BIOMIMICRY SCIENCE FAIR 

Smithsonian Environmental Research Center

Home School Fair Ideas
The materials presented below are a rough outline of ideas that students may use to conduct science fair projects. This list is by no means comprehensive. I would also encourage you/them to visit Asknature.com and research other neat animals, plants, and systems that might be looked at to solve modern problems. Students are not strictly bound by the suggestions below, they are guidelines for the project are loose and may be modified. If you need additional assistance, have questions, or are unsure about the suggestions please see your instructor. 
You will notice different ages listed beside the heading of each activity. This is a guideline for the age appropriateness of the material. If you have a student that is working at a higher or lower level you may talk with the instructor about having them attempt the project. 
Here is a quick list of what is included in this packet: 

· Shark keeping surfaces clean
· Water strider eyes and de-icing planes
· Giraffe necks and pipe and valve flow
· Dolphin blubber absorbs heat

· Invertebrate foot adaptations and adhesives
· Human Fingerprints and gripping tools
· Armadillo and Pangolin armor 
· Octopus Ink and printers

· Phalaropes (birds) make water tornadoes to feed

· Whale baleen filters water

· Flowers reflect UV light to attract insects

· Animal ears funnel sound, better satellite and radio reception

· Bark keeps trees cool, cooling homes
· Warning Colors of Wasps and repelling birds  
· Monkey noses make sound louder

· Spider web designs provide strength, stronger buildings

· Porcupine quills resist buckling and are strong, making building stronger

· Termites have natural heating and cooling in their mounds, heating and cooling buildings

· Robots that mimic insects and arthropods
· Marshes purify water

· The under hairs of animals keep them warm, warmer clothes

· Honeycomb is super strong, stronger buildings
· Glue from milk  for sticking
· Plant seeds disperse and fly efficiently in the wind
· Plant limb placement maximizes sunlight absorption for leaves
· Human Hair is good at absorbing oil
SHARK PAINT (all ages)
Problem: Airplanes, ships, and wind turbines aren’t very energy efficient because of their “wind and water drag” as they move. They also get dirty very quickly, or foul quickly. 
Animal Solution: Shark skin-like textures may be used as wraps around boats or the textures may be created as surfaces  that might help make planes, boats, and wind turbines more efficient. 

Suggestions for Science Fair: Students should begin by research shark scales and the different shapes and varieties they come in. Then they should create a hypothesis about what shape shark scales will repel dirt or debris best. Students can make 5-10 different models of shark scales  using modeling clay, wood, vinyl, etc. and a control (a flat piece of untreated material) and test how water flows off the models and how it carries debris. These models should have some size to them, at least 4” x 4” or larger. You will need to establish a constant way to water runoff, this may be something like using coffee filters and a set amount of water or type of spray, and/or different types of dirt or debris. For younger students they may wish to etch into the clay or surface, but for older students I would want to see good 3-D models. Consider the type of clay or material that is used as well, the surface may affect what debris sticks or washes off. 
Alternately, as a longer term project this may also be conducted using plates, with shark scale patterns, that are left in the water for a period of time. Students may then count the number of fouling organisms that grow on them. 
 Website to start research: http://www.asknature.org/product/09b2f1ecaf4ba1641a99fbb9a9df6f59 
WATER STRIDER EYES AND DE-ICING PLANES (all ages)
Problem:  Ice removal is a costly problem for planes and roadways. Currently humans use a lot of environmentally “unfriendly” chemicals in this process. 

Animal Solution:  Water strider and mosquito eyes are heavily patterned, with many lenses. It’s been proven that ice cannot stick to their patterned surfaces. 

Suggestions for Science Fair: Research the shape of mosquito, bee, or water strider eyes (all very similar).  Create a hypothesis around what designs or patterns might repel ice best.  There are many different variables students may choose to test;  either the shape of the eye, size of the lens, shape of the individual lenses, or type of materials that might work with a specific shape. To prevent getting bogged down in variables choose one and test many replications. For example if you choose to test eye shapes use the same lens size and type of material and then vary the shape of the model “eyes.”  Each surface should be tested at least 3-5 times in the freezer for replication. Take pictures and record data. 
Website to start research: http://www.asknature.org/product/4feddb09a84cb65ac0ed01d2109fa731   

GIRAFFES AND PIPES & VALVES FLOW (older students)
Problem:  People need to pump fluids to great heights, without those fluids flowing backwards. The pipes must also be able to raise and lower without backflow.  

Animal Solution:  Giraffes have a valve system that allows blood to pump from their heart, up the long distance of their neck, and to their brain. They don’t pass out when they lower their heads because the blood doesn’t all rush to their brains.   

Suggestions for Science Fair:  Students should research how the giraffe pumps blood from its massive heart to its brain, and allows the blood to flow in only one direction. They should attempt to create, using pipes and valves/plastic/rubber a model of the neck of the giraffe, and experiment with the pipe turned upside down and right side up as to how the blood flows or is prevented from flowing backward. For this replication would be testing using fluids and inverting the pipe and then righting it many times. 
Website to start research:  http://www.asknature.org/strategy/9493524a64cb0a4b3f19b31d9e63bb9c http://evolutionwiki.org/wiki/The_giraffe_neck_couldn%27t_evolve_without_a_special_circulatory_system 

A complicated paper (for parents): http://www.bioone.org/doi/pdf/10.3957/056.039.0210 
DOLPHIN BLUBBER ABSORBS HEAT (Younger Students)
Note: (8-12 yr olds) this could be done by older students if you come up with a good experimental design.
Problem:  Humans need a way to keep warm in cold water when diving to deep depths. 

Animal Solution:   A layer of blubber or fat surrounding body organs. 

Suggestions for Science Fair:  Begin by researching blubber as insulation in animals. Students will also need to research the thickness of blubber of different animals.  Have them student develop a hypothesis about the ideal thickness of blubber for insulation and warmth (is there a thickness at which there is no appreciable increase in insulating property?). Students can test the effects of different thicknesses of blubber against cold by using zip lock baggies and Crisco. The insulating properties of blubber can be tested using thermometers in Ziploc bags that are placed in the Ziploc bags of Crisco, of varying thicknesses, and then lowered into containers of ice (you’ll need to make sure all the containers are the same “coldness). I would suggest doing this for at least 5 or more animals. They can compare the temperature inside the bags at room temperature, freezing, and in ice water (you’ll have to standardize this temp). For older students I would want them to come up with ideas about how thick blubber would need to be to help humans survive in cold water and how this could be used in a “suit” or other form to keep us warm. They can draw or design a suit, boots, gloves, etc. They may also wish to address the temperature at which fat melts or goes rancid, or even how to store and keep the “suits” for use.
 Website to start research: http://teachers.net/lessons/posts/4318.html  (start here)
  http://www.discoveryeducation.com/teachers/free-lesson-plans/underwater-animals.cfm 

 http://www.asknature.org/strategy/4e4b75ecdfded2328f1c9b080f8a55da 

INVERTEBRATE FOOT ADAPATAIONS (Older Students)
Problem:   Humans need to design tape and adhesives that can be used on a variety of surfaces and that is washable and re-usable (all terrain). 
Animal Solution:    Invertebrates have a variety of types of feet that allow them to adhere to many different surfaces and their feet can be washed clean and re-used for walking.
Suggestions for Science Fair:  Start by having students research different insect or invertebrate feet online, spiders are neat, so are beetles, butterflies, etc. Using their research have students propose a hypothesis about how humans could mimic the foot structures of insects to create an adhesive. Because of limited time I would suggest building several models using only one style of insect foot (beetle, moth, spider) and one type of material (limit variability) with multiple feet held together (like you would find in tape or and adhesive like Velcro). These models should probably be relatively small, such as tooth brush sized. Test the adhesive quality of the feet on multiple surfaces (glass, brick, cloth, concrete, wood, leather, etc) and under multiple conditions (dry, wet, windy). You may also wish to test if the “feet” are washable.  You will have to consider how to measure adhesion. 
Website to start research: http://www.asknature.org/product/2dbddc320a256b0c84fb3ef7b9131e1d       
HUMAN FINGERPRINTS PROVIDE GRIP (all ages)
Problem:  Seniors and those with disabilities need good tools for picking up objects at a distance from them.    

Animal Solution:  The unique swirls and patterns of human fingerprints allow for gripping of slippery objects. 

Suggestions for Science Fair: You could purchase a pair of “grabbers” like you would use for picking up trash, and then create different textured surfaces for the end of the grabbers. Then try different trials of picking up objects, smooth, rough, soft, hard, wet, dry, etc. Repeat these trials with many different people, old and young.  Textures for the gripper may be like human fingerprints, textured like osprey feet, or like sneakers. Students should research the feet, and textures, of different animals. To limit error, keep the material that you use for creating textures the same. If you use sillyputty then use it for all the trials with different textures. If you use a hard surface, like linoleum that is carved into, then use that for all the trials. 
ARMADILLO or PANGOLIN ARMOR (all ages)
Problem:    Police and members of the military need strong and flexible armor.  
Animal Solution:   Armadillos and pangolins have very strong but light armor.  

Suggestions for Science Fair:    Research the armor of the armadillo or pangolin, especially how their plates overlap and the flexible nature of their plates. Purchase two or three wooden drawing models at the art store (also called 12” wooden drawing mannequin). These are available online at Amazon for about $9 each. Construct armor (out of one materials) and attach it to the model(s). Be sure to note the size of the plates that you’re using and the diameter or thickness of the material you’re using. Use a protractor to measure the angle of bend and flexibility for the model (s) and a control (model without armor). For older students you may wish to position the model in a variety of scenarios and take measurements. These might include sitting, firing a weapon, curling into a ball, etc.  Compare the control to the model(s) that you created and suggest how this armor or help or inhibit movement. For older students they may wish to do some mathematical computation of means and averages of range of movement in the different positions that they move their models. 
Website to start research: http://www.asknature.org/strategy/8d804e9b6c21ef5ac4ffcc7d5ab00616     

OCTOPUS INK AND PRINTERS (Younger Students)
Problem:   People need to print with very controlled movement of ink for printers.  
Animal Solution:    Octopi are very good at directing and controlling the ink they use to defend themselves from predators. They have very controlled jets. 
Suggestions for Science Fair:   Study the way that octopi squirt ink. Form a hypothesis about a type of jet or jets that we could create, as humans, to mimic the octopus and control ink flow. Test this by creating a variety of ink jets (you may want to study a printer first) this could be plastic cones, straws, droppers, etc. Using a water based ink see which shape and style is the most well controlled spray of ink, and the easiest to use to apply ink in lines and patterns. Students should test at least 5-10 different designs with at least 5-10 different patterns.  You could present measurable data based on “splatter,” “straightness of lines,” “crispness of lines” etc. This could be done using a piece of translucent gridded paper that can be laid on top of the ink to measure how much surface it was spread over or if it splattered. Students should use mean calculations and present clear data.
Website to start research: http://www.asknature.org/strategy/1f55e43a77015d2410721c5ae7262e54     

PHALAROPES (BIRDS) MAKE WATER TORNADOES TO FEED (all ages)
Problem:    Debris from floods, rivers, and creeks often gets blocked around important areas that boats need to access, and vents in dams need to stay clear. 
Animal Solution:    Phalaropes use their feet and bodies to spin in circles and pull food up from the bottom of the water to feed. They create a tornado or vortex of water that creates an upwelling of debris.
Suggestions for Science Fair:    Research the legs and bodies of phalaropes. Make a hypothesis about how the form of a phalarope’s legs and feet, as well as their movements, can be used to remove debris from a dock or shoreline. Create model phalaropes with the same type of legs but different feet (sticks, straws, wooden pieces, wire that is wrapped), at least 3-5. Using tall cylinders (such as spaghetti jars, tall water bottles, etc. with ruler lines on them) put debris in the bottom (sand, bits of paper, plant matter, etc. make sure the amount is constant, weigh it out) and then test your design and how the feet have to move. For your tests you’ll need to consider attaching the legs to a “body” or surface so that they remain fixed. This could be foam, clay, etc. Be sure to keep the distance between the model legs, in the foam or clay, consistent and record this measurement. You will also need to keep the amount of time that you “move” the bird feet consistent.  Record how far up the column the debris travels, how the feet were turned or moved, and which model feet are most effective. You could also model this in a fish tank or aquarium.   
Website to start research: http://www.asknature.org/strategy/46dcc0fe633a49274a5a22d36f6349be     
WHALE BALEEN FILTERS WATER (all ages)
Problem:    We need clean filtered water free of debris and particles. 
Animal Solution:    Baleen whales filter water using baleen plates. 
Suggestions for Science Fair:  Research what baleen looks like and how it works. Make a hypothesis about shapes of filters or strainers humans could make to filter water like whales do. Design a filter to filter out dirty water (or water with particles in it). This could be a substance that is overlapped or layered, or several substances, it’s up to you but it  should be modeled after the whale’s mouth plate arrangement and filtration system. Test the strainer(s) with different particle sizes in water and then record your results. This could be done using a constant amount of substrate and water mixed, passed through the filter, and then the amount filtered could be captured, dried, and weighed on coffee filters. You can make one or more models but I would want to see at least 5-10 different replications of water straining, and at least 4-5 different types of particles tested (sand, mulch, soil, a mixture of sand and soil, etc.).  Quantify your results. 
Website to start research: http://www.asknature.org/strategy/2ba41420d6714b3fd6b9a3c4d2465ab4 
http://www.asknature.org/product/19cf015cb42875f96279d581b9f66e35 

FLOWERS REFLECT UV LIGHT TO ATTRACT INSECTS (Older Students, spring and summer)
Problem:   Humans need to find environmentally friendly ways to control insects during the day. 

Plant Solutions:   Insects see in a spectrum that we can’t, so flowers have developed strategies to attract them to flowers by reflecting UV light.  

Suggestions for Science Fair:  Students will research the types of flowers that attract different insects and the colors that those flowers look like in normal daylight and then under a UV light. Students will then create model flowers by using uv reflective paint (colored black light paint) to paint the inside of clear  2oz jello shot cups (plastic: http://www.amazon.com/ounce-Jello-Shot-Souffle-Cups/dp/B004DGZ9JE/ref=sr_1_fkmr2_1?ie=UTF8&qid=1369490809&sr=8-1-fkmr2&keywords=white+disposable+condiment+containers ). These cups should be painted in a variety of patterns mimicking flowers. Place a 10% solution of soapy water into the cups and allow the cups to sit outside for 8 hours of daylight. You should consider the location carefully, to be neutral for insect attraction, a yard or grassy area, or even on a picnic table. Count the number and types of insects you find in each cup/pattern. This may require a microscope. Quantify which pattern was most attractive and suggest how this may be used for insect control. 
Website to start research: http://www.naturfotograf.com/UV_flowers_list.html 

ANIMAL EARS FUNNEL SOUND (all ages)
Problem:    Find more efficient ways to funnel sound and radio waves from the air. 
Animal Solution:   Dogs, cats, and other mammals have cupped ears to focus and receive sound.  

Suggestions for Science Fair:  Have students research the ear shapes of many different types of animals and how the ear functions. Develop a hypothesis about what shapes funnel sound the best. To test the hypothesis create ear shapes out of one or two types of materials (furry surface?) and then test how well sound is received. Sound levels should be measured using a sound meter either on a computer or using the iPhone or smart phone app (http://www.healthyhearing.com/content/articles/Hearing-loss/Protection/47805-The-best-phone-apps-to-measure-noise-levels) which are easily downloadable. 

Students should create at least 5-10 different ear shapes that they can test (suggestions might be rabbit, elephant, bat, dog, fennic fox, etc.) with at least as many common sounds. Use short bursts of common types of sound (10-20 seconds). For consistency you may also wish to use a second phone or speaker to register the sound beside the model ear as a control.  
Website to start research: http://www.asknature.org/strategy/62a95372011f1f01e4f7ca0560e380c1 

http://www.teachersdomain.org/resource/tdc02.sci.life.colt.lp_earshape/ 

BARK KEEPS TREES COOL: COOLING HOMES (all ages)

Problem:    Find ways to efficiently cool homes and houses 

Animal Solution:   Trees regulate their trunk’s temperature by their bark, which reflects heat and light.   

Suggestions for Science Fair:   Students may approach this experiment in a variety of ways. They may use thermometers and test the temperatures under the bark of trees (at a consistent depth), and at different locations on a tree. They may also choose to test the same height/location on different trees and measure the temperature of a consistent depth. Alternately they could also use an app. Or light meter to measure the amount of reflected light (older students). The main thing to stress here is consistency, of height, depth, thermometers, and tree species (or different species). After conducting the experiment students should hypothesize or suggest ideas for the best shape/structures for a house for heating and cooling. 
Website to start research:  http://www.asknature.org/strategy/57101d5d67d34f49efbacdad52020405 
WARNING COLORS (younger students)

Problem:   Humans want keep birds away from landing strips or runways.

Animal Solution:   Wasps and bees have bright colors, mostly yellows, that let other insects and animals know to stay away.

Suggestions for Science Fair:    Students should research how warning colors are used by insects, such as wasps and butterflies, and even animals like snakes. They could then create a hypothesis about whether or not birds would be repelled from an area by certain colors or favor others. Students could make boards with 3 different colors and a control (4 squares), including at least one or two warning colors. These square boards could be placed out on the ground, with black oil sunflower on them to observe if birds have a preference for specific color or avoid others. Observations should be made throughout the day, and quantified by the numbers and types of birds observed. Students should take pictures of the birds at the feeders for their presentations. They should also make the board so that for different replications the location of the colors can change, so that you can rule out colors being side by side influence food preference. There should be at least one neutral color (beige or white) as the control. 

Website to start research:  http://www.rspb.org.uk/advice/expert/previous/feeder_colour.aspx 
MONKEY NOSES MAKE SOUND LOUDER (all ages)
Problem:    Humans use a variety of devices to transmit sound, including speakers for music. We need low energy ways to amplify sound to make it louder. 

Animal Solution:    The proboscis monkey has a rounded nose that it uses to amplify sound waves. 
Suggestions for Science Fair:  Students should study and research different creatures that use sound to communicate, and how they amplify that sound across long distances (elephants, monkeys, frogs, bats, etc). Create a hypothesis about the most efficient structure for amplifying sound. Test this hypothesis by building a variety of structures (round, long, circular, etc) that can be put up to the speaker of a stereo (or a human mouth, it’s up to you) and then record how this structure changes the sound and how far it travels.  Sound levels should be measured using a sound meter either on a computer or using the iPhone or smart phone app (http://www.healthyhearing.com/content/articles/Hearing-loss/Protection/47805-The-best-phone-apps-to-measure-noise-levels) which is easily downloadable. Use short bursts of common sounds (10-20 seconds) for consistency. You may wish to measure distance with your sound meter. For consistency you may also wish to use a second phone or speaker to register the sound beside the model ear as a control.  

Website to start research: http://www.asknature.org/strategy/e7e90f1889214ebdaa4e2429380190e5 
SPIDERWEB DEISGNS PROVIDES FLEXIBLE STRENGTH (Older students)
*Note: will require a good bit of parental assistance. 
Problem:    Architects and engineers are constantly trying to find ways to create stronger structures.
Animal Solution:    Spiders have designed webs to maximize strength and minimize materials, especially by using energy efficient designs.
Suggestions for Science Fair:  Students will research the shape of orb weaver spider webs, and the angles at which their supporting lines radiate from the center. They will make a hypothesis about which angles are strongest for supporting the web (for example the V shape, the X shape, the X shape etc). Test this by using two 2.5’ pieces of wood with eye hooks, and string in different formation. On the top of the structure add a larger eye hook and a scale that measures lbs. of pressure. See the diagram on second website listed. Students should create at least 3-5 designs should be tested at least 5 times each. Record and graph data. Make suggestions how this could be used in bridge design or modern architecture.  (Note: this is not the only way to test strength; you can certainly come up with your own ideas!).
Website to start research: http://www.asknature.org/strategy/eb35ed12a8390522af70c7d5278763a0 

 http://www.biomimicryinstitute.org/education/education/biomimicry-challenge-winners.html 
PORCUPINE QUILLS RESIST BUCKLING AND ARE STRONG (younger students)
Problem:    Architects and engineers are constantly looking for ways to support buildings with light weight and minimal structures. 
Animal Solution:    Porcupines have quills with a hard outer covering and soft inner core (almost like foam or sponge) that gives the quills strength but makes them lightweight. This is also similar to bamboo. 
Suggestions for Science Fair:  Students will research the structure of porcupine quills and bamboo (these can also be ordered online or purchased if you want to see real ones). Based on the structure of the quills (or bamboo) the student will brain-storm about how they could build the pillars of buildings. Students may use a paper towel or toilet paper tubes as models, and each should be tested to see how much weight it can withstand, these can be tested by themselves, filled with light weight substances or filled with a solidly packed substance. Each “pillar” should be weighed, and then weights should be applied to the pillars using pieces of wood, above and below the pillar with weights applied on top (don’t forget to weigh the wood). Buckling should then be measured. Each design should be tested at least 5 times per design, including a control. 
Website to start research: http://www.asknature.org/strategy/e61f1d7787150df465d03fa3894c225d  
http://onlinelibrary.wiley.com/doi/10.1111/j.1469-7998.1986.tb03620.x/abstract  (parents will need to help with the technical aspects of this reading)

TERMITES HAVE NATURAL HEATING AND COOLING IN THEIR MOUNDS (older students)
Problem:     Humans use a great deal of energy heating and cooling energy, we need more efficient and “green” ways to do this. 

Animal Solution : Termites have natural air conditioning and heating systems built into their mounds, because of the way they construct the mound walls. 
Suggestions for Science Fair:  The students should begin by researching termite mounds, how they are built, and what they are made out of. There is also great information about hotels and buildings that are already being made modeling termite mounds.  Develop a hypothesis about how termite mound thermoregulation (keeping the mound cool and warm)  might be used in building design. Test this hypothesis by constructing a variety of mound-like structures, that might be used for building design. Students could use clay, soil, found objects, recycled materials, etc. The design(s) must be based on termite construction. The walls may be thick, lumpy, with many chambers or few, straight tunnels or curved, etc. Students can test temperature and humidity using thermometers and humidity sensors (if you can find them). You may also want to do airflow tests (with a fan) or other creative testing (it’s up to the student). 
Website to start research: http://inhabitat.com/building-modelled-on-termites-eastgate-centre-in-zimbabwe/
http://www.rshanthini.com/tmp/CP551/SDProjectPapers/BeyondBiomimicryTermites.PDF
ROBOTS THAT MIMIC INSECTS AND ARTHROPODS (all ages)
Problem:    Humans are constantly seeking ways to build robots to help them in their everyday lives. It’s difficult to make robots that can move and walk on a variety of surfaces.  

Animal Solution: Insect and arthropods (crabs, spiders, ticks, etc) are perfectly made for walking on a variety of surfaces and terrains. 
Suggestions for Science Fair:  Students should research different types of insects or arthropods that are good in a variety of terrains. Have them narrow down their selections to specific ones that they think are the most efficient (such as roaches, roly-polys, crabs, etc.). For younger students I would have them choose 1-2, for older students choose 2-3. Students will then hypothesize which design they think works best on a variety of terrains. Students should then test their hypothesis by designing model insects using motorized Leggos. For younger students we would allow them to use pre-made HEX BUGS, but they must increase the number of models that they test to 5. All robots and hex bugs must be correlated or related to a real insect in the final presentation and their movement correlated. 

 After designing an insect “robot” then have students test their models on a variety of substrates or terrains (rocky, smooth, sloped, grassy, and concrete, etc.), with at least 5-10 replications. Measurements may include speed of course completion and median times.  Students should also suggest ways in which these “robots” may be used to help modern humans. 
Website to start research: http://www-cdr.stanford.edu/biomimetics/ , http://mitpress.mit.edu/catalog/item/default.asp?ttype=2&tid=8812,  http://web.mit.edu/sangbae/www/
MARSHES PURIFY WATER (all ages)
Problem:    Humans make a lot of waste water that often finds its way into the environment. We need sustainable ways to filter and clean our household waste water. 
Ecosystem Solution : Marsh plants have roots that actively filter and clean water that passes over them. 
Suggestions for Science Fair:  This topic could be done in a variety of ways, from container plants to actually going into a marsh and pouring water on the plants and seeing how much comes through. For the design students should research local Chesapeake Bay marshes, find out what plants are there, and what soils they live in. Students should then for a hypothesis. This will vary widely based on what they would like to test. One example would be that “x” plant filters water better than “Y” plant. Students could then set up containers of plants and then test them to see how “clear” or “dirty” water is when it is run through the plants (for older students I would expect more analysis of the water using test kits for water quality). Make sure that the soil that you are using stays the same. Marsh soils may be tested independently or instead of plants.  There are quite a variety of tests that can be done. Because of this variety I would encourage you (as parents and students) to see your instructor before proceeding with design and testing, just to be sure you’re thinking about variables and doing enough replication. 
Website to start research: 
http://2011.solarteam.org/design/living-systems 

 http://en.wikipedia.org/wiki/Arcata_Wastewater_Treatment_Plant_and_Wildlife_Sanctuary 

http://ag.arizona.edu/azwater/arroyo/094wet.html 

http://tricia-edgar.suite101.com/marsh-plants-that-clean-grey-water-a114854
 http://ecohousefilm.com/blog/water-purification-marsh
THE UNDERHAIRS OF ANIMALS KEEP THEM WARM (5-7 yr. olds)

Problem:    Humans live in a variety of extreme weather conditions, and we are constantly looking for ways to keep warm. 
Animal Solution: Animals have long fur, often with downy undercoats, that keep them warm. Sometimes this fur is layered, sometimes they have hollow hairs, and sometimes the hair is black, white, or another color. 
Suggestions for Science Fair:  Students should first research a variety of animals with fur that live in cool or cold climates, and how their fur is structured to keep them warm (hollow hairs, under coat, color, etc.). They should then make a hypothesis about what keeps those animals warm (this should be something testable). Using thermometers (and permission from those involved) students should then test their hypothesis. They could test this on a variety of local animals by using thermometers to measure the temperature of the animal at “skin level” below/at the base of the fur, on the top of the fur, and then the air temperature. For younger students this may be difficult to work with live animals so I encourage parental participation. They should do at least 5-10 animals and if possible do replications (repeat measurements) on different animals of the same type on different locations on their bodies. For example if they choose to do black cat fur they should measure temperatures from at least 4-5 cats and if possible at least 4-5 different parts of their body (back, side, tail, belly, etc.). Record results and then present data. They should then suggest human applications. 
Website to start research: 
http://www.asknature.org/strategy/a6c07eedc1c944ac6605d5af4315aa20
http://www.asknature.org/strategy/53ad434e8f86efc6d3285e60ee02ff3a
http://www.asknature.org/strategy/38b4917e09a5eb76421b27bec586fb41 

HONEYCOMB IS SUPER STRONG (all ages)
Problem:     Builders are constantly looking at shapes and forms that would make their buildings stronger.  
Animal Solution: Honeybees have found a way to make super light and super strong comb.  
Suggestions for Science Fair:  Students should research a variety of shapes and hypothesize about what shape would be the strongest for building a building. They could test this in a wide variety of ways, so I don’t want to limit creativity. One suggestion would be to use cardboard, of a consistent brand or make, at least 5”x5”. They could then cut the shapes they would like to test into the cardboard. They could then place the cardboard in a frame or holder and apply weight to see which shape held the most. For younger students they should create at least 3 different shapes and replicate (or test) their shapes at least 3 times each. For older students I would want them to create at least 4 shapes and test them at least 4 times each. Cutting may require parental assistance or help with an exacto knife. Students may also choose to do one shape and then test the size of the shapes, and see which one is optimal. 

Website to start research: http://www.worldcarfans.com/108112015021/honeycomb-tire-of-the-future 
GLUE FROM MILK (all ages)

Problem:     Humans are constantly looking for ways to make eco-friendly glues and adhesives that are strong but not bad for the environment.   

Animal Solution:  Powdered milk, with a few other ingredients, can be turned into a sticky glue.   
Suggestions for Science Fair:   Students should follow the instructions for making glue (on the link below) out of dehydrated milk and vinegar. They should then compare the strength of this glue to other common glues such as Elmer’s, Gorilla Glue, wood glue, etc. The key here is consistency of the amount that is tested and the object being tested. I would suggest perhaps 3 glues and gluing a wooden block with a hook to a standard surface, such as another block of wood, and then using weights to hang from the blocks. They could also test the solubility, or how easily the glue dissolves, in water (soaking, or spraying and wiping). 

Website to start research: http://www.beyondbenign.org/community/gce/201006%20GCEC%20Glue.pdf 

PLANT SEEDS DISPERSE EFFICENTLY IN THE WIND (all ages)

Problem:  Humans are always looking for more efficient ways to design propellers for flight. 

Plant Solution: Many plant seeds are dispersed by the wind, very efficiently, a long distance. 

Suggestions for the Science Fair: Students will research how different fruits and seeds are dispersed. They will then focus in on wind-dispersed seeds. Students will create paper models of seeds (using one materials, cardstock etc), either based on real seeds or of their own design, and use a fan to test their models, dropped from a specific height, to see how long the seed stays aloft and how far it travels. There should be at least 5 trials for each model and a mean value calculated for distance and time aloft. Wind speed may be calculated using a smart phone app (http://www.goingapps.com/Pages/default.aspx). 
Website to start research: http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_p013.shtml#summary 

PLANT LIMBS MAXIMIZE SUNLIGHT ABSORPTION (8-12 yr. olds)
Problem:  Engineers are trying to find ways to build strong and stable structures for solar cells to maximize sunlight in a small amount of area.

Plant Solution:   Trees grow in such a way that their branches are evenly space manner to provide maximum support while also allowing the leaves to obtain sunlight without too much overlapping. This may be modeled for solar panels in a vertical design. 

Plants have a main stem and lateral stems that hold their leaves, which conduct photosynthesis. Researchers would like to learn exactly how these branches are spaced so that they may maximize sunlight absorption for leaves and/or solar cells. Students will research the parts of a plant including main stem, apical stem, lateral stems, nodes, and side stems. They will then study how plants grow by planting at least 10-20 mint or bean plants. They will record plant growth, stem growth, and distance between stems as well as leaf size. This may also be done by removing leaves and stems from plants and watching them grow, or measuring trees and their branches, stems, and nodes. Students should use their data to hypothesize the most efficient structure or layout for a vertical solar tower. 
Website to start research: http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_p018.shtml#summary    and http://www.popsci.com/technology/article/2011-08/13-year-old-designs-breakthrough-solar-array-based-fibonacci-sequence 
HUMAN HAIR IS GOOD AT ABSORBING OIL (all ages)
Problem:  Oil spills are a devastating natural disaster and humans are always looking for ways to clean them up.

Animal Solution:   Human hair is good at holding oil because of their spiky structure. 

 Students first research the structure of human hairs and what they look like. Next they should research how human hair is being used to help in oil spill clean-ups. They may chose to focus on two different project topics, either how human hair types absorb oil differently (hair from children, adults, white hair, gold hair, etc.), or the optimal structure or way to use human hair to pick up oil (booms, ropes of hair, hair in pantyhose, etc.).  For these activities you may wish to visit your local hair-cutting place or barber. All experiments should be replicated at least 5 times each. To record the amount of oil absorbed by hair you can weigh your hair before and after and then subtract the weight. You may also wish to try different types of oils. 

Website to start research: http://news.bbc.co.uk/2/hi/uk_news/magazine/8674539.stm  and http://www.sciencebuddies.org/science-fair-projects/project_ideas/EnvEng_p025.shtml#summary 

BIOMIMICRY SCIENCE FAIR EXAMPLE:

TITLE: Can Slime Molds Predict How to Most Efficiently Design Highways?
Hypothesis: Slime molds Physarum polyecphalum will select the most efficient route to a destination or food. 

Abstract (No more than one paragraph): The 1,000 mile high overview
Highway engineers struggle to determine the most cost effective route when designing a highway system. Slime molds (family Physarum) are known for their efficiency in choosing a route to a known food source. This study looks at the possible use of creating highway design models by studying slime molds Physarum polyecphalum and their selection of a route to a specific destination. The hypothesis is that slime molds will select the most efficient route to a destination or food. Five trails were conducted using shoe boxes, an agar growth medium as food incentive, and fungicide coated wooden blocks to represent buildings or highway obstructions.  Of the five trails one specimen died, three found the shortest path, and one did not. Data from this study was inconclusive due to a small sample size. 

Materials and Methods (1-2 paragraphs)
Five clear plastic shoe boxes were sterilized with alcohol (12%). A 3”x3”x.5” layer of agar medium  (slime mold food) was laid down at one  end of the shoe box. A culture plate of Physarum polyecphalum (common slime mold) was then placed on the opposite end of the box. Four wooden blocks (3”x3”x2”) which were coated with anti-fungal coating (so that the slime mold could not grow on them) were placed in the shoe boxes to simulate buildings and roadway boundaries. The patterns of the houses and roadways was changed for each of the five trials to create a specific “shortest” route to the food (Figure 1). A control of a box containing no blocks was also conducted. 

 Slime molds were left in ambient temperatures and covered to be in completely darkness, then allowed to grow for approximately one week. Slime molds were observed to see which direction they grew towards the food medium. Measurements included total arm length of growth, if the route chosen was successful in finding the food, and if the route was the shortest (Table 1).
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Figure 1. Five clear shoe boxes with agar medium (grey rectangle), wooden blocks treated with anti-fungal materials (white rectangles), and petri dish with agar and culture of Physarum polyecphalum.
Results 
	 Treatment
	Arm length growth
	Found Food (y/n)
	Shortest Route

	Trail 1
	8.5”
	Yes
	Yes

	Trail 2
	5.4”
	Yes
	Yes

	Trail 3
	10”
	Yes
	No

	Trail 4
	3.5”
	No
	No

	Trail 5
	8”
	Yes
	Yes

	Control
	38”
	Yes
	Yes


Table 1: Results of Trails of Physarum polyecphalum (common slime mold) growing towards agar medium, around blocks, in various formations, treated with fungicide. 
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Figure 2: Growth pattern of Physarum polyecphalum (common slime mold) growing towards agar medium, round blocks, in various formations, treated with fungicide. 
Conclusion (limited to 1 paragraph)
After five trials the slime mold Physarum polyecphalum was able to successfully find its way to a food source three times. In one trial the slime mold died and in one the slime mold took a longer path to the food than was necessary. Although these trials suggest that slime molds could possibly be used to find efficient highway planning routes more tests and trials are needed to be conclusive. 
