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Ecocasting 2010

The Office of STEM Education Partnerships (OSEP) at
Northwestern University has created these materials to help
students learn about the scientific observations, measurement
techniques, and computer models used in an ongoing National
Ocean and Atmospheric Administration (NOAA) Ecological
Forecasting project.




NOAA Study on Calumet Harbor:
A Highly Altered Great Lakes Ecosystem
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Opportunity

®* Provide the opportunity to engage with authentic data
In the context of a real-world NOAA research project

® |ncrease student global environmental literacy as well
as their understanding of the dynamics of the Great
Lakes, an important local ecosystem and natural

resource




How do we do this?

When change is
® Slow
® Dynamic

: -



Use- Agent Based Modeling

® Model is a simplified reality.

® Agents are

® Autonomous-capable of processing information and
exchanging information with other agents in order to
make independent decisions.

® Active- they exert independent influence on a simulation.

® Goal-directed, having goals to achieve with respect to
their behaviour.

® Mobility- roam the space within a model.

(source: Principles and Concepts of Agent-Based Modelling
for Developing Geospatioal Simulations, ISSN1467-1298




The Net Logo Model

¢ http://ccl.northwestern.edu/netlogo/

NetlLogo is a multi-agent programmable modeling environment. It is used by tens of
thousands of students, teachers and researchers woridwide. It also powers HubNet
panicipatory simulations. It is authored by Urd Wilensky and developed at the CCL. You
can downioad it free of charge.

What can you do with Netl.ogo? Read more here. Click bere to watch videos,

Join mailing gsts here.

NetLogo comes with a large kbrary of sample models. Click on some examples below.



Goals of Modeling

® Provide hands-on inquiry activities on ecosystems,
food webs and bioaccumulation for use in high school
environmental science and biology classes.

® Provide techniques for guiding students to actively
construct their own knowledge through visualization,
data analysis and interpretation of scientific processes,
all of which contribute to improved conceptual
understanding of complex systems.




Accessing Curriculum

http://ecocasting.northwestern.edu/curriculum/

Curriculum
#* Toxic Fish

Curriculum

The EceCasting curriculum is aligned te the Illincis State Science Standards, the
Cuollege Readiness Standards, and the NRC's Mational Science Education
Standards, For a complete listing of of the standards this curriculum address,
click here,

Download the whole curriculum here:
Complete Curriculum (all files updated July 29, 2011)
Student guides only

Note: The documents are formatted for double-sided printing: if you print them
single-sided there will be extra blank pages.

A shert description of each investigation follows, Te downlead copies of individual
investigations, simply click the title of the activity you are interested in. The
documents are formatted for double-sided printing: if you print them single-sided
there will be extra blank pages.

Investigation I is an introductory activity that will help the students to see
relevance of the unit through a connection with @ majer current event, the 2010
BEF oil spill in the Gulf of Mexica.

In Inwestigation II, students will be introduced te the cencepts of trophic levels,
predator-prey interactions, food chains and food webs., Students will use the
Metloge Agquatic Feod Chain model to explers populatien changes among the
primary species of the Calumet Harber food web,

The cbjective of Investigation III is to familiarize students with bisaccumulation,
persistent organic pollutants [POPs), pelychlarinated biphenyls ([FCBs], and the
dangers these pellutants pese to living erganisms. Students will quantitatively
model bioaccumulation and biomagnification using the MetLogo &quatic
Bivaccumulation model and create tables and graphs to analyze their data.

Investigation IV explores how the introduction of a new species into a food web
can change fesding relationships amongst the native arganisms, and how such
invasions can alter the process of PCB bicaccumulation in the food web, Students
will use the MetLoge Agquatic Invasive Species model to detect any cause-and-
effect relationships focused around the invasion of a3 new species into an already
established envirocnment.



http://ecocasting.northwestern.edu/curriculum/

Curriculum Sequencing

Start with basics move to complex
® Food Chain
® Food Web
® Biomagnification
® Bioaccumulation

® |nvasives

® |nteractions




Pick Your Content

_ﬁ 7

Bioaccumulation/ Invasives

Invasives Defined Food Chain/Web Biomagnification Species Modeled




Investigation I: Is Fish Safe to Eat,
or Is It a Toxic Risk?

® Teacher Overview

¢ Student Guide Part 1: K-W-L Chart

® Student Guide Part 2: Toxic Fish in the News?
® Student Response Sheet Part 1 (for KWL)

® Student Response Sheet Part 2 (for fish)

® Answer Key

® Reading: Scientists Say Gulf Spill Altering Food Web




Reading
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YAHOO!, NEwWS AP Associsted Prosm Rame Date s
Scientists say Gulf spill altering food web Investigation I Is Fish Safe To Eat, O Is It A Toxic Risk?

By MATTHEW BROWN and RAMIT PLUSHNICK-MASTI, Press Writers

Part 1: K-W-L
What do we already What do we want to know | What have we learned?
know? more about?

This June 15, 2010 photo provided by the University of California Santa Barbara, shows pyrosomes- cucumber-
, gelatinous organisms fed on by endangered sea turties, pulled up afer a deep cast in the vicinity of the ol
muwdm Scientists are seeing eary signs that the massive Gul spil s altering the food wab, by
or tainting creatures that form the foundation of marnine life and spurning the growth of others more suited 10 a
fouled environmant. (AP Photo/David L Valentine, Department of Earth Science, University of California Santa
Barbara)

Wed jul 14, 9:04 am ET
NEW ORLEANS - Scientists are reporting early signs that the Gulf of Mexico oil spill is

altering the marine food web by killing or tainting some creatures and spurring the
growth of others more suited to a fouled environment.

Near the spill site, researchers have documented a massive die-off of pyrosomes —

N N e




Investigation II: Aquatic Food
Chains, Food Webs, and Modeling

® Teacher Overview

® Student Guide Part 1: Introduction to Aquatic Food
Chains and Food Webs

® Student Guide Part 2: Modeling an Aguatic Food Chain
Using NetLogo

® Student Response Sheet Part 1
® Student Response Sheet Part 2

® Answer Key




Run Food Chalin

periphyton - crayfish . smallmouth bass
2,

® http://ecocasting.northwestern.edu/NetLogo/Food%20
Chain.html
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You may edit the food web below.
See "Information” tab for details.

‘crayfish eat periphyton
smallmouth bass eat crayfish

Population Size
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You may edit the food web below.
See "Information” tab for details.

v

P -
crayfish eat periphyton
smalimouth bass eat crayfish

[l periphyton / 4
E crayfish
M smalimouth Bass
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You may edit the food web below.
See "Information” tab for details.

crayfish eat periphyton
smallmouth bass eat crayfish

Population Size
666 7~ [ periphyton / 4

~ ' W crayfish
L M smalimouth Bass
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Model Run

® Cyclic patter of predator — prey occurs.

®* They followed each other with a time-lag- Matt

Population Size
O periphyton / 4

B Crayfish
B smallmouth Bass

LA

62

o Population

0 Time 620




Crash!

Student Responses

® You can get a population to crash by not providing enough food for
the population to grow. Setting up a condition does not guarantee
a result. There are always variable in the environment that can
affect the growth or decline of a population.- Esperanza

® You can get a population to crash by changing a food source.- Eric

User Yes or No

Bass want extingt locally. Add a bass?

(W ) (N ) (Y )




Investigation Ill: Bioaccumulation

Teacher Overview for Parts 1-6
e Part 1: What Do | Know About Pollutants?
®  Teacher Overview
® Pre-Test
®  Answer Key
® Part 2: What is POP (don’t you mean soda)?
®  Teacher Overview
®  Student Guide and Graphic Organizer
® Reading: Persistent Organic Pollutants: A Global Issue, A Global Response
® Part 3: How Are We Exposed to Chemicals?
®  Teacher Overview
®  Student Response Sheet
®  Answer Key
® Part4: Whatis a PCB?
®  Teacher Overview
®  Student Guide
®  Answer Key
® Part 5: Pre-Modeling Activity
®  Teacher Overview
®  Student Guide
®  Student Response Sheet
®  Answer Key
® Part 6: NetLogo Bioaccumulation model- What is the Difference between
®  Bioaccumulation and Biomagnification?
®  Teacher Overview
®  Student Guide
®  Answer Key




Physical Model

NOAA EcoCasting 2011 m

NOAA EcoCasting 2011 m

h o h b Craylish
periphyy periphy periphy periphy

Smallmouth Bass

» 1 Stutere Guide, Part 5 - 7 pages
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Results: Feedback Loops

Amplify PCB Bioaccumulation
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Including seasonal and
ontogenetic details of Calumet
species’ diets, we can predict top
predator PCB concentrations
more accurately than with a
simple “average” model.

Recycling of nutrients in harbor
creates Trophic Feedback Loops
that increase PCB biomagnifica-
tion.

Round goby accumulation trends
run counter to expected notions
of increasing concentration with
size.



Run Bioaccumulation Model

® http://ecocasting.northwestern.edu/curriculum/bioaccumulation/

How Detritus, Seasonality and Ontogeny
Affect Calumet Harbor Trophic Structure



http://ecocasting.northwestern.edu/curriculum/bioaccumulation/

Example- Bioaccumulation

Setup Go/Stop

~llm o

Go One Step

Energy/Toxicity of watched /followed creature

You may edit the food web below.
See "Information" tab for details.

™

Add one Crayfish

8
Add one Smallmouth Bass

Energy
78

Toxicity
40

Food-Web Change Avg. Energy Level by Species
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Student response

Overall the small mouth bass had the steepest slope for toxicity level and
average energy level- Esperanza

Avg. Avg. Avg. Avg. Avg. Avg.

Step Energy Tox. e:e;(/ Energy Tox. e-r:-g;(/ Energy Tox. e-:g;(/
level level gy level level gy level level gy
0 5.1 2.0 0.39 4.0 0 0 209 0 0
20 49 1.9 0.39 26.1 22.9 0.88 219 16.7 0.76
40 53 1.9 0.36 35.0 45.3 1.29 432 74.6 1.77
60 4.6 3.0 0.65 25.9 59 2.28 66.6 209 3.14

Average Toxicity versus Average
Energy Versus Unit of Time
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Invasive Species

® Investigation IV: Invasive Species
® Teacher Overview

¢ Student Guide Part 1: What is an Invasive Species and How
Can it Affect a Food Web?

® Student Guide Part 2: Investigating How an Invasive
Species Can Affect Toxin Transfer

® Student Response Sheet Part 1
® Student Response Sheet Part 2

® Answer Key




Run Invasive

http://ecocasting.northwestern.edu/NetLogo/Invasive%20Species.html

Calumet Harbor, 2005:

Zebra Mussel > Quagga Mussel Succession

Zebra Mussels appear to facilitate the arrival of their
a ‘ Dresseinid cousin, the Quagga Mussel.

The only significant difference is habitat preference.

A B
66 10

5 [ small Goby, Model
56 W Medium Goby, Model

B Large Goby, Modet
46 2 - o large Goby, 1999
Data (mean)
Large Goby, 2005
36 " Data (mean)

Medium Gaby, 2005
Data (mean)

e

Coca (19/q, lipid) in Round Goby

o M
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% Quagga Mussel Replacement of Zebra Mussel % Quagga Mussel Replacement of Zebra Mussel


http://ecocasting.northwestern.edu/NetLogo/Invasive Species.html
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