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 Negative Phototaxis and Hygrokinetic Behavior in Pill Bugs 
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Introduction


Before doing any research I knew that pill bugs or roly-poly bugs could roll up into a ball; lived in the dirt; and came out of the soil when an area was inundated with water, such as from a water hose. I wondered what types of bugs these were and their role in the environment. Upon my initial research I found that the roly-poly is not a bug at all but rather a terrestrial crustacean. Knowing that pill bugs live in moist dark places led me to wonder about their behaviors. I became interested in their taxis and kinetic movements.   The question I wanted answered was whether the pill bug displays stronger negative phototaxis or stronger hygrokinetic behavior.

Pill bugs are generally considered helpful to their environments as long as they do not overpopulate an area. It is possible that the concentration of pill bugs in an area is an indication that the soil is fertile, since pill bugs help to decompose dead and decaying plant materials.  Finding out whether negative phototaxis or hygrokinetic behavior is stronger in the pill bug can assist in creating garden environments where they can be helpful and thrive.
Abstract


My name is Ayanna Nayo and I reside in Pasadena, California. I am eleven years old and I attend Blair International Baccalaureate Magnet school in Pasadena. I am enrolled in the seventh grade.


The purpose of my research and experiment was to find out if pill bugs displayed stronger negative phototaxis or stronger hygrokinetic behavior. Negative phototaxis is demonstrated by an organism when it moves away from the light; and hygrokinetic behavior is demonstrated by an organism moving toward areas of higher humidity. A taxis behavior is a deliberate movement toward or away from a stimulus while kinetic behaviors are random movements not oriented toward or away from a stimulus. Taxis behaviors are based on physiological needs of an organism.

Biotic and abiotic factors control the maximum size of a given population. Two favorable conditions desired by pill bug are moist and dark areas. This is the optimum home environment. A pill bug must search for the environment to fit its structure and lifestyle. Selection of the correct habitat is key to the organism’s survival. But if given only a choice of one of the optimum conditions, which does the pill bug choose? Does it perform a taxis behavior which is evoked by a physiological need or does it just move around until it finds water?

It seems that the taxis behavior of pill bugs is stronger. When given the choice, more of the pill bugs moved toward the darkness instead of the water.
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Isopod Research
      There are more than 40,000 different types of crustaceans. Most crustaceans live in the sea or freshwater. But why the talk about crustaceans when the subject is pill bugs? Pill bugs are not actually bugs at all. They are crustaceans. They are related to the more commonly known crustaceans, shrimp, crayfish, crabs, and lobsters.  Pill bugs and Sow bugs belong to a crustacean subgroup known as “Isopods”. Isopod means equal legs. They have seven pairs of legs.

Isopods are called by many different names. They are known as pill bugs, roly-polys, wood lice, slates, potato bugs, and land isopods. The scientific classification for sow bugs and pill bugs that I have obtained are as follows:
	
	SOW Bugs
	PILL Bugs

	Kingdom
	Animalia
	Animalia

	Phylum
	Anthropoda
	Anthropoda

	Subphylum
	Crustacea
	Crustacea

	Class
	Malcostraca
	Malcostraca

	Order
	Isopoda
	Isopoda

	Family
	Porcelliondae
	Oniscidea

	Genus
	Porcellion
	Aramadillidum

	Species
	Scaber
	Vulgare



For simplicity purposes both types of isopods, Porcelliondae Scaber and Aramadillidum Vulgare, are sometimes referred to as pill bugs.


Isopods evolved in shallow marine environments. The first isopods had short tails. The earliest fossil records of isopods date from the Carboniferous Period of the Paleozoic Era. Pill bugs are terrestrial isopod which means they live on land. They have adapted to life on land the way that dolphins and whales have adapted to life in the water.


Both the Aramadillidum Vulgare and the Porcellion Scaber have seven pairs of legs, a head, a seven-part thorax, antennae, a pair of simple eyes, and an abdomen. They breathe through gills like structures. The Porcellion Scaber has a thinner, flatter body than the Aramadillidum Vulgare and the Aramadillidum Vulgare can roll itself into a ball. This is why it is called a pill bug. The exoskeleton of both species lacks the waxy coating called a cuticle. Because of this they are susceptible to water loss.


Terrestrial isopods are found in dark, damp places. Their bodies do not retain water very well so they must live in places that will keep them moist. The woodlouse can be found under dead and decaying trees, while the pill bug makes its home in moist, dark soil. Both species are omnivores. They will eat dead and decaying leaves, wood, and sometimes other isopods or living plants.


As with other animals, the behavior of isopods is necessary for their survival. Pill bugs (Aramadillidum) will roll up into a ball when disturbed. They will also roll up to conserve water loss. Porcelliondae (sow bugs) will try to flee when disturbed. Since they cannot roll into a ball, they will huddle with one another to conserve water loss.

Terrestrial isopods present with negative photo taxis, which means they go away from the light. Isopods also display hygrokinetic behavior. This means that they seek out humid places. By digging into the soil or hiding under dead wood, the isopods are able to live on land. Dark places are associated with more humidity because there is less evaporation. Since they breathe through gill-like structures and have no cuticle to prevent water loss, their behaviors ensure their survival.


In order for the isopod to grow, it must molt (shed its exoskeleton) to make room for its larger body. Even this is done with the protection of the animal in mind. Terrestrial isopods only molt one half of their exoskeleton at a time. This may help to ensure protection from enemies such as ants and also prevent excess water loss.

A female isopod can carry up to two hundred eggs at one time. The pouch that she carries the eggs in is called a marsupium. Hatchlings stay in the mother’s brood pouch for about three weeks. This helps the hatchlings survival in two ways. First, since they have no hard exoskeleton, staying hidden in the pouch prevents them from being eaten by enemies or other isopods. Second, the lack of an exoskeleton means that they would suffer from water loss and die. By being together the hatchlings conserve water loss.  When they finally exit the pouch, the babies look like miniature adults.

Research on pill bugs has included gender typing, water loss, predator responses, and hygrokinetic responses. In one research paper it was found that the pill bugs could distinguish between humid and dry air. Pill bugs were put into a box with a screen bottom. The box was placed over two containers. One container was filled with water while the other was filled with calcium chloride. Calcium chloride pulls moisture from the air. It was noted that the pill bugs would gather on the side where the water was located even when the box was turned around. My intention is to expand upon the present hygrokinetic research involving pill bugs by using an additional variable—negative phototaxis. 
 Materials and Methods
Purpose: To find if terrestrial isopods display a stronger negative phototaxis or a stronger hygrokinetic behavior

Hypothesis: If left to choose, terrestrial isopods will display stronger hygrokinetic behavior

Materials:


50 pill bugs


5 Petri dishes


filter paper

water


compass


shoe box



11” x 18” construction paper – 1 black, 1 white


tape

pencil

fine point permanent marker


centimeter ruler


scissors

Procedure:

1. Measure and mark the center of the shoe box

2. Use the compass to draw a 1.5cm circle in the center of the box

3. Trace the circle with the permanent marker
4. Measure 2cm from the edge of the circle and draw lines across the length of the box.

5. Cover one part of the box with black paper, including the sides, from one marked line to the end of the box.

6. Repeat step 5 with white paper for the other half of the box
7. Wet filter paper and place one in each Petri dish

8. Use a towel or piece of dark paper to shade the black side of the shoe box

9. Place a shallow Petri dish full of water at the end of the white side of the box
10. Place 10 pill bugs in one dish and “tent” cover with a piece of black construction paper

11. Place 10 more pill bugs in another Petri dish. Do not shade or cover

12. Leave remaining pill bugs in their dirt habitat

13. Starting with the non-covered pill bugs, obtain one and place in the center of the shoe box.

14. Record which direction the pill bug head in first (towards dark or light)
15. Collect the pill bug and place in one of the extra Petri dishes

16. Repeat steps 13 – 15 until all pill bugs have been tested

17. Next, begin testing on the “ten” covered pill bugs

18. Repeat steps 13 – 15 until all 10 pill bugs have been tested

19. Replace all pill bugs back into their habitat after the experiment

Observations:


In their dirt habitat (control group), the isopods displayed burrowing behavior. They would gather on the wet paper towel or on the potato that was put into the habitat. When the light was turned on, they would begin moving around. Some would begin digging or hide in the crevices of the paper towel, while still others would remain on the surface.


Once removed from their habitat and placed in the Petri dish, the pill bugs exhibited a frantic type behavior. They would run as if looking for some place to hide. Group A (tent cover) slowed down once they received “shade”. Group B (non-covered) however, stayed unsettled much longer than Group A. They also tended to huddle more than Group A.


When either pill bugs from Group A or B were placed in the shoe box they displayed some common behaviors. If there inadvertently was a shaded area on the white side they would go toward it and stay until the shadow was gone. Once the shadow was gone they would run toward the black side of the box. All of the isopods that went toward the side of the box where the water was located turned around and went toward the dark side of the box, even after locating the wet filters placed on the light side. Also, some of the pill bugs that could roll into a ball would do so once put into the shoe box. The longest time that one remained rolled up was 62 seconds.
Results:


Overwhelmingly, the pill bugs chose darkness over the light side with water. Seventy percent (70%) of all isopods chose to forgo water for the darkness; while 30% of them started toward the water first.
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	“Tented” Pill bugs
	D
	W
	W
	D
	D
	D
	D
	D
	D
	D

	Non tented Pill bugs
	D
	W
	W
	D
	D
	W
	D
	D
	D
	W


The table shows the initial direction of each pill bug from the two sample populations. 
D= dark side of the box
W = water side of the box

Of the separate populations, eighty percent (80%) of the “tented” pill bugs started toward the darkness first; but only sixty percent (60%) of the non-tented pill bugs initially started for the darkness. 
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Conclusion:

Through my experiment I concluded that terrestrial isopods display stronger negative phototaxis than hygrokinetic behavior. This means that they deliberately run away from the light. My hypothesis was incorrect.  I thought that because they need water to survive, that their first response would be to seek out water. I found that even when there was water available on the lighted side of the box, the terrestrial isopods still moved toward the darker region first. It seems that the pill bug is genetically predisposed to seek out areas of darkness. 
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Sample A before covering





Shoe box set up. Eventually the wet filters were laid flat.





Isopod running toward the shaded region of the light area.





Removing the isopod from the shoe box





Isopod in the dark area of the shoe box.





Isopod rolled up into a ball after being put into the shoe box.





Huddling behavior of isopods in Group B (non covered)





Giant marine isopod
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