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Innovative Methodology
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Vyssotski, Alexei L., Andrei N. Serkov, Pavel M. Itskov, Giacomo
Dell’Omo, Alexander V. Latanov, David P. Wolfer, and Hans-
Peter Lipp. Miniature neurologgers for flying pigeons: multichannel
EEG and action and field potentials in combination with GPS
recording. J Neurophysiol 95: 1263–1273, 2006. First published
October 19, 2005; doi:10.1152/jn.00879.2005. To study the neuro-
physiology of large-scale spatial cognition, we analyzed the neuronal
activity of navigating homing pigeons. This is not possible using
conventional radio-telemetry suitable for short distances only. There-
fore we developed a miniaturized data logger (“neurologger”) that can
be carried by a homing pigeon on its back, in conjunction with a
micro-global position system (GPS) logger recording the spatial
position of the bird. In its present state, the neurologger permits
recording from up to eight single-ended or differential electrodes in a
walking or flying pigeon. Inputs from eight independent channels are
preamplified, band-pass filtered, and directed to an eight-channel,
10-bit analog-digital converter of the microcontroller storing data on
a “Multimedia” or “Secure Digital” card. For electroencephalography
(EEG), the logger permits simultaneous recordings of up to eight
channels during maximally 47 h, depending on memory, while
single unit activity from two channels can be stored over 9 h. The
logger permits single unit separation from recorded multiunit
signals. The neurologger with GPS represents a better alternative
to telemetry that will eventually permit to record neuronal activity
during cognitive and innate behavior of many species moving
freely in their habitats but will also permit automated high-
throughput screening of EEG in the laboratory.

I N T R O D U C T I O N

The homing pigeon is an uniquely suited species for study-
ing the neurophysiology of large-scale spatial cognition (Bing-
man et al. 2005). This would necessarily require the recording
of brain activity during navigation. The commonly used radio-
telemetry is unsuitable for this purpose, despite of the many
miniaturized solutions developed already 30 years ago (Kim-
mich and Vos 1972; Mackay 1968). Meanwhile, several ele-
gant solutions were developed for telemetrical multichannel
EEG recording (Perkins 1980; Suess and Goiser 1986; Wertz et
al. 1976; Yonezawa et al. 1979) as well as for single-unit
recording (see e.g., Grohrock et al. 1997; Hawley et al. 2002;
Nieder 2000; Obeid et al. 2004a,b; Pinkwart and Borchers
1987; Takeuchi and Shimoyama 2004; Winter 1998 to name a
few). Several manufacturers also offer radio-telemetry now.
However, recording from navigating homing pigeons would

require powerful senders and heavy batteries radio-transmitting
high-quality signals over many kilometers. A bird weighing
400–500 g cannot carry such packages. The use of standard
radio-telemetry on a flying pigeon might be possible only by
following it with a helicopter, causing extremely high-costing
experiments.

Another approach is data logging, for example as employed
using magnetic tape (Ebersole 1987) and nowadays with flash
memory. However, even the latter devices, chiefly used for
patient monitoring in hospitals (Horikawa and Harada 1997),
are unsuitable for placing them on small animals, particularly
on flying pigeons, because they weigh �300 g (Siesta, www.
compumedics.com).

Here we describe a newly developed miniature multichannel
EEG and action and field potential data logger (“Neurologger”)
that records and stores EEG simultaneously from eight elec-
trodes or from eight differential pairs of electrodes. This device
was used successfully to record brain activity of flying pigeons
and may also be applied in a variety of other investigations
with common laboratory animals. Action and field potentials
can be recorded from two electrodes simultaneously in its
present state, but the number of channels can be increased
without much gain in weight by sandwiching several of these
devices.

M E T H O D S

Construction of data logger

A complete view of the logger and of its placement on a pigeon is
given in Fig. 1. Schematics of the analog and digital parts are
presented in Figs. 2 and 3, respectively. Complete schematics, circuit
boards Gerber files, a complete bill of material, binary codes of
microcontroller program, and PC interface utility may be found at
http://www.vyssotski.ch/neurologger. The construction of the GPS
data logger was described previously in Steiner et al. (2000); novel
data sheets are available at http://www.newbehavior.com.

INPUT RANGES. To have optimal quality of digitization, different input
ranges were chosen for recording of signals of different nature. EEG
(bandwidth: 1–115 Hz) input range was �750 �V, action potentials
(bandwidth: 300–3,000 Hz) input range was �500 �V, and wide-
band recording (EEG � neuronal activity, 1–3000 Hz) was �1 mV.

AMPLIFICATION. The required amplification coefficient was split up
into three amplification stages. The first stage amplifiers (Headstage
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