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Fighting flies: Quantifying and Analyzing Drosophila Aggression

Aggression is an innate behavior that likely evolved in the framework of defending or obtaining resources. This complex social behavior is influenced by genetic, environmental, and internal factors. Drosophila melanogaster remains an effective and exciting model organism to unravel the mechanistic basis of aggression due to its small but sophisticated brain, an impressive array of neurogenetic tools, and robust stereotypical behavioral patterns. The investigations of many laboratories have led to the identification of external and internal state factors that promote aggression, sex differences in the patterns and outcome of aggression, and neurotransmitters that regulate aggression.

the production of a complex social behavior in any system. For example, how is sensory information processed and integrated to promote aggression? How does the nervous system decipher and act upon the dynamic information arriving from a conspecific that is also making its own decisions at the same time?

And how does the internal state of an organism and previous aggression experience impact the motivation and persistence to fight? Drosophila, with its sophisticated genetic tools and straightforward behavioral assays has become a premier model system to investigate these questions and more, in order to ultimately understand how aggression is produced and constrained in any system.

Aggression is not a singular behavioral unit but rather the result of interactions between individuals. As such, the initiation and frequency of these interactions are impacted by assay parameters including: the method of loading flies into the fight chamber, the size and territorial composition of the chamber, and the animals' previous social experience. Thus, determining which protocol to use depends on the overall question that is the subject of investigation. In this chapter, we highlight three different assays (Fig. 1), the multi-well chamber [START_REF] Fernandez | Pheromonal and behavioral cues trigger male-to-female aggression in Drosophila[END_REF], the sliding chamber [START_REF] Trannoy | A New Approach that Eliminates Handling for Studying Aggression and the "Loser" Effect in Drosophila melanogaster[END_REF], and the divider chamber [START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF]), out of several described in the literature [START_REF] Dierick | A method for quantifying aggression in male Drosophila melanogaster[END_REF][START_REF] Dankert | Automated monitoring and analysis of social behavior in Drosophila[END_REF][START_REF] Certel | Scoring and analyzing aggression in Drosophila[END_REF][START_REF] Simon | Social hierarchy is established and maintained with distinct acts of aggression in male Drosophila melanogaster[END_REF].

AGGRESSIVE BEHAVIORAL PATTERNS ACROSS SEXES

Both male and female Drosophila display aggressive behavior toward individuals of their same sex, but the patterns of aggression, like those of reproductive behaviors, differ between the sexes and are therefore referred to as sexually dimorphic [START_REF] Sturtevant | Experiments on sex recognition and the problem of sexual selection in Drosoophilia[END_REF][START_REF] Manning | The sexual behaviour of two sibling Drosophila species[END_REF][START_REF] Jacobs | Influence of light on mating of Drosophila melanogaster[END_REF][START_REF] Ueda | Aggressive behaviours of female Drosophila melanogaster are influenced by their social experience and food resources[END_REF][START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF][START_REF] Pandolfi | Sexual Dimorphism in Aggression: Sex-Specific Fighting Strategies Across Species[END_REF]. Sexually dimorphic patterns can be divided into two categories: true dimorphic behaviors in which males and females exhibit non-overlapping behaviors, and mixed dimorphic behaviors in which males and females share some behavioral actions, while others are sexspecific [START_REF] Ueda | Aggressive behaviours of female Drosophila melanogaster are influenced by their social experience and food resources[END_REF][START_REF] Acebes | Cholinergic control of synchronized seminal emissions in Drosophila[END_REF][START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF][START_REF] Chiu | A circuit logic for sexually shared and dimorphic aggressive behaviors in Drosophila[END_REF]). In the highlighted protocols, both true-dimorphic and shared aggressive behavioral patterns can be quantified using the different experimental chambers.

Several comprehensive reviews of aggression discussing the molecular mechanisms and the neuronal circuits underlying sexually dimorphic behavioral patterns have been written [START_REF] Hoopfer | Neural control of aggression in Drosophila[END_REF][START_REF] Asahina | Sex differences in Drosophila behavior: Qualitative and Quantitative Dimorphism[END_REF]. Therefore, this section will only briefly describe male and female aggression. Drosophila fights resemble those examined in other species in that they are broken up into brief encounters (meetings between the flies) where flies come together, interact for a period of time, and then break apart again. Early dyadic interactions between males involve orientation and approach towards the other fly, followed by an exchange of chemosensory information through fencing/touching of the forelegs and visual displays. Males exhibit visual displays such as wing flicks and wing threats (both wings raised up to a 45°angle). Fights between males often escalate to physical interactions characterized by the lunge, a true dimorphic behavior. A lunge is a series of movements in which a fly: i) rears up on his hindlegs, ii) lifts his wings to stabilize his body, and iii) strikes down on its opponent (Jacobs 1978;Hoffmann 1987a;[START_REF] Chen | Fighting fruit flies: a model system for the study of aggression[END_REF]. As aggressive encounters continue, males modify their fighting strategies: one chases and lunges at its opponent (often in defense of a territory), while the second male retreats from the resource or territory. This sequence leads to the formation of a dominance relationship, which has long been evaluated based on the repeated use of lunges by one male with subsequent retreats from the territory by the second male [START_REF] Hoyer | Octopamine in male aggression of Drosophila[END_REF][START_REF] Penn | A single social defeat reduces aggression in a highly aggressive strain of Drosophila[END_REF]. Recent studies suggest that wing threats and boxing also participate either in the establishment or in the maintenance of dominance [START_REF] Legros | Long-Term Dietary Restriction Leads to Development of Alternative Fighting Strategies[END_REF][START_REF] Simon | Social hierarchy is established and maintained with distinct acts of aggression in male Drosophila melanogaster[END_REF]. Finally, fights can escalate to include boxing, holding, and tussling [START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF][START_REF] Dierick | A method for quantifying aggression in male Drosophila melanogaster[END_REF][START_REF] Dankert | Automated monitoring and analysis of social behavior in Drosophila[END_REF][START_REF] Penn | A single social defeat reduces aggression in a highly aggressive strain of Drosophila[END_REF].

Prior fighting experience, including previous defeats or victories, influences the outcome of later contests: losing a fight increases the probability of losing second contests, thereby revealing experience effects that involve learning and memory. Whether the question of interest is determining if dominance is established or the memory of a fight occurs, the multi-well and sliding well protocols provide two advantages. One, a defined territory is present within the arena, and two, flies can be separated and repaired to assess the influence of previous fighting experience. However, the sliding well protocol uses negative geotaxis to introduce or re-introduce flies into the arenas, thus eliminating the handling of flies entirely [START_REF] Trannoy | A New Approach that Eliminates Handling for Studying Aggression and the "Loser" Effect in Drosophila melanogaster[END_REF]. The divider assay [START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF] does not contain a specific territory or space to retreat, therefore, the criterion "three aggressive encounters with lunges / three retreats" is difficult to apply with this protocol. However, a scenario with one male lunging without retaliation from the second male, could be considered as a sign of dominance.

Drosophila females, as in many species, exhibit distinct aggressive behavioral patterns [START_REF] Ueda | Aggressive behaviours of female Drosophila melanogaster are influenced by their social experience and food resources[END_REF][START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF]. Following approach and fencing, females exhibit two possible true dimorphic attack behaviors; either a female snaps forward with a negligible change in leg position ("head butt"); or the female snaps forward with her forelegs in a level trajectory ("shove"). Unlike males, females alternate between competing for and sharing the resources [START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF]). As in many areas of neuroscience, research on female behavior has remarkably been less extensive. However, recent progress has been made on the identification of female-specific circuitry, the intensity of female agonistic encounters, and the impact of reproductive state on female aggression [START_REF] Schretter | A gut microbial factor modulates locomotor behaviour in Drosophila[END_REF][START_REF] Bath | Temporal and genetic variation in female aggression after mating[END_REF][START_REF] Deutsch | The neural basis for a persistent internal state in Drosophila females[END_REF][START_REF] Chiu | A circuit logic for sexually shared and dimorphic aggressive behaviors in Drosophila[END_REF]. In addition, an new automated tracking and classification system has been described which could improve the screening for mutants and neurons that alter femalespecific aggression [START_REF] Bath | Temporal and genetic variation in female aggression after mating[END_REF].

The quantification of these true-and shared-aggressive behavioral patterns (Fig. 1, Table 1) can provide insight into the control of aggression by genes and circuits. Scoring visual displays (wing threats in males and wing flicking in females) and physical attacks (lunges in males and head-butts in females) may provide information on the use of low-energy threat behaviors employed to discourage opponents vs. the use of high-energy attack behaviors that may be required to chase a competitor from a valuable resource.

However, given the time-intensive aspect of quantifying both visual and physical patterns, many studies limit quantification to the total number of physical attacks (i.e., lunges in males, headbutts in females) displayed by opponents during a fixed amount of time. Indeed, quantifying behavioral patterns by manually scoring the recorded videos is the most time-consuming aspect of the multi-well and sliding chamber protocols. The 12 well chamber used in the divider assay coupled with the improved automated video analysis provides the numbers and scoring parameters needed for a high throughput screen [START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF]. High-throughput screen approaches have been successfully used to connect sex-specific neuron classes to circuits that promote the male lunge in particular [START_REF] Chan | Specific subgroups of FruM neurons control sexually dimorphic patterns of aggression in Drosophila melanogaster[END_REF][START_REF] Watanabe | A Circuit Node that Integrates Convergent Input from Neuromodulatory and Social Behavior-Promoting Neurons to Control Aggression in Drosophila[END_REF][START_REF] Jois | Characterization of the Sexually Dimorphic fruitless Neurons That Regulate Copulation Duration[END_REF][START_REF] Wohl | Layered roles of fruitless isoforms in specification and function of male aggression-promoting neurons in Drosophila[END_REF], and more recently sexually-shared neurons that control shared aggressive patterns [START_REF] Chiu | A circuit logic for sexually shared and dimorphic aggressive behaviors in Drosophila[END_REF].

THE ROLE OF EXTERNAL SENSORY CUES

Although aggressive behavior between conspecifics can improve survival odds and reproductive opportunities, it is an energetically expensive behavior [START_REF] Thomas | Of Fighting Flies, Mice, and Men: Are Some of the Molecular and Neuronal Mechanisms of Aggression Universal in the Animal Kingdom?[END_REF]. The decision to engage in aggression requires an assessment of the costs and benefits as well as the integration of multiple internal and external factors. As normally Drosophila males and females engage only in intrasexual agonistic encounters, determining the sex of the other individual is key for a fly's decision to fight (reviewed in [START_REF] Billeter | Who is he and what is he to you? Recognition in Drosophila melanogaster[END_REF][START_REF] Fernandez | Aggression and courtship in Drosophila: pheromonal communication and sex recognition[END_REF][START_REF] Yew | Drosophila as a holistic model for insect pheromone signaling and processing[END_REF] Volatile pheromones are detected from a distance by the olfactory system, whereas non-volatile cuticular hydrocarbon pheromones signal require contact detection via the gustatory system. Both are required to stimulate aggressive behavior [START_REF] Amrein | Gustatory perception and behavior in Drosophila melanogaster[END_REF][START_REF] Touhara | Sensing odorants and pheromones with chemosensory receptors[END_REF]. One compound in particular, the male-specific cis-Vaccenyl acetate (cVA) promotes male aggression, and activation of the Or67d-expressing olfactory neurons that detect cVA also increases male aggression [START_REF] Wang | Identification of an aggression-promoting pheromone and its receptor neurons in Drosophila[END_REF][START_REF] Liu | Social regulation of aggression by pheromonal activation of Or65a olfactory neurons in Drosophila[END_REF]. A second key identification stimulus for aggression is the exchange of contact pheromonal information in the form of cuticular hydrocarbons (CHs) [START_REF] Ferveur | The pheromonal role of cuticular hydrocarbons in Drosophila melanogaster[END_REF][START_REF] Amrein | Gustatory perception and behavior in Drosophila melanogaster[END_REF][START_REF] Billeter | Who is he and what is he to you? Recognition in Drosophila melanogaster[END_REF]. Drosophila CHs profiles are sexually dimorphic: dienes are mainly produced by females and serve as aphrodisiacs to males while monoenes are produced by males and inhibit male courtship [START_REF] Butterworth | Lipids of Drosophila: a newly detected lipid in the male[END_REF][START_REF] Brieger | Drosophila melanogaster: identity of male lipid in reproductive system[END_REF][START_REF] Ejima | Generalization of courtship learning in Drosophila is mediated by cisvaccenyl acetate[END_REF][START_REF] Datta | The Drosophila pheromone cVA activates a sexually dimorphic neural circuit[END_REF][START_REF] Ronderos | Activation of the T1 neuronal circuit is necessary and sufficient to induce sexually dimorphic mating behavior in Drosophila melanogaster[END_REF]The exchange of male CHs during fencing is sufficient to elicit aggression, as wild-type males attack females that exhibit a male-like pheromonal profile [START_REF] Fernandez | Pheromonal and behavioral cues trigger male-to-female aggression in Drosophila[END_REF]. Not unexpectedly, males fighting in larger chambers (multi-well and sliding well chambers) take longer to start fighting and display lower lunge numbers. The prior may reflect an increase in the time it takes to identify the second opponent in the chamber as a male, perhaps due to a lower concentration of pheromonal cues [START_REF] Lim | How food controls aggression in Drosophila[END_REF][START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF]. Latency to initiate aggression is an important behavioral parameter as it potentially reflects deficits in detecting and integrating sensory stimuli necessary for determining the sexual identity of a conspecific. As for the lower lunge number, a larger chamber size provides space for retreat thus potentially limiting further interactions. Since chamber size directly impacts latency and lunge number, direct comparisons between datasets performed with different chambers are not possible.

Mechanosensory information plays a role in at least male aggression. The Drosophila auditory organ, Johnston's organ (JO), is situated in the fly's antenna, and chordotonal receptor neurons within the JO are activated upon antennal displacement [START_REF] Ishikawa | Auditory system of fruit flies[END_REF]. Wing movements such as wing threats and flicks displayed during fight serve not only as visual but also as auditory signals [START_REF] Jonsson | Sound production during agonistic behavior of male Drosophila melanogaster[END_REF], and the number of male aggressive encounters decreases upon disruption of JO function [START_REF] Versteven | Hearing regulates Drosophila aggression[END_REF]). These results suggest that acoustic signals provide important information within the context of conspecific aggressive interactions. Although the chambers described below do not permit the inclusion of a microphone for acoustic recordings, how hearing is integrated with other sensory modalities at the neural circuit level is an area that remains unexplored.

Movement is also required for eliciting male aggression, as flies do not attack immobilized targets. This is a clear difference from male courtship as males robustly court immobilized females. The detection of motion via vision is likely important for wildtype levels of aggression as motion blind single-housed ninaB mutant males exhibit fewer lunges [START_REF] Ramin | Aggression and social experience: genetic analysis of visual circuit activity in the control of aggressiveness in Drosophila[END_REF], however wildtype males are capable of intense fighting under complete darkness, both under the dark phase of a standard 12h:12h light-dark cycle as well as under constant darkness [START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF]. The divider assay is the only protocol described here that provides the ability to perform behavior recordings in the dark [START_REF] Chowdhury | The Divider Assay is a high-throughput pipeline for aggression analysis in Drosophila[END_REF]). To summarize, numerous studies have demonstrated olfactory, gustatory, visual, and auditory cues and associated genes are required for male aggression, much remains to be studied regarding the role of these cues in female aggression.

NEUROTRANSMITTER AND INTERNAL STATE REGULATION OF AGGRESSION

As described above, external sensory stimuli provide critical information that can lead to aggressive interactions between conspecifics. Internal stimuli, including hunger, mating state, or the sleep need, also influence aggression. How does the brain integrate these different inputs to set behavioral priorities and modify these priorities as contexts change? This flexibility relies on the dynamic and coordinated regulation of interconnected brain circuits and the modulation of these circuits at multiple levels, from synapses to networks.

The brain of even the "simple" fruit fly is remarkably complex. Thousands of neurons expressing canonical neurotransmitters such as glutamate and GABA, function within excitatory or inhibitory circuits to drive behavior and cognitive processes [START_REF] Bellen | 100 years of Drosophila research and its impact on vertebrate neuroscience: a history lesson for the future[END_REF][START_REF] Modi | The Drosophila Mushroom Body: From Architecture to Algorithm in a Learning Circuit[END_REF]. For decades, researchers have taken different screen approaches using genetic tools to activate or inhibit neurons to identify neurons and their corresponding neurotransmitters, neuromodulators or neuropeptides that promote or inhibit aggression, [START_REF] Martin | Novel genetic approaches to behavior in Drosophila[END_REF][START_REF] Kohsaka | Optogenetics in Drosophila[END_REF].

Forward genetic screens allow the unbiased identification of novel players whether at the gene or neuron level. The activity of neurons or gene expression can be manipulated by transactivators including Gal4, LexA, and QS that each bind to specific DNA binding sites (UAS, LexAop, and QUAS) resulting in the transcriptional activation of a downstream responder [START_REF] Caygill | The GAL4 System: A Versatile System for the Manipulation and Analysis of Gene Expression[END_REF]. Repressors of the transactivator and various compounds that activate or inactivate the transactivator or the repressor can be added to allow temporal or spatial control of gene expression [START_REF] Venken | Chemical mutagens, transposons, and transgenes to interrogate gene function in Drosophila melanogaster[END_REF][START_REF] Caygill | The GAL4 System: A Versatile System for the Manipulation and Analysis of Gene Expression[END_REF]. Downstream responders to inhibit neuronal activity include the inwardly-rectifying potassium channel Kir2.1, tetanus toxin TNT, and a temperature-dependent dominant-negative form of dynamin GTPase, Shibire ts1 while the NaChBac bacterial sodium channel, the temperature-dependent cation channel TrpA1, and Channelrhodopsin (ChR2) are used to activate neurons [START_REF] Jones | The expanding reach of the GAL4/UAS system into the behavioral neurobiology of Drosophila[END_REF][START_REF] Kohsaka | Optogenetics in Drosophila[END_REF].

Each protocol can be used with effectors such as Shibire ts1 and TrpA1 that are activated by warm temperatures. For the use of such temperature sensitive tools, the larger chambers in the multi-well and sliding well chambers minimize the risk of condensation that can hinder a clear behavioral recording.

However, the divider assay holds 12 fighting pairs per chamber as well as an automated behavioral analysis which offers the possibility of a high-throughput screen using temperature to alter neuron activity.

The highly stereotypical repertoire of male and female aggressive behavioral patterns can be separated into low, mid and high levels of intensity [START_REF] Chen | Fighting fruit flies: a model system for the study of aggression[END_REF][START_REF] Dierick | A method for quantifying aggression in male Drosophila melanogaster[END_REF][START_REF] Simon | Social hierarchy is established and maintained with distinct acts of aggression in male Drosophila melanogaster[END_REF]. The intensity of aggressive encounters may reflect the value of the resource, the arousal level of the male fly, internal state signals, or other factors. In Drosophila males, aggression intensity is defined by lunge number as well as the usage of boxing and tussling [START_REF] Chen | Fighting fruit flies: a model system for the study of aggression[END_REF][START_REF] Dierick | A method for quantifying aggression in male Drosophila melanogaster[END_REF][START_REF] Simon | Social hierarchy is established and maintained with distinct acts of aggression in male Drosophila melanogaster[END_REF].

As higher levels of aggression may reflect an increase in general activity, it is critical to quantify the locomotor activity of experimental animals and transgenic controls which can be extrapolated from the automated behavior classifier in the divider assay as well as through independent assays [START_REF] Pfeiffenberger | Locomotor activity level monitoring using the Drosophila Activity Monitoring (DAM) System[END_REF][START_REF] Nichols | Methods to assay Drosophila behavior[END_REF].

Like other animals, Drosophila males fight over a resource of value, i.e. food, a designated territory, or a female [START_REF] Certel | Scoring and analyzing aggression in Drosophila[END_REF][START_REF] Zwarts | Genetics and neurobiology of aggression in Drosophila[END_REF]. Therefore, while the initiation of aggression requires male pheromonal information [START_REF] Fernandez | Aggression and courtship in Drosophila: pheromonal communication and sex recognition[END_REF], a nutritive resource and a territory also are relevant for the manifestation of wildtype aggression levels [START_REF] Chen | Fighting fruit flies: a model system for the study of aggression[END_REF][START_REF] Lim | How food controls aggression in Drosophila[END_REF]. The multiwell and sliding well assays have defined territories that contain a food source [START_REF] Trannoy | A New Approach that Eliminates Handling for Studying Aggression and the "Loser" Effect in Drosophila melanogaster[END_REF], while the divider assay chamber has a flat surface consisting of clear food medium. Furthermore, male aggression is influenced not only by the quality of the contested food resource [START_REF] Lim | How food controls aggression in Drosophila[END_REF]), but also by dietary conditions. Males raised on sugar-containing or sugar-free diets displayed distinct fighting strategies that were dependent on these different diet-based environmental conditions [START_REF] Legros | Long-Term Dietary Restriction Leads to Development of Alternative Fighting Strategies[END_REF]. Diet also impacts the composition of the gut microbiome which can modulate the internal state of an organism [START_REF] Henriques | The diet-microbiome tango: how nutrients lead the gut brain axis[END_REF][START_REF] Henry | Dietary nutrient balance shapes phenotypic traits of Drosophila melanogaster in interaction with gut microbiota[END_REF]). Jia et al., determined the production of OA and subsequently male aggression is dependent on gut microbiome effects set down during development [START_REF] Jia | Gut microbiome modulates Drosophila aggression through octopamine signaling[END_REF]. As alterations in the internal state of an animal whether through directly manipulating diet or the gut microbiome, may impact other behaviors including mating success [START_REF] Jia | Gut microbiome modulates Drosophila aggression through octopamine signaling[END_REF]) and locomotor activity [START_REF] Schretter | A gut microbial factor modulates locomotor behaviour in Drosophila[END_REF], assaying additional social and non-social behaviors is necessary to determine if behavioral deficits are specific to aggression. Deciphering how the brain receives and integrates internal state information including the rewarding aspects of food as well as signals from the gut microbiome is an emerging area of interest.

Finally, although numerous studies have identified neuromodulators and neuropeptides that regulate aggression, the overall effects of these signaling molecules when released may be at least in part, also due to their interactions with other co-released neurotransmitters, such as GABA, glutamate, and acetylcholine.

Monoamines and neuropeptides can be expressed in neurons that also release at least one fast-acting neurotransmitter [START_REF] Nassel | Substrates for Neuronal Cotransmission With Neuropeptides and Small Molecule Neurotransmitters in Drosophila[END_REF]) and thus, the release of a combination of monoamines, neuropeptides and neurotransmitters can provide both "classical" and "modulatory" signals resulting in diverse and/or complementary effects on behavioral circuits [START_REF] Vaaga | Dual-transmitter neurons: functional implications of co-release and co-transmission[END_REF][START_REF] Nusbaum | Functional consequences of neuropeptide and smallmolecule co-transmission[END_REF][START_REF] Nassel | Substrates for Neuronal Cotransmission With Neuropeptides and Small Molecule Neurotransmitters in Drosophila[END_REF]. For example, octopamine (OA) neurons in the adult are also glutamatergic [START_REF] Rodriguez-Valentin | Oviduct contraction in Drosophila is modulated by a neural network that is both, octopaminergic and glutamatergic[END_REF][START_REF] Sherer | Octopamine neuron dependent aggression requires dVGLUT from dual-transmitting neurons[END_REF]. Both glutamate and OA are required for male aggression [START_REF] Sherer | Octopamine neuron dependent aggression requires dVGLUT from dual-transmitting neurons[END_REF], however, only OA is required for the suppression of inter-male courtship which suggests that glutamate uncouples aggression from OA-dependent courtship-related behavior [START_REF] Sherer | Octopamine neuron dependent aggression requires dVGLUT from dual-transmitting neurons[END_REF]). An example of circuit regulation through multiple transmitters was uncovered by Alekseyenko et al., who reported a subset of 5HT-producing neurons modulates aggression via two types of downstream target neurons that express the 5HT1A receptor [START_REF] Alekseyenko | Serotonergic Modulation of Aggression in Drosophila Involves GABAergic and Cholinergic Opposing Pathways[END_REF]. One subset of 5HT1A+ neurons also express GABA and functions to decrease aggression while a separate subset of 5HT1A+ release acetylcholine (ACh) and promote aggression [START_REF] Alekseyenko | Serotonergic Modulation of Aggression in Drosophila Involves GABAergic and Cholinergic Opposing Pathways[END_REF]. The computational capabilities of aggression circuits could be enhanced or inhibited by the release of more than one neurotransmitter, neuromodulator and/or neuropeptide, thus care should be taken when assigning functional significance to an individual signaling molecule through the silencing or activation of dual-transmitting neurons until each neuroactive substance can be examined separately.

CONCLUSION

Studies in Drosophila are providing remarkable insight into how a myriad of contextual information influences the input-output relationship of hardwired circuits that support a complex behavioral repertoire.

A comparative approach to aggressive behavior in invertebrate and vertebrate model organisms has identified many conserved molecular components that control the development of neurons required for aggression, the integration and processing of sensory stimuli, the production of neurotransmitters and neurotransmitter receptors and complex gene-environment interactions [START_REF] Thomas | Of Fighting Flies, Mice, and Men: Are Some of the Molecular and Neuronal Mechanisms of Aggression Universal in the Animal Kingdom?[END_REF][START_REF] Anderson | Circuit modules linking internal states and social behaviour in flies and mice[END_REF]). These similarities suggest that aggression is produced and regulated by a conserved logic or framework and that results from the study of aggression in Drosophila will be applicable across the animal kingdom, including humans. 

Table 1. Aggression behavioral patterns

While some behavioral patterns such as fencing are common to males and females, most patterns use to quantify aggression are sex specific, only exhibited by one of the sexes. This difference is not a matter of degree (i.e. in the frequency of the behavior) but an absolute difference: lunging, wing threats, boxing and holding are only displayed by males, while shoves and head butts are only displayed by females. A common source or errors in people who are learning how to analyze aggressive behavior is confusing lunges (male specific) with shoves, which are female-specific and may look similar to an inexperienced observer. During shoving, females do not raise their body as high as males do during lunging. Another common source of error is mistaking high posture fencing with boxing. Boxing is a high intensity pattern, only seen in ~5% of fights between wild type males, which is often a consequence of the male that is being lunged at lunging back instead of retreating.

BEHAVIORAL PATTERN

SEX OF FLIES DISPLAYING PATTERN

DESCRIPTION NOTES

Fencing Both Both flies extend a leg and tap opponent's leg.

Both low and high posture fencing occur frequently throughout the fight.

Lunging

Males A male rear up on hind legs and snaps down on the other.

The key determinant of the outcome of a fight. Seen in most male fights.

Wing threat displays Males One fly quickly raises both wings to a 45° angle towards opponent.

Often displayed by the dominant male to defend its territory.

Boxing Males

Both flies rear up on hind legs and strike the opponent with forelegs.

Rarely seen in fights between wild type males under standard conditions.

Holding Males

One fly grasps the opponent with forelegs and tries to immobilize.

Often exhibited after lunging.

Headbutt Females

Female moves forward quickly, striking the second female with her head.

Common pattern in female fights.

Shove Females

Female snaps forward with her forelegs in a level trajectory.

Lunge-like pattern seen in female fights. Higher intensity than headbutts.

Table 1. Adapted from [START_REF] Chen | Fighting fruit flies: a model system for the study of aggression[END_REF][START_REF] Nilsen | Gender-selective patterns of aggressive behavior in Drosophila melanogaster[END_REF][START_REF] Certel | Scoring and analyzing aggression in Drosophila[END_REF]. 

Figure 1 .

 1 Figure 1. Male and female aggression patterns. Mixed patterns (top) are displayed by both males and females. Female-specific patterns (middle) include shoving and head-butts. Male-specific patterns (bottom) include lunging, boxing, holding and tussling. Boxing is rarely seen in wild type fights (~5-10% of the pairs in a 60-minute observation window) and should not be confused with high posture fencing. Image credits: Yick-Bun Chan. Created with Biorender.com.
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