Spatial memory performance is associated with region-specific coordination of hippocampo–cortical sleep oscillations
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	Sample phase
exploration time (s)
	Test phase
exploration time (s)

	Animal
	Session
	obj 1 (fixed)
	obj2 (fixed)
	total time 
	obj1 (fixed)
	obj2 (displaced)
	total time

	AA04
	Day02
	21.6
	29.2
	50.7
	18.7
	22.5
	41.2

	AA04
	Day04
	36.3
	41.7
	78.0
	9.3
	50.3
	59.6

	AA06
	Day01
	26.6
	28.4
	55.0
	17.9
	27.7
	45.6

	AA06
	Day04
	53.0
	38.3
	91.3
	19.9
	29.2
	49.1

	AA07
	Day01
	65.6
	40.9
	106.6
	47.2
	43.9
	91.1

	AA07
	Day02
	71.9
	88.7
	160.6
	40.7
	55.7
	96.4

	AA07
	Day04
	62.9
	48.4
	111.4
	24.8
	58.8
	83.6

	AA12
	Day01
	45.9
	34.8
	80.7
	25.7
	44.3
	70.0

	AA12
	Day04
	31.2
	32.7
	63.9
	15.3
	38.5
	53.9

	PF24
	Day01
	36.7
	48.3
	85.0
	23.9
	60.0
	83.9

	PF24
	Day02
	38.9
	30.4
	69.2
	13.3
	35.1
	48.4

	PF26
	Day01
	63.5
	39.8
	103.3
	27.1
	34.9
	62.0

	PF26
	Day02
	72.7
	91.9
	164.6
	44.1
	80.3
	124.4

	PF28
	Day01
	27.0
	15.7
	42.7
	38.3
	61.0
	99.3

	PF28
	Day02
	49.1
	64.7
	113.8
	15.3
	29.3
	44.6

	PF31
	Day04
	25.8
	20.6
	46.5
	11.3
	28.3
	39.6

	PF33
	Day01
	33.3
	36.1
	69.5
	8.5
	41.3
	49.8

	PF33
	Day02
	27.7
	22.0
	49.7
	3.1
	15.2
	18.3

	PF44
	Day01
	63.6
	51.1
	114.8
	15.3
	34.7
	50.0

	PF44
	Day02
	35.8
	30.6
	66.5
	26.0
	46.4
	72.4

	
	
	
	
	
	
	
	

	Mean
	
	44.5
	41.7
	86.2
	21.6
	41.9
	63.5

	SD
	
	17.0
	20.1
	34.9
	13.1
	15.7
	26.4



Table S1. Individual exploration times in the object-place recognition task. Table presents the exploration times (in seconds) for each animal and session during the sample and test phases of the task. Columns detail the time spent exploring the two identical objects during the sample phase (obj 1, obj 2) and the total exploration time. For the test phase, exploration times are shown for the familiar condition (obj 1, fixed) and the novelty condition (obj 2, displaced), along with the total exploration time. Mean and standard deviation (SD) values across all sessions are provided at the bottom. The higher average exploration time for the displaced object (41.9 s) compared to the fixed object (21.6 s) indicates a group-level preference for the novel spatial configuration, reflecting successful spatial memory retrieval.


	Baseline sleep

	Animal
	Session
	QW (min)
	nREM (min)
	REM (min)
	QW (%)
	nREM (%)
	REM (%)

	AA04
	Day02
	32.8
	24.8
	3.0
	54.1
	40.9
	4.9

	AA04
	Day04
	35.8
	18.2
	4.8
	60.9
	30.9
	8.2

	AA06
	Day01
	37.8
	17.5
	3.0
	64.9
	30.0
	5.1

	AA06
	Day04
	24.8
	28.7
	7.2
	40.9
	47.3
	11.8

	AA07
	Day01
	57.0
	0.0
	0.0
	100.0
	0.0
	0.0

	AA07
	Day02
	46.8
	11.7
	0.3
	79.6
	19.8
	0.6

	AA07
	Day04
	29.5
	22.2
	6.7
	50.6
	38.0
	11.4

	AA12
	Day01
	60.0
	0.0
	0.0
	100.0
	0.0
	0.0

	AA12
	Day04
	28.7
	27.0
	4.7
	47.5
	44.8
	7.7

	PF24
	Day01
	21.2
	38.7
	0.5
	35.1
	64.1
	0.8

	PF24
	Day02
	29.5
	31.0
	0.0
	48.8
	51.2
	0.0

	PF26
	Day01
	42.8
	18.8
	0.0
	69.5
	30.5
	0.0

	PF26
	Day02
	46.8
	11.7
	0.0
	80.1
	19.9
	0.0

	PF28
	Day01
	24.0
	32.0
	3.7
	40.2
	53.6
	6.1

	PF28
	Day02
	20.5
	38.3
	2.0
	33.7
	63.0
	3.3

	PF31
	Day04
	27.7
	29.2
	3.0
	46.2
	48.7
	5.0

	PF33
	Day01
	35.8
	26.7
	0.0
	57.3
	42.7
	0.0

	PF33
	Day02
	33.8
	25.7
	0.0
	56.9
	43.1
	0.0

	PF44
	Day01
	51.0
	8.8
	0.0
	85.2
	14.8
	0.0

	PF44
	Day02
	31.5
	28.5
	2.0
	50.8
	46.0
	3.2

	
	
	
	
	
	
	
	

	Mean
	
	35.9
	22.0
	2.0
	60.1
	36.5
	3.4

	SD
	
	11.5
	11.1
	2.4
	19.9
	18.2
	4.0



	Task sleep

	Animal
	Session
	QW (min)
	nREM (min)
	REM (min)
	QW (%)
	nREM (%)
	REM (%)

	AA04
	Day02
	21.8
	29.7
	8.5
	36.4
	49.4
	14.2

	AA04
	Day04
	20.3
	32.7
	6.5
	34.2
	54.9
	10.9

	AA06
	Day01
	28.2
	26.7
	2.2
	49.4
	46.8
	3.8

	AA06
	Day04
	31.7
	22.3
	3.8
	54.8
	38.6
	6.6

	AA07
	Day01
	50.0
	6.8
	0.0
	88.0
	12.0
	0.0

	AA07
	Day02
	53.0
	5.2
	0.0
	91.1
	8.9
	0.0

	AA07
	Day04
	46.5
	22.3
	0.3
	67.2
	32.3
	0.5

	AA12
	Day01
	53.8
	1.2
	0.0
	97.9
	2.1
	0.0

	AA12
	Day04
	6.8
	41.5
	10.5
	11.6
	70.5
	17.8

	PF24
	Day01
	19.3
	40.3
	0.7
	32.0
	66.9
	1.1

	PF24
	Day02
	25.3
	36.2
	0.0
	41.2
	58.8
	0.0

	PF26
	Day01
	43.2
	16.2
	0.3
	72.3
	27.1
	0.6

	PF26
	Day02
	34.2
	26.0
	0.5
	56.3
	42.9
	0.8

	PF28
	Day01
	29.0
	27.7
	3.5
	48.2
	46.0
	5.8

	PF28
	Day02
	34.3
	22.3
	3.5
	57.1
	37.1
	5.8

	PF31
	Day04
	27.8
	26.5
	5.3
	46.6
	44.4
	8.9

	PF33
	Day01
	27.5
	32.3
	0.0
	46.0
	54.0
	0.0

	PF33
	Day02
	20.8
	36.8
	2.2
	34.8
	61.6
	3.6

	PF44
	Day01
	18.0
	36.3
	5.2
	30.3
	61.1
	8.7

	PF44
	Day02
	27.3
	30.8
	5.0
	43.3
	48.8
	7.9

	
	
	
	
	
	
	
	

	Mean
	
	31.0
	26.0
	2.9
	51.9
	43.2
	4.9

	SD
	
	12.7
	11.4
	3.1
	22.1
	19.0
	5.3



Table S2. Sleep architecture during baseline and task-related resting periods. Table shows the time (in minutes) and percentage of total time spent in Quiet Wakefulness (QW), non-REM (nREM) sleep, and Rapid Eye Movement (REM) sleep for each animal and session while animals were in the retention platform. Data are stratified by recording epoch: Baseline sleep and task sleep. Mean and standard deviation (SD) values across all sessions are provided at the bottom. The data confirms that animals engaged in substantial sleep during the retention periods.


	Animal 
	CA1d
	CA1v
	PFC
	RSC
	LEC

	AA04
	+
	-
	+
	+
	+

	AA06
	+
	+
	+
	+
	+

	AA07
	+
	+
	+
	+
	+

	AA12
	+
	+
	+
	+
	-

	PF24
	+
	+
	+
	+
	-

	PF26
	+
	+
	+
	+
	-

	PF28
	+
	-
	+
	-
	+

	PF31
	+
	+
	+
	+
	-

	PF33
	+
	+
	+
	+
	+

	PF39
	+
	+
	+
	+
	-

	PF40
	+
	+
	+
	+
	-

	PF44
	+
	-
	+
	+
	+



Table S3. Summary of electrode locations across recorded brain areas. Table shows the availability of viable local field potential recordings for each animal across the targeted brain areas: dorsal and ventral hippocampus (CA1d, CA1v), prefrontal cortex (PFC), retrosplenial cortex (RSC), and lateral entorhinal cortex (LEC). A plus sign (+) represents histologically confirmed electrode location and inclusion of the signals in the data analysis, while a minus sign (-) indicates that data from that specific area was unavailable due to missed targeting.


	Animal / Sessions
	DI
	Group

	AA04 / Day02
	0.0939
	Low

	AA04 / Day04
	0.6500
	Top

	AA06 / Day01
	0.2164
	Low

	AA06 / Day04
	0.1209
	Low

	AA07 / Day01
	-0.0536
	Low

	AA07 / Day02
	0.0952
	Low

	AA07 / Day04
	0.4025
	Top

	AA12 / Day01
	0.3541
	Low

	AA12 / Day04
	0.4307
	Top

	PF24 / Day01
	0.4308
	Top

	PF24 / Day02
	0.4302
	Top

	PF26 / Day01
	0.3168
	Low

	PF26 / Day02
	0.3066
	Low

	PF28 / Day01
	0.3744
	Low

	PF28 / Day02
	0.9119
	Top

	PF31 / Day04
	0.4276
	Top

	PF33 / Day01
	0.4746
	Top

	PF33 / Day02
	0.9091
	Top

	PF44 / Day01
	0.4773
	Top

	PF44 / Day02
	0.2591
	Low

	Mean
	0.3810
	

	SD
	0.2440
	



Table S4. Individual behavioral performance by session. Behavioral outcomes for individual animals across specific experimental sessions, quantified by the Discrimination Index (DI) during the OPR task. Each row corresponds to a unique session and displays the calculated DI value. Based on the overall median DI score, sessions are categorized into either a "Low" or "Top" performance group, providing a clear delineation of behavioral efficacy. 


Discrimination Index ~ nREM + REM + (1|animal)
	Predictor
	Estimate
	SE
	t
	df
	P value

	(Intercept)
	0.1222
	0.1203
	1.0160
	17
	0.3239

	nREM
	0.0112
	0.0048
	2.3200
	17
	0.0330

	REM
	-0.0114
	0.0176
	-0.6494
	17
	0.5248



	CI lower
	CI upper
	AIC
	BIC
	Log likelihood
	residual variance

	-0.1316
	0.3760
	4.3647
	9.3433
	2.8177
	0.0442

	0.0010
	0.0215
	4.3647
	9.3433
	2.8177
	0.0442

	-0.0486
	0.0257
	4.3647
	9.3433
	2.8177
	0.0442



Table S5. Linear mixed-effects model relating spatial memory performance to nREM and REM sleep duration. The table summarizes results from a multivariable linear mixed-effects model assessing the association between non–rapid eye movement (nREM) and rapid eye movement (REM) sleep duration with spatial memory performance, quantified by the discrimination index. The model included both nREM and REM sleep duration as fixed effects and a random intercept for each Animal to account for repeated measurements. Fixed-effect estimates for the Intercept, nREM, and REM sleep duration are reported together with their standard errors (SE), t-statistics (t), degrees of freedom (df), p-values, and 95% confidence intervals (CI). Measures of model fit, including Akaike information criterion (AIC), Bayesian information criterion (BIC), log-likelihood, and residual variance, are also provided. The analysis confirms a significant positive association for nREM sleep (P = 0.033) while REM sleep shows no significant effect (P = 0.52).


Crosscorrelagram amplitude ~ target area + (1|animal)
Crosscorrelagram latency ~ target area + (1|animal)
	Source
	Metric
	Predictor
	Estimate
	SE
	t
	df
	P value

	CA1d
	Amplitude
	(Intercept)
	2.55
	0.25
	10.38
	125
	0.000000

	CA1d
	Amplitude
	target-RSC
	0.92
	0.18
	5.23
	125
	0.000001

	CA1d
	Latency
	(Intercept)
	-289.99
	48.48
	-5.98
	125
	0.000000

	CA1d
	Latency
	target-RSC
	24.38
	47.03
	0.52
	125
	0.605001

	CA1v
	Amplitude
	(Intercept)
	2.67
	0.23
	11.60
	132
	0.000000

	CA1v
	Amplitude
	target-RSC
	-0.14
	0.10
	-1.33
	132
	0.187415

	CA1v
	Latency
	(Intercept)
	-80.60
	26.88
	-3.00
	132
	0.003243

	CA1v
	Latency
	target-RSC
	-193.28
	38.01
	-5.08
	132
	0.000001



	CI lower
	CI upper
	AIC
	BIC
	Log likelihood
	Residual variance

	2.06
	3.04
	334.67
	346.04
	-163.33
	0.63

	0.57
	1.26
	334.67
	346.04
	-163.33
	0.63

	-385.93
	-194.05
	1756.18
	1767.56
	-874.09
	50102.19

	-68.69
	117.46
	1756.18
	1767.56
	-874.09
	50102.19

	2.21
	3.12
	277.62
	289.21
	-134.81
	0.36

	-0.34
	0.07
	277.62
	289.21
	-134.81
	0.36

	-133.77
	-27.43
	1833.79
	1845.38
	-912.89
	48407.22

	-268.48
	-118.09
	1833.79
	1845.38
	-912.89
	48407.22



Table S6. Linear Mixed-Effects Models of cortical spindle modulation by hippocampal ripples. This table summarizes two separate linear mixed-effects models analyzing the amplitude and latency of ripple-triggered cortical spindles. The models predict these metrics based on the cortical target region, with source indicating the hippocampal origin of the ripples (CA1d or CA1v). A random intercept for each animal is included. Estimates for the intercept (reference region) and the difference for the comparison region (Target_RSC) are shown with standard errors (SE), t-statistics, degrees of freedom (df), p-values, and 95% confidence intervals (CI). Model fit statistics are provided.


Crosscorrelagram amplitude ~ target area + (1|animal)
Crosscorrelagram latency ~ target area + (1|animal)
	Source
	Metric
	Predictor
	Estimate
	SE
	t
	df
	P value

	CA1d
	Amplitude
	(Intercept)
	2.34
	0.31
	7.55
	146
	0.000000

	CA1d
	Amplitude
	Target-RSC
	0.98
	0.24
	4.13
	146
	0.000061

	CA1d
	Latency
	(Intercept)
	199.40
	12.61
	15.82
	146
	0.000000

	CA1d
	Latency
	Target-RSC
	-334.01
	19.02
	-17.56
	146
	0.000000

	CA1v
	Amplitude
	(Intercept)
	4.19
	0.49
	8.50
	64
	0.000000

	CA1v
	Amplitude
	Target-RSC
	-1.47
	0.41
	-3.60
	64
	0.000625

	CA1v
	Latency
	(Intercept)
	82.35
	17.50
	4.70
	64
	0.000014

	CA1v
	Latency
	Target-RSC
	-101.74
	20.32
	-5.01
	64
	0.000005



	CI lower
	CI upper
	AIC
	BIC
	Log likelihood
	Residual variance

	1.73
	2.95
	547.91
	559.90
	-269.95
	1.94

	0.51
	1.46
	547.91
	559.90
	-269.95
	1.94

	174.48
	224.31
	1832.11
	1844.10
	-912.06
	13189.77

	-371.61
	-296.42
	1832.11
	1844.10
	-912.06
	13189.77

	3.20
	5.17
	228.99
	237.75
	-110.49
	1.32

	-2.29
	-0.66
	228.99
	237.75
	-110.49
	1.32

	47.38
	117.32
	760.14
	768.89
	-376.07
	5208.90

	-142.33
	-61.16
	760.14
	768.89
	-376.07
	5208.90



Table S7. Linear Mixed-Effects Models of cortical slow oscillation modulation by hippocampal ripples. This table summarizes two separate linear mixed-effects models analyzing the amplitude and latency of ripple-triggered cortical slow oscillations. The models predict these metrics based on the cortical target region, with source indicating the hippocampal origin of the ripples (CA1d or CA1v). A random intercept for each animal is included. Estimates for the intercept (reference region) and the difference for the comparison region (Target_RSC) are shown with standard errors (SE), t-statistics, degrees of freedom (df), p-values, and 95% confidence intervals (CI). Model fit statistics are provided.


Delta sleep (task – baseline) ~ group + (1|animal)
	Pair
	Window (ms)
	Predictor
	Estimate
	SE
	t
	df
	P value

	CA1d-RSC
	-800 to +50
	(Intercept)
	0.052
	0.098
	0.528
	16
	0.604

	CA1d-RSC
	-800 to +50
	Group-Top
	0.022
	0.131
	0.163
	16
	0.872

	CA1d-LEC
	-350 to 0
	(Intercept)
	0.091
	0.1405
	0.649
	11
	0.529

	CA1d-LEC
	-350 to 0
	Group-Top
	0.485
	0.2068
	2.346
	11
	0.0387

	CA1v-RSC
	-650 to +50
	(Intercept)
	0.007
	0.127
	0.058
	12
	0.954

	CA1v-RSC
	-650 to +50
	Group-Top
	0.237
	0.180
	1.314
	12
	0.213

	CA1v-PFC
	-450 to +300
	(Intercept)
	-0.060
	0.118
	-0.50
	12
	0.621

	CA1v-PFC
	-450 to +300
	Group-Top
	0.127
	0.132
	0.959
	12
	0.356



	CI lower
	CI upper
	AIC
	BIC
	Log likelihood
	Residual variance

	-0.157
	0.262
	13.349
	16.911
	-2.675
	0.066

	-0.257
	0.300
	13.349
	16.911
	-2.675
	0.066

	-0.218
	0.4005
	19.164
	21.424
	-5.582
	0.1382

	0.0302
	0.9406
	19.164
	21.424
	-5.582
	0.1382

	-0.271
	0.285
	17.320
	19.876
	-4.660
	0.114

	-0.156
	0.630
	17.320
	19.876
	-4.660
	0.114

	-0.320
	0.199
	8.730
	11.286
	-0.365
	0.031

	-0.161
	0.414
	8.730
	11.286
	-0.365
	0.031



Table S8. Linear Mixed-Effects Models of task-related changes in hippocampo-cortical spindles coupling. Results from linear mixed-effects models evaluating whether task performance (Group: Top vs. Low performers) predicts the change in sleep coupling strength (Delta sleep [task – baseline]). Separate models were run for specific pair connections (CA1d-RSC) and time windows relative to ripple onset. Each model includes Group as a fixed effect and a random intercept for Animal. The table lists estimates for the Intercept (baseline change) and the effect of being in the Top performance group, along with SE, t-statistics, df, p-values, and 95% CIs. Model fit statistics (AIC, BIC, Log Likelihood, Residual Variance) are included.


Delta sleep (task – baseline) ~ group + (1|animal)
	Pair
	Window
	Predictor
	Estimate
	SE
	t
	df
	P value

	CA1d-PFC
	+50 to +400
	(Intercept)
	-0.273
	0.252
	-1.08
	16
	0.29

	CA1d-PFC
	+50 to +400
	Group-Top
	0.577
	0.240
	2.40
	16
	0.028

	CA1d-RSC
	-350 to +50
	(Intercept)
	-0.212
	0.216
	-0.98
	14
	0.34

	CA1d-RSC
	-350 to +50
	Group-Top
	0.922
	0.183
	5.02
	14
	0.00019

	CA1v-LEC
	0 to +200
	(Intercept)
	-0.137
	0.271
	-0.50
	4
	0.63

	CA1v-LEC
	0 to +200
	Group-Top
	-0.301
	0.384
	-0.78
	4
	0.47

	CA1v-RSC
	-150 to +100
	(Intercept)
	0.270
	0.144
	1.8
	10
	0.091

	CA1v-RSC
	-150 to +100
	Group-Top
	-0.405
	0.204
	-1.9
	10
	0.07567



	CI lower
	CI upper
	AIC
	BIC
	Log likelihood
	Residual variance

	-0.807
	0.261
	39.296
	42.858
	-15.648
	0.109

	0.069
	1.085
	39.296
	42.858
	-15.648
	0.109

	-0.674
	0.251
	25.826
	28.917
	-8.913
	0.041

	0.528
	1.315
	25.826
	28.917
	-8.913
	0.041

	-0.891
	0.616
	15.965
	15.132
	-3.982
	0.221

	-1.366
	0.765
	15.965
	15.132
	-3.982
	0.221

	-0.052
	0.592
	17.117
	19.057
	-4.559
	0.125

	-0.860
	0.050
	17.117
	19.057
	-4.559
	0.125



Table S9. Linear Mixed-Effects Models of task-related changes in hippocampo-cortical slow oscillations coupling. Results from linear mixed-effects models evaluating whether task performance (Group: Top vs. Low performers) predicts the change in sleep coupling strength (Delta sleep [task – baseline]). Separate models were run for specific pair connections (CA1d-RSC) and time windows relative to ripple onset. Each model includes Group as a fixed effect and a random intercept for Animal. The table lists estimates for the Intercept (baseline change) and the effect of being in the Top performance group, along with SE, t-statistics, df, p-values, and 95% CIs. Model fit statistics (AIC, BIC, Log Likelihood, Residual Variance) are included.


Crosscorrelation ~ DI + (1|Animal)
	Oscillations
	Source
	Target
	beta
	SE
	t
	P value
	P FDR

	Ripples-SO
	CA1d
	PFC
	0.877
	0.5007
	1.7527
	0.101
	0.244

	Ripples-SO
	CA1d
	RSC
	1.381
	0.235
	5.867
	5.5E-05
	0.001

	Ripples-SO
	CA1d
	LEC
	0.798
	0.568
	1.405
	0.194
	0.290

	Ripples-SO
	CA1v
	PFC
	-0.079
	0.439
	-0.179
	0.861
	0.861

	Ripples-SO
	CA1v
	RSC
	-0.212
	0.583
	-0.365
	0.723
	0.861

	Ripples-SO
	CA1v
	LEC
	0.676
	0.316
	2.137
	0.122
	0.244

	Ripples-spindles
	CA1d
	PFC
	-0.158
	0.246
	-0.641
	0.530
	0.831

	Ripples-spindles
	CA1d
	RSC
	-0.338
	0.310
	-1.091
	0.292
	0.831

	Ripples-spindles
	CA1d
	LEC
	0.0921
	0.419
	0.220
	0.830
	0.872

	Ripples-spindles
	CA1v
	PFC
	-0.057
	0.348
	-0.164
	0.872
	0.872

	Ripples-spindles
	CA1v
	RSC
	0.265
	0.436
	0.608
	0.554
	0.831

	Ripples-spindles
	CA1v
	LEC
	-0.992
	0.334
	-2.973
	0.031
	0.186



Table S10. Linear Mixed-Effects Model of oscillatory coupling in relation to . Continuous behavior vs. discrete brain physiology links. Linear mixed model (LMM) link continuous cognitive memory behavioral performance (DI) with sleep oscillations within hippocampal-cortical networks (crosscorrelation). The analyses link continuous memory data to discrete neural events across separate sections for SO and spindles oscillations, originating from CA1d and CA1v. Source regions to PFC, RSC, and LEC cortical target regions. The table provides detailed statistics for each anatomical link, including the beta (slope coefficient) from continuous regression, standard error (SE), t statistic, raw P value, and FDR-corrected P value. Only a single association, representing the SO oscillation connection from dorsal CA1d to the RSC, is identified as surviving FDR correction.


	Oscillation
	Region
	Metric
	Baseline Sleep
	Task Sleep
	P value

	Ripples
	CA1d
	Rate (Hz)
	0.332 ± 0.009
	0.347 ± 0.011
	0.0289

	Ripples
	CA1d
	Amplitude (µV)
	85.54 ± 4.64
	91.83 ± 5.51
	0.0006

	Ripples
	CA1d
	Frequency (Hz)
	137.17 ± 1.37
	138.44 ± 1.17
	0.0601

	Ripples
	CA1d
	Duration (s)
	0.084 ± 0.002
	0.086 ± 0.003
	0.0772

	Ripples
	CA1v
	Rate (Hz)
	0.753 ± 0.029
	0.775 ± 0.027
	0.0233

	Ripples
	CA1v
	Amplitude (µV)
	64.28 ± 3.00
	63.69 ± 3.35
	0.6004

	Ripples
	CA1v
	Frequency (Hz)
	132.97 ± 1.83
	131.35 ± 1.70
	0.0981

	Ripples
	CA1v
	Duration (s)
	0.072 ± 0.003
	0.070 ± 0.003
	0.0765

	Spindles
	PFC
	Rate (Hz)
	0.147 ± 0.008
	0.151 ± 0.007
	0.6776

	Spindles
	PFC
	Amplitude (µV)
	103.29 ± 5.68
	109.81 ± 4.97
	0.1863

	Spindles
	PFC
	Frequency (Hz)
	12.28 ± 0.01
	12.26 ± 0.01
	0.1478

	Spindles
	PFC
	Duration (s)
	1.186 ± 0.013
	1.196 ± 0.017
	0.5019

	Spindles
	RSC
	Rate (Hz)
	0.185 ± 0.008
	0.185 ± 0.006
	0.9110

	Spindles
	RSC
	Amplitude (µV)
	105.10 ± 5.43
	112.11 ± 6.00
	0.0394

	Spindles
	RSC
	Frequency (Hz)
	12.32 ± 0.01
	12.30 ± 0.01
	0.2019

	Spindles
	RSC
	Duration (s)
	1.081 ± 0.012
	1.103 ± 0.015
	0.0925

	Spindles
	LEC
	Rate (Hz)
	0.206 ± 0.010
	0.193 ± 0.008
	0.2019

	Spindles
	LEC
	Amplitude (µV)
	101.84 ± 5.99
	105.91 ± 6.50
	0.4606

	Spindles
	LEC
	Frequency (Hz)
	12.28 ± 0.01
	12.28 ± 0.01
	0.9789

	Spindles
	LEC
	Duration (s)
	1.060 ± 0.016
	1.084 ± 0.020
	0.2533

	SO
	PFC
	Rate (Hz)
	0.063 ± 0.009
	0.091 ± 0.012
	0.0002

	SO
	PFC
	Duration (s)
	0.362 ± 0.005
	0.358 ± 0.005
	0.2025

	SO
	RSC
	Rate (Hz)
	0.062 ± 0.009
	0.080 ± 0.010
	0.0087

	SO
	RSC
	Duration (s)
	0.348 ± 0.005
	0.339 ± 0.005
	0.0652

	SO
	LEC
	Rate (Hz)
	0.045 ± 0.008
	0.061 ± 0.011
	0.0736

	SO
	LEC
	Duration (s)
	0.405 ± 0.009
	0.394 ± 0.008
	0.2260



Table S11. Basic properties of sleep oscillations in relation to sleep episode. Comparison of basic properties of sleep oscillations, including: Rate (Hz), Amplitude (µV), Frequency (Hz), and Duration (s), of discrete electrophysiological events across distinct brain regions before (Baseline Sleep) and after (Task Sleep) the learning protocol. The oscillations analyzed include sharp-wave ripples in the CA1d and CA1v hippocampus, along with spindles and slow oscillations (SO) in the PFC, RSC and LEC. Values are presented as mean ± standard error of the mean (SEM). The final column provides the paired P value, evaluating the statistical significance of the changes across the sleep phases. Significant increases (p < 0.05) from baseline to task sleep are observed in the several conditions, particularly rates of hippocampal ripples and cortical SOs. 

