Behavioral response of the green darner dragonfly, Anax junius, to conspecific and predator chemical cues
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Abstract:

Predator-prey dynamics in aquatic ecosystems are generally size-structured where larger individuals consume smaller individuals. Recognition of predation risk is important to be able to enact behavior specific to the risk. An accurate response typically consists of a reduction of movement or an increase in refuge use. Chemical cues provide information on the predation event, and are important in visually poor environments where odonate species exist. Anax junius was used to determine if conspecific chemical cues and perch odor would initiate anti-predator behavior. Results from a single replication indicate that feeding strikes, walking movements, and head movements increased in all cases except a slight decline in head movements between perch cue and control (distilled water). No data were significant comparing between groups or treatments. It is possible that A. junius does not react to conspecific stimuli because it lacks the need to do so. This species is the top predator in many small aquatic communities. Future research is necessary to determine if A. junius will respond to conspecific stimuli with anti-predator behavior.
Introduction:

Predator-prey dynamics are a prevalent environmental factor with which species must cope with in order to survive (Sih et al. 1985). Aquatic organisms typically begin life as potential prey, but undergo a size-based niche shift, which may lead to cannibalism (Ferris and Rudolf 2007). Cannibalism is generally a size-structured form of predation where larger individuals consume smaller conspecifics (Polis 1981). So, in order for species to coexist with a predator, the prey must have morphological, physiological, and/or behavioral traits (such as anti-predator defenses) that allow them to propagate in abundant enough numbers to maintain a viable population (McPeek 1990). 

Early recognition of a predator is important because it decreases the chance of being detected and allows the organism to seek refuge or display anti-predator behavior (Snyder 1967, Hews 1988, Mathis and Smith 1993, Lima and Dill 1990, Wisenden et al. 1995). The response must be accurate in order for it to be adopted by the individual. So, anti-predator behavior represents a trade-off between fitness and safety, and often includes a reduction of activity or an increase in refuge use which in many cases influences feeding rates (Koperski 1997, Rudolf 2006, Sih 1982, Werner and Anhold 1996).  Then overly cautious individuals may miss out on beneficial activities, such as feeding and mating (Ball and Baker 1996, Lima 1998, Turner 2004). When one organism preys upon another entire communities can be affected by changes in foraging rates in response to the new learned behavior to each other, which may cause trophic cascades. This commonly happens when introducing a new predator into a system. Thus, when predation is prevalent, a strong selection pressure for prey to display an accurate anti-predator response 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 strong enough for prey species to sense a high predation risk (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 able to coexist without causing trophic cascades by having varying vertical and horizontal distribution in a given body of water (Kormonday 1959). Cannibalism can be responsible for 97% of the total mortality, which represents a major factor that regulates odonate populations (Anholt, 1994; Crowley et al. 1987, Johnson et al. 1985, 1987). It also poses 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. 

This paper will focus on determining if Anax junius is capable of detecting conspecific chemical cues that would indicate a cannibalistic predation event. Previous studies have suggested that size differences between conspecifics may affect how a cue is interpreted by predators or prey. Since A. junius will readily eat anything that it can, and also attack nearby larger and smaller conspecifics (personal observation), they were a good model organism to determine learned recognition of a conspecific predation event. I hypothesize that they will show anti-predatory behavior (less feeding strikes, head movements, and walking movements) when a conspecific chemical cue is introduced, but show no differences between the control and a novel predator (perch) cue.   
Methods:

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 plays 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. Adults live for only a few weeks during the summer, so reproduction usually occurs between July and August. Larvae can take anywhere from one summer to four years to mature, with a maximum length of 50-55mm (Jaques 1947, Needham 1927, Bright and O'Brien 1998). Some adults migrate south and return north to lay their eggs (Roach 2001), but 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. 

Experimental design:

A. junius are individual housed in Rubbermaid 4qt shoeboxes and contain one nymph each. They are filled with approximately 1.5 liters of filtered aquarium water with a sprig of vegetation and a mesh net (for footing and easier quantification of movement). Each box is placed on top of a grid system (figure 1) where 2 white worms are placed in each quadrant. A quadrant system was used to facilitate the movement of each nymph. The larvae (nymphs) were maintained on a 12:12 photoperiod and were fed anywhere between 0 and 8 times per week. They were starved for 24 hours prior to the trials to prevent satiation. Dragonfly cue was prepared by blending 41.7g larvae parts (head, legs, and thorax) into 1100ml dH2O, and perch cue was prepared using 4 perch in 4 liters of water for a 24 hour period. Dragonfly cue was split into 10ml vials, and perch cue was separated into 50ml vials.  All cues were frozen at -80oC to prevent degradation. 
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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.
Each trial started by placing approximately 2 white worms in each quadrant followed by 10ml of treatment cue (dragonfly cue, perch odor, or control). The timer was started as soon as the cue entered the water, and each nymph was observed for 5 minutes. The number of feeding strikes, head movements (a quarter turn in any direction), and walking movements were recorded for each trial. Walking movements occurred when the foot is moved to a new location, and counted once for each second of continued movement. Treatments were rotated between D -> P -> C, so dragonfly cue to perch cue to control, where 1/3 of the individuals received one of the treatments randomly. Three trials were run so each individual received each treatment once.
Results:

Analyses of the data show that dragonfly cue and perch cue were not significantly different between feeding strikes, head movements, and walking movements when compared to the control (table 1). Also, no significant relationships exist with activity (total number of movements) between dragonfly cue and control, perch cue and control, under mesh (if the dragonfly was underneath the mesh), and sex (table 2). 
In general feeding strikes, head movements, and walking movements increased throughout the treatments (figure 2), instead of declining from the control. Head movements between control and dragonfly cue declined slightly, but not significantly and was the only movement that declined from the control. No anti-predator behavior was detected according to the data analysis. 
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Figure 2: Laboratory collected data was used to run descriptive statistics between treatments using means with standard error bars. C represents control (distilled water), D represents dragonfly cue, and P represents perch cue. More feeding strikes were observed in both treatments than the control, which also occurred in walking movements. Head movements decreased slightly in the dragonfly treatment from the control, but climbed for the perch treatment. 
Table 1: Kruskal-Wallace one way analysis of variances was used along with ANOVA to compare the collected data. None of the p-values represent a significant difference in data to the control. 
	Dragonfly vs. control
	Kruskal-Wallace
	ANOVA

	
	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


Table 2: ANOVA statistics were used to compare mean activity (total number of movements) between dragonfly and control, perch and control, under mesh, and sex. None of the data were significant in this analysis. 
	Activity
	ANOVA (p)

	Dragonfly vs. control
	0.698

	Perch vs. control
	0.301

	undermesh
	0.547

	sex
	0.951


Discussion:

This study failed to provide significant anti-predator data probably due to a small population size (n=48) without any replication. Future studies should include more replications and rethink some of the methods. There are several places where error could have been introduced into the experiment. The cue used was from old dragonfly parts with the abdomen removed. It is possible that a chemical in the abdomen acts as the stimulus to warn neighboring larvae of a predation risk. Also, the dragonfly parts (head, legs, and thorax) were stored for several months in a freezer. Freshly killed dragonflies would have produced the best chemical cue, but due to weather constraints fresh nymphs were not available during the cue making process. Also, the observation time after cue injection may not have been long enough. I observed that stationary nymphs during the 5 minute period began to move and feed on the white worms several minutes after the observation period ended. I think the need for a longer observation period is required since some of the larvae remained stationary throughout each treatment. A possible remedy for this would be to start recording movements after they began their first feeding strike, and then observed for several minutes after that. It appeared to take a long time for some individuals to notice that worms were placed in their habitat.  
Several studies have concluded that members of odonata are capable of detecting visual and chemical cues (Ferris and Rudolf 2007, Robinson and Wellborn 1987, Sih 1986, Wisenden et al. 1997). The reason this study failed to produce significant results is probably due in part to the amount of replication. Other studies done at MSUM on dragonfly larvae have produced similar results where no data are significantly correlated between size, sex, visual predator recognition, and anti-predatory behavior. Since it appears that more activity occurred in perch and dragonfly cue trials it may indicate a need to get away from or avoid areas with chemical cue. Ferris and Rudolph (2007) also noticed that Plathemis lydia actually increased its activity when exposed to conspecific stimuli. They suggest that the optimal strategy to avoid the risk of predation is to vacate the area immediately, which would show greater activity to conspecific cue. I did notice, however, that when the conspecific (dragonfly) cue was injected the nymphs did not immediately increase their activity or move. This may indicate that the conspecific cue was missing vital information for a predation event.  Future research in this area is necessary to determine if A. junius is capable of detecting conspecific stimuli. Since it is the top predator in most small aquatic communities, maybe it lacks the behavioral knowledge to react, with anti-predator behavior, to conspecific stimuli. 
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