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What can time-series lake data tell us about seasonal
ecosystem dynamics and upstream influences?

Upon completion of this lesson, students will be able to

* Explain the advantages of using times-series data sets
for water monitoring versus single (one time)
measurements.

e Construct and interpret graphs of real-time
environmental data.

 Formulate a question about water quality and select
the appropriate data to answer the question.

* Explore patterns as well as cause and effect
relationships.
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Water Quality Parameters

Biological
- Phytoplankton

- Zooplankton
- Benthic organisms
- Detritus
- Macrophytes
- Fish*
- Bacteria*

=

Chemical .
o pH Physical
- Depth
- Water Clarity
- Turbidity
- Water Color
- Bottom materials
- Waves & Currents
- Temperature

- Dissolved oxygen
- Conductivity
- Phosphorus*
- Nitrogen*
- Alkalinity*
- Metals*
- Organics*




Table 1. Sources and associated pollutants uU.s. EPA, 2015

Source

Cropland

Forestry harvest

Grazing land

Industrial discharge

Mining

Septic systems

Sewage treatment plants

Construction

Urban runoff

Common Associated Pollutants
Turbidity, phosphorus, nitrates, temperature, total solids
Turbidity, temperature, total solids
Fecal bacteria, turbidity, phosphorus, nitrates, temperature
Temperature, conductivity, total solids, toxics, pH
pH, alkalinity, total dissolved solids

Fecal bacteria (i.e., Escherichia coli), nitrates, phosphorus,

dissolved oxygen/biochemical oxygen demand, conductivity,

temperature

Dissolved oxygen and biochemical oxygen demand, turbidity,
conductivity, Phosphorus, nitrates, fecal bacteria,
temperature, total solids, pH

Turbidity, temperature, dissolved oxygen and biochemical
oxygen demand, total solids, and toxics

Turbidity, phosphorus, nitrates, temperature, conductivity,
dissolved oxygen and biochemical oxygen demand




EX p | O re Muskegon Lake Buoy Observatory

Real-Time Data for Researchers, Educators,

Boaters, Fishermen & Public
* About the Muskegon Lake e
Observatory = :?\.r,-.... = M
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www.gvsu.edu/buoy
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Location of the Muskegon Lake Observatory
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Muskegon Lake Observatory
» Collects air/water data 4-12 times per hour

* Sends the data to GVSU computer, then to the
Internet




What’s connected to the buoy?

- »'

Muskegon Lake
www.gvsu.edu/buoy
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What is being measured?

* Water sensors have measured over 13
parameters including temperature, oxygen,
nutrients, light, pH, conductivity, algal pigments
(chlorophyll), bacterial pigments (phycocyanin),
and current speed and direction.

* Air sensors measured 8 parameters including
temperature, wind, humidity, and precipitation.



Sensors

Temperature
Oxygen
Light

Nutrients Zebra Tech Wiper for YSI Wipers for Turner C3 w/
LI-COR PAR Sensor Optical Sensors Biowiper
TU r b | d |ty Optical Chamber w/copper

Algae
Wind

Qentifculing guard

Ra | N > Spectrometer housing

Water Speed ——cy Lamp housing

Teleqyne . Dl ADCP.W/ L Satlantic SUNA w copper guard
biofouling protection




Terrestrial inputsNE
(DOC, POC, N, P)

To Lake

Michigan Muskegon River
= — Muskegon Lake ‘

Observatory ' x W A T E R =

Zooplankton
(— RS Phytoplankton ,

Higher S / Ground Water

Consumers
Inputs (DOC, N,P)

Inorganic

L) DOM Nutrients

\_,7 Bacteria

http://www.gvsu.edu/buoy



http://www.gvsu.edu/buoy

Current Conditions

T W
Annis Water Resources Institute
integrating research, education, and outreach to enhance and preserve freshwater resources
& print € site index

Data Grapher + Current Conditions « API

Buoy Current Conditions

Air Temperature °E
Relative Humidity %
Relative Barometric Pressure inHg
Wind Speed knots
Wind Gust knots
Wind Direction degrees
Rain, Cumulative inches
Rain, Currently inches

Water Temperature 2m
Water Temperature 4m
Water Temperature 6m
Water Temperature 7m
Water Temperature 9m
Water Temperature 11m
PAR 1m

Nitrate 2m




Buoy Data Grapher

X Variable depth alphabetical

Date

Day of Week

Day of Year

Hour of Day

Julian Day

Month of Year

Week of Year

Air Temperature °F (above surface)
Rain, Cumulative inches (above surface)
Rain, Currently inches (above surface)
Relative Barometric Pressure inHg (above surface)
Relative Humidity % (above surface)

(N T T e L T T T T I

Y Variable(s) depth alphabetical

I Air Temperature °F (above surface)

I Rain, Cumulative inches (above surface)

I Rain, Currently inches (above surface)

I Relative Barometric Pressure inHg (above surface)
[ Relative Humidity % (above surface)

I Wind Direction degrees (above surface)

I Wind Gust knots (above surface)

™ Wind Speed knots (above surface)

[ PAR (1 meter)

[ CDOM pg/L (2 meters)

I Chlorophyll pg/L (2 meters)

I Dissolved Oxyaen ma/L (2 meters) A

Date/Time Filters Advanced Options

Range of Dates
All Dates
Specific Date
Today

Past 7 Days
Past 30 Days

Start Date
| Aug >|[12 »||2015 ~]

End Date

[Nov »||10 »||2015 +|

F

Type of Graph —
® |ine Graph

" Scatter Plot

" Column Chart

" Bar Chart

" Area Chart

Display Type

@ Dynamic HTML (recommended)
C Image

C XML

 JSON

C csv

Plot the data | Reset |




urbidity NTU (2 meters)

urbidity NTU (5 meters)

urbidity NTU (8 meters)

urbidity NTU (11 meters)

[ water Temperature °F (2 meters)

[ water Temperature °F (4 meters)
[ water Temperature °F (6 meters)

[ Water Temperature °F (7 meters)

[ water Temperature °F (9 meters)

[ water Temperature °F (11 meters)




Interactive Data Plotting Tool

Air Temperature at the Muskegon Lake Observatory
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Let’s Explore!

* www.gvsu.edu/buoy



a. Water temperature at 2 M
(specific date, every X minutes)

There is a single point on the graph, which is the
mean temperature, about 73.4 F.

7/10/14
Date

—— Water Temperature €F (2m)

Y Variable View Range: 73.36 = 73.47 Replot the data |




b. Water temperature at 2 M
(specific date, all day)
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c. Water temperature at 2 M
(range of dates for 1 month)

O wiater Temperature 2m OF
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d. Water temperature at 2 M
(range of dates for 5 months)

O water Temperature 2m OF
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Crate




e. Water temperature at 2 M and Water
temperature at 11 M (range of dates for 5 months)
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Date




Predict - Explain - Plot — Explain Again

 What trends do the data show?
* Why do the data show those trends?

* |s the trend different or the same than you
predicted? If it’s the same, justify. If it’s
different, justify why?



When do algal blooms
v ~ happen in Muskegon Lake?

 What parameter(s) would measure that?

 Make a prediction for the levels of your
parameter between April and November.

Parameter
Amount

April November



Chlorophyll

O Chlorophyll 2m Og/L
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Phycocyanin

O Phycocyanin 2m CellsfmL
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Muskegon Lake, September 2015




Elaborate
> Patterns > Cause and effect




Water Temperature and Chlorophyll
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Water Temperature and Phycocyanin

2011 B Phycocyanin 2m CellsfmL
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Evaluate

Suppose each year a class can do one day of
water monitoring. When should the monitoring
be done?

If we compare the data from one year to the
next, how can we know that any trends are
meaningful?

How will we know if things have changed or
remained the same?

How can human activities impact the aquatic
environment and what evidence do we have (or
require) to evaluate and mitigate that impact?



Tablke 4. Online Great Lakes and water guality data setfs

Liata Source

Liescription

Grest Lakes Observing System (GLOES) Data

FIEar-resFime and Srchived CoSSry SUmns IcInging
Iske conditions, water levels, wave heights, ir and

0 F"url! al .} wiater temperatures, and forecasts.
] STDdents can expiore and TTack COonamions over
Imtegrated Ocean Observing Systam different pans of the world ocean, coastal waters
(epww. ions.nosa.gon) and the Grest Lakes
_ - REalFnime data 107 STiream T and oiher
United States Geclogical Survey (L3630 parameters. Time-series graphs and data sets can
(#aterdsta.usgs ooy milmis/n) be generated online
Tea_ﬂhmg Grest Lakes Science | s Wehsne Te3Tures 3 sSune of IEs30ns, SCUVITIES
) ) and data sets focus=d on the Great Lakes.
{eneonr. miseagrant. umich. ediflessons/
. ESSy acoess 1o longierm, envirenmental
Graat Lakes Monitoring monitoring data collected throughowt the Great
(grestiskes monitoring.org’) Lakes. Thers are 3 rangs of environmeantsal

parameters to chooss from such as nutrients,
contaminants and physical properties of water.

Michigan Swrface Water Information Managemeant
System (MISWIMS)
miswims!

The SppICaion on The Wehshe 5 an INeracive
map-based system that allows ussrs to view
information sbowt Michigan's surfacs water.

Cooperative Lakes Monitoring Program (M1 Conps)

AN online 4018 521 15 Searchable Tor IBkes and
streams in Michigan.

Waastewster and Water Treatmeant Flants
Example: Grand Rapids
{greity, us/enterprise-servicesWater-System/).

The Ty of Srand Rapis has Monored e Srand
River and selected tributaries with dsta going back
several decades

World Water Monitoring Challenge™ (JAWRC)H
: H T )

TN EIC provides 3 wenUe Tor STB0ents 10 UsS
simple test kits to monitor water guality and their
results can b= posted online.

Global Learning and Observations to Bensfit the
Environment {GLOBE)

{erenec.globs. gon)

BCHOTI-aias SN TGN Snial M onnorng program
wihere studants st GLOBE schools follow
standardzed monitoring protocols and post their
results online. Dats s=ts can be retrizved and
analyzed with graphical visuslization capability.

Great Lakes Fieldscope,
(greatiakes. fiekdscope org)

STUO=Nis Can SXplole Maps and gQrapns and
contribute water guslity data from across the Grast
Lakes watershed region.
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Next Generation & Michigan
Science Standards

* Using authentic data helps students to identify
patterns, change through time, and cause and
effect.

* The lesson sequence above follows the
science and engineering practices of asking
guestions, defining problems, analyzing and
interpreting data, constructing explanations,
and engaging in argument from evidence.



So what do these sensors tell us about
seasonal ecosystem dynamics and
upstream influences?



So what do these sensors tell us about
seasonal ecosystem dynamics and
upstream influences?

How do these sensors help make
scientific discoveries?



How to make a scientific discovery

* Engage (to motivate the work ahead)
e Explore (patterns & study fundamentals)

* Explain (make guesses — hypotheses — and
test them)
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Engage

JOURNAL SENTINEL

PETER ESSICK

Kilometers
100




E ngage PHOSPHORUS NUMBERS PLUMMET, ALGAE BLOOMS EXPLODE

Before the 1972 passage of the Clean Water Act and a separate phosphorus-reduction agreement
between the U.S. and Canada, Lake Erie received an average of about 24,000 metric tons of
phosphorus annually. The lake has typically been well under its 11,000-metric ton target since, but

in the last decade the blooms have returned. The reason: changes in farming practices and more
intense spring storms mean the phosphorus flowing into Lake Erie has increasingly been in its
] highly potent dissolved state.

JOURNAL SENTINEL

Lake Erie’s annual total phosphorus load by major source, in metric tons

.............................

PETER ESSICK

SOURCE: OHIO DEPARTMENTS OF AGRICULTURE, AND NATURAL RESOURCES; ENVIRONMENTAL PROTECTION
AGENCY; LAKE ERIE COMMISSION

[ NS Ny

United States 50 100



Circle of Blue




A DEAD ZONE THRIVES IN GREEN BAY

The phosphorus-driven algae blooms plaguing Green Bay are more than just a nuisance. When that material dies
and decays, it burns up massive amounts of oxygen that can lead to "dead zones” — vast areas - so low in
oxygen that almost nothing can survive, The problem, driven largely by phosphorus-rich manure seeping into
the bay and fueling algae blooms, appears to have gotten worse in recent years.

This dead zone was mapped in 2012. The researchers taking the oxygen recordings did not sample the lower bay
at that time, or the near shore areas.

s

 MICHIGAN

Green
8:3:1'

Lake
Michigan

| Milwaukee Journal Sentinel
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Engage

What'’s causing this?

Scientists don’t know but they have guesses (hypotheses)

Slow progress on nonpoint phosphorus sources (dissolved
phosphorus)

* (Quagga and zebra mussels eating everything but Microcystis
e Stronger thermal stratification as waters get warmer

* Hypoxia releasing phosphorus from sediments




Engage

What'’s causing this? What can we do?

Scientists don’t know but they have guesses (hypotheses)

Slow progress on nonpoint phosphorus sources (dissolved
phosphorus)

* (Quagga and zebra mussels eating everything but Microcystis

e Stronger thermal stratification as waters get warmer

* Hypoxia releasing phosphorus from sediments




Explore

Theory: stratification drives hypoxia
Does hypoxia get worse as the summer goes on?

www.gvsu.edu/buoy
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Dissolved oxygen
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Dissolved oxygen
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Central Southern Lake Michigan Surface Temperature

Image Time: 10:59 (EDT)
Michigan State University Remote Sensing & GIS Research and Outreach Services

Image Date: 6/23/2015
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Central Southern Lake Michigan Surface Temperature

Image Date: 7/2/2015

Image Time: 7:00 (EDT)

Michigan State University Remote Sensing & GIS Research and Outreach Services
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