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Design a Little World 
We usually think about engineers making gadgets, but constructing an ecosystem may 
be the biggest engineering challenge of them all. 
 
 
https://tinyurl.com/design-a-little-world 
 
Recommended Grade Level:  4th to 12th 
 
NGSS Science & Engineering Practices:  

1. Asking questions (for science) and defining problems 
(for engineering)  

2. Developing and using models  
3. Planning and carrying out investigations  
4. Analyzing and interpreting data  
5. Using mathematics and computational thinking  
6. Constructing explanations (for science) and designing solutions (for engineering)  
7. Engaging in argument from evidence  
8. Obtaining, evaluating, and communicating information 
9. (DCIs at the end) 

 
Preparation: Students will complete these three separate activities 
Engineering a Worm Box (2 hours) 
Brine Shrimp Generations (2 hours) 
Sealed Aquarium or a Very Small Biosphere (3 hours) 
 
Materials Needed:  (Per Group, typically 2 to 4 people) 
 
Engineering a Worm Box 

● Plastic bin at least as large as a shoe box (1.5 gallon or 
larger), preferably opaque 

● Enough potting soil to fill the box 10 cm high 
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● Newspaper 
● 20 red wiggler worms (available at garden supply stores and 

the internet) 
● Compostable food (no meat or dairy; limited bread, rice, and 

fruit) 
● Electronic or paper lab notebook  

for record keeping 
 

Brine Shrimp Generations  
● Brine Shrimp Cysts, 2 grams (can be obtained from many 

pet stores or online) 
● One 2L plastic soft drink bottle 
● Lab stand and ring or a jar to hold the bottle upright 
● Aquarium air source (often called a “bubbler”) and air valves 
● 50 cm tubing to fit the air source 
● Scissors 
● Small knife (for teacher use only) 
● Marine salt or sea salt, 100 grams 
● Salinity tester 
● pH paper 
● Magnifying glass or dissecting scope 
● Electronic or paper lab notebook 

 
Sealed Aquarium or a Very Small Biosophere 

● Aquarium, 5 or 10 gallon (See note below on 
storage.) 

● Aquarium air source (often called a “bubbler”) 
● Cut plastic or glass lid to fit the aquarium 
● Transparent packing/sealing tape 
● Dechlorinator (a couple of drops) 
● Gravel 
● Water plants (many will work, e.g. Elodea, 

Lemnoideae) 
● Small aquatic animals (e.g. ghost shrimp, guppies,  

goldfish, crawfish) 
● Denitrifying bacteria, see below 
● Aquarium test kit that includes nitrate, nitrite, and 

dissolved oxygen 
● Fluorescent light fixture 
● Electronic or paper lab notebook for record 

keeping 
 
 
Background Information 
 
Engineering an ecosystem can almost seem like hubris, 
but in fact almost anything you do with living things creates 
will create an ecosystem. Life will find a way. The problem 
is that these spontaneous ecosystems don’t often meet our 
goals. Rather we want an ecosystem with particular 
properties, like sustainably producing food or raising fish. 
So, ecosystem engineers try to establish the conditions 
that will fulfill their goals.  
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Some conditions that determine the characteristics of an ecosystem 
● Energy, amount and type  
● Nutrients, amounts and formats 
● Water, amount  
● Specific environmental conditions, like temperature, salinity and humidity 
● Organisms, types and quantities 

 
Although organisms are affected by their environments, organisms also affect their environments, and few 
ecosystems, unlike mechanical devices, stay in their original conditions. This two-way feedback is what 
makes environmental engineering one of the most complicated engineering disciplines. Nonetheless, 
making an ecosystem isn’t impossible, especially if students advance step-by-step. Some ecosystems 
and goals are easier to achieve than others, and if students cut their teeth on these, they’ll be ready for 
more finicky systems. 
 
Our first ecosystem is to make a worm box that breeds worms. It nearly makes itself, so it is a good place 
to start. Surplus food supplies the energy and water to our star organism, the red wiggler worm. It can 
handle many types of food. Students rarely add too much food since they can see what is left.  Extra food 
is usually safely, from at least a red wiggler’s perspective, broken down by benign bacteria and fungi 
already found in the soil. Waste from the worms, often called castings, takes a very long time to build up 
to levels that threaten the worm. In general, as long as the students keep the soil wet and supply food 
from time to time, they will grow more worms than they will know what do to with.  
 
The goal of the brine shrimp ecosystem is also reproduction, though only to get three generations of brine 
shrimp rather than a specific number of shrimp. While it might appear simpler than the worm box since in 
theory they only need one third generation brine shrimp, in practice it is much more difficult. Students 
need to set up the initial conditions of salinity, pH, light, and temperature so that the cysts (brine shrimp 
eggs) hatch and the napulii (newly hatched brine shrimp larvae) enter an environment that will support 
them. Though the cysts come with initial food (like a yolk), the students will eventually need to add food, 
replenish water that evaporates, and add salt that splashes out of aquariums. The biggest challenge, 
however, is controlling toxins from infections and waste from the brine shrimp. Both of these problems are 
density dependent, so students will need to control the number of shrimp that they grow. 
 
In the final project students try to make a sealed, self-sustaining ecosystem that has five trophic (energy) 
levels. This project is more elaborate in two ways. First, students need to construct, through their 
selection of organisms, a sustainable food web. For example, they might start with elodea as a producer, 
have goldfish as a primary consumer, add a crawfish as a secondary consumer, use bloodworms as a 
first level detritivore, and add a variety of denitrifying bacteria as a secondary detritivore. Second, this 
food web must be robust enough that the organisms can stay alive for several weeks. Finally, since the 
project will eventually be sealed, the system must be able to be maintained without outside support, so 
the students will need to make sure that their food webs have redundancy and resilience.  
 
What to Do 
 
While it would be possible just to give students detailed instructions on how to assemble all these 
ecosystems, it wouldn’t be much of an engineering project and the students would have significantly 
reduced learning. Examining the goals of a project, researching background and possible solutions, trying 
solutions, evaluating outcomes and mistakes, and making adjustments are key elements in other forms of 
engineering and no less so here. To that end, students are told only the goals to the project, given some 
limits to what they are allowed to do, and then allowed to try different approaches even if some of them 
are, from the teachers’ perspectives, likely to be failures.  
 
To keep students from completely floundering, systems must be put into place to help them learn how to 
improve with each step. Students need to learn 
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● How to research and evaluate their sources  
● How to keep a notebook to keep track of what they have done 
● How to evaluate what worked and what didn’t 
● How to draw conclusions about the science from their results 

 
While it might seem like the most straightforward solution to teach these ideas formally with a lecture, we 
have found that students rarely internalize and act on those ideas from that kind of instruction. For 
example, we have told students over and over when doing research to look at the qualifications of the 
source, the reasons for posting the information, the assumed goals of the instructions, and coherence 
with other people’s results. Nonetheless, during our brine shrimp project students will bring us instructions 
from eHow and other sources that will kill their brine shrimp within hours, even if they are warned that 
such material exists and how to avoid it. Only the experience of following the instructions and having them 
not work out seems to help students understand what they really need to do to conduct adequate 
research. (You might wonder why people post such problematic instructions. Most people only hatch 
brine shrimp to feed to their tropical fish. They don’t care how long they last, so the hatching techniques 
are about speed not survivability. Some people may not be nice, too.)  
 
To that end, groups can repeat each one of these projects as often as they would like. Many 
groups will have to start over several times. We assign no penalty for starting over. The natural 
penalty of the lost time is usually sufficient to get students working better. 
 
 
Research 
 
In all of these projects, students are allowed to consult any sources that they would like, including the 
internet and other people. However, they are asked to keep copies in their notebook of whatever research 
they have found, including interviews with other students and pet store employees, and then asked to 
evaluate  
 

● The purpose of the instructions 
● The qualifications of the source 
● Possible hidden biases of the source 
● The students’ ability to understand what the source is asking them to do 

 
Students do this somewhat automatically as they see sources, but we try to formalize the process as they 
start to decide what to do. Teachers should make the students do it in writing before they begin their 
project construction.  
 
Documenting 
 
Few students like keeping a notebook. However, failure is a strong incentive to keep track of what they 
are doing so that they don’t make the same mistake again. Requiring them to explain what they did and 
why that works (see more below) will tend to make them realize that they often can’t just remember what 
they did. We have found that letting them take pictures and videos makes the burden of keeping track of 
what they have done smaller and the data more accurate. There are several choices to making online 
notebooks, but so far, we’ve found that Google Blogger or Drive works well. 
 
Evaluating and Adjusting 
 
All of these projects have firm goals that help focus students; however, students often need benchmarks 
to figure out if they are making good progress towards the overall goals. For example, in the Brine Shrimp 
Generations project, a benchmark might be checking to see if they have the right salinity. You’re thinking, 
“That should be a benchmark?” You’d be amazed by the number of students who just weigh out salt, 
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dump it in, and then figure that everything must be okay.  
 
As the projects move along, students need to evaluate what is working for them and what isn’t. You will 
need to meet with the students regularly – every couple of days –  in person or by email and help them 
discover if they are meeting their benchmarks. Struggling students will frequently do the same thing again 
and again hoping for different results rather than trying to figure out what might have gone wrong. You will 
need to force this introspection by asking directed questions. For example, you might ask, “How do you 
know that your salinity is a good salinity for brine shrimp?” 
 
Finally, they should write down what is working and record it for future use. 
 
Collecting the Science 
 
Students are asked to look at the results from other groups and try to draw conclusions about what works, 
what doesn’t, and why. Data from many groups helps to distinguish what really works from what worked 
by chance. To prevent dishonesty, you should make sure that you copies of student results. To make 
sure that students draw their own conclusions, you might consider testing them on this by giving them 
sample data. 
 
Is it possible to do only one or two of these projects? Of course, but we like the way they become 
increasingly sophisticated. 
 
Engineering a Worm Box 
 
(See additional comments on handout.) 
Expected Duration: One semester 
Be sure to select a worm supplier in advance (See sources at the  end) 
 

1. Give students the handouts and explain that the project’s goal is 
for them to create an environment that makes their worms happy 
enough that they reproduce.  

2. Give each group a plastic box.  
3. Have students fill the box with two inches of potting soil Then wet the 

soil so that it is damp, but not packed. 
4. Students should tear newspaper into long strips and wet them so that 

they are damp but not dripping. Fluff the wet newspaper. Make a layer 
several inches thick and place on top of the soil.  

5. Allow students to do research on what food waste they should bring for 
their worm box. Let them use whatever sources they would like as long 
as they cite and keep track of the sources. 

6. Have students make a plan, listing the waste food that 
they will bring (remind them of prohibited foods), the 
amounts, the frequency of application, observations 
that will be made, and benchmarks that they will 
expect to be reaching in different periods of time so 
that they know that they are making adequate 
progress. 

7. Look at the plans that students have written. Only 
reject plans that show no research or employ 
prohibited foodstuffs. Allow students to make 
mistakes. Realizing that they have made a mistake 
and correcting it is an essential component of 
engineering. 
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8. Once approved, have students bring in their first 
batch of food. 

9. Have each group count out 20 red wiggler 
worms. Or give them the worms already counted 
out. (We’ve kept a large box of worms alive for 
nearly 10 years, just harvesting our needs from 
it.) 

10. Have students put in the food that they have 
brought touching the soil, and cover it with torn 
damp newspaper.  

11. Cover the box with its lid. If the box is translucent, place in a dark place or cover with a black tarp 
or black plastic. 

12. Students should add food to the box according to their plan.  
13. Have students use their benchmarks to determine if they are making adequate progress. Allow 

students to adjust their plans if they need to. Do not punish them for needing to adjust their 
progress. 

14. Have students record what they are doing in their notes. Penalize students who incorrectly record 
what they are doing. Many of our students like to make a blog or use electronic notebooks, so 
checking in is fairly easy as most of the systems automatically notify teachers about any changes. 
However, if the students are using paper notebooks, you’ll need to check them at least as often 
as you count their worms. 

15. Every two weeks, you should do a quick count of their worms. You don’t need to be super 
precise. 

 
Brine Shrimp Generations or the Internet Is Not Always Your Friend 
(See more detailed handout.) 
Expected Duration: 6 weeks (although some students will take longer) 
Be sure to order brine shrimp in advance (see sources at the end) 
 

1. Give students the handouts and explain that the project’s goal is 
to have students raise three generations of brine shrimp. 

2. Allow students to do research using whatever sources that they 
would like as long as they cite them and keep track. 

3. The internet has terrible instructions for this project in particular. 
Although some of the better sets of instructions are moving up 
Google’s rankings (especially if students search from the 
school’s domain), those sets look harder than the ones from 
eHow and the like. Consequently, they often pick instructions 
that are designed for hatching rather than breeding. See the end 
for an excellent set of breeding instructions from Brine Shrimp 
Direct. 

4. Have students make a plan about how they will do the project. 
Reject plans that do not include 

● how they will house the brine shrimp 
● how they will prepare the water 
● what they will add to the water and how much (to 

compensate for splashing and evaporation) 
● how they will check that they have actually added the correct amounts 
● what they will feed the brine shrimp 
● benchmarks (e.g. Have the brine shrimp hatched?) that let them know if they are making 

good progress. However, I recommend not giving students a checklist ahead of time. Part 
of what makes this activity more advanced than the previous one is figuring out what they 
need to know. Some plans will not be successful. Again, allow students to make mistakes 
so that they may make corrections. 
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5. Have students construct homes for their brine shrimp. Many will select 2 liter soda bottles with the 
ends cut off. You may wish to make the first cut with a knife as it can be tricky to get the bottle 
started. 

6. I keep the supplies listed above, but I don’t tell them what I have so as not to give too many hints 
or lead them astray. I let them ask for what their plan says that they need. 

7. Brine shrimp cysts are much cheaper by mail order and a single large jar may be a lifetime 
supply. 

8. Most students want way too many brine shrimp cysts for the size of their brine shrimp home. I let 
them do it, but I give hints after the first couple of tries. 

9. The biggest problem is bacterial infections primarily due to not removing the leftover cysts and 
the buildup of wastes. In addition, students often grow far more brine shrimp than the containers 
will allow. They make these mistakes because many of the instructions for growing out brine 
shrimp are for people who are going to immediately feed them to their tropical fish. They don’t 
care if the brine shrimp are healthy or have enough space. An important aspect of this project is 
then having students learn to evaluate the quality and purpose of their sources. Of course, you 
could reject their sources and instructions, but if you did, they wouldn’t learn as much as having 
things not work out.  

10. Have students check their progress each class. Students who aren’t making progress against 
their benchmarks will need to check in with you. You’ll also need to check in with some groups 
randomly to keep them honest. Encourage unsuccessful students to adjust their plans.  

11. Look carefully at the notes that students are keeping about what they are doing. They often are 
inadequate and don’t actually explain what they did. For example, if they have a set of 
instructions, students will often say that they did exactly what the instructions said to do, but if you 
watch them do the project, you will see that they do things differently, often being careless in 
measurements and the like.  

12. Finding the first two generations is easy. The third is harder to see. I usually require that students 
move their babies (second generation) to a third tank to see a new generation start.  
 

Sealed Aquarium or a Very Small Biosphere 
(See more detailed handout.) 
Expected Duration: Six weeks (Although some students will take longer) 
 

1. Give students the handouts and explain that the project’s goal is to have sealed aquarium 
containing five tropic (energy) levels. 

2. Explain that students will be given an aquarium (I let them choose between a 5 or 10 gallon 
aquarium), an aquarium air source, gravel and, eventually, a lid. 

3. Allow students to do research using whatever sources that they would like as long as they cite 
them and keep track. Warn students that aquarium store personnel can be good sources of 
information, but they also might just say anything to make a sale. Students should ask employees 
the questions that teachers ask students: “How do you know this?”, “Why is this true?”, etc. 

4. Have students make a plan where they outline what they are going to do. Their plan should 
include 

● A list of the producers, 
consumers, decomposers, and 
who eats what  

● How to check to see if the 
decomposers are doing their jobs 

● A way keeping of track of what is 
alive in the aquarium 

● How they will check to see if the 
water quality is deteriorating  

5. While it is possible to buy the living materials for the aquarium relatively cheaply, of course, it is 
possible to spend a lot. You may consider placing a price cap, but it can also be interesting for 
students to see that money doesn’t buy a successful aquarium, which a price cap tends to imply. 
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If you work at a school district or school that doesn’t allow students to purchase materials, you 
might create a list of available materials that students “buy” from you using points based on the 
price of the organisms. Relatively inexpensive organisms tend to actually work better in this 
context as quantity is in many ways superior to quality.  

6. While failing at the two prior projects don’t incur significant financial costs, restocking an aquarium 
can be a burden. You may consider working with students more closely to monitor developments 
in the aquarium to make sure that conditions aren’t going downhill. Things to watch for are more 
than traces of nitrites or high levels of nitrates. Even relatively low levels of nitrites can lead to a 
cascade that will kill nearly everything in the tank. Nitrates can be equally bad as levels increase. 
Testing for dissolved oxygen is often more expensive, but it too will help you discover 
deteriorating systems before they get too bad. 

7. After you approve their plans, allow them to get started adding water and organisms. Give 
students air supplies to help get the tanks established.  

8. Many classrooms are insufficiently bright to do this project. Fluorescent two bulb fixtures can be 
hung from the ceiling near the tanks to add light. Most two bulb fixtures can support two or three 
aquariums. Make sure that they are plugged into a ground fault circuit interrupter (GFI or GFCI) 
protected outlet, or purchase a separate adapter.  

9. After the students are comfortable that their aquariums are working, have them turn off and 
remove the air supply. Then have them stop adding food.  

10. While the biggest concern that students will have is the fish running out of food or air, the biggest 
problem is the build-up of nitrogenous waste. The solution comes in two forms: denitrifying 
bacteria to detoxify nitrites into more benign nitrates and green algae to sink the extra nitrates. 
While denitrifying bacteria is available from aquarium stores, it is also possible to get it from any 
lake or pond where animals seem to be living happily and without eutrophication. Many natural 
lakes are contaminated with fecal coliform bacteria, so make sure students wash their hands 
thoroughly. 

11. Denitrification isn’t enough though. The nitrogen still needs to be taken out of the water. Any fast 
growing plant can help, including duckweed (Lemnoideae), but green algae can be easier to deal 
with. It is easy to get from ponds and lakes or pretty much any old aquarium. What many people 
will work hard to remove, you will find useful. Really what needs to change is the way you think 
about algae. 

12. Over the next two weeks have students make close visual observations (including taking pictures) 
and frequently test the water quality. Help them to check for nitrites, nitrates, and dissolved 
oxygen. Help students look for trends and relate it to the steps of their plan.  

13. Have students evaluate their progress and make changes. Engineering with living organisms 
means surprises, and they will often have to make changes to keep everything in balance. This is 
a key step in engineering. 

14. Once the students feel that the aquarium is ready, put the lid on the aquarium and seal it closed 
with the tape. Have students continue to make observations from the outside. After two days, 
have the students break the seal and check the contents against the benchmarks they made in 
their plan. Allow them to make adjustments and check against the benchmarks again. 

15. When they are comfortable, have the students reseal the tank. They should make observations 
from the outside. They may break open the tank at any time and restart if they’d like.  

16. When the three weeks pass after the tanks have been sealed, they may break open the tank or 
leave it sealed. We’ve had tanks and their five trophic levels survive for more than a year. We’ve 
had sealed aquariums without secondary consumers survive for more than two years. 

 
Storage, cleaning, and counterspace. You will need a lot of aquariums. The five gallon tanks usually cost 
the same as 10 gallon tanks, but they store easier. They stack okay, but you may want to create a “cube” 
of the tanks in a storeroom. In between runs, and at the end, the tanks must get cleaned. Make sure that 
students don’t put the gravel down the drain. You might consider getting some “hair catchers” strainers 
that are used in showers and sinks to catch gravel. Tanks that have gone anaerobic should probably be 
cleaned outside since they will smell bad. Cleaning the tanks well usually requires soap, nylon scubbing 
pads, and gloves. For really nasty tanks, you might consider having the students wear goggles. The 
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limiting factor for many classrooms is counterspace. We have used some special purpose shelving from 
time to time.  
 
What’s Going On? 
 
Making ecosystems sounds esoteric, but it turns out to be a critical project for many engineers. As 
biological systems become better understood, it is increasingly possible to use them in the same ways 
that people have long been using mechanical and chemical systems. 
 
Composting is rapidly becoming big business, especially in or near agricultural areas, since the nutrients 
in food wastes are valuable. Even people with medium-sized gardens can benefit from composting food 
waste. While many systems can work, engineers are trying to optimize systems that convert as much 
food waste into useful nutrients safely and quickly. Students can become part of this movement, if only at 
the shoe box level, by creating systems that are the appropriate size and usefulness for the home. 
 
Aquaculture production is booming as humans are decimating the oceans. Recirculating systems where 
the entire production is completely contained and controlled by engineers is expanding. The processes 
that students learn about how to design homes for brine shrimp are similar to the ones used by engineers 
to learn about how to cultivate a new species. Brine shrimp make a fine model for more complicated 
aquaculture projects. First, brine shrimp are inexpensive, yet exotic enough to spark student interest. 
Second, they are less charismatic than vertebrates and so make better test subjects.  
 
Finally, the space program is strongly interested in creating self-contained ecosystems. Many teams are 
working to create systems that are stable for weeks or months.  
 
 
Going Further  
 
These projects make good introductions to even more rigorous investigation.  
 
For example, if the Worm Box project were quantified to the amount of fertilizer obtained rather than just 
counting worms, and then the costs of producing were measured rather than extrapolated, it would be 
possible to get a sense of how valuable the project could be on a broader scale. Similarly, the aquaculture 
projects can be expanded so that the amount of production was recorded and the costs compared to 
make reasonable assumptions about the success in the long term. 
 
Recommended Websites  
 
Agricultural extensions have a lot to say about worm composting, and UC Davis is world renown and right 
around the corner. 
http://projectcompost.ucdavis.edu/worm-composting-tutorial/ 
http://ceyolo.ucdavis.edu/files/145449.pdf 
 
Cal Recycle also has excellent resources including places to buy worms. 
http://www.calrecycle.ca.gov/organics/worms/ 
 
Brine Shrimp Direct is a supplier of brine shrimp. In addition they have excellent advice on how to raise 
brine shrimp.  
https://www.brineshrimpdirect.com/about-us/online-resources-original/brine-shrimp-classroom/ 
 
British Ecological Society Set of Brine Shrimp Experiments! 
https://www.britishecologicalsociety.org/wp-content/uploads/Brine-Shrimp-Ecology.pdf 
 
Sealed aquariums are big and not very portable, but it is possible to make a smaller scale version. 
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http://cachefly.oreilly.com/make/wp_aquanaut.pdf 
 
An example of the kind of help that is available online to a student. Some was great, and others not so 
much.  
http://answers.yahoo.com/question/index?qid=20101216092844AAR08Y2 
 
Brine Shrimp life cycle picture 
http://learn.genetics.utah.edu/content/gsl/artemia/ 
 

Some Disciplinary Core Ideas 
 
LS1.C: Organization for Matter and Energy Flow in Organisms 
▪ Plants, algae (including phytoplankton), and many microorganisms use the energy from light to make 

sugars (food) from carbon dioxide from the atmosphere and water through the process of 
photosynthesis, which also releases oxygen. These sugars can be used immediately or stored for 
growth or later use. (MS-LS1-6) 

▪ The process of photosynthesis converts light energy to stored chemical energy by converting carbon 
dioxide plus water into sugars plus released oxygen. (HS-LS1-5) 

▪ As matter and energy flow through different organizational levels of living systems, chemical elements 
are recombined in different ways to form different products. (HS-LS1-6),(HS-LS1-7) 

▪ As a result of these chemical reactions, energy is transferred from one system of interacting molecules 
to another. Cellular respiration is a chemical process in which the bonds of food molecules and oxygen 
molecules are broken and new compounds are formed that can transport energy to muscles. Cellular 
respiration also releases the energy needed to maintain body temperature despite ongoing energy 
transfer to the surrounding environment. (HS-LS1-7) 

 
LS2.A: Interdependent Relationships in Ecosystems 
▪ The food of almost any kind of animal can be traced back to plants. Organisms are related in food 

webs in which some animals eat plants for food and other animals eat the animals that eat plants. 
Some organisms, such as fungi and bacteria, break down dead organisms (both plants or plants parts 
and animals) and therefore operate as “decomposers.” Decomposition eventually restores (recycles) 
some materials back to the soil. Organisms can survive only in environments in which their particular 
needs are met. A healthy ecosystem is one in which multiple species of different types are each able to 
meet their needs in a relatively stable web of life. Newly introduced species can damage the balance of 
an ecosystem. (5-LS2-1) 

▪ Organisms, and populations of organisms, are dependent on their environmental interactions both with 
other living things and with nonliving factors. (MS-LS2-1) 

▪ In any ecosystem, organisms and populations with similar requirements for food, water, oxygen, or 
other resources may compete with each other for limited resources, access to which consequently 
constrains their growth and reproduction. (MS-LS2-1) 

▪ Growth of organisms and population increases are limited by access to resources. (MS-LS2-1) 
▪ Similarly, predatory interactions may reduce the number of organisms or eliminate whole populations 

of organisms. Mutually beneficial interactions, in contrast, may become so interdependent that each 
organism requires the other for survival. Although the species involved in these competitive, predatory, 
and mutually beneficial interactions vary across ecosystems, the patterns of interactions of organisms 
with their environments, both living and nonliving, are shared. (MS-LS2-2) 

▪ Ecosystems have carrying capacities, which are limits to the numbers of organisms and populations 
they can support. These limits result from such factors as the availability of living and nonliving 
resources and from such challenges such as predation, competition, and disease. Organisms would 
have the capacity to produce populations of great size were it not for the fact that environments and 
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resources are finite. This fundamental tension affects the abundance (number of individuals) of species 
in any given ecosystem. (HS-LS2-1),(HS-LS2-2) 

LS2.B: Cycle of Matter and Energy Transfer in Ecosystems 
▪ Matter cycles between the air and soil and among plants, animals, and microbes as these organisms 

live and die. Organisms obtain gases, and water, from the environment, and release waste matter 
(gas, liquid, or solid) back into the environment. (5-LS2-1) 

▪ Food webs are models that demonstrate how matter and energy is transferred between producers, 
consumers, and decomposers as the three groups interact within an ecosystem. Transfers of matter 
into and out of the physical environment occur at every level. Decomposers recycle nutrients from 
dead plant or animal matter back to the soil in terrestrial environments or to the water in aquatic 
environments. The atoms that make up the organisms in an ecosystem are cycled repeatedly between 
the living and nonliving parts of the ecosystem. (MS-LS2-3) 

▪ Plants or algae form the lowest level of the food web. At each link upward in a food web, only a small 
fraction of the matter consumed at the lower level is transferred upward, to produce growth and 
release energy in cellular respiration at the higher level. Given this inefficiency, there are generally 
fewer organisms at higher levels of a food web. Some matter reacts to release energy for life functions, 
some matter is stored in newly made structures, and much is discarded. The chemical elements that 
make up the molecules of organisms pass through food webs and into and out of the atmosphere and 
soil, and they are combined and recombined in different ways. At each link in an ecosystem, matter 
and energy are conserved. (HS-LS2-4) 

LS2.C: Ecosystem Dynamics, Functioning, and Resilience  
▪ Food provides animals with the materials they need for body repair and growth and the energy they 

need to maintain body warmth and for motion. (secondary to 5-PS3-1) 
▪ Plants acquire their material for growth chiefly from air and water. (5-LS1-1) 
▪ Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical 

or biological component of an ecosystem can lead to shifts in all its populations. (MS-LS2-4) 
▪ Biodiversity describes the variety of species found in Earth’s terrestrial and oceanic ecosystems. The 

completeness or integrity of an ecosystem’s biodiversity is often used as a measure of its health. 
(MS-LS2-5) 

▪ A complex set of interactions within an ecosystem can keep its numbers and types of organisms 
relatively constant over long periods of time under stable conditions. If a modest biological or physical 
disturbance to an ecosystem occurs, it may return to its more or less original status (i.e., the 
ecosystem is resilient), as opposed to becoming a very different ecosystem. Extreme fluctuations in 
conditions or the size of any population, however, can challenge the functioning of ecosystems in 
terms of resources and habitat availability. (HS-LS2-2),(HS-LS2-6) 

 
PS3.D: Energy in Chemical Processes and Everyday Life 
▪ The chemical reaction by which plants produce complex food molecules (sugars) requires an energy 

input (i.e., from sunlight) to occur. In this reaction, carbon dioxide and water combine to form 
carbon-based organic molecules and release oxygen. (secondary to MS-LS1-6) 

▪ Cellular respiration in plants and animals involve chemical reactions with oxygen that release stored 
energy. In these processes, complex molecules containing carbon react with oxygen to produce 
carbon dioxide and other materials. (secondary to MS-LS1-7)  
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