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

Your name

Your contact information

School and city, state

What intrigues you about this session topic?
What do you hope to learn today?
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Place in box at front of the room when you're done
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Institute for Systems Biology: Baliga Lab

e 9faculty

e 45 degree fields

e )5 senior research scientists &
engineers

e 1000 K-12 science educators
annually receive professional
development & systems biology
training
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Systems Biology

Studying large, complex systems and the interactions
between the components
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5 Food Web

Producers

Lobster

What do the arrows (edges) reprent? Relationships (energy transfer)
What do the circles (nodes) represent? Components
What happens if we remove an animal?  Collapse d :i‘aECIIFE
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Translating Today’s Science

PHYSICS

ENGINEERING BIOCHEMISTRY

Emergent properties
(ecosystems, environmental pollution,

COMPUTATION COmIRE e CHEMISTRY
. disease, development, cancer)
STATISTICS MOLECULAR BIOLOGY

Systems e+
Education Experiences

Baliga Lab at Institute for Systems Biology

Institute for

Systems Blology

Revolutio . Enhancing Life.

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)
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The Global Food Crisis

Environmental Hunger Population Growth
meues e 1in 9 people in world e 10 billion by
e Drought are undernourished - 2050
e Soil loss mostly developing :
. . countries (where :
e Changing climate
: 12.9% of the

e Pollution L
population is
undernourished) .

How will we feed 10 billion people by 2050 and also protect our environment?? dﬂO'lO
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Project Feed 1010 {1010

Institute for Systems Biology

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
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CURRICULUM SUPPLEMENT SERIES

Systems Biology

Students take an mterdlsn-phnary approach to unduslamd a ;inhal ssue. The ﬂﬂvlng guestion: *fs rhema way to produce and consume food ressurces
that wil be enviranmentally sustainable and sufficient for future glabal needs?” Students learn that systems thinking is helpful in identifying influeaces
and interactions within the food security system. After critically examaning the environmental tradeofts invalved with various feed production l.echnlques.
students build an aguaponic system (optional) to evaluate the potential of scaling up squaponics to fill the future faod gap. Mext, students examine

the angins of food and resources reguired to praduce it. Throughout this module, student groups investigate the various aspects of the faod crisis in a
specific country, which culminates ina UN council meeting Lo propese a salution.

LESSON 3: WHO CARES? STAKEHOLDERS!

S0minutes - 1 class period

+ NG5S HS-ESS3.C: Human impacts on earth systems

+ NGS5 HS-ESS3.0: Glabal climate change

+ NG5S HS-ETSIB Engineering Design: developing solutions

+  [CSS ELA-LITERACY.ALTT-12.1 Key ideas and detals in text

T § afm

Statistics, Human Geography, Biology, A® Biglogy. Environmental Systems, AP Environmental Science, Agriculture, Social Studies

LESSON 1: INTRODUCTION TO FOOD SECURITY

50 minutes - 1 class period

+  NGSS H5-LS20 Social interactions and group behavior
+  HGSS HS-ESS3.C- Human impacts on earth systems
+  CLSS MATH.CONTENT.T.RRA.2 Recognize and represent

‘What students learn

Students understand the definition of food security and thatit is
influenced by many factors including poverty, geography, society,
climate, and pelitics. This is a global problem that needs addressed in
their lifetime.

What students do

Students formulate their own definition of food secunty using videas
and class discussions 1o guide them, They also use global statistics
1o compare and contrast foad security in countries arcund the warld
and research 1 country with high food insecurity.

LESSON 2: CRITICALLY EVALUATING FOOD PRODUCTION TECHNIQUES

0 minustes - 2 class periads

+  MGSS H5-L520 Social interactions and group behavior
+  NGSS HS-ESS3.C: Hurnan impacts on earth systems
+  CCSS MATH.CONTENT.T.RRA.2 Recognize and represent

o O] dfa §

‘What students learn

Students revisit the 3 pillars of food security and recognize there are
various strategies used to mitigate the food crisis. They leam that
some metheds are more sustainable than others. If time allows, an
optional lah guides students through building an agauponic system,
What students do

Students respond 1o Faod for Thought video questions and work
tagether varigus food to evaluate
their envarenmental impact and efficiency. Students share thear
findings and assign sustainability scores to each method, then use a
graphic organizer to determane what all methads have in common.

DO IT YOURSELF: CREATING AN EFFICIENT SYSTEM (OPTIONAL LAB)

90 minustos - 2 clsss periads, woekly monitaring

+  NGSS HS-L520 Social interactions and greup behavior
+  NGSS HS-ESS3.C: Human impacts on earth systems
+  CCSS MATH. CEINTENTT RPA.2 Recognize and represent

@#&m

What students learn

Students learn the inputs, outputs, and components of an aguaponic
system, and the importance of system stability. They learn that
bacteria and the Nitrogen cycle are key to maintaining a stable
system.

What students do

Students apply systems biology aporoaches to illustrate an
aguaponic systern network. Groups present their graphics and build
N BqUENONIC SYSLem in groups or as a class.

What students learn

Students recognize the influence of stakeholders in decision making,
a5 well as learn maore about the variows stakeholders involved in the
global food security crisis.

‘What students do

Students are assigned the rale of a stakeholder. They sritically
examine their stakeholder's background infermation in order to
present their case. will an increase in food production alone solve the
global food crisis?

LESSON 4: FOOD SECURITY AS A SYSTEM

90 minutes - 2 class periods

. MBSS HS LS]A Negative and positive feedback loop models
NEGSS HS-LS2C Eensystem dynamics functioning and resilience
+ NGS5 HS-LS2D Biodiversity and humans

ER N

What students learn

Students learn the 13 habits of a systems thinker and the &

steps used to anallyze systems, along with various strategies for
illustrating systems. They also understand interactions and tipping
paints within systerns.

‘What students do

Stugents relate systems thinking habits to everyday situations, make
a faod security systems diagram usina a new dlustration approach,
and work as a class to create a large, causal loap map of the food
crisis.

LESSON 5: WHY DON'T WE JUST GROW MORE?

50 minutes - 1 class peniod '. *

* HELS1A Syslenl structure and function, HS- LS2C- qu'slm

dynamics, ing, resifience, HS-LS.
hlmans HE-L84C Adaptatlan HS- ESSZI: Water & Eath'
I HS-ESSIE

Biogeology, HS- ESSSA Naimal resouwrces, HS-ES53C Human
impacts on Earth's systerns, HKS-ESS30 Global dlimate change.
CCSS ELA-LITERACY.RLTT-12.1 Key ideas and details intext

What students learn

Students recognize that solving the global food security crisis is
complex and that most decisions will affect many stakeholders.
Stugents learn same netwark nodes have more influence than
wihers,

‘What students do

Stutents wark in groups to analyze The Great Balancing Act, from
the World Resources Institule. They discuss how their stakeholders
would be affected by the scenarios and connect these concepts to
Lessan 45 food security network.

LESSON 6: WHERE DOES OUR FOOD COME FROM?

S0minutes - 1 class pericd @ E *

NGSS HS-LS1: C: arganization for Matter and Flaw, I

What students learn
Sludents ur\dersla\d lhzerwlrunmzntal md econamic costs

v f food products and
\nlfunnillf;m WUNSSI&NGSSBHS éSZ A‘ hle;r.’epzr:enl haw E“emﬂ \'anable.s can !"mt thern.
relationships in ecosystems. B: cycling of matter and energy
———— C dynamics, ‘What students do
and resilience, NG5S HS ETS 1: B developing possible solutions, Students beceme business peaple and are challenged to purchase
NESS HSETSZ A of sciens and and make de food produscts in the face of
gy, B: Infi £ erinaan lagy and science rising food prices and changing environmental conditions while

on seciety and the natural world.

incarperating ethics and marals

SUMMATIVE ASSESSMENT: UNITED NATIONS COUNCIL MEETING

PROJECT FEED

1010

Institute for Systems Biology



PROJECT FEED

Systems ’ o Institute for ‘%:,"
Education Experiences 1 O.I 0 Systems Biolog)f

LESSON 1: INTRODUCTION TO FOOD SECURITY

Food securily is a foreign concept to many Americans. Most believe that chronag hurger and malnutntion happens only to people in developing
nations or to the homeless. In reality, 1 in & peaple in America go hungry every day and are nat food secure, To some students, food nsecurity
i & reality, therefare this is a subject that must be approached with great senzitivity ant care. Throughout the lessan students will develop

and refine their understanding of faod security using online resowrces, videos and class discussion to help quide their thinking. This concept.
is the intradustion to the unit and will be addressed in future lessons associated with the wnit, o it iz important thet the students get a solid
unﬂerslar\ding of the concept. They are able to compare different countries and analyze what food secunity issues they have based on the three
pillars wsing glabal statistics. The lesson ends by introtucing students to the UN council mesting that will take place at the end of this unit, and
answering quzsllms ta grepare for it in the Building Your Case worksheet,

Whal studenls learn What students do

Students understand the definition of food security and thatit is Students formulate their own definition of foed security using videos
influenced by many factors inclding poverty, geography, society, and cless discussions to guide them. They also use global statistics to
climate, and palitics This is a global problem that needs addressed i compare and contrast food security in countries around the world and

theit lifetime. research 1 country with high food insecurity.

+ NGS5 HS-LS2D Socaal interactions and group behavior 50 minutes - 1 class period
+ NGS5 HS-ESS3.C: Human impacts on earth systems
+ [CCSS MATH CONTENT.7.RP.AZ Recognize and reprasent

i between

Students shauld have a basis understanding of middle school ies - ratios, and hi

Githel mal!nalls Lmlmnd whiteboard for discussian; index cards numbered 1-10, map of the warld; world hunger map [Ilnknru\ndzﬂ n lesson);
Faod Security ¥ 3 Pillars Building your Case worksheet; Further Backgraund section (below). All of the Modeling
S\Js(awrab.l‘eﬁmdSyﬂemxrz&er!s are on the SEE website: see systemsbiology.net.

Yau mrl I:e using & few online. mleractlve maps to help students understand the overwhelming number of people wha are undernourished and
faod insecure araund the world, The fallowing data comes from the UN's World Food Program using thear most recent data from the Food and
Agnicultural Organization (FAQ). Your challenge is o take global statistics and translate it to the number of students. it would be beneficial 1o read
the Further Background section (below) before teaching this.

Hunger slahs!ms that can be used for this activity
Glabally - 795 million bungry people of a population of 7,300 million = 11 %
+  USAproportion of undernourished <5%
Narth Kores {Demacratic Feopla's Republic of Korea) praportion of undernousished = 473
South Korea (Republic of Horea) proportion of undernourished <5%
Dominican Repubhc proportion of undernourished = 12%
Haiti proportion of undermouwnshed = 53%

1. Wammup: Show Food Securnty Vocabulary PawerPoint. Have students hypathesize what they think “focd security” means. There is no right or
wrong answer at this poml. They can wrile their thoughts in a notebook or share autloud. Do not give them the correct definition yet!

2 Before intreduing the lesson, pess out an egual number of index cards labeled 1-10, ane per student. Extra student(s) can be employed as
counters during the activity. If you have mare than 10 students, make additonal cards numbered 1-10

3. Display a map of the world on your projectar. Give the students the global hunger statistics and have them determine which combination of
cands distributed equals 11%. This equates to about 1 in 10 students or 2 in 20 students that go hungry each day. Stedents witha 1" or *2°
raise their hands depending on the number of students in your class,

4. Ask students to predict what the % of undernourished people i in the USA or Canada. Tell them 4% is a high estimate and have them determine
which combination of cands distributed that eguals 4% (less than 1 in 10 people, ~1 in 20 people),

5. Itisn’t always about gesgraphic lacation; countries with certain palicies/politics/geagraphy all influence foad security. The United States even
has problems with hunger. Point cut two sets of countnes that share comman borders such as Haiti and the Dominican Republic, or North and
South Korea. You can use any combanation of countries of your chaosing off of the FADS Warld Hunger Map: http-ywww fao.arg/hunge/en/.

LESSONT: INTRODUCTION TO FOOD SECURITY

6. Continue having students determine which ion of i equals the % in thase countries.

7. Display the high resolution UN Warld Hunger Map (hitp:www.wfp.arg/content/hunger-map-2015) and ask if sludents see any pattems.
Kypathesize a few reasons these patterns may exist At this paint, many issues/ideas should begin to surface (political system, geography,
state of the country’s econamy, infrastructure, climate, etc)

8. Discussion: there are a rumber of things that keep peaple fram having enough food. Whal are some things that prevert them from getling
enwugh foed? When students start listing ideas, link them to the 3 pillars of feed security and the carrect vocabulary.

»  Food availability. sufficient quantities of food available on a consistent basis.
«  Food access: having sufficient resources 1o obtain apgropriate foods for a nutritious diet.
*  Food use: approprate use based on knowledge of basic nutrition ant care, a5 well as adequate water and sanitation.
. Show the 3 Pillars PowerPoint end discuss which of the 3 pillars of food securily some cowntries are missing (availability, access, and/or use).

10 Starta discussion: of the countries we looked at, do you think these countries are missing all of these pillars? Can you be food secure and wnly
bave 2 pillars? What if they're missing ene pillar? Students shauld recognize that, even if a country is only missing one pillar, it would still be
considered food insecwre. Ex: even if they have food avarlable and accessible, they would need to know how to wse it in order to be secure.

1. Leada ck 1o come up with of food security, and then compare that 1o the definition given by the World Health
Organization. See below: Lead the class into the idea that faad security is not just an American issve, but warldwide, and is nat just about
growing mare faod or eliminating poverty.

12. Optional math extension (see Bxtension Activities below).

13. Formative assessment: Open the Feod Security Vacabulary PawerPoint. Is the answer o food security simply grawing mare foad? Justify your
answer. Students will revisit their answers in Lessan 3.

14. Hand cut the Building your Case student document and complete guestians from Lesson 1. Splitstudents wup into up to 3 groups to represent
3 different countries - North Korea, Nambia, or Haita, If you have less than 25 students, split up students into 2 groups and choose 2 countires.
Within these seuntry groups, students should split up inte smaller graups of 3-4 ta somplete the Building Your Case questions each day.

Stuﬂents now r!cngmx! that many countries around the world, including the United States, suffer fmm food insecurity. You and your students will
be using the Building your Case student and teacher atthe end of each lesson in th sdun series. This activity will guide students
through the process of investigating a food insecure country and creating a proposal to aid the UN in solving the crisis in that country. Each lesson
will introduce more infarmation to students pertaining to the global food crisis and sustaimable food production. After leaming new material in each
lesson, students will applwt to questions in the Building your Case worksheet

Hus uptlmal extension acu\'ll.'y («-1 § minwles) gives students the

ta practice and grawth rates and + Current global gopulation: 7300 million
recognize the imglications of papulation growth on foor sesurity. This + Projected global population in 2050: 9500 millisn
activity should follow step 17 in the teacher mstructions. *  Whatis the percent increase in population?
1. Remind students that currently 11% of the global population is + (9500 - 7200)/7300 * 100 = 30% incroase
undernourished. 4. Using this % increase and current hunger trends, how may bungry
2. Open link to Figure 1 from Resources and select “world” fram the humans will there be in 20507
dropdown menu. Either explaim the graph or allow students to
gather information from the key and figure summary. = Current global populatian: 7300 million
3. Using the figure, have students determine the percent growth of *  Projected global population in 2050: 9500 million
the Earth's population from today to 2050, = Number of hungry people: {95/73*795 = 1030 million

(approximately 3x USA population)
5. s this an exaggerated or conservative value? Explain.

Food security is @ complex sustainable development issue, inked 1o health through but also 1o

environment, and trade. There is & great deal of debate around food security with ssme arguing that:

+  Thereis enough faod in the warld to feed everyone adequately; the problem is distribution

+ Fulure food needs can - or cannol - be met by current levels of production.

*  Maticnal food secunty is paramount - or ne longer necessary because of global trade.

*  Ecoramic Globalization may - or may not - lead o the persistence of food insecurity and poverty in rural commaunities

= Incressing food production to meet future growing papulation demands may or may not lead to increased negative envirenmental impacts.

*  Climate change may or may not make agricultural production mare difficult

= Issues such as whether households get enough foad, how it is distibuted within the household and whether that food fulfils the nutrition
needs of all members of the househald show that foad secunly:s clearly linked o hzalth

ECONOMIC

Agricutture remains the largest SECIOr in most ntries and are crusizl to @ country's
foad security. Some critics argue that trade libesalization may reduce a country's food security by reducing agricultural ernpluymml levels. Concern
about this has led a group of World Trade Organization (WT0) member states to that current

allow developing countries to re-evaluate and raise tanffs on key products to protect national feod security and employment. They argue that WTD
agreements, by pushing for the liberalization of crecial markets, are threatening the food security of whole communities.

PROJECT FEED
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LESSON 1: INTRODUCTION TO FOOD SECURITY

Globally, one in nine peaple in the world today (795 million) are undemourished. The vast majority of the world's hungry people Bve in developing
countries, where 12.9% of the populationis undemaurished. Throughaut this lesson, you will be the voice for one of these countries, where they so
desperately need a solution to the food crisis. You will be preparing a propasal for the United Nations (L) that clearfy describes your country’s plan
te eradicate food insecurity, and will present it Lo the UN council &t the end of this unit. You will answer the following guestions after learning mare
information in each lessan, This will help you busld your case.

LESSON 1; INTRODUCTION TO FOOD SECURITY
1. You and your group are i i the fallowing ¥
2. Fellow country rep i

3. With your smaller team of country collect
4 Annua[ﬁlnldl

5 Current size
B

b

B

abaut your country

Lang area
Papulation density (people per il )
. Population growth rate
9. Exporls {price and main materials)
10, Imports (price and main materials)
11. Per capita income
12. Political issues
13. Cultural and/or religious rotes
14, Main and any difficulties

15. Land use

16 Current envirenmental issues

17. Daet
18. Prumary trop

19. Primary type of farmmg
). Biomes

1. Climate

LESSON 2: CRITICALLY EVALUATING FOOD PRODUCTION TECHNIQUES
1. You just investigated various strategies for grawing food. Based on your country’s demographics and needs, which growing technigue would

yau choose? Justify your answer. Questions to consider. does the system rely on resources that are limited? How does the system defiver faad
to people?

2. ‘where and how will the system be used? Are their limited resources such as water or adequate healthy soils? Explain your answer.

LESSON 3: WHO CARES? STAKEHOLDERS!

i ich are yau reg ing’

L. Asastakeholder, you care about the outcome of the decision to solve the food security crisis in your country as it will affect you in @ nurnber of
ways. Do you believe we can simply grow more food to solve this issue in your country? Expalin.

3. After meeting with the cther stakeholders in your country, were you able to come up to a consensus about whether or not simply growing more
food would solve the crisis in your country? If so, how did you come 1o that conclusion? If nat, what were some of the points of disagreemnent?

LESSON 1: INTRODUCTION TO FOOD SECURITY

LESSON 4: FOOD SECURITY AS A SYSTEM
1. Draw a foad sevurity network for your cauntry that will help the UN better understand the very complex nature of your country's crisis.

2. Choose 2 nades that could be changed in same way that would have an effest on the overall issue. Expalin.

LESSON 5: WHY DON'T WE JUST GROW MORE?
1. Choose 2 menuitems from The Great Balancing Act and descnibe how your stakehalder would be aflected by the proposed change in your
country. Would you benefit or not? Explain.

2. Which 2 menu items do you believe most other stakeholders in your country would agree would most benelil your country's erisis? Justify your
chaices.

LESSON 6: WHERE DOES OUR FOOD COME FROM?

1. Where does most of the food eaten in your country come from? What wauld happen if a drought diminished the supply of that faod? How
waould that effect the price? Expalin.

2. Haw could your ceuntry become more resilient to the effects of environmental catastraphes an the faod they depend on to survive? Provide 2
salutians and explain why they would help.

3. Do you believe your country has a relatively small or large envirenmental mmpact due to the primary food items they eat? Justify your answer.

{1010
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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!

G010



Citizen Science

What is it?

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

Gt A e
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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. helping other |

scientists answer real-world questions! o, A
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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

¢io10
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NGSS Big Picture Overview

Practices
Asking Questions Using Maodels Conducting Analyzing Using Constructing Explanations Arguing from Communicating
Defining Problems Investigations Data Mathematics Designing Solutions Evidence Information

e

Engineering &
Technology

TTT Sl : — e i 2 5 e
,ﬁ Patterns [ .\ Causation | | Scale L Systemns 7 Energy {., iy 'Structure & Function N, Stability & Change

Crosscutting Concepts




PS1: Matter and
Interactions

B: Chemical Reactions

~
PS2: Motion and
Stability: Forces and
\_ Interactions y,
PS2.C Stability and
Instability in Physical
\ Systems y
8 PS4: Waves and Their h - PS3: Energy S
Applications in PS3.B Conservation
Technologies for of Energy and
\__Information Transfer |  Energy Transfer
—_—— N
PS4.C: Information PS3.D Energy in
Technologies and Chemical Processes
\ Instrumentation J \_ andEveryday Life
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Aquaponics Fish meal

Aquaculture:

Raising aquatic organisms

Waste

I Nutrients

Hydroponics:

Growing plants without soil

{1010

Institute for Systems Biology



Fish meal
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Requirements

1. Fish

2. Bacteria
3. Plants

Nitrate is absorbed
by the plants

Bacteria
turns ammonia
into nitrate

Ammonia
from fish

Water is returned
with ammonia
removed

{1010
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How does it work? The Nitrogen Cycle

4 Nitrogen sources include waste products

Plants are fertilized by ! ! , from animal metabolism and decaying

the nitrates. Through @ plant matter. Shrimp meal can be used Bad for p I a nts
L

acombination of as a starter when cycling a new, H
decay and excretions b clean tank: and fish
from fish that eat the =

plants, waste matter
e _ The
nitrogen cycle

Nitrogen compounds are essential to life,
but many are toxic and must be managed
in a balanced fashion to work with the
aquaponic system’s ecology. The nitrogen
cycle is a series of metabolic processes %
that prevent the build-up of toxic nitrogen
compounds by converting them to nitrates.
‘When a tank is filled with new, clean water,

Ammonia —

NItmsomunas bacteria

Good for plant

:md metabohze the
g rowth the process of establishing the nitrogen toodc-armmiorningo
cycle is called “cycling” produce nitrites (NO:).
This process is called
nitrification.

Bad for plants
and fish

Nitrite — NO-.

(NOz) a key nutrient necessary
for green growth.

N1trobacter bacteria gletabolize 0’
Q edtlce nitrates

A \ PROJECT FEED
Voice
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Nitrogen Levels (ppm)

Figh
+

Foud

Amrnuma
Aimosphere (NH3 + NHQ) i

itrosomaonas
Planis ‘\ o) Bscera

NO3Z NOZ

(Nitrate) (Niirite)
(o7
. Nﬂmbac'zer
Nitrate Bacteria
Nitrite
Ammonia
. |, PROJECT FEED
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Now you try! Collecting and analyzing data

1.

Collect data for your sample using the
instructions on the Water Chemistry Testing
Guide

Record data on data collection form. Make
sure you label which sample you're testing!
Describe what you think is happening in
each system. Is it fully cycled, healthy, etc.?
What modifications would you make to this
system based on the data you observed?

Almosphere

=

NO3
(Nitrate)

Fish
+

Amn‘hﬂl'lla

(NH; + NHE)
N

O

Nitrobacter
Bacteria

itrosomonas
Bacteria

NOZ
ﬂqllﬁtg:'
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Nitrate

Ammonia pH

Add 15 mL
Quickstart
Bacteria per
15 gallons

15% water
change
with
unadjusted
DI water

{pH 6-7) Add 15 mL
Quickstart

Bacteria per

15 gallons

Add 1.5mL Add 0.75 Add
pH down mL pH up 1.5mL pH
per 15 per 15 up per 15
gallons gallons gallons

Parameter Observation Action




Citizen Science and Aquaponics

1. Put together 2. Collect data 3. Uploa_d
water garden data online

R R
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Uploading data to the website...

Sign in using your Google+ account
Create a new system o —
Start inputting data
Observe patterns/trends

W=

PROJECT FEED

'IO'IO

sssssssssssssssssssssssss


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

e Adhesive thermometer

e 6-in-1 water test strips

e 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

{1010
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Low-cost

Other options

e Tip box challenge -
modeling aquaponics
e Substitute materials
e Pump, filter, siphon design ©  Socks/twine for pump
- o Ecocolumn/bottle biology
e Lowest energy use/most efficient

Engineering challenge

o F!x.h
u\m U&“ Waestgrass
L Bey rade Wi e
Sy e
“cae s ¥l §® - 4-“ M
\ Cirow bed -y
Plonts
BeAta gl (male)
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De-chlorinated
tap Water

Goal The Design

Use low-cost ., , ,
materials easily T Ll A AN Large
found in schools or ‘4n transparent
homes plastic tub
Paper cups
(with small
holes in the
bottom)

Coconut
Floating foam husk potting
blocks mixture

{1010
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Muffin Pan Plastic Cups

Water Hose
Costco
Laundry
A:uto Bell Detergent
Siphon Container

Coconut Coir

PROJECT FEED

1010
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We will discuss...

uhwn =

Systems biology

Project Feed 1010

NGSS

Aquaponics and citizen science
Resources

L1010
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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-fags/

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

G010


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/B7sesRmFccYeU5c3

{1010
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Extra: Build a system...

Nodes: Sun, plants, water, bacteria (2 types), fish, nitrogen sources
Edges: Nutrient and water flow

Example:
Inputs: Sun, water, fish food

Outputs: Plants, fish

Nitrosomonas: Input = Ammonia  Output = Nitrite

Reminder: o _
Nitrobacter: Input = Nitrite  Output = Nitrate
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