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Paleolimnology:

The reconstruction of lake and river
histories using the physical, chemical,
and biological information stored in lake
sediments

* Provides valuable information on environmental
change in lakes, their watersheds, and the atmosphere

» Critical data used to address major environmental
iIssues (i.e. acid rain, eutrophication, climate change)



Paleolimnology:

Reconstructing lake and environmental
histories from sediment archives

Monitoring
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Our Objectives

e Reconstruct the trophic ecology-of-Okanagan and
Wenatchee Sockeye nursery ecosystems over the
past ~150 years

« Attempt to identify major drivers of ecological
change influential to nursery lake productive
capacities

e Assess relative sensitivities of nursery ecosystems
to ongoing and future drivers



Our Approach

Radiometric Dating (41°Pb, 137Cs)

Sediment Geochemistry
= Sediment elemental chemistry (C/N;ojar)
= Sediment stable isotope ratios (6'°N, 6°C)

Lake Trophic Reconstructions

= Primary Production
» Fossil algal pigments
* NIRS chlorophyll a
» Diatom microfossils

= Secondary Production
» Cladoceran zooplankton sub-fossils
e Chironomid larvae

Quantitative Inference of Key Limnological Parameters
= Total Phosphorus (diatoms)
» Dissolved Oxygen (chironomids)



Algal Pigments

Lake Wenatchee, WA
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Lake Wenatchee, WA

Algal Production
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Wenatchee Lake, WA
Secondary Production
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Wenatchee Lake, WA
Secondary Production
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Wenatchee Lake, WA
Secondary Production
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Skaha Lake, BC
Algal Production & Nutrients
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Skaha Lake, BC
Algal Production & Nutrients
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Skaha Lake, BC
Algal Production & Nutrients

Algal Pigments /
o >
& e
/ ' &Q}\ &

(o > Q)
. N\ QO
\Q\Q N AN
PN
O.\fb Qef“
\\ \06(\
?}58
L 1 | 1 | 1 | 1 | 1 | 1 |
2010+
2000
1990+
1980
1970
1960

1950+ Sewage Plant Discharge

1940+
1930
1920

1910

Mesotrophic
1900_ 1T T 1T T 1 1T T 1 [ LI I [T r1 1771 117 T "T"T I 17 T 1T T
0 20 40 60 80 100 120 O 20 40 0 20 40 0 240 480 7200 0.02 0.04 0.0610 15 20 25

(ug/g organic matter) (mg/g dry sediment)  (ug/L TP)




Skaha Lake, BC
Algal Production & Nutrients

Algal Pigments /
S
N O
/ ) Q}@ &

&
X
2 &
o
| 1 1 1 1 1 1 1 1 1 1 1 1
20104
2000+
1990
1980
1970+
1960 ] Sewage Plant Rebuild

1950+ Sewage Plant Discharge

1940+
1930
1920

1910

Mesotrophic
1900_[ 1T T 1T T T 1 1T T 1 [ LI I [T r1 1771 117 T "T"T I 17 T 1T T
0 20 40 60 80 100 120 O 20 40 0 20 40 0 240 480 7200 0.02 0.04 0.0610 15 20 25

(ug/g organic matter) (mg/g dry sediment)  (ug/L TP)




Skaha Lake, BC
Algal Production & Nutrients
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Skaha Lake, BC

Secondary Production
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Skaha Lake, BC

Secondary Production
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Skaha Lake, BC

Secondary Production
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Skaha Lake, BC

Secondary Production
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Osoyoos Lake, BC
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Osoyoos Lake, BC

North Basin
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Osoyoos Lake, BC

South Basin
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Osoyoos Lake, BC

North Basin
Secondary Production
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Osoyoos Lake, BC

North Basin
Secondary Production
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Osoyoos Lake, BC

North Basin
Secondary Production
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Osoyoos Lake, BC
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Osoyoos Lake, BC

North Basin
Secondary Production
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Osoyoos Lake, BC

South Basin
Secondary Production
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Osoyoos Lake, BC

South Basin
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Osoyoos Lake, BC

South Basin
Secondary Production
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Osoyoos Lake, BC

South Basin
Secondary Production
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Osoyoos Lake, BC

South Basin
Secondary Production
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Osoyoos Lake, BC

South Basin
Secondary Production

Planktonic

Cladocera Benthic Cladocera7
{\6 0o (\&(\
59 4+ «Q &2 (ﬁ‘ (\\)\(b 2 o 4‘\\'3’( Q\\’*‘ @\’0 bQ D
N A\ X2) N
X \0(\Q Q°® \)9&6\(\%@‘ 0\’.\\6%6\ 6@ 0"9\ %Q S @Qo 2 K &
& @ @ T L @O
© W 06 QQ’((\Q\ @’0 (\‘b @ RS
Q)o% OQ)Q OQ’Q ¢S Vé FWR 2O o0 Q\0 O\(\*
2010_"|l|l|l||l||_|_|_|_|_‘_l_||_l_||_|_|l| |
2000-
1990 e T e
1980 .
1970
1960
19504 |- - - o SR NN (N N N S A IR A O
19401
19304 |- - oo SRR N N N N AN SN AU A AN (S
1920
1910
1900
1890_ — _— - - - - e - P
1880
18701
1860
185O'|_|||-|-|--|r—r.—r:r.—r: II_IIV_V._'_I LA L B I B | LA L L B | LI IR B | LI B T T T 1
0 20 40 60 80 0 20 0 0 0 0 0 0 200 20 0 0 0 20 0O 16 32 48 64 80 0 20 40 60 80 10010 20 30 40 0 400 800 0 100000 200000



Chironomid-Inferred
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“The Game Changer”

Climate Change
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Mean monthly global temperature anomalies relative to the 1961-1990 period

Brohan et al. 2006; J. Geophys. Res. 111: D12106



Climate Forcing of Lake Ecology

....... +  Climate forcing -+ -

Physical

o |

Thermal regime and mixing
Underwater solar radiation
P/E, water volume and residence time

|

Ecosystem services

Water supplies
Flood control
Fishing and hunting
Waste treatment
Hydroelectricity
Water sports
Aesthetics

Geochemical

Dissolved oxygen

Nitrogen and phosphorus
Dissolved organic matter

Biological

Biodiversity

Biomass and production
Food web relationships

Figure 1 Changes in climate forcing affect the physical environment of lake ecosystems and thereby alter their chemical and
biological properties. These changes affect the capacity of lakes to provide ecosystem services. P/E, precipitation to evaporation ratio.
Dotted lines indicate positive feedback effects, e.g., via decreased ice cover or the release of greenhouse gases from lakes into the

atmosphere.

Modified from Vincent 2009



Climate Change & Eutrophication
Interactive Lake Forcings

warming changes in precipitation

MORE cyanobacteria
HIGHER algal biomass

\ess 9225

LESS
large zooplankton submerged

vegetation

Modified from Moss et al. 2011



Internal Nutrient Loading

* Internal Loading
e Release of limiting nutrients from sediment

._r\
STRATIFICATION stores (phosphorus (P), ammonia (N))
/. Causes

ALGAE HAVE CONTINUAL  Oxygen loss at the sediment-water interface
ACCESS TO SUNLIGHT . . . . .
e Aerobic microbial decomposition of organic

EFLMMION .
e matter (e.g. dead algae, plants, animals)

 Release of “stored” nutrients from sediments
e Increased algal and plant growth (first

modest, then rapid)
e Potential for positive feedback/runaway

eutrophication
e Changes to lake ecosystem structure &

functioning

— INTERNAL LOADING
= PHOSPHORUS RELEASED
= INTO BOTTOM LAYER —

(mmm




Mean Temperature Change (°C)
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Summary of Climate Change for Thompson / Okanagan in the 2080s

Climate Variable

Projected Change from 1961-1990 Baseline

Mean Temperature (°C)

Precipitation (%)

Snowfall® (%)

Growing Degree Days™* (degree days)

Heating Dearee Days™ (degree days)

Frost-Free Days™ (days)
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SUMMARY

Okanagan & Wenatchee Basins

= Broad-scale & diverse FW habitat changes
Wenatchee Lake

= Minor lake enrichment

= Remains oligotrophic
Osoyoos & Skaha Lakes

= Cultural eutrophication history

= New lake “state” induced by eutrophication

= Likely magnification of eutrophication symptoms by
climate change

Climate Change Futures
= Winners and losers
= Osoyoos - Internal loading, hypolimnetic oxygen, surface temps.
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Total Phosphorus (ug/L)
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Pigment Source Stability  Affinity

B. f-carotene PL.t l Plantae, Algae. some phototrophic bacteria
B. w-carotene Bl 2 Cryptophvia, Chrvsophyia, Dinophyia, some Chlorophyia
,B—is,u::lrf:J:ni-::ratenf:2 P 1 Chlorobiaceae (green sulphur bacteria)
isorenieratene= P | Chlorobiaceae (brown varieties)

alloxanthin P l Cryptophivia

fucoxanthin PL 2 Dinophyta®, Bacillariophyta, Chrysophyta
diatoxanthin PLs* 2 Bacillariophyta, Dinophyta, Chrysophyta
diadinoxanthin PLs* 3 Dinophyta, Bacillariophyta, Chrysophyia, Cryptophyia
dinoxanthin P - Dinophyta

peridinin P 4 Dinophyta

echinenone Pl | Cyvanobacteria

zeaxanthin Bl 1 Cyanobacteria

canthaxanthin Pl | colonial Cvanobacteria, herbivore tissues
myxoxanthophyll Pl 2 colonial Cvanobacteria

scylonemin pL - colonial Cvanobacteria

oscillaxanthin Pl 2 Cvanobacteria { Oscillatoriaceae)
aphanizophyll® Pl 2 Ny-fixing Cvanobacteria (Nostocales)

lutein PL.t | Chlorophivia, Euglenophyta, Plantae
neoxanthin l 4 Chlorophyia, Euglenophyta, Plantae
violaxanthin l 4 Chlorophyia, Euglenophyta, Plantae
okenone’ P 1 purple sulphur bacteria

astaxanthin Pl 4 invertebrates, N-limited Chlorophvta
chlorophyll a PL 3 Plantae, Alpae

chlorophyll & PL 2 Plantae, Chlorophvia, Euglenophyta
pheophytin a PL.ts | Chl a derivative (zeneral)

pheophytin b PL.ts 2 Chl b derivative (general)

pheophorbide a Pls 3 Chl a derivative (grazing, senescent diatoms)
pyro-pheo(pigments) L, §* 2 derivatives of a and b-phorbins

Chl ¢ Pl 4 Dinophyia, Bacillariophyia, Chrysophyia




Change in
Seasonal
Temperature,
1900-2013

(°C per century)
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Change in Seasonal Precipitation,
1900-2013 (% per century)
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