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Lake Champlain experiences cyanobacteria blooms
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Human influence...
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DAY OF FREEZE-UP

(starting January |)

LAKE CHAMPLAIN FREEZE-UP DATES, 1816 - 201 |
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Notes: Freeze-up occurs when ice covers the main body of the lake. No data available for 1830-1831.
Data Source: National VWeather Service

Lake Champlain Basin Program, May 201 |
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DAY OF FREEZE-UP

(starting January |)
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Missisquoi Bay

THE LAKE CHAMPLAIN BASIN ATLAS

Watersheds by Lake Segrents

Mean depth = 2.8 m (max ~ 4m)
WS:Basin area = 40:1
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F1G6. 2. Growth curves of loglo Chl a
concentration (pg-L7!) at 15° C (solid
lines), 20° C (long dashes), 25° C (me-
dium dashes), and 30° C (short dashes).
Hours represent the cumulative hours
that cultures were subjected to light.
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Emerging Threats Project
1 Sampling location
2007, 2008, 2009
*Multiple depths (5)

*Physical, Chemical and
Biological Measurements

«Concurrent sediment analyses

The Datasets
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0
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Missisquoi Bay

*Sampling Platform
i} Long-Term Monitoring Sites
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The Datasets

Emerging Threats Project

Sampling Day and Time (EDT)

Day 6h 10h12h 13h 18h 19h 0.0 06 15 24 3.5
«2007, 2008, 2009 12 Jun 03 X

9 Jul 03 X

*Multiple depths (5) 13 Aug 03 X

17 Sep 03 X X
*Physical, Chemical and 24 Jun 04 X X

Biological Measurements 28 Jul 04 X X
29 Jul 04 X

«Concurrent sediment analyses 26 Aug 04 X X
27 Aug 04 X

30 Sep 04 X X

10 Aug 05 X X

11 Aug 05 X

Sampling Depth (m)

1 Sampling location

X X X X
X X X X
X X X X X X X X

X X X

XXX XX X X X X X X X
XXX XXXXXXXX X
X X X

P
X X X




The Datasets

Parameter

Units

Minimum_ Mean Maximum

Standard
Deviation

Nutrients

Total Phosphorus *
Total Nitrogen *

Dissolved Nitrogen *

Soluble Reactive
Phosphorus *

ug/L
mg/L

mg/L

ug/L

16.7
0.327

0.29
0.5

49
0.579

0.445
5.99

266
0.997

0.997
33.26

43.5
0.144

0.15

5.46

Microcystin

ug/L

0.002

2.62

18.5

4.23

Phytoplankton

Bacillariophyceae *

Chlorophyceae *
Anabaena *
Aphanizomenon *

Microcystis *

cells/mL
cells/mL
cells/mL
cells/mL

cells/mL

0

23

306

898

2649

1027

25381 319804

1694

3455

17563

9919

402

886

3878

1960

58425

Physical Parameters

Temperature *

Conductivity
Dissolved Oxygen
PAR (Irradiance)

Fluorescence
Turbidity

°C
uS/cm
mg/L

W/m?

mg/m3
FTU

21.58
115.7

8.67
212.4

7.78
10.94

24.44

127.87

11.13
1170

18.86
84.01

2.4
11.09

1.25
365.6

3.4
12.79

Sediment

Dissolved Oxygen *

KKK

Oxic Boundary

Mn(II) Redox
Boundary™*

uM
mm

mm

0
-2.5

-26

47.4
-0.66

-1.18

150
0.5

10

43.8
0.94

7.57

* Also measured as part of the long-term monitoring dataset
** Measured at the sediment water interface by voltametric microelectrode

KKk

Relative to the sediment-water interface




The Datasets

Star_ldard

Total Phosphorus *
Total Nitrogen *

Dissolved Nitrogen *

Nutrients

Nutrients

Soluble Reactive
b3

Microcystin ug/L 0.002 2.62 18.5
i i k3
Green A|gae Bacillariophyceae cells/mL 0 306 1694

& Diatoms Chlorophyceae * cells/mL 23 898 3455

Anabaena * cells/mL 2649 17563 3878

c
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Aphanizomenon * cells/mL 1027 9919 1960 Cyanobacteria

Microcystis * cells/mL 25381 319804 58425
Temperature * °C . 21.58 24.44
Conductivity uS/cm . 115.7 127.87

Physical
Parameters

Dissolved Oxygen mg/L . 8.67 11.13
PAR (Irradiance) W/m? . 212.4 1170

Fluorescence mg/m3

Turbidit
Dissolved Oxygen ~

Sediment Redox Oxic Boundary™*
Chemistry g Mn(iI) Redox

Physical Parameters

* Also measured as part of the long-term monitoring dataset
** Measured at the sediment water interface by voltametric microelectrode
*** Relative to the sediment-water interface




Long-Term Monitoring
*5 Sampling locations
«2005-2009

*Surface Grab Samples
Limited analysis

*More frequent sampling

The Datasets

Quebec

Detail
Area

Vermont

0
|

Missisquoi Bay

*Sampling Platform
i} Long-Term Monitoring Sites
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The Datasets - Limitations

Small n — ET dataset
*Correlated Varaibles
*Auto-correlated data

Other artifacts of sampling?
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Why an Artificial Neural Network?

Information flow through neurons

| =
Dendrites Cell body
Collect Integrates incoming
electrical signals and generates
signals outgoing signal to
axon

Figure 45-2b Biological Science, 2/e
© 2005 Pearson Prentice Hall, Inc.

Axon

Passes electrical signals
to dendrites of another
cell or to an effector cell




Self-Organizing Map (SOM)
Network Architecture
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Kohonen, T. (1990), The self-organizing map, Proceedings of the IEEE, 78(9), 1464- 1480.



Step 1: Normalize input variables between 0 and 1
(X, —min(X;))
(max(x,) —min(X,))

norm(X;) =

Input Pattern, xP
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Step 2:Initialize weights

w(i),,, =mean(x,) e ¢ <=0.1x mean(x,)

Input Pattern, xP

'd Y
x100  x3 x2 X

Resistivity, onm-m/s =x°(1) @® ... @ @® @

Neighborhood Size, b

M
0000000000000
0000000COOOGOOOOO
00/000000000000
00/ 000000000000
W(2)Jk 000000000000
Shear Wave, Velocity, m/s =x’(3) @ ...@ @ @ WE), o .o.o'c.o.o.o:o:o:o:o:o:o:o:o:o.
K 000000000000000
s 000000000000000O

Compressional Wave Velocity, m/s =x*2) @ - @® @® @

SOM Map Node e N / ceoec0000000000
Best Matching Unit o /[ escscococcccoce
eeco000000000000

Neighborhood Boundary
Synaptic Weights — j=1...15




Step 3: Find Best Matching Unit (BMU)

0.5

BMU =min Z(x(i) - w(i) jk)z
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Step 4: Update Weights

new old

— P _
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Repeat Step 3 and 4 Find BMU & Update Weights

Predefined # of iterations through the entire dataset
o and b decrease through training
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Introduction to the SOM: Kohonen Animal Example

small medium big 2 legs 4 legs hair hooves mane feathers hunt run fly swim

1

1
1

1
0

0

0
0
0
0

dove

hen

duck

goose
owl

hawk
eagle
fox

dog

wolf

cat

tiger

lion

horse

zebra

CoOw



Introduction to the SOM: Kohonen Animal Example

Sample |sSmall medium big 2 legs 4 legs hair hooves mane feathers hunt run fly swim

10
11

12
13
14
15
16



Kohonen Animal Example: U-Matrix




Kohonen Animal Example: U-Matrix

- 10.2




Kohonen Animal Example: U-Matrix

Cluster

10.2

15



Kohonen Animal Example: U-Matrix
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Kohonen Animal Example: Component Planes

Run

Hooves

Fly
Hen—Cat Bog 15
Tiger Fox
Wolf 10
Zebra
Horse Cow
Hen 5

o ek ol

5

10

15

Swim
Liotr—Cat Bog
Tiger Fox

Wolf
Zebra
Horse Cow
Hen

5 10

Hawk '(se

15

0.8

0.6

0.4

0.2



It’s not always this easy with real data...

Many methods for clustering the SOM,
and the approach depends on the size of the dataset

Cluster
1 2 3 4

2 Hawk Goose
ol Ow D Duck [ | 0
5 10 15

15 x 15 node output map 1 x 4 node output map

Mangiameli, P., S. Chen, and D. West (1996), A comparison of SOM neural network and
hierarchical clustering methods, European Journal of Operational Research, 93(2), 402-417.



SOM Input — Emerging Threats Dataset

Input to the SOM:

1. In(DN:SRP)

. D.O., mg/l

. Conductivity, uS/cm

. Temperature, deg C

. Turbidity, In(FTU)

. Chlorophyll Fluorescence, In(mg/m?3)
. Irradiance, In(W/m?)

. Green Algae, In(cells/ml)
. Diatoms, In(cells/ml)

10.Depth to Mn!', mm




SOM Output — un-weighted by expert opinion

(.)>= 1000 cells/ml (O Microcystis, In cells/ml
< 1000 cells/ml




Bloom/No Bloom ?
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SOM input weighted by expert opinion

@ >= 1000 cells/ml (O Microcystis, In cells/ml
O <1000 cells/ml




Component planes
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Weights from discriminant analysis

Depth to Mn ', mm
Turbidity, In FTU
Chl. Fluor., In mg/m3
Irradiance, In W/m?2

D.O., mg/L

Cond., uS/cm

Green Algae, In cls/ml

Diatoms, In cls/ml

In(DN:SRP)

-1.5 -1 -0.5 0 0.5
Canonical Coefficients




SOM input weighted by discriminant analysis

(b)

NN
NN

’ >= 1000 cells / ml QO Microcystis, In cells/ml
@ <1000 cells / ml [[] Microcystin, mg/l
(O 3 SOM Cluster




SOM Input — Long-Term Monitoring Dataset

Input to the SOM:

1. In(DN:SRP)

2. D.O;mg/l

3. Conductivity, «S/cm

4. Temperature, deg C

5. Turbidity, In(FTU)

6. Chlorophyll Fluorescence, In(mg/m?)
7. lrradiance; In(\W/m?2)

8. Green Algae, In(cells/ml)
9. Diatoms, In(cells/ml)

10.Depth-to Mnll_mm= Day of Year




Long-term monitoring dataset

@ >= 1000 cells/ml (O Microcystis In(cells/mL)
@ < 1000 cells/ml Y Samples from 2007




Conclusions

The SOM was able to distinguish between samples with high/low
Microcystis based on other variables.

Sediment anoxia and DN:SRP seem to be the most closely
associated with abundant Microcystis

| 2 pieces to the bloom:

.+ In-lake conditions to support and sustain the bloom

-+ Atrigger — some combination of water/sediment/nutrient input,
. preditors, other phytoplankton ... etc

| - Collaboration lead to iterative analysis, better informed
' researchers and identification of data gaps.

i . The SOM results identified the need for higher spatial and
temporal sampling frequency to identify the environmental
drivers of the bloom.
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