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Volition is generally considered as a defining human
faculty; but the outcome of a voluntary decision can be
predicted by brain activity even before subject’s con-
scious awareness [1], and similar phenomena are
observed in many species. Preparatory neural activities
for voluntary movements involve movement planning
and decision making [2], and active movements accom-
pany heightened attention [3]. We show that enhanced
attention precedes self-initiated movements in an animal
model that exhibits a readily observable and quantifiable
sensory acquisition rate. In addition to demonstrating
preparatory increases in sensory sampling, our results
reveal close similarities between the sensory sampling
and the neural activity suggest associated with voluntary
decision making [4].
Cortical activity precedes self-initiated movements by

several seconds in mammals; this observation has led into
inquiries on the nature of volition [1]. Preparatory neural
activity is known to be associated with decision making
and movement planning [2]. Self-initiated locomotion has
been linked to active sensing indicative of enhanced atten-
tion [3]; however, the precise temporal relationship
between sensory acquisition and voluntary movement
initiation has not been established. Based on long-term
monitoring of sensory sampling activity that is readily
observable in freely behaving pulse-type electric fish, we
show that heightened sensory acquisition precedes sponta-
neous initiation of swimming. Gymnotus sp. revealed a
bimodal distribution of electric organ discharge rate
(EODR) demonstrating Down- and Up-states of sensory
sampling and neural activity; movements only occurred
during Up-states and Up-states were initiated before
movement-onset. EODR during voluntary swimming
initiation exhibited greater trial-to-trial variability than the

sound-evoked increases in EODR. The sensory sampling
variability increased before, and declined after voluntary
movement onset as previously observed for the neural
variability associated with decision-making in primates [4].
In contrast, stimulus onset quenched the sampling varia-
bility similar to that previously reported in neural variabil-
ity [5]. Spontaneous movements occurred randomly
without a characteristic timescale, and no significant tem-
poral correlation was found between successive movement
intervals.

Conclusion
Using statistical analyses of spontaneous exploratory
behaviors and associated preparatory sensory sampling
increase, we conclude that electric fish exhibit all the
established hallmarks of volition, and that voluntary
behaviors in vertebrates may generally be preceded by
increased sensory sampling. The dorsal telencephalon is
required for spatial learning in teleosts and might initiate
movement via its projections to the tectum [6]. Our
results therefore suggest that comparative studies of the
neural basis of volition may therefore be possible in
pulse-type electric fish, given the substantial homologies
between the telencephali of electric fish and mammals.

Authors’ details
1Department of Physics, University of Ottawa, Ottawa, ON, Canada, K1N 6N5.
2Department of Cellular and Molecular Medicine, University of Ottawa,
Ottawa, ON, Canada, K1H 8M5. 3Centre for Neural Dynamics of Physics,
University of Ottawa, Ottawa, ON, Canada, K1H 8M5.

Published: 21 July 2014

References
1. Libet B, Gleason CA, Wright EW, Pearl DK: Time of conscious intention to

act in relation to onset of cerebral activity (readiness-potential): the
unconscious initiation of a freely voluntary act. Brain 1983,
106(3):623-642.

2. Haggard P: Human volition: towards a neuroscience of will. Nat Rev
Neurosci 2008, 9(12):934-946.

* Correspondence: jamesjun@gmail.com
1Department of Physics, University of Ottawa, Ottawa, ON, Canada, K1N 6N5
Full list of author information is available at the end of the article

Jun et al. BMC Neuroscience 2014, 15(Suppl 1):P104
http://www.biomedcentral.com/1471-2202/15/S1/P104

© 2014 Jun et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://www.ncbi.nlm.nih.gov/pubmed/6640273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6640273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6640273?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19020512?dopt=Abstract
mailto:jamesjun@gmail.com
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


3. Mitchinson B, Prescott TJ: Whisker movements reveal spatial attention: a
unified computational model of active sensing control in the rat. PLoS
Comp Biol 2013, 9(9):e1003236.

4. Churchland AK, Kiani R, Chaudhuri R, Wang XJ, Pouget A, Shadlen MN:
Variance as a signature of neural computations during decision making.
Neuron 2011, 69(4):818-831.

5. Churchland MM, Byron MY, Cunningham JP, Sugrue LP, Cohen MR,
Corrado GS, Shenoy KV: Stimulus onset quenches neural variability: A
widespread cortical phenomenon. Nat Neurosci 2010, 13(3):369-378.

6. Giassi ACC, Duarte TT, Ellis W, Maler L: Organization of the gymnotiform
fish pallium in relation to learning and memory: II. Extrinsic connections.
J Comp Neurol 2012, 520(15):3338-3368.

doi:10.1186/1471-2202-15-S1-P104
Cite this article as: Jun et al.: Enhanced attention precedes self-initiated
locomotion in an electric fish. BMC Neuroscience 2014 15(Suppl 1):P104.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Jun et al. BMC Neuroscience 2014, 15(Suppl 1):P104
http://www.biomedcentral.com/1471-2202/15/S1/P104

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/24086120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24086120?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21338889?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20173745?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22430442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22430442?dopt=Abstract

	Conclusion
	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


