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Neurologger 3 and its history  
 

Neurologger has been originally designed to record EEG, local 
field potentials and neuronal activity in freely moving animals in 
their natural environments. Later its spectrum of applicability was 
extended to EMG and ECG recording. Recently Neurologger has 
been applied to study of auditory communication in animals and, 
thanks to increased up to 200 kHz sampling rate in single-channel 
mode, to study of ultrasonic echolocation in bats. Today 
Neurologger is represented by two versions: Neurologger 2A/2B 
and Neurologger 3. Neurologger 2A/2B remains our lightest 
version (1.3 g without battery) and it is capable to record up to 4 
channels at 33.3 kHz, 10-bit into soldered on board memory (1 or 2 
GB). Neurologger 3 is slightly heavier (1.7 g without battery), it 
records up to 32 channels at 20.8 kHz, 16-bit into microSDXC card 
(4-256 GB) and it has remote control and data access through 
BlueTooth communication with Windows 10 machines.  
 
The first version of the device engineered in 2002 was capable to 
record up to 8 EEG channels at 500 Hz or up to 2 neuronal 
channels at 10 kHz (Vyssotski et al., 20061). The data were 
stored at Secure Digital (SD) memory card with the capacity up 
to 32 GB. However, because of its size (66 × 36 × 10 mm) and 
weight (22 g) the logging unit was attached at the back of the 
animal and was connected to the head with the cable. The last 
was not really convenient. For this reason the first Neurologger 
version is currently used only with the large animals attached to 
the head (Lesku et al., 20116; Lyamin et al., 201210). 

To have easy recording of EEG and neuronal activity in small 
animals, the second miniature version of Neurologger has been 
designed in 2005. Significant decrease of size (22 × 15 × 5 mm) 
and weight (2 g) allowed us to attach the unit directly to the head 
of laboratory mice and flying homing pigeons (Vyssotski et al., 
20093). Neurologger 2 was capable to record up to 4 channels at 
sampling rate up to 9.6 kHz in its soldered 256 MB memory. 
This version has been successfully used in the set of studies 
(Rattenborg et al., 20082; Pang et al., 20094; Brankack et al., 
20105). Starting from 2009 the next modification of the logger 
called Neurologger 2A has been developed. Standing on 
successful concept of Neurologger 2, the novel version has got a 
set of new features. One of them is precise real time infrared (IR) 
synchronization  of  the  record  in  the  logger  with  the external 
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events. Synchronizing labels can be sent manually by an operator 
or automatically by a computer. Specialized unit for sending 
these labels is called "Neurologger Synchronizer". Its features 
are described in separate documentation (see Supplementary 
Information). The second feature is recording of 3-D 
acceleration. The default sampling rate of accelerometer is 400 
Hz – it has been found sufficient for most cases. However, the 
sampling  rate   can   be   increased  up  to  1 kHz  if  needed.   In 

   

 
 
Figure 1 │ Neurologger 3 (a) and Neurologger 2A/2B (b). Shown 
Neurologger 3 (a) has 32 channels and 128 GB Micro SDXC card 
(Samsung). Both Neurologger 3 and Neurologger 2A/2B have infrared 
(IR) sensor to receive information from external equipment, sent by 
infrared (IR) emitter (e.g. processed signal from a video camera, for 
example – animal “track”). Two black “eyes” on the top of Neurologger 
2A/2B (b) are optical elements of IR sensor. Neurologger 2B differs from 
Neurologger 2A by increased sampling rate (33.3 kHz vs. 19.2 kHz) and 
several added modes, including single-channel 200 kHz mode. 
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Figure 2  |   Neurologger 3, an example of its memory (Samsung 128 GB 
Micro SDXC) and two examples of its battery. Batteries of different 
capacities can be used depending on desired record duration. Two 
examples of batteries of different weight/capacity are shown. The logger 
needs only one battery. Note that the duration of record is usually limited 
by the battery and not by the memory size. 
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addition, memory capacity has been increased up to 1 GB  (2 GB 
by request) and maximal electrophysiological data sampling rate 
was increased up to 19.2 kHz, 4 channels. The last allowed us to 
use this unit for studying vocal communication in birds 
(Anisimov et al., 201422). Version 2A is the most popular 
Neurologger version that was used in 20 publications including 
publication in Science9. 

The next version Neurologger 2B form 2015 is enhanced 
version of Neurologger 2A. The maximal sampling rate of all 
four channels was increased up to 33.3 kHz (from to 19.2 kHz in 
the Neurologger 2A). This was done for recording of vocal 
communication in some animals whose vocalization spectrum 
exceeds 9.6 kHz. In addition, special modification of 
Neurologger 2B records single channel data with frequencies up 
to 200 kHz. This feature was added for studying echolocation in 
bats, but it also can be used for investigation of ultrasonic 
communication in rodents (mice and rats).  

The necessity to record multichannel neuronal data leaded to 
manufacturing the third version of Neurologger in 2016. 
Neurologger 3 has been designed to record 16 or 32 neuronal 
channels having size and weight similar to the second version. 
However, neuronal activity usually should be correlated with 
animal behavior. To record vocalization of the animal, an audio 
cascade with a microphone capable of recording frequencies up 
to 100 kHz (200 kHz sampling rate) has been added.  

Basically, an idea to record ultrasonic vocalizations has been 
inherited from the previous version of the Neurologger 2B. 
However, contrary to the previous model, the novel version 
allows us to record ultrasound simultaneously with 32-channel 
neuronal activity.  

In addition, animal behavior can be tracked by an array of 
inertial sensors (3-D accelerometer and 3-D gyroscope) 
complemented by 3-D magnetic compass. All sensors can be 
polled with the frequencies up to 600 Hz, simultaneously with 
recording of neuronal and ultrasonic data. 

The Neurologger 3 is designed to record neuronal activity, 
LFPs or EEG from up to 32 electrodes. The maximal sampling 
rate is 20.833 kHz per channel in 32-channel version and 25 kHz 
in 16-channel. The frequency band of electrophysiological 
activity recording is freely configurable in 32-channel version 
and factory configurable in 16-channel version. Neuro-recording 
part is based on Intan RHD2132 and RHA2116 chips (32- and 
16-channel versions respectively). These chips are known to be 
the best in the market. Sound recording is normally realized by 
12-bit 200 ksps ADC of the microcontroller of the Neurologger. 
However, one also can use one channel of 16-bit Intan chip to 
record sound, but its frequency band will be limited by Intan 
settings common for all channels. One should note that if 
maximal number of channels (32) and maximal neuronal 
sampling rate 20.833 kHz are used, sampling rate of audio 
channel can’t exceed 125 kHz. To sample the microphone 
channel with the maximal frequency 200 kHz one has to 
decrease neuronal sampling rate to 15.625 kHz (in 32-channel 
mode). The inertial sensors and magnetometer (3-D 
accelerometer + 3-D gyroscope + 3-D compass = “9-D” motion 
sensors) can be sampled in the background of all these modes 
with the sampling rate about 600 Hz. Resolution of all sensors is 
16 bit. Ranges are software configurable. Resuming, the 
following two modes can be recommended: 

 
1) 32 neuronal channels 20.833 kHz, sound 125 kHz, motion 

sensors 579 Hz. Dataflow to memory: 1.77 megabytes per 
second. 

2) 32 neuronal channels 15.625 kHz, sound 200 kHz, motion 
sensors 625 Hz. Dataflow to memory: 1.60 megabytes per 
second. 

 
The logger consumes about 25 mA from 3.7 V Lithium-

polymeric battery in these modes. 
Weights of the logger parts without neuronal recording board 

are shown in the Fig. 2. The scale is in centimeters. 
 

  

 
 
Figure 3 │ Neurologger 3 with its headstage and memory. To record 
neuronal activity the neuronal headstage should be attached to the 
processor module how it is shown in this picture (a). The 32-channel 
headstage with Hirose connector is placed at the bottom side (invisible). 
Then, the memory card is placed above the headstage (b). This 
combination weighs 1.73 g. 
 

a b 

       1.04 g         0.25 g          0.38 g          0.63 g
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Figure 4  |   Four neuronal headstages, available for Neurologger 3. From 
the left to the right: 16-channel Hirose, 32-channel Hirose, 16-channel 
Omnetics and 32-channel Omnetics. Both Omnetics and Hirose types are 
pin compatible with Neuronexus silicon probes. Please see Neuronexus 
Internet side for the pin layouts. Omnetics connectors are larger and they 
are more widespread. Many companies produce electrodes with this type 
of connectors. Their benefit is the mechanical strength; no additional 
fixation of the logger on the head is needed if Omnetics connectors are 
used. Hirose connectors are smaller, but they need a special clamp that 
would push two opposite parts to each other for reliable fixation. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

 
 
 
 

One of the most important parameters of neuronal recording 
system is internal noise of the amplification cascade that should 
be as small as possible. Also, no disturbances should penetrate to 
the high-impedance electrode inputs. The following sample of 
record shows signal recorded by the Neurologger 3 with 32-
channel headstage. In this test all channels except one were 
connected to the signal generator producing 10 µV rectangular 
pulses with frequency 5 Hz. The last top-most channel was 
connected to the microphone to record environmental noise. The 
recording cascade was configured for the frequency band 1-7500 
Hz (band-pass filter). As one can see, 10 µV steps are clearly 
visible (Fig. 5). The internal noise of the amplification cascade is 
about 2 µV RMS. 

However, the system also should be capable to record signals 
from the high-impedance sources. To test this capability of our 
recording system, we provided 10 µV signal from the signal 
generator to the logger though resistors of nominal 10 kΩ, 100 
kΩ and 1 MΩ. The following three charts show examples of 
records obtained with the listed above impedances of neuronal 
recording electrodes (Fig. 6). One can see that the record with 10 
kΩ resistor is practically indistinguishable from the signal 
recorded from the low-impedance signal source directly. An 
increase of the source impedance up to 100 kΩ and 1MΩ 
increases the background noise as expected. However, even in 
the case of 1 MΩ source the 10 µV steps are clearly visible in the 
record. This is a good prerequisite for high-quality neuronal 
recording, because typical spike size recorded from 1 MΩ 
electrodes is usually about 100 µV or more. 
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Figure 5  │  Noise and electromagnetic disturbances in the Neurologger 3. Neurologger 3 has extremely low noise and electromagnetic disturbances in 
its frequency range F = 1-3300 Hz. The original signal recorded in the frequency band 1-7500 Hz was additionally low-pass filtered at 3300 Hz 
frequency. The duration of shown fragment is 1 second. A sequence of 10 μV peak-to-peak rectangular pulses was given to the input of the logger either 
directly (chart above) or through 10 KΩ, 100 KΩ or 1 MΩ resistors (Fig. 6). The last (top) channel was connected to the microphone to record 
environmental sounds. The 10 μV step is clearly visible in all channels, except the last (top) one. 
 

        16‐ch.       32‐ch.      16‐ch.         32‐ch.
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Figure 6  │  Noise and electromagnetic disturbances in the Neurologger 3 when a sequence of 10 μV peak-to-peak rectangular pulses was given to the 
input of the logger through 10 KΩ (a), 100 KΩ (b) or 1 MΩ (c) resistors. All other conditions are identical to the conditions of the record in the Fig. 5. 
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       Table  |   Comparison of three generations of Neurologger®  
 

 Neurologger 1 Neurologger 2A/2B Neurologger 3 
Primary usage EEG, EMG and LFPs 

recording in large 
animals: marine 
mammals, ruminants 

EEG, EMG and LFPs recording in 
mice and larger animals; ECG, 
vocalization recording including 
ultrasonic 

Multichannel neuronal recording in mice and 
larger animals; vocalization recording including 
ultrasonic 

Number of channels 8 differential channels 4 channels freely assigned to two 
referent electrodes  

16 or 32 channels with one referent electrode; or 
16 differential channels 

ADC resolution 10 bit; 2x oversampling 
in  low-frequency modes 

10 bit; 2x-8x oversampling in low-
frequency modes 

16 bit 

Sampling rate 8 channels up to 800 Hz; 
or 2 channels up to 10 
kHz; or 1 channel 20  
kHz; higher sampling 
rates by request 

Version 2A: 
4 channels up to 19.2 kHz 
 
Version 2B: 
4 channels up to 33.3 kHz; or 1 channel 
up to 200 kHz 

32-channel version: 
32 channels up to 20.8 kHz; free selection of 
channel sequence; selected channels can be 
sampled more often than others 
16-channel version: 
Fixed sequence of 16 channels up to 25 kHz 

Locomotion recording Optional analog 3-D 
accelerometer occupies 
three channels 

Optional 3-D accelerometer 3-D accelerometer, 3-D gyroscope, 3-D magnetic 
compass 

Vocalization recording - Optional microphone and contact 
microphone are connected to 
neurophysiological channels; optional 
dynamic range expansion  

Dedicated 12-bit 200 ksps microphone ADC 
works simultaneously with neuronal 16-bit ADC; 
optional dynamic range expansion; attachment of 
a microphone to one 16-bit channel is also 
possible 

Expansion possibilities Asynchronous serial bus 
up to 1.5 Mbps (UART) 
and digital input/output 
lines at the main CPU 
can be custom 
programmed by request. 

Dedicated communication controller 
with different peripheral interfaces is 
connected to 8 Mbps synchronous bus 
(SPI). It can be custom programmed by 
request. 

Inter-integrated circuit (I2C) communication bus 
400 kbps makes possible chained connection of 
multiple custom-developed peripheral devices. 
Development of the following peripheral units is 
planned or will be done by request: optical and 
electrical brain stimulators, motorized 
microdrive, GPS. 32-ch version has 3 auxiliary 
analog inputs and one digital output. 

Data memory Micro-SD high-capacity 
(4-32 GB) memory card 

Soldered memory chip 1-2 GB Micro SD high-capacity (4-32 GB) or extended 
capacity (64-256 GB Micro SDXC) memory card 

Maximal memory filling 
speed 

30 kBps (2 channels, 10 
kHz) 

300 kBps (1 channel, 200 kHz) 1.77 MBps (32 channels 20.8 kHz, sound 125 
kHz, motion sensors 580 Hz) 

Maximal recording duration  Limited by the battery 1 GB will be filled when 4 channels are 
sampled with the frequency: 
100 Hz: 20 days 17 h 
 400 Hz: 5 days 4 h 
1600 Hz: 1 day 7 h 
9.6 kHz: 5 h 10 min 
19.2 kHz: 2 h 35 min 
33.3 kHz: 1 h 29 min 
One channel at 200 kHz: 59 min 39 s 
3D accelerometer increases volume by 
50% in low-frequency modes. 

In most cases limited by the battery. 128 GB card 
is sufficient for recording during 20 hours in the 
highest data rate mode listed above. If only 32 
channels are sampled with the frequency 15.625 
kHz, 128 GB is sufficient for 31 hours. 

Current consumption ~5.5 mA in EEG mode Version 2A: 1.5 - 4.3 mA, mode-
dependent; In EEG mode with 3D 
accelerometer. 2.0 mA  
Version 2B: in high-frequency modes 
(≥33.3 kHz): 6.0 - 11.7 mA, mode-
dependent 

11-25 mA, mode-dependent; 
All neuronal modes ~25 mA. 

Logger size (w/o battery) 36 x 31 x 6 mm From 18 x 15 x 3 to 22 x 15 x 8 mm From 20 x 15 x 6 mm to 24 x 15 x 8 mm 

Logger weight (w/o battery) 5.31 g 0.95 - 1.71 g, version-dependent 1.29 – 1.96 g, version-dependent 

Recommended batteries and 
their weights 

Lithium-polymeric 3.7 V 
240 mAh 9.0 g 
rechargeable battery will 
be sufficient for 1 day   
19 h. Non-rechargeable 
3.6 V  1200 mAh 8.9 g 
LS14250 will be 
sufficient for  9 days. 

A couple of non-rechargeable Zn-Air 
1.4 V batteries ZA 10 (75 mAh), 
ZA312 (175 mAh), ZA13 (305 mAh) 
with the weights per pair 0.635, 1.02, 
1.66 g respectively will be sufficient 
for 1, 2 and 4 days of EEG recording. 
Lithium-polymeric batteries, for 
instance 3.7 V 12 mAh 0.38 g 
GM300910, also can be used.  

Lithium-polymeric 3,7 V 
20 mAh, 0.63 g 
40 mAh, 1.05 g 
50 mAh, 1.58 g 
Will provide duration of neuronal recording of 15 
min, 1 h 15 min and 2 h 15 min respectively. 

 
_____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 



  www.evolocus.com/evolocus/v1/evolocus-01-I.pdf  

VI  │  VOL.1  │  17 NOVEMBER 2016  │  EVOLOCUS      

References (Publications with Neurologgers 1, 2A and 2B) 
1.    Vyssotski, A.L., Serkov, A.N., Itskov, P.M., Dell'Omo, G., Latanov, A.V., Wolfer, D.P. 

& Lipp, H.-P. Miniature neurologgers for flying pigeons: Multichannel EEG and action 
and field potentials in combination with GPS recording. J. Neurophysiol. 95, 1263-
1273 (2006). 

2.    Rattenborg, N.C., Voirin, B., Vyssotski, A.L., Kays, R.W., Spoelstra, K., Kuemmeth, 
F., Heidrich, W. & Wikelski, M. Sleeping outside the box: Electroencephalographic 
measures of sleep in sloths inhabiting a rainforest. Biol. Lett. 4(4), 402-405 (2008). 

3.    Vyssotski, A.L., Dell'Omo, G., Dell'Ariccia, G., Abramchuk, A.N., Serkov, A.N., 
Latanov, A.V., Loizzo, A., Wolfer, D.P. & Lipp, H.-P. EEG responses to visual 
landmarks in flying pigeons. Curr. Biol. 19(14), 1159-1166 (2009). 

4.    Pang, D.S., Robledo, C.J., Carr, D.C., Gent, T.C., Vyssotski, A.L., Caley, A., 
Zecharia, A., Wisden, W., Brickley, S.G. & Frank, N.P. An unexpected role for TASK-
3 potassium channels in network oscillations with implications for sleep mechanisms 
and anesthetic action. Proc. Natl. Acad. Sci. USA 106(41), 17546-17551 (2009). 

5.    Brankack, J., Kukushka, V.I., Vyssotski, A.L. & Draguhn, A. EEG gamma frequency 
and sleep-wake scoring in mice: Comparing two types of supervised classifiers. Brain 
Res. 1322, 59-71 (2010).  

6.    Lesku, J.A., Meyer, L.C., Fuller, A., Maloney, S.K., Dell'Omo, G., Vyssotski A.L. & 
Rattenborg, N.C. Ostriches sleep like platypuses. PLoS One 6(8), e23203 (2011). 

7.    Scheffzük, C., Kukushka, V.I., Vyssotski, A.L., Draguhn, A., Tort, A.B.L. & Brankack, 
J. Selective coupling between theta phase and neocortical fast gamma oscillations 
during REM-sleep in mice. PLoS One 6(12), e28489 (2011). 

8.    Brankačk, J., Scheffzük, C., Kukushka, V.I., Vyssotski, A.L., Tort, A.B. & Draguhn, A. 
Distinct features of fast oscillations in phasic and tonic rapid eye movement sleep. J. 
Sleep Res. 21(6), 630-633 (2012).  

9.    Lesku, J.A., Rattenborg, N.C., Valcu, M., Vyssotski, A.L., Kuhn, S., Kuemmeth, F., 
Heidrich, W. & Kempenaers, B. Adaptive sleep loss in polygynous pectoral 
sandpipers. Science 337(6102), 1654-1658 (2012). 

10.  Lyamin, O.I., Kosenko, P.O., Vyssotski, A.L., Lapierre, J.L., Siegel, J.M. & 
Mukhametov, LM. Study of sleep in a walrus. Dokl. Biol. Sci. 444, 188-191 (2012). 

11.  Zecharia, A.Y., Yu, X., Götz, T., Ye, Z., Carr, D.R., Wulff, P., Bettler, B., Vyssotski, 
A.L., Brickley, S.G., Franks, N.P. & Wisden, W. GABAergic inhibition of histaminergic 
neurons regulates active waking but not the sleep-wake switch or propofol-induced 
loss of consciousness. J. Neurosci. 32(38), 13062-13075 (2012). 

12.  Scriba, M.F., Harmening, W.M., Mettke-Hofmann, C., Vyssotski, A.L., Roulin, A., 
Wagner, H. & Rattenborg, N.C. Evaluation of two minimally invasive techniques for 
electroencephalogram recording in wild or freely behaving animals. J. Comp. Physiol. 
A Neuroethol. Sens. Neural. Behav. Physiol. 199(3), 183-189 (2012). 

13.  Scheffzük, C., Kukushka, V.I., Vyssotski, A.L., Draguhn, A., Tort, A.B. & Brankačk, J. 
Global slowing of network oscillations in mouse neocortex by diazepam. 
Neuropharmacol. 65, 123-133 (2013). 

14.  Scriba, M.F., Ducrest, A.L., Henry, I., Vyssotski, A.L., Rattenborg, N.C. & Roulin, A. 
Linking melanism to brain development: expression of a melanism-related gene in 
barn owl feather follicles covaries with sleep ontogeny. Front. Zool. 10(1), 42 (2013). 

15.  Duriez, O., Kato, A., Tromp, C., Dell'Omo, G., Vyssotski, A.L., Sarrazin, F. & Ropert-
Coudert, Y. How cheap is soaring flight in raptors? A preliminary investigation in 
freely-flying vultures. PLoS One 9(1), e84887 (2014). 

16.  Zhan, Y., Paolicelli, R.C., Sforazzini, F., Weinhard, L., Bolasco, G., Pagani, F., 
Vyssotski, A.L., Bifone, A., Gozzi, A., Ragozzino, D. & Gross, C.T. Microglia 
contribute to autism-related behavioral and functional connectivity deficits. Nat. 
Neurosci. 17(3), 400-406 (2014). 

17.  Gelegen, C., Gent, T.C., Ferretti, V., Zhang, Z., Yustos, R., Lan, F., Yang, Q., 
Overington, D.W., Vyssotski, A.L., van Lith, H.A., Wisden, W. & Franks, N.P. Staying 
awake - a genetic region that hinders α2 adrenergic receptor agonist-induced sleep. 
Eur. J. Neurosci. 40(1), 2311-2319 (2014). 

18.  Amendola, E., Zhan, Y., Mattucci, C., Castroflorio, E., Calcagno, E., Fuchs, C., 
Lonetti, G., Silingardi, D., Vyssotski, A.L., Farley, D., Ciani, E., Pizzorusso, T., 
Giustetto, M. & Gross, C.T. Mapping pathological phenotypes in a mouse model of 
CDKL5 disorder. PLoS One 9(5), e91613 (2014). 

19.  Voirin, B., Scriba, M.F., Martinez-Gonzalez, D., Vyssotski, A.L., Wikelski, M. & 
Rattenborg, N.C. Ecology and neurophysiology of sleep in two wild sloth species. 
Sleep 37(4), 753-761 (2014). 

20.  Scriba, M.F., Rattenborg, N.C., Dreiss, A.N., Vyssotski, A.L. & Roulin, A. Sleep and 
vigilance linked to melanism in wild barn owls. J. Evol. Biol. 27(10), 2057-2068 
(2014). 

21.  Baker, R., Gent, T.C., Yang, Q., Parker, S., Vyssotski, A.L., Wisden, W., Brickley, 
S.G. & Franks, N.P. Altered Activity in the Central Medial Thalamus Precedes 
Changes in the Neocortex during Transitions into Both Sleep and Propofol 
Anesthesia. J. Neurosci. 34(40), 13326-13335 (2014). 

22.  Anisimov, V.N., Herbst, J.A., Abramchuk, A.N., Latanov, A.V., Hahnloser, R.H. & 
Vyssotski, A.L. Reconstraction of vocal interactons in a group of small songbirds. Nat. 
Methods 11(11):1135-1137 (2014). 

23.  Yu, X., Zecharia, A., Zhang, Z., Yang, Q., Yustos, R., Jager, P., Vyssotski, A.L., 
Maywood, E.S., Chesham, J.E., Ma, Y., Brickley, S.G., Hastings, M.H., Franks, N.P. 
& Wisden, W. Circadian Factor BMAL1 in Histaminergic Neurons Regulates Sleep 
Architecture. Curr. Biol. 24(23), 2838-2844 (2014). 

24.  Zhang, Z., Ferretti, V., Güntan, I., Moro, A., Steinberg, E.A., Ye, Z., Zecharia, A.Y., 
Yu, X., Vyssotski, A.L., Brickley, S.G., Yustos, R., Pillidge, Z.E., Harding, E.C., 
Wisden, W. & Franks, N.P. Neuronal ensembles sufficient for recovery sleep and the 
sedative actions of a2 adrenergic agonists. Nat. Neurosci. 18(4), 553-561 (2015). 

25.  Shine, R., Amiel, J., Munn, A.J., Stewart, M., Vyssotski, A.L. & Lesku, J.A. Is "cooling 
then freezing" a humane way to kill amphibians and reptiles? Biology Open 4(7), 760-
763 (2015). 

26.  Yu, X., Ye, Z., Huston, C.M., Zecharia, A.Y., Ma, Y., Zhang, Z., Uygun, D.S., Parker, 
S., Vyssotski, A.L., Yustos, R., Franks, N.P., Brickley, S.G. & Wisden, W. 
Wakefulness is governed by GABA and histamine cotransmission. Neuron 87(1), 
164-178 (2015). 

27.  Zhang, X., Zhong, W., Brankačk, J., Weyer, S.W., Müller, U.C., Tort, A.B. & Draguhn, 
A. Impaired theta-gamma coupling in APP-deficient mice. Sci. Rep. 6, 21948 (2016). 

28.  Rattenborg, N.C., Voirin, B., Cruz, S.M., Tisdale, R., Dell'Omo, G., Lipp, H.-P., 
Wikelski, M. & Vyssotski, A.L. Evidence that birds sleep in mid-flight. Nat. Commun. 
7, 12468 (2016). 

29.  Uygun, D.S., Ye, Z., Zecharia, A.Y., Harding, E.C., Yu, X., Yustos, R., Vyssotski, A.L., 
Brickley, S.G., Franks, N.P. & Wisden, W. Bottom-up versus top-down induction of 
sleep by zolpidem acting on histaminergic and neocortex neurons. J. Neurosci. 
36(44), 11171-11184 (2016). 

 
Acknowledgments  
The author would like to thank Alexei L. Vyssotski for his contribution to the work 
presented.  

 

Additional information  
Supplementary Information accompanies this advertising feature at 
http://www.evolocus.com/evolocus/v1/evolocus-01-I-s.pdf 
 
Competing financial interests: Neurologger is a trademark, registered in the USA, 
#3776356. Neurologger 2A/2B and Neurologger 3 are protected by U.S. patents 
#8,160,688 and #9,492,085 (both patents are applicable to Neurologger 2A/2B and to 
Neurologger 3). Other patents are pending.  
 
How to cite this advertising feature: Neurologger 3 and its history. Evolocus 1, I-VI 
(2016). www.evolocus.com/evolocus/v1/evolocus-01-I.pdf 
 
Received: 2 November 2016 
Accepted: 4 November 2016 
Published online: 17 November 2016 
 
License: This work is licensed under Creative Commons Attribution-NonCommercial-
Share Alike 3.0 Unported License. To view a copy of this license, visit http:// 
creativecommons.org/licenses/by-nc-sa/3.0/ 
 

http://www.evolocus.com/evolocus/v1/evolocus-01-I-s.pdf
http://www.evolocus.com/evolocus/v1/evolocus-01-I.pdf
http://creativecommons.org/licenses/by-nc-sa/3.0/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




