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Order of authors: For publications coming out of my laboratory, I am last author unless the 
student did not have a substantial intellectual contribution to the paper, i.e. he/she could not 
defend the conclusions drawn. Authorship requires at least a 15% contribution to the manuscript. 

(undergraduate student coauthors are underlined and graduate coauthors are in bold face type; 
PI of grant supported work indicated by *) 

Journal Articles  
 Triblehorn JD, Schul J* (2013): Dendritic mechanisms contribute to stimulus-specific 

adaptation in an insect neuron. J Neurophysiol, 110:2217-2216 
 [This is the second of a series of 3 papers on stimululs specific adaptation and change 
detection. J. Triblehorn conducted the majority of the experimental work. I initially designed 
the study and conducted some of the experiments. Jeff and I wrote the paper jointly.]  

 Schul J*, Mayo AM, Triblehorn, JD (2012) Auditory change detection by a single neuron in an 
insect. J. Comp Physiol A: 198:695-704 

 [Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 

[The experiments were planned largely by me, conducted by Anne Mayo, an undergraduate 
student. I wrote the paper together with my former postdoc J. Triblehorn, who is now at the 
College of Charleston.] 

 Christie K, Schul J*, Feng AS* (2010) Phonotaxis to male’s calls embedded within a chorus by 
female gray treefrogs, Hyla versicolor. J Comp Physiol A, published online, DOI: 
10.1007/s00359-010-0544-2 

[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 

[This is the first chapter of K. Christie's dissertation. He is a graduate student at U. of Illinois 
in A. Feng's lab. He did the experimental work in my lab. I had extensive contributions to 
the experimental design and data analysis and contributed to writing the paper.] 

 Bush SL, Schul J* (2010): Evolution of novel signal traits in the absence of female preferences 
in Neoconocephalus katydids (Orthoptera, Tettigoniidae).  PLoS ONE 5(8): e12457 
[PLoS ONE is an open access, general science journal. Manuscripts are peer reviewed. 
Impact factor 4.351 (2009), acceptance rate 70%] 
[All experiments for this paper were conducted in my laboratory. S. Bush and I contributed 
equally to the design of the study, data analysis and writing of the paper. This paper draws 
conclusions which are likely controversial. We chose PLoS ONE, because it attaches a blog 
to each manuscript allowing the immediate discussion of findings and conclusions.] 

 Beckers OM, Schul J* (2010)  Female adaptation to developmental plasticity in male calling 
behavior.  Behav Ecol Sociobiol,64: 1279-1290 
[Behavioral Ecology and Sociobiology is an general disciplinary journal. Impact factor 
2.749 (2009), 5th out of 127 journals in Zoology, acceptance rate approx. 33%] 
[All experiments for this paper were conducted in my laboratory by O. Beckers. I 
contributed intellectually to the design of the study, data analysis and writing of the paper.] 
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 Christie K, Schul J*, Feng AS* (2010) Phonotaxis to male’s calls embedded within a chorus by 
female gray treefrogs, Hyla versicolor. J Comp Physiol A 196: 569-579, DOI: 
10.1007/s00359-010-0544-2 

[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 

[This is the first chapter of K. Christie's dissertation. He is a graduate student at U. of Illinois 
in A. Feng's lab. He did the experimental work in my lab. I had extensive contributions to 
the experimental design and data analysis and contributed to writing the paper.] 

 Kilmer MK, Barrus BB, Schul J* (2010) Ultrasound avoidance behaviors in two species of 
Neoconocephalus.  J. Orthopt. Res., 19: 131-138 
[Journal of Orthoptera Research is a specialized field journal, published by the Orthopterist's 
Society; acceptance rate ca. 80%]  
[This is the first chapter of the MS-thesis of Katie Kilmer (Brueggen). Bryan B. Barrus 
contributed some experiments to this paper.] 

 Triblehorn JD, Schul J* (2009) Sensory encoding differences contribute to species-specific call 
recognition mechanisms.  J Neurophysiol, 102: 1348-1357. 
[Journal of Neurophysiology is a general field journal. Impact factor 3.483 (2009), 3.842 (5-
year average), ca 50 % acceptance rate] 
[J. Triblehorn conducted the majority of the experimental work. I initially designed the study 
and conducted some of the experiments. Jeff and I wrote the paper jointly.] 

 Snyder RL, Frederick-Hudson KH, Schul J* (2009) Molecular phylogenetics of the genus 
Neoconocephalus (Orthoptera, Tettigoniidae) with comments on the evolution of temperate 
life histories. PLoS ONE 4 (9): e7203.    doi:10.1371/journal.pune.0007203 

[PLoS ONE is an open access, general science journal. Manuscripts are peer reviewed. 
Impact factor 4.351 (2009), acceptance rate 70%] 

[R. Snyder and K. Frederick-Hudson conducted the molecular work and the phylogenetic 
analysis. I designed the study, organized the collection of the taxa, collected the majority of 
taxa and wrote the paper.] 

 Bush SL, Beckers OM, Schul J* (2009) A complex mechanism of call recognition in the 
katydid Neoconocephalus affinis (Orthoptera: Tettigoniidae). J Exp Biol, 212: 648-655 
Reviewed in 'Inside JEB'  

[Journal of Experimental Biology is a general field journal. Impact factor 2.72 (2009), 3.254 
(5-year average), acceptance rate <40%] 

[The experiments for this paper were conducted in my laboratory by S. Bush and O. 
Beckers. S. Bush and I  designed the study, analyzed the data and wrote the paper. ] 

 Deily JA, Schul J* (2009) Selective Phonotaxis in Neoconocephalus nebrascensis (Orthoptera: 
Tettigoniidae): Call recognition at two temporal scales. J Comp Physiol A, 195: 31-37 

[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 

[All experiments for this paper were conducted in my laboratory by Josh Deily. I contributed 
intellectually to the design of the study, the data analysis and the writing of the paper.] 
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 Greenfield MD, Schul J (2008) Mechanisms and evolution of synchronous chorusing:  Emergent 
properties and adaptive functions in Neoconocephalus katydids (Orthoptera: Tettigoniidae). 
J Comp Psychology 122: 289-297 

[Journal of Comparative Psychology is a general disciplinary journal. Impact factor 2.081 
(2009), 18/101 in multidisciplinary psychology] 

[This paper reviews older literature (mostly by M. Greenfield) and describes new 
experiments from my lab, which offer a completely different explanation to the phenomenon 
of chorusing. This paper is a true collaboration and we contributed equally to the paper.] 

 Beckers OM, Schul J* (2008) Developmental plasticity of mating calls enables acoustic 
communication in diverse environments. Proc R Soc Lond B 275: 1243-1248. 
Featured in the science section of the St. Louis Post Dispatch and in several online news 
sites (e.g. Eurekalert, PhysOrg).  
[Proceedings of the Royal Society B is a general science journal. Impact factor 4.857 (2009), 
acceptance rate <35%] 
[All experiments for this paper were conducted in my laboratory by O. Beckers. I 
contributed intellectually to the design of the study, the data analysis and the writing of the 
paper.] 

 Höbel G, Schul J* (2007): Listening for males and bats: spectral processing in the hearing organ 
of Neoconocephalus bivocatus (Orthoptera: Tettigoniidae). J Comp Physiol A,193:917-925 

[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 

[The experiments for this paper were conducted  in my laboratory jointly by G. Höbel and 
me. I designed the study and contributed intellectually to the data analysis and the writing of 
the paper.] 

 Webb B, Wessnitzer J, Bush S, Schul J, Buchli J, Ijspeert A (2007) Resonant Neurons and 
bushcricket behaviour. J Comp Physiol A. 193:285-288 
[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 
[This modeling study was based on behavioral data from and unpublished data from my lab. 
I contributed intellectually to the interpretation of the modeling results.] 

 Deily, JA, Schul J* (2006) Spectral selectivity during phonotaxis: a comparative study in 
Neoconocephalus (Orthoptera, Tettigoniidae). J Exp Biol 209: 1757-1764 
[Journal of Experimental Biology is a general field journal. Impact factor 2.72 (2009), 3.254 
(5-year average), acceptance rate <40%] 
[All experiments for this paper were conducted in my laboratory by J. Deily. I contributed 
intellectually to the design of the study, the data analysis and the writing of the paper.] 

 Schul J*, Sheridan RA (2006) Auditory stream segregation in an insect. Neuroscience 138: 1-4 

[Neuroscience is a general field journal published by the International Brain Research 
Organisation. Impact factor 3.292 (2009), 3.520 (5-year average), acceptance rate ca. 35%] 

[The experiments for this paper were conducted  in my laboratory jointly by R. Sheridan and 
me. I designed the study and the data analysis, and I wrote the paper. ] 
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 Bush SL, Schul J* (2006) Pulse-rate recognition in an insect: evidence of a role for oscillatory 
neurons. J Comp Physiol A, 192: 113-121 
[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 
[Both authors conducted all aspects of this research together and contributed equally.] 

 Rodriguez RL, Schul J, Cocroft RB, Greenfield MD (2005) The contribution of tympanic trans-
mission to fine temporal signal evaluation in an ultrasonic moth. J Exp Biol 208: 4159-4165 

[Journal of Experimental Biology is a general field journal. Impact factor 2.72 (2009), 3.254 
(5-year average), acceptance rate <40%] 

[This study is part of R.L. Rodriguez's dissertation (advisor: M. D. Greenfield). I provided 
unique methods for stimulation, data acquisition, and analysis, which were developed in my 
laboratory. Furthermore, I was involved in data interpretation and writing of the manuscript.] 

 Beckers OM, Schul J* (2004) Phonotaxis in Hyla versicolor (Anura, Hylidae): The effect of 
absolute call amplitude. J Comp Physiol A, 190: 869-876 
[Journal of Comparative Physiology A is a general disciplinary journal. Impact factor 1.852, 
23/127 journals in Zoology; acceptance rate ca. 60%] 
[All experiments for this paper were conducted in my laboratory by O. Beckers. I 
contributed to the design of the study, the data analysis and the writing of the paper.] 

 Endepols H, Schul J, Gerhardt HC*, Walkowiak W (2004) 6-Hydroxydopamine lesions in 
anuran amphibians: A new model system for Parkinson’s disease? J Neurobiol, 60: 395-410  
[Journal of Neurobiology was a general field journal; it was renamed to Developmental 
Neurobiology in 2007. Impact factor 3.05 (2006), 3.254 (5-year average)] 
[My contribution was designing, conducting, and analyzing the behavioral experiments; H. 
Endepols was responsible for the anatomical work. ] 

 Deily JA, Schul J (2004) Recognition of calls with exceptionally fast pulse rates: Female 
phonotaxis in the genus Neoconocephalus (Orthoptera: Tettigoniidae). J Exp Biol, 207: 
3523-3529 
Reviewed in 'Inside JEB' [Dicks L (2004) J Exp Biol 207(20): i-ii] 
[Journal of Experimental Biology is a general field journal. Impact factor 2.72 (2009), 3.254 
(5-year average), acceptance rate <40%] 
[All experiments for this paper were conducted in my laboratory by J. Deily I contributed 
intellectually to the design of the study, the data analysis and the writing of the paper.] 

 Schul J, Patterson AC (2003) What determines the tuning of hearing organs and the frequency 
of calls? A comparative study in the katydid genus Neoconocephalus (Orthoptera, 
Tettigoniidae). J Exp Biol 206:141-152 

[Journal of Experimental Biology is a general field journal. Impact factor 2.72 (2009), 3.254 
(5-year average), acceptance rate <40%] 

[The experiments for this paper were conducted  in my laboratory jointly by A. Patterson 
and me. I designed the study and the data analysis, and I wrote the paper.] 
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 Endepols H, Feng AS, Gerhardt HC*, Schul J, Walkowiak W (2003) Roles of the auditory 
midbrain and thalamus in selective phonotaxis in female gray treefrogs (Hyla versicolor). 
Behav Brain Res 145:63-77 

[This paper is the product of a cooperation extending back to 1997. My contribution was 
conducting behavioral experiments and analyzing behavioral data.] 

 Schul J, Bush SL (2002) Non-parallel coevolution of sender and receiver in the acoustic 
communication system of treefrogs,  Proc R Soc Lond B 269: 1847-1852 

[Proceedings of the Royal Society B is a general science journal. Impact factor 4.857 (2009), 
acceptance rate <35%] 

[Both authors conducted all aspects of this research together and contributed equally.] 
 Bush SL, Gerhardt HC, Schul J (2002) Pattern recognition and call preferences in treefrogs 

(Anura: Hylidae): a quantitative analysis using a no-choice paradigm. Anim Behav 63: 7-14 
[Animal Behavior is a general field journal. Impact factor 2.89 (2009), 3.438 (5-year 
average), acceptance rate approx. 50%] 
[The experiments for this paper were performed in Carl Gerhardt's laboratory, because my 
laboratory was not yet set-up. Sarah Bush and I developed the concept, hypothesis, rationale, 
and conclusions, and performed the experiments and data analysis.] 

 Helversen, Dv, Schul J, Kleindienst HU (2001) Male recognition mechanism for female 
responses implies a dilemma for their localization in a phaneropterine bushcricket. J Comp 
Physiol A 186:1153-1158 

 Schul J, Schulze W (2001): Selective Phonotaxis during walking and flight: are differences in 
selectivity due to predation pressure? Naturwissenschaften 88:438-442 

 Schul J, Matt F, Helversen, Ov (2000) Listening for bats: the hearing range of the bushcricket 
Phaneroptera falcata for bat echolocation calls measured in the field. Proc Roy Soc B 
267:1711-1715 
Reviewed in the Science Section of the 'Frankfurter Allgemeine Zeitung' on 10/25/2000 

 Schulze W, Schul J (2001) Ultrasound avoidance behaviour in the bushcricket Tettigonia 
viridissima (Orthoptera, Tettigoniidae). J Exp Biol 204:733-740 

 Gerhardt HC, Schul J (1999) A quantitative analysis of behavioral selectivity for pulse-rise-time 
in the gray treefrog Hyla versicolor. J Comp Physiol A 185:33-40 

 Schul J (1999) Neuronal basis for spectral song discrimination in the bushcricket Tettigonia 
cantans. J Comp Physiol A 184:457-461 

 Walkowiak W, Berlinger M, Schul J, Gerhardt HC (1999): Significance of forebrain structures 
in acoustically guided behavior in anurans. Eur J Morph 37:177-181 

 Schul J, Holderied M, Helversen Dv, Helversen Ov (1999) Directional hearing in grasshoppers: 
Neurophysiological testing of a bioacoustic model. J Exp Biol 202:121-133 

 Schul J (1998) Song recognition by temporal cues in a group of closely related bushcricket 
species (Genus Tettigonia). J Comp Physiol A 183:401-410 

 Schul J, Helversen Dv, Weber T (1998) Selective phonotaxis in Tettigonia cantans and T. 
viridissima in song recognition and discrimination. J Comp Physiol A 182:687-694 
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 Heller KG, Schul J, Ingrisch S (1997) Sex-specific differences in song frequency and tuning of 
the ears in some duetting bushcrickets (Orthoptera: Tettigonioidea: Phaneropteridae). 
Zoology 100:110-118 

 Schul J (1997) Neuronal basis of phonotactic behaviour in Tettigonia viridissima: Processing of 
behaviourally relevant signals by auditory afferents and thoracic interneurons. J Comp 
Physiol A 180:573-583 

 Schul J (1995) A case of interspecific hybridization in the genus Tettigonia (Saltatoria: 
Ensifera). Entomol Gener 19:185-190  

 Rössler W, Hübschen A, Schul J, Kalmring K (1994) Functional morphology of bushcricket 
ears: Comparison between two species belonging to the Phaneropterinae and Decticinae 
(Insecta, Ensifera). Zoomorphol 114:39-46 

 Jatho M, Schul J, Stiedl O, Kalmring K (1994) Specific differences in sound production and 
pattern recognition in tettigoniids. Behav Proc 31:293-300 

 Rössler W, Schul J (1993) Processing of complex song parameters by parallel neuronal activity 
within the auditory system of two closely related bushcricket species. Zool Jb Physiol 97:95-
110 
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Journal Articles (in revision, submitted, and in preparation) 

Presern J, Triblehorn JD, Schul J*: Dynamic dendritic compartmentalization underlies stimulus 
specific adaptation in an insect neuron. Revision submitted to J. Neurophysiol. 

[This paper is the third of three papers on stimulus specific adaptation in an insect. The 
experiments were conducted by J. Presern and J. Triblehorn. I designed the study, developed 
the hypothesis and co-write the paper with J. Presern. The manuscript is about 95% 
complete. Re-submission of revised version in Feb. 2015] 

Kong XL, Peck AS, Bush SL, Schul J: The diversity of call recognition: Selective phonotaxis in 
Neoconocephalus ensiger. Submitted to Journal of Comparative Physiology A. 

[This paper describes behavioral data of one additional species - the data make sense in a 
comparative context, but alone are not very exciting. XL Kong was one year as an exchange 
student in my lab, AS Peck a high school student from the Missouri Academy who worked 
one summer in the lab] 

 
Invited Book Chapters 

Schul J*, Bush SL, Frederick-Hudson KH. (2013) Evolution of call patterns and pattern recognition 
mechanisms in Neoconocephalus katydids. In: Hedwig G (ed) Animal Signals and 
Communication - Topics in insect hearing and acoustic communication. Springer Verlag, 
Heidelberg, New York. pp 176-183. 

Feng AS, Schul J (2006): Signal processing in real-world environments. In: Narins PM, Feng AS, 
Fay RR, Popper AN (eds) Springer Handbook of Auditory Research – Hearing and Sound 
communication in Amphibians. Springer Verlag, Heidelberg, New York. pp 323-350. 

 
INVITED SYMPOSIUM PRESENTATIONS 

 
Entomological Society of America, Annual Meeting, Symposium:  "Utilizing orthopteroid 
insects to overcome grand challenges in an ever-evolving world”; invited keynote address: 
“Acoustic communication in Neoconocephalus: From ion channels to phylogenetics” Portland, 
OR, November 2014 

Gordon Research Conference Neuroethology "Modules, Circuits, and Networks": Invited 
discussion leader for "Comparative biology of auditory processing in vertebrates". Mount 
Snow, August 2013 

Acoustical Society of America, 158th Meeting, Symposium "Natural Soundscapes and 
Auditory Scene Analysis"; invited talk "Dendritic mechanisms of auditory stream segregation". 
San Antonio, TX, October 2009 

JB Johnston Club, Annual Meeting, "Qualitative differences of call recognition among sibling 
species", Selected Talk [about 30% of submitted abstracts are selected for presentation] 
Chicago, October 2009 

10th International Congress of Orthopterology (Orthopterists' Society); Plenary Symposium 
"Communication and Orthoptera"; main talk: "Acoustic Communication in Katydids: 
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Mechanisms, Evolution, and Evolutionary Mechanisms". Antalya, Turkey, June 2009 

Symposium in honor  of  Otto von Helversen (retirement symposium) "Coevolution of sender 
and receiver in acoustic communication systems" Erlangen, Germany, October 2008 

Acoustical Society of America, 151st Meeting, Symposium 'Acoustical interactions in animal 
groups', "Call synchronization in Neoconocephalus nebrascensis: Cooperation rather than 
competition?" Providence, RI. June 2006 

9th International Conference of Orthopterology (Orthopterists' Society), Bioacoustic 
Symposium, "Co-evolution of sender and receiver: is genetic drift the driving force?" Canmore, 
Canada.  August 2005  

Acoustical Society of America, Symposium in honor of R. Capranica, "Non-parallel 
coevolution of sender and receiver in the acoustic communication system of treefrogs" Cancun, 
Mexico. November 2002  

 
OTHER NATIONAL AND INTERNATIONAL PRESENTATIONS 
 
Selected invited Lectures and Seminars 

Murray State University (KY), Dept. of Biological Sciences (September 2014)   
Justus Liebig University, Giessen (Germany), Department of Biology, (July 2012) 
University of Texas-San Antonio, Department of Biology, (3/2012) 
Natural History Museum of the Humboldt University, Berlin (Germany), (2011) 
Georg-August University, Göttingen (Germany), Biodiversity Program (2011) 
Carl von Ossietzky University, Oldenburg (Germany), Neuroscience Program (2011) 
University of Bristol (UK), Department of Biology (2011) 
Karl-Franzens University (Graz, Austria), Department of Biology (2011) 
Oklahoma State University, Department of Zoology (2011) 
McGill University, Montreal, Department of Biology (2008) 
University of Tübingen, Germany, Neuroscience program (2008) 
University of Missouri- St. Louis, Department of Biology (2008) 
University of Tulsa, Biological Sciences Department (2008) 
University of Goettingen, Germany, Biology Department (2006) 
University of Erlangen, Germany, Zoological Institute (2006) 
University of Maryland – College Park, Biology Department (2005) 
Truman State University, Biology Department (2005) 
University of Illinois-Urbana Champaign, Neuroscience Program (2004) 
University of Missouri, Department of Entomology (2002) 
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Selected contributed talks and posters since 2006:  
(undergraduate student coauthors are underlined and graduate student coauthors are in 
bold face type) 

Frederick KH, Schul J: Faster than Cichlids? Rapid diversification in Neoconocephalus. 
Invited Talk for Orthoptera Symposium, Entomological Society of America Meeting, 
Portland OR, (2014) 
 

Murphy M, Schul J: Leader preference in Neoconocephalus: a female preference for a non-
heritable male trait? Talk at Animal Behavior Society Meeting, Princeton (2014) 
 

Ney G, Frederick KH, Schul J: Call diversity, hybridization, and population structure within 
two species of Neoconocephalus katydids.  Talk at Animal Behavior Society Meeting, 
Princeton (2014) 
 

Johnson L, Schul J, Schulz D: Quantitative genetics of diverse neurophysiological traits 
across species? Poster at Animal Behavior Society Meeting, Princeton (2014) 
 

Harness N, Schul J: Complex call evolution in meadow katydids.  Poster at Animal Behavior 
Society Meeting, Princeton (2014) 
 

Schul J: The evolutionary History of the diversity of Neoconcocephalus acoustic 
communication. Talk presented at Invertebrate Sound & Vibration, Glasgow, UK (2013) 
 

Harness N, Schul J: Comparative study of complex call evolution in meadow katydids. Poster 
presented by HN at the annual meeting of Animal Behavior Society, Boulder, CO 
(2013) 

 
Ney G, Frederick KH, Schul J: Phylogeographic analysis of gene flow within temperate 

neoconocephalus katydids. Poster presented by HN at the annual meeting of Animal 
Behavior Society, Boulder, CO (2013) 

 
Frederick-Hudson KH, Schul J: Rapid diversificationduring post-glacial expansion in 

Neoconocephalus katydids. Talk presented by KHFH at the annual meeting of Animal 
Behavior Society, Albuquerque, NM (2012) 

 
Atkisson CJ, Frederick-Hudson KH, Schul J: Exploring the analogy between horizontal 

gene transfer and cultural information exchange. Talk presented by CJA at the annual 
meeting of Animal Behavior Society, Albuquerque, NM (2012) 

 
Murphey MA, Song Q, Schul J: Quantification of immune response as a measure of male 

quality. Poster presented by MAM at the annual meeting of Animal Behavior Society, 
Albuquerque, NM (2012) 

 
Schul J: Ion channels, single neuron computation and the diversity of communication systems. 

Talk presented at the meeting of Animal Behavior Society, Albuquerque, NM (2012) 
Frederick-Hudson KH, Schul J: Post-glacial expansion and rapid diversification of 

communication signals. Talk presented at Evolution 2011, Norman, OK, 7/2011 
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Frederick-Hudson KH, Schul J: Signal diversification and rapid speciation in temperate 

Neoconocephalus katydids. Talk presented at Invertebrate Sound and Vibration, 6/2011, 
Columbia, MO. 

 
Schul J, Ostrowski T: Response properties of auditory interneurons: species specific encoding 

or release of selection? Talk presented at Invertebrate Sound and Vibration, 6/2011, 
Columbia, MO. 

 
Mohsin A, Schul J: Sexual Dimorphism of Directional Hearing in a Katydid with Duetting 

Communication System. Poster presented at Invertebrate Sound and Vibration, 6/2011, 
Columbia, MO. 

 
Hartman GA, Frederick-Hudson KH, Schul J: Encoding of Leading and Following Calls in 

the Ascending Auditory Pathway of Neoconocephalus. Poster at Invertebrate Sound and 
Vibration, 6/2011, Columbia, MO. 

 
Triblehorn JD, Prešern J, Schul J: Cellular Mechanisms Underlying Stimulus-specific 

Adaptation in the Tettigoniid TN-1 Neuron. Talk presented at Invertebrate Sound and 
Vibration, 2011, Columbia, MO. 

 
Frederick-Hudson KH, Schul J: Population genetics and call diversity among three katydid 

species. Annual Meeting of Animal Behavior Society, Williamsburg, VA (2010) 
 
Mohsin A, Schul J: Sexual dimorphism of directional hearing in a katydid with duetting 

communication. Annual Meeting of Animal Behavior Society, Williamsburg, VA 
(2010) 

 
Hediger LD, Schul J: The neuroethology of bat detection in complex auditory scenes. Annual 

Meeting of Animal Behavior Society, Williamsburg, VA (2010) 
 
Schul J, Bush SL: Independent origins of female preferences for leading calls. Annual 

Meeting of Animal Behavior Society, Williamsburg, VA (2010) 
 
Bush SL, Schul J: Are leader preferences in katydids the outcome of a sensory bias? 10th 

International Congress of Orthopterology, Antalya, Turkey (2009) 
 
Triblehorn JD, Schul J: Two post-synaptic mechanisms contributing to auditory stream 

segregation in an insect auditory neuron. Society for Neuroscience meeting, Chicago 
(2009). 

 
Brueggen KB, Schul J: Bat avoidance behaviors in three species of the katydid genus 

Neoconocephalus. Annual Meeting of Animal Behavior Society, Snowbird, Utah (2008) 
 
Schul J, Bush SL, Snyder RL: Can males lead the divergence of acoustic communication 

systems? Annual Meeting of Animal Behavior Society, Snowbird, Utah (2008) 
 
Schul J, Harmon AM, Triblehorn J: Dynamic Dendritic Compartmentalization as a potential 
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mechanism for auditory stream segregation in an insect. Eighth International Congress 
of Neuroethology, Vancouver, Canada (2007). 

 
Beckers OM, Schul J:  Adaptive significance of call plasticity in Neoconocephalus triops 

(Orthoptera: Tettigoniidae). Annual Meeting of Animal Behavior Society, Burlington, 
VT, 2007 

 
Beckers OM, Schul J:  Phenotypic plasticity in the communication system of 

Neoconocephalus triops (Orthoptera: Tettigoniidae). Annual Meeting of Animal 
Behavior Society, Snowbird, UT, 2006 

 
Schul J, Klymus KE, Deily JD: Call synchronization in the katydid Neoconocephalus 

nebrascensis: cooperation rather than competition? 10th International Meeting on Insect 
Sound and Vibration, Toronto, Canada, 2006. 

 
EXTRAMURAL RESEARCH SUPPORT: 

Pending 
National Science Foundation, IOS Behavioral Systems– Proposal 1529885, 1/01/2016-12/31/2020. 

"IOS Preliminary Proposal: Collaborative Research:  The genetic basis of call diversity in 
acoustic insects" PI: J. Schul, Co-PI: Oliver Beckers (Murray State), Teiya Kijimoto (West 
Virginia)  
submitted January 2015. 

[This proposal makes smart use of developmental plasticity of calling behavior to identify 
the genetics of diversity. It combines the experimental and intellectual strength of the 
three laboratories (both CoPIs are beginning investigators, one at an RUI. The proposed 
experiments include physiology, behavior, transcriptomics and RNAi work.] 

National Science Foundation, IOS Neural Systems– Activation Proposal 1529797, 1/01/2016-
12/31/2019. "IOS Preliminary Proposal: Quantitative genetics or neurophysiological traits 
across neurons and species" PI: J. Schul, Co-PI: David Schulz,  
submitted January 2015. 

[This proposal combines strengths of David's and my lab into one proposal, that has, in 
my opinion, transformative potential. We plan to study the quantitiative genetics of the 
maximal firing rate of identified neurons in a comparative approach across species.] 

National Science Foundation, DUE-IUSE: Redesign and scaling of introductory biology courses. 
Description under “Teaching Related Grants” 
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Current 

National Science Foundation, IOS 1146878– Animal Behavior, 5/01/2012-4/30/2016. $ 660,000 
"The evolutionary origin of female preferences" PI: J. Schul, Co-PI: S. L. Bush,  
submitted July 2011. 

[As PI, I designed the project and am responsible for coordination of the activities. 
Funding for several graduate students is included. During academic year 2012/13, three 
semesters of RA support and three summer stipends come from this award.] 

Past: 

 Missouri Department of Conservation, Wildlife Diversity Fund; 7/01/2013-6/30/2014. 
$21,000; Cone-headed katydids in native and restored grasslands: genetic diversity and 
sources of new populations. Role: PI  

[We study here the population genetics of several MO species across conservation areas 
all over Missouri. This gives us an idea about the amount of gene flow and the population 
structure. Results inform our evolutionary hypothesis. While this has conservation 
relevance, this project contributes to our evolutionary research project.] 

 National Science Foundation, IOS-0722109, Neural Systems. 2007-12 (incl. no-cost 
extension). $379,940. "Neuronal mechanisms of auditory stream segregation in an insect." 
P.I. (no co-PIs) 

 National Science Foundation, IOB-0445286, Animal Behavior. 2005-10. $443,155. "The 
Evolution of Novel Traits in the Acoustic Communication System of Neoconocephalus 
(Orthoptera, Tettigoniidae)". PI with  Co-PIs: S. L. Bush and R. B. Cocroft. 

 National Institute of Health, NIDCD 1F32DC008925. 2007-09. $105,526 "NRSA Postdoctoral 
Training: Neural mechanisms of auditory stream segregation in an insect auditory 
interneuron." PI: J. Schul, Co-PI: Jeff Triblehorn; 6/2007; 24 month;  total cost: $105,526. 

 National Science Foundation, IBN-0324290, Sensory Systems. 2003-07. $310,110. "Sensory 
constraints on signal evolution in an acoustic communication system". P.I. (no co-PIs) 

 
Intramural research support 

Past: 

 University of Missouri Research Board, 2011-12 with no cost extension until 5/13. $45,180. 
"The Evolutionary Neurobiology of a Female Preference." P.I.  

[This grant provided support for  graduate student for one semesters and two graduate 
students for two summer terms each.] 

 University of Missouri Research-Council URC. 2010. $7,500. "Is the preference for leading 
calls the result of a sensory bias in Neoconocephalus katydids?" P.I. 

[This grant extended the funding for my postdoc Patrick Guerra for May and June 2010. 
This allowed him to complete his experiments after the expiration of IOB-0445286.] 

 University of Missouri Research Council URC-07-030. 2007-08. $6.200. "Neural basis of call 
recognition in a katydid." P.I. 

[This award provided travel support and some equipment for my research leave.] 
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 University of Missouri Research Board, 2002-04. $35,707. "Sensory and neuronal limits of 
adaptive evolution in an acoustic communication system." P.I.  

[This grant provided support for one graduate student for one semesters and one summer 
terms.] 

 University of Missouri Research-Council URC. 2001-02. $10.972. "The role of acoustic 
communication during speciation in a radiation of katydids (genus Neoconocephalus)." P.I. 

 

 

TEACHING INTERESTS 

Evolution, Introductory Biology, Comparative Neurobiology, Hearing and Acoustics 

 
TEACHING RESPONSIBILITIES  
At the University of Missouri: 

 BioSci  4600 Evolution for Science Education Majors 
 3 credit hours, W13, W14) 

[This is an undergraduate course for students who plan to teach high school biology. The 
class covers the same content as the majors' section (see below), but also includes threads 
about the pedagogy of evolution education and about the social controversy about 
evolution.  
I team teach this class with P. Friedrichsen. The development of this grant is funded 
through a NSF TUES grant which also funds research on the needs of biology teachers 
and outreach activities to evolution educators in Missouri.] 

 BioSci  4600 Evolution  
 3 credit hours, W01, W03, W04, W05, W06, W07, W09, W10, W11, W12, W13, W14) 

[This is an undergraduate lecture course mainly addressed to juniors and seniors (50 – 
100 students). It covers the major concepts of modern evolutionary biology, as well as the 
societal controversies about evolution and science in general. The course emphasizes 
student participation during class, including small group discussions, writing 
assignments, and quantitative problems. I have redesigned this course for W14 into an 
'integrated' format, with concepts taught as parts of evolutionary stories, which provide 
relevance and context. The redesign includes much active learning in the classroom.] 
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 BioSci  4580 Computational Neuroscience  
 3 credit hours, team-taught in W08, W09) 

[This is an interdisciplinary course aimed at undergraduates from biology, quantitative 
sciences, and engineering, team-taught by S. Nair, D. Schulz and me. The goal of this 
course is to introduce the students to neurobiological concepts both from biological and a 
quantitaitive/modeling point of view. The course has lectures, neuro-labs, modeling labs 
and recitation/discussion sessions. The lab-setup was funded by an NSF-CCLI award.] 

 Bio Sci 8440/8442 Integrative Neurosciences I + II 
 3 credit hours, team taught, 8440: F05, F06; 8442: every winter semester since W06 

[ This is a team taught course for graduate students in all areas of neuroscience. Each 
instructor covers a specific topic in one or two week units. I covered 'membrane 
potentials' in part 1 (one week, F05. F06) and 'comparative hearing' in part II (2 weeks, 
since W06 every year), and contributed to the assessment of the students.] 

 BioSci  8520 Sensory Ecology  
 3 credit hours, taught in F02, F04, F06 

[In this graduate course I discussed how sensory systems function and interact within 
their environment.] 

 BioSci  8002, 8187 Introduction to Sound  
 2 credit hours, taught in F01, F03, W13, W14 

[This was a discussion course for graduate students that covered the physical basics of 
sound, targeted to graduate students working in bioacoustics.] 

At the University of Erlangen: 
 Animal Physiology (3rd year - lab-course; 5 CH, team-taught, S95, S96, S00) 
 Zoology for non-majors (lecture course; 1.5 CH, F98) 
 Behavioral Ecology (3rd-5th year lab-course; 5 CH, S98) 
 Sensory Physiology (3rd-5th year lab-course; 5 CH, team-taught, F95, F96, F00) 
 Behavioral Physiology (3rd-5th year lab-course; 5 CH), team-taught,  F97, F00) 
 Introduction to sound (graduate seminar; 1 CH) S00) 

 

COURSE AND CURRICULUM DESIGN AND DEVELOPMENT 

IDEAS-lab: Including quantitative skills and math into the biology core curriculum  
I was selected to participate in this NSF organized workshop during spring 2014. The IDEAS 
lab brought people with a shared interest in the topic together to brainstorm ideas and develop 
projects. I was involved in a project to develop an introductory biology sequence that includes 
quantitative skills, math, and modeling. This project could be the foundation of a future grant 
proposal for a curriculum redesign in the Division. It contributed to the currently pending 
IUSE proposal. Being selected for this competitive workshop (60 participants chosen from 400 
applicants) highlights my experience in this topic, and that NSF considers institutions such as 
MU as promising targets for curriculum reform efforts and funding. 
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Redesign of BioSc 4600 Evolution: Integrated Content and Active Learning  
During Spring 2014, I completely redesigned my evolution course for majors (ca. 60-100 
students). I had three objectives: 1. Foster the understanding of evolution and biology in 
general as quantitative processes; 2. Integrate the content into ‘stories’ that provide context to 
concepts; this should enable students to transfer concepts to new contexts and problems; and 3.   
develop and active learning environment in the class. I identified core concepts and presented 
them across four ‘stories’, which each covered several core concepts. I developed discussion 
and hands-on activities for the lecture hall (including one ‘wet-lab’ and computer labs). I 
developed teaching materials (readings, assignments) for the novel content organizations; a 
textbook is not longer required. More changes will be implemented in future iterations of the 
course, based on my experiences. I plan a formal evaluation of the redesign in spring 2016.  

Teach-Evo: An evolution course for future high school teachers 
I developed this course together with Pat Friedrichsen for science education majors. The goal 
was to provide a course that combines the content level of a biology major section with 
content in particular important for future teachers (e.g. how to deal with complaining 
parents/administrators, background on the social controversy, and respectful treatment of 
religious objections to science/evolution). Also, teaching materials and activities suitable for 
high school classes were used in this class. The implementation provided many important 
insights and experiences in such cross-disciplinary course development. The experiences from 
this class substantially informed the redesign of the majors section (see above). 

  
TEACHING RELATED GRANTS 

 Pending: 

  NSF DUE (proposal # 1525425): IUSE: Redesign and scaling of introductory biology courses.  
1/1/2016-12/31/2018; PI: J. Schul, CoPIs: S.L. Bush, M. Golomb; Total request: $597,725. 
submitted 1/13/2015 

[This proposal is for a redesign of Bio 1500. We propose to adopt an integrated approach 
with concepts at any level of organization being integrated int 5 week stories or modules. 
The lab will be organized in a similar way. We plan to team teach the class. The grant 
proposal was developed by SLB and JS; MG contributed the details for the integrated lab. 
The project includes a strong evaluation/research component that quantifies the effects of 
our interventions. The dissemination plan includes the publication of the outcomes.  
The shared effort of PI and the two CoPIs is 40%/30%/30%. 
This is the resubmission of a proposal submitted in 2014, which was very well received 
by program officers and panel. The PD strongly encouraged a resubmission  in 2015] 
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 Current 

  NSF DUE 0632992: TUES-Type1: Project Teach Evolution.  2012-14, no cost extension until 
6/2015; PI: P. Friedrichsen, CoPI: J. Schul; Total cost: $182,000 (NSF); in addition, $20,000 
matching funds were approved by the MU-Prime fund. 

[This grant provides funding for the development of a section of BioSci 4600 Evolution 
dedicated for Science Education majors. We plan to integrate content knowledge, 
didactics, and preparedness for the political/cultural debate with parents and 
administrators. In addition, we plan to build a support community of evolution educators 
at university, college and high school level.] 

 Past 

  NSF DUE 0632992: CCLI: Integrating modeling and laboratory sessions in neuroscience.  
2007-09; $150,000. PI: S. Nair, CoPIs: J. Schul, D. Schulz; 

[This grant provided funding for the development of the course BioSci/ECE 4580 
Computational Neuroscience. Mainly, the grant funded a neurobiology teaching lab with 
six research grade workstations for intra- and extracellular recordings. This teaching lab 
will be available for other neurobiology courses offered by our department or the 
Interdisciplinary Neuroscience Program] 

 

TEACHING PUBLICATION 
 Schul, J: Psychophysics of directional hearing: a PC based teaching lab. Poster presentation at 

the Society for Neuroscience 2009 meeting in Chicago.  
[I developed a teaching lab to demonstrate the mechanisms of directional hearing in 
humans. The lab requires very little hardware besides a Personal Computer and is thus 
easily implemented even for relatively large classes. The required software is available 
for free from me. So far, I am aware of at least 7 courses (5 outside of MU) that have 
incorporated this lab.] 

 

MENTORING AND TRAINING ACTIVITIES 
Postdoctoral Associates 

 Former: 
  Dr. Katy Frederick, PhD (MU, July 2013) 

Instructor in BioSci, partially funded through MDC grant and NSF IOS 1146878 
  Dr. Tim Ostrowski, PhD (Georg August University, Göttingen, Germany, 2009) 

Postdoctoral fellow, March 2010-January 2011 
funded through NSF grant IOS-0722109  

  Dr. Patrick Guerra, PhD (McGill University Montreal, 2009) 
Postdoctoral fellow, May 2009 – June 2010 
funded through NSF grant IOB-0445286 (5/09-4/10) and a Research Council grant (5-6/10) 
[currently postdoc at the University of Massachusetts-Medical School] 
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  Dr. Janez Presern, PhD (University of Ljubljana, 2008) 
Postdoctoral fellow, June 2009 – May 2010 
funded through NSF grant IOS-0722109 
[urrently research scientist at University of Tübingen, Germany] 

  Dr. Jeffrey Triblehorn, PhD (University of Maryland, 2004) 
Postdoctoral fellow, June 2006- July 2009 
 funded through NSF-grant IBN-0324290 (12 month), NIH-NRSA postdoctoral fellow ship 
(24 month), and NSF grant IOS-0722109 (2 month) 
[currently Assistant Professor at the College of Charleston] 

  Dr. Gerlinde Höbel, Dr. rer. nat. (University of Ulm, 2003) 
Postdoctoral fellow, June 2003- May 2005 
funded through Life-Science Fellowship University of Missouri (12 month) and a DFG 
(German Science Foundation) Research fellow ship (12 month) 
[currently Assistant Professor at the University of Wisconsin-Milwaukee] 

 

Graduate Student Advising (I was advisor of all students listed in this section): 

Ph.D. Students 

 Current: 

  Scharnagl, Anna. Ph. D. since 9/2013  

  Johnson, Luesoni. Ph. D. since 9/2013  

  Harness, Nathan. Ph. D. since 8/2012 
Diversity of acoustic communication in Conocephalus and Orchelimum katydids 

  Ney, Gideon. Ph. D. since 8/2011 
Phylogeography of Neoconocephalus and Ruspolia katydids 

  Murphy, Megan.   Ph. D.  since 8/2010 
Evolution of female preferences in Neoconocephalus 

 Former: 

  Frederick-Hudson, K.H.  8/2006 - 7/2013; Ph.D. awarded in August 2013.  
Hybridization among three sibling species of Neoconocephalus. 
supported by NSF grant IOB-0445286 for 4.5 semesters and 4 summer terms 

  Beckers, O. M.,  5/2003 – 8/2008; Ph. D. awarded in August 2008.  
Thesis: Phenotypic plasticity in the acoustic communication system of Neoconocephalus 
triops. 
supported by NSF grant IOB-0445286 (on summer term) 
[Current position: Faculty at Murray State University, KY, since 9/2014] 

  Talwar, M. August 2001 – May 2007;  Ph.D. awarded in May 2007.  
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Thesis: Function and evolution of the call spectrum in the katydid genus Neoconocephalus.  
supported by NSF grant IBN-0324290 (3 semesters and 5 summer terms) 
[Current position: Instructor at East Central College, Union, MO] 

  Deily, J. A., August 2001 – May 2006; Ph.D. awarded in May 2006.  
Thesis: Selective phonotaxis and call recognition in a group of closely related katydids of 
known phylogenetic relationship. 
supported by NSF grant IBN-0324290 (5 semesters and 4 summer terms) 
[Current position: enrolled at Ohio State Pharmacy School] 

 

 

Master's Students 

 Former: 

  Hartmann, G.   MA degree awarded in May 2013.  
Neuronal activity in the call recognizing networks in the brain of Neoconocephalus. 

   Kilmer (Brueggen), M. K.,  8/2006 – 5/ 2010;  MA awarded in May 2010.  
Thesis: Interaction between predator detection and acoustic communication in katydids. 

  Beckers, O. M. Ms. University of Erlangen. 2003 – Thesis research in my lab at MU 
Thesis: The influence of absolute call amplitude on female phonotaxis in Hyla versicolor. 
[Completed Ph.D. in my laboratory] 

  Büttner, U. K. MS. University of Erlangen. 2002. – Thesis research in my lab at MU 
Thesis: The calls of five species of Neoconocephalus (Orthoptera: Tettigoniidae) occurring 
in Missouri (USA).  
[Completed graduate program at the Mammal Research Institute – University of Pretoria, 
RSA, current whereabouts unknown] 

  Fritsch, M. MS. University of Erlangen. 2001.  
Thesis: Selective phonotaxis in Tettigonia cantans: Description of temporal pattern 
recognition.  
[Currently postdoc at the University Karlsruhe, Germany, Dept. for Nuclear Physics] 

  Rammig, A. MS University of Erlangen. 2001.  Co-advised with O. v. Helversen 
Thesis: The evolution of acoustic communication of grasshoppers of the Chorthippus 
biguttulus group in a secondary contact zone.  
[currently postdoc at Potsdam Institute for Climate Impact Research] 

  Schulze, W. MS. University of Erlangen. 1997.  
Thesis: Acoustic behavior of female Tettigonia viridissima (Orthoptera; Tettigoniidae) 
during tethered flight. 
[currently Senior Scientist (Akademischer Rat) at Univ. Bayreuth, Germany] 

  Holderied, M. MS University of Erlangen. 1997.  Co-advised with O. v. Helversen  
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Thesis: Construction and application of earphones for behavioral experiments on 
directional hearing in the grasshopper Chorthippus biguttulus L.  
[currently faculty (senior lecturer) at the University of Bristol - UK] 
 

Graduate Rotations hosted (since 2006) 

  Jennifer Henderson  Fall 2009 
Jessica Wood Fall 2008 
Scott Sapoznik Fall 2006 
 

Membership on Graduate Committees (students in Biological Sciences, if not stated otherwise) 
current 
  H. Puglis (Ph.D. since 1/2013) 

K. Hougland (Ph.D. since 10/2013) 
  E. Villalon (Ph.D. since 1/2013) 
   B. Kensiger (Oklahoma State University, Biology, since 5/2010) 
 

     
completed 
  M. Lee  (Science Education, Ph. D., 9/2005-12/2014) 
  J. Henderson (Ph.D. 1/2010-12/2014) 
  J. Wood (Ph.D. 1/2009-5/2014) 
  N. Perez (PREP Scholar, 11/2011-7/2013) 
  P. Marting (M.S. 4/2010-12/2011) 
  S. Temporal (Ph.D. since 3/2008-12/2012) 
  K.L. Klymus (Ph.D. 1/2006-12/2011) 
  R.L. Snyder (Ph.D. 5/2005 – 7/2009) 

supported by NSF grant IOB-0445286 (4 semesters and 4 summer terms) 
  A. Iyoho (Electrical and Computer Engineering, Ph.D. 9/2006 – 10/2007) 
  N. Gordon ((Ph.D. 1/2005 – 10/2008) 
  L.E. Sullivan (Ph.D. 9/2003 – 10/2008) 
  P.A. DeLuca (Ph.D. 9/2003 – 12/2007) 
  G. McNett (Ph.D. 9/2001 – 7/2007) 
  C.C. Martinez (Ph.D. 9/2001 - 5/2008) 
  K. Ramaswamy  (Ph.D., 9/2001 - 8/2009) 
 

Undergraduate and Highschool Research Students: 

 Current: 
   Montrai Spikes, since 10/2014;   Call evolution in meadow katydids 

 Former: 
   Nathan Thompson, 10/2010-7/2013;   Plasticity of male calling behavior 

  Curtis J. Atkisson, 2011-2012; Analogy between horizontal gene transfer and cultural 
information exchange. 
[since 2012 PhD student in Anthropology at UC-Davis] 
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  Lauren Hediger, 2009-10;     Neuroethology of bat avoidance 

  Megan Carson, summer 2010;     Call synchrony in Neoconocephalus 
[student at the Missouri Academy, a dual degree program for 11 and 12th grade high 
school and associate degrees] 

  Peck, A.S., summer 2009;     Selective phonotaxis in Neoconocephalus ensiger 
[graduated from the Missouri Academy, Fall 2010: anthropology major at Beloit College] 

  Mohsin, A. 5/ 2007 – 12/2009;     Directional hearing in katydids 
[graduated in May 2010] 

  Bird, K., summer 2008;     Neuroethology of bat avoidance 
[still enrolled at MU] 

  Harmon, A.M. 5/2005 – 9/2007;       Auditory stream segregation in insects. 
[current position unknown] 

  Campbell, A. L. 2004-2005;       Phenotypic plasticity of N. triops calls 
[current position unknown] 

  Sheridan, R. A. 2002–04;       LSUROP-intern, Auditory stream segregation in katydids 
[currently laboratory technician at Washington University Medical School] 

  Barrus, B. B. 2002-04;       Bat avoidance in katydids 
[graduated from medical school at Pennsylvania State University] 

  Patterson, A. C. 2001–02;       Spectral processing in Neoconocephalus. 
[graduated from Medical School at the University of Missouri] 

Mentoring of Junior Faculty 

 Dr. Jeffrey Triblehorn, Assistant Professor, College of Charleston. External Mentor as part of 
NIG INBRE grant "Building Research Opportunities in Genetics,".  Neurobiology, and 
Chemical Biology. 2010 - 2015  
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PROFESSIONAL ACTIVITIES 

Journal Editorial Board 
Academic Editor, PLoS ONE, 2011 -   

Panel Member 
NSF - Full Proposal Panel - IOB - Behavioral Systems (Fall 2014) 
 NSF - Preliminary Proposal Panel - IOB - Behavioral Systems (Spring 2014) 
NSF – Doctoral Dissertation Improvement Grants – IOB – Animal Behavior (Spring 2013) 
NSF – Proposal review panel - IOB – Behavioral Systems Cluster (Fall 2006)  
NSF – Proposal review panel - IOB – Behavioral Systems Cluster (Spring 2006)  
NSF – Doctoral Dissertation Improvement Grants – IOB – Animal Behavior (Spring 2005) 

 

Ad-hoc Reviews of Grant Proposals (month/year listed since 2006): 
  Animal Behavior Scociety, graduate student research grants (3/2011) 

Army Corps of Engineers (5/12) 
Austrian Science Fund (11/09) 
Biotech and Biological Sciences Research Council, UK (11/08, 1/09, 6/09, 10/09, 7/12) 
Engineering and Physical Sciences Research Council UK (09/10) 
National Science Foundation (1/07, 10/09, 4/10,7/11) 
Ohio University Research Committee (11/2012) 
University of Missouri – Research Board (5/14, 11/14) 
California Department of Food and Agriculture (CDFA) (2/10) 

 
Ad hoc Manuscript Reviews (month/year listed since 2006): 

 
Animal Behavior (12/08, 8/10, 7/12, 8/13) 
Annuals of the Entomological Society (4/11) 
Behavioral Ecology (3/06)  
Behaviour (11/12) 
Behavioural Ecology and Sociobiology (2/06, 3/10)  
Bioacoustics (3/06) 
Biology: Letters  
Copeia (8/07) 
Current Biology (5/14) 
Ethology 
Frontiers in Physiology (1/14) 
Journal of Comparative Physiology A (9/07,4/11, 6/12, 8/12, 9/13, 12/13, 6/14, 7/14) 
Journal of Comparative Neurology (12/09) 
Journal of Experimental Biol. (6/07, 1/08, 7/09, 10/09, 11/09, 3/10, 5/10, 10/10, 10/11, 5/13)| 
Journal of Insect Physiology (5/14) 
Journal of Neurophysiology (6/10,10/10,1/11) 
Journal of Neuroscience Methods (4/08) 
Journal of the Acoustic Society of America 
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Physiological Entomology (7/07, 8/07, 7/10, 12/12) 
Proceedings of the National Academy (10/14) 
Proceedings of the Royal Society Series B (8/08, 4/09) 
Science (6/13) 
Zoologica Scripta (12/12) 
Zoology (6/10, 8/10) 

 

 
SERVICE 

 International: 

  Organization of the 53rd Conference of the Animal Behavior Society), July 30-August 4 
2016 University of Missouri Campus, MU. Hosts: J. Schul and Z. Tang-Martinez (UMSL). 

[Our proposal for this meeting was accepted by the society during the 2014 meeting. As 
the local host, I am responsible for coordination of the conference office, the society, and 
the local organizational committee. So far, I have organized the rooms and other 
infrastructure.  
We expect 600-700 participants; 4 parallel sessions, about 200 posters, 5 plenary talks, 
symposia etc. The meeting will take place in the LSC, Conservation Auditorium, 2 
Physics lecture halls and plenaries in Jesse Auditorium. 
The likely organizational committee will include S. Bush, C. Gerhardt, R. Cocroft] 

  Organization of the 13th International Meeting on Invertebrate Sound and Vibration (ISV), 
June 4-7, 2011 Life Sciences Center, MU. Hosts: J. Schul and S.L. Bush. 

[This meeting has a long tradition of bringing scientists working on diverse questions 
together. At the 12th ISV meeting in Tours, France (10/2008), our proposal to host ISV 
2011 was accepted. 
The meeting had 100 participants from 11 countries, including 35 students. The scientific 
program had 5 invited lectures, 53 contributed talks, and 33 posters. Three of the public 
talks were public, one each co-sponsored by BioSci, INP, and Saturday Morning Science. 
Attendance of the SMS talk was > 350, including 100 meeting participants. The meeting 
was extensively covered by the local news.] 

  

 National: 

   Animal Behavior Society – Diversity Committee, member 2009-2012  
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 Regional: 

  Curriculum Development Workshop - Teaching Evolution (August 2014) 
[This workshop for teachers at 2- and 4-year colleges addressed issued of teaching 
evolution. 12 participants from regional schools. 
Organized together with S. Bush and P. Friedrichsen.] 

  Content talk: Highlighting evolutionary principles: the vertebrate eye. Presentation at the 
2013 Meeting of STOM (Science Teachers of Missouri) at Battle High School - Columbia, 
MO. 

  Curriculum Development Workshop - Teaching Evolution (August 2013) 

[This workshop for teachers at 2- and 4-year colleges addressed issued of teaching 
evolution. 13 participants from regional schools. 
Organized together with S. Bush and P. Friedrichsen.] 

  Content talk: The Bacterial Flagellum, or How Creationists Make a Great Argument for 
Evolution. Presentation at the 2012 Meeting of STOM (Science Teachers of Missouri) at 
the University of Missouri - St. Louis. 

  Curriculum Development Workshop - Experiments and Models for Teaching 
Undergraduate Neuroscience (2007 and 2008) 

[This workshop for teachers at 2- and 4-year colleges introduced labs and modeling 
activities that can be implemented even in large class rooms. The workshop had lecture, 
lab, and modeling sessions. 12 participants from regional schools each year. 
Organized together with S. Nair and D. Schulz. We held the workshop in August 07 and 
August 08] 

 
  Local/Campus: 
  MU Faculty Council (elected to 3 year term 7/2009 - 7/2012) 

   Faculty Affairs Committee (campus) (7/2009 -  7/2012) 
  Diversity Enhancement Committee (campus) (7/2010-7/2011) 

   Curriculum Committee, Interdisciplinary Neuroscience Program (2003). 

  
Local/Department: 

  Chair of Search Committee for targeted hire of M. Leal (2013-14) 
  Chair of Mentoring Oversight Committee, Div. Biological Sciences (9/2013-12/2014) 

[major accomplishments were (1) review and reorganization of the ongoing mentoring 
relationships,  and (2) the development of a Divisional Mentoring Plan that considers 
the situation of underrepresented groups in the department] 

  Chair of Divisional Council, Division of Biological Sciences (2013) 

  Divisional Council (=steering committee), Division of Biological Sciences  
(elected member 20013-2014) 

  Ad-hoc committee for Shared Equipment Use and Maintenance (10/2012-1/2013) 
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  Search committee for Director of Biological Sciences (8/2010 - 12/2010) 

  Chair of Divisional Council, Division of Biological Sciences (2010)  
 [major accomplishments were (i) development of 5-year hiring plan, (ii) reform of  
   the ‘evolution requirement for biology majors, and (iii) negotiating the chair search  
   with Dean O’Brien.] 

  Divisional Council (=steering committee), Division of Biological Sciences  
(elected member 2009-2010) 

  Divisional Council (=steering committee), Division of Biological Sciences  
(elected member 2007-2008) 

  Graduate Education Committee, Division of Biological Sciences, (since 12/2008/12-2010)  
 [the responsibilities of this committee include decisions about admittance to the 
 program, the annual review of graduate students, and decisions about the curriculum 
 of the graduate program] 

  Faculty search committee "Computational Neuroscience" (12/2009 - 3/2010) 
  Faculty search committee "Systems Neuroscience", Biological Sciences  (2004)
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RESEARCH ACCOMPLISHMENTS AND DIRECTIONS 

Any system in biology, from cells and organs to populations and ecological 
communities, has an evolutionary history, which shaped its structure and function. Thus, to 
understand the physiology of any system, it is important to consider its evolutionary history and 
the evolutionary mechanisms that shaped it. In turn, the evolution of any system depends on its 
structure and physiology: evolution can act only on existing traits which may provide 
opportunities or constraints for selection to act on. Given these dependencies, an integrative 
approach that broadly considers all relevant  aspects is uniquely poised to successfully address 
major questions of physiology and evolution.  

Over the last 10 years we established the katydid genus Neoconocephalus (Orthoptera, 
Tettigoniidae) as a model system to study major questions of evolutionary biology and sensory 
neurobiology. Neoconocephalus is a large genus with 20+ species in the Caribbean, Central and 
North America. This group has a prominent acoustic communication system with males 
producing conspicuous calls and females approaching males for mating. Male signals are highly 
diverse among the Neoconocephalus species, and this diversity, together with the phonotactic 
selectivity of the female, plays an important role in maintaining species isolation. A second 
function of the hearing system is the detection of predators by both males and females.  

My research focuses on two major problems in modern biology. The first is the 
evolution of novel traits, i.e. how do traits that have no obvious precursors evolve. In the 
acoustic communication system of Neoconocephalus a high diversity of signal traits as well as 
signal recognition mechanisms has evolved, thus providing the opportunity to study their 
evolution comparatively. The second problem is the processing of auditory information and 
the generation of appropriate responses in the nervous system. The acoustic behaviors of 
Neoconocephalus, with the diversity of signals and behavioral selectivities, make this genus an 
excellent system to study this problem. We have been using a variety of methods including 
molecular phylogenetics, behavioral physiology, psychophysics, electrophysiology, and neuro-
imaging, the breadth of which enables us to gain unique insights into these problems. 

 
Past and current research projects 

Phylogenetics of Neoconocephalus: We reconstructed the phylogenetic relationship 
within the genus Neoconocephalus using molecular markers. The resulting super tree, which 
combined mitochondrial, nuclear, and AFLP data, was extremely robust, with posterior 
probabilities > 0.98 for all nodes (Snyder et al. 2009, post tenure publications in bold). The 
reconstructed character states of tropical and temperate life histories for this phylogeny revealed 
that at least three life history transitions occurred in this genus. 

The main value of this work is that it provides a solid phylogenetic basis for both the 
evolutionary and the neurobiological research. The phylogeny guides the choice of species for 
comparative analyses, helps with the interpretation of interspecific differences by identifying 
the direction of change, and thus significantly strengthens the conclusions of comparative work.  

The phylogenetic reconstruction, in my opinion, transformed my research into a truly 
comparative approach, and was worth the considerable investment of time and resources to 
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collect the specimens and to establish the phylogenetic methods in my laboratory. 

The evolution of novel call recognition mechanisms: Because acoustic 
communication in katydids serves in the function of reproduction, it is a major determinant of 
reproductive fitness. Therefore, the evolution of sender and receiver should be tightly linked by 
sexual selection, and any changes should occur in small parallel steps, with females expected to 
lead the way. My earlier research, however, revealed that sender and receiver may change 
independently of each other, a phenomenon termed "non-parallel co-evolution of sender and 
receiver" (Schul 1998, Schul et al. 1998, Schul and Bush 2002). In short, among sibling species, 
the changes in male signals do not parallel changes in female call recognition, and call 
recognition mechanisms differ qualitatively among closely related species.  

Because the phenomenon of non-parallel co-evolution is unexplained by current models 
of character-evolution in communication systems, we conducted a large comparative study 
(comprising 8 species) on the evolution of double-pulse rhythm in male calls of 
Neoconocephalus. Of the 23 species, five have calls with this derived call trait, while the others 
produce single pulse calls. The five species with double pulse calls are at disparate positions in 
the phylogeny, indicating that this novel call trait evolved several times independently (Snyder 
et al. 2009).  

The ancestral state in this genus was the production of single pulses by males, and the 
recognition of the duration of inter-pulse intervals by females (Deily and Schul 2004, 2009). In 
three species, both male call and female call recognition are in a derived state: males produce 
double pulses, and females recognize the rate of the double pulses (Deily and Schul 2004, 
Beckers and Schul 2008, Bush et al. 2009). In two species, however, we found that male calls 
are in the derived state, but female call recognition remains in the ancestral state. Furthermore, 
we found no preferences in females for the double pulse versus single pulse rhythm in these two 
species (Bush and Schul 2010). 

These findings indicate that the males are actually leading the divergence of pulse 
rhythms in Neoconocephalus and suggest that sexual selection is not the driving force. We 
hypothesize that genetic drift is the force that initiates divergence of call patterns, enabled by a 
wide permissiveness of female call recognition mechanisms for temporal call patterns. While 
neutral hypotheses for the diversification of acoustic communication systems have only rarely 
been considered, our results indicate that genetic drift is a parsimonious and reasonable 
explanation in at least some systems and that it might even account for a much larger part of the 
diversity in signal traits than generally assumed.  

The evolution of the female preference for leading calls:  In this project, we study the 
evolutionary origin of a female preference, the preference for leading calls. This is a widespread 
preference among insects and anurans that produce discontinuous calls, i.e. calls with 
rhythmically repeated chirps or notes: when two chirps overlap in time, females prefer the 
leading chirp.  Calls with rhythmically repeated chirps (= discontinuous calls) are a derived trait 
in Neoconocephalus and have likely evolved twice independently in this genus. Moreover, at 
least two species with discontinuous calls exhibit a significant leader preference, whereas others 
do not (Greenfield and Schul 2008 and unpublished). At least two evolutionary trajectories 
exist following the evolution of discontinuous calls, only one of which leads to a strong leader 
preference, hence providing the opportunity to study the evolutionary origin of this female 
preference in a comparative manner. 
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The mechanisms for recognizing conspecific calls differ qualitatively among species of 
Neoconocephalus with and without a leader preference (Greenfield and Schul 2008). We 
propose that these differences in call recognition cause the different trajectories, and that the 
leader preference evolved as a consequence of specific properties of call recognition. We are 
testing this hypothesis against the traditional explanations of female choice (e.g., direct or 
indirect benefits, preexisting bias). The goal of this project is to study the evolutionary origin of 
a novel female preference in a comparative way by comprehensively testing the adaptive and 
non-adaptive hypotheses of preference evolution.  

Auditory processing in the Neoconocephalus hearing system: The hearing system of 
Neoconocephalus is especially well suited to answer basic questions about sensory biology for 
several reasons. The hearing system is very simple, consisting of only a few, identified neurons 
that are readily accessible for experiments. In addition, auditory behaviors are unlearned and 
stereotyped, allowing reliable characterization of the sensory processing at the systems level. 

Two signal classes of high fitness relevance to katydids include conspecific 
communication signals and bat echolocation cries. Both the afferent neurons and the ascending 
pathway transmit the temporal information unselectively to the brain (Schul 1997, Höbel and 
Schul 2007, Triblehorn and Schul 2009), putting the generation of temporal selectivity largely 
in the brain itself. The information converges from about 40 afferent neurons down to 2-3 
ascending neurons, leading inevitably to a reduction of transmitted information. This 
convergence is a critical step in the pattern recognition processes. Although the ascending 
pathway is largely conserved within Neoconocephalus and katydids in general, we found 
significant interspecific differences in the encoding properties of ascending neurons; identical 
signals produce different input patterns for the brain network, depending on the species 
(Triblehorn and Schul 2009). This is particularly noteworthy, as these two species seemingly 
have the same type of behavioral selectivity. Different recognizing brain networks therefore 
result in similar output patterns. 

The hearing organs of Neoconocephalus possess properties that enhance the responses 
to bat echolocation cries, the second class of relevant signals (Patterson and Schul 2003). 
Auditory afferents tuned to the male call spectrum have a secondary sensitivity in the ultrasonic 
range. This secondary sensitivity results in the activation of large numbers of receptors in 
response to bat cry amplitudes that indicate immediate danger for the flying katydid (Höbel and 
Schul 2007, Kilmer et al. 2010). 

Because bat cries and male calls are transmitted by overlapping receptor cell 
populations, bat cries must be segregated from the auditory scene at a later stage in the auditory 
pathway. One ascending neuron (TN-1) achieves this task, using the different temporal 
characteristics of the two signal classes to differentiate between male calls and bat cries (Schul 
and Sheridan 2006). This was the first description of auditory stream segregation in 
invertebrates, a basic function of virtually all vertebrate hearing systems. Neoconocephalus is 
an excellent system to study the cellular mechanism of this basic sensory process. We are 
currently completing pharmacological and imaging experiments to identify the cellular 
mechanisms. Our data indicate that stream segregation is accomplished through dendritic 
mechanisms mediated by intracellular calcium and sodium, which remain limited to activated 
compartments of the TN-1 dendrite.  To my knowledge, we are among only few groups, if not 
the only one, that study this fundamental mechanism of sensory biology at the cellular and 
synaptic levels. 
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Neuronal basis of temporal selectivity: Neurons that show temporal selectivity, i.e. respond 
preferentially to certain amplitude modulations (AM) of the stimulus, have been described in 
the auditory systems of a plethora of invertebrate and vertebrate taxa. These neurons contribute 
to processes such as feature extraction, call recognition and speech processing. However, we 
have only begun to gain insights into the mechanisms that underlie temporal selectivity. 

In vertebrate brains, such temporally selective neurons occur in 'filter banks' with 
individual neurons being tuned to different values. Such filter banks exist for different temporal 
parameters, such as AM-rate, duration or rise-time. In contrast, in insects the hearing system 
often serves only a few functions, and accordingly only one or a few temporal filters are present 
in the auditory system of each species. This provides the great advantage that we can study 
individual temporal filters from systems to cellular levels. Within the genus Neoconocephalus, 
these temporal filters are highly diversified among species (Deily and Schul 2004, 2009, 
Beckers and Schul 2008, Bush et al. 2009), with the range of parameters and parameter-values 
that are filtered rivaling the diversity of filters occurring in many vertebrate systems.  

Using a psychophysical approach (Bush and Schul 2006, Bush et al. 2009) we 
demonstrated that selectivity for pulse rate in several species is generated based on the resonant 
properties of neurons. Preliminary data indicate that such resonant based filtering is widespread 
in the katydid phylogeny, suggesting that neural resonance contributes to the filtering of most 
temporal parameters. Modeling studies (Webb et al. 2007, and unpublished) indicate that 
intrinsic resonances of neurons have the potential to explain the selectivity identified 
behaviorally. 

In ongoing experiments, we are studying the neuronal generation of temporal selectivity 
in Neoconocephalus. In particular, we are trying to differentiate the contribution of network and 
intrinsic properties of individual neurons to temporal selectivity. We are conducting 
intracellular and extracellular recordings of ascending and brain neurons, with the goal of 
identifying the network structure of the brain filter, as well as the intrinsic properties (e.g. 
resonance) of individual cells. This comparative research in Neoconocephalus will elucidate 
general mechanisms of auditory processing. 

 

Synergy among the research questions 
The results of the phylogenetic, evolutionary, and neurobiological work conducted in my 
laboratory inform each other extensively. For example, our finding of significant encoding 
differences in the ascending pathway (Triblehorn and Schul 2009) strongly support the 
hypotheses that the diversity of call recognition mechanisms identified behaviorally are based 
on different neuronal mechanisms and are thus not homologous. Our psychophysical and 
theoretical work on resonance based rate recognition provides a testable neurophysiological 
hypothesis for the qualitative differences in rate recognition among sibling species (Bush and 
Schul 2006, Bush et al. 2009). Similarly, our neurobiological work is enhanced because the 
phylogenetic background identifies the directions of change and makes predictions about the 
required changes to reach the observed diversity of mechanisms.   

 Our integrative approach thus strengthens the conclusions and inferences drawn from 
our work to the different problems.  Integrating mechanistic and evolutionary work will lead to 
a deeper understanding of the ultimate and proximate mechanisms of acoustic communication.  


