
1.6. ELECTRIC FISH

the outcome of associated competitions (Dunlap and Oliveri, 2002; Triefenbach and Zakon, 2008;
Batista et al., 2012), the influence of other factors including sex and the emission of various sig-
nals still remains unclear. Especially the role of an individual’s EODf as indicator for dominance
is discussed controversially. For A. leptorhynchus, some studies found dominance to correlate with
EODf in males, but not in females (Hagedorn and Heiligenberg, 1985; Dunlap and Oliveri, 2002); a
finding that has been reproduced in a wild population of Sternarchorhynchus (Fugère et al., 2011).
However, in males EODf also correlates with body size, and could therefore be a secondary charac-
teristic of dominance (Dunlap and Oliveri, 2002; Triefenbach and Zakon, 2008; Fugère et al., 2011).
Furthermore, some studies suggest female electric fish to either form no dominance hierarchy at all
(Hagedorn and Heiligenberg, 1985) or only a very distinct one, whereby females with lower EODf
are more likely to be found outside of shelter tubes (Dunlap and Oliveri, 2002). Other studies suggest
dominance to be independent of sex (Batista et al., 2012; Zubizarreta et al., 2020).
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Figure 1.6: Electric field characteristics and interactions in electric fish A Electric fields of different fish su-
perimpose and influence each others spatial properties. For each fish the current extend and direction of its
electric field is dependent on the phase of its EODs (red marker in black EOD waveform). In the displayed
state, the electric field of fish F1 is anti-phasic to those of fish F2 and F3. However, this is only a short lasting
state since each fish emits its EODs at an individual specific frequency (EODf). B EODfs of single individuals
remain remarkably stable over minutes, hours, and days. C Amplitude modulations (AM) of a single electric
field recorded via external recording electrodes or perceived by other electric fish resemble the movements of
the respective fish. The amplitude of an electric field decays exponentially with distance to the receiver (Benda,
2020). D When two (in the purpose of simplification) stationary electric fields superimpose, the frequency of
the resulting amplitude modulation, also called beat, corresponds to the difference frequency between the two
original signals. Characteristics of the beat, i.e. its frequency and amplitude, are an important source of social
information for electric fish since it resembles a conspecific’s identity (individual specific EODf), its movement
behavior (AM), and even its communication behavior (EODf changes).

Electrocommunication is used in various social contexts across electric fish species (Westby and
Box, 1970; Hupé and Lewis, 2008; Batista et al., 2012; Smith, 2013). Especially A. leptorhynchus is
known for its rich repertoire of various electrocommunication signals (Smith, 2013), e.g. employed
in courtship (Hagedorn and Heiligenberg, 1985; Henninger et al., 2018) and agonistic contexts (Hupé
and Lewis, 2008; Triefenbach and Zakon, 2008). Wave-type electric fish already gather relevant
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