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Research Interests
We study animal behavior at both 'proximate' and 'ultimate' levels. At the proximate level, we investigate how neural circuits in fish and anuran amphibians control natural behaviors. At the ultimate level, we study the adaptive significance and evolution of these behaviors. Our research methodology, therefore, ranges from neurophysiological analysis of single neuron function to behavioral studies in the lab and field. Behavioral studies allow us to generate testable hypotheses concerning neural control. Conversely, neurophysiological experiments provide clues as to the evolution of behaviors.   Specific research programs are described below.
Neural Mechanisms of Audition in Anurans

Acoustic communication plays an important role in the reproductive behavior of anuran amphibians (frogs and toads). Much of the information in these vocalizations is encoded in the temporal structure (e.g. pulse repetition rate). The anuran auditory system, therefore, is well suited for investigating how the temporal structure of sound is represented at various stages in the auditory nervous system. We are particularly interested in understanding the mechanisms that underlie transformations in these representations. For example, the periodic modulations in the amplitude of sound are coded in the peripheral auditory system by the periodic fluctuations in the discharge rate of these neurons. At the midbrain, however, this 'periodicity' coding is replaced by a 'temporal filter' coding scheme wherein individual neurons selectively respond to particular rates of amplitude modulation. The mechanisms that underlie this transformation are unknown. Recent neurophysiological and behavioral studies indicate that integration of time-dependent excitation and inhibition underlies selectivity of midbrain neurons for temporal features of communication signals.  Recent efforts to focally apply pharmacological agents in conjunction with whole-cell recording, in vivo, promise to provide deep insights into the mechanisms that underlie temporal computations in the auditory system. 
   Comparative studies of gray treefrogs are also underway.  One project is aimed at investigating the neural basis of the Franssen effect (illusion). The Franssen effect (FE) is an illusion in which the listener incorrectly perceives sound as coming from a speaker that broadcasts a leading, short-duration sound pulse with a fast rise in amplitude and slow decay. However, most of the sound originates from a lagging speaker that produces a long-duration sound with a slow onset, followed by a quick decay. Thus, both spatial and temporal features of sound are critical in producing the FE. Illusions such as these are distortions in perception that provide a window into the workings of the auditory system and perception. We utilize the anuran auditory system and a constellation of techniques, including in vivo whole-cell recording, focal iontophoresis of pharmacological agents, and analytical methods for estimating stimulus-related changes in excitatory and inhibitory conductances to elucidate the neural basis of the FE.

     The anuran auditory system has unique advantages for investigating the neural mechanisms that underlie the FE.  An important advantage relates to the goal of linking neural function to perception.  For precedence-type effects that have been demonstrated in animals, subjects indicate whether sound originated from left or right loudspeakers; it is unknown whether they perceive the SR-LD stimulus coming from the loudspeaker that broadcasted the transient tone.  To address this question of perception, we take advantage of the natural preference of a species of gray treefrogs (Hyla versicolor) for slow-rise long-duration (SR-LD) sound pulses that are representative of those used to elicit FE illusions; in choice tests, H. versicolor females strongly prefer SR-LD sound pulses over the fast-rise short-duration (FR-SD) pulses seen in the advertisement calls of its sister species, H. chrysoscelis.  Although female H. versicolor generally do not approach a loudspeaker that broadcasts FR-SD sound pulses, they will do so if SR-LD pulses are presented from a spatially separate transducer. This result tells us that the subject actually perceives the long-duration sound pulses as coming from the loudspeaker broadcasting the FR-SD pulses.  Neurophysiological studies of the anuran inferior colliculus (ICan), a homolog of mammalian IC, in H. versicolor have revealed neurons that show strong selectivity for slow-rise pulses; these cells respond strongly to SR-LD tones, but show little, if any, response to FR-SD sound pulses.  These neurons, therefore, show selectivity appropriate for contributing to the FE and we plan to investigate whether their activity is modulated in accordance with presentation of FS stimuli; for example, broadcast of FR-SD pulses should augment responses to ipsilaterally presented SR-LD stimuli. Further, anurans respire cutaneously, making neurophysiological preparation highly-stable. Thus, H. versicolor are well suited for studying natural auditory perception and neural processing.

   Other studies are aimed at further elucidating mechanisms that underlie selectivity for temporal features of communication sounds, and how changes in temporal processing contribute to speciation; for example, we are interested in how polyploidy influences the temporal processing properties of midbrain neurons e.g., pulse shape selectivity.    This work should provide insight into how changes in the functional organization of the central auditory system contribute to the evolution of new species.
Song Learning in Songbirds

In collaboration with Franz Goller's lab, we have studied how songbirds learn their songs. Songbirds must hear song early in life in order to later develop a good copy of the song of their local dialect; they are not innately able to produce a correct song. During song development, birds compare what they produce to the memorized representation (template) of the song(s) that they heard during their 'sensitive period' early in life. We study song learning in the species of white-crowned sparrows that is found in our local mountains. Our work is directed at exploring the nature of the 'template', how experience shapes it, and how it is used to guide song development. Recent advances in digital signal processing now enable us to track the developmental paths that these birds
take in producing complete song.
Social Control of Sex, Behavior and Coloration in Wrasses

 Wrasses are coral-reef fishes that exhibit highly plastic reproductive behavior and life histories. Individuals begin life in an 'initial phase', wherein males and females are similarly cryptically colored. Later in life, particular individuals may undergo a transformation, becoming more brilliantly colored and, if genetically female, switch sex. These 'supermales' maintain control over a harem of females. Remarkably, dominant females can display male-typical courtship behavior within 1 day after removal of the supermale. We have elected to study bluehead wrasses. Bluehead wrasses show remarkable gender plasticity that is governed by their social environment.  Thus far, only field studies of sex transformation and behavior in these fish have been conducted.  The difficulties of controlling in the field the social configuration and capturing fish that are engaged in particular behaviors have limited the utility of these fish as a model for investigating how changes in social environment can trigger ‘gender’ (behavioral sex phenotype) and sex transformation.  In our project, we have constructed a novel captive environment in which these fish show natural reproductive behavior and rapidly transform from female to male in response to manipulations of their social environment; our lab was equipped with two 800-gallon custom built aquaria (4’x6’ floor, 4’ deep) that meet the minimum required space to express all natural courtship behaviors observed in the field. This advance now enabled us to do controlled behavioral tests, collect video recordings of behavior and extract brain tissue within minutes after capture.   We have recently investigated the social factors that govern the decision to undergo this transformation.  We are currently determining the expression of the c-Fos gene across brain regions in an effort to identify neural circuits that are active during male-typical courtship behaviors. We are using microiontophoresis to identify and map regions of the brain that cause changes in coloration typical of those observed during courtship behaviors. Eventually, we hope to understand the physiological processes that underlie transformations of behavioral sex phenotype.
Neural  Control and Evolution of Electrosensory Behaviors

 In many animal behaviors, information about the environment is detected by sensory receptors and then transmitted to the central nervous system where stimulus patterns of relevance must be discriminated. Often, sensory signals are then translated into motor commands. The cellular mechanisms by which these operations are performed are poorly understood. Electric fish are particularly suitable for studying these questions. Behaviors such as the 'jamming avoidance responses' remain intact in neurophysiological preparations, permitting analysis of the entire neural circuit for generating these behaviors. We have found that short-term synaptic plasticity mechanisms are important in generating neural filters of temporal information.

 We have also pursued comparative neurophysiological studies of the electrosensory system of closely related species that lack jamming avoidance responses. These studies have shed light on how neural circuits change during evolution to generate new behaviors.  While not an area of current research, I still remain interested in this system.
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