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ERRATA

1. Earle (1979) should be cited as Earle (in prep.) throughout

this thesis.

2. The Melosira granulata var. angustissima cited in zone II

of the Found Lake long core (Figure 7) has several taxo-

nomic characteristics similar to those of M. italica.

Subsequent scanning electron microscopy analyses indicated

that this taxon may have been misidentified in the core.

Since M. italica is an oligotrophic alga (Stockner 1971),

its presence in zone II can be easily explained in Found

Lake's history as most paleoindicators studied suggested

that zone II corresponded with oligotrophic conditions

(cf. page 152). Similarly, Stephanodiscus niagarae

(also recorded in zone II, Figure 7) shares several

taxonomic features with S. astrae . Like M. italica .

S. astrae has been reported in oligotrophic waters (H. Duthie

pers. comm. )

.
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"Unimportant, of course , I meant," the King hastily
said, and went on to himself in an undertone,

"Important - unimportant - unimportant - important -"

as if he were trying which word sounded best.

Lewis Carroll
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ABSTRACT

The analysis of fossil diatoms and Mallomonas

assemblages in a 2.85 m sediment core revealed that a

series of distinct floristic changes have occurred in the

development of Found Lake, a small Shield lake in southern

Ontario. Climatic and vegetational changes in the lake's

watershed were closely associated with successional changes

in the lake's biota. Nutrients released by the deciduous

component of the Found Lake watershed appeared to be

especially important in determining diatom and Mallomonas

standing crop.

The top 20 cm of sediment of 3 Shield lakes was then

investigated using close interval (1 cm) analyses of diatoms,

Mallomonas scales, pollen grains and sedimentary phosphorus.

Found and Jake Lake are adjacent to Highway 60, whereas

Delano Lake has been undisturbed and was used as a control.

Dramatic changes in the diatom and Mallomonas

communities were recorded in the Found and Jake Lake

stratigraphies and could be closely associated with known

historical events. Increased turbidity and nutrient

enrichment were believed responsible for these successional

changes. In addition, diatom and Mallomonas standing crop

increased substantially following road construction in

Found Lake's drainage basin. Meanwhile, no. sharp changes

in diatom or Mallomonas communities were recorded in the

recent sediments of the control (Delano) lake.





The usefulness of Synuracean scales as paleo indicators,

as well as the importance of sectioning cores at close

intervals during transition periods in a lake's development,

was stressed.
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I . INTRODUCTION

Pal eo limnology is the study of long term successional

patterns in lakes through sediment analyses. Lake

sediments, according to Bradbury and Winter (1976), are

the result of accumulation of materials from 3 principal

sources: 1) particulate and dissolved materials from the

drainage basin? 2) biogenic materials produced by the

lake itself; and 3) particulate and dissolved materials

falling into the lake from the atmosphere

Incorporated in a lake's sediments are the

morphological and biochemical remains of numerous plant

and animal communities which can be used to reconstruct

past lake biota (Frey 1969) . In addition, the geochemical

component of the sediment reflects the composition of

particles entering the lake from its watershed (Mackereth

1966). Therefore, a lake's sediment stratigraphy

potentially contains the historical record of a lake's

development

.

A. FOSSIL DIATOMS AS PALEOINDICATORS

A central theme in limnology has been the attempt to

classify lakes according to their algal communities

(Hutchinson 1967). Unfortunately, only a few algal groups

leave behind a reliable fossil record from which

paleoecological reconstructions of lake histories can be
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made- However, the siliceous remains of diatom frustules

are generally well preserved in lake sediments (Bradbury

1975) and hence diatoms represent the most widely

studied algal microfossils used in paleolimnological

research (Frey 197*0 •

1. Diatoms as Indicators of Lake Ontogeny

Habitat

There is now sufficient ecological data available to

divide fossil diatom assemblages into communities that

are characteristic of either planktonic, epipelic (living

on the surface of sediments), or attached habitats (Round

1964). Stockner (1971), for example, found a significant

positive correlation between the abundance of monoraph

and biraph diatoms (2 groups which are usually associated

with the littoral zone) in Shield lake surface sediments

and the extent of littoral development in these lakes.

Therefore, fluctuations in the relative importance of

these different diatom communities can be used by

paleolimnologists to indicate the dominance of pelagic or

littoral regions in a lake's history.

Manny et al . (1978), for example, delineated subzones

in their diatom stratigraphy of Wintergreen Lake

(Michigan) on the basis of changing percentages of

planktonic and littoral taxa. The workers believed that

past water levels may have fluctuated in response to

alternating periods of moist and dry weather conditions
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and hence altered the size of the littoral zone of the

lake.

Osborne and Moss (1977). on the other hand, traced

the replacement of aquatic macrophytes by dense

phytoplankton in Barton Broad (Norfolk, U.K.) using the

habitat preferences of diatoms recovered from sediment

cores o The workers interpreted increases in the abundance

and diversity of epiphytic diatoms as representing periods

of extensive macrophyte growth, whereas increases in the

planktonic diatom flora were blamed for macrophyte

elimination due to shading. The increases in planktonic

diatoms were linked to higher nutrient levels, as

reflected by the sedimentary phosphorus profile. Later,

Moss (1978) used similar reasoning to reconstruct past

fluctuations in aquatic macrophyte growth in Hickling

Broad (Norfolk, U.K.).

Florin and Wright (1969) found an abundance of diatoms

characteristic of aerial (terrestrial) habitats, along

with wood debris and fungal spores, in the basal sediments

of Kirchner Marsh (Minnesota). These findings were

interpreted as evidence for the persistence of stagnant

glacial ice and the material found in the early sediments

probably represented the floor of a superglacial forest.

However, as the ice melted (and the kettle lake was formed)

the diatom assemblage changed to one characterized by

pelagic diatoms.
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Salinity

Water salinity is one of the most important factors

which limits the distribution of diatom species (Patrick

and Reimer 1966). Diatoms can therefore he classified

into groups which are specific for certain salt conditions.

For example, Bradbury (1971) delineated 15 diatom zones

from the 46 m sediment core he took from the now dried up

Lake Texcoco (Mexico). He suggested that lake level

fluctuations in the past resulted in drastic salinity

changes which were reflected in community oscillations.

He postulated that the lake had fluctuated from such

extremes as a deep freshwater, cool lake with low and

constant salinity to a very shallow marsh. Similar

arguments of lake level fluctuations and changing

salinities were applied to the diatom succession of

Devil's Lake (North Dakota) (Stoermer et al. 1971) >

The abundance of brackish water and salt water

tolerant diatom taxa in the early sediments of Pink's

Lake (Quebec) convinced Dickman et al. (1975) that this

meromictic lake was once covered by the Champlain Sea.

However, as the lake slowly freshened, the halophilous

diatom flora was replaced by an assemblage more

characteristic of freshwater lakes. Simiarly, the presence

of Bacillaria paradoxa , a brackish water diatom which was

observed in some sediment levels from Barton Broad

(Norfolk, UoK.), was believed to be indicative of salt

water intrusion from the sea during past periods of
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storm activity (Osborne and Moss 1977)

•

Akalinity (pH)

Fresh waters exhibit wide ranges in their relative

alkalinities and acidities (Wetzel 1975). Diatom floras

are often greatly influenced by changes in water pH and

hence diatoms can be used to reconstruct fluctuations in

this variable (Patrick and Reimer 1966)0 For example,

the modern lakes of East Africa encompass a wide range of

alkalinities and consequently contain well defined diatom

assemblages (Richardson et al. 1978). This correspondence

allows paleolimnologists to interpret the diatom changes

in sedimentary deposits in terms of past alkalinity changes

These data can also be used to infer past changes in total

ion content, lake size and consequently can be used to

reconstruct paleoclimates. The longest stratigraphic

diatom record studied in East Africa dates back 50 000

years (Richardson et al. 1978), however, Livingstone (pers.

comm.) now proposes to extend stratigraphies back several

million years.

Haworth (1972a) correlated the diatom succession of

Pickerel Lake (South Dakota) to a pollen stratigraphy

that was described for a nearby core from the same lake.

She arranged her data in order of diatom occurrence

within the known pH preferences of the diatom taxa and

demonstrated the importance of terrestrial vegetation

changes to diatom species composition. For example, she

attributed the abundance of acidophiolous littoral and
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benthic diatom taxa in the early postglacial sediments

to the presence of a spruce forest that surrounded the

lake at that time. She concluded that as terrestrial

vegetation changed and mineral nutrients became

concentrated, the diatom history showed a natural

progression towards eutrophication.

Trophic status

Diatoms are widely used in both present day and

paleolimnological studies to typify lake trophic status

(Hutchinson 1967). Three different approaches are

commonly used: l) diatom species composition (e.g.

Stoermer 1977) J 2) ratios of diatom taxonomic groups

(e.g. Stockner 1972
)

3 and 3) diatom biomass estimates

(e.g. Battarbee 1978).

diatom species composition

The indicator species approach (i.e. the comparison

of paleodiatom assemblages to modern diatom assemblages

which are characteristic of particular trophic levels) is

commonly used. For example, Duthie and Mannada Rani

(1967) recovered over 200 diatom taxa from the

Pleistoscene interglacial beds at Toronto (Ontario). By

comparing these assemblages to living diatom communities,

the workers concluded that these diatoms were deposited

in a moderately alkaline, mesotrophic to eutrophic river

estuary.

The changes in the postglacial diatom species
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composition of Douglas Lake (Michigan) were investigated

by Stoermer (1977) He concluded that Douglas Lake had

proceeded by a series of stages from a shallow

oligotrophic lake to the highly eutrophic lake that is

present today. He also concluded that this lake

represented a remarkably stable and resilient system and

that the effects of man have not had the same profound

influence on the lake's trophic status as previous

climatic and geological events have had.

Diatom evidence, however, has suggested that not all

lakes proceed unidirectionally towards a more eutrophic

state. Haworth (1969) undertook a relative community

analysis of the diatoms she recovered from a Blea Tarn

(Langdale, U„K.) sediment core. Based on the diatom

stratigraphy, she postulated that the lake is progressing

towards a more oligotrophic state, Meanwhile, Manny et

al. (1978) divided the postglacial history of Wintergreen

Lake (Michigan) into 3 stages based on changes in the

diatom species composition. Although the diatom evidence

suggested that the lake has always been alkaline, the

workers proposed that the lake's early history was

characterized by eutrophic conditions, followed by a

stage of mesotrophy and finally returned to eutrophic

conditions near the surface.

ratios of diatom taxonomic groups

Since the nutrient requirements of many diatom
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species are still poorly understood, it is often difficult

to reconstruct past trophic levels using diatom species

composition (Stockner and Benson 1967). For these reasons

Stockner and Benson (1967) suggested that broader

indicator groups (i.e. at the order and suborder levels)

would be more successful in characterizing lake trophic

status c This hypothesis was based on their observations

that Araphidineae (A) diatoms tend to dominate the diatom

plankton of eutrophic lakes, whereas Centrales (C)

diatoms tend to be more abundant under oligotrophic

conditions. Subsequent investigations led Stockner (1971,

1972) to propose the following index:

Lake Type A/C

Oligotrophic 0.0-1.0

Mesotrophic 1.0-2.0

Eutrophic > 2.0

Although the A/C ratio has been used in several

paleolimnological studies (cf. Stockner 1978), many

workers have not found support for the index (e.g.

Andresen 1976, Haworth 1972b, Koivo and Ritchie 1978,

Shero et al. 1978, Tarapchak 1973). Consequently, its

usefulness as a paleoindicator of trophic status is

questionable.

diatom biomass estimates

Diatom concentrations in lake sediments were used in

several early studies (e.g. Round 1957) as an estimate of

past diatom productivity. However, the amount of
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allochthonous sediment entering a lake often changes with

time (Crisman 1977) and therefore fossil concentrations

can provide misleading estimates of past standing crop.

To account for these changes in sedimentation rates,

Battarbee (1973a, 1978) suggested that diatom data should

he reported as influx or accumulation rates. He

demonstrated that if the depth - time profile of a

sediment core is determined it is possible to correct

diatom concentrations (i.e. number of individuals per

unit volume of sediment) to diatom influx values (i.e.

number of individuals deposited on a cm2 of sediment per

year). Biomass calculations can then be applied to infer

changes in past diatom productivity, from which the trophic

status of the lake can be inferred.

Errors can be introduced, however, in extremely

eutrophic conditions where blue-green algae can bloom and

replace diatom populations (Stockner 1975)- Therefore,

the absolute method is most profitable if used in

conjunction with an analysis of diatom species composition

(e.g. Bradbury and Waddington 1973).

2 . Diatoms as Indicators of Cultural Disturbances

Diatoms are useful as paleo indicators revealing the

natural changes occurring in lake ontogeny. However,

man's activities in a watershed (such as logging, road

construction and agriculture) can drastically alter a

terrestrial ecosystem. These watershed changes are
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generally reflected "by increases in the export of dissolved

and particulate substances into the waterbasin and thus

accelerating the rate of eutrophication (Likens and

Bormann 197*0 • Paleolimnology has been suggested as a

useful tool for studying the ecological repercussions of

cultural influences (Frey 1969) and diatoms are the most

widely used micro fossils for this purpose.

In several countries , paleolimnological analyses have

documented changes in lake systems resulting from cultural

influences dating back thousands of years. For example,

the first major human disturbance recorded in the sediments

of Lago di Monterosi (Italy) was the building of the Via

Cassia by the Romans in 171 B.C. (Hutchinson et al. 1970).

This construction was documented by several changes in the

stratigraphic record, including drastic alterations in the

diatom community (Patrick 1970 )• Jones et al. (1978)

noted a decline of epiphytic diatom taxa in their

paleolimnological investigation of Llangorse Lake (Powys,

U.K.). They attributed these changes to increased

turbidity due to human disturbances following the Roman

invasion of that area (A.D. 74-78). Therefore, in at least

some Old World lakes the consequences of human activity

can be documented over long periods of a lake's history.

In North America, however, most cultural influences

have occurred in the last 2 or 3 hundred years (Davis and

Norton 1978)o This has resulted in several "short core"

paleolimnological analyses where the primary purpose of
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these investigations was to assess environmental impact

on the aquatic ecosystem. One of the earliest studies was

an investigation into the recent sediments of Lake

Washington (Washington), where Stockner and Benson (1967)

found that the changes in fossil diatom assemblages

correlated closely to patterns of sewage enrichment into

the lake over the last 80 years.

The recent limnological histories of 2 New England

lakes were investigated by Davis and Norton (1978). By

combining the diatom stratigraphies of 1 m long cores

with palynological and geochemical analyses, the workers

concluded that these lakes responded sensitively to

moderate cultural disturbances. However, this study also

demonstrated that lake recovery will occur when such

activities terminate and reforestation occurs.

Bradbury (1975) summarized the recent diatom histories

of 7 Minnesota and South Dakota lakes in order to describe

culturally induced changes. He documented several general

trends that usually occurred in these lakes' diatom flora

after enrichment and emphasized the importance of studying

the transition of a lake from natural to disturbed

conditions.

Battarbee recorded dramatic changes in diatom species

composition as well as sharp increases in diatom

accumulation rates and biomass estimates in the recent

sediments of 2 lakes in Northern Ireland (Lough Neagh,

Battarbee 1973a j Lough Earne, Battarbee, 1978). Sharp
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changes in these variables were also recorded by Bradbury

and Waddington (1973) for Shagawa Lake (Minnesota) and by

Brugam (1978) for Linsley Pond (Connecticut). In each of

these studies an increased nutrient influx, as a result

of cultural activity, was believed responsible for these

limnological changes.

B. FOSSIL MALLOMONAS (SYNURACEAE) SCALES IN LAKE SEDIMENTS ;

A POSSIBLE NEW PALEO INDICATOR CLASS

One of the most common complaints voiced by

paleolimnologists studying fossil diatom stratigraphies is

that diatoms represent only one portion of the

paleoplankton. Hence, paleoecological interpretations

based solely on diatom remains may be hazardous.

A clearer interpretation of past lake conditions would

be possible if other algal fossils, aside from diatom

remains, would be included in paleolimnological studies.

Unfortunately, to date only a few other algal fossils have

been recovered from lake sediments. Crisman (1978), for

example, identified 11 non-diatom taxa (including members

in the genera Botryoccoccus , Gloeotrichia , Pediastrum ,

Peridinium and Staurastrum ) from the surface sediments of

96 Minnesota lakes. Other non-diatom algal fossils

recorded thus far include dinoflagellate cysts (Norris and

McAndrews 1970) and Zygnematacean spores (Van Geel 1976,

1978). In this thesis I will introduce Synuracean
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(Chrysophyceae) scales as a new group of micro fossils

that can potentially be used to elucidate past lake

conditions.

The Synuraceae are a very widespread group of algae

which often form a large proportion of the phytoplankton

in a lake (e.g. Thomasson 1970). However, our understanding

of their fossil record is essentially non-existent. The

scant paleolimnological data that are available for this

family are derived from the study of their internally

produced statospores, which are probably a result of

protoplasmic fusion of two cells (L eventhai 1970 )°

Much of what we know about these cysts comes from the

pioneering work of Nygaard (1956) who described and gave

provisional names to the 77 statospores which he recovered

from a sediment core taken from acidic Lake Gribsjrf

(Denmark). Nygaard' s study, however, was somewhat less

than successful since: l) he did not know which taxa

produced the cysts*, 2) he did not know if the taxa that

produced the cysts still exist } and 3) he suspected that

different taxa produce cysts which are morphologically

identical. Aside from these taxonomic problems, the

environmental stimuli which trigger encystment are still

poorly understood • This makes palececological

interpretations based on their occurrence quite ambiguous.

Clearly, the paucity of data concerning the history of

these algae is a result of these complications. For these

reasons, I believe that our understanding of the fossil
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record of the Synuraceae in lake sediments will be more

fruitful if we examine the remains of the siliceous

scales which cover these organisms.

My study will deal almost exclusively with the genus

Mallomonas , one of the most widespread and successful

Chrysophycean groups (Takahashi 1978). The taxa in this

genus possess siliceous scales which are often intricately

sculptured and are species specific (Takahashi 1978).

Several workers, using the electron microscope, have made

Mallomonas scales the focus of their research (e.g.

Asmund 19695 Cronberg 1975; Harris and Bradley 1957. I960;

Takahashi 1978; Wujek and Hamilton 1972) and therefore,

unlike the statospores, the taxonomy based on these scales

is well established.

Although Tippett (1964) and Daley et al. (1977) noted

the presence of Mallomonas scales in their sediment

stratigraphies, these micro fossils have been largely

ignored in paleolimnological studies. This is probably

due to the misconception that Synuracean scales are too

small for a practical analysis and/or that they would not

preserve well in lake sediments.

In this thesis I will establish that not only are

Synuracean scales generally well preserved in the fossil

record, but that they can be identified, enumerated and

analyzed using standard paleolimnological techniques (see

Appendix A). They therefore represent a potentially

useful tool in reconstructing lake histories.
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RESEARCH PURPOSE

This study was undertaken to provide insight into the

ways that Canadian Shield lakes react to environmental

changes. The first phase of this study focussed on the

postglacial ontogeny of a small Shield lake, whereas the

second phase consisted of an intensive paleolimnological

investigation into the limnological repercussions of

moderate cultural disturbances on Shield lake ecology.

Since Shield lakes drain igneous rock, they differ

from most other lakes in that they have low buffering

capacities and are more acidic (Wetzel 1975)- Therefore,

detailed extrapolations of Shield lake data cannot be

made to lakes in regions of sedimentary rock drainage

(Johnson and Vallentyne 1971) • Hence, the postglacial

stratigraphies that will be presented in this thesis will

be exploratory, in many respects, since this will be the

first study of its kind for a Canadian Shield lake. This

is surprising since the Canadian Shield contains the

world's largest unbroken lake district (Schindler and

Holmgren 1971).

In the first phase of my study, I have described the

postglacial diatom and Mallomonas history of Found Lake,

a small glacially scoured lake in Algonquin Provincial

Park (Ontario). To accomplish this I have used both

diatom and Mallomonas species composition, as well as

diatom valve and Mallomonas scale influx data. Species

diversity analyses were not directly included for reasons
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discussed in Appendix B.

Found Lake was already the subject of an intensive

paleolimnological investigation where Earle (1979) studied

several paleoindicators including cladoceran remains

,

pollen grains, fossil pigments, some chlorophycean algal

remains, as well as selected geochemical variables (i.e.

P, Fe, Mn, Al, K). Therefore, not only would the addition

of fossil diatom and Mallomonas data help elucidate the

ontogeny of Found Lake, it would also be very informative

to investigate what effect the changes in watershed

vegetation, soil, climate and nutrient release would have

had on past diatom and Mallomonas species composition and

standing crop.

The second phase of my investigation was undertaken

to document some of the limnological repercussions of

highway construction on two small Shield lakes. To

accomplish this, several lines of paleolimnological

evidence were used to reconstruct lake histories. Pollen

grain analyses were employed to gain information about

the vegetational changes occurring in the lake's

watershed . A reconstruction of diatom and Mallomonas

populations provided some insight into past limnological

changes. Geochemical analyses, such as the measurement

of total sedimentary phosphorus, were included to

document past changes in watershed nutrient release.

Short sediment cores from three lakes were used in this

phase of the research. Found and Jake Lake (which are
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adjacent to the highway) were used to assess the

limnological impact of cultural disturbances, whereas

Delano Lake (which is several miles south of the road and

is accessible solely by portage routes) was used as a

control. Essentially a paleolimnological experiment was

undertaken to assess the impact of road construction on

Shield lake ecology.
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II. SITE DESCRIPTION AND HISTORY

A. ALGONQUIN PARK

Algonquin Provincial Park covers an area of

approximately 75^ km^ in the northern part of Southern

Ontario in the Precambrian Shield (Figure 1). Outcrops

of the granitic bedrock represent an obvious feature of

the landscape. The soils f which support a hemlock -

white pine - northern hardwood forest (Braun 196*0, fall

into the broad classification of podsols and brown podsols

which tend to be infertile, shallow and dry (Helmsley

19^9).

The Wisconsin Ice Age of the Pleistocene glaciation

was the last of a series of ice ages that invaded Algonquin

Park. One of the legacies of this ice age was the

thousands of small lakes that were formed as a result of

the scouring and widening of faults by the advancing

Wisconsin glaciers. Three of these lakes, Found Lake in

Peck Township as well as Jake and Delano Lakes in Canisbay

Township were selected for this study because of their

close proximity to each other (Figure 2), as well as for

reasons discussed later in this section.

B. PRECULTURAL DISTURBANCES

Little is known about the history of Algonquin Park

prior to the arrival of loggers in the 1800' s (Saunders

1963)" Naturally occurring forest fires probably burned
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Figure 1. Map of Southern Ontario showing location
of Algonquin Provincial Park. Dashed
area indicates Peck and Canisbay
Townships.
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Figure 2. Map of study area showing location of
the 3 lakes used in this study.
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throughout Algonquin Park during its history. However,

investigations into the consequences of the Little Sioux

Wildfire in northeastern Minnesota (a Shield area)

indicated that this major forest fire had little effect

either on lake water chemistry (McColl and Grigal 1977) or

on the diatom community (Bradbury et al. 1975) • Another

possible precultural influence on lake ecology may have

been disturbances caused by the scattered tribes of

indigenous indians who inhabited Algonquin Park from circa

7000 B.C. to 1650 A.D. (MacKay 1978). However, it is

doubtful that these people, who were hunters and gatherers,

would have had a significant impact on lake ecology. In

addition, an investigation into Algonquin Park archeology

by Hurley and Kenyon (1970) suggested that small isolated

lakes, such as the ones used in my study, were generally

void of traces of aboriginal habitation. Therefore, it

was assumed in this paleolimnological study that any

changes occurring in the stratigraphic histories of these

lakes, prior to the arrival of European men, were the

result of climatic and vegetational changes of the

surrounding area.

C. LUMBERING IN PECK AND CANISBAY TOWNSHIPS

It was not until the mid 1800' s that pioneer loggers

reached the outskirts of the present day park boundaries

by way of the Ottawa Valley. The demands for the great
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white pine, which at one time covered the landscape, were

so great that by the time the park was officially opened

in 1893 almost all of the white pine had been cut.

Unfortunately, historical records of these disturbances

have been rather poorly documented for most areas of the

park, including Peck and Canisbay Townships (D. Strickland,

pers . comm. )

.

There is evidence suggesting that Peck and Canisbay

Townships were lumbered only in the latter part of the

lumbering era. For example, James Dickson stated around

1882 (Survey of Canisbay Tp., Ontario Sessional Papers;

MacKay, pers- comm.) that he had seen the remains of a

shanty on the banks of Lake of Two Rivers (which is

approximately 5 km east of my study area) and that the

lake was the farthest west the Ottawa lumbermen had

travelled to that date. Therefore, Peck and Canisbay were

cut for their pine after this date, that is between 1882

and 1929 (MacKay, pers. comm.).

D. THE LAKES

1. Found Lake (^° 33'N, 78° 39°W)

Found Lake occupies a small, glacially scoured basin

in Peck Township (Figure 2). The lake's surface area is

only 0.13 km^ , but the lake is relatively deep (mean

depth of 11.6 m) and has a volume of 1.5 x 10° m3

(Scheider 1978). The lake basin is very steep sided
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(Figure 3) and consequently there is virtually no littoral

zone. Aquatic macrophytes are almost absent except for

some small patches of Equisetum (horse tail)i Carex

(sedge) and Typha (cattail). Other physical and chemical

data available for Found Lake are listed in Table 1.

One of the most peculiar features of Found Lake is

its small watershed of only 0.1*1- km^ (Figure *0, which is

one of the world's smallest relative to the lake's size

(ratio of drainage area to lake surface of approximately

1.1 : 1.0). For this reason it was an ideal choice for the

study of the impact of a new road (Highway 60, Figure *0

which was cut through the northern tip of Found Lake's

watershed in 1933 and finally paved in 19^8 (Ministry of

Natural Resources 1977)* In 1953 » on Found Lake's western

bank, the Park Museum was opened on the same location

where a work camp had operated during the initial road

construction in 1933 (Ministry of Natural Resources 1977)-

Although these disturbances would be considered minor by

most standards, the fact remains that Found Lake drains a

very small area (Figure b ) and consequently a substantial

portion of the watershed was actually affected.

2. Jake Lake (*H° 33'N, 78° 33'W)

Jake Lake (Canisbay Township) is situated about 7 km

east of Found Lake along Highway 60 (Figure 2). The lake

occupies a small double basin (Figure 5) with a surface
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Figure 3- Morphometric map of Found Lake (redrawn
from Scheider 197*0. Depth intervals
are in meters

.
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Table 1. Physical and chemical characteristics of Found

Lake.

Maximum depth 33 m MacKay (pers.
comm.

)

Chlorophyll a concentration 1.1 mg/m3
(summer mean)

Total phosphorus (mean for 5 mg/m3
1961 and 1962)

Scheider (1978)

Rigler (1964)

Color 6 Pt units Rigler (1964)

pH 6.9 Rigler (1964)

Hardness (as CaCO^) 28 mg/l Rigler (1964)
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Figure 4. Diagram of Found Lake showing the drainage
basin (stippled area) and the location of
the Highway (= 60), Park Museum (= M) and
the coring site (= X).
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Figure 5- Diagram of Jake Lake showing the drainage
basin (stippled area) and the location of
the Highway (= 60) and the coring site
(= X).
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area of only 0.09 km2 and a small drainage basin of about

0.35 km2.

In contrast to Found Lake, the littoral zone of Jake

Lake is extensive. In fact, the entire northwestern basin

(Figure 5) is less than 1 m deep and supports extensive

aquatic macrophytic growth. Meanwhile, the southeasterly

basin, although containing a well developed littoral zone

along the margins of the lake, deepens rapidly towards the

middle of the basin (zm
= 13 m) and is meromictic.

The recent history of Jake Lake is similar to Found

Lake in that the 1930' s road construction also cut through

the northern tip of Jake Lake's small drainage basin

(Figure 5)

•

3. Delano Lake (45° 30'N, 78° 36'W)

Approximately 4.5 km south of the highway (Figure 2),

situated in the Southern Algonquin Primitive Zone (Ministry

of Natural Resources 197^), is Delano Lake (Canisbay

Township). Although it is a small lake by most standards

(surface area of 0.3 km2) it was the largest lake used in

this study. Similarly, it drained the largest area (1.4

km2, Figure 6 ) and was characterized by a moderately

developed littoral zone.

Delano Lake was accessible solely by portage routes

and for this reason logistic problems precluded a detailed

sounding of the lake. The maximum depth I recorded was

20 m.
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Figure 6. Diagram of Delano Lake showing the drainage
basin (stippled area) and the coring site
(= X).
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With the exception of some lumbering which may have

occurred in the area between 1882 and 1929 (MacKay, pers,

comm.), Delano Lake has not been subject to any

significant cultural influences. Consequently, it was

used as a control lake in this study.
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III. MATERIALS AND METHODS

A. CORE SAMPLING

In February 1977 a 285 cm long sediment core was

taken through the ice of Found Lake (Figure k) by J. C.

Earle using a Livingstone-type piston corer (Wright et al.

1965). The core sections were returned to the laboratory

in their metal casings (I.D. = ^.5 cm) and the following

day were sectioned and stored in plastic vials. Since

Earle (1979) used this core for his paleolimnological

analyses, certain sediment levels had already been

exhausted. However, sufficient material was available for

diatom analyses at 3^ sediment levels and for Mallomonas

scale analyses at 31 sediment levels.

In June 1978 undisturbed short (approximately 30 cm

long) sediment cores were collected near the deepest point

of Found Lake (Figure b ) , Jake Lake (Figure 5) and Delano

Lake (Figure 6) using a K-B gravity corer (Brinkhurst et

al. 1969) equipped with a plexiglass coring tube (I.D. =

^•5 cm). In order to minimize the possibility of

disturbing the sediment stratigraphy, the coring apparatus

was gently lowered into the profundal sediments. These

sediment cores were sectioned at 1 cm intervals within ^ h

following collection using a hydraulic extrusion system

similar in design to the fractionator described by Fast and

Wetzel (197*0. This technique allowed for fine sectioning
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of the core with a negligible amount of vertical

contamination of the core sample. The sediment was then

stored in labelled plastic vials and returned to the

laboratory where the top 20 cm of each core was analyzed

for diatoms , Mallomonas scales, pollen grains and chemical

analyses.

B. CHEMICAL ANALYSES

1. Determination of Water Content, Organic Matter ,

Carbonate and Mineral Matter .

Fresh sediment was homogenized by stirring vigorously

with a glass rod. Approximately 2 ml of this homogenized

sediment was poured into pre-weighed ceramic crucibles and

weighed on a Mettler HF type balance (all weighings were

done at a precision of ± 0.1 mg) To determine the water

content of the sediment, these samples were oven-dried

(Single Wall Transite Oven, Blue M Electric Co.) at 95° C for

24 h, cooled to room temperature in a desiccator and reweighed.

The sample water content was calculated by subtracting the

dry weight from the initial weight -

Sediment organic matter content was estimated by weight

loss on ignition. The oven-dried sediment samples were

placed in a muffle furnace (Econo Heat Furnaces', Aremco

Products Inc.), heated to 550°C for 1 h, cooled to room

temperature and reweighed as previously described. The

difference between this weight and the dry weight represents

the amount of organic carbon ignited (Dean 197^) • The samples
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o
were then returned to the furnace, ashed at 1000 C for 1 h,

cooled in a desiccator and reweighed to estimate the amount

of CO2 evolved from carbonate minerals (Dean 197*0 • The

residue left after ashing was considered to represent the

mineral matter portion of the sediment. All weights were

expressed as a percentage of the sediment dry weight.

2. Sediment Digestion and Total Phosphorus Determination

Sediment was brought into solution using standard

nitric-perchloric acid digestion techniques as described

below. To ensure complete dryness, freeze dried sediment

was placed in the drying oven for 12 h at 95°C , cooled to

room temperature in a desiccator and weighed. Approximately

0.3g of sediment was placed in a 30 ml polypropylene beaker

containing 20 ml of k7f° hydrofluoric acid (w/v). The

sediment was then heated to dryness on a hot plate at low

heat (approximately 12 h). The dry residue was then rinsed

with distilled water into a 125 nil Erlemyer flask. These

flasks were returned to the hot plate and heated until the

volume was reduced to about 10 ml. After allowing the flasks

to cool to room temperature, 5 nil of concentrated nitric

acid was added. The flasks were then placed on the hotplate

at low heat and covered with a watch glass in order to

reflux the acid. The heating with nitric acid continued

until almost all of the organic matter was visibly destroyed

(approximately 18 h) . To ensure complete solution of the

sediment, 3 nil of 3°% perchloric acid was added to the cooled
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flasks and the samples were reheated to dryness. This

digested residue was redissolved in 3 ml of concentrated

hydrochloric acid, diluted with distilled water to a

volume of approximately JO ml and filtered through a

pre-washed Whatman No. 1 filter. The filtrate drained

directly into a 5° ml volumetric flask which was later

hrought to volume with distilled water. This solution

was stored in glass vials at W . Sub-samples of this

solution were used for total phosphorus determination.

Total phosphorus was determined using the

vanadomolybdophosphoric yellow colour method which was

chosen mainly for its wide working range of 0.8 - 20.0

ppm phosphorus (Jackson 1958). Details concerning

procedures and reagents used in this technique are

described in Jackson (1958).

Insufficient sediment precluded extensive replication

of chemical analyses, however at several sediment levels

duplicate and sometimes triplicate samples were analyzed

to estimate sample variance. The phosphorus data were

expressed as concentrations (mg P per gram dry weight of

sediment) for all 3 lakes, as well as accumulation rates

(mg P per cm2 sediment per year) for Found Lake and Jake

Lake.

C. MICR0F0SSIL ANALYSES

1. Diatom Analyses

Oven dried sediment was weighed and digested by

boiling in 30$ hydrogen peroxide for at least 36 h.
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Oxidation products were removed by centrifuging, followed

by two successive washings in distilled water. During

each cleaning phase the supernatant liquid was carefully

removed with a Pasteur pipette. The resulting diatom

slurry was resuspended in a standard volume of distilled

water (100 m or 120 ml) and a 30 ml subsample pipetted

into evaporation trays similar to those described by

Battarbee (1973h). When dry, the diatom coated coverslips

were mounted on glass slides using Hyrax^ (Custom Research

and Development Inc.), a permanent mounting medium with a

high refractive index (R.I. = 1.65). This technique

yielded 4 replicates of each sediment section. A more

detailed description of this methodology is in Appendix C.

Random fields were counted under oil immersion (1250

X magnification) using a Leitz inverted microscope equipped

with Nomarski interference optics. An average of ^50

diatom valves were counted and identified on each slide.

In order to estimate sampling variance (i.e. 35% confidence

intervals), h replicate slides were counted at several

sample depths.

Diatom identification was based on Huber-Pestalozzi

(19^2), Cleve-Euler (1951-1955). Patrick and Reimer (1966,

1975). Stoermer and Yang (196 9) and Lowe (1975). There is

still considerable confusion amongst diatom taxonomists

concerning the identification of taxa in the genus

Stephanodiscus . For this reason scanning electron

micrographs (using the techniques described below for
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Mallomonas scale identification) were taken of the 2

Stephanodiscus species recorded in this study for

comparison with previously published photomicrographs.

The S. dubius discussed in this thesis is the same taxon

that was described by Bradbury (I975i Plate 4-, page 6$),

whereas S. niagarae is the same taxon that was described

in Edmondson (1974-, figure 2D, page 501*1-).

2. Mallomonas Scale Analyses

Light microscopy

Synuracean scales are siliceous and can therefore be

prepared using any of the standard paleolimnological

techniques used for preparing fossil diatoms (eg. Patrick

and Reimer 1966). In this study, most of the previously

prepared diatom slides were used to identify and enumerate

Mallomonas scales. However, at some levels in the core

the diatoms on the slides were too dense to allow an

accurate study of the smaller Mallomonas scales (less than

10 f0. Consequently, new slides using less sediment were

prepared at these levels.

Synuracean scales can be studied using a regular

light microscope, however they are more easily distinguished

if some form of interference microscopy is used (eg. phase

contrast or Nomarski). Microscopy and counting techniques

followed those described in the diatom analyses section.

Generally, about 600 Mallomonas scales were identified and

counted at each sediment interval except in the deepest
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sediments of the Found Lake long core where scale densities

were very low. At several sample points ^ slides were

counted to determine the 95% confidence intervals.

Scanning electron microscopy

Strewn mounts, prepared from the dilute siliceous

slurry produced in the previously described steps, were

dried on glass coverslips. These samples were then

affixed to aluminum SEM stubs, gold plated and observed

through an ISI International scanning electron microscope.

During this phase of research the fossil Mallomonas scales

were photographed to confirm their identification.

Whenever possible the scales were identified using

Takahashi (1978). Since M. allorgei and M. lvchenensis

have not as yet been recorded in Japan, their

identifications were based on Harris and Bradley (1957,

I960).

3. Pollen Grain Analyses

Pollen separation for the short cores was accomplished

by digesting sediment samples in potassium hydroxide (10%

w/v), followed by dilute hydrochloric acid (10% v/v) , which

was then followed by acetolysis (Faegeri and Iversen 1975).

The resulting slurry was mounted in corn syrup for pollen

grain identification and enumeration using a Nikon

microscope (^00 X magnification). A minimum sum of 300

pollen grains per sediment section was used. A detailed
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description of the methodology used for pollen preparation

is provided in Appendix D.
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IV . RESULTS

A. PRESENTATION OF DIATOM AND MALLOMONAS DATA

Three different approaches were used to reconstruct

past diatom and Mallomonas communities. The species

composition was first described using relative frequency-

diagrams (eg. Figures 9 and 13). Although this technique

is essential in determining past community structure it does

not provide information on the rate of fossil accumulation

in the sediment and hence cannot be used to estimate past

algal standing crop.

A somewhat more quantified approach is the calculation

of the fossil concentration in the sediments (eg. Figures

21 and 23). However, an estimation of past standing crop

based on fossil concentrations can be misleading since the

amount of sediment accumulating at one point in the lake's

basin can vary with time. For example, if watershed erosion

rates are high during a certain period in a lake's history,

the fossil concentration, as a result of sediment dilution,

will underrepresent standing crop.

Accumulation rates or influx data (eg. Figures 8 and

l^J-B) correct concentration data for changing sedimentation

rates. From this type of quantitative analysis trends in

past standing crop can be inferred (Battarbee 1978).

Unfortunately, an accurate estimation of past sedimentation

rates is rarely available. However, 9 dates were available
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for the Found Lake long core (Earle 1979). as well as b dates

for the Found Lake short core and 2 dates for the Delano Lake

core. From these data the sedimentation rates were estimated

and the concentration data were converted into accumulation

rates for the Found and Delano Lake. I did not feel justified

(for reasons that will he discussed later) in estimating the

sedimentation rates for Jake Lake.

B. FOUND LAKE (LONG CORE)

1. Diatoms

Diatom valve preservation was generally good throughout

the Found Lake long core, except in the deepest sediments

where some mechanical damage was apparent. Although 198

diatom taxa were identified in the Found Lake cores (Table 2),

only 18 taxa were sufficiently abundant (i.e. greater than 2

percent of the total diatom sum in any sediment section) to

warrant their inclusion in a relative frequency diagram.

Based on changes in these relative frequencies b diatom zones

were designated in the long core. Although these zones were

delineated on a qualitative basis, the boundaries were very

distinct (Figure 7)

•

Diatom zone I (285 - 240 cm)

The earliest diatom zone is characterized by the

dominance of Cyclotella stelligera (about 70$ of the total)

and the occurrence of several epiphytic and benthic taxa

(Figure 7). These include Fragilaria species (mostly F„
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Table 2. List of diatom taxa identified in the Found
Lake sediments.

Achnanthes Bory

clevei var. ro strata Hust.
deflexa Reim.
flexella (Kutz.) Brun
lanceolata var. dubia Grun.

var. omissa Reim.
linearis (W. Sm.) Grun.

f . curta H . L . Sm

.

marginulata Grun.
microcephala (Kutz.) Grun.
minutissima Kutz.
saxonica Krasske

A ctinella Lewis

punctata Lewis

Amphora Ehr. ex Kutz.

ovalis (Kutz.) Kutz.

Anomoeneis Pfitz.

follis (Ehr.) CI.
serians (Breb. ex Kutz.) CI.

var. acuta Hust.
var. brachysira (Breb. ex Kutz.) Hust.

Asterionella Hass.

formosa Hass.
ralfsii W. Sm.

Caloneis CI.

ventricosa var. truncatula (Grun.) Meist.

Coscinodiscus Ehr.

sp.
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Table 2 (continued)

Cyclatella Kuetz.

comta (Ehr.) Kiietz.
kuetzingiana Thwaites
menighiniana Kutz.
michiganiana Skv.
ocellata Pant.
stelligera (CI. & Grun. ) V. H.

Cymbella Ag.

affinis Kutz.
amphicephala Naeg. ex Kiitz.

angustata (W. Sm. ) CI.
cistulaTEhr . ) Kirchn.
cuspidata Kutz.
diluviana (Krasske) Florin
hebridica Grun. ex CI.
lunata W. Sm.
microcephala Grun.
minuta Hilse ex Rabh.

var. silesiaca (Bleisch ex Rabh.) Reim. comb. nov.
sinuata Greg,
tumidula Grun . ex A . S

.

Diatoma Bory

anceps (Ehr.) Kirchn.

Diploneis Ehr.

elliptica (Kutz.) CI.
finnica (Ehr.) CI.
oculata (Breb.) CI.
puella (Schum. ) CI.
smithii (Breb. ex W. Sm. ) CI.

var. pumila (Grun.) Hust.

Epithemia Breb.

sp.

Eunontia Ehr.

arcus Ehr.
piaentula W. Sm.
curvataTTKUtz . ) Lagerst.
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Table 2 (continued)

Eunotia Ehr.

var. capitata (Grun. ) Woodhead and Tweed
elegans 0str.
exigua (Breb. ex Kiitz.) Rabh.
fallax A. CI.
glacialis Meist.
hexaglyphis Ehr.
incisa W. Sm. ex Greg.
maior (W. Sm. ) Rabh.
meisteri Hust.
monodon Ehr.
naegelii Migula
parallela Ehr.
pectinalis (O.F. Mull.) Rabh.

var. minor (Kutz.) Rabh.
var. ventricosa Grun.

praerupta Ehr.
var. bidens (Ehr.) Grun.

rostellata Hust. ex Patr.
septrionalis Ostr.
serra Ehr.

var. diadema (Ehr.) Patr.
tenella (Grun. ) CI.
vanheurckii Patr.

var. intermedia (Krasske ex Husto) Patr.

Fragilaria Lyngb

.

bicapitata A. Mayer
brevistriata Grun.

var. inflata (Pant.) Hust
construens (Ehr . ) Grun

.

var. binodis (Ehr.) Grun.
var. pumila Grun.
var venter (Ehr.) Grun.

lapponica Grun.
leptostauron (Ehr.) Hust.
virescens Ralfs

Frustulia Rabh.

rhomboides (Ehr.) DeT
var. capitata (A. Mayer) Patr.

Gomphonema Ehr.

abbreviatum Ag,
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Table 2 (continued)

Gomphonema Ehr.

acuminatum Ehr.
var. pusilla Grun.

affine var. insigne (Greg.) Andrews
gracile Ehr . emend . V . H

.

novacula Hohn & Hellerm
truncatum Ehr.

var. capitatum (Ehr.) Patr.

Gyrosigma Hass.

ohtusatum (Sulliv. & Wormley) Boyer

Hantzchia Grun.

amphioxys (Ehr.) Grun.

Melosira Ag.

distans (Ehr.) Kiitz.
var. alpigena Grun.

granulata (Ehr. ) Ralfs
var . angustissima . Mull

.

islandica 0. Mull.
italica~TEhr . ) Kiitz.

subsp. subarctica 0. Mull.

Meridion Ag.

circulare var. constrictum (Ralfs) V. H

Navicula Bory

anglica var. subsalsa (Grun.) CI.
arvensis Hust.
atomus "TKiitz . ) Grun.
bac ilium Ehr.
bicephala Hust.
capitata Ehr.
cocconeiformis Greg, ex Greg.
cryptocephala Kutz.
cuspidata (Kutz.) Kiitz.
elginensis (Greg.) Ralfs

var. ro strata (A. Mayer) Patr.
gottlandica Grun.
gysmgensis Foged.
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Table 2 (continued)

lacustris Greg.
laevissima Kiitz.
minima Grun.
minuscula Grun.
mural is Grun.
pelliculosa (Breb. ex Kiitz.) Hilse
pupula Kutz

var. capitata Skv. & Mayer
var. elliptica Hust.
var. rectangularis (Greg.) Grun.

pusilla W. Sm.
protracta Grun.
radiosa Kutz

.

var. parva Wallace
var. tenella (Breb. ex Kiitz . ) Grun.

secura Patr.
sovereignae Hust.
subhumulata Grun.
subtilissima CI.
viridula (Kiitz.) Kiitz. emend. V. H.

Neidium Pfitz.

affine (Ehr. ) Pfitz.
var. humerus Reim.
var. longiceps (Greg.) CI.

apiculatum Reim.
hitchcockii (Ehr.) Cl.
iridis var. amphigomphus (Ehr.) A. Mayer

var. ampliatum (Ehr. ) Cl.
var. subundulaturn (Cl.-Eul.) Reim.

kozlowii var. parvum Mereschk.

Nitzschia Hass.

amphibia Grun.
angustata (Wm. Sm.) Grun.
denticula Grun.
dissipata (Kiitz.) Grun.
fonticola Grun.
palea (Kutz) . Wm. Sm.
recta Hantz. ex Rabh.

Pinnularia Ehr.

abau.jensis var. linearis (Hust.) Patr.
var. rostrata (Patr.) Patr.
var. subunduTata (A. Mayer ex_Hust.) Patr.

acrosphaeria var. turgidula grun. ex Cl.
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Table 2 (continued)

acuminata var. bielawskii (Herib. & Perag. ) Patr,
appendiculata (Ag. ) CI.
biceps Greg.
borealis Ehr

.

braunii var. amphicephala (A. Mayer) Hust.
brebissonii (Kiitz. ) Rabh.
brevicostata CI.
Caudata (Boyer) Patr.
dactylus Ehr.
divergentissima (Grun. ) CI.
hilseana Jan.
intermedia (Lagerst.) CI.
legumen (Ehr . ) Ehr

.

mesolepta (Ehr.) W. Sm.
micro stauron (Ehr.) CI.
nodosa (Ehr. ) W . Sm

.

parvula (Ralfs) C,.-Eul.
stomatophora (Grun.) CI.
subcapitata Greg.
substomatophora Hust.
termitina (Ehr. ) Patr.
viridis var. commutata (Grun.) Cl„

Semiorbis Patr.

hemicyclus (Ehr.) Patr.

Stauroneis Ehr.

anceps Ehr.
f. gracilis Rabh.

fluminea Patr. & Freese
kriegeri Patr.
pho en icenteron (Nitz.) Ehr.
smithii Grun.

var. incisa Pant.

Stephanodiscus Ehr.

dubius Fricke
niagarae Ehr.

Surirella Turpin

linearis W . Sm

.

robusta Ehr.
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Table 2 (continued)

Ledra Ehr.

delicatissima var. angustissima Grim.
filiformis var. exilis Cl.-Eul.
radians Kutz.
socia Wallace

Tabellaria Ehr.

fenestrata (Lyngb.) Kutz.
flocculosa (Roth) Kutz.
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Figure 7. Percentage diagram of the Found Lake post-
glacial diatom stratigraphy (pollen zones
and dates from Earle 1979).
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construens t P. construens var. venter and F. "brevistriata

var . inflata ) , Navicula radiosa , N . subhamulata , N

.

cocconeiformis , N. mural is , Achnanthes linearis and

Nitzchia fonticola. In addition several Cymbella species

were also common in these early sediments, as well as the

euplanktonic diatom Cyclotella comta.

The diatom accumulation rate was not calculated below

the 265 cm level since there were insufficient data

concerning the sedimentation rates of the very early glacial

sediments (i.e. 285 - 270 cm). The data that were available

for this zone (Figure 8) indicate that the diatom standing

crop was high during early postglacial times, with a very

high peak at the 260 cm level

.

Diatom zone II (240 - 190 cm)

Diatom zone II is marked by the decrease in the

relative abundance of C. stelligera and its replacement by

Melosira granulata var. angustissima and, to a lesser

extent, by Stenhanodiscus niagarae (Figure 7). C. comta

continued to be common, whereas C. kuetzingiana increased

in relative importance from trace levels in zone I to

moderate amounts in zone II. Similarly, the planktonic

diatom S. dubius became more common in zone II. Fragilaria

species peaked in relative abundance at the 200 cm level

(Figure 7).

The diatom accumulation rate was the lowest in the

lake's history during diatom zone II (Figure 8).
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Figure 8. Diatom accumulation rates for Found Lake's
postglacial history (horizontal bars
indicate 95f° confidence intervals, pollen
zones from Earle 1979)-
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Diatom zone III (190 - 85 cm)

Diatom zone III was characterized by the disappearance

of M. granulata var. angustissima and S. niagarae as well

as a decrease in Fragilaria species. These diatoms were

replaced largely by Tabellaria fenestrata (Figure 7).

Valves of T. flocculosa were also common in every sediment

section, whereas M. distans was abundant only during the

early half of zone III and then quickly declined at the 150

cm level. Meanwhile Cvclotella ocellata made only a minor

contribution to the Found Lake plankton.

Diatom Zone III represented a period of moderately

high diatom accumulation rates (Figure 8).

Diatom zoneTV(85 - 20 cm)

The decline in the relative abundance of T. fenestrata

valves characterized zone IV and represented a time period

when the planktonic diatom community was composed almost

exclusively of Cvclotella species (Figure 7)

•

The diatom accumulation rate decreased to the second

lowest level in the Found Lake long core (Figure 8).

Diatom zone V (20 cm to the surface)

Diatom zone V represents the recent sediments of Found

Lake. Unfortunately, there was very little surface sediment

available for analysis from this long core. In addition,

the techniques used for collecting and extruding a long

core would probably destroy the stratigraphy of the very
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liquid surface sediments. For these reasons a fine section

study of zone V was undertaken to obtain a detailed, recent

chronology of Found Lake. However, the few sediment

sections that were analyzed near the surface of the long

core indicated that diatom accumulation rates had increased

substantially (Figure 8).

2 . Mallomonas Scales

Fossil Mallomonas scales were recorded throughout the

entire length of the long core, but they were quite sparse

below the 200 cm level (Figure 10). Due to these small

sample sizes, the relative frequencies of the different

scales were not calculated below this level (Figure 9)°

Nevertheless, the scales that were studied in these deepest

sediments were exceptionally well preserved.

Mallomonas species composition was relatively constant

prior to man's arrival in Found Lake (Figure 9) • M.

crassiquama scales were by far the most abundant scales

counted, often comprising 80$ of the total scale count

(Figure 9)» There was a modest change in Mallomonas species

composition between the 55 cm and 170 cm level when M.

crassiquama increased slightly in relative importance,

whereas M. allorgei declined. The other taxa identified in

this core (M. fastigata , M. reginae, M. lelymene , M.

lychenensis ) made only minor and sporadic contributions to

the presettlement Mallomonas flora (Figure 9)

•

The Mallomonas scale accumulation rate fluctuated
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Figure 9« Percentage diagram of the Found Lake post-
glacial Mallomonas scale stratigraphy
(pollen zones from Earle 1979)
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Figure 10. Mallomonas scale accumulation rates for

Found Lake's postglacial history
(horizontal bars indicate 95% confidence
intervals, pollen zones from Earle 1979)
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widely in Found Lake's history (Figure 10). The abundance

of Mallomonas scales began to increase at the 190 cm level,

or approximately at the boundary between diatom zones IT and

IH and pollen zones 2b and 3a (Earle 1979)- Thereafter,

the scale accumulation rate increased rapidly to the

highest levels recorded in the lake's history (eg. 1.4- x

10 scales cm~2 year ~1). This period corresponded closely

with diatom zone III and pollen zone 3b- At the boundary

between pollen zones 3b and 3c the scale accumulation rate

dropped dramatically to moderate levels (e.g. 3-5 x 10 fc

scales cm~2 year ~1).

C. FOUND LAKE (SHORT CORE)

1. Sediment Description and Sedimentation Pattern

The sediment in the Found Lake short core consisted of

a dark brown algal gyttja that was interrupted at the 7 cm

level by a fine, but very distinct white line (Figure 11).

This white line presumably resulted from silt that was

deposited into the lake during the filling and paving of

Highway 60. For this reason, this stratigraphic marker was

dated 19^8 which was the year that the road was paved

(Ministry of Natural Resources 1977)- A second date was

based upon an interpretation of the pollen stratigraphy

(Figure 11). At Ik cm there was a sudden rise in the

relative frequency of non-arboreal pollen grains (almost

exclusively Ambrosia species, Figure 11). This 1^ cm level

was dated I85O since this was the time that the area south
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Figure 11. Summary pollen diagram for Found Lake's
recent sediments (A. P. = arboreal pollen,
N.A.P. = non-arboreal pollen).
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of Algonquin Park was being cleared for agricultural

purposes (Saunders 1963)

•

The sedimentation rate calculations for the Found Lake

short core is shown in Figure 12 . Assuming that the

sedimentation rate did not change markedly from the time of

the initial road construction in 1933 "to the time of the

paving of the road in 19^8, the mean sedimentation rate

from 19^8 to the present (2»5 mm per year) can be

extrapolated back to 1933 » or to a depth of 11 cm in the

short core. The estimation of the 1933 date in this core

was confirmed by the dramatic changes in the fossil record

that also occurred at 11 cm (to be discussed below). The

mean 'pre-human disturbance' sedimentation rate can then be

estimated since the 1^ cm level was dated at 1850 (Figure

11). Based on these calculations the mean pre -1933

sedimentation rate for this Found Lake core was M mm per

year.

2 . Diatoms

The diatom analyses of the Found Lake short core (Figure

13) revealed that below the 11 cm level the diatom

stratigraphy did not show any dramatic changes from one

section to the other and the relative frequencies of the taxa

were similar to those recorded at the end of diatom zone IV

of the long core (Figure 7). At the 11 cm level, however,

Synedra delicatissima var. angustissima , a diatom that had

previously demonstrated only a minor and sporadic

distribution in the lake's history (Figure 7), increased
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Figure 12. Depth - time profile for the Found
Lake short core.

A = 19^8, Highway 60 white line

X = 1933 1 original road cut (by
extrapolation)

= 1850 , pollen chronology
(Ambrosia rise)
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Figure 13. Percentage diagram of the diatoms in

the recent sediments of Found Lake.
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rapidly in relative importance and "by the 9 cm level

constituted about 60$ of the total diatom abundance (Figure

13)- This was mirrored by an equally sharp decrease in the

relative importance of Cyclotella stelligera , the diatom

that had been dominant for almost all of Found Lake's

history (Figure 7). The S. delicatissima var. angustissima

increase was short lived as C. stelligera regained its

original position of dominance at the 7 cm level (circa

19^8). Similarly, C. kuetzingiana showed a distinct increase

at the 6 cm level. However, this was soon followed by

another decline in these latter 2 taxa when remains of

Asterionella formosa and C. comta increased in the surface

sediments. Although A. formosa began to decline after the

^ cm level, C. comta increased steadily until it was the

dominant diatom (357° of the total sum) at the surface of the

core (Figure 13)

.

The diatom accumulation rate for the short core (Figure

l^J-B) remained relatively constant for the early part of the

analysis (20 cm to 12 cm), but then increased rapidly at the

11 cm level (circa 1933)- The accumulation rate peaked at

the 7 cm level (circa 19^8) and then steadily declined until

it returned to pre-disturbance levels near the surface.

3. Mallomonas Scales

The recent Mallomonas history of Found Lake is shown

in Figures 15 and 16. Prior to the 11 cm level, the

Mallomonas species composition (Figure 15) was essentially
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Figure 14- A. Diatom concentrations in the recent
sediments of Found Lake (horizontal
bars indicate 95$ confidence
intervals)

.

Figure 1*J- B. Diatom influx data for the recent
sediments of Found Lake.
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Figure 15 . Percentage diagram of the Mallomonas
scales in the recent sediments of
Found Lake.
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a continuation of the long core (Figure 9). However, at

the 11 cm level (circa 1933) M. allorgei decreased to very-

low levels, whereas increases were exhibited first by M.

crassiquama and then by M. reginae. At the 7 cm level

(circa 19^8) there was a sharp increase in M. fastigata.

However, both M. reginae and M. fastigata decreased in

relative importance near the surface of the core, at which

point M. crassiquama comprised 98% of the total scale count.

Changes in the Mallomonas scale accumulation rate

(Figure l6B) corresponded closely to the species changes

noted above. Coincident with the near extinction of M.

allorgei at the 11 cm level, there was a rapid increase in

the scale accumulation rate. The rate remained relatively

constant until the 10 cm level (circa I936), but then

dropped to predisturbance values.

4. Chemical Analyses

A gradual increase in the percent organic matter

(Figure 17) was exhibited in the lower portion of the Found

Lake short core sediments. At the 7 cm level (circa 19^8),

however, the percent organic matter dropped sharply from ^,0%

to Jktfo, a trend which was mirrored by the percent mineral

matter (Figure 17). Above the 7 cm level, the percent

organic matter gradually increased to pre-disturbance

levels.

The phosphorus concentration profile was relatively

constant, except for a peak at the 11 cm level (Figure 18A).

The phosphorus influx curve, however, revealed that
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Figure 16 A. Mallomonas scale concentration in the
recent sediments of Found Lake
(horizontal bars indicate 95$
confidence intervals).

Figure 16 B. Mallomonas scale influx data for the
recent sediments of Found Lake.
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Figure 17 • Diagram of the percent organic matter,
carbonate and mineral matter in the
recent sediments of Found Lake.
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Figure 18 A. Phosphorus concentrations in the recent
sediments of Found Lake (horizontal
"bars indicate 95$ confidence intervals).

Figure 18 B. Phosphorus influx data for the recent
sediments of Found Lake-





98

E
o

e

£
0)

E

(wi) Hid 3

a





99

phosphorus input into Found Lake increased about 8 fold

after the initial road cut in 1933 (11 cm level) and

remained high after that peak (Figure 18B).

Insufficient sediment precluded the analysis of the

top 2 cm of the Found Lake core for total phosphorus analyses

(Figure 18A) and the top cm of sediment for the organic

matter - carbonate - mineral matter analysis (Figure 17).

D. JAKE LAKE

1. Sediment Description and Sedimentation Pattern

The sediments of the Jake Lake profundal core consisted

of black sapropel (Figure 19)- Although no 'white line'

was observed in this core (as was the case in Found Lake),

there was a slight shift to lighter coloured sediments near

the 14 cm level and again at the 20 cm level . Distinct

layers containing aquatic macrophyte remains were noted at

several depths in the core, especially in the deeper

sediments (eg. 22 cm, 23 cm and 28 cm).

Since only two dates could accurately be established

for this Jake Lake profundal core (i.e. 1978 for the mud-

water interface and 1850 at the Ambrosia horizon, Figure 19),

I did not believe that the generation of a sedimentation

curve for this core was justified. Consequently, the

variables analyzed for Jake Lake cannot be presented as

accumulation rates, but only as concentrations.
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Figure 19 • Summary pollen diagram for Jake Lake's
recent sediments (A. P. = arboreal
pollen, N.A.P. = non-arboreal pollen)

„
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2 . Diatoms

A species list containing the names of the 120 diatom

taxa identified from the top 20 cm of sediment in Jake

Lake is in Table 3» In addition, a summary diagram of the

relative frequencies of the more abundant taxa is in Figure

20. No obvious changes in species composition can be

discerned in the deepest sediments, except for a sharp

increase in Asterionella ralfsii at Ik- cm. However, at 5

cm, Cyclotella stelligera increased sharply in relative

importance from trace levels at 6 cm to a peak of 1$% of

the total diatom sum at ^ cm and then returned to trace

levels at 2 cm. This decline coincided with a sharp

increase in the relative importance of Pinnularia biceps.

The latter began at 3 cm and continued until this taxon

comprised j6fo of the total diatom sum at the surface of

the core. In addition, Anomoeneis vitrea increased

moderately in relative importance near the surface of the

core, whereas Frustulia rhomboides declined steadily.

The diatom concentration profile (Figure 21) was

relatively constant for the Jake Lake core except for two

sharp peaks, one at the 10 cm and another at the surface

of the core. In addition, diatom concentrations for the k

sediment levels preceding the 10 cm peak were somewhat

higher than most of the earlier levels

.

3. Mallomonas Scales

The relative frequencies of the b Mallomonas taxa in

the Jake Lake surface core is in Figure 22. M. crassiquama
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Table 3. List of diatom taxa identified in the surface
sediments of Jake Lake.

Achnanthes Bory

flexella (Kiitz.) Brun
linearis (W. Sm. ) Grun.

f . curta H . L . Sm

.

microcephala (Kutz.) Grun.

Actinella Lewis

punctata Lewis

Anomoeneis Pfitz.

follis (Ehr. ) 01.
var. hannae Reim.

serians (Breb. ex Kiitz.) CI.
var. acuta Hust.
var. brachysira (Breb. ex Kiitz.) Hust,

vitrea (Grun . ) Ross

.

Asterionella Hass.

formosa Hass.
ralfsii W. Sm.

Coscinodiscus Ehr.

sp.

Cyclotella Kiitz.

comta (Ehr.) Kutz.
kuetzingiana Thwaites
stelligera (CI. & Grun.) V. H.

Cymbella Ag.

cuspidata Kiitz.
diluviana (Krasske) Florin
hebridica Grun ex CI.
lunata W. Sm.
microcephala Grun.
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Table 3 (continued)

Cymbella Ag.

minuta Hilse ex Rabh.
sinuata Greg.

Denticula Kutz.

tenuis Kutz.

Diatoma Bory

anceps (Ehr.) Kirchn.

Diploneis Ehr.

. finnica (Ehr. ) CI.

Eunotia Ehr.

arcus Ehr.
var . bidens Grun

.

var. fallax Hust.
bactriana Ehr.
curvata~TKutz . ) Lagerst.

var. capitata (Grun.) Woodhead & Tweed
elegans 0str.
exigua (Breb . ex Kutz.) Rabh.
fallax A. CI.
flexuosa Breb. ex Kutz.
glacialis Meist.
hexaglyphis Ehr.
incisa W. Sm. ex Greg.
indica Grun.
maior ( W . Sm . ) Rabh

.

meisteri Hust
microcephala Krasske ex Hust.
monodon Ehr.
naeglii Migula
parallela Ehr.
pectinalis (0. F. Mull.) Rabh.

var. minor (Kutz.) Rabh.
var. recta A. Mayer ex Patr.
var. ventricosa Grun.

perpusilla Grun.
praerupta Ehr.

var. bidens (Ehr.) Grun.
var . inflata Grun

.

rostellata Hust. ex Patr.
septrionalis J2fstr

.

serra Ehr.
var. diadema (Ehr.) Patr.
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Table 3 (continued)

Eunotia Ehr.

sudetica . Mull

.

tenella (Grun.) CI.
vanheurckii Patr.

var. intermedia (Krasske ex Hust.) Patr.

Fragilaria Lyngb.

brevistriata Grun.
construens var. binodis (Ehr.) Grun.

var. pumila Grun.
var. venter (Ehr.) Grun.

Frustulia Rabh.

rhomboides (Ehr.) DeT.
var. capitata (A. Mayer) Patr.
var. viridula (Breb.) Cl.

Gomphonema Ehr.

gracile Ehr. emend. V. H.
grunowii Patr.

Hantzchia Grun.

amphioxys (Ehr.) Grun.

Melosira Ag.

distans (Ehr.) Kiitz.
var. alpigena Grun.

granulata (Ehr.) Ralfs
islandica . Mull

.

italica (Ehr. ) Kiitz.

Meridion Ag.

circulare (Grev. ) Ag.

Navicula Bory

arvensis Hust.
bicephaTa Hust.





Navicula Bory
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Table 3 (continued)

laevissima Kutz.
latelgngitudinalis Patr.
minima Grun.
pseudascutiformis Hust
pupula var. capitata Skv. & Meyer
radiosa Kutz.
subtilissima CI.

Neidium Pfitz.

affine (Ehr.) Pfitz.
var. amphirhynchus (Ehr.) CI.
var. longiceps (Greg.) CI.

hercynicum A . Mayer
iridis (Ehr.) CI.
var . amphigomphus ( Ehr . ) A . Mayer
var. ampliatum (Ehr.) Cl.

productum (W. Sm.) Cl.
sacoense Reim.

*

Nitzschia Hass.

fonticola Grun.

Peronia Breb. & Arn.

fibula (Breb. exKiitz.) Ross
intermedium (H. L. Sm.) Patr.

Pinnularia Ehr.

abau.jensis var. linearis (Hust.) Patr.
var . subundulata (A. Maver ex Hust . ) Patr

biceps Greg.
borealis Ehr.
micro stauron (Ehr.) Cl„
obscura Krasske
subcapitata Greg.

Semiorbis Patr.

hemicyclus (Ehr.) Patr.
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Table 3 (continued)

Stauroneis Ehr.

anceps Ehr.
f . gracilis Rabh.

fluminea Patr. & Freese
ignorata Hust.
phoenicenteron (Nitz.) Ehr.

Stenopterobia Lewis

intermedia (Lewis) A. Sshmidt

Stephanodiscus Ehr.

dubius Fricke

Surirella Turpin

sp.

Synedra Ehr.

miniscula Grun.
sp.

Tabellaria Ehr.

fenestrata (Lyngb.) kutz.
flocculosa (Roth) Kiitz.
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Figure 20. Percentage diagram of the diatoms in the
recent sediments of Jake Lake.
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Figure 21. Diatom concentrations in the recent
sediments of Jake Lake, (horizontal
bars indicate 95$ confidence
intervals)

.
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Figure 22. Percentage diagram of the Mallomonas
scales in the recent sediments of
Jake Lake.
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was the most abundant fossil scale and comprised almost

the entire Mallomonas population between 20 and 1^ cm. At

15 cm M. fastigata began to make a minor contribution to

the Jake Lake flora. This steady trend continued until

the ^ cm where M. fastigata scales increased sharply in

relative importance until they comprised approximately 22$

of the total scale count at the surface of the core.

The concentration of Mallomonas, scales in the

sediments profile (Figure 23) showed a gradual increase

from very low levels at 20 cm (less than 1.0 x 105 scales

per mg dry weight of sediment) to a peak of h.$ x 105

scales per mg dry weight of sediment at 10 cm. The

concentrations of scales thereafter began to decrease

throughout the remainder of the core.

k. Chemical Analysis

Trends in the percent organic matter - total carbonate

mineral matter of Jake Lake have fluctuated widely in the

top 20 cm (Figure 2^). Most notable, however, were the

large increases in the amount of mineral matter (and

corresponding decreases in organic matter) that occurred at

20 cm, 13 cm and 5 cm.

The total phosphorus concentration profile in the Jake

Lake sediments (Figure 25) increased very gradually at 15

cm and peaked abruptly at 11 cm. Thereafter, the

phosphorus concentration decreased until 4 cm, where it

increased again. This latter increasing trend continued
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Figure 23- Mallomonas scale concentration in the
recent sediments of Jake Lake
(horizontal bars indicate 95$ confidence
intervals)

.
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Figure 2k. Diagram of the percent organic matter,
carbonate and mineral matter in the
recent sediments of Jake Lake.
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Figure 25 • Phosphorus concentrations in the recent
sediments of Jake Lake (horizontal "bar
indicates 95$ confidence interval).
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steadily towards the surface of the core.

E. DELANO LAKE

1. Sediment Description and Sedimentation Pattern

The sediment in the Delano Lake core consisted of a

brown algal gyttja (Figure 26). No aquatic macrophyte

remains or changes in sediment colour were noted through

the plexiglass coring tube-

The pollen stratigraphy for Delano Lake is in Figure

26o The Ambrosia horizon occurred at 15 cm and, therefore,

this sediment section was dated at 1850 (Saunders 19&3).

Since this lake has been relatively free of cultural

disturbances I assumed that the sedimentation rate had been

relatively constant since I85O and consequently a mean

sedimentation rate of 12 mm per year was adopted for Delano

Lake (Figure 27)

.

2

.

Diatoms

A species list containing the names of the l6l diatom

taxa identified in the top 20 cm of the Delano Lake

sediments is in Table 4. In addition, a summary diagram of

the relative frequencies of the more abundant taxa is in

Figure 28. From this relative analysis, it is clear that

diatom species composition has not changed markedly in

Delano Lake's recent history, except that Cyclotella

stelligera has been gradually increasing in relative

importance throughout most of the core. This trend was
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Figure 26. Summary pollen diagram for Delano Lake's
recent sediments (A«P. = arboreal pollen,
N.A.P. = non- arboreal pollen),.
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Figure 27 • Depth - time profile for the Delano
Lake core.

H = 1850, pollen chronology (Ambrosia
rise)
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Table b. List of diatom taxa identified in the surface
sediments of Delano Lake.

Achnanthes Bory

exiffua Grim.
flexella (Kutz.) Brun.
lanceolata Breb. ex Kutzo
lapponica var. ninckei (Guerm. & Mang.) Reim,
linearis (W . Sm. ) Grun

.

f . curta H . L . Sm

.

microcephala (Kutz.) Grun.
minutissima Kutz.
stewartii Patr.

Actinella Lewis

punctata Lewis

Amphora Ehr. ex Kiitz.

ovalis (Klitz.) Kutz.

Anomoeneis Pfitz.

follis (Ehr.) CI.
serians (Breb. ex Kiitx.) CI.

var. acuta Hust.
var. brachysira (Breb. ex Kutz.) Hust.

vitrea (Grun. ) Ross

Asterionella Hass.

formosa Hass.
ralfsii W. Sm.

Caloneis CI.

ventricosa var. truncatula (Grun.) Meist.

Cocconeis Ehr.
«

pediculus Ehr.
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Table k (continued)

Coscinodiscus Ehr.

sp.

Cyclotella Kiitz.

comta (Ehr.) Kiitz.
kuetzingiana Thwaites
menighiniana Kiitz.
stelligera (CI. & Grun.) V. H.

Cynibella Ag.

acutiuscula CI.
angustata (W. Sm. ) CI.
cuspidata Kutz.
hebridica Grun. ex CI.
lunata W. Sm.
microcephala Grun.
minuta Hilse ex Rabh.
sinuata Greg.

Diatoma Bory

anceps (Ehr.) Kirchn.

Diploneis Ehr.

elliptica (Kiitz.) CI.
finnica CEhr. ) CI.

Eunotia Ehr.

arcus Ehr.
var. fallax Hust.

bidentula W. Sm.
Carolina Patr.
curvata (Kiitz.) Lagerst.
diodon Ehr.
elegans 0str.
exigua (Breb. ex Kiitz.) Rabh.
fallax A. CI.
flexuosa Breb. ex Kiitz.
glacialis Meist.
hexaglyphis Ehr.
incisa .W. Sm. ex Greg.
lapponica Grun. ex A. Cl.
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Table k (continued)
Eunotia Ehr.

meisteri Hust.
microcephala Krasske ex Hust.
naeglii Migula
nymanniana Grun.
pectinalis (0. F. Mull.) Rabh.

var. minor (Kutz.) Rabh.
var . recta A . Mayer ex patr

.

var. ventricosa Grun.
praerupta Ehr.

var. bidens (Ehr.) Grun.
var. inflata Grun.

rostellata Hust. ex Patr.
septrionalis J#str.
serra Ehr.

var. diadema (Ehr.) Patr.
sudetica . Mull

.

tenella (Grun.) CI.
vanheurckii Patr.

var. intermedia (Krasske ex Hust.) Patr.

Fragilaria Lyngb.

brevistriata Grun.
var. inflata (Pant.) Hust.

constricta Ehr.
f. stricta (A. CI.) Hust.

construens (Ehr . ) Grun

.

var. binodis (Ehr.) Grun.
var. pumila Grun.
var. venter (Ehr.) Grun.

pinnata Ehr.
var. intercedens (Grun.) Hust.

sinuata M. Perag.
virescens Ralfs

var. capitata jdstr.

Frustulia Rabh.

rhomboides (Ehr.) DeT.

Gomphonema Ehr.

acuminatum Ehr.
truneaturn var . capitaturn ( Ehr . ) Patr

,

sp.
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Table k (continued)

Hantzchia Grun.

amphioxys (Ehr.) Grun.

Melosira Ag.

distang (Ehr.) Kiitz.
var. alpigena Grun.

granulata (Ehr.) Ralfs.
islandica . Mull

.

italica TEhr.) Kiitz.
nyassensis . Mull

.

Meridion Ag.

circulare var . constrictum ( Ralfs ) V . H

.

Navicula Bory

arvensis Hust.
bicephala Hust.
cocconeiformis Greg, ex Greg-
disputans Patr.
elginensis (Greg.) Ralfs
explanata Hust.
globulifera Hust.
gottlandica Grun.
gysingensis Foged.
lacustris Greg.
laevissima Kiitz.
latelongitudinalis Patr.
laterostrata Hust.
minima Grun.
mural is Grun.
pelliculosa (Breh. ex Kiitz.) Hilse
pseudoscutiformis Hust.
pupula Kiitz.

var. rectangularis (Greg.) Grun.
subhamulata Grun.
subtilissima CI.
tenelloides Hust.

Neidium Pfitz.

affine (Ehr.) Pfitz.

var. amphirhynchus (Ehr.) Cl.
var. longicens (Greg.) Cl.

bisculatum (Lagerst.) Cl.



.
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Table ^ (continued)
Neidium Pfitz.

hitchcockii (Ehr.) CI.
iridis var ammpllatum (Ehr.) CI.
produe turn (W. Sm. ) CI.

Nitzschia Hass.

amphibia Grun.
fonticola Grun.
kutzingiana Hilse
palea (Kutz . ) W . Sm

.

sp.

Peronia Breb. & Arn.

intermedium (H. L. Sm.) Patr.

Pinnularia Ehr.

abau.jensis (Pant.) Ross
var. linearis (Hust. ) Patr.
var. ro strata (Patr.) Patr.
var. subundulata (A. Mayer ex Hust.) Patr.

acuminata var. bielawaskii (Herib. & Perag. ) Patr.
appendiculata (Ag.) CI.
biceps Greg.
braunii (Grun.) CI.
brevicostata CI.
divergens W. Sm.
hilseana Jan.
mesogongyla Ehr.
microstauron (Ehr.) CI.
nodosa (Ehr.) W. Sm.
parvula (Ralfs) CI. -Eul.
stomatophora (Grun.) CI.
substomatophora Hust.
sudetica Hilse
termitina (Ehr.) Patr.

Semiorbis Patr.

hemicyclus (Ehr.) Patr.

Stauroneis Ehr.

anceps Ehr.
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Table 4 (continued)

Stauroneis Ehr.

f . gracilis Rabh.
fluminea Patr. & Freese
kriegeri Patr.
•phoenicenteron (Hitz.) Ehr.

Stephanodiscus Ehr.

dubius Fricke

Surirella Turpin

linearis W. Sm.
sp.

Synedra Ehr.

sp.

Tabellaria Ehr.

fenestrata (Lyngb. ) Kutz<
flocculosa (Roth) Kiitz.
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Figure 28. Percentage diagram of the diatoms in
the recent sediments of Delano Lake.
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mirrored by a decrease in the relative importance of

Fragilaria construens var. venter . The diatom accumulation

rate (Figure 29B) did not show any consistent changes in

the top 20 cm of sediments.

3 . Mallomonas Scales

The same 6 Mallomonas species that were recorded in

the Found Lake sediments were also identified in the

surface sediments of Delano Lake. However, the relative

frequencies of these taxa, unlike the pattern exhibited in

Found Lake, has remained relatively constant in the top 20

cm of the Delano Lake core (Figure 30). In fact, M.

crassiquama has comprised almost the entire Mallomonas

flora. Similarly, the Mallomonas scale accumulation rate

(Figure 31B) did not exhibit any noticeable trends.

^. Chemical Analyses

Although the percent organic matter - total carbonate -

mineral matter curve for Delano Lake fluctuated widely in

the top 20 cm of sediment (Figure 32), no trend could be

distinguished. On the other hand, the Delano Lake

phosphorus profile (Figure 33B) suggested that a distinct

increase in phosphorus influx occurred at the 12 cm level.

Another increase in phosphorus influx occurred at the 5 cm

level but, unlike the 12 cm pulse, this increase was

maintained through the remainder of the core.
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Figure 29 A. Diatom concentrations in the recent
sediments of Delano Lake (horizontal
"bars indicate 95f° confidence
intervals)

.

Figure 29 B. Diatom influx data for the recent
sediments of Delano Lake.
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Figure 30. Percentage diagram of the Mallomortas
scales in the recent sediments of
Delano Lake.
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Figure 31 A. Mallomonas scale concentration in the
recent sediments of Delano Lake
(horizontal "bars indicate 95$
confidence intervals).

Figure 31 B. Mallomonas scale influx data for the
recent sediments of Delano Lake.
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Figure 32. Diagram of the percent organic matter,
carbonate and mineral matter in the
recent sediments of Delano Lake.
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Figure 33 A. Phosphorus concentrations in the recent
sediments of Delano Lake (horizontal
"bars indicate 95f° confidence intervals).

Figure 33 B. Phosphorus influx data for the recent
sediments of Delano Lake.
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V. DISCUSSION

A. FOUND LAKE'S POSTLGACIAL DIATOM AND MALLOMONAS HISTORY

Trophic levels in most aquatic ecosystems are strongly-

dependent on the geological input of nutrients from

terrestrial ecosystems (Likens and Bormann 197*0 • Several

paleolimnological investigations have suggested that

natural lake eutrophication is not' a unidirectional

process, but consists of alternating periods of oligotrophy

and eutrophy (e.g. Hutchinson 1973)* These oscillations

have often been linked to successional changes in the

terrestrial vegetation (e.g. Crisman 1977. Whitehead et al.

1973).

Earle (1979) demonstrated that the vegetation of the

Found Lake watershed has changed from tundra to coniferous

forest and finally to the mixed deciduous - coniferous

forest present today (Table 5)° The associated changes in

biomass accumulation, soil pH, organic decomposition and

evapo -transpiration often result in pronounced stratigraphic

changes in watershed nutrient release (e.g. Crisman 1977).

Earle' s study of Found Lake's postglacial history revealed

that these chemical changes manifested themselves in

fluctuations in both primary productivity (estimated from

pigment degradation products) and secondary productivity

(estimated from the abundance of cladoceran remains). My

analyses indicated that pronounced stratigraphic changes
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in diatom and Mallomonas communities were also closely

related to the vegetational changes that had occurred in

Found Lake's postglacial history.

1. Diatom Zone I

The early postglacial diatom flora of Found Lake

(zone I) was dominated by the eurytopic centric diatom

Cyclotella stelligera , as well as several benthic and

epiphytic species. The meroplanktonic C. stelligera ,

which at one point accounted for almost 80% of the diatom

sum in zone I, has its spring development in the littoral

zone and then floats free as a planktonic species during

the summer (Stockner 1971). Its relative abundance,

accompanied by the presence of other shallow water diatoms

that were important only during zone I (e.g. Navicula

radiosa , N. subhamulata , N. cocconeiformis , Nitzschia

fonticola and Achnanthes linearis , as well as several

Fragilaria and Cymbella species) would suggest that a more

extensive littoral zone had occurred during Found Lake's

forest-tundra period (pollen zone 1).

Water level fluctuations are often cited as the main

factor determining the relative size of a lake's littoral

zone (e.g. Manny et al. 1978). However, the Found Lake

drainage basin is very steep sided and therefore a change

in water level would not significantly alter littoral zone

size. Alternatively, the abundance of shallow water

diatoms may have been influenced by an extensive tundra
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pool network in Found Lake's drainage basin during zone I.

These shallow ponds may have provided a substantial area

for shallow water diatom proliferation, diatoms which may

have later been redeposited into the -lake as a result of

overland flow. This hypothesis, however, is also unlikely

since centric diatoms (such as C. stelligera ) are rare and

often absent in tundra pools (R. Sheath, pers. comm. ) and

therefore these shallow water diatoms probably originated

from Found Lake's small littoral zone.

The high proportion of littoral diatoms in these early

sediments was probably influenced to some degree by an

increased movement of diatom rich sediment from the littoral

zone to the profundal zone of the lake. In contrast to the

arguments presented above, this hypothesis suggests that

the littoral zone was not necessarily larger 11 000 years

ago, but that redeposition of diatom-rich littoral

sediments was greater. Vallentyne and Swabey (1955) t as

well as Sreenivasa and Duthie (1973) » suggested that this

latter hypothesis was the key factor for the early

abundance of littoral taxa in their postglacial analyses.

I believe that a similar situation may have been

influential in Found Lake during diatom zone I , with the

energy for redeposition being supplied by increased wind

velocity. In support, Earle (1979) calculated that

approximately 50% of the pollen recorded during the forest-

tundra period was produced by non-arboreal plants.

Therefore, Found Lake was not sheltered by dense tree
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cover as it is today and more intensive mixing of lake

water and shallow water sediments would "be expected.

Since Davis (1973) demonstrated that redeposition tends to

move sediments from shallow to deep water, these conditions

probably increased the redeposition rate of littoral

diatoms. The increased mechanical damage that was

observed in these early diatom remains would support this

hypothesis.

Accepting the fact that an increase in secondary

redeposition may overrepresent littoral taxa in a

paleolimnological analysis, diatom standing crop (as

indicated by the diatom accumulation rate) was undoubtedly

high during zone I. This suggests that C. stelligera was

a very successful pioneering alga in Found Lake.

The forest-tundra period corresponded to a cold and

moist climate (Earle 1979)* These extended "spring"

conditions may have given C. stelligera , a spring dominant

in Shield lakes (Stockner 1971). a selective advantage

during Found Lake's early history. The situation, however,

may be more complex, as the early spring development of C.

stelligera may be an adaptation to reduce competition.

Hence, this taxon may have been successful in the early

stages of Found Lake's development since there were fewer

species to compete with (i.e. C. stelligera may be a cold

water pioneering "weed" species in Shield lakes).

The high diatom standing crop in zone I appeared to

contradict Earle (1979). since his paleoanalyses indicated
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that Found Lake's early history was characterized by low

primary and secondary productivity. Earle attributed

these findings to the low phosphorus to element ratios

that characterized zone I, suggesting that phosphorus was

not available for biological growth. However, enough

nutrients were clearly available from the poorly developed

soils to support fairly abundant populations of pioneering

littoral diatoms

.

Meanwhile, the highly oligotrophic nature of Found

Lake during zone I was probably responsible for the

suppression of planktonic diatoms. A poorly developed

planktonic diatom flora during the early stages of a

lake's history is not peculiar to this Found Lake study

(e.g. Round 1964, Sreenivasa and Duthie 1973)-

In some respects, the composition of Found Lake's

pioneering diatom flora may be called typical. For

example, a Fragilaria flora has been reported from the

early developments of many lakes studied thus far

(Marciniak and Kowalski 1978). My analyses indicated that

this generalization may also apply to Canadian Shield

lakes. As in previous North American studies (Florin

1970, Sreenivasa and Duthie 1973). Cymbella diluviana was

present in the early sediments of Found Lake, though it

did not constitute the same relative importance as in the

other studies cited above. Nevertheless, its restricted

occurrence in the early sediments of Found Lake agrees

with Sreenivasa and Duthie (1973) in that C. diluviana is
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typical of early postglacial lacustrine sediments in

northeastern North America.

Zone I was also characterized by a very small

Mallomonas population. Since Mallomonas scales were well

preserved throughout the length of the core, the scarcity

of these remains in zone I was not an artifact of scale

dissolution. Furthermore, the hypothesis that Mallomonas

species had not yet invaded Found Lake was not

substantiated since scales were recorded, albeit at trace

levels, in these early sediments (i.e. founder populations

were present). In addition, since almost all of the

Mallomonas species recorded in Found Lake are eurythermal

(Takahashi 1978), the cold weather conditions that

prevailed during the forest-tundra period (Earle 1979)

probably had little effect on Mallomonas growth. It is

more likely that the highly oligotrophic nature of Found

Lake during zone I (Earle 1979) suppressed Mallomonas

populations

.

2 . Diatom Zone II

The decline in most of the shallow water diatoms and

the emergent dominance of planktonic species occurred

during the transition between diatom zones I and II. Zone

II, which coincided with Earle' s (1979) boreal forest

pollen zone, represented a unique period in the lake's

history since Melosira granulata var. angustissima suddenly

appeared and became a dominant member of the plankton, then
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disappeared from the fossil record at the end of zone II.

A similar though less pronounced pattern was exhibited by

Stephanodiscus niagarae during the same temporal period.

Both M. granulata var. angustissima (Bradbury 1975.

Patrick 1970, Stoermer and Yang 1970, Van Landingham 1970)

and So niagarae (Birks et al. 1976) are taxa normally

associated with eutrophic waters. However, other

variables, aside from diatom species composition, that

were studied in this core suggested that zone II was still

a period of low productivity and probably low nutrient

conditions. For example, diatom standing crop was the

lowest in Found Lake's history during zone II and

Mallomonas populations were still very sparse. Primary

productivity (as measured by pigment degradation products)

had increased only slightly and the phosphorus to element

ratios suggested that if any enrichment had occurred it

was minimal (Earle 1979) • Found Lake was therefore still

very oligotrophic during zone II.

According to Earle (1979). diatom zone II corresponded

to a boreal forest, with pine dominating and alder and

birch replacing the spruce. Crisman (1977). who also

recorded low primary productivity during the boreal forest

period of North Pond (Massachusetts), stressed the

importance of alder in the watershed as a primary

successional species and substrate modifier. Crisman

suggested that since alder sequesters molybdenum for

nitrogen fixation, the high nitrate that was probably
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released by the alder litter (Goldman 19&1) may have "been

unavailable for phytoplankton growth. This is because

nitrate cannot be directly used as a nitrogen source

without the enzymatic action of nitrate reductase, which

is hindered by low molybdenum concentrations (Hutchinson

1957)* Lakes in granitic regions, such as Found Lake,

usually have extremely low molybdenum concentrations

(Wetzel 1975)- Hence, the presence of a molybdenum

sequesterer, such as alder, in the watershed may have

seriously disrupted the enzymatic activity necessary for

nitrogen utilization by algae. Therefore, the restricted

diatom flora that occurred during diatom zone II may have

been indicative of low available nitrogen and not

eutrophic waters.

Support for this hypothesis was presented by Nakaniski

and Monsi (1976) who demonstrated that "Melosira type

algae" can grow under nitrogen levels as low as 0.1 ppm.

In addition, Patrick and Reimer (1966) stated that although

M. granulata (a taxon that is probably synonymous with M.

granulata var. angustissima , Kilham and Kilham 1975) is

usually reported in eutrophic lakes, it actually prefers a

low nitrate-phosphate ratio since this diatom generally

blooms late in the year when nutrients have been exhausted

by other diatoms.

Although nutrient levels were probably very important

in determining the diatom flora during Found Lake's boreal

forest period, high water turbulence may have been the key
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factor which allowed M. granulata var. angustissima to

thrive. Large Melosira taxa require turbulent waters to

maintain their position in the photic zone since these

species are heavily silicified and sink rapidly (Lund 1971).

In Found Lake, the abundance of M. granulata var.

angustissima corresponded to the terrestrial occurrence of

an open pine forest and hence turbulence by wind mixing of

the lake water was probably extensive at that time.

However, with the establishment of a denser boreal forest

(pollen zone 2b), M. granulata var. angustissima began to

decline in relative importance and in fact disappeared from

the fossil record with the establishment of a mixed

deciduous-coniferous forest (i.e. pollen zone 3a). The

denser vegetational cover that these trees provided would

have reduced wind induced turbulence and may have

influenced the extinction of H. granulata var. angustissima

in Found Lake. Interestingly, this Melosira was replaced

by Tabellaria fenestrata , a long and more thinly silicified

diatom which is better adapted for a planktonic existence.

In addition, the decrease in the relative importance of the

predominantly littoral and meroplanktonic Fragilaria taxa

during this vegetation transition may have also been

influenced by the decreased wind induced turbulence. This

same turbulence may have been responsible for the

redeposition of shallow water diatoms into the profundal

zone during zones I and II.
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3. Diatom Zone III

The disappearance of M. granulata var. angustissima

and the abundance of T. fenestrata valves characterized

diatom zone III. Since T. fenestrata has been reported

from a wide range of lake conditions, it must be considered

a eurytopic species with little indicator value (Bradbury

1975)- Similarly, T. flocculosa , which was also common

during this time period, has wide ecological tolerance

(Bradbury 1975)- Therefore, little ecological information

can be inferred from the diatom species composition, except

that another change in lake conditions had occurred.

Evidence from other paleoindicators suggested that

Found Lake's productivity increased during zone III. For

example, the diatom and Mallomonas standing crop increased

in zone III. Similarly, Earle (1979) demonstrated that

increases in the accumulation of chlorophycean fossils

and cladoceran remains, pigment degradation products, as

well as increases in the phosphorus to element ratios also

occurred during zone III

.

Increased aquatic productivity during zone III

corresponded with the establishment of a mixed coniferous-

deciduous forest (pollen zone 3a) > where the increased

biomass of the deciduous litter, as well as accelerated

rates of decomposition with the warmer temperatures

probably increased watershed nutrient export (Earle 1979)

•

Whitehead and Crisman (1978) summarized the reasons for
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increased nutrient influx (and hence increased lake

productivity) during the hemlock decline as follows: 1) the

removal of a dominant terrestrial producer would result in

a decrease in evapo -transpiration (and hence a greater

discharge into the lake) and a decrease in the watershed's

retention of critical nutrients such as nitrogen and

phosphorus; 2) the increased discharge, combined with the

predominantly deciduous forest in the watershed, would

"bring about a greater input of nutrients in the form of

leaf litter into the lake; and 3) "the shift to a deciduous

forest would decrease cation flushing and hence allow the

phosphate which was released into the lake to be more

available to primary producers.

Increases in Mallomonas and diatom populations during

zone III were closely related to the watershed changes just

described. One of the most dramatic changes recorded

during this period of nutrient enrichment was the sharp

increase in the Mallomonas scale accumulation rate,

indicating that Mallomonas standing crop was very high

during the hemlock decline. This suggests that these algae

are very sensitive to mild enrichment in Shield lakes. Not

surprisingly, the Mallomonas populations was dominated by

M. crassiquama , a widespread cosmopolitan taxon (Takahashi

pers . comm.). Meanwhile, M. allorgei, an oligotrophic

indicator (Hutchinson 1967)
;
exhibited a modest decline in

relative importance during this period of enrichment.

Similar, though less pronounced increases were recorded
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in the diatom standing crop during zone III . The increase

in the relative frequency of T. fenestrata at this time

indicates that it was especially successful in Found Lake

and therefore may "be indicative of mild enrichment in

Shield lakes.

A re-examination of 2 other postglacial diatom analyses

done in Canada revealed that the hemlock decline

corresponded to similar trends in their studies. For

example f the hemlock decline in Sunfish Lake's (Ontario)

ontogeny corresponded to Sreenivasa and Duthie's (1973)

pollen zone C2- This period, according to Adams and Duthie's

(1976) reinterpretation of this lake's history, represented

the maximum in postglacial productivity. Similarly, the

hemlock decline in the Pink Lake (Quebec) stratigraphy

(which was called 'pollen zone k* "by Dickman et al. 1975)

corresponded to a distinct diatom flora that was

characterized by Fragilaria crotenensis , a diatom often

associated with nutrient enriched waters (e.g. Birks et al.

1976, Bradbury 1975). Therefore, the increase in Found

Lake's productivity during the hemlock decline was not

peculiar to this study, but probably occurred in other

Canadian lakes as well

.

k. Diatom Zone IV

A sharp decline in the relative abundance of T.

fenestrata marks the transition into diatom zone IV , a

period in Found Lake's history when the planktonic diatom
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community was composed almost exclusively of Cyclotella

species. Decreases in diatom and Mallomonas standing crop,

as well as decreases in the other productivity indicators

studied by Earle (1979). also characterized zone IV. In

addition, Earle' s analyses suggested that the availability

of nutrients for biological growth was also lower.

Judging from Earle' s (1979) pollen stratigraphy,

hemlock was returning to the Found Lake watershed during

this time. The return of this conifer, which replaced some

of the deciduous trees in the lake's watershed, was

probably responsible for the decreases in nutrient export

into the lake. Therefore, the overriding dominance of

Cyclotella valves in zone IV agrees with Stockner (1971)

and Shero et al. (1978) who maintained that Cyclotella

species are reliable indicators of oligotrophic waters.

B. FOUND LAKE'S RECENT HISTORY

The pollen stratigraphy of Found Lake's recent

sediments documented some of the culturally induced

terrestrial changes that had occurred in the Algonquin Park

region. Since Ambrosia (ragweed) commonly invades

cultivated land or other areas of extensive disturbances,

the increase in ragweed pollen grains in a sediment core

can be used to document the encroachment of European man

(Bradbury 1975).

Ragweed pollen grains are widely distributed by wind
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currents (Wodehouse 1959) • Therefore, the early rise in

the relative frequency of Ambrosia in Found Lake (i.e. at

1^ cm) was dated at 1850, since at this time the area south

of the Park was being cleared for agriculture purposes

(Saunders 19&3) • The assumption that these pollen grains

originated from this area was further substantiated by

Brown et al. (19&8) who determined that the prevailing wind

direction in Southern Ontario was from the southwest.

However, the increased contribution of Ambrosia pollen

in the more recent sediments (circa 10 cm) was probably

related to local terrestrial disturbances (e.g. road

construction). In addition, the decline in relative

importance of pine pollen grains above the 13 cm level of

the core reflected lumbering activity in parts of Algonquin

Park in the late 1800' s (MacKay pers. comm.).

The diatom species composition of the Found Lake

surface sediments remained relatively constant in the lower

portion of the core and was essentially a continuation of

zone IV of the Found Lake core. However, at the 11 cm

level (circa 1933) » Synedra delicatissima var. angustissima

increased sharply in relative abundance and replaced C.

stelligera as the dominant diatom in Found Lake. This

stratigraphic level corresponded to the time of the initial

road construction in Found Lake's watershed, as well as the

establishment of a labourer's work camp on Found Lake's

western bank (Ministry of Natural Resources 1977).

One of the immediate consequences of forest vegetation
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removal for road construction is accelerated erosion rates

and hence an increase in the loss of particulate and

dissolved materials from the drainage basin (Davis 1977).

The nutrients lost "by the leaching of soils in this

disturbed area probably caused some local eutrophication,

a condition that was documented by the sedimentary

phosphorus influx which increased rapidly at the 11 cm

level.

One possible explanation for the increase in S_.

delicatissima var. angustissima would be that this taxon

is more successful at higher nutrient levels. This

hypothesis gains support from Sreenivasa and Duthie (1973)

who believed that this taxon was indicative of higher

productivity in their Sunfish Lake (Ontario) stratigraphy.

More ecological data, however, is available for the closely

related nominate variety S. delicatissima . For example,

Stockner (in Bradbury 1973) reported that "fantastic

stimulation" was observed in the growth of S. delicatissima

when nitrogen, phosphorus and carbon were added to culture

experiments. In addition, Brugam (1978) reported that S.

delicatissima increased sharply in the recent sediments of

Linsley Pond (Connecticut), which was coincident with

cultural eutrophication.

Although the increased nutrient influx was undoubtedly

important in Found Lake's recent history, the increased

sediment load from runoff and the resulting turbidity

should not be ignored as an influential factor in
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determining the diatom species composition. Rice et al

.

(1972) recorded that road systems far overshadow logging

or forest fires as causes for accelerated erosion. The

more than 6 fold increase in sedimentation rates near the

surface of the Found Lake core confirmed that the sediment

load in the lake increased substantially following road

construction. The possibility that this sedimentation

rate increase was simply an artifact of an increased

sediment supply from autochthonous sources (i.e. as a

result of higher productivity in the lake itself) was not

possible since the amount of organic matter in the sediment

profile, relative to the amount of mineral matter, did not

increase dramatically in the top 11 cm of the core. In

fact, the sharp increase in mineral matter at the 7 cm

(circa 19^8) level was probably caused by an influx of

silts into Found Lake when the highway was paved.

Although the increased sediment load was probably

greatest immediately following deforestation, higher than

normal erosion rates often persist long after road

construction (Davis 1977 , Rice et al. 1972). Bullard

(1965), for example, reported that roads without a good

rock surface will become rutted with use and will continue

to erode and add sediment into water bodies. The Park

Museum Archives contain photographs taken in the 1930'

s

of cars being towed to solid ground on the unpaved highway

and therefore the original road (1933 to 19^8) was probably

a continuous source of turbidity causing sediment into

Found Lake.
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The increased turbidity would "be most severe near the

margins of the lake (i.e. the littoral zone). Hence, C.

stelligera , a diatom which has its spring development in

the littoral zone (Stockner 1971). may have been at a

disadvantage relative to the truly planktonic (i.e.

euplanktonic) taxa during this period. Consequently, the

relative abundance of C. stelligera in the lake decreased

dramatically. Similarly, C. kuetzingiana , a taxon that is

usually associated with shallow water (Sreenivasa and

Duthie 1973), decreased sharply in relative importance

near the 1933 level . A similar decline was also exhibited

by T. flocculosa , another meroplanktonic Shield lake diatom

(Stockner 1971). Consequently, it is very likely that the

meroplanktonic diatom species changes occurring in the

years following the 1930' s road construction were largely

influenced by increased turbidity.

The turbidity hypothesis can be extended to account for

the abundance of S. delicatissima var. angustissima in the

plankton during the time of increased erosion. This diatom

is thinly silicified and spindle shaped, an adaptation for

a planktonic existence (Hutchinson 1967). Diatoms, due to

their siliceous structure, have the dubious distinction of

being heavy and therefore can sink rapidly out of the

photic zone (Kalff and Knoechel 1978). If the photic zone

is reduced by an increased sediment load and/or by shading

from other phytoplankton during periods of increased

standing crop, a diatom that is capable of maintaining
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itself high in the water column (such as S

.

delicatissima

var. angustissima ) would have a considerable selective

advantage. In fact, the sharp increase in the diatom

accumulation rate at this time suggested that these

Synedra populations were quite extensive in the years

following the initial road construction.

The dominance of S. delicatissima , var

.

angustissima was

short lived, however, as C. stelligera had re-established

its original position of dominance by the 8-7 cm level.

This was followed closely by a return of C. kuetzingiana .

Furthermore, the diatom accumulation rate also peaked at

the 7 cm level, suggesting that C. stelligera was very

successful at this time (circa 19^8).

The soils in the Found Lake watershed had probably

reconsolidated in the years between the initial road cut

in 1933 and the paving of the highway in 19^-8 and the

turbidity causing erosion had decreased. Meanwhile,

nutrient levels (as reflected by the sedimentary phosphorus

influx profile) were still high in Found Lake. Therefore,

the combination of a less turbid littoral zone, as well as

higher nutrient levels, were very conducive to C. stelligera

growth

.

Shortly after the paving of the highway, the Found Lake

watershed was again disturbed due to activities such as the

building of the Park Museum and parking lot in the early

1950* s. The Found Lake diatom flora responded with another

decrease in the meroplanktonic taxa, again presumably due





164

to the increased turbidity. The diatom succession

continued with increases in euplanktonic species such as

Asterionella formosa and finally C. comta at the surface

of the core. Both these taxa are commonly associated with

unproductive Shield lakes (Bradbury 1975) indicating that

Found Lake is still an oligotrophic lake. This is

consistent with the limnological data available for Found

Lake (cf. Table l). However, the Found Lake littoral zone

apparently is no longer a suitable habitat for the

proliferation of meroplanktonic diatoms such as C_.

stelligera .

The repercussions of cultural disturbances in Found

Lake's watershed resulted in the most dramatic changes in

Mallomonas species composition recorded in the lake's

11 800 year history. During the early 1930' s, M. allorgei,

a taxon that had been a common member of the Found Lake

plankton for the last 6 000 years, essentially went

extinct in the lake. Since Mallomonas species are

flagellated and motile, they can maintain themselves in

the photic zone more readily than diatoms. Therefore, the

Mallomonas species changes were probably not related to

turbidity, but to the mild eutrophication that Found Lake

experienced as a consequence of cultural disturbances.

This would suggest that H. allorgei is most successful in

undisturbed and oligotrophic waters, which is consistent

with data obtained by Jarnefelt (in Hutchinson 1967) who

considered this taxon to be an oligotrophic indicator.



'
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Meanwhile, the increase in relative importance of M.

crassiquama , as well as a rapid increase in the scale

accumulation rate, suggests that this taxon was very

abundant immediately following the initial road construction,

This increase is not surprising as M. crassiquama is a

widespread and cosmopolitan species (Kristiansen 1975

»

Takahashi, pers. comm.). Similarly, M. reginae, an

adaptive species which has "been reported in several

eutrophic lakes (Asmund 1969), increased in relative

frequency following enrichment. The stratigraphic

distribution of M. fastigata , which peaked in abundance at

the 7 cm (circa 1948 ) level, would also suggest that this

taxon is indicative of mildly enriched Shield lakes.

Coincident with the increases in the oligo trophic

diatoms in the Found Lake stratigraphy (i.e. C. comta and

A. formosa ) , the Mallomonas populations was comprised

almost exclusively of M. crassiquama . I would speculate

that nutrient enrichment had decreased to the point that

Found Lake was no longer suitable for the growth of M.

reginae and M. fastigata . Meanwhile, Found Lake had not

yet returned to the oiigotrophic state which is probably

necessary for the proliferation of M. allorgei . Therefore,

only a generalist such as M. crassiquama was able to thrive

in Found Lake during the last 20 years

.
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C. JAKE LAKE'S RECENT HISTORY

The trends in the Jake Lake pollen stratigraphy were

very similar to those recorded in Found Lake, except that

the Ambrosia rise occurred at the 10 cm level in Jake Lake

in contrast to the 14 cm level in Found Lake. This

suggests that a lower mean sedimentation rate has prevailed

in Jake Lake.

The Jake Lake core contained no stratigraphic markers,

such as the Found Lake 'white line' , which could be used to

positively delineate road construction. It was hoped that

a sharp increase in the percentage of mineral matter in the

Jake Lake sediments, such as the changes noted in the Found

Lake stratigraphy coincident with the 'white line', could be

used to indicate road construction. Although there was a

sharp increase in sedimentary mineral matter at the 5 cm

level, this variable had fluctuated widely deeper in the

core (where cultural disturbances were not possible) and

therefore the amount of mineral matter in the sediments

could not be reliably used to delineate road construction

in Jake Lake.

Due to the lack of time markers, I was not able to

estimate changes in sedimentation rates or calculate

accumulation rates for the variables I analyzed in Jake

Lake. Therefore, the trends that were displayed in the

concentration diagrams for Jake Lake are probably

conservative estimates of the actual increases occurring
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near the surface of the core. This is due to the diluting

effect (which could not he corrected for in this core) of

the increased sediment load following cultural disturbances.

Nevertheless some changes, such as the increase in diatom

and phosphorus concentrations in the top few cm of the Jake

Lake core, were still evident.

Jake Lake presently supports an extensive littoral zone.

Consequently the sediments in the northwest meromictic

basin of the lake should contain the stratigraphic record

of redeposited littoral zone diatoms. Jake Lake therefore

provided an ideal study area to assess the impact of

cultural disturbances on shallow water diatom taxa.

Unfortunately, diatom valve preservation was relatively

poor in Jake Lake, a condition not uncommon to meromictic

lakes (Ldffler 1978).

Unlike Found Lake, there were several obvious changes

in Jake Lake's historical development in the few decades

preceding cultural activity. For example, Asterionella

ralfsii increased sharply at the 14 cm level, decades

before any cultural disturbances would be possible.

According to Patrick and Reimer (1966), A. ralfsii prefers

shallow ponds containing water of low mineral content which

are rich in humates. Hence, the relative increase in this

taxon at the 1*J- cm level may be indicative of higher water

levels which swamped the surrounding drainage basin,

producing shallow humic ponds.

Other changes which were recorded near the 1^ cm level
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such as increases in the diatom and phosphorus

concentrations, would also support a hypothesis of

fluctuating water levels. This is because higher water

levels often result in increased erosion of a lake's margin

soils and hence increase nutrient inflow (Stark 1971 in

Bradbury 1975)-

In contrast to Found Lake, Jake Lake lies at the bottom

of a gently sloping drainage basin and consequently water

level .fluctuations would dramatically alter the size of its

littoral zone. The distinct layers of aquatic macrophyte

remains at several of the deeper sections of the core would

support the argument for changing water levels in the past.

However, the Jake Lake pollen stratigraphy did not reveal

any noticeable changes near the 1*J- cm level and would

suggest that meteorological changes were not responsible.

Therefore, I believe it is more likely that beaver activity

was responsible for these water level changes. In fact,

Jake Lake's outlet presently contains the dilapidated

remains of an abandoned beaver dam.

These precultural changes were minor, however, when

compared to the species changes that occurred near the

surface of the core. For example, at the 5 cm level the

meroplanktonic diatom C . stelligera increased sharply in

relative importance from trace levels at 6 cm to comprise

about 15% of the total diatom sum at the b cm level. As in

Found Lake, I believe that these initial changes in species

composition were a result of increased turbidity following
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the 1933 highway construction.

Initially these data appear to contradict the Found

Lake analysis, since the relative importance of C.

stelligera decreased with turbidity. The major difference

between these 2 lakes, which can account for this

paradoxical situation, is the fact that almost all of the

Jake Lake diatoms are littoral taxa, whereas the Found

Lake diatoms were predominantly planktonic. Therefore,

the turbidity from the road construction which was

detrimental to the meroplanktonic taxa relative to the

euplanktonic taxa in Found Lake, would give a selective

advantage to the euplanktonic and meroplanktonic taxa

relative to the eulittoral taxa in Jake Lake. In other

words, since the effects of turbidity are most severe near

the margins of a lake (i.e. the littoral zone) the taxa

that spend the greatest proportion of their life cycles

in shallow water are at the greatest selective disadvantage.

Hence, C. stelligera , a taxon which only spends its spring

development in the littoral zone (Stockner 1971) was more

abundant during these periods of increased turbidity.

As the soils in the Jake Lake drainage basin

reconsolidated and the turbidity causing erosion decreased,

C. stelligera presumably lost its competitive advantage and

returned to trace levels. Meanwhile, Pinnularia biceps

increased sharply in relative importance. The littoral

zone was now probably more hospitable and the increased

nutrients from the cultural disturbances were very
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conducive to the growth of P. "biceps . Coincident with

these changes, the diatom concentration also increased,

suggesting that once the turbidity had subsided the littoral

flora was able to utilize the increased nutrients.

Scales of M. fastigata increased sharply in relative

importance in the recent Jake Lake sediments. This species

change suggests that M. fastigata requires some nutrient

enrichment in order to thrive in a Shield lake, a situation

also noted in the Found Lake stratigraphy. The abundance

of M. crassiquama in the Jake Lake core confirms my earlier

suggestions that this taxon is a generalist.

D. DELANO LAKE'S RECENT HISTORY

Delano Lake was used as a control in this study since

it was deemed free of cultural disturbances. However, the

trends in the pollen stratigraphy, most notably the Ambrosia

rise, closely resemble the trends established for the 2

other lakes used in this study. This indicated that the

pollen rain reflected regional changes in terrestrial

vegetation, rather than only those events that occurred in

the lake's watershed.

Although the percent organic matter - total carbonate -

mineral matter curves fluctuated widely in Delano Lake's

recent history, there were no discernable trends. Hence

these oscillations probably reflected natural fluctuations

of these variables in Delano Lake.
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In contrast, the phosphorus influx profile showed a

distinct increase at the 12 cm level or, according to my

estimated dates, the late 1800' s. This period corresponds

to the time when Canisbay Township may have been logged for

its white pine (MacKay, pers. comm.), and this increase in

phosphorus was probably a consequence of enrichment

resulting from this disturbance (cf. Bradbury 1975)- The

decline in the relative frequency of pine pollen grains at

the 1^ cm level was further evidence that lumbermen were

encroaching on the area in the late 1800 s . However, there

were no noticeable changes in diatom or Mallomonas species

composition, nor were there any significant changes in the

diatom or Mallomonas scale accumulation rates. Therefore,

the consequences of what was presumably lumbering for white

pine had no appreciable effect on diatom or Mallomonas

populations

.

The Delano Lake phosphorus data suggested that another

increase in phosphorus influx occurred at the 5 cm (circa

19^1) level. This rise was probably related to the higher

phosphorus concentrations in precipitation as a result of

atmospheric contamination from cultural sources (Wetzel

1975)* However, this increase was not very substantial

when compared to the natural fluctuations in Delano Lake's

past phosphorus levels (e.g. the 16 cm and 20 cm levels).

Not surprisingly, there were no appreciable changes in

diatom or Mallomonas populations.

Although no dramatic fluctuations were recorded in





172

Delano Lake's diatom species composition, a gradual increase

in C. stelligera and a corresponding decline in F. construens

var. venter has occurred over the last century. These Delano

Lake species changes are opposite to those recorded by-

Bradbury et al. (1975) in their surface core study of

Meander Lake (Minnesota) and hence casts doubt on their .

interpretation of these stratigraphic changes. They

believed that increased atmospheric phosphorus loading in

recent years was responsible for the decline in C.

stelligera and the increase in F. construens var. venter

in Meander Lake. This explanation is untenable since I

have recorded an opposite species change in Delano Lake.

However, any alternate explanation of this anomaly on my

part would be overly speculative at this point.

The absence of sharp fluctuations in diatom and

Mallomonas populations in Delano Lake's recent history

supports the hypotheses put forward in this thesis

suggesting that the stratigraphic changes recorded in the

Found and Jake Lake surface sediments were the result of

cultural disturbances. Factors that may have been

influential (such as climatic changes), but beyond man's

control, can now be dismissed as stimuli for the dramatic

changes recorded in the disturbed lakes* sediments.
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VI. SUMMARY AND CONCLUSIONS

A. SUMMARY OF SEDIMENT STRATIGRAPHIES

1. Found Lake's Postglacial History

During Found Lake's early postglacial history the

diatom flora was characterized by Cyclotella stelligera ,

as well as several other littoral zone diatoms. The

dominance of C. stelligera , a spring dominant in Shield

lakes (Stockner 1971), was attributed to the extended

"spring" conditions during the cold and moist tundra

period. It was suggested that this taxon may be a cold

water pioneering weed species in Shield lakes.

Earle's (1979) analyses suggested that productivity

was low during Found Lake's early history (zone I).

Presumably because of these oligo trophic conditions, the

planktonic diatoms, as well as the Mallomonas flora, were

only sparsely represented during zone I. However, there

were sufficient nutrients being released from the tundra

watershed to support large populations of pioneering

diatoms such as C. stelligera .

With the development of a boreal forest, diatom

species composition changed markedly to an assemblage

containing largely ' eutrophic indicators' such as Melosira

granulata var. angustissima and Stephanodiscus niagarae

(zone II). However, other pal eo indicators studied, such

as diatom and Mallomonas scale accumulation rates, as well
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as the variables analyzed by Earle (1979) , indicated that

Found Lake was still very oligo trophic during this period.

It was hypothesized that the restricted diatom flora which

characterized this zone was indicative of low nitrogen

levels - a situation which was probably influenced by

alder trees sequestering molybdenum. The decline in the

wind induced water turbulence (which is necessary for the

suspension of Melosira granulata var. augustissima cells

in the photic zone) with the denser terrestrial vegetation,

may have been a key factor in the extinction of M.

granulata var. angustissima near the end of zone II.

The establishment of a mixed deciduous - coniferous

forest in the Found Lake drainage basin coincided with a

period of lake enrichment (Earle 1979)- The increased

nutrient release from the deciduous component of the

terrestrial vegetation probably influenced this enrichment,

a condition that was magnified during the 'hemlock minimum'

.

During this paleovegetation zone, the diatom and Mallomonas

standing crop increased substantially. In addition, M.

allorgei (an oligo trohpic indicator) declined modestly in

relative abundance, whereas the eurytopic diatom

Tabellaria fenestrata increased in relative abundance.

The re- establishment of hemlock in the Found Lake

drainage basin resulted in a decrease in watershed nutrient

export (Earle 1979). This increase in the coniferous

component of the Found Lake terrestrial vegetation

coincided with the development of a more oligotrophic
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diatom flora which was composed almost exclusively of

Cyclotella species. Diatom and Mallomonas standing crop

also decreased to moderate levels.

2. Found Lake's Recent History

The close interval analysis of Found Lake's surface

sediments revealed that the stratigraphic changes which

were recorded in these sediments could be closely related

to cultural disturbances. The sharp decrease in the

relative importance of C. stelligera and its replacement

by Synedra delicatissima var angustissima as the dominant

diatom at the 11 cm level was attributed to the 1933 road

construction in the Found Lake watershed. Although

increased nutrient levels (as reflected by the phosphorus

influx profile) may have been important during this time

period, the key factor in determining the diatom species

composition was believed to be the increased turbidity.

Evidence for this conclusion was based on the sharp decline

of diatom taxa associated with the littoral zone. Equally

dramatic changes were recorded in the Mallomonas community

with the near extinction of M. allorgei and its

replacement by M. crass iduama and M. reginae and later by

M. fastigata. Diatom and Mallomonas standing crop also

increased sharply following road construction.

By the time the highway was paved in 1948 (marked in

the sediment stratigraphy by a fine white line) the soils

in the Found Lake watershed had probably reconsolidated.
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This was evidenced by the return of meroplanktonic diatoms

such as C. stelligera . Although diatom standing crop was

still high in 19^-8, the Mallomonas standing crop had

already returned to predisturbance levels.

In the 195°'s, with further turbidity causing

disturbances in the Found Lake watershed (such as the

building of the Park Museum) , the meroplanktonic diatoms

again decreased sharply in relative abundance. The

meroplanktonic diatoms were now replaced by euplanktonic

species such as Asterionella formosa and C. comta , 2 taxa

which are usually associated with unproductive Shield

lakes. Furthermore, both diatom and Mallomonas standing

crop had returned to predisturbance levels. These data

were believed to be indicative of Found Lake's return to

more oligo trophic conditions in the last 20 years.

3. Jake Lake's Recent History

The recent sediments of the predominantly littoral

Jake Lake revealed that short term fluctuations in water

levels had occurred during presettlement times. These

oscillations were documented in the sediment stratigraphy

by an increase in the relative importance of A. ralfsii,

as well as increases in the concentration of diatom valves,

Mallomonas scales and sediment phosphorus levels. These

changes may have been the consequence of beaver activity

in Jake Lake's outlet, since the pollen stratigraphy did
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not indicate any climatic changes at this time which would

have raised the water levels.

More pronounced changes in Jake Lake's stratigraphic

record occurred in the more recent sediments, where C.

stelligera increased sharply in relative importance. This

species change was attributed to increased water turbidity

following road construction when eulittoral diatoms would

have been at a selective disadvantage relative to the

meroplanktonic species. This change was short lived,

however, as C. stelligera returned to trace levels near

the surface of the core and Pinnularia biceps (a littoral

zone taxon) dominated. This latter change was probably

influenced by a decline in turbidity, as well as an

increase in nutrient levels following cultural activity in

Jake Lake's watershed. The increase in the relative

abundance of M. fastigata scales in these surface sediments

would also suggest that some lake enrichment had occurred.

4. Delano Lake's Recent History

Delano Lake has been relatively free of cultural

disturbances and was therefore used as a control in this

study. A sharp increase in the phosphorus influx that

occurred in the late 1800 *s was believed to be a consequence

of logging for white pine in Delano Lake's watershed.

However, this minor disturbance had no noticeable effect on

diatom or Mallomonas populations. Similarly, the modest
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rise in phosphorus influx near the surface of the Delano

Lake core, presumably from increased phosphorus

concentrations in precipitation, did not affect the diatom

or Mallomonas species composition or standing crop.

Changes in the Delano Lake sediments were therefore

negligible relative to the fluctuations recorded in the

culturally disturbed lakes. Thus it would appear that the

changes recorded in the uppermost sediments of Jake and

Found Lake were the result of cultural disturbances.

B. DIATOM AND MALLOMONAS ECOLOGY IN SHIELD LAKES

The diatom assemblages that were recorded in this

Algonquin Park paleolimnological study are probably typical

of diatoms found in small Shield lakes. Stockner (1971)

listed the diatoms that he identified in the surface

sediments of 16 Shield lakes and reported that C. stelligera

was the dominant diatom in half of these lakes and was among

the 5 most commonly encountered diatoms in 6 other lakes.

The abundance of C. stelligera in the early postglacial

sediments of Found Lake, as well as its continued dominance

throughout all but the most recent sediments of Found Lake

suggests that it may be considered a general opportunist

which can thrive in low nutrient, circumneutral to slightly

acidic waters of low total electrolyte content.

The Delano Lake stratigraphy, as well as studies done

in other Shield areas (e.g. Bradbury et al. 1975) » also
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indicate that C. stelligera is a very common Shield lake

diatom. Similarly, C. comta , C. kuetzingiana , C. ocellata ,

T. fenestrata , T. flocculosa , A. formosa , P. biceps and

Frustulia rhomboides were common in many of the Shield

lakes that Stockner (1971) studied.

My analyses indicated that diatom taxa such as S.

delicatissima var. angustissima and P. biceps increased in

relative importance in the disturbed lakes. These

increases were not necessarily the consequence of nutrient

enrichment since these species changes may have been

influenced by changes in water turbidity. The

differentiation between diatoms that are euplanktonic

,

meroplanktonic and eulittoral may be a very important

criterion in analyzing diatom stratigraphies.

My analyses also demonstrated that M. granulata (cf.

Delano Lake diatom stratigraphy) and its variety

angustissima (cf . Found Lake long core diatom stratigraphy,

zone II), cannot be used as eutrophic indicators in Shield

lakes. The hypothesis that Cyclotella species are

generally good indicators of nutrient poor waters was

supported in this study.

The overriding dominance of M. crassiquama scales in

all the sediment sections analyzed in this thesis indicates

that this taxon, like C. stelligera , is a generalist. The

stratigraphic distribution of M. allorgei , on the other

hand, suggests that it prefers undisturbed oligo trophic

waters. In environments where more nutrients are available,
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M. fastigata and M. reginae can predominate.

C. GENERAL CONCLUSIONS

This study demonstrated that diatom and Mallomonas

species composition and standing crop have gone through

substantial changes throughout Found Lake's 11 800 year

history. Many of these fluctuations corresponded closely

to changes in the terrestrial vegetation. In addition,

the close interval sediment analyses of Found and Jake

Lake's surface sediments demonstrated the dramatic diatom

and Mallomonas successional changes that had occurred in

recent history. These changes were linked to the cultural

disturbances that had occurred in these lakes' watersheds,

disturbances which by most standards would have been

considered minor.

Since the ecological preferences of most algal species

are still poorly understood, only tentative hypotheses can

be proposed concerning their paleolimnological

significance. Therefore, multidisciplinary approaches,

such as the one presented in this thesis, are necessary

for accurate descriptions of lake developmental patterns.

The use of other algal micro fossils, such as Synuracean

scales, may be especially useful in gaining a clearer

description of past algal communities.

Perhaps, most importantly, this study demonstrated the

fine resolution which can be achieved if a lake is
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carefully chosen (i.e. with an undisturbed sediment record)

and the core is sectioned at close intervals . It is

suggested that fine sectioning of cores should become a

standard paleolimnological procedure, not only in a lake's

recent sediments, hut also during vegetational transition

zones where further information may he obtained concerning

lake development patterns

•





182

LITERATURE CITED

Adams, R. W. and Duthie, H. C. 1976. Relationships "between
sediment chemistry and postlgacial production rates in
a small Canadian Lake. Int. Revue Ges. Hydrobiol. 6l:
21-36.

Andresen, N. A. 1976. Recent diatoms from Douglas Lake,
Cheboygan County, Michigan, Ph.D. Thesis, University of
Michigan.

Asmund, B. 1969^ Studies on Chrysophyceae from some ponds
and lakes in Alaska. VIII. Mallomonas species examined
by the electron microscope II. Hydrobiologia. 34:
305-321.

Battarbee, R. W. 1973a. Preliminary studies of Lough Neagh
sediments. II. Diatoms from the uppermost sediment. In:
H. J. B. Birks, R. G. West (Eds.). Quaternary plant
ecology, p. 279-289, Oxford, Blackwell Sci. Pub.

Battarbee, R. W. 1973b. A new method for the estimation of
absolute microfossil numbers, with reference especially
to diatoms. Limnol. Oceanogr. 18: 647-653*

Battarbee, R. W. 1978. Relative composition, concentration,
and calculated influx of diatoms from a sediment core
from Lough Earne, Northern Ireland. Pol. Arch. Hydro-
biol. 251 9-16.

Birks, H. H. , Whiteside, M. C, Stark, D. M. , Bright, R. C.
1976. Recent paleolimnology of three lakes in North-
western Minnesota. Quat. Res. 6: 249-272.

Bradbury, J. P. 1971. Paleolimnology of Lake Texcoco,
Mexico. Evidence from diatoms. Limnol. Oceanogr. 16:
180-200.

Bradbury, J. P. 197 3 • Ecology of freshwater diatoms. Nova
Hedwigia 24: 145-168.

Bradbury, J. P. 1975* Diatom stratigraphy and human
settlement in Minnesota. Geol. Soc. Spec. Pap. 171*
1-74.

Bradbury, J. P. Tarapchak, S. J., Waddington, J. C. B. and
Wright, R. F. 1975. The impact of a forest fire on a
wilderness lake in northeastern Minnesota. Verh.
Internat. Verein. Limnol. 19: 875-883.



'

.

'

'



183

Bradbury, J. P. and Waddington, J. C. B. 197 3 • The impact
of European settlement on Shagawa Lake, Northeastern
Minnesota, U.S.A. In H. J. B. Birks, R. G. West (Eds.)
Quaternary plant ecology, p. 289-309 • Blackwell Sci.
Publ . , Oxford

.

Bradbury, J. P. and Winter, T.C. 1976. A real distribution
and stratigraphy of diatoms in the sediments of Lake
Sallie, Minnesota. Ecology 57:1005-1014.

Braun, E. L. 196*1-. Deciduous forests of eastern North
America. Hafner Pub. Co., New York. 391 pp.

Brown, D. M. , McKay, G. A., and Chapman, L. J. 1968. The
climate of Southern Ontario. Dept. of Transport,
Toronto. Climatical studies No. 5-

Brinkhurst, R.O., Chua, K. E. and Batoosingh.E. 1969.
Modifications in sampling procedures as applied to
studies on the bacteria and tubificid oligochaetes
inhabiting aquatic sediments. J. Fish. Res. Bd. Canada.
26: 2581-2593.

Brugam, R. B. 1978. Human disturbance and the historical
development of Linsley Pond. Ecology 59 s 19-36.

Bullard, W. E. 1965. Effect of highway construction and
maintenance on stream sediment loads. U.S. Dept.
Agriculture. Misc. Publ. 970 1 52-56.

Cleve-Euler, A. 1951-1955 • Die Diatomeen von Schweden
und Findland. Kunglia Svenska Vetenskapsakademien
Avhandlingar. Ser. 4: 961 pp.

Crisman, T. L. 1977. North Pond, Massachusetts: Post-
glacial variations in lacustrine productivity as a
reflection of changing watershed - lake interactions.
Ph.D. Thesis. Indiana University.

Crisman, T. L. 1978. Algal remains in Minnesota lake types:
a comparison of modern and late-glacial distributions.
Verh. Internat. Verein. Limnol. 20: 445-451.

Cronberg, G. 1975* Mallomonas trummensis nov. spec.
(Chrysophyceae) studied by means of scanning and
transmission electron microscopy. Bot. Notiser. 128:
69-72.

Daley, R. J., Brown, S. R. , and McNeely, R. N. 1977.
Chromatographic and SCOP measurements of fossil phorbins
and the postglacial history of Little Round Lake,
Ontario. Limnol. Oceanogr. 22: 349-360.



,

.

* • ' ' »

.



184

Davis, M. B. 1973* Redeposition of pollen grains in lake
sediment. Limnol. Oceanogr. 18: 44-52.

Davis, M. B. 1977* Erosion rates and land-use history in
Southern Michigan. Environ. Conserv. 3: 139-148.

Davis, R. B. and Norton, S. A. 1978. Paleolimnologic
studies of human impact on lakes in the United States,
with emphasis on recent research in New England. Pol.
Arch. Hydrobiol. 25* 99-115-

Dean, W.E., Jr. 1974. Determination of carbonate and
organic matter in calcareous sediments and sedimentary
rocks by loss on ignition: Comparison with other
methods. J. Sediment. Petrol. 44: 242-248.

Dickman, M., Krelina, E., and Mott, R. 1975. An eleven
thousand year history with indications of recent
eutrophication in a meromictic lake in Quebec, Canada.
Verh. Internat. Verein. Limnol. 19 : 2259-2266.

Duthie, H. C. and Mannadi Rani, R. G. 1967. Diatom
assemblages from pleistocene interglacial beds at
Toronto, Ontario. Can. J. Bot. 45: 2249-2261.

Earle, J. C. 1979- Postglacial variation in aquatic
productivity in Found Lake, Ontario. M.Sc. Thesis,
Brock University.

Edmondson, W. T. 1974. The sedimentary record of the
eutrophication of Lake Washington. Proc. Nat. Acad Sci.
71: 5093-5095.

Faegri, K. and Iversen, J. 1975- Textbook of pollen
analysis. Blackwell Sci. Pub., Oxford. 295 PP«

Fast, A. W. and Wetzel, R. G. 1974. A close interval
fractionator for sediment cores. Ecology 55* 202-204.

Florin, M. B. 1970. Late -glacial diatoms of Kirchner
Marsh, southeastern Minnesota. Nova Hedwigia 31: 667-
746.

Florin, M. B. and Wright, H. E. 1969. Diatom evidence for
the persistence of stagnant glacial ice in Minnesota.
Geol. Soc. Amer. Bull. 80: 695-704.

Frey, D. G. 1969. The rationale of Paleolimnology. Mitt.
Internat. Verein. Limnol. 17: 7-18.

Frey, D. G. 1974. Paleolimnology. Mitt. Internat. Verein.
Limnol. 20: 95-123.



'

I



185

Goldman, C. R. 1961. The contribution of alder trees
(Alnus tenuifolia ) to the primary productivity of Castle
Lake, California. Ecology 42: 282-288.

Harris, K. and Bradley, D. E. 1957- An examination of the
scales and bristles of Mallomonas in the electron
microscope using carbon replica. Jour. R. Micr. Soc.
76: 37-46,

Harris, K. and Bradley, D. E. i960. A taxonomic study of
Mallomonas . J. Gen. Microbiol. 22: 750-777.

Haworth, E. Y. 1969. The diatoms of a sediment core from
Blea Tarn, Langdale. J. Ecol. 57: 429-439.

Haworth, E. Y. 1972a. Diatom succession in a core from
Pickeral Lake, Northeastern South Dakota. Geol. Soc.
Amer. Bull. 83« 157-172.

Haworth, E. Y. 1972b. The recent diatom history of Loch
Leven, Kinross. Freshwat. Biol. 2: 131-141.

Helmsley, A. F. 1949 . Algonquin Provincial Park: a
geographic study. B.A. Thesis. University of Toronto.

Huber-Pestalozzi, G. 1942. Das Phytoplankton des
Susswassers; Diatomeen. In Die Binnengewasser,
Stuttgart.

Hurley, W. M. and Kenyon, I. T. 1970. Algonquin Park
Archaeology 1970. University of Toronto. Dept.
Anthropology. Research Report. No. 3.

Hutchinson, G. E. 1957. A treatise on limnology. I.

Geography, physics and chemistry. John Wiley and Sons,
Inc., Wew York. 1015 pp.

Hutchinson, G. E. I967. A treatise on limnology. II.
Introduction to lake biology and the limnoplankton.
John Wiley and Sons, Inc., New York. 1115 pp.

Hutchinson, G. E. 1973. Eutrophication. Amer. Sci. 6l:
269-279.

Hutchinson, G. E., Bonatti, E., Cowgill, U. M., Goulden,
E., Laventhal, E. A., Mallet, M. E., Margaritora, F. t

Patrick, R., Racek, A., Roback, S. A., Stella, E., Ward-
Perkins, J. B., Wellman, T. R. 1970. Inuala: an
account of the history and development of the Lago di
Monterosi, Latium, Italy. Amer. Philosoph. Soc. Trans.
60: 1-178.

Jackson, M. L. 1958. Soil chemical analysis. Prentice-
Hall, Inc., Englewood Cliffs. 498 pp.



I:



186

Johnson, W. E. and Vallentyne, J. R. 1971 • Rationale,
background and development of experimental lake studies
in northwestern Ontario. J. Fish. Res. Bd. Canada.
28: 123-128.

Jones, R., Benson-Evans, K. , Chambers, F. M. , Seddon, B. A.,
Tai, Y. C. 1978. Biological and chemical studies of
sediments from Llangorse Lake, Wales. Verh. Internat.
Verein. Limnol. 20: 642-648.

Kalff, J. and Knoechel, R. 1978. Phytoplankton and their
dynamics in oligotrophic and eutrophic lakes. Ann. Rev.
Ecol. Syst. 9* 475-495.

Kilham, S. S. and Kilham, P. 1975* Melosira granulata
(Ehr.) Ralfs: morphology and ecology of a cosmopolitan
freshwater diatom. Verh. Internat. Verein. Limnol. 19 t

2716-2721.

Koivo, L. K. and Ritchie, J. C. 1978. Modern diatom
assemblages from lake sediments in the boreal-arctic
transition region near the Mackenzie Delta, N.W.T.,
Canada. Can. J. Bot. 56: 1010-1020.

Kristiansen, J. 1975 • Chrysophyceae from Albert and
British Columbia. Syesis. 8: 97-108.

Leventhal, E. A. 1970. X. The Chrysomonadina. Amer. Phil.
Soc, Trans. 60: 123-142.

Likens, G. E. and Bormann, F. H. 1974. Linkages between
terrestrial and aquatic ecosystems. BioScience 24:
447-456.

Loffler, H. 1978. The paleolimnology of some Carinthian
lakes with special reference to Worthersee. Pol. Arch.
Hydrobiol. 25* 227-232.

Lowe, R. L. 19?5» Comparative ultrastrueture of the valves
of some Cyclotella species. (Bacillariophyceae) . J.
Phycol. 11:415-424.

Lund, J. W. G. 1971. An artificial alteration of the
seasonal cycle of the plankton diatom Melosira italica
subsp. subarctica in an English lake. J. Ecology 59 s

MacKay, R. 1978. An Algonquin Park chronology, (unpublished
manuscript)

.

Mackereth, F. J. H. 1966. Some chemical observations on
postglacial lake sediments. Phil. Trans. Roy. Soc.
London, Ser. B. 250: 165-213.



• I

•

•

'

.

:



187

Manny, B. A., Wetzel, R. G. and Bailey, R. E. 1978.
Paleolimnological sedimentation of organic carbon,
nitrogen, phosphorus, fossil pigments, pollen and
diatoms in a hypereutrophic , hardwater lake: a case
history of eutrophication. Pol. Arch. Hydrobiol. 25 s

2*0-267.

Marciniak, B. and Kowalski, W. W. 1978. Dominant diatoms
pollen chemistry and mineralogy of the Eemian lacustrine
sediments from Nidzica (Northern Poland) : A preliminary
report. Pol. Arch. Hydrobiol. 25: 269-281.

McColl, J. G. and Grigal, D. F. 1977. Nutrient changes
following a forest wildfire in Minnesota. Effects in
watersheds with differing soils. Oikos 28: 105-112.

Ministry of Natural Resources. 197^. Algonquin Provincial
master plan. Toronto. 100 pp.

Ministry- of Natural Resources. 1977* A pictorial history
of Algonquin Provincial Park. Toronto.

Moss, B. 1978. The ecological history of a mediaeval man-
made lake, Hickling Broad, Norfolk, United Kingdom.
Hydrobiologia 60: 23-32.

Ilakanishi, M. and Monsi, M. 1976. Factors that control the
species composition of freshwater phytoplankton , with
special attention to nutrient concentrations. Int.
Revue. Ges. Hydrobiol. 61 1 439-^70.

Norris, G. and McAndrews, J. H. 1970. Dinoflagellate cysts
postglacial lake muds, Minnesota (U.S.A.). Rev.
Paleobot. Palynol. 10: 131-156.

Nygaard, G. 1956. Ancient and recent flora of diatoms and
Chrysophyceae in Lake Gribso. Folia. Limnol.
Scandinavia 8: 32-262.

Osborne, P. L. and Moss, B. 1977. Paleolimnology and trends
in the phosphorus and iron budgets of an old man-made
lake, Barton Broad, Norfolk. Freshwat. Biol. 7: 213-233.

Patrick, R. 1970. IX. The diatoms. Amer. Philos. Soc.
Trans. 60: 112-122.

Patrick, R. and Reimer, C. W. 1966. The diatoms of the
United States exclusive of Alaska and Hawaii. Vol. I.
Fragilariaceae, Eunotiaceae, Achnanthaceae, Naviculaceae.
Acad. Nat. Sci. Philadelphia. Monogr. 13. 688 pp.



.

.

.

I



188

Patrick, R. and Reiraer, C. W. 1975. The diatoms of the
United States exclusive of Alaska and Hawaii. Vol 2.
Part 1. Entomoneidaceae, Cymbellaceae , Gomphonemaceae,
Epitheraiaceae. Acad. Nat. Sci. Philadelphia, Monogra.
13- 213 PP.

Rice, R. M., Rothacher, J. S. and Megahan, W. F. 1972.
Erosional consequences of timber harvestings an
appraisal. In. National symposium on watersheds in
transition, p. 321-329. American Water Resources
Association and the Colorado State University, Illinois.

Richardson, J. L., Harvey, T. J., and Holdship, S. A. 1978.
Diatoms in the history of shallow East African lakes.
Pol. Arch. Hydrobiol. 25 « 3^1-353-

Rigler, F. H. 1964. The phosphorus fractions and the
turnover time of inorganic phosphorus in different types
of lakes. Limnol. Oceanogr. 9 s 511-518.

Round, F. E. 1957. The late-glacial and post-glacial
diatom succession in the Kentmere valley. New Phytol.
56: 98-126.

Round, F. E. 196*4-. The diatom sequence in lake deposits:
some problems of interpretation. Verh. Internat. Verein.
Limnol. 15* 1012-1020.

Saunders, A. 1963. Algonquin story. Ontario Department
of Lands and Forests, Toronto. 196 pp.

Scheider, W. A. 1974. The prediction of phosphorus and
chlorphyll concentrations in small shield lakes. M.Sc.
Thesis. University of Toronto.

Scheider, W. A. 1978. Applicability of phosphorus budget
models to small Precambrian lakes, Algonquin Park,
Ontario. J. Fish. Res. Bd. Canada. 35: 300-304.

Schindler, D. W. and Holmgren, S. K. 1971. Primary
production and phytoplankton in theExperimental Lakes
Area, northwestern Ontario and other low-carbonate
waters, and a. liquid scintillation method for
determining l^C activity in photosynthesis. J. Fish.
Res. Bd. Canada. 28: 189-201.

Shero, B. R., Parker, M. and Stewart, K. M. 1978. The
diatoms, productivity and morphometry of 43 lakes in
New York State, U.S.A. Int. Revue ges. Hydrobiol. 63

«

365-387.



'



189

Sreenivasa, M. R. and Duthie, H. C. 1973* The postglacial
diatom history of Sunfish Lake, southwestern Ontario.
Can. J. Bot. 51 i 1599-1609.

Stark, D. M. 1971. A paleolimnological study of Elk Lake
in Itasca State Park, Clearwater County, Minnesota.
Ph.D. Thesis. University of Minnesota.

Stockner, J. G. 1971. Preliminary characterization of
lakes in the Experimental Lakes Area, northwestern
Ontario, using diatom occurrences in sediments. J. Fish.
Res. Bd. Canada. 28: 265-275.

Stockner, J. G. 1972. Paleolimnology as a means of
assessing eutrophication. Verh. Internat. Verein.
Limnol. 18: 1018-10 30.

Stockner, J. G. 1975* Phytoplankton heterogenity and
paleolimnology of Babine Lake, British Columbia, Canada.
Verh. Internat. Verein. Limnol. 19 « 2236-2250.

Stockner, J. G. 1978. Man's impact on lakes and watersheds
in Canada as assessed from paleolimnological studies.
Pol. Arch. Hydrobiol. 25 « 393-402.

Stockner, J. G. and Benson, W. W. 1967 • The succession of
diatom assemblages in the recent sediments of Lake
Washington. Limnol. Oceanogr. 12: 513-532.

Stoermer, E. F. 1977. Post-pleistocene diatom succession
in Douglas Lake, Michigan. Jour. Phycol. 13 * 73-80.

Stoermer, E. F. Taylor, S. M. and Callender, E. 1971.
Paleoecological interpretation of the holocene diatom
succession in Devil's Lake, North Dakota. Amer. Micros.
Soc, Trans. 90: 195-206.

Stoermer, E. F. and Yang, J. J. 1969- Plankton diatom
assemblages in Lake Michigan. Univ. Mich. Great Lakes
Res. Div. Spec. Pap. 47. 268 pp.

Stoermer, E. F. and Yang, J. J. 1970. Distribution and
relative abundance of dominant plankton diatoms in Lake
Michigan. Univ. Mich. Great Lakes Res. Div. Publ. 16:
64 pp.

Takahashi, E. 1978. Electron microscopical studies of the
Synuraceae (Chrysophyceae) in Japan. Tokai University
Press, Tokyo. 194 pp.

Tarapchak, S. J. 197 3 « Studies of phytoplankton distribution
and indicators of trophic state in Minnesota lakes. Ph.D
Thesis, University of Minnesota.



,

.

•

-



190

Thomasson, K. 1970. A Mallomonas population. Sv. Bot.
Tidskr. 64: 303-3H.

Tippett, R. 1964. An investigation into the nature of
layering deep-water sediments in two eastern Ontario
lakes. Can. J. Bot. 42: l693-l?09.

Vallentyne, J. R. and Swabey, Y. S. 1955* A reinvestigation
of the history of low Linsley Pond, Connecticut. Am. J.
Sci. 253s 313-3^.

Van Geel, B. 1976. Fossil spores of Zygnemataceae in
ditches of a prehistoric settlement in Hoogkarspel (The
Netherlands). Rev. Palaeobot. Palynol. 22: 337-344.

Van Geel, B. 1978. A paleoecological study of Holocene
peat bog sections in Germany and The Netherlands. Rev.
Palaebot. Palynol. 25:. 1-120.

Van Landingham, S. L. 1970. Origin of an early non-marine
diatomaceous deposit in Broadwater County, Montana,
U.S.A. Nova Hedwigia 31 1 449-485.

Wetzel, R. G. 1975. Limnology. W. B. Saunders Co.,
Toronto. 743 pp.

Whitehead, D. R. and Crisman, T. L. 1978. Paleolimnological
studies of small New England (U.S.A.) ponds. Part 1.
Late-glacial and postglacial trophic oscillations. Pol.
Arch. Hydrobiol. 25* 571-481.

Whitehead, D. R. Haydon, R. , Rissing, S. W. , Douglass, C.
B., and Sheehan, M. C. 1973* Late glacial and postglacial
productivity changes in a New England pond. Science 181

1

744-747

.

Wodehouse, R. P. 1959. Pollen grains. Hafner Pub. Co.,
New York. 574 pp.

Wright, H. E. Livingstone, D. A. and Cushing, E. J. 1965*
Coring devices for lake sediments. In B Kummel and D.
Raup (Eds.) Handbook of paleontological techniques,
p. 852-998. W. J. Freeman Co., San Francisco.

Wujek, D. E. a^d Hamilton, R. 1972. Studies on Michigan
Chrysophyceae. I. Michigan Botanist 11 1 51-59.



'

'



191

APPENDIX A





192

SYNURACEAN SCALES AS NEW PALEOINDICATORS

The 5 criteria that must be considered to assess the

potential usefulness of a microfossil were outlined by

Bradbury (1975) as follows: ecological diversity,

abundance, preservation, identification and quantification.

Consequently, I will discuss each of these factors

individually as they relate to fossil Synuracean scales.

Ecological Diversity

Although algae in the genus Mallomonas are commonly

reported in limnological studies, data concerning their

specific ecological preferences are still lacking.

Investigations concerning the distribution of these algae

in Canada are especially sparse, except for a study done

by Kristiansen (1975) who used electron microscopy to

describe some of the Synuraceac found in Alberta and

British Columbia. However, the fluctuations in Mallomonas

species composition and standing crop reported in this

thesis indicated that Mallomonas taxa are sensitive to

to changes in the aquatic environment. They are therefore

potentially useful microfossils in reconstructing lake

histories.

Abundance

My investigations into the sediments of the 3 lakes

discussed in this thesis, as well as the recent sediments
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of 11 other lakes (Table 6), revealed that Synuracean

scales are often very abundant in the fossil record. In

fact at times they are even more common than diatom valves.

Preservation

Preliminary investigations indicate that Mallomonas

scales preserve under a wide range of conditions.

Scanning electron microscopic studies of the scales found

throughout Found Lake's history revealed that they were

consistently well preserved (Figure 3*4-). This is not

surprising as Mallomonas scales are very similar in

structure to diatom frustules (Takahashi 1964) and the

preservation of the latter group has been well documented.

Furthermore, the small size of Synuracean scales (e.g.

less than 10 jn in length) makes them less susceptible to

mechanical damage.

The fact that I have identified fossil scales in the

surface sediments of 11 other lakes, spanning a wide range

of water conditions (Table 6), supports my belief that

these scales are generally well preserved in lake sediments.

Unfortunately, Nygaard (1956), in his pioneering work with

fossil chrysophycean cysts, reported that he did not find

any Mallomonas scales in his Lake Gribs^ core. This

probably led to some premature and erroneous conclusions

regarding their non-preservation.

Although I have just described Mallomonas stratigraphies

in this thesis, other Synuracean scales also preserve. For





194





195

Figure 34-. Scanning electron micrographs of fossil
Mallomonas scales from the Found Lake
sediments. Scale bar represents 2 ? . Fig.
A. M. crassiquama scale (20 cm depth). Fig.
B. M. allorgei scale adjacent to a
Cyclotella stelligera valve (20 cm depth).
Fig. C. M. reginae scale (15 cm depth).
Fig. D. M. fastigata scale (20 cm depth).
Fig. E. M. lelymene scale (175 cm depth).
Fig. F. M. lychenensis scale (15 cm depth).
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example, in the 3 lakes used in this study, Synura

petersenii scales were observed at several depths. However,

they were never sufficiently abundant in these lakes to

warrant a detailed analysis.

Taxonomy

Whereas diatom taxonomy is "based on frustule

characteristics, the identification of the Synuraceae is

based almost exclusively on the sculpturing of the siliceous

scales that cover these algae (Takahashi 1978). I have

demonstrated that Mallomonas scales can be counted and

identified to the species level using the light microscope,

provided the taxonomy has been confirmed with the electron

microscope. In other words, I suggest that workers should

undertake a preliminary survey of the digested sediments

under the scanning electron microscope to confirm

identification. These scales can then be counted using the

light microscope and standard counting techniques, as they

can be readily differentiated using oil immersion.

Quantification

Although Synuracean scales can be easily related to

the living organism, their precise quantification still

poses a problem. The problem can be outlined using the

following example: a taxon such as M. reginae can have as

many as ^6 body scales per cell, whereas M. crassiquama
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cells can average around 3^ body scales (Takahashl, pers.

comm.). Therefore the taxa which tends to have more scales

per cell will be overrepresented in a relative frequency

diagram.

All these counts , however, can be easily corrected

once the average number of scales per cell and their

variance is accurately established for each taxon. Just

as pollen counts from a prolific pollen grain producer

(such as pine) must be adjusted when compared to a low

pollen grain producer (such as hemlock) in a paleo-

vegetation diagram, the Mallomonas taxa with relatively

more scales will have to be adjusted when compared to a

taxon with fewer scales, if an accurate description of the

paleoplankton is desired. I believe that it is safe to

assume that the average number of scales per cell of a

given taxon should not have changed since deglaciation and

hence the trends established in this thesis are genuine.

Diatom - Synuraceae Comparisons

Synuracean scales have several distinct advantages

when they are being considered as a potential microfossil

in paleolimnological research. Since the material that is

necessary for their study is present on standard diatom

slides, no further preparation is necessary to incorporate

Synuracean scales into paleolimnological investigations if

diatoms are already being considered. Hence Synuracean
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stratigraphies can be compared with diatoms and other algal

fossils so that a more complete reconstruction of past

algal populations will he possible

.
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SPECIES DIVERSITY IN PALE0LIMN0L0GICAL RESEARCH

Species diversity measures the relative richness and

complexity of a community (Krebs 1972). To quantify this

relationship several diversity indexes have been proposed

(e.g. DeJong 1975 1 Hurlbert 1971). A low diversity index

implies that there are only a few dominant species present,

whereas the greatest diversity is achieved when all the

species are equally abundant. Theoretically, stable

ecological communities should resist change due to their

complexity or high species diversity (Goodman 1975)

•

Although diversity indexes are widely used in community

ecology they have been subjected to a wide range of

criticisms. Hurlbert (1971) decided that species diversity

"...conveys no information other than something to do with

community structure" and dubbed it a "nonconcept"

.

Goodman (1975) » after an extensive review of the

development of the diversity - stability hypothesis,

concluded that no simple relationship exists between

diversity and stability. In fact, he found that very often

empirical studies contradict the expectations of the

diversity - stability hypothesis.

Much of the attention dealing with diversity indexes

in aquatic ecology has been focussed on the diversity of

attached diatom communities in rivers and streams as a

measure of pollution. The rationale used here is that in

clean water many different species will be able to thrive,

and hence diversity index values will be high. Meanwhile,
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in highly polluted areas only a few tolerant taxa will

survive. Although this hypothesis has been supported in

some studies (e.g. Stoneburner et al. 1976), Archibald

(1972) found that diatom diversity in clean water can be

very variable and cover the whole range of possible

diversity values. Since diatom diversity did not follow

water quality consistently, Archibald (1972) concluded

that it has no value as a parameter in this context.

The use of diversity indexes in lake ecology has been

so unsuccessful that even ardent supporters of diversity

indexes (e.g. Cairns 1977) have conceded that these

indexes may be inappropriate for lakes. For example,

several workers have demonstrated that lake eutrophication

is paralleled by a decrease in species diversity (e.g.

Margalef 1964, Goldman 1970). However, Tarapchak (1973)

concluded that diatom diversity in the 68 Minnesota lakes

that he studied did not correspond with changing trophic

status. Similarly, Kalff and Knoechel (1978) reviewed

several contradictory and confusing results that have been

obtained when diversity indexes were employed in

limnological studies. They urged "...algal ecologists to

stop wasting their time on such mathematically simple but

ecologically obscure indexes"

.

Nevertheless, diversity indexes continue to be used in

ecological research. In this appendix, I will describe the

temporal changes in diatom diversity for the cores I have

analyzed and point out some further problems that have thus
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far "been ignored when diversity indexes have been applied

to paleolimnological analyses.
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Materials and Methods

Diatom species diversity on all the sediment sections

analyzed in this thesis was computed using the Shannon -

Wiener diversity index (Pielou 1966). This index is

routinely used in algal ecology since it minimizes the

effects of the large number of rare species commonly

encountered in algal counts (Duthie and Sreenivasa 1971)-

Using this index the diversity of a community is given by

the expression

H' =-Z Pl log 2 Pi

where pi is the probability of occurrence of the i

species and n is the number of species in the population.

In samples, Pi is estimated from n^/Ns (i.e. the number of

individuals in the i""1 species divided by the total number

of individuals). This index therefore has two components!

the number of species and the relative abundance of

individual species.

n

zw
th
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Results and Discussion

A plot of the diversity indexes for the postglacial

diatom history of Found Lake (excluding the surface

sediments) is shown in Figure 35 • Diatom species diversity

was somewhat lower during diatom zone I and one possible

explanation would be that many diatom taxa had not yet

invaded the lake. However, many of the species that would

later form important parts of the diatom community (e.g.

Cvclotella Kuetzingiana , Stephanodiscus dubius . Tabellaria

fenestrata , T. flocculosa , Asterionella formosa ) were all

present, albeit at trace levels, during zone I (Figure 7).

Therefore, founder populations of these taxa were

established in Found Lake during its early development,

but environmental conditions limited their development.

With the establishment of the boreal forest (coincident

with diatom zone II, Figure 7) the diatom diversity

increased and remained relatively constant for the

remainder of the core (Figure 35) • This suggests that the

complexity and (supposedly) the stability of the diatom

community has not changed markedly throughout most of Found

Lake's history.

The Shannon-Wiener diversity index values for the

diatoms studied in the Found Lake short core (Figure 36A)

suggested that diversity has been gradually increasing in

recent years. However, one of the assumptions made when a

comparison of diversity index values for different
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Figure 35- Shannon-Wiener diversity index values
for diatoms in the Found Lake long
core (horizontal bars represent 95$
confidence intervals).
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Figure 36A. Shannon-Wiener diversity index values
for diatoms in the recent sediments
of Found Lake (horizontal bars
represent 95$ confidence intervals).

Figure 36B. Shannon-Wiener diversity index values
for diatoms in the recent sediments
of Found Lake which were pooled to
form roughly 25 year intervals.
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communities is undertaken is that the time intervals over

which the diversity is being measured has remained the same.

Most workers will agree that it is fruitless for an algal

ecologist to compare the diatom diversity calculated from

a single day's sampling period to the diatom diversity

calculated from pooled samples taken over an entire year.

I believe that it is just as fruitless to compare

diversity values in paleolimnological studies when the time

interval for each sediment section changes from level to

level. For example, in the Found Lake short core each

centimeter of sediment in the surface 11 cm represents

roughly ^ years of sediment accumulation, whereas every 1

centimeter of sediment below the 11 cm level represents

roughly 25 years of sediment accumulation (Figure 12).

Therefore, if diversity indexes are to retain any

usefulness in paleolimnological research, equal time

intervals must be compared. For this reason I have pooled

the diatom diversity data in the Found Lake short core for

the 1 to 6 cm and the 6 to 11 cm sediment intervals so

that diversity values averaged roughly over 25 year

intervals can be compared.

The resulting diversity profile (Figure 36B) does not

show any dramatic changes in recent time. The slight

increase in the last 25 year history of Found Lake (i.e. the

pooled 1 to 6 cm interval) is within the natural variations

that were recorded in diatom diversities throughout Found

Lake's postglacial history (Figure 35) • Therefore, I have
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concluded that diatom diversity was not significantly-

altered in Found Lake's recent history.

Similarly, the diatom diversity of Jake Lake (Figure

37) has been relatively constant over the last few hundred

years. The slight decrease at the surface of the Jake

Lake core is probably a conservative estimate of diversity

when compared to the values calculated for the older

sediment levels, since sedimentation rates were probably

greater following cultural disturbances in the watershed

(D.avis 1977). As expected, the diatom diversity in Delano

Lake, the control lake in this study, did not demonstrate

any significant changes (Figure 38).

The importance of changing sedimentation rates and

consequently a changing depth-time profile, cannot be

ignored when diversity indexes are used in paleolimnological

studies. Previous researchers who have not considered this

factor, but have suggested that diatom diversity was

altered following cultural disturbances, could simply be

describing an artifact of a changing sedimentation rate.

There are several other problems that must be

recognized when diatom diversity is being used as a

paleoecological tool. One obvious drawback is that diatoms

represent only a small portion of the biota present in a

lake. Thus far, most paleolimnologists believed that

diatoms are the only group of algae that leave a reliable

fossil record and hence have based their interpretations

of changing diversity patterns almost exclusively on fossil
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Figure 37 . Shannon-Wiener diversity index values
for diatoms in the recent sediments of
Jake Lake (horizontal "bars represent
95$ confidence intervals).
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Figure 38. Shannon-Wiener diversity index values
for diatoms in the recent sediments of
Delano Lake (horizontal bars represent
95% confidence intervals).
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diatom data. The addition of fossil Mallomonas scales in

this study, however, suggested that other algal groups may

not be following the same diversity patterns as the diatoms.

For example, in the Found Lake short core, diatom diversity

appeared to increase slightly in recent years (Figure 36A).

However, an examination of the Mallomonas species

composition for this core (Figure 15) reveals that

Mallomonas species diversity would have decreased at this

time since scales of M. crassiquama comprised almost the

entire scale count. Similarly, in the Found Lake long

core, diatom diversity increased slightly at the 50 cm

level and then decreased again at the 35 cm level (Figure

35). However, an opposite trend would have been

demonstrated by the diversity of the Mallomonas populations

at these levels (Figure 9).

With further research and with the description of more

algal fossils, paleolimnologists will have a clearer

understanding of past lake communities. However, at this

stage I agree with Hendrickson and Ehrlich (1971) who

concluded that much work is needed before species diversity

(however defined) can be related to the theory of community

stability and ecosystem structure, if in fact a

relationship exists at all.



-
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PROCEDURE FOR THE PREPARATION OF DIATOM SAMPLES

N.B. All digestions should be done in the fume hood.

a) Dry sediment at 95° C for 2h h in a drying oven.

b) Cool samples in a desiccator to room temperature.

c) Weigh out sediment to a precision of 0.01 mg using a

Mettler balance (amount of sediment varied from

0.0200 g to 0.1700 g depending on the diatom

concentration)

.

d) Add approximately 10 ml of 30% hydrogen peroxide to the

sample in a 15 ml polypropylene centrifuge tube

(hydrogen peroxide is a strong oxidizing agent which

removes organic matter and carbonates).

e) Heat sample in a water bath (100*C for 2^ - W h)

until all traces of organic matter are gone.

f) Cool samples to room temperature.

g) Centrifuge samples for 1 minute at approximately

7000 rpm.

h) Carefully decant supernatant liquid using Pasteur

pipettes.

i) Wash slurry in 10 ml of distilled water, centrifuge

and decant as in steps 'g' and 'h*

.
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j ) Repeat step *
i*

.

k) Resuspend diatom slurry in a beaker of distilled water

(volume used varied from 90 - 120 ml depending on

diatom concentration) using a magnetic stirrer (e.g.

Magne-matic^ stirrer, Arthur H. Thomas Co.).

1) Pipette a 30 ml aliquot of the diatom suspension into

glass evaporation trays similar to those described by

Battarbeel.

m) Allow suspension to dry (usually 2 or 3 days, depending

on relative humidity).

n) Using forceps, remove coverslips and mount each cover-

slip on a glass slide using Hyrax® (Custom Research

and Development, Inc.).

1
Battarbee R. W. 1973- A new method for the estimation
of absolute microfossil numbers, with reference
especially to diatoms. Limnol. Oceaogr. 18: 6^7-653

•
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PROCEDURE FOR THE PREPARATION OF POLLEN SAMPLES

(This pollen preparation technique is modified from Faegri

and Iversen 1975)

N.B. All digestions should he done in the fume hood.

a) Add approximately 12 ml of 10 % potassium hydroxide

(w/v) to approximately 2 ml of fresh sediment in a 15

ml polypropylene centrifuge tube (KOH deflocculates

the organic matrix and disperses the humic acids).

b) Heat the sample in a water bath at 90° C for

approximately 15 minutes, stirring occasionally.

c) Centrifuge for 1. minute at approximately 7000 rpm and

decant the supernatant liquid.

d) Wash sediment with distilled water and repeat step 'c'.

e) Add approximately 10 ml of 10% hydrochloric acid (HC1

removes carbonates).

f) Heat the sample in a water bath at 90° C for

approximately 3° minutes

.

g) Repeat step '
c'

.

Faegri, K. and Iversen, J. 1975- Textbook of pollen
analysis. Blackwell Scientific Publications, Oxford. 295P-
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h) Wash with distilled water, repeat step 'c'.

i) Add 3 ml of glacial acetic acid (glacial acetic acid

dehydrates the sample prior to acetolysis treatment).

j) Add 5 ml of acetolysis solution (9 parts cold

concentrated sulphuric acid to 1 part acetic anhydride)

to the sample (^SOij. depolymerizes cellulose structures

whereas acetic anhydride converts cellulose to

cellulose tricetate which is soluble in acetolysis

solution)

.

k) Heat in a boiling water bath for 2 minutes.

1) Repeat step '
c*

.

m) Wash with distilled water, repeat step *
c'.

n) Repeat step 'm'

.

*

o) Mount resulting slurry in dilute corn syrup on glass

slides.












