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Important management questions

What were pre-disturbance conditions?
What Is the range of natural variability?

Have conditions changed? How? How much?
How fast? When? Why?

Can evidence of human activity be detected?

How much improvement can be expected?



Environmental Monitoring and Assessment - 1981-1993
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Smol (2008) Pollution of lakes and rivers: A paleoenvironmental perspective. 2" ed.



Techniques to Assess Past Environmental Change
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Paleolimnology: reconstructing lake
and river histories using the
al, and biological
ed In sediments




Sediments: environmental archives

e.g. aerially transported contaminants

° o ©€.0. pollen grains
\ allochthonous /
material
e.g. soil particles l

.\

e.g. algae & aquatic insects



Continuing Advances

Atechnology and methodology
Aamount of information

Ainterpretation



Surface sediment gravity coring




Close-interval sectioning




Dating the sedimentary sequences g7
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From the Atmosphere

carbon particles fly ash from coal metals and other
from carbon combustion pollutants from

combustion industry




From the Catchment

mineral Insect
particles CINENES




From the Aguatic System

diatoms C

Photo: | Walker




Diatoms

ABacillariophyta

Aabundant and diverse

Aexcellent environmental indicators
Asiliceous cell walls (frustules)
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Photos: K. Laird and B. Cumming;
in Smol (2008) Pollution of lakes and rivers: A paleoenvironmental perspective.
2"d ed. Blackwell Publ., Oxford.



The Paleolimnological Approach

Select Study Lake . : .
/ Select Coring Site & Section & Date Sediment Core

Retrieve Sediment Core

>
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S e ' Sub-sample Sediments &
~ Isolate Indicator of Interest

Collect Indicator Data




ATargets

ATrajectories



Users of Water
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http://www.pennalaphotography.com/-/pennalaphotography/detail.asp?photoID=2900937
http://images.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/4/4e/Daphnia_pulex.png&imgrefurl=http://commons.wikimedia.org/wiki/Image:Daphnia_pulex.png&h=858&w=752&sz=385&hl=en&start=9&um=1&usg=__3Pry_6IX5ecM6KNieDmbkXajETw=&tbnid=sMCSW0-fdvoa_M:&tbnh=145&tbnw=127&prev=/images%3Fq%3DDaphnia%26um%3D1%26hl%3Den%26rls%3Dcom.microsoft:en-us:IE-SearchBox%26rlz%3D1I7GGLG%26sa%3DN

What factors can be addressed
using paleolimnology?

eutrophication
anoxia and fish habitat
climate change
groundwater quality
river paleoecology
acidification
fire history
species invasion
speciation / evolution, etc.



Three lake characteristics
we typically wish to track

1) Lakewater nutrient levels

2) Deepwater oxygen levels

3) Algal and cyanobacterial blooms



1) Trends In lakewater nutrients

Why not just measure total P In
the sediments?

Many pitfalls and largely
abandoned ~30 years ago

(this Is not to say that sedimentary P has no value
In other applications i very important in mass
balance studies and determining processes, etc.)



So we have to use indirect proxy
methods that are related to
lakewater total phosphorus (TP)

Research ongoing for over 30 years,
but especially last 20 years

e
#s o~ ;’;

| ; = s, - )
» T O™ ey T - ::: £
J }/:r,‘ - .
- 9 "

.....

/ & S
- -2
» J%'P‘r‘c-r.' o JeJ .
P A S S
~ o o Sy -
e i T ~ s
-5 ' - ~ -
2 AN,
» » ’ of
PRERR. wwe S : g 3
i< by e
i # * s e el LA
s, —h 3
e e - o B .
o > P A
R AL~ - O - N\
» L e L P b b )
S ey " o
. v . o y s e -
. - L5 g o
-3| .

.....




Construction of a Transfer Function

= Surface area pH
Depth Secchi depth
Development Temperature
Total Conductivity
phosphorus Oxygen
Total nitrogen Alkalinity

- Chlorophyll a Ammonium

environmental data

Species response curves
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Regional Scale Diatom Calibration Set

Natural Lake
Reservoir

Ecoregions
Adirondacks
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Dixit, S.S., Smol, J.P., et al. 1999.
Assessing water quality changes in the
lakes of the Northeastern United States
using sediment diatoms.

Can. J. Fish. Ag. Sci. 56: 131-152.
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2) Deepwater oxygen levels?

Use organisms that need oxygen,
and live in the deep waters




Chironomid head capsules as indicators

Chironomus

‘Chironomus mentum
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Predictive O, Model Based on
Aquatic Communities

Inferred VWHO

(from Ontario Iakes) (modified from Quinlan & Smol 2001)



3) Algal and cyanobacterial blooms

Photo Todd Sellers
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Fossil Pigments



Example #1. The effects of
urbanization and shoreline
development on water quality

P == Peninsula Lake and
the Deerhurst Resort

Clerk, S., Hall, R., Quinlan, R., and Smol, J.P. 2000. Quantitative inferences of past
hypolimnetic anoxia and nutrient levels from a Canadian Precambrian Shield lake.
J. Paleolimnology 23: 319-336.



Peninsula Lake, Huntsville, Ont

Lake area = 822.9 ha

Mean depth =9.9 m

Maximum depth = 34.1 m

1867

1885

1870-90

1895

Late-1800s i
early-1900s

1972

First pioneers

Railway to area

Development of
local industries

Deerhurst Resort

Significant
logging

Sewage Treatment



Planktonic
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Profundal —— Littoral

Peninsula Lake
west basin
Chircnomids
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Similarly chironomids indicate marked changes
In deepwater oxygen levels




ONatural 6 conditions:
Before European settlement in the region

Phosphorus Deep-water oxygen

low

low » high high



A decline in water quality

Phosphorus Deep-water oxygen

o)

low » high high > low



Turning the corner

Phosphorus Deep-water oxygen

sewage
treatment

European
settlement

low » high high » low




What factors can be addressed
using paleolimnology?

eutrophication
anoxia and fish habitat
climate change
groundwater quality
river paleoecology
acidification
fire history
species invasion
speciation / evolution, etc.



Emissions from Sudbury smelters

SO, emissions have been reduced by 55% from
1980 levels in Canada, and by 40% in the USA
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Baby Lake, Sudbury. Fossil chrysophyte scales From Dixit et al. (1992, WASP)
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What can we learn from these Ontario studies?

1) Lake ecosystems can respond quickly
(in both directions)

2) Paleolimnology can be used to
identify problems, suggest solutions
and to monitor improvements



Many paleolimnological studies were
completed around the world, showing
eutrophication and acidification were
detrimentally affecting lake ecosystems.

However, nothing ever seems to be as
simple as It first appears to be.



Be prepared for surprises

The threat-sofr eB



Lake [Ca] Decline

NAguat i c Osteopo
The widespread threat of
calcium decline in fresh waters

Adam Jeziorski, N. D. Yan, A.M. Paterson, and John P. Smol

M. A. Turner, D. S. Jeffries, W. Keller, R. C. Weeber, D. K. McNicol, M. E. Palmer,
K. Mclver, K. Arseneau, B. K. Ginn, and B. F. Cumming

Jeziorski et al. (2008) Science322: 1374-1377

v ; w!
"
e J«) o

W
o

Queens



Calcium: I~ why do we care?
_|_

4 3

Be A Alkaline earth metal

Beryllium
9.012182

12 5

Me ° A Essential nutrient, critical to the
survival, development and
biogeographic distribution of biota

24.3050

—
P00

A Ca concentrations are currently
falling iIn many softwater regions
of North America and Europe
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Barium
137.327



Lake [Ca] Decline
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Ca Decline/

| NAguatilrcocoOst eoporo

A Declines in lakewater calcium (Ca)
concentrations have been observed In
many regions of Eastern N.A. and
Europe

A Due to a lack of baseline data, some
of the questions currently being raised
are only answerable using
paleolimnological techniques



