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SUPPLEMENTARY FIGURES

Figure S1: Life stages and larval host plants of Danaus chrysippus and Ariadne merione. Images are
sourced from the Butterflies of India website (http://www.ifoundbutterflies.org): Danaus chrysippus:
photographer: egg: Tushar Bhagwat, caterpillar, adult and host plant: Krushnamegh Kunte, pupa: Dr. Saji
K. Ariadne merione: photographer: egg, caterpillar, adult and host plant: Krushnamegh Kunte, pupa:
Hemant Ogale, (used with permission).
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Figure S2: Effect of antibiotic treatment and dietary sterilization on bacterial communities of D.
chrysippus and A. merione larvae. Panels (A1-A3): Stacked bar plots show the relative abundance of the
five most abundant bacterial taxa (OTUs, identified to the lowest taxonomic level possible) in each
treatment group, n=2-3 larvae per treatment. For microbiome analysis, we used D. chrysippus larvae from
block 2 (dietary sterilization) and block 3 (antibiotic treatment), and A. merione larvae from block 1
(antibiotic treatment) (see Sl tables S5-S7 and figures S7-S15).
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Figure S3: Variation in bacterial communities of larvae across treatments. Panels show
(unconstrained) principle component analysis (PCA) of bacterial communities across experimental
treatments. The figure represents the same analysis shown in figure 2; however, here we colour each of
treatment separately, which are combined in figure 2. Axes represent principle components (PC) explaining
maximum variation in the data. Values in parentheses show the proportion of variation explained by each
PC. Dietary sterilization and antibiotic administration both significantly affected bacterial communities

(Permutational multivariate ANOVA, p<0.05, 10,000 permutations).
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Figure S4: Variation in larval bacterial communities across treatments (CAPdiscrim analysis). Panels
show Constrained Analysis of Principal Coordinates (CAP) of communities based on the composition and
relative abundance of bacterial OTUs in control and treated groups. Axis labels indicate the proportion of
between-group variance (%) explained by the first two linear discriminants (LD1 and LD2). In all panels,
LD1 explains 100% between-group variance. Ellipses represent 95% confidence intervals. For each panel,
we observed a significant variation in bacterial communities of treated and control group larvae
(multivariate ANOVA, panel A, p = 2.024e%, panel B, p = 0.00056, panel C, p = 0.016). Larvae with intact
and perturbed gut bacterial communities represent control and treated groups, respectively.
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Figure S5: Variation in larval bacterial load across treatments. Barplots show the magnitude of
amplification of the bacterial 16S rRNA gene relative to the host 18S rRNA gene (internal control),
calculated as 27 4¢T, where ACT (cycle threshold) = CTrarget — CTinternat conrot CT (n=2-3 larvae). Error bars
represent standard deviation. Values in parentheses indicate the mean fold reduction in bacterial abundance
in treated samples as compared to control samples, calculated as (27 2T control / 2" 2 Tireated).
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Figure S6: Boxplots (median with quartiles; whiskers show data range) show the relative abundance of
reads assigned to chloroplasts and mitochondria (combined) across control and treated groups.
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Figure S7: Effect of antibiotic administration on fitness-related traits of D. chrysippus. Panels show
different fitness measures for experimental block 1. We did not observe a significant treatment effect for
any measurement. For each treatment group (GLM, Tukey’s post hoc test for multiple comparisons, p >
0.05), n=5-8 individuals. Fitness measurements for other blocks are shown in figures S8-S10 and results
for all 4 blocks are summarized in table S5. The exact number of individuals included in each treatment for

each fitness measurement is shown in table S9.
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Figure S8: Effect of antibiotic administration on fitness-related traits of D. chrysippus. Panels show
different fitness measures for experimental block 2. Asterisks indicate a significant difference between
treatment groups (GLM, Tukey’s test for multiple comparisons, p < 0.05). For each treatment group, n= 4-
18 individuals. Fitness measurements for other blocks are shown in figures S7, S9 and S10, and results for
all 4 blocks are summarized in table S5. The exact number of individuals included in each treatment for

each fitness measurement is shown in table S9.
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Figure S9: Effect of antibiotic administration on fitness-related traits of D. chrysippus. Panels show
different fitness measures for experimental block 3. We did not observe a significant treatment effect for
any measurement (GLM, model: fitness ~ treatment, Tukey’s post hoc test for multiple comparisons,
p>0.05). For each treatment group, n = 9-25 individuals. Fitness measurements for other blocks are shown
in figures S7, S8 and S10, and results for all 4 blocks are summarized in table S5. The exact number of
individuals included in each treatment for each fitness measurement is shown in table S9.
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Figure S10: Effect of antibiotic administration on fitness-related traits of D. chrysippus. Panels show
different fitness measures for experimental block 4. No treatment effects for any measurement are
significant. For each treatment group, n=4-13 individuals. Fitness measurements for other blocks are shown
in figures S7-S9 and results for all 4 blocks are summarized in table S5. The exact number of individuals

included in each treatment for each fitness measurement is shown in table S9.
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99  Figure S11: Effect of antibiotic administration on fitness-related traits of A. merione. Panels show

100  different fitness measures for experimental block 1. We did not observe a significant treatment effect for
101  any measurement (GLM, model: fitness ~ treatment, Tukey’s post hoc test for multiple comparisons,
102  p>0.05). For each treatment group, n= 9-16 individuals. Fitness measurements for other blocks are shown
103  in figure S12 and results for all 3 blocks are summarized in table S6. The exact number of individuals
104  included in each treatment for each fitness measurement is shown in table S9.
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Figure S12: Effect of antibiotic administration on fitness-related traits of A. merione. Panels show
different fitness measures for experimental blocks 2 and 3. Asterisks indicate a significant difference
between treatment groups (GLM, Tukey’s test for multiple comparisons, p < 0.05). n=5-12 individuals per
treatment for block 2 and n=3-8 for block 3. Fitness measurements for another block is shown in figures
S11 and results for all 3 blocks are summarized in table S6. The exact number of individuals included in

each treatment for each fitness measurement is shown in table S9.
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Figure S13: Effect of dietary sterilization on fitness-related traits of D. chrysippus. Panels show
different fitness measurements for experimental block 1. Asterisks indicate a significant difference between
control and treatment groups (GLM, model: fitness ~ treatment, Tukey’s post hoc test for multiple
comparisons, p < 0.05). For each treatment group, n=~8 individuals. Fitness measurements for other blocks
are shown in figures S14 and S15 and results for all 3 blocks are summarized in table S7. The exact number
of individuals included in each treatment for each fitness measurement is shown in table S9.
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Figure S14: Effect of dietary sterilization and microbial re-introduction on fitness-related traits of D.
chrysippus. Panels show different fitness measures for experimental block 2. Asterisks indicate a significant
difference between treatment groups (GLM, Tukey’s test for multiple comparisons, p < 0.05). For each
treatment group, n= 6-13 individuals. Fitness measurements for other blocks are shown in figures S13 and
S15, and results for all 3 blocks are summarized in table S7. The exact number of individuals included in

each treatment for each fitness measurement is shown in table S9.
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Figure S15: Effect of dietary sterilization and microbial re-introduction on fitness-related traits of D.
chrysippus. Panels show different fitness measures for experimental block 3. Asterisks indicate a significant
difference between treatment groups (GLM, Tukey’s post hoc test for multiple comparisons, p < 0.05). For
each treatment group, n= 6-8 individuals. Fitness measurements for other blocks are shown in figures S13
and S14, and results for all 3 blocks are summarized in table S7. The exact number of individuals included
in each treatment for each fitness measurement is shown in table S9.
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144
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151
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156
157
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160
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167
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171
172
173
174
175
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177
178
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180
181
182
183
184
185
186
187
188
189
190
191
192
193

SUPPLEMENTARY METHODS

Antibiotic treatment: We selected antibiotic concentrations based on previous studies [1-3] with other
insects that reported a significant reduction in gut bacteria. For D. chrysippus, in two out of four
experimental blocks, we painted the antibiotic solution on the leaves using a sterile paintbrush; for the other
two blocks, we sprayed the antibiotic solution on leaves. For A. merione, we sprayed the antibiotic solution
on leaves in all blocks. Each spray delivered ~150-200 ul antibiotic solution; we sprayed each side of each
leaf 4-6 times.

Determining larval bacterial communities: To quantify the degree of disturbance in bacterial
communities of larvae fed with antibiotics and sterile diet, we sequenced the bacterial 16S rRNA gene on
an lllumina MiSeq platform, at our in-house sequencing facility. We extracted DNA from whole larvae
from control and treated groups (n=2-3) using a Wizard genomic DNA extraction kit (Promega). Before
DNA extraction, we surface-sterilized larvae using 70% ethanol and 10% bleach, followed by 3 washes
with sterile water, in order to remove surface contaminants. As shown in an earlier report [4], DNA
extraction kits can also introduce bacterial contamination. Hence, we tested our kit for contaminants,
performing one mock DNA extraction (without any animal tissue) as a negative control. We performed 2
rounds of PCR as part of the library preparation protocol and quantified the amount of amplified PCR
product using Qubit, a sensitive method for DNA quantification. For all larval samples, we obtained ~80
ng/ul DNA per sample; however, we could not detect any amplification from the negative control [5]. This
suggested that the probability of bacterial contamination from our DNA extraction Kits was very low.
After extracting DNA from larvae, we amplified the VV3-V4 hypervariable region of the 16S rRNA gene
using 300 bp paired-end sequencing as per the standard Illumina MiSeq protocol [6]. We analyzed de-
multiplexed sequences using QIIME (version 1.9.1) [7]. We filtered reads for quality using a minimum
quality score of g30 and removed chimeric sequences using USEARCH (version 6.1) [8]. We assembled
filtered reads into Operational Taxonomic Units (OTUs) with 97% sequence similarity using UCLUST,
with the ‘open-reference OTU picking’ method in QIIME. To determine taxonomy, we compared one
representative sequence from each OTU against the Green Genes 16S ribosomal gene database (Greengenes
Database Consortium, version gg_13 5) using default QIIME parameters. We used Permutational
multivariate ANOVA (permanova, Adonis, package “Vegan”) [9] in R [10] to compare bacterial
communities of treated and untreated larvae.

For obtaining bacterial OTUs, we used the following commands in QIIME:

o multiple_join_paired_ends.py (Join forward and reverse reads)

o multiple_split_libraries_fastg.py (q score >29) (Filter low quality reads)

o identify_chimeric_seqs.py and filter_fasta.py (ldentify and filter chimeric sequences)
o pick_open_reference_otus.py (Pick bacterial OTUs)

For representing the dominant bacterial community members of D. chrysippus and A.merione
larvae, we selected the five most abundant bacterial OTUs as described earlier [5]. We used both
constrained and unconstrained ordination analysis to visualize the differences in bacterial communities of
treated and control samples. Unconstrained ordination analyzes samples without any a priori information
about groups (e.g. control vs. treated), whereas in constrained ordination, sample groups are pre-defined.
We performed Principle Component Analysis as unconstrained ordination using the package “pca3d” [11]
in R. As constrained ordination, we performed Canonical Analysis of Principal Coordinates based on
discriminant analysis (CAPdiscrim) using the R package “BiodiversityR” [12].

Quantifying bacterial abundance using quantitative PCR (qPCR): We set up a 10ul PCR reaction for
each sample using 5ul SYBR green (Maxima SYBR Green/ROX ¢gPCR Master Mix (2X), Thermo
Fischer Scientific), 1pl forward and reverse primer each (10uM), 1 pl larval DNA extract (~200ng DNA)
and 2ul water. We set up qPCR reactions in 384 well plates (MicroAmp™ Optical 384-Well Reaction
Plate with Barcode, Applied Biosystems). We performed genomic qPCR using the ViiA™- 7 Real-Time
PCR System (Applied Biosystems) as follows: 5 min at 95°C followed by 40 cycles [45 sec at 95°C, 30 sec
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207
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209
210
211
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214
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at 60°C, 45 sec at 72°C] and recorded the Ct values (cycle threshold) for each sample. We calculated the
ACt (internal control Ct — target gene Ct) and quantified the abundance of bacteria in each sample using the
198 formula (2" -ACt), normalizing the amplification of the bacteria-specific 16S rRNA gene with that of
the butterfly-specific 18S rRNA gene. We performed this normalization to compare the bacterial load per
unit amount of host DNA. We used previously reported primers for gPCR [13-21]. The reverse primer for
host-specific 18S rRNA gene amplification was designed by Kunte lab. The relevant primer sequences are

given below.
Target gene Forward primer (5° — 3°) Reverse primer (5° — 3”)
18S rRNA gene (Host specific) CGGCTACCACATCCAAGGAA GGCCTCGTAAGAGTCCCGTAT
16S rRNA gene (Eubacteria) TCCTACGGGAGGCAGCAGT GGACTACCAGGGTATCTAATCCTGTT
16S rRNA gene (Gammaproteobacteria) | CMATGCCGCGTGTGTGAA ACTCCCCAGGCGGTCDACYTA
16S rRNA gene (Actinobacteria) TACGGCCGCAAGGCTA CATCCCCACCTTCCTCCG
16S rRNA gene (Firmicutes) ACCATGCACCACCTGTC TGAAACTYAAAGGAATTGACG

Measuring fitness-related traits of host:

o Measuring larval digestion efficiency: Along with development-related traits, we also measured
larval digestion efficiency for D. chrysippus. We wanted to test whether larvae compensate for
reduction or loss of beneficial gut bacteria by eating faster, eating more or assimilating more
nutrients from the eaten leaf mass. For this, we measured the weight of the leaves given to each
larva, and then measured the weight of the leftover leaf after 24 hours. We also measured the
amount of the feces (frass) produced and increment in body weight for each larva during this time.

o Measuring average larvae fitness and survival across treatments: We calculated the average fitness
for each measured trait in each block, and performed paired t-tests on block averages to compare
fitness across treatments (see figure 3 and table S3). We report the effect sizes as Hedge’s g
calculated using package “effsize” in R [22-25]. Typically, effect sizes are reported as Cohen’s d,
which estimates standardized mean difference of an effect, calculated as “difference in the
population means” / “pooled standard deviation”. However, given our lower sample sizes per block
(n<20), we used Hedge’s g, which estimates Cohen’s d with a correction for low sample size [23].
Whereas, we used paired t-test to compare average larval survival of all the blocks across control
and treated groups.

To test the impact of bacterial elimination on the host development, we measured and compared
different fitness proxies across control and treated groups. Before starting the manipulative
experiments, we distributed approximately equal number of eggs in each treatment. However, all eggs
in each group did not hatch. Thus, we ended up with a slightly different number of larvae in each
treatment group (table S9). Also, the number of individuals in each treatment group varied slightly
while measuring different fitness proxies for different developmental stages, for the following reasons.
A few larvae died during the course of development and thus we could not measure their fitness at the
pupal or adult stage. In rare cases, adults fell down from the pupal case right after eclosion, even before
they could expand their wings. We were unsure if these adults could release meconium (metabolic
waste) completely. To avoid overestimation of adult weight due to incomplete meconium release, we
did not measure their body weight. In a few cases, individuals died in the pupal case and adult fitness
could not be measured. None of these instances were treatment-specific. For instance, larval mortality
did not vary significantly and consistently across treated and control groups across experimental blocks
(Fisher’s exact test, p > 0.05, see table S8). Finally, we also stored ~2-3 larvae from a few experimental
blocks for analyzing larval bacterial communities and thus could not measure their fitness at the pupal
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237 and adult stage. The number of individuals included in each treatment within each block is shown in
238 table S9.
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250
251
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288
289
290
291
292
293
294
295
296
297
298

Fitness
proxy

Adult
Weight

Days to
eclosion

Pupal
Weight

Days to
Pupation

Larval
Weight

SUPPLEMENTARY TABLES

Table S1: Impact of eliminating gut bacteria on the fitness of butterfly larvae: Table shows the output
of mixed-model analysis of fitness measurements. Values in bold indicate significant variation (model:
fitness ~ treatment, random effect = block, p < 0.05). E = estimates from the model output; R?m = proportion
of variation explained by the model with only fixed effects; R%c = proportion of variation explained by fixed
and random effects together. See table S4 for all pairwise comparisons with Tukey’s HSD; figures S7-S15
for block-wise analysis of fitness measurements; and table S9 for the exact number of replicates in each

treatment group and fitness traits measured in each block.

Compared with
Sham Control
(Leaves + Water)

Untreated leaves
Leaves + Low dose antibiotic
Leaves + High dose antibiotic
Untreated leaves
Leaves + Low dose antibiotic
Leaves + High dose antibiotic
Untreated leaves
Leaves + Low dose antibiotic
Leaves + High dose antibiotic
Untreated leaves
Leaves + Low dose antibiotic
Leaves + High dose antibiotic
Untreated leaves
Leaves + Low dose antibiotic
Leaves + High dose antibiotic

Danaus chrysippus

Antibiotic treatment

-0.006
-0.002
-0.011
0.107
-0.097
0.018
-0.006
0.011
0.015
-0.163
-0.144
0.089
-0.050
0.012
-0.009

R’m

0.008

0.004

0.06

0.01

0.01

R%c

0.25

0.27

0.09

0.06

0.46

df

167
167
167
197
197
197
138
138
138
194
194
194
193
193
193

P
value

0.48
0.79
0.19
0.56
0.61
0.92
0.84
0.66
0.55
0.42
0.49
0.65
0.11
0.71
0.77

20

Lower
95%
Cl

-0.02
-0.02
-0.03
-0.26
-0.47
-0.34
-0.06
-0.04
-0.03
-0.57
-0.55
-0.30
-0.11
-0.05
-0.07

Upper
95%
Cl

0.01
0.02
0.01
0.47
0.28
0.38
0.05
0.06
0.06
0.24
0.27
0.48
0.01
0.07
0.05

E

-0.011
0.003
-0.008
-0.081
0.007
0.144
-0.016
-0.008
-0.019
0.028
-0.298
-0.443
0.050
0.025
0.038

R’m

0.06

0.006

0.06

0.01

0.05

Ariadne merione

Antibiotic treatment

R%c

0.53

0.53

0.20

0.60

0.11

df

59
59
59
69
69
69
69
69
69
71
71
71
109
109
109

P
value

0.10
0.55
0.22
0.73
0.98
0.54
0.07
0.35
0.03
0.94
0.38
0.20
0.02
0.22
0.09

Lower
95%
Cl

-0.02
-0.01
-0.02
-0.55
-0.45
-0.32
-0.03
-0.02
-0.04
-0.66
-0.98
A2
0.01
-0.02
-0.01

Upper
95%
Cl

0.01
0.02
0.00
0.39
0.47
0.61
0.00
0.01
0.00
0.71
0.38
0.24
0.09
0.07
0.08



299
300
301
302
303
304
305
306
307
308
309
310

311
312
313
314
315
316
317
318
319
320
321
322

Table S2: Impact of dietary sterilization and microbial re-introduction on the fitness of D. chrysippus
larvae: Tables show the output of mixed-model analysis for fitness measurements. Table 2.1 shows the
analysis for all 3 blocks with diet sterilization. Table 2.2 shows the analysis for 2 blocks (including
microbial re-introduction).Values in bold indicate significant effects (model: fitness ~ treatment, random
effect = block, *p < 0.05). E = estimates from the model output; R?m = proportion of variation explained
by the model with only fixed effects; R%c = proportion of variation explained by fixed and random effects
together. See table S9 or the exact number of replicates for each treatment group and fitness measurement
for each block; and figures S13 to S15 for block-wise analysis of fitness measurements.

Table 2.1

Fitness proxy

Adult Weight
Days to eclosion
Pupal Weight
Days to pupation

Table 2.2

Fitness proxy

Adult Weight

Days to eclosion

Pupal Weight

Days to pupation

Untreated leaves
compared with
Sterile leaves

Compared with
sham control

(Sterile leaves + frass flora)

Sterile leaves + Leaf flora
Sterile leaves
Untreated leaves
Sterile leaves + Leaf flora
Sterile leaves
Untreated leaves
Sterile leaves + Leaf flora
Sterile leaves
Untreated leaves
Sterile leaves + Leaf flora
Sterile leaves
Untreated leaves

E R’m
0.039 0.14
-0.067 0.0003
0.084 0.16
-1.89 0.11

R%c

0.19
0.73
0.17
0.73

Dietary sterilization

df

45
45
45
49

P value

0.007

0.809

0.005
<0.001

Lower
95%
Cl
0.0014
-0.62
0.025
-2.69

Dietary sterilization and microbial reintroduction

E R?m

0.01
-0.04 0.16
0.02
-0.02
-0.05 0.046
0.06
0.12
-0.40 0.13
-0.55
-0.70
-0.08 0.20
-2.15

21

R%c

0.16

0.35

0.14

0.22

df

53
53
53
50
50
50
55
55
55
60
60
60

P value

0.69
0.06
0.32
0.63
0.26
0.15
0.75
0.31
0.18
0.26
0.89
0.001

Lower
95%
Cl
-0.03
-0.08
-0.02
-0.11
-0.14
-0.02
-0.68
-1.19
-1.37
-1.94
-1.29
-3.40

Upper
95%
Cl
0.098
0.49
0.14
-1.09

Upper
95%
Cl
0.05
0.00
0.06
0.07
0.04
0.15
0.93
0.39
0.26
0.53
1.13
-0.90



323  Table S3: A summary of fitness-related traits across control and treated groups. Table shows the mean
324  of block averages (i.e. mean of means), with associated standard deviation (SD). The effect size (Hedge’s
325  “g”) indicates the magnitude of the difference between the treated vs. control group, with the associated p
326  value derived from paired t-tests. Raw data and statistical analysis for individual experimental blocks is
327  shownin figures S7-S15 and tables S5-S7. See table S9 for the exact number of replicates for each treatment
328  group and fitness measurement.

329

Antibiotic treatment — Danaus chrysippus

Leaves + Leaves + Leaves +

Ei Water low dose antibiotic high dose antibiotic

Itness blocks Lower | Upper Lower = Upper
R Mean  SD  Mean  SD Esfifzest 95%  95% P Men D E;ngt 95%  95%

Cl Cl Cl Cl
b@g;’gar'n 3 049 015 051 020 -010 237 216 052 050 018 -003 -229 223
Days to 1.30
Pupation 13.53 0.45 13.51 0.77 0.013 -1.71 1.74 0.96 13.74 0.45 -0.44 -2.19
\F;\LI‘SZ'M 3 059 001 060 004 018 245 208 081 059 004 -000 -236 >
Days to 4 1003 030 1002 059 001 -172 173 097 1021 106 -019 -193 93
Eclosion
C\fe‘;ght 4 026 003 025 002 014 -158 187 055 024 003 053 -122 229
Larval 1.24
Survival 97 3 90 12 0.69 -1.08 2.47 0.37 99 2 -0.51 -2.26
Antibiotic treatment — Ariadne merione
b\?g;lgarln 3 014 0059 014 0057 -001 228 224 095 014 0074 -003 -230 222
Days to 4.53
Pupation 17.2 2.10 16.7 1.20 0.14 -4.15 4.45 0.60 16.6 1.07 0.22 -4.09
C\lljtfizlht 2 0.28 0.03 0.27 0.002 0.34 -3.99 4.67 0.68 0.26 0.01 0.53 -3.84 4.90
Days to 4.23
el 8.27 0.80 8.29 0.41 -0.04 -4.34 4.25 0.94 8.36 0.90 -0.06 -4.37
C\g‘;ght 2 012 001 012 0004 -025 -457 406 096 011 001 076 -369 °>%
Larval 2.72
Survival 3 80 7 80 18 -0.06 -2.32 2.20 0.98 67 32 0.43 -1.85
Dietary sterilization — Danaus chrysippus
Untreated Sterile leaves + = Sterile leaves +
leaves Feces flora Leaf flora Sterile leaves (compared with untreated control)
Effect Lower | Upper
Mean SD Mean SD Mean SD Mean SD . 95% 95% p value
Size cl cl

Days to
Pupation 3 13.17 2.74 17.0 0.87 16.1 1.49 14.99 3.36 -0.47 -2.77 1.82 0.08
ng’ht 3 0637 0048 0619 00004 0583 005 0561 003 152 -105 41  0.10
SEPI 3 1085 145 1225 035 1237 068 1099 187 -007 -233 219 073
Eclosion : ' ’ ' ’ ‘ ' ' ' ' ’ )
C\?el:ght 3 0.284  0.030 0.281 0.013 0.289 | 0.0054 @ 0.244 0.02 1.35 -1.15 3.87 0.16
Larval
Survival 3 94 11 80 3.5 100 0 90 12 0.28 -1.99 2.56 0.2

22

p
value

0.72

0.07

0.89

0.69

0.26

0.40

0.96

0.55

0.36

0.39

0.06

0.62



330 Table S4: An output of Tukey’s HSD performed on mixed models to compare larval fitness across
331  treatments. Table S4.1 and S4.2 show the pairwise comparisons across treatments using Tukey’s HSD test
332 performed on a mixed model. Table S1 summarizes the output of the mixed model analysis. See table S9
333  for the exact number of replicates for each treatment group and fitness measurement.

334

335
336
337
Table S4.1 Danaus chrysippus Ariadne merione
(Antibiotic treatment) (Antibiotic treatment)
Fitness proxy Pairwise Estimate p Lower Upper  Estimate p Lower = Upper
comparisons Value = 95% Cl = 95% ClI Value = 95% = 95%
Cl Cl

Larval Weight UT-LW -0.050 0.38 -0.131 0.030 0.050 0.07  -0.002 0.102

LD-LW 0.012 0.98 -0.070 0.094 0.025 0.61 -0.028 0.079

HD-LW -0.009 0.99 -0.087 0.069 0.038 0.30 -0.018 0.094

LD-UT 0.062 0.22 -0.021 0.145 -0.024 0.63 -0.077 0.028

HD-LW 0.041 0.55 -0.039 0.121 -0.012 095 -0.067 0.044

HD-LD -0.021 0.91 -0.102 0.060 0.012 094 -0.044 0.068

Days to UT-LW -0.163 0.85 -0.687 0.360 0.028 1.00 -0.856 | 0.911

pupation LD-LW -0.144 0.90 -0.677 0.390 -0.298 082 -1.170 0.573

HD-LW 0.089 0.97 -0.418 0.596 -0.443 056  -1.317 0.431

LD-UT 0.020 1.00 -0.517 0.556 -0.326 0.75 -1.165 0.512

HD-LW 0.252 0.58 -0.258 0.763 -0.471 0.47  -1.309 0.366

HD-LD 0.233 0.66 -0.286 0.751 -0.145 097 -0.962 0.671

Pupal Weight UT-LW -0.006 1.00 -0.079 0.068 -0.016 0.24  -0.038 0.006

LD-LW 0.011 0.97 -0.054 0.076 -0.008 0.79 -0.029 0.014
HD-LW 0.015 0.93 -0.050 0.080 -0.019 0.12  -0.040 0.003

LD-UT 0.017 0.93 -0.054 0.087 0.008 0.75 -0.013 0.029
HD-LW 0.021 0.87 -0.049 0.001 -0.003 0.99  -0.024 ' 0.018
HD-LD 0.004 1.00 -0.057 0.065 -0.011 0.52 -0.031 0.010
Days to UT-LW 0.184 0.94 -0.365 0.579 -0.081 0.99  -0.688 | 0.527
eclosion LD-LW 0.190 0.96 -0.586 0.391 0.007 1.00 -0.584 0.598
HD-LW 0.182 1.00 -0.449 0.485 0.144 0.93  -0.455 | 0.742
LD-UT 0.190 0.70 -0.694 0.284 0.088 0.98 -0.492 0.668
HD-LW 0.183 0.96 -0.558 0.380 0.225 0.76 = -0.359 | 0.808
HD-LD 0.188 0.93 -0.367 0.598 0.136 092 -0.426 0.699
Adult Weight UT-LW -0.006 0.89 -0.026 0.015 -0.012 0.24  -0.029 | 0.005
LD-LW -0.002 0.99 -0.026 0.021 0.003 096 -0.013 0.019
HD-LW -0.011 0.55 -0.031 0.010 -0.011 0.28  -0.027 | 0.005
LD-UT 0.003 0.98 -0.020 0.026 0.015 0.06  0.000 0.031
HD-LW -0.005 0.93 -0.025 0.016 0.001 1.00 -0.015 @ 0.017
HD-LD -0.008 0.79 -0.031 0.015 -0.014 0.07  -0.029 @ 0.001
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338
339

340
341

Table S4.2
Fitness proxy

Larval Weight

Days to pupation

Pupal Weight

Days to eclosion

Pairwise
comparisons
LF-FF
SL-FF
UT-FF
SL-LF
UT-LF
UT-SL
LF-FF
SL-FF
UT-FF
SL-LF
UT-LF
UT-SL
LF-FF
SL-FF
UT-FF
SL-LF
UT-LF
UT-SL
LF-FF
SL-FF
UT-FF
SL-LF
UT-LF
UT-SL

Estimate

-0.70
-0.08
-2.15
0.62
-1.45
-2.07
-0.02
-0.05
0.06
-0.03
0.08
0.11
0.12
-0.40
-0.55
-0.52
-0.68
-0.15
0.01
-0.04
0.02
-0.05
0.01
0.06

24

Danaus chrysippus
(Dietary sterilization and microbial reintroduction)

p Value

0.67
1.00
0.003
0.68
0.06
0.001
0.96
0.66
0.47
0.90
0.18
0.03
0.99
0.74
0.52
0.48
0.28
0.98
0.98
0.22
0.75
0.07
0.93
0.01

Lower 95%
Cl

-2.29
-1.63
-3.76
-0.82
-2.95
-3.53
-0.13
-0.16
-0.05
-0.14
-0.02
0.01

-0.90
-1.41
-1.60
-1.46
-1.64
-1.11
-0.05
-0.09
-0.03
-0.10
-0.04
0.01

Upper 95% CI

0.88
1.47
-0.54
2.06
0.06
-0.61
0.09
0.06
0.17
0.08
0.19
0.22
1.15
0.62
0.49
0.41
0.29
0.80
0.06
0.01
0.07
0.00
0.06
0.11
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343
344
345
346
347
348
349
350
351

352
353
354

Table S5: Impact of antibiotic treatment on the fitness-related traits of D. chrysippus. Table 5.1 shows
the treatments included in each experimental block. Table 5.2 shows the results of analyses of fitness
measurements across treatments (fitness of antibiotic treated groups is compared with group B; generalized
linear model, Tukey’s post- hoc test for multiple comparisons). Asterisks indicate significant variation
(*p<0.05). “E” represents the “estimate” from the Tukey’s post hoc test and is reported only for the
comparisons that are significant. Replicate size per experimental block is represented as a range (n per
block). Non-significant comparisons are indicated as “ns”, and fitness proxies that were not determined are
indicated by “nd”. See table S9 for the exact number of replicates for each treatment group and fitness

measurement.

5.1: Treatments included in each experimental block

Treatments
Block 1
Block 2
Block 3
Block 4

A

Untreated
leaves

N

v
v
v

B

Leaves +
Water

v

v
v
v

5.2: Impact of the antibiotic treatment on D. chrysippus fitness

Experimental n per
blocks block
Block 1 5-8
Block 2 4-18
Block 3 9-25
Block 4 4-13

Larval
Length

ns
ns

ns
ns

Larval
Weight

ns
ns

ns
ns

Days to
pupation

ns
ns

ns
ns

Adult

©

Leaves +

Low Dose antibiotic

v

v

v

v
Pupal Days to
Weight eclosion

ns
ns

ns
ns

25

ns

ns

ns
ns

Weight

ns
ns

ns
ns

D

Leaves +

High Dose antibiotic
v

v
v
v

Larval
digestion efficiency

nd

*B>C p= 0.04, E= -0.15

Weight gained per gram of leaf eaten
by 11-day old larvae.

ns

ns



355
356
357
358
359
360
361
362
363
364

365
366

Table S6: Impact of antibiotic treatment on fitness-related traits of A. merione. Table 6.1 shows
treatments included in each experimental block. Table 6.2 shows the results of analyses of fitness
measurements across treatments (fitness of antibiotic treated groups is compared with group B, generalized
linear model, Tukey’s post- hoc test for multiple comparisons). Asterisks indicate significant variation
(*p<0.05). “E” represents the “estimate” from the Tukey’s post-hoc test and is reported only for the
comparisons that are significant. Non-significant comparisons are indicated as “ns”, and fitness proxies that
were not determined are indicated by “nd”. See table S9 for the exact number of replicates for each

treatment group and fitness measurement.

6.1: Treatments per block

A B
Treatments Untreated Leaves +
leaves Water
Block 1 N v
Block 2 N v
Block 3 N v

6.2: Impact of the antibiotic treatment on A. merione fitness

Experimental n  per Larval Larval
blocks block Length Weight
Block 1 9-16 ns ns
Block 2 5-12 ns ns
Block 3 3-8 B>D*, p=0.04, E=-41 ns

Days
pupation

ns
ns

nd

26

C D

Leaves + Leaves +

Low Dose antibiotic High Dose antibiotic

v v

v v

v v

to Pupal Days to Adult
Weight eclosion =~ Weight
ns ns ns

B>D* ,p=0.005, E=-0.04
B>C* ,p=0.02, E=-0.03 ns
B>A* p=0.01, E= 0.04

nd nd nd

B>A* p=0.01, E= 32



367  Table S7: Impact of dietary sterilization on fitness-related traits of D. chrysippus. Table 7.1 shows the
368  treatments included in each experimental block. Table 7.2 shows the results of analyses of fitness
369  measurements across treatments. Asterisks indicate significant variation between the control group
370  (treatment A) and other treatments (Generalized linear model, Tukey’s post hoc test for multiple
371  comparisons, *p < 0.05), with the direction of the difference as indicated. “E” represents the “estimate”
372 from the Tukey’s post-hoc test and is reported only for the comparisons that are significant. Non-significant
373  comparisons are indicated as “ns”, and fitness proxies that were not determined are indicated by “nd”. See
374  table SO for the exact number of replicates for each treatment group and fitness measurement.

375

376
7.1: Treatments included in each experimental block
A B C D
Treatments  ynsterile Diet = Sterile Diet + Frass flora Sterile Diet + Leaf flora Sterile Diet
Block 1 v nd nd J
Block 2 v v v v
Block 3 v v v v

7.2: Impact of dietary sterilization and microbial reintroduction on D. chrysippus fitness

Experimental = n per . . . Days to Adult

blocks block Larval Length Larval Weight Days to pupation Pupal Weight eclosion Weight

Block 1 8-9 *D<A, p=9.44e-05,E=-9.1 *D<A, p=0.0231,E=-0.10 *D>A, p=0.025,E= 11.2 ns ns ns

Block 2 6-13 *D<A, p=0.04, E= 3.1 nd ns ns ns *D<A, p=0.04E = -0.06
* — —_

Block 3 6-8 ns nd 2 [P0, 32249 ns ns ns

*D>A, p=0.01, E= 2.8
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Table S8: Larval mortality across experimental blocks and treatment. We did not observe significant
difference in mortality across treatments (tested separately for each block - across control and treatment
groups in a pairwise manner, Fisher’s exact test, p>0.05 in each case, except in A. merione block 3: p=0.02*,
mortality in (Leaves + Water) > (Leaves + High Dose antibiotic).

Dietary sterilization

D. chrysippus block 1
D. chrysippus block 2
D. chrysippus block 3

Antibiotic treatment

D. chrysippus block 1
D. chrysippus block 2
D. chrysippus block 3
D. chrysippus block 4
A.merione block 1
A.merione block 2
A.merione block 3

Unsterile leaves

Total
number of
larvae

9

13

11

% Dead
larvae

0%
0%
18%

Untreated leaves

5

14
29
13
18
11
10

0%
%
10%
0%
6%
36%
20%

Sterile leaves

Total
number of
larvae

9

15

13

%
Dead
larvae
0%
7%
23%

Leaves + Water

5
16
26
13
17
8
8

0%
6%
4%
0%
24%
25%
13%

28

Sterile leaves +
leaf flora

Total number
of larvae

12
11

Leaves +

% Dead
larvae

0%
0%

Low dose antibiotics

8

15
23
11
19
12
9

0%
7%
4%
27%
26%
0%
33%

Sterile leaves+

frass flora
Total
number of
larvae

13

11

Leaves +

High dose antibiotics

8

18
25
13
19
11
10

%

larvae

23%
18%

0%
0%
4%
0%
21%
9%
70%

Fisher’s exact
test

p Value

No Mortality
p>0.05
p>0.05

No Mortality
p>0.05
p>0.05
p>0.05
p>0.05
p>0.05
P<0.05*
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Table S9: Replicate sizes across different experimental blocks. Tables 9.1, 9.2 and 9.3 show the number
of larvae tested in each experimental block. Fitness proxies that were not determined are represented as
“nd”. See tables S5-S7 for a description of treatments.

9.1 Testing the impact of dietary sterilization on the fitness of D. chrysippus

Treatments

Number of larvae at the beginning of the

experiment
Larval Length

Larval Weight
Days to pupation
Pupal Weight
Days to eclosion
Adult Weight

Block 1

© © © o W © ©o >

®w © © © © ©o ©o O

13
13

10
10

10

9.2 Testing the impact of antibiotic treatment on the fitness of A. merione

Treatments

Number of larvae at the beginning of the experiment

Larval Length
Larval Weight
Days to pupation
Pupal Weight
Days to eclosion
Adult Weight

Block 1

A

18
16
16
13
13
13
13

B

17
14
13
10
10
10
9

C
18
14
12
9
9
10
9

9.3 Testing the impact of antibiotic treatment on the fitness of D. chrysippus

Treatments

Number of larvae at the beginning of the experiment

Larval Length
Larval Weight
Days to pupation

Larval digestion efficiency

Pupal Weight
Days to eclosion
Adult Weight

Block 1
A B
5 5
5 5
5 5
5 5
nd

nd

5 5
5 5

0 ™o

©

© o mo g

©

29

Block 2
B C
13 12
13 12
nd
7 9
7 7
6 9
6 7
Block 2
D A B
20 11 6
14 7 6
13 8 6
11 6 6
11 5 6
11 5 6
11 5 6
Block 2
A B C D
14 16 15 18
13 15 14 18
9 15 14 16
12 15 14 18
8 13 14 15
6 8 1 9
12 15 14 18
12 14 12 18

15
15

12

10

C D
12 11
12 11
12 8
12 9
11 9
12 9
12 9
Block 3
A B
29 26
24 25
19 17
23 17
20 14
22 19
22 19
20 15

11

(o2 o> TN o> I o)

C

23
16
15
16
15
20
19
9

Block 3

B
11
11

o o o1 o

nd

Block 3

A

nd
nd
nd
nd

D

25
19
18
15
15
21
19
13

B
8
7
7

C D
11 13
11 12
8 7
7 5
8 7
7 7
C D
9 10
6 3
6 3
Block 4
A B
13 13
13 | 13
13 13
13 | 13
8 6
11 11
13 13
11 12

[N

Ao A0~ ®E O

O

13
12
12
12

11
10

©
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