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The clawed frog Xenopus is a predator catching

prey at night by detecting water movements. We

present a general method, a ‘minimal model’ based on a

minimum-variance estimator, to explain prey detection

through the frog’s lateral-line organs. Waveform recon-

struction allows Xenopus to determine both direction

and character of the prey and even to distinguish two

simultaneous wave sources.

Figure 1: The clawed frog’s
lateral-line organs can be
seen as white “stitches”.

In the present case water can be taken as a linear system 1

where the deflection yi of cupula i is linear in the stimulus xp

at position p on the water surface,

yi(t) = (hp

i ? xp)(t) =

∫ ∞

−∞

h
p

i (τ) xp(t − τ) dτ . (1)

Here h
p
i is the so-called impulse response at cupula i. An ap-

proximation of the transfer function is given by

H(ω) =

√

r0

r
D∆ϕ exp

[

4νk3

ω
(r0 − r) + ik(r0 − r)

]

. (2)

We minimize the expectation value of the least-squares error

||xp − x̂p||2 =

∫ TI

0

[xp(t) − x̂p(t)]2 dt . (3)

The solution minimizing the error in (3) can be shown to be

x̂p =
∑

j

s
p

j ? yj , S
p

j (ω) =
H

p∗
j (ω)

∑

i |H
p
i (ω)|2 + σ2

(4)

The functions S
p
j are the Fourier transforms of the reverse

transfer functions s
p
j .
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Figure 2:
Connections of a
neuron, sensitive
for direction ϕ,
to the lateral-line
organs.

Membrane potential V p ≈ x̂p of the spike-response2 neuron

V p(t) =
∑

i,k,f

J
p

ikε(t − t
f
i −∆p

ik) +
∑

i,k,f ′

J
p′

ik ε(t− t
f ′

i −∆p′

ik ) (5)

where the t
f
i are the firing times of the nerve from lateral-line

organ i and ∆p

ik is the delay time of synapse k with synaptic
strength J

p

ik .
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Figure 3: Neurons responding strongest (ϕ ≈ 0) tell Xeno-

pus the direction of the wave source. The membrane po-
tential of these neurons gives Xenopus an approximation to
the actual wave form and allows the animal to distinguish
different kinds of prey.
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Figure 4: Top: Xenopus’ experimental response angle3 ver-
sus stimulus angle. Left: intact Xenopus. Right: lateral-
line organs at the right-hand side have been deactivated.
Bottom: Response of our neuronal model.
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Figure 5: ‘Map’ like that of Fig. 3 for two wave sources,
positioned at ϕ = −45

◦ and 45
◦. With the help of its evalua-

tions, Xenopus could easily distinguish position and wave-
form of the sources, as in experiment4.
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