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Fig. S1 Alpha diversity, measured as Chao1 and Simpson indices, in external sediment and A. cordatus gut mucosa (under natural conditions (“in situ”) and experimental conditions at different temperatures and times. Letters above the boxplots indicate the significance of the pairwise comparisons using Dunn test; conditions with the same letter are not significantly different, while conditions with different letter are significantly different (p < 0.05). On the x-axis, D2, D5 and D13 respectively indicate the day 2, 3 and 13 of sampling.
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Fig. S2 Relative Standard Deviation (RSD) of alpha-diversity indices in microbiomes of external sediment and gut mucosa under natural (in situ) and experimental conditions, across varying temperatures and time points of sampling. p; p-values of post-hoc Dunn tests to assess the difference among time conditions. Only significant p-values are shown.

[bookmark: _GoBack]Table S1 Influence of temperature and time on microbiome composition of external sediment (Sed.) and A. cordatus gut mucosa (Muc.) evaluated by permutational multivariate analysis of variance (PERMANOVA) using multiple distance matrices. The tested datasets excluded the in situ samples. The distinct distance matrices were combined in an omnibus test, with the reported p-values representing the minimum p-value from individual distance matrices. Bold p-values indicate statistical significance (p < 0.05), while italicized p-values indicate a tendency or approaching significance (0.05 ≤ p < 0.06). *; interaction between temperature and duration factors.
	Dataset
	Factor
	df
	Jaccard
R2 / p
	B.-Curtis
R2 / p
	W. Unifrac
R2 / p

	Sed.
	Temperature
	2
	0.07 / 0.146
	0.09 / 0.071
	0.09 / 0.119

	
	Duration
	2
	0.04 / 0.965
	0.03 / 0.927
	0.03 / 0.937

	
	Temperature*
Duration
	4
	0.15 / 0.047
	0.16 / 0.059
	0.16 / 0.124

	
	Residuals
	26
	0.73 / n.a.
	0.72 / n.a.
	0.72 / n.a.

	Muc.
	Temperature
	2
	0.06 / 0.022
	0.07 / 0.026
	0.07 / 0.035

	
	Duration
	2
	0.09 / 0.003
	0.11 / 0.005
	0.12 / 0.002

	
	Temperature*Duration
	4
	0.09 / 0.114
	0.09 / 0.154
	0.08 / 0.238

	
	Residuals
	40
	0.75 / n.a.
	0.72 / n.a.
	0.72 / n.a.




Table S2 Influence of treatment temperature and duration on A. cordatus gut microbiome and surrounding sediment evaluated by pairwise permutational multivariate analysis of variance using multiple distance matrices. Global p-values are reported, testing the null hypothesis that none of the explanatory variables account for variation in microbiome composition. Bold p-values indicate statistical significance (p < 0.05), while italicized p-values indicate approaching significance (0.05 ≤ p < 0.06).
	Dataset
	Comparison
	Group 1
	Group 2
	R2
Jaccard
	R2
B.-Curtis
	R2
W. Unifrac
	p

	Sediment
	In situ vs experiment
	In situ
	6.0°C Day 2
	0.18
	0.07
	0.04
	0.255

	
	
	In situ
	7.5°C Day 2
	0.22
	0.22
	0.21
	0.110

	
	
	In situ
	10.5°C Day 2
	0.18
	0.14
	0.14
	0.025

	
	
	In situ
	6.0°C Day 5
	0.17
	0.09
	0.07
	0.025

	
	
	In situ
	7.5°C Day 5
	0.24
	0.26
	0.25
	0.037

	
	
	In situ
	10.5°C Day 5
	0.15
	0.16
	0.18
	0.025

	
	
	In situ
	6.0°C Day 13
	0.14
	0.15
	0.14
	0.170

	
	
	In situ
	7.5°C Day 13
	0.22
	0.23
	0.22
	0.021

	
	
	In situ
	10.5°C Day 13
	0.24
	0.23
	0.21
	0.024

	
	Intra-temperature
	6.0°C Day 2
	6.0°C Day 5
	0.12
	0.07
	0.06
	0.800

	
	
	6.0°C Day 5
	6.0°C Day 13
	0.17
	0.14
	0.13
	0.115

	
	
	6.0°C Day 2
	6.0°C Day 13
	0.18
	0.16
	0.14
	0.275

	
	
	10.5°C Day 2
	10.5°C Day 5
	0.15
	0.11
	0.09
	0.371

	
	
	10.5°C Day 5
	10.5°C Day 13
	0.15
	0.18
	0.17
	0.199

	
	
	10.5°C Day 2
	10.5°C Day 13
	0.17
	0.17
	0.17
	0.141

	
	
	7.5°C Day 2
	7.5°C Day 5
	0.27
	0.23
	0.26
	0.500

	
	
	7.5°C Day 5
	7.5°C Day 13
	0.29
	0.35
	0.39
	0.057

	
	
	7.5°C Day 2
	7.5°C Day 13
	0.22
	0.20
	0.18
	0.200

	
	Intra-duration
	6.0°C Day 2
	7.5°C Day 2
	0.20
	0.20
	0.20
	0.600

	
	
	6.0°C Day 2
	10.5°C Day 2
	0.18
	0.13
	0.14
	0.429

	
	
	7.5°C Day 2
	10.5°C Day 2
	0.18
	0.11
	0.08
	0.486

	
	
	6.0°C Day 5
	7.5°C Day 5
	0.21
	0.19
	0.18
	0.200

	
	
	6.0°C Day 5
	10.5°C Day 5
	0.13
	0.13
	0.11
	0.792

	
	
	7.5°C Day 5
	10.5°C Day 5
	0.27
	0.29
	0.33
	0.057

	
	
	6.0°C Day 13
	7.5°C Day 13
	0.22
	0.24
	0.20
	0.041

	
	
	7.5°C Day 13
	10.5°C Day 13
	0.21
	0.27
	0.28
	0.038

	
	
	6.0°C Day 13
	10.5°C Day 13
	0.23
	0.29
	0.28
	0.018

	Gut mucosa
	In situ vs experiment
	In situ
	6.0°C Day 2
	0.13
	0.11
	0.07
	0.060

	
	
	In situ
	7.5°C Day 2
	0.14
	0.10
	0.10
	0.025

	
	
	In situ
	10.5°C Day 2
	0.15
	0.21
	0.15
	0.023

	
	
	In situ
	6.0°C Day 5
	0.26
	0.36
	0.33
	0.024

	
	
	In situ
	7.5°C Day 5
	0.14
	0.13
	0.09
	0.023

	
	
	In situ
	10.5°C Day 5
	0.19
	0.24
	0.22
	0.067

	
	
	In situ
	6.0°C Day 13
	0.15
	0.18
	0.15
	0.009

	
	
	In situ
	7.5°C Day 13
	0.16
	0.15
	0.14
	0.022

	
	
	In situ
	10.5°C Day 13
	0.23
	0.31
	0.31
	0.000

	
	Intra-temperature
	6.0°C Day 2
	6.0°C Day 5
	0.20
	0.34
	0.35
	0.040

	
	
	6.0°C Day 5
	6.0°C Day 13
	0.10
	0.19
	0.18
	0.049

	
	
	6.0°C Day 2
	6.0°C Day 13
	0.11
	0.16
	0.16
	0.080

	
	
	7.5°C Day 2
	7.5°C Day 5
	0.11
	0.09
	0.10
	0.755

	
	
	7.5°C Day 5
	7.5°C Day 13
	0.11
	0.11
	0.12
	0.260

	
	
	7.5°C Day 2
	7.5°C Day 13
	0.14
	0.15
	0.19
	0.060

	
	
	10.5°C Day 2
	10.5°C Day 5
	0.14
	0.20
	0.16
	0.130

	
	
	10.5°C Day 5
	10.5°C Day 13
	0.11
	0.10
	0.11
	0.299

	
	
	10.5°C Day 2
	10.5°C Day 13
	0.16
	0.22
	0.22
	0.021

	
	Intra-duration
	6.0°C Day 2
	7.5°C Day 2
	0.12
	0.11
	0.14
	0.335

	
	
	6.0°C Day 2
	10.5°C Day 2
	0.11
	0.17
	0.12
	0.289

	
	
	7.5°C Day 2
	10.5°C Day 2
	0.12
	0.18
	0.18
	0.170

	
	
	6.0°C Day 5
	7.5°C Day 5
	0.19
	0.28
	0.27
	0.066

	
	
	6.0°C Day 5
	10.5°C Day 5
	0.11
	0.08
	0.08
	0.514

	
	
	7.5°C Day 5
	10.5°C Day 5
	0.14
	0.20
	0.20
	0.103

	
	
	6.0°C Day 13
	7.5°C Day 13
	0.07
	0.10
	0.08
	0.426

	
	
	6.0°C Day 13
	10.5°C Day 13
	0.08
	0.10
	0.08
	0.521

	
	
	7.5°C Day 13
	10.5°C Day 13
	0.10
	0.10
	0.09
	0.368




Table S3. Influence of temperature and experiment duration on microbiome beta-diversity dispersion in sediment and gut mucosa analyzed using Betadisper. The ‘condition’ factor refers to the experimental combination of a given temperature at a given treatment duration. P-values in bold are considered as significant. The datasets tested excluded the in situ samples.
	Dataset
	Factor
	df
	Sum Sq
	Mean Sq
	F value
	p

	External Sediment
	Condition
	9
	0.126
	0.014
	0.463
	0.888

	
	Temperature
	3
	0.040
	0.013
	0.591
	0.625

	
	Duration
	3
	0.024
	0.008
	0.310
	0.818

	Gut mucosa
	Condition
	8
	0.142
	0.018
	0.548
	0.813

	
	Temperature
	2
	0.045
	0.022
	1.581
	0.217

	
	Duration
	2
	0.134
	0.067
	7.636
	0.001
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Fig. S3 Moving frame analysis (D0-Di) of Bray-Curtis pairwise dissimilarity distances among external sediment and gut mucosa samples within exposure duration across temperature conditions (right panel). ‘D0’ corresponds to the in situ samples. Colours indicate the temperature treatment. NS.; no significant comparison (p > 0.05). The asterisks correspond to the significance level (***; p < 0.001, **; p < 0.01, *; p < 0.05).


Text S1 On day 2, all temperature conditions exhibited a reduction in both the number and cumulative relative abundance of core ASVs compared to in situ conditions (Fig. 5c), likely due to alterations of the sediment structure during sampling and transportation, which increased the spatial heterogeneity naturally found in the environment (Fig. 5c). This loss was accompanied by taxonomical shifts within the 10 most abundant core taxa (Fig. 5a). The most pronounced shift occurred between in situ condition and 6ºC on day 2, where the core microbiome was dominated by Roseomonas, Desulfatiglans, and Sulforovum. Enhydrobacter, which constituted over 10% of the in situ core sediment, was absent from the 10 most abundant taxa in the core of the other experimental conditions.

	Comparison
	Time
	Depleted ASVs
	Enriched ASVs
	Non-significant ASVs

	
	
	n
	Control %
	Treatment %
	n
	Control %
	Treatment %
	n
	Control %
	Treatment %

	7.5°C vs. Control
	Day 2
	8
	13.9%
	0.02%
	6
	0.00%
	3.2%
	538
	82.5%
	93.6%

	
	Day 5
	102
	64.2%
	0.24%
	5
	0.20%
	19.2%
	303
	33.6%
	71.3%

	
	Day 13
	4
	1.2%
	0.01%
	6
	0.20%
	7.4%
	192
	73.6%
	80.2%

	10.5°C vs. Control
	Day 2
	7
	5.0%
	0.00%
	8
	0.00%
	6.1%
	269
	86.7%
	88.1%

	
	Day 5
	10
	3.7%
	0.00%
	2
	0.08%
	11.9%
	154
	88.0%
	76.4%

	
	Day 13
	2
	0.5%
	0.00%
	3
	0.05%
	0.9%
	141
	96.2%
	99.1%


Table S4 Number (n) and relative abundance of depleted, enriched, and non-significant ASVs identified in the comparisons between treatment (7.5°C or 10.5°C) and control (6°C) conditions in Abatus gut microbiome at different times of the experiment. The relative abundance of these ASVs is indicated in both the control and treatment conditions for each time.




[image: ]Fig. S4 Shared enriched and depleted ASVs between sediment and gut microbiomes across experimental conditions. The colour gradient represents the number of shared ASVs. The tile corresponding to the single ASV that was simultaneously enriched in both sediment and gut microbiomes at the same temperature (10.5°C) and time point (Day 2) is highlighted with black borders.

Table S5. Experimental design outlining the 20 conditions tested and the samples’ nomenclature. The number of replicates within each experimental condition is indicated in parentheses.
	Treatment
	Micro-
environment
	Duration

	
	
	Day 0
	Day 2
	Day 5
	Day 13

	In situ
	Sediment
	T0_s (5)
	
	
	

	
	Gut mucosa
	T0_g (5)
	
	
	

	6.0°C
	Sediment
	
	D2_s (3)
	D5_s (4)
	D13_s (5)

	
	Gut mucosa
	
	D2_g (5)
	D5_g (5)
	D13_g (7)

	7.5°C
	Sediment
	
	C2_s (3)
	C5_s (3)
	C13_s (4)

	
	Gut mucosa
	
	C2_g (5)
	C5_g (5)
	C13_g (6)

	10.5°C
	Sediment
	
	A2_s (4)
	A5_s (4)
	A13_s (5)

	
	Gut mucosa
	
	A2_g (5)
	A5_g (5)
	A13_g (6)
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Fig. S5 Annual variation in mean seawater temperature at A. cordatus sampling site (Île Haute. Kerguelen Islands) at a depth of five meters. from 2012 to 2023.The curve colours represent individual years. and monthly boxplots summarize data across the twelve-year period.
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