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which requires strong coordination also between distant neurons that are most likely unconnected.

— Which dynamical mechanism causes such long-range neural coordination patterns?

Experimental Observations: macaque motor cortex activity during rest and a reach-to-grasp task

Setup Highly disperse covariances across mesoscopic distances Coordination patterns change with behavioral context
e10 x 10 Utah electrode array in A B . Covariances are: S1 S2 comparison of two epochs (T AAA LA
macaque motor cortex (4 X 4 mm?) 0871 L. O e ® o 4 e low on average == in reach-to-grasp task AL kLbALTA
_ Utah array 0.7 1 - N _ . AO o
e Resting state (RS) and reach-to- (motor cortex) ' 10 ; £l R o elarge (negative and positive) -I—I—I—I—HI—FC'V A A S1
grasp task (R2G) [9] 061, 10 A A - 2 B for individual neuron pairs Z Z Z i == = 1I * ¢’ @f
. o . . S 101 ; © o S - Q - - A ®Le
e Spike sorting into putative excitatory 051% 1 L ioomm S § (across all distances) -2 %’j = 35 = O A ALA
. - — 1072 - o ) ) cC
(E) and inhibitory (I) neurons S04 ., HE: 121 mm ‘ €21 @ | o -0 7 Exponential decay of width of A ~ B T,. ¢ .
74 — EE131mm = l®) : S : : ©
o - - ; covariance distribution with de- > L/ / A
e Binning of spike trains 0.3 : i A | A é | I ] s1 3000 - o A A
(RS: 1s, R2G: 200 ms) 05 distance [mm] . o F 20 cay constants: 20 T Pl . ! AL ®
& - 5 %5 2000 2
— Spike-count covariances: 5  emuch larger (millimeter scale) 2 104 L1 a 1 Sttt g T2 |p1
. (nin) — (n;) (n) oL —4 than the range of direct con- L 1000 - oA @:
i — \ealby) = Nl NIy 0.0 | == . . 0 - . - ' ~ ' I L N O
R e X 1 ) . X nections (~ 300 microns [1]) 01 = 0= ; L AA A
What is the spatial organization of spike-count covariances covariance x[mm] e similar across neuron types FR cov
on the Utah array? e Firing rates and covariances have overall similar statistics but largely differ

Which mechanisms give rise to the large dispersion of covariances?

the individual level . ffs.. p=0.69 and p=0.4
Does the long-range coordination rely on long-range connections? on the individual neuron level (corr. coeffs.: o and p )

How are changes in firing rates and covariances related?

Theory and Simulation: balanced random network model with short-range connectivity
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There is a critical regime [7], where the maximum inhibitory neurons — exponential decay of variance of covariances on length scale d.g, de- s Effective connectivity is dynamic = covariance patterns are dynamic

termined by spectral bound d.z/d ~ /R?/(1 — R?) + const.
Length scale of covariances diverges at critical point R — 1
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eigenvalue (spectral bound) max(Re(A)) 5 In the critical regime, small changes in firing rates induce large

changes in covariances

In the critical regime, covariances are dominated by
multi-synaptic interactions
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