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Heterogeneity has recently gained a lot of attention and
it is becoming more apparent that it is a crucial feature
in neural processing [1-5]. Despite its importance, this
realistic physiological feature has traditionally been
neglected in theoretical studies of cortical neural net-
works. A common reason is that mean-field descriptions
of noisy cortical networks are high dimensional and
generally intractable. Although heterogeneous spiking
neural networks have recently been studied theoretically
[5-8], there is still a lot unknown. In particular, combin-
ing network heterogeneity [9] and intrinsic heterogene-
ity [10] have yet to be considered simultaneously despite
the fact that both are known to exist and likely have sig-
nificant roles in neural network dynamics.
To this end, we study a recurrently coupled spiking

network of leaky integrate-and-fire (LIF) neurons consist-
ing of excitatory and inhibitory neurons. The intrinsic
heterogeneity is modeled by varying the voltage threshold
for spiking [5], and the network heterogeneity is modeled
by different conductance strengths (partially motivated
by recent results [11], both excitatory and inhibitory con-
ductances are scaled so each neuron has a different level
of balanced input). Unsurprisingly, we find that when
either intrinsic or network heterogeneity is increased, the
response heterogeneity also increases (i.e., the range of
the average firing rate of the excitatory neurons also
increases). However, for a fixed level of both forms of
heterogeneity, the network robustly exhibits a wide range
of response heterogeneity that strongly depends on the
relationship between intrinsic and network heterogeneity.
This coupled network is difficult to analyze because it is
stochastic, heterogeneous, and high dimensional with
alpha function synapses and colored external noisy input.
With combination of Monte Carlo simulations and

augmented mean-field theory based partially on methods
in [12-15], we provide analytic explanations to account
for the observed phenomena. Our work gives insight for
how these two forms of heterogeneity interact in a gen-
eric recurrent spiking network that may be applicable to
many areas of the cortex.

Published: 18 December 2015

References
1. Shamir M, Sompolinsky H: Implications of neuronal diversity on

population coding. Neural Computation 2006, 18:1951-1986.
2. Chelaru MI, Dragoi V: Efficient coding in heterogeneous neuronal

populations. Proceedings of the National Academy of Sciences 2008,
105:16344-16349.

3. Padmanabhan K, Urban NN: Intrinsic biophysical diversity decorrelates
neuronal firing while increasing information content. Nature neuroscience
2010, 13:1276-1282.

4. Tripathy SJ, Padmanabhan K, Gerkin RC, Urban NN: Intermediate intrinsic
diversity enhances neural population coding. Proceedings of the National
Academy of Sciences 2013, 110:8248-8253.

5. Mejias JF, Longtin A: Optimal heterogeneity for coding in spiking neural
networks. Physical Review Letters 2012, 108:228102.

6. Ly C: Dynamics of Coupled Noisy Neural Oscillators with Heterogeneous
Phase Resetting Curves. SIAM Journal on Applied Dynamical Systems 2014,
14:1733-1755.

7. Nicola W, Campbell SA: Mean-field models for heterogeneous networks
of two-dimensional integrate and fire neurons. Frontiers in computational
neuroscience 2013, 7:184.

8. Zhou P, Burton SD, Urban NN, Ermentrout GB: Impact of neuronal
heterogeneity on correlated colored noise-induced synchronization.
Frontiers in computational neuroscience 2013, 7:113.

9. Perin R, Berger TK, Markram H: A synaptic organizing principle for cortical
neuronal groups. Proceedings of the National Academy of Sciences 2011,
108:5419-5424.

10. Marder E: Variability, compensation, and modulation in neurons and
circuits. Proceedings of the National Academy of Sciences 2011,
108:15542-15548.

11. Xue M, Atallah BV, Scanziani M: Equalizing excitation-inhibition ratios
across visual cortical neurons. Nature 2014, 511:596-600.

12. Moreno-Bote R, Parga N: Auto- and crosscorrelograms for the spike
response of leaky integrate-and-fire neurons with slow synapses. Physical
Review Letters 2006, 96:028101.

13. Nesse WH, Borisyuk A, Bressloff PC: Fluctuation-driven rhythmogenesis in
an excitatory neuronal network with slow adaptation. Journal of
Computational Neuroscience 2008, 25:317-333.

Correspondence: CLy@vcu.edu
Department of Statistical Sciences and Operations Research, Virginia
Commonwealth University, Richmond, VA 23284, USA

Ly BMC Neuroscience 2015, 16(Suppl 1):P150
http://www.biomedcentral.com/1471-2202/16/S1/P150

© 2015 Ly et al. 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.

mailto:CLy@vcu.edu
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/


14. Ly C: A Principled Dimension-Reduction Method for the Population
Density Approach to Modeling Networks of Neurons with Synaptic
Dynamics. Neural Computation 2013, 25:2682-2708.

15. Nicola W, Ly C, Campbell SA: One-dimensional Population Density
Approaches to Recurrently Coupled Networks of Neurons with Noise [http://
arxiv.org/abs/1411.2273], Submitted.

doi:10.1186/1471-2202-16-S1-P150
Cite this article as: Ly: Interplay of intrinsic and network heterogeneity
in strongly recurrent spiking networks. BMC Neuroscience 2015
16(Suppl 1):P150.

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

Ly BMC Neuroscience 2015, 16(Suppl 1):P150
http://www.biomedcentral.com/1471-2202/16/S1/P150

Page 2 of 2

http://arxiv.org/abs/1411.2273
http://arxiv.org/abs/1411.2273

	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


