.6 


20 7/P-8/47 H.Y. 24.0 io.as 2.3 8.5 

100 	 24.0 2.39 2.3 7.9 

12. 50 7/19/46 1310 s.w. 23.5 	 5.48 ··3.9 '1.6 
100 	 . 22.5 1.06 .7.4- ' 	

' 

i·
150 

~-

22.5 1.79 6.0 ?.5 

50 '1/26/46 1200 clear 22.0 5.31 a.o '1.5 


100 21.0 1.0'1 

/

150 ..11~0 0.39 &.s 7.4 

50 8/9/46 1145 s.w. 22.5 3.36 8.50 


100 22.s a.oa 

'·" 

- ..
150 	 22.3 0.32 13.& 

50 8/16/46 1110 drizzle 21.0 2.29 15.0 '1.6 

100 -ao.5 o.31 .?.a 

150 IO~S 0~34 18.0 '1.2 


50 8/23/46 1145 H.B. 19.5 9.19 -1'1.60 8~0 

100 -. 19.0 2.93 7.8 

150 

~.. 

19~0 3.45 18.80 7.6 

50 8/30/46 1210 s.w. 18.5 6.35 14.70 '1.8 


100 18.5 S.34 

..... ..~ 

150 	 18.0 .f,.06 18.20 '·'7.8 



•••• 

••• 

Ste:tion Da'te Time Wea:tner Temp. Temp. T.ransp. oid 
Diurna1 Air Water p.p.m. 

a. 20 .,/5/48 12.30 Brig!l't H.2 -i5 9.9ti 
DO au..1 

100 2$.6 
llO iv.¥ ••02 

80 •.u Brigh"G Ma.ti u.ao 
iO M.8 

l.00 &&.a 
100 at..o 9.88 
IO 	 8.D& Sun ae-t ao.o ,.,. 
IO 	 /

-100 	 /
llO ae.o t.ae 
ao 7/6/48 /l.2.30 s.w. u.o 8.lf;. 	 ....IO ... '100 

.. ,,..,.llO M.O J.a.M 
IO t.m aa.1 f .09 
ao 

;100 	 ' 
.. ,_,, ....150 11.1 ••ov 

ao e.zo . ?.18.... 	
' 

eo 

lBO 	 . 
100 	

'·'10
80 ia.s> aa.o 43 '1.71 
IO DOOD 

100 
lllO 19.0 ••81 

o~ 
-~Sat. 

llti 

66 
132 

ll& 
ll5 

- ' 

lll

• 
eo 

66 

87 

61. 

002 
p.p.m., 

o.o 

3.8 
o.o 

o.o 
o.o 

o.o 
o.o 

o.o 
o.i 

5.9 
o.o 

o.o 
s.o 

pH 	 J.lk. AJ.k. 
p..b."G.b.. m.oo 

ts.9 
a.v 
8.8 
8.1 
9.0 
9.0 
8.t 
8.9 

t.l... 9.1 

, 
8.9 
8.9 
a.a 
8•8 5 
8.8 
s.4 
a.a 
a.a 
e.1 
e.6 
1.1

•a.4'•• 
8.5 
e.a 
a.a 



, 

Sat.1011 
Diurnal. 

Date Time Weather 

I ' 

Temp. 
.l1r 

Temp. 
Water 

Transp. .02 
p.p.m. 

02 
%Sat. 

ooa 
p.p.m. 

pR Alk:. Alk., 
phth. m.o. 

2. 20 ?/19/413 1:00 s.w. 19.6 22.2 8.93 100 0 8.9 17.6 11'7.4 
50 p.11.. 22•.6 a.a 

100 22.9 8.7 
150 22.5 6.92 '19 a.o 8.4 ll0.9 

20 5:00 s.w. 26.0 25.5 35 12.39 150 0 9.2 34.8 108.0 
50 

100 
:p.a•. 25.3 

25.0 
t.2 
9.0 

lSO 24. '1 9.70 ll5 Q 8.9 28.4 us.a 
ao 8:50 I0.9 24.9 ll. .f.4 136 0 9.'1 22.2 124.8 
so :p.a. 15.0 t.& 

100 
150 

lft.9 
•••8 l.Z.23 145 0 '·'9.5 20.6 120.6 

20 
so 

100 

7/20/48 1:15 
•••• 

·' ~. 

19.0 23.6 
M.O 
23.9 

9.75 113 0 8.6 
8.6 
8.5 

19.0 125.4 

150 . 22.3 7.98 90 3.9 8.0 116.6 
20 5:00 18.0 22.9 9.8 llS 0 8.4 16.2 124.a 
50 

100 
•••• 21.6 

aa.s 
&.s 
a.a 

150 IS.ft 5.01 58 0 - '1. 9 10.4r 119.4 
20 8:30 22.2 23.3 10.03 116 0 8.'1 23.2 ll.3.5 
50 

100 ~··· as.:s 
23.3 '·'8.4 

150 as.a 8.47 97 0 8.4 12.0 120.4 
IO 
50 

100 

i:·oo 

.. ·l>·•· 
ae.o 25.'1 

25.0 
M.6 

l.S.62 165 0 9.0 
t.o 
8.9 

35.0 116.0 

150 M.S 8.'8 104 0 8.4 13.8 U7.8 



_,, 

Station 
Diurnal 

Date Time Veathe~ Te.mp. 
-·Air 

Temp. 
Vater 

Transp. 02 
p.p.m. 

02 
%Sat. 

C02 
p.p.m. 

pH ilk. Al.k. 
phth. m.o. 

/ 

10 

" 

10 
25 
so 
10 
25 
50 
lO 
25 
se
10 
25 
so 
10 

2S so 
10 
25 
so 

8/J.2/46 

8/13/46 

•" ·-;.. 

ll:OO 

~00 

J.9:00 

23:00 

03:00 

07:00 

s.v. 

s.v.. 

s.v. 

s.v. 

bright 
JIOOll 

E. 

22.0 
19.0 
l.9.0 
23.0
20.s 
20.0
22.s
21.s 
21..S
20.s
20.s
20.s 
19.5 

19.s 
19.5 

. 18.S 
1.9.0 

. 19.0 

8.44 
I..10 
1.43 
9.61 
2.08 
o.oo 
J.10 
3.34 
J..84 
l..O 
J..48 
D.84 
I..33 

0.J.9 
O.ZT
o.68 
0.14 
o.oo. 

7.9 
l.0.9 
12.8 
7.10 

l.2.00 
lS.l:O 
13.1 
12.2 
10.9
13.so 
23.50 
15.00 
i6.7 

is.a 
14-2 
19.0 
15.0 
14.t)_-. 

7.7 
7.2 
7.2 
7.7 
7.4 
7.3 
7.6 
7.2 
7.2 
7.6 
7.6 
7.8 
7.6 

7.6 
7.8 
7.2 
7.2 
~2 

i 

. ,,:. 
-



_, 


Station Date Time Weather Temp. Temp. Transp. Oa co2
1>1unal .Air Yater p_.p.m.. p.p.m.. pH

I 

10 10 8/26/46 ll.00 N.E. 18.0 '1.06 9.30 a.o 
'25 16.5 l.'3 13.60 '1.4 
50 111.0 o.oo 15.20 7.4 
"· 
10 1500 N.Jl. 12.0. a.a'1 '1.40 '1.6 
as 19.0 s.18 10.60 7.2 
50 18.5 .l.fO l.'1.30 '1.2 

10 1900 cloua,. as.o i1.oa '1.2 '1.8 
15 zo.o 4.04 14.0 .,·" 
!iO 11.0 S.12 16.0 '1.2 

10 2300 lt.O S.30 u.s 8.0l,.--., 

15 '• lt.O a.so 15.6 'l .8 
50 .18.5 a.10 1'1.3 '1.8 $ 
10 8/2'1/46 0300 clouq 17.5 0.?5 14.1 '1.8 

15 17.5 0.52 20.a 7.6 

50 ,; ·.. ~. ...' 18.0 0.47 15.5 '1.6 


10 0'100 16.•5 0.10 16.9 '1.6 

25 16.5 ·o.o 13.5 ., .4 

50 ·1'1.o .o.o 1'1.4 ? .a 




Station De:ce Time Weat.ller Temp. Temp. Transp. ' 02 Oz 02 pH J\lk. Al.k. 
Diurnal Air \fa-ier P•P••• ~ Se.i. p.p.m. p.b.toA. m.o. 

lO 20 
IO 

100 
zo 
80 

100 
ao 

7/i/48 lli30 
•••• 
4SOO 
P~•· 

e:u 

•• 
s.w. 

s.w. 

29.2 

30.6 

26.0 

24.6 
as.s 
as.1 
21).0 
14.3 
aa.'1 
26.l. 

s:>f 

90r 

5.52 

o.ao 
2.•1t1 

o.85
a.20 

• 
5 

3' 

10 
100 

13.3 

20.6 
12.1 

19.9 
1.a 

ts.l 

'·''/.85
e.o:;.,.a 
'1.5 
'1.9 

IO 
lOO 

80 
IO 

100 
ao 
IO 

7/6/"2 

p.a. 

12:00 
1114. 

4:00.... ai.a 

M.O 

IS.& 

as.o 
U.6 

o.eo 
o.91. 

o•• 
/•• 

~/ 
/ 

.. '/
10' 

9 
l• 

/,,.,,
a.o 
i-1.s 

16.0 
a.v 

-

'·'?.2 
., .8 ,.. 
7.5 

'·'?.a ~ 100 
&O 
IO, 

8:00.!.. as.a . 

aa.o 
.......... , 
';- ~ .• .,,/ 

O.Mo.,,. 10 J.a.8 , 
19.9 

7.'5 
7.6 
f .G 

100 
IO 18:00 as.1 34.a 60.f. 

0.86 
a.82 3S 

1'6.1 
21.8 

?.a 
'1-65 

Ii() 

100 
nooa 

aa.o 0.11 ' u.1 
f .& 
.,·"' 



"

Station Date Time Weat.ner Temp. Temp. Transp. 02 02 C02 :PR .Alk. Allc. 
Diurnal A1r 'later :p.p... ~ Sa-c. p.p.m. 

10 20 
IO. 

'1/19/4.8 12:00 
noon 

s.w. 22.0 ~.& 
aa.s 

2.at; ao 13.5 e.2 
e.1 

182.1 

100 aa.a 0.11 ' 10.1 '1.7 186.'6 
ao 
IO 

100 

41:115 s.w. 26.8 25.0 
13.? 
a.1-

83f &.:u 

i.a 

' '15 

18 

9.1 

10.a 

e.s.,.8 
7.55 

1?8.c; 

lBt.a 
IO 8:80 s.w. 22.2 20.1 9.10 109 7.8 9.S 162.6 
IO . l'•L aun sna 23.5 a.a 

100 
IO 
IO 

7/20/48 12:30 
Jl14.. 

tull moon 18.~ 
23.6 
22.2 
u.a 

o.as 
s.01 

a.a 
36 

13.6 
. u.5 

a.o 
'1.7,.a 

·188·8 
1?1.6 

100 aa.o 0.13 ' l.fa.O '1.1 168.6 

. 
" 

-
IO 
IO 

100 
IO,., 

100 
IO 
IO 

100 

•:30 
p.a. 

8:00 

••••• 
12:5 

aooza. 
s.w. 

/ 

16.9 

za.a 

2'1.S 
. 

11••........ 
22.2 
aa.1 
11.1 
u.e..,.... 

. 

0.'1]. 

o.?.fa 
a.11 

0.11 
. 8.?9 

0.71 

f .5 

8 
I.fa 

5.5 
"5 

f .6 

12.s 

a.a 
10.s 

9.4
a.9 
a.a 

"·",..
'·l7.7 
f.46 
., .15 
a.cs ,.. 
'1.6 

l.80·1 

1'19·0 
l.?9.6 

1'16.a 
179.6 

182.8 
.r 

--
/ 



•••• ••• 
•••• 

••• 

••• 

S'ta'CiOD. Da'te We&'t.ber Temp. Temp. Tranap. 02 OOa 
.&1r Wa1ier P•P••· p.p.m. . pH 

JI. S'cream DIOUli.ll r;o '1/29/47 11.0 11..0 
130 19.I &.89 

· i 	

•••
B. 	strealll 50 7/19/4!/ at.o 20.0 a.oa 

80 it.a 
&1111 ion. Sewage ou-sle't 

100 7/31/4'1 11.4 a5.o ••06 
Ret. Weed Bed 10 6/1S/4l1 lemna minor conr 15.5 ltl·D 3.0, 
Ret'. Weed Bed 10 6/18/47 clear lo.o 18.8 
Princess Inleli end 

•• 	

,.•20 6/11/4ll J.9.V aa.t 
IO aa.s '·D"IPriD.Ceas ID.leli JIDU'th 
IO 1/ll/47 14.9 u.o 10•• 

I llO 11.0 f .10 
P.rine888 ID.let Dl>U'C.tl 

DO 6/17/4? l.4.V 
.'-I t.o 

ao 	 a.a ..P.rince88 IDJ.e't Dl>Ulih '· 
IO 9/30/47 J.a.4 IO 9.'1'1 

lOo 11.a ...,
P.rinceas Inleli Dl>Uli.t1 

IO . 10/14/4"1 · lf.I 
100 11.1 

Princess Inleli Dl>Uli.tl 
:; . IO 10/15/47 11.4 M 

100 11.1 
Princesa Inlet m:>u'CJJ. 

30 l.0/15/47 . 11.1' 
IO ... 

\ 
1 

I 


..., a.o 
3.2 '1.8 
41.4 7.6 
5.0 "I • ., 

lti.24 7.5 
4.1 

1·6 


6.8 
o.9 

t.a 	 5 a.v 
3.3 

a.a 

"·' 
(~ 

8.4. 

'·' 

http:Dl>Uli.tl
http:Dl>Uli.t1
http:Dl>U'C.tl
http:DIOUli.ll


" 
Station Date Time Weather Temp. 

.Air 
Temp. 
Water 

02 
P•P·~· 

_02 
'I> ~t. 

002 
p~p.m. 

pH Alk. 
phth. 

Alk. 
m.o. 

JaT'//100 'l/31/47 •• 25.0 19.l 5.49 2.0 8.l 

20 10/15/47 11.l 8.'7 
100 15.8 8.6 

o.aa 
2.0 

6/30/48 
' . 

1.50 
6.'13 

4..0 ' , 5.M 
6.0 5.U 
8.0 

10.0 
-;.- ..
'. 

·~i---
14.5. . 

4.33 
2.36 

·_/' 
~-

i•· 
I

•I 
'1/14./48 

',-7 .. 
-·_ 

...'. -~ 

_;,!I. -"'. 

l-·. ,,.,.: 

~~ 

i ;· 

_,,.. 

-· 
, 

".:: 

....~ 
·,,, 
"• 

.•, 

• ",.IJ .... · 
.. . 

:< ~ 

zs.t 
as.s 
as.s 
21.9 

7.82 
8.44 
8.08 
6.93 

92 
98 
94t 
ao 

0 

l.8 

15.1 ~fu 

lOl.9 

ti: .... 

8 
, 10, ,•'"'

~-I 
""" 
, ,,. 

-· 
~  ,_. ~··' 

.,.. 
..... 

. 16.S 
11.l 

3.5'1 
4.36 

36 

" 5.5 10'1.8 

i• 'l/PS/48 1:30 
3 

-
p.a. 

5 

' I0.9 6.58 
t 1.f.9 4.85 
ll 11.9 S.89 
lS 16.Z 2.ll a.a 105.6 
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1lATm. tinm'. RIOORm - 19'6 

(Halniito~-Ha~l>Our-d~Dinussion) 

March April May June July August Septe•be:r October Novembe:r 

Date 1. 246.0 248.08 248.6 248.50 848.33 847.50 247.16 
2 246.60 248.16 248.6 248.91 248.16 247.58 
3 245.6 248.25 248.6 248.91 248.16 247.58 247.25 
4 245.6 248.41 248.83 248.16 247.58 847.25 
5 245.75 246.75 247.41 248.50 248.6 248.91 247.08 
6 246.0 247.41 248.6 248.91 247.50 247.00 
7 246.0 246.50 247.41 248.50 248.6 248.91 247.50 247.00 
8 246.0 247.41 248.60 248.6 248.50 247.58 247.00 
9 246.83 247.33 248.75 248.83 248.83 248.50 247.58 

10 245.91 847.0 247.41 248.91 248.83 248.83 248.50 247.50 247.00 
11 245.91 248.66 248.83 848.08 247.50 
12 246.0 247.0 247.50 248.83 248.83 248.66 
13 247.60 248.66 248.08 247.41 246.83 
14 245.91 247.0 247.60 249.16 249.0 248.50 248.08 247.43 246.83 . 
15 247.60 249.00 249.0 248.50 248.00 247.33 246.83 
16 247.60 248.91 249.0 248.83 248.00 247.33 
17 246.0' 247.16 247.66 248.91 248.66 248.00 247.33 246.66 
18 2fr7.16 248.83 248.91 248.50 247.33 246.83 
19 246.08 247.75 248.83 248.83 248.50 '248.00 
20 247.60 248.83 248.66 247.25 246.'15 
21 846.16 247.75 249.0 248.66 248.66 247.25 246.83 
22 847.75 248.83 248.66 248.50 247.91 847.25 246.83 
23 247.25 247.83 249.0 248.60 248.41 247.83 247.08 
24 246.16 246.91 249.0 248.66 248.41 247.83 247.16 246.91 
25 248.8 -248.66 248.41 247.83 24'1.16 846.58 
26 
27 
28 
29 
30 
Bl 

846.;i.s 
24'1.25 

247.00 
-847.08 
24,.31 

248.0 
248.0 
8"8.08 
a.te.16 
8'8.08 
148.08 

848.8 248.66 
248.50 

848.8 248.50 
us.a 848.60.•.,. 148.4.1. 

848.50 

248.41. 
248.33 
248.33 
248.31
ate.is 
148.SI 

247.83 
247.83 

247.66 
- 147.66 

. 
247.16 
847.08 
247.08 
247.08 
24'1.16 

JN&.85 

141.IO 

\' 
\ 

1 

\ 
\ 

\ 
I.. 

.\ 
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March April Jlay J'une J'ul7 Ausun .September 

Date 1 
a 
3 
4 

246.0 

245.6 
245.6 

246.60 
. 248.08 
848.16 
248.28 
248.41 

248.66 
248.66 
248.66 

248.5 
248.9 
248.9 
248.8 

848.S 
248.16 

. 848.l& 
. 248.11 

5 245.'1 246.75 ·247.41 248.50 248.66 248.9 
6 246.0 247.41 248.60 248.9 
7 246.0 . 246.50 247.41 248.50 248.60 ' 248.9 
8 246.0 . 247.41 248.60 248.60 
9 2'6.83 247.33 . 2"8.75 248.60 248.8 

10 245.91 247.00 24'1.41 248.91 848.83 248.9 
11 245.91 248.66 248.83 248.83 
12 846.0 247.00 24:'1.50 248.83 248.6 
13 247.60 248.6 I 

14 845.9 . 2.fr7 .oo 247.60 249.16 249.00 . 248.5 
15 247.60 . 249.00 249.00 248.5 
16 . 247.60 248.91 249.00 248.83 
1'1 246.0 247.16 247.66 248.91 . 248.6 
18 84'1.16 248.SS 248.91 248.5 
19 846.08 247.'75 · 248.SS 248.83 248.5 
20 247.60 248.83 248.68 
21 846.16 . 247.75 849.o 248~66 248.6 
22 
23 

·' 
'247.85 

247.75 
247.83 

248.8 
249.0 

248.66 
248.60 

248.5 
248.4 

24 246.16·.: 246.91 249.0 248.66 248.4 . 
25 848.8 248.66 248.4 
·26 247.25 248.0 848.8 248.66 248.4 

' 27 
88 

846.16 
247.00 

248.0 
248.0 848.8 

248.50 
848.50 

248.3 
. 248.3 . 

29 M?.08 248.16 ·a.f.8.& 248.60 248.S 
. :50 

31 . 2'6•• "'··~ . ' ..' 
848.08
8'8.oe· •:\; 

1'8.75 
,. f 

8.fB.Q. 

.. M8e51 ·· 
' 

8'8.11 
M.8.S 

" . ,. .~ '· .~ ,~ : • _: 

•. 

,'41 .,: <r : ·.·. ' , ~. 

-· 
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