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Highlights

From comparative connectomics to large-scale working memory
modeling in macaque and marmoset

Loic Magrou, Panagiota Theodoni, Amy F. T. Arnsten, Marcello G. P. Rosa,
Xiao-Jing Wang

e Consensus mapping allows for directly comparing macaque and mar-
moset connectomes.

e Connectomes and spine counts constrain large-scale models of working
memory.

e The marmoset model is susceptible to distraction, but not the macaque.

e Our results capture real life difference with regard to distraction.
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Abstract

Although macaques and marmosets are both primates of choice for studying
the brain mechanisms of cognition, they differ in key aspects of anatomy and
behavior. Interestingly, recent connectomic analysis revealed that strong top-
down projections from the prefrontal cortex to the posterior parietal cortex,
present in macaques and important for executive function, are absent in
marmosets. Here, we propose a consensus mapping that bridges the two
species’ cortical atlases and allows for direct area-to-area comparison of their
connectomes, which are then used to build comparative computational large-
scale modeling of the frontoparietal circuit for working memory. We found
that the macaque model exhibits resilience against distractors, a prerequisite
for normal working memory function. By contrast, the marmoset model is
sensitive to distractibility commonly observed behaviorally in this species.
Surprisingly, this contrasting trend can be swapped by scaling intrafrontal
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and frontoparietal connections. Finally, the relevance to primate ethology
and evolution is discussed.

Keywords: Macaque, Marmoset, Consensus, Connectome, Anatomy,
large-scale modeling, Working memory

1. Introduction

From Cuvier and Lamarck to Darwin and Wallace, comparative methods
have historically been at the root of modern biology (Mayr, 1982). In neu-
roscience, recent advances of connectomics (Sporns et al., 2005; Hagmann,
2005), spanning from local (Harris and Mrsic-Flogel, 2013; Binzegger et al.,
2009, 2004; Douglas et al., 1989) to multiregional (Theodoni et al., 2022; Ma-
jka et al., 2020; Dorkenwald et al., 2022; Scheffer et al., 2020; Harris et al.,
2019; Gamanut, et al., 2018; Markov et al., 2014a,b; Felleman and Van Essen,
1991) connectivity, offer a novel and quantitative approach to comparison
between species. Comparative work on cortical connectivity has yielded im-
portant results in terms of graph theoretical (Theodoni et al., 2022; Horvat
et al., 2016; Ercsey-Ravasz et al., 2013) and scaling properties of the brain
(Magrou et al., 2024; Wang and Kennedy, 2016; Markov et al., 2013; Murre
and Sturdy, 1995). However, whereas structural information is critical, it is
often insufficient to predict dynamical behavior of a recurrent brain system,
the understanding of which requires concomitant progress in physiological
experiments and computational modeling (Wang, 2022).

In this context, Working Memory (WM), the brain’s ability to internally
maintain and manipulate information in the absence of sensory stimulation,
has become a topic of focus, as its representation is distributed across mul-
tiple — but not all — brain regions (Sreenivasan and D’Esposito, 2019;
Christophel et al., 2017; Leavitt et al., 2017). In working memory depen-
dent tasks, neurons in certain parts of the macaque cortex show robust,
self-sustained, information-specific, mnemonic persistent activity (Goldman-
Rakic, 1992; Fuster and Alexander, 1971; Wang, 2001, 2021). Experimen-
tal observations motivated connectome-based modeling of macaque monkey
cortex for distributed working memory (Mejias and Wang, 2022; Froudist-
Walsh et al., 2023). Consistent with experimental observations (Chafee and
Goldman-Rakic, 1998), the reciprocal loop between posterior parietal cor-
tex (PPC) and prefrontal cortex (PFC), making together the frontoparietal
network, was found to play a major role in working memory. Furthermore,
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a salient characteristic of normal WM is its resilience against distractors
(Suzuki and Gottlieb, 2013; Olesen et al., 2007; Lorenc et al., 2021), which
has been shown in modeling studies to critically depend on the PFC and its
top-down influence onto the PPC in the macaque monkey cortex (Murray
et al., 2017; Mejias and Wang, 2022; Froudist-Walsh et al., 2023).

Much less is known for the marmoset species, which is rapidly becoming
another important animal model in our field (Prins et al., 2017; Mitchell and
Leopold, 2015; Okano et al., 2012). Indeed, marmosets possesses many of
the cognitive attributes of both macaques and humans, whilst being at the
same time faster to breed and easier to handle in experiments. Additionally,
and non trivially for the question at hand here, they were shown to pos-
sess the same frontoparietal network known to be the substrate of WM in
macaques and humans (Reser et al., 2013), and have been recently shown
exhibit sustained delay activity in the prefrontal cortex during WM tasks
(Wong et al., 2023). Finally, the recent publication of the most complete
retrograde tracer-based marmoset connectome available to date (Theodoni
et al., 2022; Majka et al., 2020) allows for analysis and comparison with the
macaque.

The in-depth investigation of the marmoset’s WM capabilities is still at
its early stage, but what seems to transpire from experimentalists is that,
although they can perform such tasks, they are harder to train (Nakamura
et al., 2018) and remain significantly more distractible than macaques (Joyce
et al., 2024). Through this convergence of anatomical, functional and behav-
ioral evidence, we find ourselves with the unique opportunity to push forward
the comparative method into the realm of computational neuroscience. We
can now apply the same model to both species, knowing that any behavioral
difference that might emerge will be solely due to the differences in anatomy.
Specifically, the differential distractibility could be captured with adequate
modeling.

The present work tackles this important comparative question, with two
main goals. We will first provide a common anatomical framework for the
two species, which we have named “consensus mapping”, whose purpose will
be to reduce the macaque and the marmoset independent atlases to a com-
mon parcelation scheme where areal connectivity can be compared directly,
and then convert all the available anatomical data to it, connectivity and
spine count gradient alike. Second, we will constrain an otherwise identical
model with those two sets of now one-to-one comparable anatomical data
and investigate for commonalities and differences in the model’s behavior.


https://doi.org/10.1101/2025.03.17.643781
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.17.643781; this version posted March 17, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

2. Methods

2.1. Anatomical connectivity data

Despite the continuous progress occurring in the field of diffusion MRI
and tractography based connectomics (Gajwani et al., 2023; Consagra et al.,
2022), it nonetheless remains true that, where feasible, retrograde tract-
tracing experiments still constitute the gold standard in cortical connectiv-
ity /mesoscale connectomics (Donahue et al., 2016). In the realm of primates,
we are now uniquely suited to tackle cross-species comparison as extensive
databases have been produced in both the macaque (Markov et al., 2014a;
Froudist-Walsh et al., 2021, downloadable from core-nets.org), the histori-
cal model in primate neuroscience, and now the marmoset (Theodoni et al.,
2022; Majka et al., 2020, downloadable from analytics.marmosetbrain.org), a
smaller primate model that is easier to handle whilst retaining many primate
features important to today’s neuroscience.

Injections of retrograde tracers are carried out in multiple areas, desig-
nated as “target” areas, over multiple experiments. Each injection site is
controlled so that the injection covers all 6 layers of the cortex, whilst not
infringing on the white matter, so that the dye is not captured by fibers of
passage. At the injection site, the dye is captured by axon terminals and is
actively transported backward toward the soma of the cell, thus only labeling
neurons that directly project onto the injection site (Figure S1A). These
neurons are subsequently detectable through fluorescent microscopy. Tracers
here employed are monosynaptic, meaning that they cannot continue their
course beyond the one neuron that captured them into another neuron that
shares a synapse with the back-labeled cell.

Labeled cells are counted and attributed to “source” areas according the
species’ parcelation atlas and their position with respect to granular layer 4
(i.e. infragranular for layer 5 and 6; supragranular for layers 2 and 3). From
this data extraction are computed two basic connectivity metrics. The first
one is the Fraction of Labeled Neurons (FLN; Falchier et al., 2002), defined
as the number of labeled cells in a given area divided by the total number
of labeled cells for the injection (i.e. in all cortical areas, excluding label-
ing in the injected area; Figure S1B), thus giving the relative weight of
the connection. By doing so, all injections are normalized to 1, thus allow-
ing comparison between injections. The second metric is the Supragranular
Labeled Neuron (SLN; Barone et al., 2000), defined as the number of la-
beled cells in the supragranular compartment of an area divided by the total
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number of labeled cells for that area (i.e. both infra and supragranular; Fig-
ure S1B). This metric allows us to quantify the feedforward/feedbackness
of a connection, with values close to 0 being identified as feedback (FB)
and values close to 1 as feedforward (FF). These SLNs can be used to pro-
duce a species specific cortical hierarchy (Markov et al., 2014b; Vezoli et al.,
2021) that has been shown to correlate with cortical gradients of several bi-
ological measurements, such as areal spine counts (Mejias and Wang, 2022;
Chaudhuri et al., 2015) or the recently discovered neurotransmitter receptor
gradients (Froudist-Walsh et al., 2023). Over many injections, both metrics
are usually displayed as matrices, with as many rows as there are areas in the
relevant atlas (here macaque or marmoset), and as many columns as there
is injections. Repeated injections are summed as if they where a single mas-
sive injection, which is consistent with standard practices when dealing with
repeat injections, as in Markov et al. (2014a, 2011). In practice, what will
be used throughout this paper is the square matrix (i.e. where source and
target areas are the same) for each of those metrics, that is the edge-complete
(i.e. all connections are known) graph of all commonly injected consensus
areas.

2.2. Spine count gradient

The other anatomical constraint, besides connectivity, that is applied to
the model is the gradient of spine count as investigated across several publica-
tions for both macaque (Elston et al., 2011, 2010, 2009; Elston and Rockland,
2002; Elston, 2001; Elston et al., 2001; Elston and Rosa, 1998b; Elston et al.,
1999b; Elston and Rosa, 1998a, 1997) and marmoset (Oga et al., 2013; Sasaki
et al., 2015; Elston et al., 2001, 1999a). Spine counts, as captured by the to-
tal number of spine on the basal dendrites of layer 2/3 pyramidal cells, have
been shown in macaques to vary across areas by more than ten-fold from
600 in V1 more than 8000 in premotor areas. Further, Nimchinsky et al.
(2002) showed that approximately 90% of excitatory synapses on neocortical
pyramidal cells are on dendritic spines, thus making a strong argument that
a greater amount of spines results in a greater excitability. Elston (2007) in
turn suggested that spine count differences are likely to impact local sum-
mation of postsynaptic potentials. Because of this, spine counts can be used
as a proxy to the self connectivity of a population.

Additionally, it is a non trivial discovery that these spine count values
correlate positively with the SLN-based cortical hierarchy for both macaque
and marmoset (Mejias and Wang, 2022; Theodoni et al., 2022; Chaudhuri
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et al., 2015), computed from retrograde tracer connectivity where the hierar-
chy is statistically inferred through a beta-binomial GLM applied to the SLN
values (Vezoli et al., 2021; Markov et al., 2014b). This conception of hierar-
chy is itself rooted in the anatomical understanding of FB and FF (Felleman
and Van Essen, 1991; Van Essen and Maunsell, 1983; Rockland and Pandya,
1979). The very fact of this correlation means that the hierarchy captures
an important aspect of cortical areal differences, which can be used to com-
plete the data where missing. All spine count values and their corresponding
bibliographical references are given in Table S1 and S2, along with their
hierarchical index.

2.3. Consensus mapping: Atlas

One of the key requirements of a formal comparative analysis of nervous
systems is a step aimed at mapping the anatomical knowledge available for
one species into registration with that available for the other. In the present
study, this requirement translated into identifying homologous parcels of cere-
bral cortex in the marmoset and macaque, so the patterns of connectivity
could be directly related within a same spatial reference frame. This process
was, in practice, limited by issues related to the use of different nomencla-
tures by different laboratories, data availability (e.g. the areas explored with
tracer injections may not be the same in the two species), and the likelihood
of genuine biological differences. To circumvent such issues, we created a
consensus map that describes the subdivision of the cortex of the two species
in a manner that results in identification of the same number of homologous
parcels (areas, or groups of areas) for which the results of tracer injections
were available (Figure 1, Table S3).

This consensus mapping provides a way to directly relate the cortical
areas proposed by Paxinos et al. (2012) in the marmoset, which recognizes
116 histologically distinct areas, and those proposed by Markov et al. (2014a)
in the macaque, which recognizes 91 areas. These atlases were chosen because
they were used as the basis for describing the most comprehensive cellular-
level connectomic datasets available (Theodoni et al., 2022; Majka et al.,
2020; Froudist-Walsh et al., 2021; Markov et al., 2014a,b). Alignment of
the two parcelations was guided by several criteria, which included location
in the brain and relative to other areas, histological structure, and, where
available, functional data and pattern of connectivity.

In the simplest case, single areas could be directly identified in the two
species using available histological and functional criteria. For example, the
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majority of the areas of the visual and premotor cortex could be identified
with a high degree of certainty based on previous anatomical and functional
studies (Solomon and Rosa, 2014; Bakola et al., 2015). In other cases, one
area in one species was related to 2 or more areas in the other. For example,
the marmoset caudal somatosensory cortex is not clearly differentiated into
areas 1 and 2, as in the macaque, and appears instead the single area Al-
2. Conversely, whereas marmoset area 3 is subdivided into A3a and A3b,
the macaque atlas only provides a single subdivision called area 3. More
complex mappings were required, leading to larger parcels. For example, in
the macaque medial temporal lobe, area TH/TF was equated to five areas in
the marmoset cortex: TF, TFO, TH, TL and TLO. At the end of this process,
we are left with an consensus atlas of 75 areas. Let it here be noted that
the subiculum (“SUBI” in Figure 1), entryway to the hippocampus proper
and part of the hippocampal formation, is not part of the marmoset original
parcelation, and therefore absent from the consensus one as well, effectively
bringing down the consensus to 74 areas, since keeping the subiculum in the
macaque is non consensual. Nonetheless, it was kept for completeness sake,
and is not involved in the simulations reported here. The complete table of
consensus equivalence across the two species is available in Table S3.

2.4. Consensus mapping: Computing connectivity

The consensus atlas now set, the connectivity of the two independent
dataset must be converted to this new atlas of 74 common consensus areas,
before they can be fully compared and used in a large-scale model. To do so,
FLN, SLN and spine count values have to be combined so as to fit the new
parcelation. As the consensus is essentially merging areas and area subdivi-
sions together in either species to converge on homolog parcelation schemes,
the connectivities of both species should reflect this by summing together
source areas at the level of neuron counts. In other words, all the relevant
connectivity transformations happen in the count matrices, created from the
downloadable material for both species (see section 2.1). It must be stressed
that to do so, one needs separated neuron count matrices for infragranular
and supragranular numbers for both species, and that any operation needs
to happen in the same fashion in both infra and supragranular matrices for
each species.

For a given injection, two source areas (i.e. two rows in the count matrix)
that need to be merged will see their respective counts of neurons summed
together as a single area. Additionally, two target areas (i.e. two columns
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in the count matrix) will also be summed together, as if it were a large
unique injection. The decision to sum, as opposed to average them together,
follows the same logic as with the repeat injections explained above (Markov
et al., 2014a, 2011). It stems from the fact that computing FLNs and SLNs
are linear transformations that both involve dividing by the cumulated sum
across injections. Additionally, averages tend to create non integer quantities
for counts, where summing does not.

Once the new count matrices are ready and conform to the consensus
parcelation, the macaque original matrices of 40x91 have become 35x74
matrices under consensus. Similarly, the marmoset ones have changed from
55x116 to 45x74. Complete consensus FLN and SLN matrices can be exam-
ined in Figure S2 and S3 and full consensus data is available in Table S5.
Of the 35 and 40 consensus injected areas for the macaque and the marmoset
respectively, 29 are commonly injected in both species. Common consensus
square FLN and SLN matrices of size 29x29 (Figure 2 and S4) are then
extracted and, in the case of F'.LN, columns are renormalized to sum to 1.

2.5. Consensus mapping: Spine Count gradient

Merging spine counts to follow the consensus parcelation leads to two
potential cases: either merging 2 areas (or more) that all have spine counts
attributed to them prior to consensus, or merging 1 area that has a spine
count with another area that does not. Through sheer happenstance, the
first case never did present itself in either species, due in part to the fact that
spine counts have been measured in the context of broader areas (i.e. area
46 or TE, which are larger than the currently used parcelation), and in part
because far from all pre-consensus areas have been tested for spine counts.
When the second case presented itself, the most parsimonious position was
to assume homogeneity, and therefore attribute the spine count value of the
first area to the resulting consensus area. This more parsimonious approach
is further validated because spine counts are computed for an average neuron
in each area.

In the case of consensus areas for which no spine count data was available
prior to consensus, then the SLN-based hierarchy was used, itself computed
from the consensus SLN matrices, as explained in section 2.2 and 2.8, follow-
ing the methods from Vezoli et al. (2021) and Markov et al. (2014b).
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2.6. Consensus mapping: 11x11 matrices

In order to study the particularities of the WM system proper, we ex-
pended the 2-compartment model of Murray et al. (2017), which modeled
PPC and DLPFC with each with a single Wong-&-Wang, into an 11 area
model, where PPC and DLPFC are now 6 and 5 areas, respectively. Doing
so therefore encompasses all available consensus data regarding the pari-
etofrontal network, known to be the substrate of WM (Goldman-Rakic,
1992). These 11x11 matrices can be seen in Figure 4B and consist of 6
PPC and 5 DLPFC consensus areas. The corresponding spine count val-
ues were taken from the consensus spine count gradient described above in
section 2.5.

2.7. Computational model: local circuit

Conceptually, the system built here should be thought about as a network
of Wong-&-Wang models (Mejias and Wang, 2022; Wong and Wang, 2006),
each corresponding to a particular cortical area, and whose connectivity to
other areas (i.e. other Wong-&-Wangs) are structured and constrained by
the retrograde tracer connectivities described above (Figure 3A).

The local system, which belongs to the category of mean-field models,
possesses in our case three explicit variables r4, rg and r¢, describing the
temporal evolution of the firing rates of three neural populations: two excita-
tory (populations A and B) and one inhibitory (population C). The equation
of the firing rate for each population is as follows:

d’f‘i
TTE = —T’Z—i‘q)z(]Z) (1)
Here, and in all future equations, all parameter values are taken from Mejias
and Wang (2022), except G and p. The index i can be A, B or C, depending
on the population. 7, =2 ms and ®;([;) is a transfer function that converts
the total current I of a population into a firing rate, according to the following
equations (Abbott and Chance, 2005):

al —b
Pap(l) = 1 — exp(—d(al — b)) 2)
De(I) = i(m — o) + 70 (3)
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with @ = 135 Hz/nA, b = 54 Hz, and coefficient d = 0.308 for equation (2);
and gr = 4, ¢; = 615 Hz/nA, ¢y = 177 Hz and ry = 5.5 Hz for equation (3).
The index “4” in [expr]+ indicates a rectification where all negative values
are set to 0.

Given that ®; evolves as a function of I;, let us define next the current
equations for each population:

Iy = JSa+ JSp+ JpiSc + loa + Lnera + xa(t) (4)
Ip = J.Sa+ JsSp + JerSc + Iog + Liet.s + x5(t) (5)
Io = JigSa+ JigSe + Ji1Sc + Ioc + Lnet.o + xo(t) (6)

Starting with the fixed parameters for this set of equations, the cross-
coupling parameter J. has a value of 0.0107 nA and encapsulates how the
two excitatory populations A and B cross-activate each other. Jg; is the
coupling parameter regulating the input from inhibitory population C into
excitatory populations A and B. Being inhibitory, the term Jg;S¢ must be
negative, so Jgy is set at —0.31 nA. J;7, population C inhibitory input onto
itself, is also negative at —0.12 nA. Background current parameters Iy4 and
Iyp are identical and set at 0.3294 nA, Iyc is set at 0.26 nA.

Although fixed, the self-coupling parameter J; and the excitatory-to-
inhibitory coupling parameter J;p are different for each area depending on
the spine count gradient (see section 2.2) and will be explained in a dedicated
section down below (section 2.8). Similarly, the I,,.;; terms for each popula-
tions, which encapsulates the role of the inter-areal anatomical connectivity
(section 2.1), requires its own dedicated explanations further down (section
2.9).

The variables collectively designated as S; are described by the conduc-
tance equations below, and truly govern the local system:

dSa Sa

o —EJF”YE(l—SA) A (7)
dSs  Sp
o +76(1 = SB) rp (8)
dSe  Sc
T g Te ©)

In these, S; are the conductances for each population; the 7y (NMDA) and
7¢ (GABA) time constants are set at 60 and 5 ms respectively; and yg and
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~r1, set at 1.282 and 2, are dimensionless saturation factors for the excitatory
and inhibitory populations, respectively again. Finally, r; is the firing rate
of each population from equation (1).

The last term in the current equations (4-6), z;(t), signifies an Ornstein-
Uhlenbeck process, which introduces some level of stochasticity, and can
be construed as random noise intrinsic to the system. It is defined be the
following equation:

dx;
Tnoised_ff = —x; + vV Tnoise Oi gz <1O>

where T,,0:5c 1S the time constant for the process set at 2 ms, o; is the noise
strength set at 0.005 nA for populations A and B, at 0 for population C. The
last term &; is the Gaussian white noise, on which o; is applied.

Finally, still in equations (4-6), an implicit term p can be added to intro-
duce sensory stimulations into the system, in which case p = 0.3 nA for a
duration of 500 ms. Figure 4D shows the schematic progression of the task
modeled in this study, with the cue and the distractor stages being where u
is non zero for one of the populations.

2.8. Computational model: Spine count gradient as synaptic strength
What makes large-scale models increasingly important as neuroscience
progresses is their ability to incorporate differences between cortical areas,
where they would otherwise be construed — and modeled — as rigorously
identical units. Here, we use a brain wide gradient of spine count to uniquely
constrain our system, whereby each area is characterized by a spine count
value, as exposed in section 2.2, which is used to compute an area-specific
self-coupling parameter J; through the following equation:
ha
Js(a) = Jmin + (Jmaz — Jmin) = (11)

hmax

where a is a consensus area; J,;, is the minimal synaptic strength set at
0.21 nA; and J,,4, is the maximal value synaptic strength can take, set at
0.42 nA, effectively bounding J, between those to values. l~za / fzm(w is meant
to represent the normalized spine count gradient, completed by SLN-based
hierarchical estimates h, where necessary (see Table S1). This effectively
produces a gradient of .Jg values, spanning from J,,;, t0 Jnaz- Jmae being
inferior to bifurcation threshold J* ensures that no single area taken alone is
able to achieve multistability (Figure 4C).
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From J; is computed J;p with the subsequent equation:
1

— 2JpC
where «a is again an area; J. and Jg; are the same parameters as in equations

(4-6), set at 0.0107 and —0.31 nA respectively. Parameter ( is fixed on
parameters previously spelled out:

(=

J[E(a) (J() — Js(a) — Jc) (12)

TG 1 G

g1 — Jir ¢ 71 @
with 7¢ and 7; from equation (9); ¢; and g; from equation (3); and J;; from
equation (6). The explanation for the precise definition of ¢ can be found in
the methods of Mejias and Wang (2022). Briefly, the baseline activity level
of each local Wong-&-Wang circuit is by default dependent on J,, and areas
with high values could exhibit spontaneous persistent activity. They could
in principle even go beyond physiologically realistic limits if left unbounded.
We control this by imposing on the system that all areas have the same
baseline, regardless of their specific J; value. We allowed three simplifying
assumptions: The system is symmetrical with respect to populations A and
B (at baseline, the only input the background current, and Ip4 = Iyp), noise
is negligible, and population C has significantly faster dynamics, as they are
mediated by GABA. After simplification, equation (12) and (13) are deduced,
with Jy being set at 0.2112 nA. The linear relationship described in equations
(11) and (12) ensures that the baseline activity is the same for all areas in
the network. Note that deviations from this linear relationship would simply
lead to different areas having slightly different spontaneous activity levels,
but it does not substantially affect our main results.

Because Jrp needs to always be non negative, equation (12) imposes a
lower bound to the values J; can take in equation (11) at 0.205 nA. On the
other side of its range, a J; that would be higher than the bifurcation point
of the system (0.4655 nA for an isolated Wong-&-Wang parametrized as de-
scribed so far) would grant multistability to the system. Therefore, setting
Jmae below that bifurcation threshold ensures that all areas are monostable
when taken in isolation. In other worlds, each individual area cannot on its
own display sustained activity, even after a stimulation, and any persistent
non baseline firing rate is strictly an effect multi-areal system as a whole.
Here, as described above, setting J,,;, and J,,4. at 0.21 and 0.42 nA respec-
tively ensures that our system displays distributed working memory as a non
linear effect of associating monostable areas together.

(13)
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2.9. Computational model: Inter-areal connectivity

Going back to equations (4-6), the term I,,.;; still requires explanations.
This term designates the current that, for each population in each area, comes
from the rest of the network outside the area in question. Said differently, it
is the global input current to each area, and is defined as such:

roa=G Zy W SLN*Y S (14)

I, =G Zy W SLN™ SY, (15)
G

Lnetc = Zy W (1= SLN™) (S} + Sp) (16)

In these, indices x and y respectively represent rows and columns of ma-
trices W*¥ and SLN®Y, where each column is a target area (i.e. injection site)
and each row is a source area. Additionally, y the y* element in column vec-
tor SY. The summation over y applies over the expression W*¥ SLN®Y S¥ (or
the population C equivalent), which is the pairwise (i.e. Hadamard) product
of matrices W, SLN and column vector S;. The output of said summation
is the row vector I%,, ;, where x is the 2" element in the vector.

G stands for the global coupling parameter, which tunes up or down
the importance of the input from the network to a given area. The exact
value of G is different for the two species (see Results: Standard Behavior)
and are set at 0.98 and 0.85 for macaque and marmoset respectively, for
all simulations. Z is a scalar that controls the balance between excitatory
and inhibitory inter-areal connections. Z = 1 would mean that long-range
excitatory and inhibitory projections are of equal strength. In our particular
case, we needed to enforce the following condition: if excitatory populations
A and B are both active at the same time and at the same level in a given
area, then their net effect on other areas in the network should be 0. Given
this imperative, parameter Z can be deduced as follows:

2¢1 7¢ 1 JEr
¢ 1e v Jir— g1

Z = (17)
with ¢; and g; from equation (3); 7¢ and v; from equation (9); Jg; and Jy;
from equations (4-6).

Back to equations (14 to 16), W™ is the weight matrix, which we get
to through the following sequence of transformations: First we define the
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matrix U as the non linear rescaling of matrix F'LN (see section 2.1):
U™ = ki (FLN"™)* (18)

where k; and ks are rescaling factors of value 1.2 and 0.3 respectively. The
rescaling described by equation (18) is done so that the range of FLN values,
which spans 5 to 6 orders of magnitude, is better suited to a firing rate model.

We then renormalize U by column to obtain V:

V= —Zy i (19)
Importantly, this renormalization step, named as such to differentiate it from
the original normalization that produces FLNs, is to be performed only once,
on the edge-complete 29x29 matrix. The 11x11 connectivity matrix of pari-
etal and prefrontal areas is not renormalized again, as it is considered a
subpart of a larger network, not its own independent system.

Finally, to obtain our true weight matrix I, the spine count gradient is
introduced to the inter-areal connectivity so that global and local circuitry
be of the same trend, like so:

W = ﬁ\/zy (20)
Jmax

Going back once more to the I, ; equations (14-16), the SLN term
indicates the square matrix of SLN values, already described in 2.1. As SLN
values evolves between 0 and 1, with 0 meaning FB and 1 as FF, pairwise
multiplication of the SLN and the W matrices gradually filters out FBs
as a function of the SLN value. If it is a reasonable assumptions that FFs
should be excitatory, as it facilitates signal propagation to the entire system,
having FB do the same would lead to excitatory reverberation and all areas
being indiscriminately activated as well as having similar firing rates during
working memory delay, as shown by Mejias and Wang (2022). In the same
paper, the authors introduce the notion of Counterstream Inhibitory Bias
(CIB), by which the weight matrix W is, for the inhibitory population C of
each area, not pairwise multiplied by SLN but by (1 — SLN), thus filtering
out FF connections, not FB ones. By doing so, the model effectively takes
on the assumption that FBs connect to inhibitory neurons which, if it is very
much consistent with the known FB modulatory effects (Tsushima et al.,
2006; Hupé et al., 1998; Girard and Bullier, 1989), the existence of such
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FB-to-inhibitory-cell connections still remains to be proven at the cellular
level. That being said, applying the CIB to a distributed working memory
model does yield a pattern of sustained activity during working memory that
is remarkably close to known electrophysiological data (Mejias and Wang,
2022), thus making the CIB a fascinating as well as credible prediction to be
tested by experimentalists.

Finally, all parameters of the model are listed in Table S4.

3. Results

3.1. Connectome data, hierarchy, and spine counts

The 29%29 square consensus connectivity matrices (Figure 2), comprise
a total of 794 and 809 connections for the macaque and the marmoset re-
spectively, over a total of 29 x 28 = 812 possible connections (self connec-
tions are ignored), leading to respective graph densities of 0.68 and 0.72.
For the macaque, the distribution of log,, FLN (i.e. connection weights) is
best approximated by a normal distribution, with a mean of —2.60, which is
slightly lower than that of the marmoset at —2.28, which is consistent with
previous results from Theodoni et al. (2022) in spite of modifications pro-
duced by the consensus (Figure 3A). Also consistent with previous work, if
the macaque spans the usual 6 orders of magnitude, as described elsewhere
(Markov et al., 2014a, 2011), the marmoset spans only 5 of those orders
(Theodoni et al., 2022; Majka et al., 2020). Correlation between macaque
and marmoset log;, FLN data is 0.59. Notably, The marmoset lacks some
of the top-down connections from DLPFC to PPC that the macaque has,
notably from area 46d_9/46d to LIP, which is a major contributor to spatial
WM in the macaque. Conversely, the macaque appears to be missing some —
albeit weak — connections from area 10 to medial parietal and posterior vi-
sual areas, suggesting that A10 in marmoset may retain some features of the
more posterior prefrontal areas, such as the frontal eye field (A8aD_A8aV)
(Figure 2B).

Differences are greater in terms of SLN (Figure 3B), where correlation
between the two species is weak (r = 0.32) and where the macaque average
(1 = 0.47) is lower than that of marmoset (¢ = 0.59), meaning that macaque
connections tend to be, on average, more FB (Figure S5), consistently with
the non consensus original data (Theodoni et al., 2022; Majka et al., 2020).
Figure 3C shows the difference in SLN-based hierarchical estimates (Vezoli
et al., 2021; Markov et al., 2014b) for the two species, with areas ordered
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on the macaque hierarchy. Marmoset consensus areas A3a_A3b (primary
somatosensory for touch and proprioception), Adab_A4c (primary motor or
M1) and, to a lesser extent marmoset area A1-2 (primary somatosensory for
texture, size and shape) and PE_PEC (somatosensory dedicated to forelimb
digits and joints), which also receives direct somatosensory thalamic inputs
(for a detailed review of primate S1, see Delhaye et al., 2018), have a higher
hierarchical value than their macaque counterparts (macaque areas 3, F1 1.2
and 5 respectively). This, again, is consistent with the pre-consensual data
(Theodoni et al., 2022). In other words, somatosensory and primary motor
modalities are higher in the global cortical hierarchy in the marmoset than
they are in the macaque. At the top of the marmoset hierarchy is consensus
area A6Va_A6vb (macaque consensus area 44_F5, motor oro-facial homolog
to Wernicke in humans).

Conversely, marmoset prefrontal areas A45, A9, A47 (macaque area 12)
and A10 have lower hierarchical values than their macaque counterparts.
Other interesting differences also occur in the visual system, such as mar-
moset areas V4 , OPt and MIP (V4, DP and MIP in the macaque), which
also display higher hierarchical estimates. Thus, a general picture seems to
emerge, whereby sensory-motor areas are tendentially higher in the hierarchy
for the marmoset, when more associative areas tend to be higher in macaques.

Spine counts have been shown elsewhere to correlate positively with SLN-
based hierarchy in macaques (Mejias and Wang, 2022; Chaudhuri et al.,
2015). Here, we show that the marmoset species also displays a correlation
of spine count with hierarchy, albeit different in slope (Figure 3D). This is
yet again consistent with pre-consensus data (Theodoni et al., 2022), thus
further validating that the consensus process conserves properties well. In
the current consensus data, the maximum spine count density value is just
short of 5000, whereas macaque maximal values go beyond 8000. This may
be due to lack of data, but available data for the homolog areas in both
species suggests a genuine difference in spine counts (see marmoset areas
A9, A10, TEO and TE3, and macaque counterparts 9, 10, TEO_TEOm and
TEa/ma_TEa/mp_TEpd.

3.2. Standard behavior of the 11x11 consensus area model

Because the 11x11 model does not contain primary sensory areas, both
cues (always in excitatory population A) and distractors (always in excitatory
population B; Figure 4D) are sent to all parietal areas, so as to reflect the
distributed input those areas should normally receive from the early visual
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system. Additionally, sending the cue to a single parietal area fails to create
persistent and distributed activity in the system, and only a combination
of 4 to 5 parietal areas (depending on elected areas) achieves the goal of
distributed sustained activity. Cues are always sent at 1 s into the simulation,
and distractors at 4.5 s. Finally, the system is symmetric in the sense that
population A and B stable points are identical in terms of firing rate values,
as already established in Mejias and Wang (2022).

All free parameters of this model are fixed at the same values for both
species except for global coupling strength parameter G, which requires spe-
cific parametrization for each species to meet certain basic behavioral criteria.
These basic criteria are the following: 1) being able to produce distributed
and sustained activity; and 2) not to produce spontaneous sustained activity
if not solicited by a cue in either excitatory population.

We determined the valid range of G values by doing a systematic param-
eter search with gradual incrementation of step size 0.01 for both species,
using 10 s simulations over 20 different random seeds (Figure 5A). Valid
range of value go from 0.80 to 1.16 in the macaque, versus 0.57 to 1.13 in the
marmoset (averaged over the 20 seeds for both species). Final values of G
were chosen as the mid point of the resilient range for the macaque and the
distractible range for the marmoset, at 0.98 and 0.85 respectively (Figure
5A). Specific to the macaque system is the existence of a regime of partially
resilient behavior (from 0.45 to 0.80), where prefrontal areas show persistent
activity but parietal areas fail to do so (Figure 5B, complete set in Figure
S6A). Additionally, there exists a small, not robust, window of low G values
(between 0.50 and 0.57) that produces a resilient marmoset (Figure 5C,
complete set in Figure S6B).

With G now fixed, both species in the 11x11 model display similar be-
havior in response to the cue, in that both achieve distributed sustained
activity throughout the system prior to the onset of the distractor (Figure
6, purple trace). Note the very low rate of areas DP and 81 .8m_8r in the
macaque compared to their marmoset equivalents, OPt and A8aD_A8aV.
A major difference in behavior arises after sending the distractor in excita-
tory population B. At that point, the macaque shows a resilience to distrac-
tion (Figure 6A, purple trace) when the marmoset’s population B takes
over (Figure 6B, green trace). Beyond the susceptibility to distraction
shown in Figure 6, macaque area DP and consensus area 81 _8m _8r (i.e. the
FEF), fail to achieve strong activity, contrary to their marmoset counterparts

OPt and A8aD_A8aV (marmoset FEF). This difference is not dependent on
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parametrization.

The activity of macaque DP and FEF is not exactly 0, since DP averages
around 1.8 Hz and FEF around 1.3. Such a reduced, yet non-zero activity
is indication of reduced input from the rest of the network. Looking back
at Figure 3B, the average of (non logged) FLN input from the parietal
is ~ 0.008 for the macaque and ~ 0.014 for the marmoset. Cumulatively,
the macaque FEF receives from parietal areas less than 0.6 times what the
marmoset FEF receives from the same areas (~ 0.049 vs ~ 0.082). In com-
parison, the intrafrontal input to the FEF (i.e. from the other prefrontal
areas) is greater in the macaque than in marmoset, with non-log averages of
~ 0.066 and ~ 0.015 respectively. The cumulative sums of FLNs for each
are ~ 0.263 and ~ 0.059, that is a 4.4 times larger input for the macaque.

A similar observation can be made for DP/OPt: the connection average
FLN from other parietal areas is ~ 0.061 for the macaque and ~ 0.153 for
the marmoset, for a cumulative input of ~ 0.183 vs. ~ 0.765, about 4.2
stronger in the marmoset. comparatively, input from the prefrontal areas to
DP/OPt are very weak, averaging ~ 0.0017 for the macaque and ~ 0.0006
for the marmoset, with a cumulative sum of ~ 0.0067 and ~ 0.0026 (~ 2.5
higher for the macaque, but still a very weak connection).

Additionally, SLNs are also at play: FEF and DP in the macaque average
at ~ 0.360 and ~ 0.428 respectively, vs. ~ 0.698 and ~ 0.669 for the mar-
moset. This means that, all things being otherwise equal, FEF and DP are
non negligibly more FB in the macaque than they are in the marmoset, which
is not the case for the any other area, with the exception of 7TA/PFG_PG.

In summary, the macaque FEF indeed receives less cumulative parietal
inputs and more prefrontal inputs than it does in the marmoset, as is the
case for macaque area DP compared to its marmoset homolog OPt. Adding
to this the fact that connections to both macaque FEF and DP are more
FB than in the marmoset, and therefore more inhibitory via the CIB, we see
that the anatomy easily explains the dynamical difference between the two
species.

Finally, the next logical step of running a full 29x29 version of this model
failed to yield the same species difference (Figure S7). At that scale, the
cue, sent to V1 of both species, propagates to all areas and a later distraction
even in the marmoset is unable to take over the system.
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3.3. Bridging the gap between species

In order to understand what makes macaque and marmoset different in
their distractibility, we investigated how we could make the macaque model
susceptible to distraction and, vice-versa, force the marmoset to be resilient
to distractors. Swapping around the specifically macaque connections to the
marmoset and vice-versa failed to yield the expected result (Figure S8). We
therefore elected to divide the 11x11 connectivity matrices of both species
into 4 quadrants, and attributed to each a specific multiplicative parameter,
from p; to py (Figure 7A). The parameter space of p; vs. py is showed in
Figure 7B. Conversion can be achieved in the macaque by reducing p; to
any value below 0.6 (Figure TA), thus effectively tuning down the intra-
frontal connectivity. The consequence of this is to shift the system to a part
of the parameter space where distraction can occur (Figure 7B, left panel,
leftward arrow). Sensitivity to distraction in the macaque can be observed in
example areas DP, LIP, 81 8m_8r (FEF) and 46d_9/46d Figure 7C. LIP and
46d_9/46d are shown as good prototypical areas for parietal and prefrontal
regions, respectively. DP and the FEF are shown because of their lack of
activity in the macaque, as already visible in Figure 6 (complete set in
Figure S9A).

As can be seen in Figure 7B, the macaque possesses what appears to be
another distracted territory for very high values of p;, with gradual transition
roughly centered around 1.8. However, this part of the parameter space is
in fact unstable as the outcome behavior depends on the random seed used
in any particular simulation. This is indicative of a parameter going beyond
its “physiological”, or at least realistic, limits. At these levels, any random
fluctuation is amplified by a factor of close to 2 in the prefrontal areas. Helped
by a higher firing rate baseline also due to the higher p; value, this leads to
an easy propagation to rest of the network. Due to their unrealistic nature,
these will not be discussed further in what follows.

A marmoset resilient to distraction can similarly also be achieved by giv-
ing p; and py the value of at least 1.4 each (Figure 7C), which effectively
displaces the system to a part of the parameter space that grants it resilience
(Figure 7B, right panel, right-upward arrow), with example areas showcas-
ing the behavior in Figure 7C (Complete set in Figure S9B). A mixed
behavior regime exists in the marmoset’s p;-po plane, which is characterized
by partial activations in the system (Figure S9C).

As a side note, similar parameter spaces can be achieved with ps and py
that also show different domains of resilience and susceptibility, which are
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topologically similar to the ones of p; and py (Figure S10C). There, the
macaque becomes sensitive to distraction as one increases py, and the mar-
moset becomes resilient by reducing both p3 and p4. For practical purposes,
the focus will bear on p; and ps in what follows.

The next logical step was then to try and understand the transition from
one regime to the other. To do so, we performed simulations at incremental
steps in the p; parameter space dimension, across the border that separates
the two regime, and looked at the conductance S4-Sp space (i.e. Excitatory
populations A and B’s S variable) for the system’s trajectories, using each
time 10 different random seeds. For the macaque, p, was fixed at a value of
1, and pyvarying from 0.75 to 0.55 (i.e. from resilient to distractible) with
steps of 0.01 (Figure 8A, p;-ps panel). Figure 8A displays the state of the
macaque Sa-Sp phase portrait (rotated by 7/4) for increasing values of p;.
At p; = 0.72 (first panel on the left, full progression visible in Video S1),
the macaque displays its standard behavior. The at-rest stable fixed point
(black dot) is reached within a small number of time steps (black trajectory
originating from coordinate (0,0)) and the system will stay there until the cue
is delivered. Said cue can be sent to either population A (purple trajectory)
or population B (green trajectory). In either case, the system will reach the
stable fixed point specific to the population that was cued (purple point for
population A, green point for B), after a quick overshoot. At that point, a
distractor can be injected in the opposite population. When doing so, the
system’s trajectory shoots inward for the duration of the pulse (trajectories
yellow and red), only to come back the same stable fixed point they were at
before distraction.

Trajectories will become increasingly tempted by the other side as p; de-
creases. Transition into to the distractible regime of behavior for the macaque
occurs over a very narrow band of p; values, contained between 0.64 and 0.63,
where independent random seeds show radically different trajectories, some
showing resilience and returning to their fixed point of origin, and others
showing susceptibility and ending their course on the opposite stable fixed
point. From p; = 0.62 downward, the system has fully transitioned to being
distractible and all seeds display similar behavior once again, this time to be
diverted to the opposite fixed point.

Looking now at the marmoset, we followed an identical procedure, only
fixating po at a value of 1.5 so as to avoid going through the mixed regime
of behavior (Figure 8B, p;-ps panel). p; was there set to vary this time
from 0.975 to 1.175, again with steps size of 0.01. Qualitatively, the behavior
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is reversed from the macaque, as the marmoset is by default sensitive to
distraction. At p; = 0.985, well before the transition happens, trajectories
are quite analog with those of the distractible macaque. As p; progresses
toward the threshold of behavioral shift, random seed trajectories remain
well grouped together, and will remain so during and after the transition,
which is an interesting qualitative difference with the macaque, arguing for
a qualitatively different high dimensional landscape, as they might in fact be
fanning out in a different plane. The transition itself even shorter than in
the macaque, as all seeds have transitioned at p; = 1.075 to a fully resilient
marmoset. Interestingly, these distractor-based trajectories still show a small
detour along their former distractor sensitive path before turning around
toward their newly found target. The last of this can be seen at p; = 1.105
(Video S2).

4. Discussion

4.1. Relevance of consensus mapping

The consensus mapping that we have exposed and successfully used here
offers the unique opportunity to directly compare the mesoscale connectomes
of two species of primates. Allowed by the extensive anatomical analogies
that exist between primates, the consensus mapping is largely based on the
merging of subareas together to recover coarser-grained areas. This comes
at the price of loosing some of the spatial granularity for either species.
Nonetheless, as we have seen with Figure 3 and S5, the consensus process
conserves the basic statistics, FB and FF distributions, graph densities and
spine count to hierarchy relationship (Theodoni et al., 2022; Ercsey-Ravasz
et al., 2013; Markov et al., 2013) of each species pre-consensus. Therefore, the
mapping is stable enough to be meaningful for the modeling depicted in this
study. Future anatomical investigations of these two species will continue to
improve the overlap of injected areas, and should prove important for future
comparative work in primate anatomy.

4.2. Parametrization of the marmoset

The most crucial finding of this study is the fact that the macaque and
marmoset models, which are identical if not for their anatomical data, cap-
ture an important and real cognitive difference between the actual species
in their resilience to distraction. But for the readers to assess carefully the
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validity if this result, some aspects of the modeling need to be further dis-
cussed. The first of them is how the global coupling parameter G (Figure
5A) value was chosen. In the macaque, the parametrization is fairly straight-
forward, given that there is only one bracket of values that produces a fully
distributed activity without running the risk of spontaneous activity, with no
possible values offering the possibility of a distractible system. The marmoset
on the other hand, although its largest window of viable activity is indeed
the distractible one, does have a valid, if narrow and less robust, window of
resilient behavior. Therefore, purposefully choosing a distractible G value
to then claim that our model captures differential distractibility may at first
glance look like a self-realizing prophecy. However, that would be missing
the point, which is that the macaque possesses no distractible G values when
the marmoset is mostly distractible for the same range of values, thus giving
vastly different resilience/distractibility profiles as a function of G. Given
that, as it has been explained, the models are, anatomy apart, the same,
this G profile difference is only due to the variations in anatomy across the
species, giving us here an important network-distributed, complex system
effect of structure on function, as no single change in the connectivity matrix
can produce this behavioral difference on its own.

A second aspect of parametrization concerns the parameters J, and J;g
which, albeit fixed for each area, will vary as a function of the available
spine count gradient data. It is only fair to recognize that we have, at this
date, less available data for the marmoset (Table S2. For non consensus
data, see Theodoni et al. (2022), Supp. Table 4) regarding spine counts than
we currently do for the macaque (Table S1). Therefore, if the models are
indeed identical across our two species, the marmoset may be considered at
this point less constrained than the macaque. New data, or data updates that
would come in the future may very well change the present results, by making
them more alike or more different, by reducing the window of distractibility
of G or by expanding it. New macaque data could possibly create a band
of distractibility on the G parameter line. This point, incidentally, is just as
true for any change in the connectivity.

4.3. Scaling properties of the brain

The very low level of activity in macaque FEF and DP, compared to their
marmoset counterparts, can be explained by the difference in connectivity
for these areas across the two species. As we have argued elsewhere (Magrou
et al., 2024), these anatomical differences can be thought in the framework
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of the scaling properties of the brain. Indeed, due to physical constraints
exerted onto the brain (Ringo, 1991), a bigger brain will get bigger only the
cost of reducing its overall connectivity, which in turns leads to an increasing
modularity of its network (Magrou et al., 2024; Changeux et al., 2021). This
effect of scaling the brain up may well be at work here: the macaque and
the marmoset 29x29 consensus connectivity matrices in Figure 2 have a
similar graph densities, although a 4% drop is already detectable from mar-
moset (0.72) to macaque (0.68). Additionally, Figure 3A clearly shows that
the macaque’s FLN range spans 6 orders of magnitude when the marmoset
does only 5 (Theodoni et al., 2022; Markov et al., 2014a), meaning that the
former possesses extra-weak connections compared to the latter. In short,
the macaque brain is already about twice as big as the marmoset brain and,
although it is still small enough to harbor a high graph density, it is already
on its way to partial disconnection compared to its smaller cousin, as already
shown elsewhere (Theodoni et al., 2022).

From a different perspective, Markov et al. (2014b) showed that FB con-
nections decay with white matter distance more slowly than FF ones. This
means that, on average, long-range, weak connections will tend to be FB.
Extrapolating across species, we should expect the brain to — at least in pri-
mates — become increasingly FB-dominated as it grows larger. This aligns
well with the data shown in Figure 3B, where the mean SLN value for the
macaque is 0.47, which is non negligibly lower than the 0.59 of the marmoset,
meaning that the macaque is on average more FB than the marmoset. Given
the implementation of the CIB in the system, FB connections target the in-
hibitory population C, meaning that an on average more FB connectivity will
lead to greater global inhibition. This is consistent with the macaque being
resilient, as the random distractor will enter a system that is in effect less
suited to its propagation. Conversely, the marmoset system is well suited to
welcome the next distractor, its global feedforwardness effortlessly carrying
its excitatory influence to all areas.

Circling back to macaque FEF and DP, these are arguably the deeper
reasons why the macaque FEF and DP fail to display high levels of activity
in our simulations. A bigger brain leads to some amount of disconnections
— weaker connections or even missing ones — and greater feedbackness,
which, in turn, leads to less input — although more selective — for these
areas. From this, a conjecture could be that the same model grounded on
a bigger brain’s connectivity, such as that of a great ape or even a human
primate, would see further disconnections and even greater feedbackness and
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comparatively more areas behaving in that particular fashion. This, in turn,
would be consistent with the increasing well segregated sub-network and
functions that we see appear in bigger brains (Du et al., 2024; Magrou et al.,
2024).

With respect the scaling up of the model to 29 areas (Figure S7), the
enhanced stability given by the sheer number of areas forbids even the mar-
moset model to be sensitive to distraction. This points a limitation of this
multiregional model which, due to its architecture, tends to be resilient to
distraction already with two areas (Murray et al., 2017). The consequence
of that is that the marmoset’s 11 area model distractibility is very much
non trivial. As scaling up the number of areas from 1 to 11 (or more) tends
to lead to stability, it means that there is something very specific about the
marmoset WM subnetwork’s anatomy that manages to prevent said stability.

4.4. Distracted macaques and focused marmosets

As we saw with Figure 5 and 6, this system produces by default a
macaque resilient to distraction and a marmoset sensitive to it, on par with
the behavioral data available at this time (Joyce et al., 2024; Nakamura
et al., 2018). The anatomical frontoparietal differences between macaque
and marmoset, such as the missing connection between consensus marmoset
areas A46D and LIP, known to be highly relevant for WM in the macaque
((Goldman-Rakic, 1992)), fail to explain the difference in behavior within
the constraints of our model. Even the complete swapping of species specific
connections from one to the other cannot achieve the intended behavioral
reversal (Figure S8). This argues for the existence of an emergent stability
produced by network-based complex system of non-linear interactions.

This stable default behavior can nonetheless be changed by regionally
(i.e. DLPFC vs. PPC) altering the connectivity. The macaque becomes
distractible by artificially scaling down the prefrontal self connectivity, co-
herently with previous work (Murray et al., 2017) and effectively making it
less powerful at talking to itself and less prone to down-regulating parietal
areas. This is consonant with experimental data, where PFC lesions increase
distractibility in macaques (Suzuki and Gottlieb, 2013). On a more graph
theoretical side, it can be thought of a way to reduce the prefrontal’s mod-
ularity. Because this alone is enough to allow a distractor to win over the
system and because the distractor signal comes from the parietal areas, this
result can be interpreted as making the prefrontal more permeable to upward
signal from the parietal.
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In the marmoset’s case, both intrafrontal and frontoparietal connections
need to be tuned up to achieve resilience which, at a conceptual level, cre-
ates a nice and logical continuum between the two species. However, the
opposition is imperfect. Were it to be perfect, an intrafrontal increase would
have been enough to render the marmoset resilient. In practice, one needs to
increase the frontoparietal connections (p,) by a similar amount to complete
the transition, as is shown in Figure 7B. Increasing the p; to 1.4 but keeping
po at 1 lead to a mixed regime where prefrontal areas are resilient but parietal
areas remain sensitive to distractorsFigure S9C. The likely interpretation
is that, by increasing only intrafrontal connections, each prefrontal area now
receives enough input from the other prefrontal areas that their collective
activity is self-sustained and hard to break. We know from Murray et al.
(2017) that resilience to distraction is given by the prefrontal module. For
this new found capability to propagate to the rest of the system, one needs
to increase the influence of prefrontal areas on the parietal, which is here
modeled by increasing ps.

This need of raising p, to complete the transition may come from the
missing connections between marmoset area 46 (here A46D) and parietal
areas LIP, OPt and PE_PEC (Figure 4B), given the importance of area
46 to WM (Goldman-Rakic, 1992). Although the marmoset possesses weak
frontoparietal connections from A10 to the medial parietal cortex that the
macaque does not (Figure 4B), these are unlikely to provide robust top-
down control. Many substitutions of connections between the two species,
analogous to grafting experiments, were tried in the course of this study, but
no particular change in the matrix gave a clear cut answer. Incidentally,
this is also true with respect to both SLNs and spine count interchanges. all
theses are signatures of a complex system.

Now imagining the phase diagram shown in Figure 8A as a 3D energy
landscape seen from above, becoming distractible here means that the wells
that constitute population A and B stable points are getting shallower, with
an increasingly reduced basin of attraction that can keep the system captive
to that fixed point (i.e. the separatrix). As p; gradually decreases, so does
the depth of the wells and the size of the separatrix. Thus, there is a point
at which the distractor’s energy is enough to escape (p; ~ 0.64), only to fall
into the other fixed point’s energy well.

The same is true for the marmoset, only reversed with respect to p;. As
the parameter increases (Figure 8B), the stable fixed points are gradually
pulled deeper, increasing the basin of attraction in both size and gradient,
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and making its separatrix gradually less escapable. starting at p; = 1.065, the
energy wells are beginning to be too deep and/or too steep for any distractor
to be able to push the system out of the well, and the system become resilient
to distraction.

As can be seen in Figure 7B and further in Figure 8, the transition
between distracted and resilient regimes is fairly sharp in both species, and
leads to radically different qualitative results. In dynamical systems, this
corresponds to the general definition of a bifurcation (Blanchard et al., 2012).
As it does not appear to depend on local changes in the quality or quantity of
stable or unstable fixed points, it should be better seen as a global bifurcation,
although there are no limit cycle seemingly involved here. Nonetheless, the
conceptual definition does seem to apply, as it appears obvious that some
aspects of the high dimensional topology of the phase spaces in Figure 8
are drastically changing over a very short span of p; values.

4.5. Working memory, ethology and evolution

From the bifurcation perspective hereabove, it appears that macaques
and marmosets effectively sit on opposite sides of a common bifurcation. The
particular side on which each species finds itself has been shaped by evolution
and should relate to pertinent ecological and ethological aspects of their
natural life. As further proof of this, the recent work of Joyce et al. (2024)
have shown that marmoset DLPFC parvalbumin neurons have higher density
of D1 (dopamine) receptors, which leads in their modeling to heightened
susceptibility to distraction. Further, those levels are increasing from humans
to marmosets, which in turn have similar levels to mice.

The first explanation that comes to mind is brain size, as we have made
the case elsewhere that it is the prime factor that will allow for the suffi-
cient segregation of functions, itself necessary for higher cognitive capabili-
ties (Magrou et al., 2024). Further, and not unrelated, we explained earlier
how weak, long range connections are tendentially more FB, leading to the
expectation that larger brain should also be tendentially more FB, all things
being otherwise equal. Another important ecological aspect to consider is
their position in the trophic chain of their respective ecosystems. Indeed,
by sheer size effect, the predatory difference may well select for heightened
alertness in marmosets, which should in part rely on greater distractibility for
either alarm calls from the group or direct sensory contact with a predator.

Finally, this distractibility difference aligns well with the differences at
work in their social ethology. Where macaques heavily rely on aggression
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and distrust (Balasubramaniam et al., 2012), marmosets are a highly col-
laborative species with respect to problem solving, a trait otherwise fairly
restricted to apes (Sehner et al., 2022; Miller et al., 2016). In that particular
context, distraction may be better seen as the local aspect of a larger, social
information flow. Conversely, in a strict hierarchy of aggression, the neces-
sity to efficiently navigate complex power dynamics, an individual macaque
able to retain and manipulate information on their own, despite distractors
coming from the group, would likely fare better than average.

An in depth research in social cognition, ethology and ecology would
be necessary to untangle the complex web of selection pressures that may
have shaped differentially our two species, and are far beyond the scope of
this particular study. Additionally, Future modeling of the highly non-linear
evolutionary dynamics at play here is necessary to deepen or knowledge of
these interactions.

5. Conclusion

After producing a consensus mapping between macaque and marmoset’s
atlases, we reduced each to an homolog parcelation scheme, thus allowing
direct, area-to-area comparison of their respective connectomes. We then
used these consensus data to differentially constrain an otherwise identical
large-scale model of WM. Selecting for the frontoparietal WM network of
the same 11 common consensus areas in the two species, we first showed
that these two systems produce sustainable activity throughout the network
after a cue is sent in. We went on to test their resilience to distraction and
discovered that, although the macaque-constrained model resists easily to
distraction, the marmoset model readily switches and commits the newest
cue to memory by propagating it to all areas, taking over as the new sus-
tained activity. Moreover, the two species can be bridged by scaling up or
down specific quadrants of their connectivity matrix, which effectively alters
intrafrontal and frontoparietal influence over the system, allowing us to bet-
ter understand the differences between those two primates. We argue that
these behavioral differences between models align intriguingly well with real
life behavioral difference that could well be adaptative traits in response to
specific aspects of their respective social ethology and ecology. Future mod-
eling of evolutionary dynamics could prove useful in disentangling the links
between structure, function, and ecologically relevant behaviors.
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eTOC blurb/in brief

After making macaque and marmoset inter-areal connectome directly
comparable through consensus mapping, the authors modeled both species
by a large-scale model of working memory, which differed only by the two
species’ anatomy. The models sensibility to distraction captures real-life
ethological differences between the two species of primates.
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Figure 1: Flattened illustrations of the consensus mapping. (A) Macaque original
91 area atlas from Markov et al. (2014a). (B) Marmoset original 116 area atlas from
Theodoni et al. (2022). (C) Macaque 29 consensus areas commonly injected with the
marmoset. (D) Marmoset 29 homolog consensus areas from (C), commonly injected with
the macaque. Area names placed on the same line represent areas that will be aggregated
as one area by the consensus mapping, and are shown as separate areas of identical color
in (A) and (B), and then fused in (C) and (D). Names in bold are those for which there at
least one injection the the original connectivity dataset. For easiness of read, area labels
are identically ordered between macaque (A and C) and marmoset (B and D). The full
table of consensus equivalence across the two species is available in Table S3.
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Figure 2: 29Xx29 common consensus log;o FLN matrices for both species. (A)
Macaque (B) Marmoset. In these, each square of color represents a connection from source
areas as rows to target areas as columns. Colors vary according to log1g FLN values, from
very weak (black) to very strong (whitish yellow). Grey is the background color of the
matrices and a grey square therefore identifies an absent connection. Black thicker lines
separate brain regions, see Table S3 for a key to regional acronyms. Areas merged by
consensus are labeled by concatenating together the names of the original parcelation
areas, separated by an underscore. Thanks to consensus, each connection are here one-to-
one comparable across species. The corresponding SLN matrices are available in Figure
S4, and a comprehensive connectivity table with both FLN and SLN values can be found
in Table S3.
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Figure 3: 29%x29 Connectome statistics, SLN-based hierarchy estimates and
spine counts. (A) Macaque (horizontal axis) vs marmoset (vertical axis) consensus logig
FLN correlation and distribution. In the main plot, each circle represent a connection.
Blue, the connection exists in both species; grey, the connection exists in only one species.
Solid black line, linear regression line between macaque and marmoset log;g FLNs, ex-
cluding grey datapoints; correlation coefficient of the regression line r = 0.59; thin broken
line, line of unit slope for visual reference. In the top plot is the log1o FLN distribution for
the macaque, including connections unique to the macaque; mean p = —2.6 and standard
deviation o = 1.36, used as parameters for the superimposed black normal curve. The
same statistics are shown in the left plot for the marmoset, the same conventions apply.
(B) Macaque (horizontal axis) vs marmoset (vertical axis) consensus SLN correlation and
distribution. Same reading conventions as in (A). (C) SLN-based hierarchical estimates
for macaque (black dots) and marmoset (blue dots), computed by a GLM of the beta-
binomial family, using a logit link function. Values are ordered by macaque increasing
estimates. Bottom axis, macaque consensus areas; top axis, marmoset homolog consensus
areas. (D) Spine count as a function of normalized SLN-based hierarchy. Black dots and
regression line, macaque; blue dots and regression line, marmoset. Proportion of variance
explained 72 is 0.46 for the macaque and 0.52 for the marmoset.
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Figure 4: Large Scale model of distributed working memory. (A) schematic
of the local circuit and inter-areal interactions. The local circuitry follows a standard 3-
population Wong-&-Wang model (Wong and Wang, 2006), with 2 excitatory populations
(ex. A and ex. B, purple and green) and 1 inhibitory population (inh. C, orange).
Locally, populations A and B excites C which inhibits them in return; globally, inter-
areal interactions are based on FLN and SLN anatomical data. (B) Comparative visual
showing the macaque and marmoset brains at the same scale; scale bar, 1 cm. Under,
the 11x11 submatrices that will be used the WM modeling. PPC, Posterior Parietal
Cortex; DLPFC, Dorsal Lateral PreFrontal Cortex. Reading conventions identical to
figure 2. (C) bifurcation diagram for an isolated area, with firing rates (Hz) as a function
of parameter Js;. Below a certain threshold value of Jg, a single area cannot sustain long
term activity and are monostable. Areas are all parametrized to fall below that threshold.
Small dark grey dots corresponds to each of the 11 macaque areas from (B) and indicate
their particular Js values, larger pale grey dots represent the distribution of the rest of
the 29 common consensus areas. Regular and pal blue dots assume the same function
with respect to the marmoset. (D) Schematic representation of the WM task time course.
After a 1 second fixation period, the cue is presented for 0.5 s (purple disk), in the form
of a pulse of 0.3 nA sent to population A. After a delay period of 3 s, the distractor is
presented (green disk) as a pulse to population B identical in time and intensity to the
cue.
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Figure 5: Parametrization of global coupling parameter G. (A) Stacked his-
togram showing different regimes of activity as a function of G, for both species. Dark
orange, spontaneous activity; yellow, resilience to distraction; pale yellow, partially per-
sistent activity; blue, distraction; dark grey, no persistent activity, black little, reference
(chosen) value. Simulations were run with incremental G steps 0.01, with 20 different
random seeds (black dots). Boundaries between regimes are computed as averages over
all seeds at each qualitative change of regime. Reference value for each species is defined
as the half point in the resilience regime for the macaque and the distracted regime for
the marmoset. (B) Firing rate as a function of time for the macaque’s partially persistent
regime at G = 0.6. Purple trace, excitatory population A; green trace, excitatory pop-
ulation B; orange trace, inhibitory population C. Areas have been selectively chosen to
showcase the partialness of this regime, with parietal areas not sustaining activity (LIP)
whilst prefrontal areas do (46d_9/46d). Consensus area 81 .8m_8r (FEF) is shown as the
one prefrontal area not following this logic. (C) Example behavior for the marmoset’s
small window of resilient regime at G = 0.5, where population A re-establishes itself after
the distractor pulse. Homolog consensus areas and reading conventions as in (B). Com-
plete set for (B) and (C) available in Figure S6A and B.
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Figure 6: Standard behavior of the distributed frontoparietal working memory
model. Each subplot shows the activity traces of the firing rates as a function of time for
each of the 11 consensus areas of the selected frontoparietal network. Areas are directly
comparable with their homolog and are placed accordingly. Cues (¢ = 1 s to population
A purple trace) and distractors (¢ = 4.5 s to population B, green trace) are sent to all
parietal areas. Orange trace is inhibitory population C. (A) Macaque; global coupling
parameter G = 0.98, resilient regime. (B) Marmoset; G = 0.85, distractible regime.
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Figure 7: Parameter space analysis of resilience and distractibility. (A) 11x11
matrices from Figure 3B divided in four quadrants: p;, DLPFC to DLPFC or intrafrontal;
p2, DLPFC to PPC or frontoparietal; p3, PPC to PPC or intraparietal; ps, PPC to DLPFC
or parietofrontal. Setting p; to 0.6 in the macaque makes it sensitive to distraction.
Setting p; and ps to 1.4 in the marmoset makes the system resilient. (B) p;1-p2 parameter
plane for both macaque (left panel) and marmoset (right panel). Green hues indicate
resilient territories in the plane, purple hues indicate distracted, and white indicates mixed
behavior (see Figure S6C). Each square is the average of simulations performed over 10
different random seeds, by incremental steps of 0.025 in both directions. Black open
squares indicate (1,1) coordinates in the plane, black arrows indicate the displacements
generated by values in (A). (C) Example behavior for the macaque’s distractible regime
at G =0.98, p1 = 0.6, po = 1. (D) Example behavior for the marmoset’s resilient regime
at G = 0.85, p;1 = 1.4, ps = 1.4. Reading conventions as in Figure 5B and C. Complete
set for (C) and (D) available in Figure S9A and B.
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Figure 8: Sj-Sp conductance phase space gradual change across regime
boundaries. The plane is chosen as the unique plane defined by the 3 stable fixed
points of the system, then rotated by 7/4 for visual clarity. Colored dots indicate said
fixed points: black, at rest (no input current); purple, population A; green, population
B. Colored lines follow the same convention for trajectories: black, at rest (no input cur-
rent); purple, cue input current in population A; green, cue input current in population
B; yellow, distractor input current in population B when at stable fixed point A; dark
red, distractor input current in population A when at stable fixed point B. Trajectories
computed for 10 different random seeds for all conditions. (A) Macaque. Each plot corre-
sponds to an incremental step in p;, starting from a resilient macaque. Parameters G and
p2 are fixed at 0.98 and 1 respectively. Full investigated range from p; = 0.75 to p; = 0.55
with 0.01 step size, available in Video S1A. (B) Marmoset. Each plot corresponds to an
incremental step in pp, starting from a distractible marmoset. Parameters G and ps are
fixed at 0.85 and 1.5 respectively. Full investigated range from p; = 0.975 to p; = 1.175
with 0.01 step size, available in Video S1B. For each species, inset plots help visualize
the covered range of values in p;-ps parameter space.
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Figure S1: Retrograde tract tracing and connectivity computations. (A) In
retrograde tract tracing, the tracer is captured by axon terminals present in the uptake
zone (orange oval) and actively transported back to the soma of the cells. FF connections
(i.e. from lower hierarchical levels) originates predominantly in the supragranular layers,
a dominance that becomes gradually more apparent as hierarchical distance increases.
The converse is symmetrically true for FBs and infragranular layers. (B) FLN and SLN
equations to compute both metrics for each existing connection.
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Figure S2: Full consensus FLN connectivity matrices. The consensus mapping
reduces both species’ atlases to a common parcellated of 74 areas, plus the subiculum
(“SUBI”) in the macaque. Reading convention as in Figure 2. (A) After consensus, the
macaque goes from a 40x91 matrix to a 35x75 matrices. (B) Similarly, the marmoset
goes from 55x116 to 45x74.
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Figure S3: Full consensus SLIN connectivity matrices.
Figure S2. SLNs vary between 0 (FB; blue hues) and 1 (FF; yellow gold hues).

Macaque. (B) Marmoset.
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Figure S6: Alternative parametrization of global coupling parameter G. (A)
Full example of firing rate as a function of time for the macaque’s partially persistent
regime at G = 0.6 from Figure 5B. (B) Full example behavior for the marmoset’s small
window of resilient regime at G = 0.5 from Figure 5C. Reading conventions as in Figure
5B and C.
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Figure S7: 29x29 area model of the distributed frontoparietal working memory
model. (B) Marmoset. Global coupling parameter G, fixated at 0.49 for the macaque
and 0.32 for the marmoset, was computed as in Figure 5A, over 8 different random seeds.
Reading conventions as in Figure 5B and C. (A) Macaque.
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Figure S8: Model’s behavior after swapping species specific connections. (A)
The macaque connections (FLN and SLN) that do not exist in the marmoset were removed
and replaced by the marmoset connections that do not exist in the macaque. Connections
that exist in both were left unchanged. (B) Same procedure for the marmoset, performed
in the opposite direction. G parameters unchanged. Reading conventions as in Figure
5B and C.

53


https://doi.org/10.1101/2025.03.17.643781
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.03.17.643781; this version posted March 17, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

A Macaque B Marmoset
80 7 9 10 G=1,p;=06,p=1 80 1 A9 A10 G=1,p1=14,p=14
60 4 | 1 P1 P2 60 4 | 1 P1 P2
40 1 - —ex./é 40 1 — —ex.é
20{ [~ 1\ ¢ 20 1 [ ” .
o L T T T T T 1 L T T T T T 1 o L T T T T T 1 L T T T T T 1
80 88 8l8m 8r | 46d_9/46d 80 Asb ABaD_ABaV A46D
— 60 - . . — 60 - . .
N N
T 40 B B T 40 B B
= 20 - _f""\ g g J‘"\_ = 20 - g g
go %0
80 P 7 uP 5 80 oPt uP PE_PEC
2 60 - 1 1 2 60 - 1 1
= 40 1 1 = 40 1 1
L 204 1 1 L 204 1 1
o L T T T T T 1 L T T T T T 1 L T T T T T 1 o L T T T T T 1 L T T T T T 1 L T T T T T 1
80 7A 7B.70p 7m 80 PFG PG PF 7 PGM
60 . . 60 - . .
40 1 1 40 4 1 1
20 1 1 20 1 1
O E T T T T T 1 E T T T T T 1 E T T T T T 1 o E T T T T T 1 E T T T T T 1 E T T T T T 1
02 46 81 02 46 810 0 2 4 6 8 10 02 46 81 0 2 4 6 810 0 2 4 6 8 10
Time (s) Time (s)
C Marmoset
80 7 A9 A0 G-085,p;=1.4,p=1
60 | pr=14.p2
40

20 1
0-

80 1 Asb ABaD_ABaV A46D
— 60 - 1 1
I 40 1 g J““\.—-—-
= 20 , 1 J'—'\_...-.- ,
L o4 E ~
T e e
o 891 oPt 7 I PE_PEC
c 60 1 | 1
= 40 4 1
iC 5 ] i
R e
80 1 PFG_PG PF PGM
60 - 1 1
40 1 1
20 1 1
0 4 4 4

Figure S9: p; — po Parameter space examples of resilience, distractibility and
mixed behavior. (A) Full example behavior for the macaque’s distractible regime at
G =098, p1 = 0.6, po = 1. (B) Full example behavior for the marmoset’s resilient
regime at G = 0.85, p; = 1.4, ps = 1.4. (C) Full example behavior for the marmoset’s
mixed regime at G = 0.85, p; = 1.4, py = 1.
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Figure S10: p3 — p, Parameter space analysis of resilience and distractibility.
Reading conventions as in Figure 7B). Each square is the average of simulations per-
formed over 10 different random seeds, by incremental steps of 0.025 in both directions.
Black open squares indicate (1,1) coordinates in the plane.
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Consensus area h Spine count Source Area name in source
643 Elston et al. 1999
Vi 0 (688, 597) Elston and Rosa, 1997 Vi
V2 0.132269 1201 Elston and Rosa, 1997 V2
V4 0.374088 2429 Elston and Rosa, 1998b V4
3 0.377149 2987 Elston and Rockland 2002 3b
V6 0.488866
1.2 0.552926
DP 0.601343
MT 0.613831 2077 Elston and Rosa 1997 MT
TEO_TEOm 0.641515 4800 Elston et al. 2010a TEO
5 0.673251 4689 Elston and Rockland 2002 5
81.8m_8r 0.68387 3200 Elston and Rosa, 1998a FEF
F1 0.709641 4568 Elston and Rockland 2002 4
F4 0.735719
F3_F6 0.792739 8238 Elston and Rockland 2002 6
32 0.800469
10 0.825804 <688674,868090> Elston et al. 2011a 10
44 F5 0.843874 8238 Elston and Rockland 2002 6
TA 0.851916 2572 Elston and Rosa 1997 Ta
45A_45B 0.858629
46d_9/46d 0.858915 <6626386t48> Elston et al. 2011a 46
LIP 0.869096 2316 Elston and Rosa 1997 LIPv
m 0.904036 2294 Elston 2001 Tm
7B_Top 0.904156 6841 Elston and Rockland 2002 b
F7 0.92325 8238 Elston and Rockland 2002 6
8B 0.923584
STPc_STPi_STPr 0.924344 3585 Elston 2001 STPp
9 0.947519 7637 Elston et al. 2011a 9d
F2 0.981861 8238 Elston and Rockland 2002 6
TEa/ma. TEa/mp TEpd 1 6730 Elston et al. 1999 (TEad) TE

(7260, 6200)

Elston et al. 2009 (TEpd)

Table S1: Macaque spine count, hierarchical values and literary sources. h
are the SLN based hierarchical position estimates. For V1, area 10, and consensus areas
46d.9/46d and TEa/ma_TEa/mp_TEpd, spine count values at the top are the mean of
the values held between angular brackets just below. The last column indicates the name

of the area for which the count was made in its original atlas conventions.
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Consensus area h Spine count Source Area name in source
V1 0 950 Oga et al. 2013 Vi1
V2 0.180824 1240 Elston et al. 1999 V2
V5 0.429611 2359 Elston et al. 1999 MT
A19M_V6 0.508004 1338 Elston et al. 1999 DM
A9 0.565519 4843 Sasaki et al. 2015 8B/9
A10 0.571427 3983 Elston et al. 2001 8B/9
TEO 0.593298 3465 Elston et al. 1999 TEO
Al1-2 0.606556
V4 0.643048 2098 Elston et al. 1999 DL
A45 0.645245
A8aD_A8aV 0.691981
PF 0.692536
A6DR 0.693295
LIP 0.709286
A3a_A3b 0.723727
A8C 0.732859
PE_PEC 0.737931
A46D 0.747617
TE3 0.748794 3100 Oga et al. 2013 TE3
TPO 0.761058
PFG_PG 0.768203
PGM 0.777864
A6M 0.791358
OPt 0.805353
A8b 0.809164 4843 Sasaki et al. 2015 8B/9
Adab_Adc 0.819596
A32_A32V 0.823476
A6DC 0.93911
A6Va_A6Vb 1

Table S2: Marmoset spine count, hierarchical values and literary sources. Read-
ing conventions as in Table S1.
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Table S3: Consensus mapping atlas equivalence table. original atlases from
Markov et al. (2014a) for the macaque and from Theodoni et al. (2022) for the marmoset.

Macaque Marmoset Region Abbreviation
V1 V1 Visual Cortex vVC
V2 V2 Visual Cortex vC
V3 V3 Visual Cortex vC

V3A V3A Visual Cortex VvC
V4 V4 Visual Cortex VvC
V4t v4T Visual Cortex VvC
PIP A19DI Visual Cortex VvC
V6 A19M Visual Cortex vC
V6 V6 Visual Cortex vC
FST FST Visual Cortex vC
MST MST Visual Cortex vC
MT V5 Visual Cortex VvC
Top PF Posterior Parietal Cortex PPC
TA PFG Posterior Parietal Cortex PPC
TA PG Posterior Parietal Cortex PPC
7B PF Posterior Parietal Cortex PPC
LIP LIP Posterior Parietal Cortex PPC
VIP VIP Posterior Parietal Cortex PPC
MIP MIP Posterior Parietal Cortex PPC
AIP AIP Posterior Parietal Cortex PPC
DP OPt Posterior Parietal Cortex PPC
VG6A V6A Posterior Parietal Cortex PPC
5 PE Posterior Parietal Cortex PPC

5 PEC Posterior Parietal Cortex PPC
7m PGM Posterior Parietal Cortex PPC
31 A3l Posterior Parietal Cortex PPC
STPr TPO Lateral Temporal Cortex LTC
STPi TPO Lateral Temporal Cortex LTC
STPc TPO Lateral Temporal Cortex LTC
TPt TPt Lateral Temporal Cortex LTC
PGa PGa-IPa Lateral Temporal Cortex LTC
IPa PGa-IPa Lateral Temporal Cortex LTC
TEO TEO Lateral Temporal Cortex LTC
TEOm TEO Lateral Temporal Cortex LTC
TEav TE1 Lateral Temporal Cortex LTC
TEpv TE2 Lateral Temporal Cortex LTC
TEad TE2 Lateral Temporal Cortex LTC
TEpd TE3 Lateral Temporal Cortex LTC
TEa/ma TE3 Lateral Temporal Cortex LTC
TEa/mp TE3 Lateral Temporal Cortex LTC
POLE TPPro Lateral Temporal Cortex LTC

Continued on next page
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Table S3— Continued from previous page

Macaque Marmoset Region Abbreviation
PERI A35 Ventral Temporal Cortex vTC
PERI A36 Ventral Temporal Cortex VTC
ENTO Ent Ventral Temporal Cortex VTC

TH/TF TF Ventral Temporal Cortex VTC
TH/TF TFO Ventral Temporal Cortex VTC
TH/TF TH Ventral Temporal Cortex VTC
TH/TF TL Ventral Temporal Cortex VTC
TH/TF TLO Ventral Temporal Cortex VTC
Pir APir Ventral Temporal Cortex VTC
Pir Pir Ventral Temporal Cortex VTC
CORE AuAl Auditory Cortex AUD
CORE AuR Auditory Cortex AUD
CORE AuRT Auditory Cortex AUD
MB AuCM Auditory Cortex AUD
MB AuRM Auditory Cortex AUD
MB AuRTM Auditory Cortex AUD
LB AuAL Auditory Cortex AUD
LB AuCL Auditory Cortex AUD
LB AuML Auditory Cortex AUD
LB AuRTL Auditory Cortex AUD
PBr AuRPB Auditory Cortex AUD
PBc AuCPB Auditory Cortex AUD
Pi PalL, Insula INS

Pi PalM Insula INS

Pi TPro Insula INS
INSULA Al Insula INS
INSULA DI Insula INS
INSULA GI Insula INS
INSULA IPro Insula INS
INSULA Rel Insula INS
SII S2E Somato Sensory Cortex SSC
SIT S21 Somato Sensory Cortex SSC
SIT S2PR Somato Sensory Cortex SSC
SIT S2PV Somato Sensory Cortex SSC

1 Al1-2 Somato Sensory Cortex SSC

2 Al1-2 Somato Sensory Cortex SSC

3 A3a Somato Sensory Cortex SSC

3 A3b Somato Sensory Cortex SSC
Pro.St. ProSt Posterior Cingulate Cortex PCC
23 A23a Posterior Cingulate Cortex pPCC

23 A23b Posterior Cingulate Cortex PCC

23 A23c Posterior Cingulate Cortex PCC

23 A23V Posterior Cingulate Cortex pPCC

Continued on next page
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Table S3— Continued from previous page

Macaque Marmoset Region Abbreviation
29/30 A29a-c Posterior Cingulate Cortex PCC
29/30 A29d Posterior Cingulate Cortex PCC
29/30 A30 Posterior Cingulate Cortex PCC

24a A24a Anterior Cingulate Cortex ACC
24b A24b Anterior Cingulate Cortex ACC
24c A24c Anterior Cingulate Cortex ACC
24d A24d Anterior Cingulate Cortex ACC
F1 Adab Motor Premotor Cortex MPC
F1 Adc Motor Premotor Cortex MPC
F2 A6DC Motor Premotor Cortex MPC
F7 A6DR Motor Premotor Cortex MPC
F3 A6M Motor Premotor Cortex MPC
F6 A6M Motor Premotor Cortex MPC
F4 A8C Motor Premotor Cortex MPC
F5 A6Va Motor Premotor Cortex MPC
F5 A6Vb Motor Premotor Cortex MPC
44 A6Va Motor Premotor Cortex MPC
44 A6Vb Motor Premotor Cortex MPC
32 A32 Medial PreFrontal Cortex MPFC
32 A32V Medial PreFrontal Cortex MPFC
14 A14C Medial PreFrontal Cortex MPFC
14 Al4R Medial PreFrontal Cortex MPFC
25 A25 Medial PreFrontal Cortex MPFC
Gu Gu Orbital PreFrontal Cortex OPFC
OPRO OPro Orbital PreFrontal Cortex OPFC
OPAI OPAl Orbital PreFrontal Cortex OPFC
11 All Orbital PreFrontal Cortex OPFC
13 Al3a Orbital PreFrontal Cortex OPFC
13 A13b Orbital PreFrontal Cortex OPFC
13 A13L Orbital PreFrontal Cortex OPFC
13 A13M Orbital PreFrontal Cortex OPFC
ProM ProM VentroLateral PreFrontal Cortex VLPFC
45B A45 VentroLateral PreFrontal Cortex VLPFC
45A A45 VentroLateral PreFrontal Cortex VLPFC
12 A47L VentroLateral PreFrontal Cortex VLPFC
12 A47TM VentroLateral PreFrontal Cortex VLPFC
12 A470 VentroLateral PreFrontal Cortex VLPFC
10 A10 DorsoLateral PreFrontal Cortex DLPFC
9 A9 DorsoLateral PreFrontal Cortex DLPFC
46d A46D DorsoLateral PreFrontal Cortex DLPFC
46v A46V DorsoLateral PreFrontal Cortex DLPFC
9/46d A46D DorsoLateral PreFrontal Cortex DLPFC
9/46v A46V DorsoLateral PreFrontal Cortex DLPFC

Continued on next page
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Table S3— Continued from previous page

Macaque Marmoset Region Abbreviation
8B A8b DorsoLateral PreFrontal Cortex DLPFC
81 A8aD DorsoLateral PreFrontal Cortex DLPFC
81 A8aV DorsoLateral PreFrontal Cortex DLPFC
8m A8aD DorsoLateral PreFrontal Cortex DLPFC
8m A8aV DorsoLateral PreFrontal Cortex DLPFC
8r A8aD DorsoLateral PreFrontal Cortex DLPFC
8r A8aV DorsoLateral PreFrontal Cortex DLPFC
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Parameter Value Explanation
Current equation parameters
Je 0.0107 Cross-coupling current for E pop [nA]
Jer -0.31 Coupling current from I to E pop [nA]
Jr1 -0.12 Coupling current from I to I pop [nA]
Ioan 0.3294 Background current for E pop [nA]
IiYe! 0.26 Background current for I pop [nA]

Conductance equation parameters

N 0.06 NMDA excitatory time constant [s]
TG 0.005 GABA inhibitory time constant [s]
~ 1.282 Saturation factor for excitatory conductances [&]
VI 2 Saturation factor for inhibitory conductance [&]

Noise equation parameters

T 0.002 Noise time constant [s]
OAB 0.01 Noise magnitude for excitatory pop A and B[nA]
oc 0 Noise magnitude for inhibitory pop C [nA]

Transfer function Parameters

a 135 Slope coeflicient [Hz/nA]
b 54 intercept [Hz]

d 0.308 exponential coefficient [s]
g1 4 Descaling parameter [@]
o 177 Frequency threshold [Hz|
¢ 615 Conversion slope [Hz/nA]
0 5.5 intercept [Hz]

Tr 0.002 Firing rate time constant [s]

Synaptic strength parameters

Jmin 0.21 Minimal synaptic strength [nA]
Jmaz 0.42 Maximal synaptic strength [nA]
Jo 0.2112  Basic synaptic strength for computing gradient of Jrg [nA]

Inter-areal connectivity

G 0.98-0.85 Global coupling strength [&]
k1 1.2 FLN scaling parameter 1 [&]
ko 0.3 FLN scaling parameter 2 [&]
p1 1 FLN amplification from PFC to PFC [&]
P2 1 FLN amplification from PFC to PPC [&]
03 1 FLN amplification from PPC to PPC [g]
P4 1 FLN amplification from PPC to PFC [&]

Table S4: Marmoset pine count, hierarchical values and literary sources. Read-
ing conventions as in Table S1. All parameter values are taken from Mejias and Wang
(2022) apart from G and p.
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Downloadable supplementary material

Videos S1 and S2

Table S5

Simulation code

63


https://drive.google.com/drive/folders/1mbBuY1kGMbjFLdeBNKkMlnfMpKu1wge5?usp=drive_link
https://docs.google.com/spreadsheets/d/1mapDLnFitk0MWjtS7q84iE1_UqHzFm3q/edit?usp=drive_link&ouid=105677382995008182289&rtpof=true&sd=true
https://drive.google.com/drive/folders/1n43sPHYyQMlZnHCYgGILgmCvKH4q3jYa?usp=drive_link
https://doi.org/10.1101/2025.03.17.643781
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Introduction
	Methods
	Anatomical connectivity data
	Spine count gradient
	Consensus mapping: Atlas
	Consensus mapping: Computing connectivity
	Consensus mapping: Spine Count gradient
	Consensus mapping: 11×11 matrices
	Computational model: local circuit
	Computational model: Spine count gradient as synaptic strength
	Computational model: Inter-areal connectivity

	Results
	Connectome data, hierarchy, and spine counts
	Standard behavior of the 11×11 consensus area model
	Bridging the gap between species

	Discussion
	Relevance of consensus mapping
	Parametrization of the marmoset
	Scaling properties of the brain
	Distracted macaques and focused marmosets
	Working memory, ethology and evolution

	Conclusion

