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Extended Data Fig. 7 | See next page for caption.
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Extended Data Fig. 7 | Additional decoding of active and passive decisions, 
huddle size, and huddle membership. a-d. Performance of SVM decoders 
(mean ± SEM) trained to classify active entry from speed-matched running (a), 
active exit from speed-matched running (b), passive entry from rest (c), and 
passive exit from rest (d). e,f. Cross-decoding performance of SVM decoders 
trained on active entry predicting active exit (e), or trained on active exit 
predicting active entry (f) g,h. Cross-decoding performance of SVM decoders 
trained on passive entry predicting passive exit (g), or trained on passive exit 
predicting passive entry (h). i,j. Cross-decoding performance of SVM decoders 
trained on active entry predicting passive entry (i), or trained on active exit 
predicting passive exit (j). k,l. Cross-decoding performance of SVM decoders 
trained on passive entry predicting active entry (k), or trained on passive exit 
predicting active exit (l). m. Example raster plot of huddling behavior for all 
four animals in one session, color coded by huddle size. n. Example pie charts 
showing proportion of time for various huddle configurations for huddles of 
two and three for one group. o. Matrix showing proportion of subject animal’s 

(x-axis) total huddle time with partner animals (y-axis) for one session. Sum 
of proportions for one animal can exceed 1 because subjects can huddle with 
multiple animals simultaneously. p. Partner preference index (maximum 
preferred partner – minimum preferred partner) for real data vs. shuffled data 
in which binary vectors containing individual huddle behaviors are circularly 
shifted relative to each other. q. Schematic of potential huddle memberships 
for huddles of two during miniscope imaging. r. Performance of multi-class LDA 
decoders trained to classify huddle membership for huddles of two from dmPFC 
population activity. Baseline is 33% (three possible memberships). s. Schematic 
of potential huddle sizes during miniscope imaging. t-v. Performance of SVM 
decoders trained to classify huddle size of 2 vs. 3 (t), 2 vs. 4 (u), and 3 vs. 4 (v). 
Box plots: center line–median; box limits–upper/lower quartiles; whiskers–min/
max. Statistical tests: two-way ANOVA with Bonferroni post-hoc (a-d) and two-
tailed Wilcoxon matched pairs tests (e-l,p,r,t-v). *P < .05, **P < .01, ***P < .001, 
****P < .0001. See Supplementary Table 1 for statistical details.
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Extended Data Fig. 8 | Additional data related to chemogenetic silencing.  
a. Schematic illustrating potential composition of membership for huddles of 2: 
SAL-SAL, SAL-CNO, and CNO-CNO during thermal challenge in 2C,2S condition. 
b. Percent of total time observed for possible membership compositions for 
huddles of two (n = 24 individuals from 6 groups). c. Within animal comparison 
of percent of entry decisions that are passive during 4S, 2C, and 2S conditions 
(n = 24 individuals from 6 groups). d. Within animal comparison of percent 
of exiting decisions that are passive during 4S, 2C, and 2S conditions (n = 24 
individuals from 6 groups). e. Within group comparison of percent of entry 
decisions that are active for 2C, 2S condition (n = 24 individuals from 6 groups). 
Data in main figure shown as within animal comparisons. f. Within group 

comparison of percent of exiting decisions that are active for 2C, 2S condition 
(n = 24 individuals from 6 groups). Data in main figure shown as within animal 
comparisons. g. Individual animals’ total locomotion during null windows  
when no active, passive, or huddle behaviors are annotated during 4S, 2C, and  
2S conditions (n = 24 individuals from 6 groups). h. Representative open field  
test trajectories at room temperature and 5 °C after SAL or CNO injection.  
Box plots: center line–median; box limits–upper/lower quartiles; whiskers–min/
max. Statistical tests: one-way ANOVA with Bonferroni post-hoc (b-d,g) and  
two-tailed Mann-Whitney tests (e-f). *P < .05, **P < .01, ***P < .001, ****P < .0001. 
See Supplementary Table 1 for statistical details.
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Extended Data Fig. 9 | See next page for caption.
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Extended Data Fig. 9 | Chemogenetic silencing of all four animals does not 
alter huddling behaviors. a. Example image showing AAV-hM4Di-mCherry 
expression in the dmPFC Scale bar, 500 µm. b. Schematic illustrating 
experimental paradigm for DREADD inhibition of dmPFC during thermal 
challenge. 4 SAL refers to condition in which all four animals are injected with 
saline. 4 CNO refers to condition in which two animals are injected with CNO. 
c-g. Percent time in huddle states observed for all five group states during 4S 
and 4 C conditions (n = 6 groups). h. Individual animal’s total percent time spent 
huddling in 4S and 4 C conditions (n = 24 individuals from 6 groups). i. Within 
animal comparison of percent of entry decisions that are active during 4S and 4 C 
conditions (n = 24 individuals from 6 groups). j. Total number of entry decisions 

per group (active and passive from all four animals) during 4S and 4 C conditions 
(n = 24 individuals from 6 groups). k. Within animal comparison of percent of 
exiting decisions that are active during 4S and 4 C conditions (n = 24 individuals 
from 6 groups). l. Total number of exiting decisions per group (active and passive 
from all four animals) during 4S and 4 C conditions (n = 24 individuals from 6 
groups). m. Coronal sections illustrating histological verification of hm4Di-
mCherry viral targeting and spread in dmPFC. Box plots: center line–median; box 
limits–upper/lower quartiles; whiskers–min/max. Statistical tests: two-tailed 
Wilcoxon matched pairs tests (c-l). *P < .05, **P < .01, ***P < .001, ****P < .0001.  
See Supplementary Table 1 for statistical details.

http://www.nature.com/natureneuroscience


Nature Neuroscience

Article https://doi.org/10.1038/s41593-026-02224-0

Extended Data Fig. 10 | mCherry controls for chemogenetic silencing 
experiments. a. Example image showing AAV-mCherry expression in the dmPFC. 
Scale bar, 500 µm. b. Schematic illustrating experimental paradigm for mCherry 
chemogenetic control during thermal challenge. 4 SAL refers to condition in 
which all four animals are injected with saline. 2CNO, 2 SAL refers to condition in 
which two animals are injected with CNO, and two with saline. c-g. Percent time 
in huddle states observed for all five group states during 4S and 2C,2S conditions 
(n = 5 groups). h. Individual animal’s total percent time spent huddling in 4S, 
2C, and 2S conditions (n = 20 individuals from 5 groups). i,k. Within animal 
comparison of percent of entry or exit decisions that are active during 4S, 2C, 
and 2S conditions (n = 20 individuals from 5 groups). j,l. Total number of entry 
or exit decisions per group (active and passive from all four animals) during 
4S and 2C,2S conditions (n = 20 individuals from 5 groups). m. Schematic 
illustrating open field test at room temperature (RT) and 5 °C. n-o. Within 

animal comparison of total locomotion or time in center during open field test 
at both room temperature and 5 °C after SAL or CNO injection (n = 20 animals). 
p. Representative infrared thermal images demonstrating temperature above 
BAT (brown adipose tissue, black circles) after SAL or CNO injection at room 
temperature. q. Quantification of thermography images in regions above BAT 
after SAL or CNO injection (n = 20 animals). r. Schematic illustrating behavioral 
thermotaxis assay. s. Within animal comparison of percent time spent in warm 
corner versus the average of three cold corners after SAL or CNO injection  
(n = 20 animals). Box plots: center line–median; box limits–upper/lower  
quartiles; whiskers–min/max. Statistical tests: one-way (h,i,k) and two-way  
(n,o,s) ANOVA with Bonferroni post-hoc, and two-tailed Wilcoxon matched  
pairs tests (c-g,j,l,q) tests. *P < .05, **P < .01, ***P < .001, ****P < .0001.  
See Supplementary Table 1 for statistical details.
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Reporting Summary
Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 

in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 

Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 

AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 

Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection In vivo microendoscopic imaging data and behavior videos was collected using Miniscope V4 (UCLA) and open source data acquisition 

software (https://github.com/Aharoni-Lab/Miniscope-DAQ-QT-Software). Confocal images were collected using ZEISS ZEN (black edition, 

v2.1).

Data analysis Statistical analyses were conducted using Prism (V10, GraphPad), MATLAB (R2022a, MathWorks) or Python (3.10). Code for behavior analysis 

toolboxes (https://github.com/pdollar/toolbox and https://github.com/hongw-lab/behavior_annotator), multi-animal pose tracking (SLEAP 

v1.1.5, https://github.com/talmolab/sleap), microendoscopic imaging data analysis (https://github.com/etterguillaume/miniscopeanalysis, 

https://github.com/zhoupc/cnmf_e, https://github.com/flatironinstitute/normcorre, https://github.com/hongw-lab/cscreener, https://

github.com/hongw-lab/1p_preprocessing), and additional analyses supporting the conclusions of this paper (https://github.com/hongw-lab/

Code_for_2025_Raam) is available on GitHub.

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 

reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.
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Data

Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 

- Accession codes, unique identifiers, or web links for publicly available datasets 

- A description of any restrictions on data availability 

- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

All data and analyses necessary to understand the conclusions of the Article are presented in the main text and in Extended Data. Source data are provided with this 

paper.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 

and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender n/a

Reporting on race, ethnicity, or 

other socially relevant 

groupings

n/a

Population characteristics n/a

Recruitment n/a

Ethics oversight n/a

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size Sample sizes were determined by comparison to other standard studies in the field.

Data exclusions For SVM and LDA analysis of calcium imaging, animals were excluded if they had too few (<5 bouts) of the relevant behavior, rendering 

classification unfeasible.

Replication All findings were independently reproduced by duplicated analysis from other laboratory members. All analyses were successfully reproduced.

Randomization All subjects in manipulation experiments were adult male age-matched C57 mice that are genetically identical to each other. Randomization/

counterbalancing was performed where possible for the order of manipulation.

Blinding Experimenters were not blinded to experimental group during data collection, but were blinded during data analysis. 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 

system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems

n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods

n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Animals and other research organisms

Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in 

Research

Laboratory animals mice, C57/B6, 8-12 weeks old

Wild animals n/a

Reporting on sex All male mice were used except for 20 female mice in Extended Data 2. Sex based analyses were performed and reported in Table S1.

Field-collected samples n/a

Ethics oversight All studies were carried out in conformity with the Institutional Animal Care and Use Committee (IACUC) at UCLA. 

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Novel plant genotypes n/a

Seed stocks n/a

Authentication n/a
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