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Abstract:
Question: Will Anax. junius display anti-predatory behavior in response to conspecific or predator chemical cues? Can A. junius learn to associate anti-predatory behavior with a novel predatory cue? 
H1: A. junius will show anti-predatory behavior, less food strikes and movement, when a conspecific chemical cue is introduced

H2: A. junius will also show anti-predatory behavior when a novel predatory chemical cue is introduced along with conspecific cue

H3: A. junius will have learned response to novel predator cue with no conspecific cue
H0: A. junius will show no response to any chemical cues

<put as last section of intro>
Introduction

Predator-prey dynamics are a prevalent environmental factor with which species must cope in order to survive (Sih et. al. 1985). Predation occurs readily in aquatic environments between conspecifics that are larger (predator) and smaller (prey). Typically aquatic organisms begin life as potential prey and then undergo a size-based niche shift that may eventually lead into cannibalism (Ferris and Rudolf 2007). Cannibalism is a major factor that many species deal with (Fox 1975, Polis 1981). It is generally size-structured with larger individuals consuming smaller conspecifics (Polis 1981). Also, Intraguild predators, or competitive predators that occupy similar niches that consume each other, are found in numerous taxonomic groups in nature (Polis et. al. 1989, Polis and Holt 1992).So, in order for species to coexist with a predator, the prey must have morphological, physiological, or behavioral traits (such as anti-predator defenses) that allow them to propagate in abundant enough amounts to maintain a viable population (McPeek 1990), which also applies to the cannibalistic counterparts (predator).

Recognizing a predator is important, but early recognition allows animals to seek refuge or display anti-predatory behavior to decrease their chances of being detected and attacked by a predator (Snyder 1967, Hews 1988, Mathis and Smith 1993, Lima and Dill 1990, Wisenden et al. 1995). When displaying these it is beneficial to only display anti-predatory behavior in the presence of a predator. Otherwise, the organism is not maximizing its fitness by being overly cautious to the point of missing out on beneficial activities, such as feeding (Ball and Baker 1996, Lima 1998, Turner 2004). Anti-predator behaviors often include a decrease in activity or an increase in refuge use, which in many instances can reduce feeding rates ( Koperski, 1997; Rudolf, 2006; Sih, 1982; Werner & Anholt, 1996 ). Entire communities can be affected by changes in the foraging rates of predators and prey that exhibit learned responses to each other, causing a trophic cascade (Preisser et al. 2005, Schmitz et al 1997). Thus, when predation is prevalent, a strong selection pressure for prey to display accurate anti-predator behavior is present (Lima and Dill 1990, Sih 1986). 

Chemical cues, which can diffuse at different rates through water, provide information about predation risk to animals living in aquatic habitats, especially in visually poor environments (structured habitat, turbid water, etc.) where many aquatic invertebrates coexist (Hara 1992, Smith 1992, Dodson et al. 1994). Prey individuals usually detect predator species by chemical or visual cues or a combination of both ( Peckarsky 1982). Some species will display a quick accurate response to conspecific chemical cues, while others only roughly correlate them with predation risk. But, when a predator consumes prey rapidly, the cue in the water is generally enough for prey species to sense a high predation risk (Sih 1986). 
Species that coexist with predators typically show a stronger anti-predator response than a population that does not (Giles and Huntingford 1984, Magurran 1986, Mathis et al. 1993, Gelowitz et al. 1993, Matity et al. 1994, Chivers et al. 1995).  For example, prey typically can distinguish between predators and superficially similar nonpredators (eg, Mayo and Mackie 1976, Peckarsky 1980, Van Veldhuizen and Oakes 1981); between active and inactive predators (eg. Kruuk 1972, Dill 1974, Dayton et al 1977); and between predators that differ in predation ability (eg., Walther 1969, Russel 197, Ducey and Brodie 1983, Sih 1986). Wisenden et al. (1997) conditioned damselfly larvae (Enallagama boreale) to display anti-predator behavior (less feeding strikes, head turns, and walking movements) to northern pike (Esox lucius) stimuli alone after just one trial of pike odor plus mashed conspecific cue. Invertebrate populations display learned recognition of predator species, which may have resulted from evolved genetic differences between populations or differing selection pressures (Chivers and Smith 1994). Prey species typically try to escape an area with predatory cue, rather than avoiding the area (Edmunds 1974, Morse 1980). Avoidance would suggest that invertebrates were able to make decisions based on their learning, which is hard to quantify. Mosquito larvae (Culex pipiens) avoid encounters with Notonecta undulata by moving to peripheral areas in an experimental laboratory setting, which may be a learned anti-predator behavior (Sih 1979, 1981) because the mosquito larvae are typically found floating near the surface in the middle of containers. Chemical cues from a high-risk predation event in another experiment, explains the precision of Culex to show its avoidance of N. undulata (Sih 1986). 
Odonates play an important role in aquatic communities because of their voracious feeding habits and relatively large size (Thorp and Cothran 1984). They commonly live in structured habitats and are preyed upon by fish (Dixon and Baker 1988, McPeek 1990) and intraguild predators (IGP). During most of the year, many different size classes of odonates co-occur in the same environment (Kormonday and Gower 1965, Luz 1968, Parr 1970, Pualson and Jenner 1971, Benke and Benke 1975, Benke 1976, Ingram 1976, Ingram and Jenner 1976, Pritchard 1980), and are susceptible to IGP. It is suggested that they are able to coexist without causing trophic cascades by having varying vertical and horizontal distribution in a given body of water (Kormonday 1959). IGP may have important consequences in the structuring of odonate communities (Benke 1978, Benke et al. 1982, Merrill and Johnson 1984, Johnson et al. 1985). 

Larval damselfly genera respond to potential cannibals by reducing their activity to IGP and fish (Heads 1985, McPeek and Crowley 1987. Convey 1988, Dixon and Baker 1988). Cannibalism in dragonfly larvae can be responsible for 97% of the total mortality. This represents a major factor that regulates odonate populations (Anholt, 1994; Crowley et al. 1987, Johnson et al. 1985, 1987). IGP and cannibalism pose a strong selection pressure for accurate anti-predatory behavior (ClausWalker et al.  1997, Van Buskirk 1992), but the specific mechanism for causing this behavior may be visual and/or chemical cues that identify larger conspecifics. Ferris and Rudolf (2007) showed that Plathemis lydia responded to conspecific chemical cue in the water by increasing their activity, but this may be due to the ground foraging behavior of the specific dragonfly larvae. Staying in one spot would increase their predation risk to conspecific cannibals. This would suggest, however, that competition from larger conspecifics poses a greater cost to an individual’s fitness than does the threat of cannibalism, but when confronted with heterospecific cue, they displayed anti-predatory behavior (Ferris and Rudolf 2007). 

My research will focus on determining if Anax junius is capable of detecting conspecific chemical cues that indicate a predation event that is currently happening nearby. Previous studies have suggested that size differences between conspecifics may affect how a cue is interpreted by predator (larger) and prey (smaller). A. junius will readily eat anything that it can, and will attack larger and smaller conspecifics (personal observation). I will also be testing to see if it is possible to condition them to a novel predator cue. Wisenden et. al (1997) was able to condition an anti-predatory response in E. boreale by first stimulating them with a pike cue plus conspecific cue, and the secondly only the fish cue. They had previously been tested with just fish cue and displayed no significant anti-predator behavior. After the second trial when they were conditioned, they responded to just fish cue. In this research, two treatments will be used: 1) conspecific cue, and 2)fish odor and conspecific cue as conditioning, and then just fish odor to determine learning behavior. In treatment 1 it is expected that A junius will respond with anti-predatory behavior of less feeding strikes, head turns, and walking movements. With treatment 2 it is expected that they will respond to fish odor, after one conditioning event, and exhibit anti-predator behavior. 
Species Description 
Anax junius, a voracious predator, is an intra-guild top predator in its taxonomic group (Crowley and Crumrine 2003). Dragonfly larvae have excellent sensory traits such as keen eyesight (Robera et al. 2004) and are sensitive to chemical cues (Hopper 2001). It is a good study organism because it is common in most ponds throughout North America (McPeek 1990, Corbet 1999), and play an important role in aquatic food webs (McPeek 1990, Fauth and Resetarits 1991, McPeek and Peckarsky 1998, Fauth 1999 ), but only usually occur in the absence of insectivorious fish (Johnson 1991, McPeek 1998, Corbet 1999). A junius typically consume amphipods and Chaoborus larvae, but also Colepotera, Chironomidae, Zygoptera (Folsum and Collins 1984), and other conspecifics. The study organism is part of the non-migratory branch of the species, and has been sitting in the lab for several months. They were collected in the fall of 2007 in the Buffalo River area 20 minutes east of Moorhead MN. 

Methods <redo>
Materials

· 55 rubbermaid ‘shoebox’ containers

· 2 – 10 gallon aquariums for perch 
· Digital calipers
· Tweezers
· White worms or other food source
· Dissecting scope
· Mortar and pestle
· Syringes
Study System

· Treatments
· Control + distilled water
· Mashed dragonfly cue
· Grind up one larvae + 20ml water
· Perch odor cue
· Bathe perch in 4 liter of water for 24 hours
Experimental Design

A junius is held within 55 rubbermaid ‘shoeboxes’ and contain only one larva each. They are filled up to approximately 1.5 liters of distilled water, and a sprig of vegetation will be randomly added in each along with a mesh net (to easier quantify movement). According to figure 1, the mesh net on the bottom will be setup in such a way to facilitate the movement of A. junius. It will be easier to quantify movement, as they have to move across several small squares in order to feed on another worm. The larvae have been fed anywhere between 0 and 8 times each week since they were caught. They will be starved for 3 days before any trials are started. Individuals that are not eating during feeding periods will not be included because it indicates imminent molting. Previous studies have shown that molting affects foraging behavior of odonates (Ferris and Rudolf 2007). The light cycle will be 12 hours of artificial light and 12 hours of darkness. The environment will be held constant between each ‘shoebox’ because they are all in the same room. Varying temperatures will occur throughout the day depending on when the heating kicks in. 

The experiment will consist of 60 time trials using the two different treatments: 1) conspecific cue (20 trials), and 2) perch odor and conspecific cue to test for associative learning (2 runs of 20 trails using same 20 individuals). In treatment 1, dead dragonfly larvae stored in a -80OC freezer will be mashed up with a mortar and pestle to mimic a predation event; only one larva will be used plus 20ml of water. 10ml of cue will be injected into the center of the test chamber using a plastic syringe (prepared according to Wisenden et al. 1997). The study organism will not be moved out of their original ‘shoeboxes’, but a water change will follow each trial. Since they will already be acclimated to their environment, I don’t’ feel it is necessary to move them to new containers. They will be observed for 5 minutes following the release of the cue to look for a reduction in activity. Feeding strikes, head turns, and walking movements will be counted for each trial. A feeding strike occurs when the dragonfly extends and retracts his prementum (feeding apparatus that bears mandibles). A head turn, where the head moves in an arc of at least 22.5°, will be recorded for each trial, and a walking movement is determined by a short walk where the tarsus was planted in a new location. Walking not separated by more than a second is counted as a single walk (eg. Wisenden et al 1997).  
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Figure 1: Mesh setup for each test chamber. Numbers represent larger bold lined boxes. One white worm will be introduced into each bold lined box. This should standardize the feeding instead of randomly placing worms near the study organism.
Experiment 2 will consist of first conditioning the dragonflies by introducing 20ml of fish odor along with 20ml of conspecific cue. This conditioning is necessary because they do not typically co-occur with perch, but are known to thrive in environments with fish (Fuselier). They will be observed for 5 minutes following the release of the cue and feeding strikes, head turns, and walking movements will be recorded. After just one conditioning trial, they will be left alone for 24 hours, and then just fish odor will be added. Then, they will be observed for 5 minutes and feeding strikes, head turns, and walking movements will be recorded.  
Separate Kruskal-Wallis one-way analysis of variances will be used to determine if there is a significant difference between before the cue was added and after (Siegle and Castellan 1988). Wisenden et al (1997) used this to determine differences using chemical cues with E. boreale and northern pike (E. esox).  <CHANGE>
Results
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	Dragonfly vs control
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	P
	adj. P
	R-sq
	P

	Feeding strikes
	0.598
	0.557
	0.06%
	0.816

	Head movements
	0.57
	0.553
	0.38%
	0.551

	Walking movements
	0.898
	0.896
	0.31%
	0.59

	Perch vs control
	 
	 
	 
	 

	Feeding strikes
	0.305
	0.273
	1.91%
	0.18

	Head movements
	0.264
	0.251
	2.74%
	0.107

	Walking movements
	0.714
	0.709
	0.49%
	0.498


Discussion/Conclusion
<discuss findings>
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