Supplementary Information - Hippocampal Synchrony Dynamically Gates Cortical Connectivity Across Brain States

Supplementary Figures
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Figure S1. Recording schematic and histological verification of electrode placements. A, 3D diagram of custom-designed, 3D-printed microdrive used for chronic recordings. The assembly includes a 16-channel electrode interface board  and a bundle of 4 tungsten electrodes. B, Schematic of the in vivo recording setup. The implanted microdrive on the rat's head was connected to an Intan amplifier system for data acquisition from the targeted brain regions. All sessions were video recorded for brain state classification. C-F, Representative Nissl-stained coronal brain sections (100 um thick, rat PF07) illustrate electrode tracks and lesion sites at the indicated anterior-posterior (AP) coordinates relative to bregma. C, PFC (+3.00 mm AP); D, RSC (−3.66 mm AP); E, CA1d (−3.66 mm AP); and F, CA1v (−5.28 mm AP). Black ‘X’ marks on schematic overlays indicate targeted coordinates for electrode implantation. Insets highlight the electrode tracks or lesions within the corresponding target regions at higher magnification. Scale bars: 1 mm (whole section); 200 µm (inset).
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Figure S2. Cross-regional phase modulation of sleep oscillations and ripple events. Polar plots illustrate the preferred phase of spindle and ripple event occurrence relative to ongoing SO and spindle cycles in PFC, RSC, CA1d, and CA1v. A and B, spindle onset probability as a function of SO phase in PFC (blue) and RSC (orange), showing consistent phase-locking to the SO up-state with significant differences in mean phase angle (Rayleigh test, p-values indicated). C and D, probability of CA1d (magenta) and CA1v (cyan) ripples as a function of spindle phase in PFC and RSC, demonstrating significant, though modest, phase modulation (p-values indicated). Rightmost panels depict the mean phase relationships on a schematic oscillation cycle, with vertical bars indicating the mean preferred phase for each event type and region. MRL: mean resultant vector length.
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Figure S3. Preferred phase of neuronal spiking relative to ongoing sleep oscillations across hippocampal and cortical regions during NREM sleep. Polar plots show the probability distribution of spike timing for CA1d (red), CA1v (blue), RSC (black), and PFC (magenta) neurons as a function of ongoing SO phase in PFC (A) or RSC (B). Same format as above, but for spike timing relative to the phase of spindle oscillations detected in PFC (C) or RSC (D). Rightmost panels in each row summarize the mean preferred phases for each population, plotted on the corresponding oscillatory cycle, with colored tick marks denoting the circular mean for each region. For each plot, the Rayleigh p-value and mean resultant vector length (MRL) are indicated. 
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Figure S4. Intrinsic characteristics of independent and coordinated hippocampal ripples. Boxplots comparing ripple duration, intra-ripple frequency, amplitude, density, and fraction for coordinated (red) and independent (black) ripples recorded in CA1d (A) and CA1v (B). In each plot, the box indicates the interquartile range (25th–75th percentile), the horizontal line marks the median, whiskers depict lower (Q1) and upper (Q4) quartiles, and individual ripple events are shown as semi-transparent dots. Statistical comparisons were performed using two-sided Wilcoxon rank-sum tests; p-values and effect sizes (Cohen’s d), d) are indicated above each plot. Asterisks (***) denote highly significant differences (p < 0.001). 
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Figure S5. Comparison of pre-ripple slow oscillation characteristics and firing rates for independent versus coordinated ripples. Boxplots show features of PFC (A) and RSC (B) SOs preceding independent (black) and coordinated (red) hippocampal ripples. Panels show SO waveform characteristics: growth slope (A1, B1), decay slope (A2, B2), amplitude (A3, B3), time to peak (A4, B4), and duration (A5, B5). The final panels show neuronal firing rates during the source SOs down- and up-states, separated into local and cross-regional activity. Local firing rates are shown for the PFC during its own SO (A6) and the RSC during its own SO (B7). Cross-regional modulation is shown by the RSC firing rate during the PFC SO (A7) and the PFC firing rate during the RSC SO (B6). In each plot, the box indicates the interquartile range (25th–75th percentile), the horizontal line marks the median, and whiskers depict the rest of the data distribution. Statistical significance was determined by two-sided Wilcoxon rank-sum tests, and effect sizes were calculated using Cohen's d. were observed in the growth slope of both PFC (A1, p = 0.02, d = 0.12) and RSC (B1, p = 4.8x10-4, d = 0.20) SOs. firing rates were significantly higher preceding coordinated ripples for the PFC during its own SO down-state (A6 left, p = 7x10-104, d = 3.5) and up-state (A6 right, p = 2.1x10-83, d = 3.5), and for the PFC firing rate during RSC SO down-state (B6 left, p = 2.4x10-103, d = 3.3) and up-state (B6 right, p = 2.4x10-66, d = 3.7). 
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Figure S6. Modulation of cortical oscillation dynamics by the propagation direction of coordinated hippocampal ripples. A, average z-scored count of SOs in RSC (top row) and PFC (bottom row) time-locked to the onset (t = 0) of coordinated ripples. Each plot displays SOs aligned to ripple onset in either CA1d (left column) or CA1v (right column), comparing CA1d-to-CA1v (red) and CA1v-to-CA1d (gray) propagation directions. B, corresponding plots showing average z-scored power of spindle events in RSC (top row) and PFC (bottom row), time-locked to ripple onset as in (A). Solid lines indicate the smoothed mean, and shaded areas represent the standard error of the mean (S.E.M.). Statistical significance was determined using point-wise two-sided Wilcoxon rank-sum tests with False Discovery Rate (FDR) correction for multiple comparisons. No significant statistical differences were detected (p < FDR-corrected threshold and |Cohen’s d| above criterion) within the analysis window.
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Figure S7. Classification of single units as putative pyramidal neurons and interneurons across recording sites. (A–D) Summary of spike sorting and cell-type classification for CA1d (A), CA1v (B), RSC (C), and PFC (D). For each region: (1) Top: Principal component (PC) scatter plots of negative waveform components for all recorded units (left, black), and color-coded separation of putative pyramidal neurons (Pyr, red) and interneurons (Int, blue) based on waveform features (right). (2) Bottom: Overlaid (left) and mean (center) spike waveforms (normalized to minimum amplitude) for each unit type, and boxplots comparing average firing rates between interneurons and pyramidal neurons, with unit counts indicated (n) and p-values from two-sided Wilcoxon rank-sum tests (right). Panels A.2, B.2, C.2, and D.2 display the same waveform and firing rate analyses as the 'bottom plots' for negative waveform units. Note that PC scatter plots are not included for positive waveform units. Classification for positive waveform units was based solely on their firing rate, as clear separation could not be obtained with k-means clustering. In all boxplots, the box indicates the interquartile range (25th–75th percentile), the line marks the median, whiskers depict lower (Q1) and upper (Q4) quartiles, and individual data points are shown as semi-transparent dots.
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Figure S8. Dynamics of pyramidal-to-interneuron firing rate ratios aligned to ripple onset across brain regions and brain states. A, time course of the pyramidal/interneuron (Pyr/Int) firing rate ratio in CA1d, CA1v, RSC, and PFC, aligned to ripple onset (t = 0 ms) in CA1d (left columns) and CA1v (right columns), for NREM sleep (blue) and quiet wakefulness (QW, magenta). B, same as (A), but during NREM, comparing independent (black) versus coordinated (red) ripples. C, same as (B), but during QW. In all panels, solid lines represent the mean ratio, and shaded regions indicate the S.E.M. Statistical significance was determined using point-wise two-sided Wilcoxon rank-sum tests with False Discovery Rate (FDR) correction for multiple comparisons. No significant statistical differences were detected (p < FDR-corrected threshold and |Cohen’s d| above criterion) within the analysis window.
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Figure S9. Brain state modulation of ripple-triggered spiking across hippocampal–cortical networks. Mean z-scored firing rates of CA1d, CA1v, RSC, and PFC neurons time-locked to CA1d ripple onset (A) or CA1v ripple onset (B) during NREM sleep (blue) and quiet wakefulness (QW; magenta). In all panels, shaded bands indicate the SEM and the dashed vertical line marks ripple onset (t = 0 ms). Asterisks denote time bins with significant differences between states (paired Wilcoxon signed-rank test across sessions for each bin; Benjamini–Hochberg FDR correction across bins for each trace pair). Animals recorded: CA1d (n = 18), CA1v (n = 13), RSC (n = 19), PFC (n = 20). Animals recorded: CA1d (n = 18), CA1v (n = 13), RSC (n = 19), PFC (n = 20).





Supplementary tables
Table S1. Histological confirmation of recorded brain regions per animal. 
	Animal ID
	CA1v
	CA1d
	RSC
	PFC

	AL21
	-
	+
	+
	+

	AL25
	+
	+
	+
	+

	AL29
	-
	-
	+
	+

	AL31
	-
	+
	+
	+

	MC22
	+
	+
	+
	+

	MC25
	+
	+
	+
	+

	MC26
	-
	-
	+
	+

	NE01
	+
	+
	+
	+

	PF07
	+
	+
	+
	+

	PF11
	+
	+
	+
	+

	PF19
	+
	+
	+
	+

	PF24
	+
	+
	+
	+

	PF26
	-
	+
	+
	+

	PF30
	-
	+
	+
	+

	PF31
	+
	+
	+
	+

	PF33
	+
	+
	+
	+

	PF34
	-
	+
	-
	+

	PF39
	+
	+
	+
	+

	PF40
	+
	+
	+
	+

	TM36
	+
	+
	+
	+


‘+’ indicates successful electrode placement in the region and inclusion of its data in analysis; whereas ‘–’ depicts failed electrode placement.


Table S2. Duration and relative proportion of brain states across animals during sleep recordings.
	Animal ID
	Total time (min)
	QW (min)
	NREM (min)
	REM (min)
	QW (%)
	NREM (%)
	REM (%)

	AL21
	593.8
	379.2
	191.8
	22.8
	63.9
	32.3
	3.8

	AL25
	803
	608
	181.8
	13.2
	75.7
	22.6
	1.6

	AL29
	695.7
	442.7
	211.3
	41.7
	63.6
	30.4
	6

	AL31
	569.8
	317.8
	241.8
	10.2
	55.8
	42.4
	1.8

	MC22
	922.3
	282.5
	553.7
	86.2
	30.6
	60
	9.3

	MC25
	623.7
	245.7
	334
	44
	39.4
	53.6
	7.1

	MC26
	968
	690
	242.3
	35.7
	71.3
	25
	3.7

	NE01
	669.2
	488.7
	155.1
	25.4
	73
	23.2
	3.8

	PF07
	743
	717.3
	24.7
	1
	96.5
	3.3
	0.1

	PF11
	855.8
	409.5
	321.3
	125
	47.8
	37.5
	14.6

	PF19
	886.8
	613.2
	270.3
	3.3
	69.1
	30.5
	0.4

	PF24
	901.2
	432
	393.5
	75.7
	47.9
	43.7
	8.4

	PF26
	870.8
	396.3
	418
	56.5
	45.5
	48
	6.5

	PF30
	974.5
	792.3
	169.3
	12.8
	81.3
	17.4
	1.3

	PF31
	710.2
	420.8
	239.5
	49.8
	59.3
	33.7
	7.0

	PF33
	469.2
	415.8
	53.3
	0
	88.6
	11.4
	0.0

	PF34
	903.4
	449.2
	447.8
	6.4
	49.7
	49.6
	0.7

	PF39
	740.7
	319.2
	370.2
	51.3
	43.1
	50
	6.9

	PF40
	881.2
	306.3
	456.2
	118.7
	34.8
	51.8
	13.5

	TM36
	892.8
	562.2
	309.2
	21.5
	63
	34.6
	2.4

	Mean
±SD
	783.8
±144.9
	464.4
±153.0
	279.3
±135.9
	40.1
±37.1
	60
±17.9
	35
±15.1
	4.9
±4.3


Cumulative recording time (in minutes) per animal, together with the absolute (min) and relative (%) durations of nREM sleep, REM sleep, and quiet wakefulness (QW). Data represents totals across all recorded sessions. nREM mean and relative times are highlighted in bold.

Table S3. Pairwise co-occurrence rates of canonical sleep oscillations during nREM sleep.
	Coordinated events
	Figure
	Occurrence (Hz) 

	PFC SO - PFC spindle
	1B (left)
	0.110 ± 0.004

	PFC SO - RSC spindle
	1B (left)
	0.090 ± 0.003

	RSC SO - PFC spindle
	1B (right)
	0.090 ± 0.003

	RSC SO - RSC spindle
	1B (right)
	0.080 ± 0.002

	PFC SO - CA1d spindle
	1C (left)
	0.080 ± 0.003

	PFC SO - CA1v spindle
	1C (left)
	0.060 ± 0.003

	RSC SO - CA1d spindle
	1C (right)
	0.080 ± 0.004

	RSC SO - CA1v spindle
	1C (right)
	0.060 ± 0.003

	CA1d ripple - PFC spindle
	1D (left)
	0.060 ± 0.002

	CA1d ripple - RSC spindle
	1D (left)
	0.070 ± 0.002

	CA1v ripple - PFC spindle
	1D (right)
	0.060 ± 0.002

	CA1v ripple - RSC spindle
	1D (right)
	0.060 ± 0.002

	CA1d ripple (Indep.) - PFC SO
	4C (left, top)
	0.110 ± 0.006

	CA1d ripple (Coord.) - PFC SO
	4C (left, top)
	0.030 ± 0.003

	CA1v ripple (Indep.) - PFC SO
	4C (right, top)
	0.120 ± 0.007

	CA1v ripple (Coord.) - PFC SO
	4C (right, top)
	0.030 ± 0.002

	CA1d ripple (Indep.) - RSC SO
	4C (left, bottom)
	0.120 ± 0.008

	CA1d ripple (Coord.) - RSC SO
	4C (left, bottom)
	0.040 ± 0.004

	CA1v ripple (Indep.) - RSC SO
	4C (right, bottom)
	0.130 ± 0.008

	CA1v ripple (Coord.) - RSC SO
	4C (right, bottom)
	0.040 ± 0.003

	CA1d ripple (Indep.) - PFC spindle
	4C (left, top)
	0.090 ± 0.005

	CA1d ripple (Coord.) - PFC spindle
	4C (left, top)
	0.030 ± 0.003

	CA1v ripple (Indep.) - PFC spindle
	4C (right, top)
	0.130 ± 0.008

	CA1v ripple (Coord.) - PFC spindle
	4C (right, top)
	0.030 ± 0.002

	CA1d ripple (Indep.) - RSC spindle
	4C (left, bottom)
	0.110 ± 0.005

	CA1d ripple (Coord.) - RSC spindle
	4C (left, bottom)
	0.040 ± 0.003

	CA1v ripple (Indep.) - RSC spindle
	4C (right, bottom)
	0.130 ± 0.007

	CA1v ripple (Coord.) - RSC spindle
	4C (right, bottom)
	0.030 ± 0.002


Occurrence rate (events s⁻¹, mean ± s.e.m.) of coordinated pairs of sleep events across hippocampal and cortical regions during nREM sleep. Coordinated events lists the two oscillations considered in each pair: SO (slow oscillation), spindle (7–15 Hz), and ripple (100–250 Hz). Brain regions are PFC (medial prefrontal cortex), RSC (retrosplenial cortex), CA1d (dorsal CA1), and CA1v (ventral CA1). Indep. indicates ripple events expressed at a single hippocampal pole; Coord. indicates dorsal–ventral ripple co-occurrence. The Figure column points to the panel in the manuscript where the corresponding trace is shown. Rates were averaged across recording sessions (and animals) and computed only within nREM epochs as defined in Methods.

Table S4. Total recording sessions and unitary activity recorded per animal and brain region.
	 
Animal ID
	Sessions
	CA1d
	CA1v
	RSC
	PFC
	 
Total

	
	
	SUA
	MUA
	SUA
	MUA
	SUA
	MUA
	SUA
	MUA
	

	AL21
	9
	1
	18
	0
	0
	9
	16
	4
	15
	63

	AL25
	8
	25
	11
	5
	14
	22
	9
	25
	19
	130

	AL29
	10
	0
	0
	0
	0
	5
	25
	15
	41
	86

	AL31
	9
	26
	3
	0
	0
	27
	0
	15
	2
	73

	MC22
	9
	38
	0
	15
	5
	35
	15
	13
	0
	121

	MC25
	10
	29
	14
	17
	22
	35
	8
	24
	3
	152

	MC26
	10
	0
	0
	0
	0
	26
	34
	11
	5
	76

	NE01
	11
	33
	16
	8
	14
	26
	17
	6
	16
	136

	PF07
	10
	18
	28
	2
	2
	43
	15
	5
	0
	113

	PF11
	9
	36
	5
	18
	4
	3
	2
	18
	4
	90

	PF19
	10
	1
	32
	1
	35
	0
	32
	3
	41
	145

	PF24
	10
	1
	26
	0
	19
	2
	48
	0
	34
	130

	PF26
	9
	2
	22
	0
	0
	1
	31
	1
	37
	94

	PF30
	10
	1
	49
	0
	0
	0
	15
	2
	25
	92

	PF31
	8
	0
	16
	1
	19
	0
	3
	0
	32
	71

	PF33
	9
	16
	8
	1
	0
	19
	0
	0
	12
	56

	PF34
	10
	51
	14
	0
	0
	0
	3
	41
	0
	109

	PF39
	9
	40
	2
	3
	1
	34
	15
	35
	3
	133

	PF40
	9
	7
	4
	2
	1
	10
	0
	29
	0
	53

	TM36
	7
	5
	12
	11
	3
	0
	0
	0
	3
	34

	Total
	186
	330
	280
	84
	139
	297
	288
	247
	292
	1957


SUA stands for single unit activity. MUA stands for multi-unit activity. Total refers to the sum of all recorded SUAs and MUAs per animal. 

Table S5. Fixed effects coefficients from a linear mixed-effects model of neuronal firing rate during ripple episodes.
	
	Estimate
	Standard Error
	t-value
	df
	P
	95% Confidence Intervals

	(Intercept)
	-0.493
	0.036
	-13.641
	1,838,500
	2.31×10−4
	-0.564
	-0.422

	CA1v
	0.483
	0.049
	9.808
	1,838,500
	1.06×10−22
	0.386
	0.579

	PFC
	0.103
	0.046
	2.226
	1,838,500
	0.026
	0.012
	0.193

	RSC
	-0.029
	0.046
	-0.644
	1,838,500
	0.520
	-0.119
	0.06

	State
	0.058
	0.042
	1.402
	1,838,500
	0.161
	-0.023
	0.14

	Pole
	0.133
	0.031
	4.339
	1,838,500
	1.43×10−4
	0.073
	0.194

	Type
	0.421
	0.03
	13.727
	1,838,500
	7.04×10−43
	0.354
	0.472

	CA1v x State
	-0.421
	0.068
	-6.16
	1,838,500
	7.28×10−10
	-0.554
	-0.287

	PFC x State
	-0.097
	0.063
	-1.529
	1,838,500
	0.126
	-0.221
	0.027

	RSC x State
	0.089
	0.063
	1.423
	1,838,500
	0.155
	-0.034
	0.212

	CA1v x Pole
	-0.447
	0.05
	-8.89
	1,838,500
	6.14×10−19
	-0.546
	-0.348

	PFC x Pole
	0.067
	0.047
	1.417
	1,838,500
	0.157
	-0.028
	0.159

	RSC x Pole
	0.064
	0.047
	1.367
	1,838,500
	0.172
	-0.028
	0.155

	State x Pole
	-0.125
	0.043
	-2.899
	1,838,500
	0.004
	-0.21
	-0.041

	CA1v x Type
	-0.362
	0.049
	-7.35
	1,838,500
	1.98×10−13
	-0.459
	-0.266

	PFC x Type
	-0.119
	0.046
	-2.577
	1,838,500
	0.010
	-0.209
	-0.028

	RSC x Type
	0.027
	0.046
	0.596
	1,838,500
	0.551
	-0.062
	0.117

	State x Type
	-0.042
	0.042
	-0.727
	1,838,500
	0.467
	-0.112
	0.028

	Pole x Type
	0.476
	0.031
	15.346
	1,838,500
	3.82×10−53
	0.415
	0.536

	CA1v x State x Pole
	0.458
	0.071
	6.484
	1,838,500
	8.96×10−11
	0.319
	0.596

	PFC x State x Pole
	0.056
	0.066
	0.86
	1,838,500
	0.390
	-0.072
	0.185

	RSC x State x Pole
	-0.15
	0.065
	-2.308
	1,838,500
	0.021
	-0.277
	-0.023

	CA1v x State x Type
	0.666
	0.069
	9.72
	1,838,500
	2.48×10−22
	0.532
	0.8

	PFC x State x Type
	0.135
	0.064
	2.113
	1,838,500
	0.035
	0.01
	0.259

	RSC x State x Type
	-0.135
	0.063
	-2.156
	1,838,500
	0.031
	-0.259
	-0.012

	CA1v x Pole x Type
	-0.299
	0.051
	-5.905
	1,838,500
	3.52×10−9
	-0.399
	-0.2

	PFC x Pole x Type
	-0.523
	0.048
	-10.998
	1,838,500
	3.93×10−28
	-0.616
	-0.43

	RSC x Pole x Type
	-0.664
	0.047
	-14.112
	1,838,500
	3.21×10−45
	-0.756
	-0.571

	State x Pole x Type
	0.308
	0.044
	7.054
	1,838,500
	1.74×10−12
	0.222
	0.393

	CA1v x State x Pole x Type
	-0.939
	0.071
	-13.174
	1,838,500
	1.24×10−39
	-1.079
	-0.799

	PFC x State x Pole x Type
	-0.314
	0.066
	-4.732
	1,838,500
	2.23×10−6
	-0.443
	-0.184

	RSC x State x Pole x Type
	-0.026
	0.066
	-0.398
	1,838,500
	0.690
	-0.154
	0.102


Fixed effects coefficients (Estimate), their standard errors, t-statistics (t-value), degrees of freedom (df), p-values (P), and 95% confidence intervals (confidence limits). Coefficients for CA1v, PFC, and RSC represent the estimated difference in neuronal firing rate compared to the CA1d region, holding other factors constant. The intercept represents the estimated neuronal firing rate when all factors are at their reference levels. State refers to brain state (QW or nREM). Pole refers to ripple initiation pole of the hippocampus (dorsal or ventral). Ripple type refers to ripple synchrony (independent or coordinated). P < 0.05 are highlighted in bold. Firing rate during ripple episodes was modeled as a function of fixed effects (recorded region, brain state, initiation pole, ripple type, and their interactions) and random effects (animal and session), according to the following formula: 
Firing rate ~ state * pole * type * region + (1|animal) + (1|animal:session) + residuals


Table S6. Summary of linear mixed-effects model parameters and fit statistics.
	Statistic / Parameter
	Value / Estimate
	95% Confidence Intervals

	Model Information
	
	
	

	Number of Observations
	1,838,524
	
	

	Number of Fixed Effects
	32
	
	

	Number of Random Effects
	131
	
	

	Number of Covariance Parameters
	3
	
	

	Model Formula
	Linear Mixed Formula with 6 predictors.
	
	

	Random Effects Parameters
	
	
	

	Animal (SD)
	0.07076
	0.047
	0.10627

	Animal:Session (SD)
	0.05079
	0.044
	0.0584

	Error (Residual SD)
	0.97065
	0.96966
	0.97164

	Model Fit Statistics
	
	
	

	Log-Likelihood
	-2,550,000
	
	

	Deviance
	5
	
	

	AIC
	5,110,000
	
	

	BIC
	5,110,000
	
	


AIC, Akaike Information Criterion; BIC, Bayesian Information Criterion.


Table S7. Analysis of variance (ANOVA) marginal tests (Type III) for linear mixed-effects model.
	 
	F value
	df1
	df2
	P value

	Intercept
	186.07
	1
	131
	4.89×10−28

	Region
	40.04
	3
	1,840,000
	7.26×10−26

	State
	1.97
	1
	1,840,000
	0.161

	Pole
	18.83
	1
	1,830,000
	1.43×10−5

	Type
	188.43
	1
	1,840,000
	7.04×10−43

	Region x State
	18.73
	3
	1,840,000
	3.83×10−12

	Region x Pole
	35.83
	3
	1,840,000
	3.80×10−23

	State x Pole
	8.41
	1
	1,840,000
	0.004

	Region x Type
	23.11
	3
	1,840,000
	5.94×10−15

	State x Type
	0.53
	1
	1,840,000
	0.467

	Pole x Type
	235.49
	1
	1,830,000
	3.82×10−53

	Region x State x Pole
	23.66
	3
	1,840,000
	2.64×10−15

	Region x State x Type
	46.1
	3
	1,840,000
	8.77×10−30

	Region x Pole x Type
	76.9
	3
	1,840,000
	9.89×10−50

	State x Pole x Type
	49.76
	1
	1,840,000
	1.74×10−12

	Region x State x Pole x Type
	68.05
	3
	1,840,000
	5.35×10−44


F value represents the variance explained by a factor in relation to the variation expected due to random error. df1 and df2 represent the numerator and denominator degrees of freedom, respectively. The model's marginal R-squared, representing variance explained by fixed effects, was 0.052. The conditional R-squared, representing variance explained by both fixed and random effects, was 0.058. P < 0.05 are highlighted in bold.
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