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Fill out a notecard for a chance to win a free aquaponic system!

1. Your name
2. Your contact information
3. School and city, state
4. What intrigues you about this session topic?
5. What do you hope to learn today?

Place in box at front of the room when you’re done



Institute for Systems Biology: Baliga Lab

● 9 faculty
● 45 degree fields
● 25 senior research scientists & 

engineers 
● 1000 K-12 science educators 

annually receive professional 
development & systems biology 
training



We will discuss...
1. Systems biology
2. Project Feed 1010
3. NGSS
4. Aquaponics and citizen science
5. Resources



Systems Biology
Studying large, complex systems and the interactions 
between the components

What do the arrows (edges) represent?
What do the circles (nodes) represent?
What happens if we remove an animal?

Relationships (energy transfer)
Components
Collapse

Node
Edge

Input

Output



Translating Today’s Science
Mission:  Cultivate cross-disciplinary 
skills for solving complex problems

Goal:  Foster development of the thinking 
and concepts of systems biology by 
using a common problem that brings 
together biology, chemistry, physics, 
mathematics, statistics and computer 
science (STEM)



The Global Food Crisis

How will we feed 10 billion people by 2050 and also protect our environment??

Environmental 
issues

● Drought
● Soil loss
● Changing climate
● Pollution

Hunger

● 1 in 9 people in world 
are undernourished - 
mostly developing 
countries (where 
12.9% of the 
population is 
undernourished)

● Food insecurity

Population Growth

● 10 billion by 
2050
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Project Feed 1010
Create a paradigm shift towards sustainable living and 
scale up sustainable agriculture

•  Train and educate the future workforce in 
sustainable food production and human wellness

•  Optimize food production systems through 
research and experimentation

•  Develop infrastructure to support network









Research & 
Experimentation

● How could we make the most food with the fewest resources (water, soil, etc)?
● How could we grow vegetables and protein (animals) at the same time?
● How  do we reduce pollution?
● What types of plants grow the best in different climates?
● How do we increase access to food?

There are a lot of questions. We need everyone’s help to answer them!



Citizen Science
What is it?

“A citizen scientist is an individual who voluntarily 
contributes his or her time, effort, and resources 
toward scientific research in collaboration with 
professional scientists or alone.” - SciStarter

How is this helping us?

Data students collect from their system and upload 
online will help us understand how to grow food in 
the future. They are citizen scientists helping other 
scientists answer real-world questions!
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Teaching Systems Concepts
“…even our best schools don’t teach the new survival skills our 
children need...”
-Tony Wagner in The Global Achievement Gap (2008)

7 survival skills
• Critical Thinking and Problem Solving 
• Collaboration across Networks and Leading by Influence
• Agility and Adaptability
• Initiative and Entrepreneurialism
• Effective Oral and Written Communication
• Accessing and Analyzing Information
• Curiosity and Imagination



NGSS Big Picture Overview

https://see.systemsbiology.net/resources/standards-addressed



PS1: Matter and 
Interactions

LS1: From  Molecules 
to Organisms: 
Structures and 

Processes
PS2.C Stability and 

Instability in Physical 
Systems

B: Chemical Reactions

PS2: Motion and 
Stability: Forces and 

Interactions

C: Organization for 
Matter and Energy 
Flow in Organisms

LS2: Ecosystems: 
Interactions, Energy 

and Dynamics LS4.D: Social 
Interactions & Group 

Behavior

LS4: Biological 
Evolution: Unity & 

Diversity

ESS3: Earth and 
Human Activity

ETS1: Engineering 
Design

ETS2: Links Among 
Engineering, Tech, 
Science & Society

PS3: Energy

PS3.B Conservation 
of Energy and 

Energy Transfer

PS3.D Energy in 
Chemical Processes 
and Everyday Life

 

PS4: Waves and Their 
Applications in 

Technologies for 
Information Transfer

PS4.C: Information 
Technologies and
Instrumentation
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Aquaponics
Aquaculture:

Raising aquatic organisms

Hydroponics:

Growing plants without soil

Fish meal

Waste

Nutrients



Fish meal

WasteClean 
water



Requirements

1. Fish
2. Bacteria
3. Plants



How does it work? The Nitrogen Cycle

Bad for plants 
and fish

Bad for plants 
and fish

Good for plant 
growth





Now you try! Collecting and analyzing data
1. Collect data for your sample using the 

instructions on the Water Chemistry Testing 
Guide 

2. Record data on data collection form. Make 
sure you label which sample you’re testing!

3. Describe what you think is happening in 
each system. Is it fully cycled, healthy, etc.?

4. What modifications would you make to this 
system based on the data you observed?





Citizen Science and Aquaponics

1. Put together 
water garden

2. Collect data 3. Upload 
data online 



Uploading data to the website...
https://pf1010.systemsbiology.net/

1. Sign in using your Google+ account
2. Create a new system
3. Start inputting data
4. Observe patterns/trends

https://pf1010.systemsbiology.net/
https://pf1010.systemsbiology.net/


What you’ll need
In the Back to the Roots kit

● Fish tank and gravel
● Seeds and grow stones
● Bacteria
● Coupon for Betta fish
● Water pump
● Fish food
● Water dechlorinator

In the PF1010 kit

● Adhesive thermometer
● 6-in-1 water test strips
● Ammonia water test 

strips

On NSTA and SEE websites 
(see.systemsbiology.net/categor
ies/news)

● Data Collection Forms
● Water Chem Testing Guide
● Aquaponics Decision Tree



Other options
Engineering challenge

● Pump, filter, siphon design
● Lowest energy use/most efficient

Low-cost

● Tip box challenge - 
modeling aquaponics

●  Substitute materials
○ Socks/twine for pump
○ Ecocolumn/bottle biology



The Design

 Paper cups 
(with small 
holes in the 
bottom) 

De-chlorinated 
tap Water

  Coconut 
husk potting 
mixture 

  Large 
transparent 
plastic tub

Floating foam 
blocks

Goal
Use low-cost 
materials easily 
found in schools or 
homes



 Auto Bell 
Siphon

Muffin Pan Plastic Cups

Costco 
Laundry 
Detergent 
Container

Water Hose

Coconut Coir
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Resources
● Project Feed 1010 website: http://www.projectfeed1010.com/
● Data management website: https://pf1010.systemsbiology.net 
● PF1010 Facebook page: https://www.facebook.com/groups/ProjectFeed1010/
● Frequently asked questions: http://www.projectfeed1010.com/blog/2015/08/18/diy-aquaponics-faqs/
● Email: projectfeed1010@systemsbiology.org
● Water chemistry test strips (2): 

6-in-1:http://www.tetra-fish.com/products/aquarium-testing-kits/easystrips-6-in-1-aquarium-test-strips-kit.aspx 
or Petco Ammonia:http://www.petco.com/shop/en/petcostore/tetra-easystrips-ammonia-aquarium-test-strips or 
Petco

● Bacteria:http://www.drsfostersmith.com/product/prod_display.cfm?pcatid=24846&cmpid=03cseYY&gclid=CNPMo
5mEkM8CFUhgfgodqSEFzg or Petco

http://www.projectfeed1010.com/
https://pf1010.systemsbiology.net
http://www.projectfeed1010.com/blog/2015/08/18/diy-aquaponics-faqs/
mailto:projectfeed1010@systemsbiology.org
http://www.tetra-fish.com/products/aquarium-testing-kits/easystrips-6-in-1-aquarium-test-strips-kit.aspx
http://www.petco.com/shop/en/petcostore/tetra-easystrips-ammonia-aquarium-test-strips
http://www.drsfostersmith.com/product/prod_display.cfm?pcatid=24846&cmpid=03cseYY&gclid=CNPMo5mEkM8CFUhgfgodqSEFzg
http://www.drsfostersmith.com/product/prod_display.cfm?pcatid=24846&cmpid=03cseYY&gclid=CNPMo5mEkM8CFUhgfgodqSEFzg
http://www.drsfostersmith.com/product/prod_display.cfm?pcatid=24846&cmpid=03cseYY&gclid=CNPMo5mEkM8CFUhgfgodqSEFzg


What questions do you have?

Feedback: https://goo.gl/forms/B7sesRmFccYeU5cJ3
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Extra: Build a system...
Nodes:

Edges:

Inputs:

Outputs: 

Sun, plants, water, bacteria (2 types), fish, nitrogen sources

Nutrient and water flow

Sun, water, fish food

Plants, fish

Reminder:
Nitrosomonas: Input = Ammonia     Output = Nitrite

Nitrobacter: Input = Nitrite     Output = Nitrate

Example:


