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Abstract
The response of Lake Eugenia to effects of human population was documented by use of pollen and diatom data gathered from a piston core.  The addition of a hydroelectric dam in 1915 caused the Beaver River to flood the surrounding area before it entered the Beaver Valley.  Results of pollen and diatom counts showed that the layers of sediment could be divided up into three distinct levels; a bottom level, from 31 cm to 28 cm, a middle level from 27 cm to 10 cm, and a top level from 9 cm to 0 cm.  The bottom level showed an absence of both pollen and diatom data, indicating that the core most likely was not taken from the old river bed, and that pollen and diatoms did not deposit in the river as readily before the dam was constructed.  The beginning of the middle level documented the construction of the dam, when the abundance of both pollen and diatoms greatly increased.  The top level showed a rising slight decrease in nutrients into the lake, perhaps as a result of curtailing sources such as sewage and agriculture.  Human development was also documented by increasing abundances of grass and ragweed pollen.  Therefore, human development has greatly affected Lake Eugina, but recently the lake has become oligotrophic.

Introduction

Lake Eugenia is located near the southern shore of Georgian Bay in Ordovician sedimentary deposits.  The area was greatly affected by glaciation.  The lake itself is situated on the eastern margin of the Niagara Escarpment.  The Beaver River, the source of the lake, runs along moraine sediments before it enters the lake.  In addition, there are also many drumlins in the area.


In 1915 the Ontario government constructed a hydroelectric dam on the Beaver River, at the point where the river flowed into the Beaver Valley.  The construction of this dam created Lake Eugenia.  Over the last century, humans have moved into the area, building houses and cottages, and using the lake recreationally.


Using diatom and pollen data, this paper will use a piston core taken from the lake to study the affects of humans on the area.  One expects to find a record of the dam being constructed in the core, and one also predicts that the lake will have become increasingly nutrient-rich as the human population grew.

Lake Eutrophication

Eutrophication of lakes occurs when increased nutrients are added to the system.  Phosphorus and nitrogen are the key nutrients that contribute to eutrophication. (Hall et al. 1999)  High levels of eutrophication in a lake can cause numerous problems.  Decreasing water quality, algal blooms, macrophytes, decaying organic matter accumulation, taste, and odour problems are all consequences of eutrophication. (Hall et al. 1999; Reavie et al. 2000)  In addition, decreased deep-water oxygen levels lead to extirpation of fish. (Reavie et al. 2000)


Lakes can be naturally or artificially eutrophic. (Hall et al.1999; Reavie et al. 2000)  High levels of eutrophication are likely due to human involvement. (Hall et al. 1999)  Point sources for eutrophication are concentrated areas that contribute high levels of nutrients.  These include sewage and industrial inputs. (Reavie et al. 2000)  Diffuse sources are spread out over a wide area, but are just as important as point sources.  These include urban run-off, agricultural fertilizers, erosion from road construction, and deforestation. (Reavie et al. 2000)


Individual species of diatoms are sensitive to nutrient changes in lakes, and thus are a good proxy indicator of eutrophication. (Hall et al. 1999)  When benthic species of diatoms, such as Fragilaria construens and F. brevistriata, switch to more planktonic species, such as Stephanodiscus, Cyclotella stelligera, and Fragilaria crotonensis, the lake is becoming more eutrophic. (Reavie et al. 2000)  Diatoms respond quickly to eutrophication, and follow the trend closely. (Hall et al. 1999)   

Previous Studies

Garcia-Rodriguez et al. (2002) conducted a multi-proxy study of a lake in southeast Uruguay detailing the human impact on the site over the last 1100 years.  Currently approximately 100,000 people populate the area surrounding the lake.  Using the proxy indicators Pb dating, organic matter, CO(2), total carbon, nutrients, fossil pigments, and diatoms, they found an increasing eutrophication trend.  Between 1880 and 1960, intensive farming caused a lot of erosion, which increased the sedimentation in the lake.  At this time, the lake was mesotrophic.  Until approximately 1966 there was a dominance of epibenthic diatoms.  After this time period, development, including deforestation, took hold of the region, resulting in eutrophication indicated by an increase in nutrients and planktonic diatoms.  Recently urban development and tourism has caused a reduction in lake area.  This trend, in addition to increased rainfall in the region has caused more phytoplankton blooms and macrophytes, amplifying the effect of eutrophication.


Spooner et al. (2002) used many paleoenvironmental indicators to reconstruct the environment of a northern British Columbia lake from 11,500 years BP to 2400 years BP.  At 11,500 BP, during glaciation, the lake became an embayment due to an ice-dammed lake further downstream.  Until 9000 BP there were high clastic sedimentation rates in the lake due to the unstable landscape, and cool, wet climate.  From 9000 BP to 8300 BP lake levels decreased, and the climate was warm and dry.  Judging from pollen records, the vegetation during this time included shrubs and herbs.  After 8300 BP the floral assemblage was replaced by spruces and firs, and the climate was cool and moist.  From 6000 BP to 3000 BP the temperature decreased, while the precipitation increased.  3000 BP marked the transition to modern climatic conditions.  There was also a small glacial advance during this time.  At 2400 BP the pollen record shows an increase in the number of pines, hemlocks, and cedars, and a decrease in the numbers of alders, spruces, and firs.  Some of these pollen changes may have been due to changing air circulation patterns.


Catalan et al. (2002) studied a lake in the Pyrenees regarding its response to a warming trend over the last 100 years.  They used Pb dating to correlate their cores to a time scale.  Using various indicators they found that there has been a general increase in temperature.  The increase in temperature has been particularly noted in the summer and autumn months.  The microfossil indicators responded particularly well to finer time increments.  Diatoms, chironomids, and chrysophytes responded well for the summer and autumn temperatures.  A threshold in the warming trend was well documented by diatom genera Fragilaria and Cyclotella.  However, the authors found that chironominds formed a negative relationship with temperature, and were much more responsive to the temperature fluctuation than were diatoms.


Reavie et al. (2000) studied the cultural eutrophication on four lakes in British Columbia.  The authors used total concentration of phosphorus to assess the eutrophic condition of the lakes.  They found that the lakes were naturally productive, but after human development, increased nutrients were added to the lakes, adding to the effect of eutrophication. Recently the high nutrient conditions have increased even more, but the eutrophication of these lakes is not severe enough to cause high ecological devastation at this time.

Study Site

Lake Eugenia is located in Southern Ontario, south of Georgian Bay near Markdale and Flesherton.  It is a lake that was created in 1915 when Ontario Hydro (now Ontario Power Generation) built a dam to utilize and control the water levels of the eastern branch of the Beaver River to generate 3,600 kW of hydroelectric power.  Eugenia Lake is located in a well-developed town where in the 1960s, there was a lot of cottage development.  Eugenia Lake is a 1,400-acre reservoir that is drained by an area of approximately 100 square miles between the Singhampton and Gibraltar Moraines.  In addition, Eugenia Lake is located at 1,422 feet above sea level.  The lake has an amoeba-like shape with a length of 4-5 km and there is an island in the centre of the lake.  The maximum depth of the lake is 30 feet and the average depth is 2-3 m.  The pH of Eugenia Lake is 8.0 and in the winter, the lake freezes.  The winter surface temperature of the lake is 0.1(C and the lake water warms up towards the bottom of the lake where the temperature reaches 4.1(C.  The lake sediment is less than 100 years old.  The surface sediment consists of loose mud.  From 5-6 cm down, the sediment becomes more gelatinous.  Bits of grass appear 6-7 cm down and hard clay appears 10-11 cm down.  From 12-13 cm depth, there is a metallic smell, which might indicate the presence of hydrogen sulfide.  Further down, the sediment becomes more consolidated and it is quite odorous.  At approximately 30 cm, bedrock occurs.  

Geology Around the Study Site

Most of the basement bedrock in Southern Ontario was deposited in the Paleozoic.  The southwestern region of Southern Ontario is dominated by Devonian rocks, while the central region is dominated by Silurian rocks and Ordovician rocks.  The northeastern region in Southern Ontario is dominated by Ordovician rocks and Precambrian basement.  The types of sedimentary rocks present include limestone, dolostone, shale, and sandstone.  Lake Eugenia is located on the Georgian Bay Formation, which are sediments that were deposited in the Upper Ordovician (445 million years ago).  The Georgian Bay Formation is made up of a mixture of limestone and shale.  This formation is mainly calcareous; this affects the chemical composition of the sediments in the lake where it is expected that there is a lot of calcium carbonate.


Although the original sedimentary rocks were laid down horizontally, they now appear warped due to pressure changes on the land.  There are two major basins in southern Ontario.  The Appalachian Basin is a foreland basin formed by crustal loading during an orogenic event.  The Michigan Basin is an intracratonic basin in which subsidence rates within the basin differed.  Lake Eugenia lies at the edge of the Michigan Basin, which is a depression of the land centered at Michigan State.  During the Ordovician, there was a sea in the Michigan Basin with trilobites, crinoids, brachiopods, molluscs and corals.  There was a tropical climate (now temperate) in this area during the Ordovician.  These Ordovician rocks, along with the overlying Silurian rocks, from the Niagara Escarpment, which flanks the western shore of Lake Eugenia.  The Niagara Escarpment at present, runs parallel to the southern shore of Lake Ontario, and it continues north towards Georgian Bay, where it ends at the southern shore of Georgian Bay.  The escarpment formed as a result of differential erosion, in which the upper layer of hard rock (limestone and dolostone) eroded less easily than the underlying soft rock (shale and sandstone).  In addition, the bedrock is slightly inclined, which contributes to the formation of the escarpment. 


Prior to 1915, the Beaver River ran off the top section of the Niagara Escarpment into the Beaver Valley.  This was utilized by Ontario Hydro to generate electricity and thus created Lake Eugenia. As a result, the Beaver River flows into Lake Eugenia and the lake water then flows into the Beaver Valley by way of the dam. 


The Niagara Escarpment forms the flanks of the Beaver Valley, and the valley covers an area of 77 square miles (Chapman and Putnam 1984).  The valley is wider and open on Georgian Pay and it tapers to the south at a distance of 25 to 30 miles (Chapman and Putnam 1984).  Lake Eugenia is situated at the southern portion of the Beaver Valley.  The Beaver Valley is a deep preglacial river valley, and the floor drops 650 ft below the rim of the valley (Chapman and Putnam 1984).  Most of the erosion of the valley occurred in preglacial periods, where Paleozoic rocks underwent 250 million years of stream erosion.  This stream carried clay and sand into the sea.  The floor of the valley is made up of shale, and the rim of the valley is made up of the Amabel Formation, which overlies the Manitoulin Formation.  During glacial periods, glaciers advanced up the valley (possibly several times) and as a result, the valley walls have become more smooth and round from erosion.  Today, the Beaver Valley has a U-shape appearance like alpine glacier valleys with open steep sides and a broad floor.


Evidence of glacial periods can be seen in the areas surrounding Lake Eugenia.  There is a drumlin field in the southeastern region of Lake Eugenia.  Drumlins are smooth teardrop-shaped glacial deposits, and they can be used to indicate the direction of glacier movement.  In addition, moraines are found in the region surrounding Lake Eugenia.  Moraines are deposits of till along the margins of a glacier when glaciers are receding.   One of the moraines that are located in the Lake Eugenia region is the Gibraltar Moraine.  There are 3 arms of the Gibraltar Moraine and the central arm of the Gibraltar Moraine runs southwestward from the southwestern shore of Lake Eugenia.  The moraine continues northeastward on the northeastern shore of Lake Eugenia.  The western arm of the Gibraltar Moraine flanks the west side of the Beaver Valley.  The Gibraltar Moraine was formed by a submerged ice front and thus it has a reduced height (900 feet above sea level) and it is relatively smooth compared to other moraines in the area.  Further north from the Gibraltar Moraine in the Lake Eugenia region is a portion of the Banks Moraine, which is not as well developed as the Gibraltar and Singhampton Moraines.  The Singhampton Moraine is located further south from the Gibraltar Moraine and this moraine was formed by the Ontario-Erie glacial lobe.  The Beaver River is recharged from the Gibraltar and Singhampton Moraines and as a result, material from this region is carried into Lake Eugenia through a spillway of outwash sand and gravel beds. Thus the geology of Southern Ontario may affect the types of sediments deposited Lake Eugenia.         

Material and Methods

A 30cm sediment piston core and 15cm sediment Glew-Maxi gravity core were obtained from Lake Eugenia at a depth of approximately 5m.  The cores were subsampled at 1cm intervals and placed into labeled bags.  Two centimetres from the top of the gravity core were lost. Approximately 1mL of the sediment at 15 various intervals were subsampled and 1mL of 10% HCl was added to the sample to determine if carbonates were present.  Carbonate was present but it was not removed from the samples and organic digestion proceeded.


Acid digestion of organic sediment is used to obtain diatoms.  A subsample of approximately 1mL of sediment was placed in a centrifuge vial for all intervals for the piston core.  Approximately 2mL of H2O2 solution were added to each vial and stirred to remove organic matter.  The vials were placed into a hot water bath to speed up the digestion process.  The samples were allowed to cool and settle for more than 24 hours.  The acid solution was then aspirated and distilled water was added to the vial to wash the sample, and it was stirred.  


Labeled glass slides were prepared for intervals including 0-1cm, 2-3cm, 4-5cm, 6-7cm, 8-9cm, 10-11cm, 12-13cm, 14-15cm, 16-17cm, 18-19cm, 20-21cm, 22-23cm, 24-25cm, 26-27cm, 28-29cm and 30-31cm.  Slipcovers with diatom samples from each of the above-prepared slide intervals at 2 dilutions were then placed on a slide warmer.  The slipcovers with the samples were dried overnight.  Naphrax, which is a synthetic resin with a high refractive index, was added to the glass slides and these were heated on a hot plate for less than a minute.  The cover slips with the samples were then inverted onto the Naphrax on the slide and these were allowed to harden to drive out the toluene solvent.  The slides were cooled.


To obtain pollen, a subsample of approximately 1mL of sediment was placed in a centrifuge vial for all intervals for the piston core.  Approximately 10mL of KOH was added to each vial.  The vials were placed in a hot water bath for approximately 10 minutes and the samples were stirred.  Next, the vials were placed in a centrifuge for approximately 5 minutes at 2000 rpm.  After centrifuging, the KOH was aspirated and approximately 10mL of distilled water were added to the vials, and the sample was stirred.  The vials were placed in a centrifuge again for approximately 5 minutes at 2000rpm.  The water was then aspirated and approximately 3 drops of dye (safranine stain) was added to the vial.  Labeled slides were then prepared for intervals including 0-1cm, 2-3cm, 4-5cm, 6-7cm, 8-9cm, 10-11cm, 12-13cm, 14-15cm, 16-17cm, 18-19cm, 20-21cm, 22-23cm, 24-25cm, 26-27cm, 28-29cm and 30-31cm.  A sample of each interval was placed on a labeled glass slide and glycerine and water was added.  A cover slip was then placed on top of the sample on the slide.


Each diatom and pollen slide was counted.  Each of the eight persons involved counted 2 diatom slides, 2 repeat diatom slides, and 2 pollen slides.  Counters were instructed to count 100 specimens on each slide.  The data was then entered into an excel spreadsheet and plotted. 

Results

Flora Assemblage Descriptions

Acer (Maple trees) live in the north temperate zone. (Farrar, 1995)  They can be either small shrubs or large trees, and can be insect or wind pollinated. (Farrar, 1995)  Some maple trees prefer wet habitats, while other prefer more dry, upland areas. (Farrar, 1995)  Maple trees are a major component of many north temperate forests.

Fraxinus (Ash Trees) are wind pollinated, and mostly occur on rich, moist soils. (Farrar, 1995) Common habitats for ash trees include swamps, streams, and poor, dry upland soils. (Farrar, 1995)

Tsuga (Hemlock Trees) usually occur in areas of high rainfall, including on moist northern slopes, the borders of streams and lakes, and near swampy areas. (Farrar, 1995)

Quercus (Oak Trees) are wind pollinated, and commonly inhabit deciduous forests. (Farrar, 1995)
Alnus (Alder Trees) typically inhabit north temperate regions, and can take the form of either small trees or shrubs. (Farrar, 1995)   They like wet sites, and are intolerant of shade. (Farrar, 1995)   Alders are able to colonise exposed sites that are low in nutrients. (Farrar, 1995)

Betula (Birch Trees) also typically inhabit north temperate regions. (Farrar, 1995)   They are wind pollinated, and their pollen can be blown over long distances in the winter. (Farrar, 1995)  Birches grow in harsh environments, and are not shade tolerant. (Farrar, 1995)  Birches often form a large part of the new tree cover on areas disturbed by logging or fire. (Farrar, 1995)  Over time, conifers and tolerant hardwood species replace them.  Birches commonly grow in association with conifers like spruces. (Farrar, 1995)

Pinus (Pine Trees) like sandy, well-drained soils rich in nutrients, and are intolerant of shade. (Farrar, 1995)  They need a lot of sunlight, and are pollinated by the wind. (Farrar, 1995)


Ambrosia (Ragweed) grows in most temperate conditions, and is strongly associated with human development.

Flora Assemblage Results

The majority of the flora assemblage was composed of ragweed pollen, grass pollen, and bowties (most likely a form of algae) (Figure 1).  The bottom level of the assemblage was bereft of any pollen except for Tsuga at 30-31 cm.  However, because only 1 pollen grain was found at this stratum, this value has been discounted.  In the middle level, the bowties dominated, followed dominantly by ragweed, grass, Pinus, Acer, and Betula pollen respectively.  The top level was dominated by grass pollen, followed dominantly by ragweed, Acer, Pinus, Betula, and Quercus pollen respectively.

Diatom Results

Overall, the sediment core is dominated by Aulocoseira (approximately 50%), followed by Cyclotella (approximately 30%) and then Fragiliaria (approximately 10%) (Figure 2).  The rest of the core contains Eunotia, Gomphonema, Navicula, and Achnanthes and small amounts of Stephanodiscus, Synedra, Tabellaria, and Amphora.  The core can be divided into three zones based on the diatoms present, where the top zone consists of the sediments in the 0 to 9 cm depth, the middle zone consists of the sediments from 10 to 27 cm depth and the bottom zone consists of the sediments from 28 to 31 cm depth.   


The bottom zone is dominated by Aulacoseira, Cyclotella, and Achnanthes.  However, there are relatively few diatoms found in the bottom zone compared to the upper zones. The middle zone is dominated by Aulocoseira and Cyclotella.  The diversity in diatoms increase in the top zone in which there are approximately equal amounts of Cyclotella, Aulacosiera, Eunotia, Fragilaria, and Gomphonema present. 

Discussion

Flora Assemblage Discussion

Most of the pollen species do not change much over time. (Figure 1)  This is due to the fact that plants usually lag behind diatoms in paleoindication.  Plants are not as sensitive to abrupt changes, because trees do not die immediately due to small fluctuations.  In addition, the core only represents about 100 years of sedimentation.  Because trees often live for a long period of time, on the scale of 50 to hundreds of years, such a small amount of time does give time for trees to adapt.


The plants in the area also would not have responded directly to the increasing eutrophication of the lake.  Only the trees whose major water source was lake would have been affected by the increase in nutrients.  Species whose pollen made it into the lake by wind over long distances, and whose water sources were not the lake, would not have shown any effect of eutrophication.


However, one can interpret portions of the pollen data as being directly affected by increasing development.  The increase in both ragweed and grass likely indicates human impact on the area.  Ragweed is often associated with human development, and grass pollen would likely have been from cottagers and residents creating lawns.

As expected of the area, all of the pollen indicates that the area is located in a northern temperate zone.  The area was likely moist with a fair amount of rainfall, and a lot of direct sunlight.  Comparing Lake Eugenia to the upper stratifgraphy of 
Lake Edward, they appear to be the same in terms of relative Acer and Betula present.  A decline in Fraxinus is also the similar between the two lakes. However, Lake Edward has much more Tsuga and Pinus in the upper strata than Lake Eugenia.  In Shouldice Lake located in the Bruce Penninsula region, the upper strata are dominated by Pinus and Betula, which moderately approximates Lake Eugenia.  Therefore, Lake Eugenia seems to be reflecting the climate of the time, because the stratigraphies compare well between it and Lake Edward and Lake Shouldice.  However, local climate fluctuations may be responsible for the differences between the three stratigraphies.


Except for Tsuga (of which is likely an anomaly due pollen counts), no pollen was found in the bottom section of the core approaching 25 cm.  This is likely due to a combination of two factors.  Firstly, the core may not have been taken in the riverbed of the old Beaver River, but in the surrounding sediments.  Secondly, before the dam created the lake, water would have followed directed into the Beaver Valley.  So instead of creating a sediment trap, most of the sediment, including pollen, would have bypassed the area.  Also, human development would have increased sedimentation rates from deforestation, which would help explain the lack of pollen at the lowest core level.  Therefore, once the lake was created in 1915, which according to the pollen data was around 26-25 cm, pollen being carried by the Beaver River from upstream, and pollen that directly was brought into the lake would have been trapped by the dam, and then settled to the bottom of the lake.  Only a small amount of this pollen would have made it past the dam, and into the Beaver Valley.  

Diatoms

Using the species indicator values from Van Dam et al. (1994) (Table 1), the results (Table 2) indicate that overall in the sediment core, Lake Eugenia is a fairly alkaline lake (pH >7) with moderate salinity (brackish to freshwater).  The limestone in the area provides a buffer to prevent acidification of the lake.  The oxygen requirements of the diatom taxa are continuously high at about 100% saturation.  The lake is (-mesosaprobous, which indicates a moderate level of pollution. The nitrogen composition of the lake indicate that the diatoms are nitrogen-autotrophic in which they tolerate small amounts of organically bound nitrogen. Overall, the pH, salinity, saprobity, and oxygen levels remain the same throughout the core.  However the trophic state changes with depth, but throughout the core Lake Eugenia is a mesotrophic lake.


The low diatom diversity and the abundance of Cyclotella and Aulacoseira in the middle zone indicates mesotrophic to eutrophic lake conditions.  In the top zone, the diversity of diatoms and the presence of more benthic forms such as Eunotia, Fragilaria, and Gomphonema and a decrease in Aulacoseira indicate that lake conditions are becoming more oligotrophic.    Thus there has been an increasing amount of nutrients into Lake Eugenia throughout time, which changed the lake from a mesotrophic to more oligotrophic ecosystem.

Sources of Error

There are several important sources of error in this study that need to be taken into account when interpreting the diatom and pollen data.  Foremost, the piston core, from which all data was collected, was compromised when it was knocked over, and several centimetres of sediment were lost.  This may have also had the effect of mixing up the layers of sediment within the core, thus altering proper pollen and diatom readings from each level.


Counting errors were also a likely source of error.  Everyone involved was supposed to count 100 specimens on each slide.  However, many people over counted, and some people under counted.  Many of the under counted slides were due to poor concentrations of diatoms and pollen at those levels.  Thus, overall abundance of pollen and diatoms were compromised at these levels, leading to misleading results.


Another likely source of error involved species identification.  Because many of the participants had not previously identified pollen and diatoms, various incidents of misidentification likely occurred.   Because certain species of diatoms and pollen only live in certain environments, misidentifying a specimen could have lead to erroneous results.


The remaining source of error had to do with the methods of slide preparation.  During the diatom slide preparation process, a 10% solution of HCl was supposed to be added to remove carbonates.  However, that step was skipped, and because of this, a vigorous reaction occurred when the test tubes were added the hot water bath, signifying the presence of carbonates.  The carbonates left in the samples likely reduced the concentration of diatoms on the slides, leading to difficulty in counting.


Each source of error is important by itself, and error is only compounded when all sources are added together.  Therefore, each of these sources of error may have contributed to erroneous data and conclusions in this report.

Conclusion

Paleolimnological data has been useful in reconstructing the history of Lake Eugenia. Prior to the construction of the hydroelectric dam, the Beaver River flowed directly into the Beaver Valley, off the Niagara Escarpment instead of pooling into Lake Eugenia.  This is illustrated in the diatom and pollen record obtained from a core sample. The bottom zone represents this time because there is a low abundance of diatoms and pollen at this level.  However, because the core sample lacks even riverine forms, the sample was not likely obtained from the old riverbed, and was instead probably taken from the surrounding sediments.  In addition, the lack of pollen and diatoms in the bottom zone can be attributed to increased sedimentation due to deforestation.


Directly after the bottom zone and the beginning of the middle zone represents the creation of Lake Eugenia by the hydroelectric dam in 1915.  At this time, one sees many diatom and pollen specimens, including by Cyclotella and Aulacoseira indicating a mesotrophic lake environment.  In the latter part of the middle section, one sees an increase in the amount of Ambrosia and grass pollen, signifying the development of the area by humans.  The top zone is dominated by species of Cyclotella, Aulacosiera, Eunotia, Fragilaria, and Gomphonema, indicating higher nutrient levels.  


Therefore, Lake Eugenia is a very interesting study of a previous river changing into a lake.  Because of human development in the area after 1915, the continued nutrient infusion into the lake caused the lake to be mesotrophic to eutrophic.  However, the lake has since become more oligotrophic, which may have come about by concerns regarding the environmental condition of the lake.  Thus paleolimnological indicators are important for understanding past environments and evolution of lakes, such as Lake Eugenia.
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TABLE 1.  Diatom species indicator values. (Van Dam et al. 1994)
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TABLE 2.   Values of diatoms collected in piston core. (after Van Dam et al. 1994)

[image: image4.jpg]Diatom R H N 0 S T M)
Cyclotella distinguendal ] 2 1 1
Cyclotella bodanical 3 1 1 1 1 1 1
Cyclotella steligeral 2 1
Aulocoseiral  2tod] Tto2] 1to2] 1t 2 4107 1

Middle Zone Average| ] 2 1 1| 1to2] 1
Cyclotella distinguendal ] 2 1 1
Cyclotella bodanical 3 1 1 1 1 1 1
Cyclotella steligeral 2 1
Aulocoseiral  2tod] Tto2] 1to2] 1t 2[ 417 1

Amphoral ] 2 2 2 2 5 3

Acanthes flexella 3 1 1 1 1 1 E
Cogconeis placentula 4 2 2 3 2 5 2
Cymbella ] 2 1 1 Ttod] 5 2

Eunotia praerupta 2 1 1 1 1 2 3
Fragiaria pinnatal ] 2 2 1 2 7 E
Fragilaria parasitical ] 2 1 1 2 ] 7
Gornphoneratype 1] 3t03]  1ta3] 1tod] 1to2] Ttod] 1te7] 1Ttod]
Nitzschia amphibia| 4 2 3 3 3 5 3
Tabellaria flocculosal 2 1 1 1 2 3 E
Fragiaria nanana| 3 1 1 1 1 2 2

Top Zone Average| 4 2 1 1 2 5[ 213
Fragilaria contruens 1 2 1 1 2 ] 1
Fragilaria brevistriata ] 2 1 1 1 7 2
Naviclasp| 3t04] 2104 1t02] 1103] itod] 4to5] 1tod
Stephanodiscus spl 5 2[ 2103 204 2tod] Btob| 1109
Average Throughout] 4 2[ 1t02] 1t03] 1t02] dto7 1
‘Average overall| 3] H 1 1 2] 3t05] 3|





Figure Captions

FIGURE 1.  Relative abundances of pollen from the piston core.

FIGURE 2.  Relative abundances of diatoms from the piston core.
