Ethology and Signaling in Animals	Name	
Lab Partners: 	
Responding to environmental stimuli is one of the fundamental principles that define living organisms. For animals, the ability to detect and respond to stimuli is critical because an incorrect response can mean death for an individual. The type of environmental stimuli that animals respond to include abiotic or non-living stimuli like the rising or setting of the sun, changing seasons and in marine organisms, the movement of the tides. Animals also respond to biotic or living environmental stimuli. Biotic stimuli can include, but are not limited to, the presence of predators, food, mates or other family members. For this laboratory exercise we will observe, quantify, and analyze the behaviors exhibited between crayfish and their environment and between two crayfish competitors.
It is always in the best interest for two animals, upon meeting, to “decide” which one of the two is superior (i.e. dominant, stronger, territory holder) without a significant physical altercation. The behaviors that animals use to decide these meetings are classified as agonistic behaviors, which can include dominant or submissive behaviors. By deciding which of the two individuals is superior without a physical altercation, the fitness of both individuals is increased because their probability of survival is increased; even the winner in a fight may be injured or mortally wounded in the combat. 
Information that is sent from one individual to another may be classified as honest or dishonest. An honest signal is one that cannot be faked or copied in any way. For instance male red deer, Cervus elaphus, compete for mates by roaring; the male making the deepest and longest roar is the winner and gains access to the females in the herd. In this example small males cannot fake a loud, deep call because a larger healthy male (with greater lung capacity) will always win roaring contests. This is why the signal is called honest. There are many types of honest signals in the animal kingdom including special coloration or plumage in birds and manes or distinct fur in mammals. In contrast to an honest signal, a dishonest signal as the term implies, is falsehood or bluff. This strategy must be employed sparingly during specific times of their lives because it is based on a lie. An example of a dishonest signal may be seen in some crustaceans, such as the American lobster Homarus americanus. The lobster, like all crustaceans, must molt to grow. The postmolt period (shortly after an individual has molted and lost its shell) in the life of a lobster is one in which the newly molted individual is particularly vulnerable, even if they are large. Just minutes after a lobster has molted the postmolt animal may look like a hard shell lobster (they may be a bit pale and look a bit “off”), but if that postmolt lobster is picked up by a person the lobster could literally be squished. An older postmolt lobster (approximately 3 hours to several weeks after completing the molting process) still has a very soft shell and a poorly developed musculature to support its claws and the rest of the body. As a result, any physical altercation that a postmolt lobster enters into will almost certainly result in a combat loss and even death. Lobsters in this state (postmolt status) adopt behaviors that account for their vulnerability. One way to do this is to present their opponent with a dishonest signal or a bluff. 
When two lobsters meet for the first time and one lobster is postmolt (soft shell) and the other is a hard shell animal (also known as intermolt or premolt status) then competitive bouts are different than in interactions between two hard shell lobsters. The postmolt individual will often forego a characteristic series of agonistic behaviors and will rapidly escalate an encounter. This strategy presents the other combatant (the hard shell combatant) with a choice to escalate the fight with a potentially larger individual or retreat. If the hard shell combatant retreats, then the bluff was a success. If the hard shell combatant continues the fight, then the postmolt (soft) lobster retreats quickly. Experimental evidence has demonstrated that this is indeed what postmolt individuals choose to do: rapidly escalate and if faced with further combat, retreat as quickly as possible. It is always better to run or, in this case, swim away, from a fight so that you survive to fight another day. 
For this laboratory exercise we will study the freshwater crayfish Procambarus clarkii, a close relative of the American lobster. Both are members of the decapod crustaceans, or individuals with 10 walking legs (5 pairs, one set of 5 on each side). They both have a hard exterior shell known as an exoskeleton that covers their cephalothorax, walking legs and abdominal segments. The cephalothorax is the anterior-most portion of the body and includes the eyes, mouth, two long mechanoreceptor antennae and two pairs of olfactory antennules at the front of the animal. Individual body size is defined as the distance between one eye socket and the end of the cephalothorax, and is called the carapace length (CL) and is expressed in millimeters. Below the cephalothorax are the 5 pairs of legs; the first pair (also known as the claw or merus) is larger than the other four pairs. The final four pairs of legs are almost identical to one another with the last pair of legs being located just in front of the abdomen; these are used for walking. The abdomen or tail area is a broad, segmented section at the posterior of the animal and terminates (ends) with a single pair of uropods on either side of a central telson (Figure 1).
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[bookmark: _GoBack]Figure 1. External anatomy and morphology of a male crayfish Procambarus clarkii. Figures 1A and B illustrate the dorsal and ventral views respectively. Carapace length (CL) is defined as the distance between the eye socket and then end of the carapace (Figure A). Please note that in figure 1B, the paired first swimmerets of the male are stout and are used as a modified penis. In the female the first pair of swimmerets is soft and identical to swimmerets 2 to 5. You should use the presence/absence of this structure to determine the sex of the study individuals. http://crayfish.byu.edu/crayfish_biology.htm
Laboratory Procedure
Observing the Animal:
The first thing to do is to get to know one of the crayfish from the community tank and observe the important anatomy of the animal. First, focus on the anterior region where much of the sensory information is gathered by the animal. You should see eyes, antennae, antennules and mouth parts. The eyes are paired and found on either side of a central rostrum, or horn. The eyes are stalked and each eye has several hundred individual eyes or ommatidia. Having so many individual eyes allows the individual to survey its environment and avoid being eaten from behind.
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How many distinct kinds of antennae do you see on the animal? ____
What is the difference between the different kinds of antennae? 	
Which of the kinds of antennae are used for mechnaoreception? 	
Which of the kinds of antennae are used for olfaction? 	
Describe the difference you observe among the maxillipeds. One pair is	
The others are comparatively	
How many pairs of legs does the crayfish have? ____
Are the pairs of legs identical or differently shaped or constituted?   identical    different  
What is obviously different about the first pair of legs? 	
What do the remaining more-anterior walking legs have, not found on the more-posterior legs?
The remaining more-anterior legs have: 	
What is the color code of your study animal (anterior to posterior)? ____ ____ ____
What is the sex of your study organism?   male    female  
What is the carapace length of your study organism? _______ (_____)
length  (units) 
Crayfish Response to Potential Predators:
Crayfish are epibenthic inhabitants of the freshwater community and can live in many different environments including rivers, lakes and streams. Because of the diversity of their habitats and their general size (just more than a mouthful for many predators), it is critical for a crayfish to detect and respond to threats from a variety of different sources. The three most effective nonhuman predators on crayfish are fish, birds and mammals (e.g. raccoons). With the crayfish resting on the table and you holding still, observe the animal’s behavior for a few moments. Using your arms and hands, reach toward the crayfish. How does it respond?
What is it doing with its walking legs?	
What is it doing with the chelipeds?	
What is it doing with its antennae?	
What is the position of the tail?	
If it attempted locomotion, which direction did it move?	
The most common response to a potential predator is called the meral spread. The behavior increases the chances for survival by making the crayfish look larger and placing its nasty defenses in striking position of a tender nose! In observing our crayfish interact with each other today, it is important to minimize any responses to us. Holding still, keeping quiet, standing at a distance, avoiding sight-lines are all good behaviors for ethologists!
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In its simplest form, an ethogram is a quantitative description of an animal’s behavior. The scientist hopes that the behavior being observed is “natural” but it should be noted that the simple act of observing an animal may influence the behavior of the animal. When you are conducting your observations, make sure to speak softly to your colleagues, to make your observations from a distance, and to move around as little as possible. The objective of this section of the laboratory exercise is to recognize and differentiate crayfish behaviors as they interact. Finally we want you to be able to quantify the frequency, duration and potentially the order in which behaviors take place.
Agonistic Interactions:
Crayfish respond to potential threats with characteristic displays particularly if those threats come from conspecifics (another crayfish).
Table 1.	Agonistic behaviors often observed in interacting crayfish, Procambarus clarkii. Make note of the abbreviations to be used in recording results in the following section.
	Aggressive
	Submissive

	Upright posture (UP) – Cephalothorax lifted off substrate
	Declined posture (DP) – Cephalothorax laying on substrate

	Abdomen Extended (AE)
	Abdomen Bent (AB) – telson folded under

	Antennae Waving Fast (WF)
	Antennae Waving Slow/Still (WS)

	Maxilliped Moving Fast (MF)
	Maxilliped Moving Slow/Still (MS)

	Approach (AP) – moves toward opponent
	Retreat (R) – moves away from opponent
Tail Flip (TF) – jets away from opponent

	Strike (S) – hits opponent with body part
Grasp (G) –grabs or holds opponent
Push (P) – grasps, uses legs to move opponent
	Cheliped Release (CR) – lets go of opponent
Cheliped Flexed (CF) – folds cheliped to/under rostrum


Agonisitic Behavior Observations:
You will now observe interactions between two crayfish first-hand. In a tank called the arena, you will match a resident crayfish with different intruder crayfish and document the behavioral interactions between the individuals. To do a test such as this, you should consider factors including the size, health, molt status and sex of the combatants. Obviously if we are hoping to observe agonistic rather than mating behaviors, we would use crayfish of the same gender in each bout, for example. So our independent variable might be size or “previous experience”. The dependent variable would be the aggressive and submissive behaviors shown in Table 1.
On your bench you have tank marked “arena” with a resident crayfish; this animal has been living alone in this tank for several days and will not be removed from its arena except once briefly for you to determine its carapace length (CL) and sex. This animal will participate in all three bouts as the resident.
On your bench you also have a tank marked “intruder” containing an intruder crayfish that has solitary ownership as a resident of its own tank. This animal will participate as an intruder in two bouts (the first and third ones) with the resident in the arena.
You will select a member of the “community” tank to serve as the intruder for the second bout with the resident in the arena. This animal has been sharing space with many other crayfish, and thus has lots of experience in agonistic behavior.
Before each bout, record the color(s) of the marks on the carapace (anterior to posterior), the sex, and measure the carapace length of the intruder and resident. You only need to measure and sex each animal carefully just once. Then you can trust your color code to identify the animal.
The laboratory group of four people should have two watches, two datasheets, and two pencils. One pair of students will observe the resident crayfish and the other pair will watch the intruder for each bout. If there is a tube initially in the arena, remove it for the rest of the period; you can return it at the end of bout #3. Place the intruder crayfish in the middle of the arena containing the resident and move your hand and body away quickly. It is important that the observers do not get so close to the arena that the crayfish begin to react to the human rather than to each other! The corrugated box and cover can help shield the arena to keep the influence of the researchers to a minimum.
For each bout, lasting 10 minutes, one pair of experimenters will observe and record the type and duration of behaviors for the resident crayfish, while the other pair of experimenters will observe and record the type and duration of behaviors by the intruder crayfish. Obviously the person observing will be dictating what s/he observes; the person recording will need to watch the clock and write in which two behaviors have been observed and how long they are lasting during each minute. Resting is not a behavior to record! The abbreviations in Table 1 will help you record the behaviors so you can keep attention on the timing.
At the end of 10 minutes, carefully remove the intruder crayfish and place it back into its original container (either the “intruder” or the “community” tank). We want to let this crayfish go back to being a “solitary” or a “community” crayfish. Between each bout, it is important to let the resident crayfish recover for 10 minutes. During this recovery time for the resident crayfish, try not to disturb the animal at all. It is best to back away from the aquarium entirely. As a group you should share your data and answer the follow-up questions during the resting periods between bouts.


Agonistic Behavior Bout #1
	Arena Resident
	Solitary Intruder
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Which crayfish won this bout?   resident    draw    intruder  
Which of the resident’s behaviors were most influential in your decision?	
Which of the intruder’s behaviors were most-influential in your decision?	
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Agonistic Behavior Bout #2
	Arena Resident
	Community Intruder

	sex
M   F
	color code
ant. ____  ____  ____ post.
	CL
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	color code
ant. ____  ____  ____ post.
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Which crayfish won this bout?   resident    draw    intruder  
Which of the resident’s behaviors were most influential in your decision?	
Which of the intruder’s behaviors were most-influential in your decision?	
How was this bout different from the first?	
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Agonistic Behavior Bout #3 “The Rematch!”
	Arena Resident
	Solitary Intruder

	sex
M   F
	color code
ant. ____  ____  ____ post.
	CL
___mm
	sex
M   F
	color code
ant. ____  ____  ____ post.
	CL
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Which crayfish won this bout?   resident    draw    intruder  
Which of the resident’s behaviors were most influential in your decision?	
Which of the intruder’s behaviors were most-influential in your decision?	
How was this rematch different from their first?	
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