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139 In a first experiment, we generated a broad range of larval densities: 1, 5, 20, 60, 100, 140 200, 300, 500, and 1000 eggs per mL of food (see Fig. S1). To generate these nine 141 density treatments, a total of 300, 300, 400, 480, 800, 1600, 2400, 4000, and 8000 142 eggs were counted and deposited in 150,30,10,4,4,4,4 and 4 replicated vials 143 respectively, each containing 2 mL of food. We did not adjust the number of deposited 144 eggs to account for embryo mortality.

145 We characterized development, phenotypes, and behavior of individuals from all these 146 larval densities. For metabolic wastes measurements and microbiota characterization, 147 we selected among the nine densities three densities showing contrasted phenotypes 148 and referred as LD (low density; 5 eggs.mL -1 ), MD (medium density; 60 eggs.mL -1 ) and 149 HD (high density; 300 eggs.mL -1 ). For these three densities, we measured ammonia 150 and uric acid in L3 larvae and in the food that sustained their development. We 151 collected larvae and food samples over a time window of 4h and at the specific 152 occurrence peak of L3 instar for each larval density, in order to avoid sampling outlier 153 individuals. Larvae samples were L3 instar individuals picked on the surface of the 154 medium, and food samples consisted in cubes of 5x5x5 mm, i.e including the whole 155 depth of the medium. Samples were then transferred in autoclaved tubes with sterile 156 tools, immediately snap-frozen in liquid nitrogen, and stored at -80°C until use. 

  desired larval density treatments (see below). Eggs manipulation was performed 135 identically in all treatments, standardizing time spent under the stereomicroscope

  , MD and HD conditions, the bacterial composition of L3 larvae and of food that 193 sustained their development was characterized using 16S Illumina MiSeq sequencing.194 To remove external bacteria in larvae, pools of 10 individuals were surface-sterilized 195 with successive baths and quick vortex in 2.7% hypochlorite for two minutes, 70% 196 ethanol for two minutes, and rinsed twice in autoclaved miliQ water. DNA extraction 197 was performed in six independent replicates using FastDNA spin kit (MP Biomedicals), 198 according to manufacturer's instructions. We used PCRs to amplify V3/MiSeq[START_REF] François | Olfactory epithelium changes in germfree mice[END_REF]. Thirty thermal cycles at 65°C annealing 203 temperature were performed. The PCR products were purified and loaded onto the 204 Illumina MiSeq cartridge (Illumina, San-Diego, CA, USA) according to manufacturer'height were analyzed using non-linear models (NLS) as described in233 Henry, Renault and Colinet (2018). Briefly, we adapted the non-linear logistic equation 234 proposed by[START_REF] Börger | Quantifying individual differences in dispersal using net squared 543 displacement -Oxford Scholarship[END_REF] such as: 235 𝑀𝑎𝑠𝑠 = 𝑑 + 𝑎 1 + exp [ density -𝑏 𝑐 ] 236 where (a+d) corresponds to the asymptotic mass at density=0, b is the inflection point 237 expressed in density units, c is the range of the curve on the density axis, and d is the 238 asymptotic mass at the highest density; and 239 𝑃𝑢𝑝𝑎𝑡𝑖𝑜𝑛 ℎ𝑒𝑖𝑔ℎ𝑡 = 𝑎 1 + exp [ 𝑏 -𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑐 ] 240 where a corresponds to the asymptotic mass at the highest density, b is the inflection 241 point expressed in density units, c is the range of the curve on the density axis. 242 Ammonia and uric acid contents were analyzed using one-way ANOVA followed by 243 post-hoc Tukey tests. In the waste-supplementation experiment, development duration 244 was analyzed using Kruskal-Wallis test followed by post-hoc Dunn's test with 245 Benjamini-Hochberg correction, and pupation height was analyzed using one-way 246 ANOVA followed by post-hoc Tukey tests. 247 Sequencing data were analyzed using a custom pipeline. Raw pair-end sequences 248 files from Illumina were assembled using Flash software (Magoč and Salzberg 2011) 249 using at least a 10bp-overlap between the forward and reverse sequences, allowing 250 5% of mismatch. Dereplicating, denoising, clustering and chimera removing steps were 251 sequentially performed using Galaxy tool "FROGS" (Escudié et al. 2016). A 252 comparison of normalized reads to the lower sample vs non-normalized reads showed 253 it provided similar results in both cases. Thus, we kept non-normalized reads as 254 normalization may induce statistical bias (McMurdie and Holmes 2014). Taxonomic was affected by sample type and by larval density, whatever the 308 considered index (Fig. 2A-D; S3; S4

Figure 4 :

 4 Figure 4: Conceptual visualization of hypothetical nitrogen cycle in the lab D. melanogaster system. (A)Larva is metabolizing nutrients, producing uric acid in the process. Larva then degrades uric acid into intermediate products and finally to ammonia or urea through the uricolytic pathway before defecating in the food. (B) Larva is metabolizing nutrients, producing uric acid in the process. This uric acid is directly excreted in the hindgut or defecated in the food, before microorganisms scavenge it into ammonia and urea. 301x80mm (150 x 150 DPI)

  Figure S4: nMDS ordinated distances of bacterial communities in LD, MD and HD conditions, split by sample type (larvae or food). Plots A-D respectively show Jaccard, Bray-Curtis, unifrac, and weighted unifrac distances. Dots: sequencing replicates, colored by rearing density. Ellipses: 95% confidence zones. Plot B is identical to the Fig. 2C in article.

Fig S5 :

 S5 Fig S5: Relative abundance heatmap of the second-level functional KEGG pathways identified by PICRUSt2, in larvae and food samples, at each larval density level.

Fig S6 :

 S6 Fig S6: Relative abundance of purine metabolism and urea cycle KEGG modules (N=6 per sample type per density), in larvae and food samples from LD, MD and HD conditions. Boxes: first and third quartiles of the distribution. Black horizontal line: median of the distribution. We found no significant differences between any treatments.

  

  

Table S1 :

 S1 PERMANOVA table showing the effect of larval density and sample type, whether alone or in interaction, on different distance metrics describing the beta diversity between bacterial communities.
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	Distance	Factors	Df Sum s of squares Mean squares	F Model	R2	Pr(>F)
	Jaccard	density	2	0,307	0,154	4,542	0,163 2e-04	***
		sample_type	1	0,307	0,307	9,086	0,163 1e-04	***
		density:sample_type	2	0,254	0,127	3,755	0,135 1e-03	***
		Residuals	30	1,015	0,034	0,539		
		Total	35	1,884	1,000			
	Bray-Curtis	density	2	1,727	0,863	6,402	0,205 1e-04	***
		sample_type	1	1,023	1,023	7,581	0,122 1e-04	***
		density:sample_type	2	1,612	0,806	5,974	0,192 1e-04	***
		Residuals	30	4,046	0,135	0,481		
		Total	35	8,407	1,000			
	Unifrac	density	2	0,191	0,096	3,977	0,154 0.0016	**
		sample_type	1	0,199	0,199	8,268	0,160 0.0001 ***
		density:sample_type	2	0,132	0,066	2,746	0,106 0.0173	*
		Residuals	30	0,722	0,024	0,580		
		Total	35	1,244	1,000			
	Weighted unifrac density	2	1,297	0,649	29,267	0,493 0.0001 ***
		sample_type	1	0,188	0,188	8,460	0,071 0.0011	**
		density:sample_type	2	0,484	0,242	10,928	0,184 0.0001 ***
		Residuals	30	0,665	0,022	0,252		
		Total	35	2,634	1,000			
				ScholarOne Support 1-434/964-4100			

Supplementary material

Functional profiling of the bacterial metacommunity

We extrapolated functional characteristics of bacterial communities from their taxonomic composition using the PICRUSt2 program ver 2.2.0 (Douglas et al. 2019). We used the same OTU tables than those used for taxonomic diversity analyses as inputs (build with SILVA 132 16S database), and then run the PICRUSt2 script with default settings (picrust2_pipeline.py). We extracted KEGG Orthology (KO) abundances and normalized them relative to the total expression level in each individual sample. We grouped KO in KEGG pathways and KEGG modules [START_REF] Kanehisa | KEGG: Kyoto Encyclopedia of Genes and Genomes[END_REF] and calculated functional differences between treatments using Kruskal-Wallis test followed by post-hoc Dunn's test with Benjamini-Hochberg correction. 

Supplementary figures