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Key Questions:

1) To what extent do external nutrient inputs or
internal nutrient processing control nutrient
concentrations and cyanobacteria blooms in Lake
Champlain?

2) How do internal and external nutrient inputs
interact with meteorological drivers to drive
bloom development?

3) How is anthropogenic climate change likely to
impact these drivers and the risk of cyanobacteria
blooms in the future?



Background: Algae Blooms Worldwide
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Background: Harmtul Effects
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Background: Nutrients and Phytoplankton
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Background: Internal v. External Processes

External Loading Internal Processes

Overland fiow

WATERSHED

smaller sub-watersheds join to form
a larger watershed

Input
(dissolved, particulate) Output

Sedimentation & Release
(organic, ! i (PO,)
inorganic)

Sondergaard et al. 2003



Background: Multiple Timescales

* Hourly-Daily (diel oxygen fluctuations,
water movements, phytoplankton growth)

* Seasonal (meteorological patterns,
community succession)

* Inter-annual (strong v. weak bloom year)

* Decadal (responses to climate change,
land-use)

 Episodic (storm events, wind mixing)



Background: Lake Champlain

120 miles long
(193 km)

e 12 miles wide
(19 km)

* Max depth 400 ft
(122 m)

* Large ratio of
watershed:lake
area.

* Increasing TP
lakewide

* Increasing

frequency of
HABs

Land Use Categories

. Commercial
Industrial

B Transportation & Utilities
Other Urban Land
Barren Land

Residential

Row Crops
Permanent Pasture
Orchards
. Other Agriculture
. Broadleaf Forest
. Conifer Forest
. Mixed Forest
. Transitional
. Forested Wetland
. Non-Forested Wetland

. Open Water



2. Anatomy of a strong bloom



Chapter 2: Dynamic internal drivers of a

historically severe bloom revealed through
comprehensive monitoring
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Dynamic internal drivers of a historically severe cyanobacteria bloom in Lake
Champlain revealed through comprehensive monitoring

Peter D.F. Isles *>*, Courtney D. Giles °, Trevor A. Gearhart >, Yaoyang Xu °,
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Chapter 2: Data Collection

1 2 3 4km

Met Station

Weekly grab samples at 5 depths
TN, TP, SRP, NH,*, NO;, TSS,
TDP, DOC, TDN, phytoplankton,
zooplankton, dissolved and
colloidal metals.

Weekly PAR profiles
Autosamplers collect
TN and TP samples - N Hourly measurements of
every 8 hours Ay pH, DO, turbidity,

temperature, and
conductivity

" o

j = chlorophyll a, phycocyanin,




Chapter 2: Historical Context

g i :

e 2012 had the |
strongest bloom & ; z s \/
In recent years. i NIYY /'°ff'va.

* High TP
* High Chl
* Low discharge

Py
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Chapter 2: Stages of a Severe Bloom
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Chapter 2: Stages of a Severe Bloom
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Chapter 3: Buoyancy regulation and
wind mixing control metabolism
during strong blooms

Peter D.F. Isles, Yaoyang Xu, Courtney D Giles, Andrew W. Schroth



Chapter 3: The Behavior of Light in Water

» Key Question: To what extent do

buoyancy regulation and access to light
control cyanobacteria bloom dynamics?

Light Extinction in Water

I I I I I I
0 200 400 600 800 1000

Irradiance



Chapter 3: Physiology of Buoyancy Regulation

Aphanizomenon



Chapter 3: Vertical Migration and wind mixing drive lake

metabolism
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Chapter 3: Vertical Migration and wind mixing drive lake
metabolism
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Chapter 3: The benetits of buoyancy regulation

With Buoyancy

Regulation

mmol O, m™2

Without Buoyancy
Regulation

Total Peak Bloom NEP
62015 6747.4
1087.3
Buoyant Even diel O,
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Chapter 4: Temporal dynamics of

wind mixing control inter-annual

variability in cyanobacteria bloom
severity

Peter D.F. Isles, Yaoyang Xu, Donna M. Rizzo, Andrew W. Schroth



Chapter 4: Inter-annual variability in blooms
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Chapter 4: Intro to Ecosystem Metabolism

Gross Ecosystem

Primary Production
Production

'Ecosystem
Respiration




Chapter 4: Drivers of Ecosystem Metabolism

Daily NEP - R

|

NEP = GPP - R

)

Daily change in
dissolved oxygen, NEP at night, for each
corrected for day

atmospheric exchange



Chapter 4: Challenges of Big Data
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Chapter 4: Critical Thresholds
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5. Long-term trends in N:P througﬁout the
lake



ackground: Nutrients and Phytoplankton




Chapter 5: Climate-driven changes in
ener%y and mass inputs systematically
alter nutrient concentration and
stoichiometry in deep and shallow areas ot
Lake Champlain
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Chapter 5: Objectives

* Low N:P makes lakes more susceptible to
cyanobacteria blooms

* How is climate change likely to affect the
balance of N and P in Lake Champlain?

* Will changes be different in shallow and
deep areas?

* How will this affect the frequency and
severity of harmful algal blooms?



Chapter 5: Lake-wide Long-Term Monitoring Data

Lake Champlain e f‘ {}

15 Sites
* 1992-present ,; Mf

£ 9 .
 Tributaries, too % \&

\
http:/ /www.watershedmanagement.vt.gov/lakes/htm/lp_longterm.htm 2//\ L\



Chapter 5: Long-Term Trends
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Chapter 5: Effects of watershed loads and concentrations




Chapter 5: Seasonal dynamics in deep and shallow sites

TN:TP (molar)
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Chapter 5: Conceptual Model

Shallow

Deep

AR

DNE] DPEI

BE] [l
DNE DPE

* Dissolved nutrients available
immediately (in spring)

* Particulate nutrients available when
Temp, O2 conditions allow

* Dissolved nutrients efficiently

recycled
* Particulate nutrients mostly lost to

the sediments




Chapter 5: Conceptual Model

Shallow Deep
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Chapter 5: Conceptual Model

Shallow Deep
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* With climate change, peak
discharge is earlier, and warm
temps start earlier and last longer

* This leads to prolonged period of
declining N:P

Longer stratified period leads to
more bottom 02 depletion and
consequent P release in late
summer (also more denitrification).
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Chapter 6: Modeling Climate Change Impacts
on Water Quality in Missisquoi Bay
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Chapter 6: Integrated Assessment Model

GCM Resolution
e.g. HADCM2 2.50 x 3.750

Climate Downscaling B

Regional Climate Model
Resolution e.g. 50km
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Chapter 6: Lake Modeling Framework

Environmental Fluid
Dynamics Code (EFDC)

* 3-D hydrodynamic model
» Water temperature, flow
patterns

Row-Column AESOP
(RCA)

« Water Quality Model
 Sediment diagenesis




101N

— €7.98Q

— €T, \ON
m L £1,190
2 et1,des

— €T, b6ny

— €T, INC

= - £T.unr

B
=

S %)

(qv) <

— Wa
oy c
Y o

o
]
m -m
Y
.w — ¢T. Reiy

VJ = — €T.udv

@) wn L ©T, JeN

n m L ©T. ge

— — €T, uer

) g i

u %: 2 L 21, 99Q

= — ZT.AON

q t 2L znw0

Q = _d

= —===— ZT,das

T D =
e N ——= bny

| % — ¢T.InC

n o L ZT.ung

@)

g . A
o i M _ L 77, 1dy
H 2P mm — 2T, leIN

m - _ AN CE

o o S _ 2T, uer

| | | I | | | [ | | | |
0€ G 02 ST 0T 9 OF € [4 T 0v € 4 T 0

O dwsa] "ung dwal a [9pon dwalq ereqa

Chapter 6




101N

e
q
—

=

©
Q
e
@)
C
b
-
on
Q
T

)

e

o

T

Chapter 6

/0 Bw ‘eud10RqOoURAD JR10L

9 S 14 € [4 T 0
_ _ _ _ _ _ _

Phycocyanin RFU
Model Cyanobacteria

-

Modeled v. Observed Cyanobacteria

_ _ _ _ _ _ _
09 09 Oy 0 O0c Of

(18 Aep 1) 'N'4'd Vo4

o

€T %8d
€T AON
€T 100
g1 das
€T bny
€T Ine
eT ung
eT AeN
€T Jdy
€T Je|N
€T g4
eT uer
ARl
ZT AON
2T 190
¢T das
2T bny
zrine



Chapter 6: High-frequency calibration

August Chlorophyll-a
Year 2012

August Chlorophyll—a
Year 2013
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Chapter 6: Long-term calibration
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Chapter 6: Long-term calibration

August Chlorophyll-a
Year 1992




Chapter 6: Integrated Assessment Model
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Chapter 6: Future Climate Scenarios
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What can we do with 1t?

* Climate drivers are difficult to control, but
their effects must be taken into account
when planning water quality
management.

* Increasing temperature is likely to make it
more difficult to reach water quality
targets by affecting internal nutrient
cycling.

* Nutrient loading targets may be more
effective if we focus on specific nutrient
fractions (e.g., dissolved and reactive P).
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