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Editorial on the Research Topic
 Recent Advances in Electroreception and Electrogeneration



The study of fish that generate electric fields around their bodies in order to interact with their environment continues to generate intense interest in the research community. While it has been known since ancient times that some fish can generate electricity (Gaillard, 1923), the fact that some of these animals use the resulting electric field to detect objects and communicate with conspecifics has been discovered far more recently (Lismann and Machin, 1958; Lissmann, 1958). These animals have led to key discoveries in cholinergic transmission as well as the development of modern electrophysiology (Wu, 1984). Today, studies of electric fishes continue to generate important discoveries. This issue contains 11 articles (3 review and 8 original research) that highlight the diversity of recent research progress using electric fishes that range from studying the effects of changes in hormonal levels and the natural environment on electrosensory behaviors, to understanding how the brains of electric fishes process natural stimuli. This issue not only reviews the contributions that studies of electric fish have made toward understanding key problems in sensory processing (e.g., how does the brain distinguish sensory input that is self vs. externally-generated; Heiligenberg, 1991), but also provides novel functions for some of behavioral responses displayed by electric fishes such as natural electrocommunication stimuli as well as the jamming avoidance response that has been studied for over 40 years (Heiligenberg, 1991; Zakon et al., 2002).

Fukutomi and Carlson provide a very nice historical review of the contribution of mormyrid weakly electric fish toward understanding the function of the corollary discharge in distinguishing the sensory consequences of self vs. externally generated stimuli. This is a general problem that every animal must solve in order to successfully interact with its environment and common mechanisms have emerged across species (Cullen, 2004). It has furthermore become clear that the brain is not a simple input-output device but that the brain's internal state strongly influences perception and behavior (Hurley et al., 2004). Toward that end, Marquez and Chacron investigate the effects of serotonergic neuromodulation on sensory processing.

In general, processing of sensory input by the brain is achieved through a combination of neural circuits as well as ion channels embedded in the cell membrane. Toward the former end, Hofmann and Chacron review recent findings on the role of descending pathways from higher brain areas to more peripheral ones, which are found ubiquitously in the CNS of vertebrates (Cajal, 1909), on actually generating neural responses to sensory input. Toward the latter end, Motipally et al. investigate the expression of sodium channels across parallel sensory maps, with functional implications for differential coding of behaviorally relevant stimulus features by bursts (i.e., packets of action potentials followed by quiescence). Such bursts have been shown to reliably encode electro-communication stimuli that occur during agonistic encounters (Marsat et al., 2009). Metzen provides a review of how natural electrocommunication stimuli are processed across successive brain areas in order to give rise to perception and behavioral responses. Interestingly, Field et al. suggest an important new function for natural electro-communication stimuli toward actually avoiding the deleterious effects of jamming stimuli, a function that was previously thought to be carried out by the jamming avoidance response. Specifically, when two fish are located within close proximity of one another, interference between their electric fields can create a jamming signal that interferes with the animal's ability to electrolocate other relevant stimuli such as prey or object boundaries (Ramcharitar et al., 2005). The animal solves this problem by changing its EOD characteristics in order to increase the frequency content of the jamming signal away from that of other electrosensory stimuli that it must detect (Heiligenberg, 1991). This so-called “classical function” of the jamming avoidance response is also being questioned by Fortune et al. in their investigation of how evolutionary loss of vision affects electroreception in different species of glass knifefishes and, in particular, demonstrate lack of jamming avoidance responses despite social conditions that would normally trigger such behavior based on previous studies.

Interestingly, Fortune et al. also demonstrate that blind electric fish display more territoriality and dominance than their seeing cousins. Raab et al. provide some critical field data as to dominance and exploration behavior. Such field data will no doubt be key toward guiding future studies as to how these animals actively acquire information about their environments in natural settings. A study by Yu et al. investigates how an important aspect of electrosensory stimuli experienced by electric fish during social interactions, namely contrast, strongly depends on the relative distance and orientation between animals. In particular, Yu et al. reveal that contrast routinely reaches much higher values than are typically used in laboratory settings (see e.g., Marsat et al., 2009). An important aspect of electrosensory research is that laboratory studies of sensory processing have often focused on recording from immobilized animals. Future studies are needed where recordings are instead obtained from freely moving animals in order to better mimic natural conditions where animals actively sense their environment (Schroeder et al., 2010). Such approaches have recently been applied to record neural activity from forebrain in weakly electric fish (Fotowat et al., 2019) and are becoming increasingly common in aquatic species (Cohen et al., 2019).

In addition to research on the sensory processing of electric signals during social encounters, it is also critical to investigate the central networks and peripheral mechanisms that regulate electric signaling in social contexts to fully understand the social communication functions of electric signals. Toward this end, Pouso et al. report, for the first time in electric fish, that distinct classes of vasotocin neurons within the pre-optic area are preferentially activated by social stimuli in courting males, and that these changes are associated with the production of electric courtship signals as well as locomotor activity related to courtship.

Finally, it is important to remember that the most widely recognized electric fish, the Electric Eel, not only uses weak electric fields to sense the environment but also uses strong electric fields as a weapon to stun and capture prey. Catania reviews recent advances showing how electric eels adapt the characteristics of their strongly electric fields for different behavioral contexts ranging from stunning prey to self-defense. Interestingly, electric eels also use their strong electric field to actually track prey, which was until recently thought to be achieved exclusively through the weak electric field.

Taken together, the manuscripts in this collection help to illustrate the many historical advances and current progress that research with electric fish contributes to neuroethology and integrative neurobiology. This collection also serves to highlight the vast range of unresolved questions yet to be experimentally addressed.


AUTHOR CONTRIBUTIONS

MC and MM wrote the manuscript. All authors contributed to the article and approved the submitted version.



REFERENCES

 Cajal, R. S. (1909). Histologie du système nerveux de l'Homme et des vertébrés. Paris: Maloine.

 Cohen, L., Vinepinsky, E., and Segev, R. (2019). Wireless electrophysiological recording of neurons by movable tetrodes in freely swimming fish. J. Vis. Exp. 153. doi: 10.3791/60524

 Cullen, K. E. (2004). Sensory signals during active versus passive movement. Curr. Opin. Neurobiol. 14, 698–706. doi: 10.1016/j.conb.2004.10.002

 Fotowat, H., Lee, C., Jun, J. J., and Maler, L. (2019). Neural activity in a hippocampus-like region of the teleost pallium is associated with active sensing and navigation. Elife 8:e44119. doi: 10.7554/eLife.44119

 Gaillard, M. C. (1923). “Faune Égyptienne Antique. Recherches sur les poissons représentés dans quelques tombeaux égyptiens de l'Ancien Empire,” in Memoires de l'Institut Français d'Archéologie Orientale, eds V. Loret and C. Kuentz (Cairo: Imprimerie de l'Institut Français d'Archéologie Orientale), 75–78.

 Heiligenberg, W. (1991). Neural Nets in Electric Fish. Cambridge, MA: MIT Press.

 Hurley, L. M., Devilbiss, D. M., and Waterhouse, B. D. (2004). A matter of focus: monoaminergic modulation of stimulus coding in mammalian sensory networks. Curr. Opin. Neurobiol. 14, 488–495. doi: 10.1016/j.conb.2004.06.007

 Lismann, H. W., and Machin, K. E. (1958). The mechanism of object location in Gymnarchus niloticus and similar fish. J. Exp. Biol. 35, 451–486.

 Lissmann, H. W. (1958). On the function and evolution of electric organs in fish. J. Exp. Biol. 35, 156–191.

 Marsat, G., Proville, R. D., and Maler, L. (2009). Transient signals trigger synchronous bursts in an identified population of neurons. J. Neurophysiol. 102, 714–723. doi: 10.1152/jn.91366.2008

 Ramcharitar, J. U., Tan, E. W., and Fortune, E. S. (2005). Effects of global electrosensory signals on motion processing in the midbrain of Eigenmannia. J. Comp. Physiol. A Sens. Neural Behav. Physiol. 191, 865–872. doi: 10.1007/s00359-005-0008-2

 Schroeder, C. E., Wilson, D. A., Radman, T., Scharfman, H., and Lakatos, P. (2010). Dynamics of active sensing and perceptual selection. Curr. Opin. Neurobiol. 20, 172–176. doi: 10.1016/j.conb.2010.02.010

 Wu, C. H. (1984). Electric Fish and the discovery of animal electricity: the mystery of the electric fish motivated research into electricity and was instrumental in the emergence of electrophysiology. Am. Sci. 72, 598–607.

 Zakon, H., Oestreich, J., Tallarovic, S., and Triefenbach, F. (2002). EOD modulations of brown ghost electric fish: JARs, chirps, rises, and dips. J. Physiol. Paris 96, 451–458. doi: 10.1016/S0928-4257(03)00012-3

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Chacron and Markham. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.







OPS/images/crossmark.jpg
©

2

i

|





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Editorial: Recent Advances in Electroreception and Electrogeneration



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Integrative Neuroscience

Editorial: Recent Advances in
Electroreception and
Electrogeneration





OPS/images/logo.jpg
, frontiers
in Integrative Neuroscience





