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Electric fishes: neural systems, behaviour and evolution

Weakly electric fish are a unique model system in neuroethology
as musculoskeletal systems and mechanics are not involved in
many of their behaviours. Rather, these behaviours are mediated
solely by the activity of neurons and other excitable cells in the

sensory and motor systems of these fascinating
animals. Their electrical behaviours can be recorded
easily as variations in the waveform, timing and
amplitude of the electric organ discharge. As a
consequence, the behavioural roles of specific
features of neural circuits and of transmembrane
molecules that affect membrane voltages can be
measured directly using simple electrodes positioned
in the water. This experimental advantage facilitates
our ability to study the neural mechanisms that
underlie a wealth of behaviour.

In addition, the diversity and phylogenetic history
of these animals make them well suited for
comparative approaches in the context of
evolutionary and neuro-ecological questions.
Weakly electric fishes include two major groups, the
gymnotiforms in South America and the
mormyriforms in Africa. These two groups
independently evolved the ability to produce electric
fields — electrogenesis — and sense perturbations of
these self-generated fields. Starting with the work of
Hans Lissmann in Cambridge, it has been shown
that weakly electric fish use their active electrosense
for orientation, foraging and communication
(Lissmann, 1958; Lissmann and Machin, 1958;
Moller, 1995). Further, within each of the two
clades, there are over 200 species that have unique
electrical signatures and behaviours (Crampton and
Albert, 2006; Lavoué et al., 2012; Sullivan et al.,
2000). Their diversity and the simplicity of
recording electric behaviours make these fish
uniquely suited for studying questions of ecology,
evolution and basic neuroscience, in addition to
being ‘champion’ animals in neuroethology, a role
they have served for almost 50 years.

In these early years of the 21st century, we have
seen a surge of research on the behaviour,
modulation, evolution and neural mechanisms of
behaviour in electric fish. This special issue of The
Journal of Experimental Biology captures a
snapshot of many of the exciting recent
developments in these fields. Even a quick glance at
the articles in this special issue reveals one of the
hallmarks of research in electric fish and perhaps the

most important trend in research of the 21st century: deeply
interdisciplinary approaches and work across different levels of

biological organization.

Interesting questions rather than techniques or animal models
should, of course, define scientific investigation. Nevertheless,
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the unique properties of weakly electric fishes make them
excellent models for some of the most important questions that
to face us in
neurosciences. Most of the areas in which we expect significant

the behavioural and cognitive
advances in the next few years are represented in
this special issue. For example, we are on the cusp
of a deep understanding of the energetics of neural
activity and behaviour. The fact that electrical
behaviours use the same currency as neural activity
may permit us to link the evolution of
electrocommunication systems to energetic costs at
the level of ionic mechanisms both on the motor
side, in electric organs, and on the sensory side,
including the circuits that transform ‘dense codes’
used in the periphery to ‘sparse codes’ used more
centrally (Chacron et al., 2011; Markham, 2013;
Salazar et al., 2013; Stamper et al., 2013).

The ease with which electrical behaviours and
electrosensory input can be recorded is also a major
advantage for the quantification of the first- and
higher-order statistics of the sensory world, which
is essential for understanding the evolutionary
forces that have shaped the mechanisms for sensory
processing (Simoncelli and Olshausen, 2001,
Stamper et al., 2013; Yu et al., 2012) (H. Fotowat,
R. R. Harrison and R.K., unpublished observations).
Sensing is an active process, and probably all
animals exert some level of control over the input
driving their sensory receptors, be it obvious cases,
such as bat echolocation where call direction, call
rate and duration, and range of frequency
modulation are tightly controlled (e.g. Moss and
Surlykke, 2010), or less obvious cases, such as
olfaction, where sensing turns out to be intricately
coupled to sniffing (e.g. Fukunaga et al., 2012). The
interplay between motor strategies and sensing
appears to be of crucial importance and weakly
electric fish promise exciting new insights in this
field (e.g. Hofmann et al.,, 2013; Neveln et al.,
2013).

Similarly, weakly electric fish provide a direct
window into the modulation of behaviour. Animals
continuously adjust to changing environmental and
social conditions over many time scales using a
spectrum of mechanisms. These processes demand
interdisciplinary approaches and integration across
different levels of biological organization. Weakly
electric fishes facilitate these sorts of integrative

studies, ranging from the control of electric behaviours and
sensory processing by hormones and neuromodulators (Gavassa

et al., 2013; Silva et al., 2013; Smith, 2013; Toscano Marquez et

al., 2013; Markham, 2013) to neurogenesis (Dunlap, 2013) and
tissue regeneration (Unguez, 2013).
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In the upcoming years we expect the experimental advantages of
electric fish to be exploited to also address questions of higher-
order brain function, such as those related to cognition. The first
forays in this area have already yielded exciting results on the
involvement of telencephalic circuits in long-term recognition of
individual conspecifics (Harvey-Girard et al., 2010). Finally, it is a
pleasure to be part of the vibrant and supportive community of
electric fish researchers.
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