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Abstract 
	If phenotypic plasticity is adaptive, then prior exposure to a stressor should reduce effects arising from subsequent stressor exposure.  Here, we test the hypothesis that corals exhibit adaptive plasticity to a stressor (vermetid gastropods) mediated by their extended phenotype (coral-associated bacteria). We used a reciprocal transplant experiment to evaluate corals that varied in their prior exposure to vermetid gastropods, a known biotic stressor. We measured a suite of traits associated with coral performance, many of which showed a plastic response to vermetid exposure: decreased calcification, increased microbial diversity, and shifted microbial composition. Most traits (e.g., tissue thickness) also showed a signature of previous exposure environment that persisted after exposure reversal. These phenotypic differences are likely genetic, as reefs with and without vermetids largely comprised of two mitotypes. We suggest cryptic coral variation contributes to different community trajectories, with thin-tissue types more prone to disturbance and subsequent colonization by other species. 



Introduction
Abiotic factors like temperature, as well as biotic factors like predation, can lead to changes in phenotypic traits, through plasticity (a non-genetic response to the environment) or local adaptation (i.e., genotypic differentiation). If local adaptation leads to trait divergence between individuals from distinct populations, then the common genotype in each population will have higher fitness than would the common genotype from the other population (1). Alternatively, adaptive phenotypic plasticity arises when a single genotype leads to two different phenotypes when developing in two different environments, and yields a higher fitness across the two habitats than could be achieved by either fixed phenotype (2, 3).  
For example, Trinidadian guppies show local adaptation to predator environments: when placed in a common environment, guppies from streams with high predator density grow to larger sizes than do guppies from sites with lower predator density. The guppies also show adaptive plasticity: predators induce behavioral shifts in the guppies’ use of the water column, no matter where the guppies originated (4). Phenotypic plasticity induced by predators has been shown in a wide range of taxa, including Daphinia (5), amphibians (6), rocky intertidal snails, barnacles (7, 8), and fish (4, 9, 10). Competitors can also induce phenotypic shifts in species traits. For example, competition causes leopard frog tadpoles to reduce their growth rates and increase their mouth length and width (11). 
Although phenotypes are often quantified using morphological, physiological, and behavioral traits of the focal organism, phenotypes can extend beyond the traditional concept of an individual (sensu Dawkins (12). A classic example of an extended phenotype is a beaver dam. Although not a fully integrated part of a beaver, the dam affects the beaver’s fitness and can alter the beaver’s interactions with other species.  Recently, the concept of an extended phenotype has expanded to include host-associated microbial symbionts (13). Most individuals consist of both host and microbial symbionts, which together constitute a holobiont (14). Additionally, Zilber-Rosenberg and Rosenberg (15) proposed that the holobiont is a unit of selection, an idea that has been embraced conceptually by others (16). Thus, a host’s microbial community can be considered a phenotypic trait, subject to change under different biotic and abiotic conditions, and likely to differentially influence the performance of the host under different environmental conditions. 
Implicit in the concept of adaptive phenotypic plasticity or local adaptation is the idea that the phenotype that is most common in a particular environment will outperform other phenotypes in that environment. For example, if exposure to crayfish induces snails to grow a thicker shell, and if that plasticity is adaptive, then snails with thicker shells should be less vulnerable to predation by crayfish (17).  Changes in a host’s microbial community can also help hosts adapt to a particular environment.  For example, plants previously exposed to drought conditions were better able to withstand the effects of subsequent droughts, and this enhanced resistance to the stressor was mediated through the plant-associated soil microbial community (18). Here, we examine the potential for a similar phenomenon on coral reefs. 
Scleractinian corals are calcifying holobionts composed of host tissues, as well as bacterial, archaeal and eukaryotic symbionts. Symbiodinium are microalgal cells that live within the host tissues and transfer photosynthesis-derived products (e.g., carbohydrates) to the coral host, thus acting as a major food-acquisition source for the holobiont. The bacterial and archaeal (hereafter, we refer to these groups as microbial) communities are highly diverse and are found in coral tissues and in the coral surface mucus layer.  Although the functions of these microbial communities are not well understood, they are hypothesized to play important roles in immunity (i.e., protection from pathogens (19-21) and nutrient cycling (21). 
Corals exhibit extreme phenotypic plasticity.  Water flow, light and temperature induce changes in coral growth, calcification rate, and morphology (22-26).  Additionally, coral traits respond to stress, leading to differences in morphological characteristics associated with energetic reserves (e.g., tissue thickness, 
(27). In some coral groups, responses are so dramatic that morphologies can shift from mounding to plating – variation that is often thought to characterize different species (24). 
Coral symbionts also are responsive to changes in the environment. For example, different clades of Symbiodinium confer differential sensitivity to thermal stress.  Thus, exposure to increased temperature can cause corals to expel maladaptive symbionts and acquire adaptive symbionts: i.e., the adaptive bleaching hypothesis (28, 29).  Changes in the microbial community can similarly be beneficial. The coral surface mucus layer is the first line of defense of corals against incoming pathogens, and microbes in this carbohydrate-rich layer are hypothesized to prevent pathogen invasion (probiotic coral hypothesis, (19, 20, 30).  However, some changes (e.g., resulting from competitive interactions with algae) can favor more pathogenic or heterotrophic groups 
(31-33), and can lead to disease (34). 
Another species known to induce phenotypic changes in corals are vermetid gastropods (Supplemental Information, Figure S1). Vermetids are sessile gastropods that cast mucus nets to collect food particles from the water column. The largest vermetid, Ceraesignum maximum, is frequently found embedded in the coral skeletal matrix in the Indo-Pacific and Red Sea.  These vermetids reduce coral calcification (35), flatten coral colonies (36-38) and decrease photosynthetic yield of symbiotic Symbiodinium (38).  The putative mechanism underlying these deleterious effects involves the gastropod’s mucus nets. The nets impede water flow and influence chemical conditions at the surface of the corals, and likely lead to the build-up of noxious chemicals (39). Additionally, the mucus nets contain bioactive compounds (40), which may have anti-microbial effects, or act as a fish deterrent, as reefs covered with nets are associated with lower herbivory rates (41). Thus, we hypothesize that vermetid nets will alter the coral microbiome (e.g., via the build-up of excess cellular metabolites near the surfaces of corals), which could alter how corals respond to subsequent exposure to vermetids.  
There is tremendous spatial variation in the densities of vermetids. At the extreme, some small (1-5 m2) reefs, each comprised almost entirely of a single coral colony of massive Porites, have vermetids whereas other nearby reefs, are devoid of vermetids (35). These two types of reefs are in close proximity (within several meters), interspersed, and appear to be the same morphospecies, as the variation is within the range observed across landscapes. This marked spatial variation in vermetids allowed us to ask if prior exposure of corals to vermetids affected a coral’s subsequent response to vermetids, and to assess the relative roles of phenotypic plasticity or genetic differentiation in producing phenotypic variation among corals with versus without vermetids.  Using these small reefs with and without vermetids, we previously found no effect of experimentally removing vermetids:  linear extension (e.g., outward coral growth) of these reefs did not depend on whether we removed vermetids or left them on the reef (Supplemental Information, Fig S2).  These results contradicted past experimental work, which had shown large, deleterious effects of vermetids on corals.  Previous results were based upon experiments in which small corals were transplanted to sites with vs. without vermetids (35, 42, 43).  The disparity between these results led us to hypothesize that past work may have demonstrated strong effects because they used “naïve” corals – those that had lacked prior exposure to vermetids (Supplemental Information, Appendix 2), and that placing those naïve corals in sites with vermetids led to large effects.  In contrast, corals previously exposed to vermetids were either adapted or acclimatized to vermetids and therefore less responsive to subsequent removal of vermetids.  
We tested this hypothesis by conducting a reciprocal transplant experiment, in which we quantified changes in coral calcification, tissue thickness, Symbiodinium density, and microbial communities, and determined the role of past exposure to vermetids (i.e., reflected by the presence or absence of vermetids from the small reef at which the coral originated) versus current exposure to vermetids (i.e., reflected by the presence or absence of vermetids at the transplant location). We expected corals with a history of vermetid exposure to show decreased effects of vermetids compared to corals originating from reefs without vermetids (i.e., we expected to find a significant interaction between origin and transplant environment). If transplant environment had a greater effect on phenotypic traits relative to origin environment, we would conclude that phenotypic plasticity played a major role.  In contrast, if origin reef was found to have a greater effect on phenotypes, we would conclude either that differences were the result of genetic differentiation, that plasticity required longer exposures to develop, or that plasticity required exposure during specific developmental windows. To address potential genetic differentiation among corals, we also sequenced the coral’s mtCOI region and compared sequence divergence among corals.  We found plasticity in some traits (calcification and microbial communities), but lasting effects of the previous exposure environment in all traits. This result is largely explained by two different mitotypes present in the population, one which allows vermetids to colonize reefs and one that does not. 
Results
Calcification
Origin reef type (with vs. without vermetids) and transplant reef type (with vs. without vermetids) each significantly affected change in coral skeletal mass (origin reef: F1, 18 = 7.26, p = 0.01; recipient reef: F1,45 = 30.58, p <0.001), although the interaction was not significant (F1,45 = 0.224, p = 0.638). Corals accrued ~1.5x more mass when transplanted to reefs without vermetids compared to reefs with vermetids; but they also grew ~1.5x more if they came from reefs that had vermetids (Fig 1). Thus, corals moved back to their home-type reef grew at similar rates. This is an example of counter-gradient variation.  These results refute our hypothesis that prior vermetid exposure makes corals less sensitive to vermetids.
Tissue thickness
	Coral tissues were 1.8x thicker when corals came from reefs without vermetids compared to corals that came from reefs with vermetids (Fig 1b, F1,18 =4.46, p = 0.049). Tissue thickness, a measure of energy reserves, was not affected by recipient reef type (Fig 1b, F1,40=0.003 p = 0.953) suggesting that vermetids did not have a short-term effect on tissue thickness. There was no evidence for an interaction between the effects of recipient and origin reefs (Fig 1b, F1,40= 0.017, p = 0.896). 
Symbiodinium density
	Corals that originated on reefs without vermetids had Symbiodinium densities that were ~2x greater than corals that originated from reefs with vermetids (Fig 1c, Origin: F1,48 = 90.167, p <0.001).  Corals that were transplanted to reefs without vermetids had, on average, higher densities of Symbiodinium, although this difference was not significant (Recipient: F1,46 = 3.97, p = 0.052). Furthermore, corals that came from reefs without vermetids were more sensitive to vermetids, although this interaction also was not significant (Recipient x Origin: F1,46 = 2.858, p = 0.098). The differences in Symbiodinium density largely mirrored the variation in tissue thickness. However, even when Symbiodinium counts were adjusted to incorporate coral tissue mass (and log transformed to normalize data), there was an effect of origin (origin: F1,18 = 12.53, p = 0.002), but no effect of recipient reefs (F1,39 = 0.44, p = 0.51); nor was there a significant interaction (F1,39 = 0.00, p = 0.98).  
Microbial diversity 
	Microbial alpha diversity increased when corals were transplanted to reefs with vermetids, relative to diversity on reefs without vermetids (Figs 2a-c; Chao1: F1,37 = 8.14, p = 0.007; Shannon: F1,37 = 9.45, p=0.004; Observed: F1,37 =9.72, p = 0.004). There were no effects of origin reef type (Chao1: F1,18 =0.99, p =0.33; Shannon: F1,18 = 0.48, p = 0.50; Observed: F1,18 = 1.11, p = 0.31); nor were there any significant interactions between origin and recipient reef type (Chao1: F1,37 = 0.16, p = 0.69, Shannon: F1,37 = 0.001, p = 0.98; Observed: F1,37 =0.20, p = 0.66). 
Compositional differences and Beta diversity 
The composition of microbes depended on origin and recipient reef type (Fig 3,4,5) but not their interaction (PERMANOVA Origin: F1,55 = 6.03, p = 0.001; Recipient: F1,55 = 2.36, p= 0.004; Origin x Recipient: F1,55 = 0.76, p = 0.72). Interestingly, samples taken from the reefs at the start and end of the experiment exhibited different communities that changed over time (Supplemental Information, Fig S4). Sediment and vermetid mucus net samples differed from coral microbial samples, demonstrating that coral assemblages were unique to corals (PERMANOVA: P < 0.001).
Several bacterial families contributed to the compositional differences between corals that came from reefs with vs. without vermetids (Fig 5).  Hahellaceae (Fig 5a), Pirellulaceae (Fig 5b), Phyllobacteriaceae (Fig 5c), Lachnospiraceae (Fig 5d), and Clostridiaceae (Fig 5n) had greater relative abundances on corals originally from reefs with vermetids, whereas Rhodobacteraceae (Fig 5e) and Synechococcaceae (Fig 5f) were more abundant on corals originally from reefs without vermetids. Several families also changed relative abundance in response to being moved to a different reef type:  Flavobacteriaceae (Fig 5g), Verrucomicrobiaceae (Fig 5o), and Fusobacteriaceae (Fig 5h) were more abundant after being transplanted to reefs with vermetids, whereas Synchechococcaeae (Fig 5e), Halomonadaceae (Fig 5j) and Streptococcaea (Fig 5k) were more abundant after being placed on reefs without vermetids. Planctomycetaceae and Cryomorphaceae (Fig. 5q, r) showed a significant interaction between origin and recipient reefs, in which corals originally from reefs with vermetids showed more drastic changes to transplantation compared to corals originally from reefs without vermetids.  
Host Genetics
	We observed significant genetic differentiation among corals based on the mtCOI region that distinguished the reefs with versus without vermetids (Fig 6, Hudson’s Snn = 0.93, p < 0.001). All but one reef with vermetids grouped separately from reefs without vermetids. Three distinct sites along the ~700bp segment of the mtCOI gene (~0.4% difference) represented fixed substitutions between the two groups of reefs. For corals, 0.4% sequence divergence falls within the range often seen between species (0-1.98%: (44), suggesting considerable variation given that the corals were indistinguishable based upon gross morphology. Data are accessible in GenBank under accession numbers MH645307-35. 
Discussion	
Phenotypic plasticity
Adaptive plasticity can lead to a decreased response to a stressor after secondary exposure. However, phenotypic plasticity is not always adaptive, and changes in phenotypes may not always benefit the organism. Consistent with past studies, we observed demonstrable deleterious effects of vermetids on coral; however, our results provided no compelling evidence that prior exposure of corals to vermetids led to reduced effects of the snails. 
Although we did not find evidence of adaptive plasticity, we did see evidence of phenotypic plasticity. Corals from both reef types experienced reduced calcification when placed on reefs with vermetids relative to reefs without vermetids (Fig 1a).  Interestingly, corals originally exposed and not exposed to vermetids had similar calcification rates when placed on their home type reef. However, their calcification rates differed when transplanted to a common environment: corals previously exposed to vermetids had higher calcification rates than corals previously naïve to vermetids. This is an example of counter-gradient variation (opposing effects of genetics and environment, 45, 46).
Additionally, transplantation to reefs with vermetids led to increased microbial richness, and shifts in microbial partners, in particular increases in groups that include anaerobic or facultative anaerobes (i.e., Fusobacteriaceae and Flavobacteriaceae; 

(47). Because vermetid mucus nets reduce flow and modify the chemical conditions near coral surfaces (39), it is possible that higher relative abundances of anaerobes occur because coral surfaces experience prolonged periods of low oxygen.  
Cryptic phenotypes and underlying genetic structure
Most traits were determined more by the origin reef type, and less so by the recipient reef type, suggesting a strong role for host genetics rather than plasticity. Corals that had not been previously exposed to vermetids had higher rates of linear extension (Fig S2), lower calcification, thicker tissues, higher densities of Symbiodinium, and different microbial communities, relative to corals from reefs with previous exposure to vermetids. We propose that a major source of this variation is likely due to the underlying genetic differences among the corals as indicated by the presence of two distinct mitotypes that correlate with the presence versus absence of vermetids (also see Fig S3).  Variation in mtCOI is typically low in corals (44, 48) – both within species and between related species – suggesting that the observed differences in mtCOI between the two groups of corals are evolutionarily significant.  Yet, the massive Porites species complex is notoriously difficult to differentiate visually, as they show considerable morphological plasticity, which masks underlying genetic diversity (26, 49, 50).  Indeed, we were surprised to find genetic differences between the two groups of reefs as we were unable to distinguish the corals based upon classic morphometrics (e.g., calyx structure or colony morphology).  

Disturbance dynamics and correlated traits
Vermetids cannot colonize live coral tissue (51); instead, they rely on disturbances to open up free space. We suggest that these cryptic coral phenotypes are key to understanding coral-vermetid dynamics in this system.  The two vermetid states (presence vs. absence), two mitotypes (A vs. B), and coral traits (linear extension, calcification rate, tissue thickness, Symbiondinium density and microbial communities) are tightly correlated and give rise to two coral phenotypes, which we hereafter refer to as a “susceptible” versus “resistant” type because we hypothesize that the two types differ in their likelihood of vermetid colonization. Corals from reefs without vermetids had thicker tissues and higher Symbiondinium densities, which appear to be relatively fixed (i.e., less plastic) features of the mitotype associated with the absence of vermetids (“resistant” phenotype, Fig. 1 and 6).  Both traits are likely important in determining if disturbance events will create open space on reefs and if that open space will persist.  For example, thicker tissues likely make corals less vulnerable to disturbance events.  Additionally, thicker tissues and higher Symbiodinium densities are important in providing and storing energy 
(27, 52, 53) and therefore likely allow for faster recovery once a disturbance has opened up space.  Indeed, the interplay between coral traits and disturbance may provide the mechanism that that allows vermetids to colonize some reefs but not others. 
We hypothesize that “susceptible” reefs are more easily disturbed and less likely to recover from disturbances.  In contrast, the “resistant” reefs are harder to disturb and more likely to recover quickly once an opening does appear. Thus, vermetids are more likely to colonize the susceptible reefs, where open space is more common, and the greater density of vermetids would lead to lower colony growth (Fig S2) even if these colonies have the potential for higher calcification rates. Resistant coral colonies, alternatively, may be able to prevent colonization by vermetids (and other space-limited, benthic organisms) by resisting disturbances and re-growing tissue when disturbances do occur.  Analysis of data from a previous study suggests that the resistant-type reefs with thicker tissue, denser Symbiodinium, and no vermetids are quicker to recover from disturbance than are corals of the susceptible-type (Supplemental information Appendix 2, Fig S5). Therefore, the “susceptible” reefs are more likely to be colonized by vermetids. Vermetid colonization will then further degrade coral growth and their ability to resist invasion by other space-limited organisms.  
Some coral microbial traits also vary between the susceptible and resistant phenotypes. Several families had higher relative abundances on one type of reef compared to the other and did not change with transplant to the other environment. For example, members of the family Hahellaceae had a higher relative abundance on corals previously exposed to vermetids. This is a family of putative coral symbionts, including the genus Endozoicomonas, which are hypothesized to act as a probiotic 
(54). The likelihood of foreign microbial invasion is higher on susceptible reefs because vermetid nets collect particles, including bacteria, from the water column, which likely increases contact between corals and potential pathogens. Thus, this probiotic symbiont family may be selected for to reduce pathogen invasion by competitively excluding pathogenic bacteria (suggested in 

55, 56). Therefore, the susceptible phenotype (co-occurring with vermetids) may be more pathogen-resistant than corals that do not occur with vermetids. We suggest there are complex associations among different coral traits and their vulnerability to disturbance and disease.  Further study is needed to explore these linkages and possible trade-offs.
Extended phenotypes of Porites corals
Several traits were associated with the underlying genetic structure of corals (i.e., calcification, Symbiodinium densities and tissue thickness), which we expect to lead to differences in vermetid colonization to these reefs. In other systems, underlying genetic variation in one species leads to differences in the assembly of entire communities. This concept has been extensively studied in cottonwood trees (57). For example, underlying genetic variation in cottonwoods trees can lead to differences in arthropod communities (58) and differences in aquatic insect emergence (59). Additionally, differences in resistance to gypsy moths by pinyon trees leads to differences in community trajectories (57). As gypsy moths are part of the extended community phenotype of pinyon trees (57), we suggest vermetids are part of the extended community phenotype of massive Porites. The presence of vermetids on reefs not only affect the growth, survival and morphology (35) of Porites, but also their interactions with other species: e.g., by decreasing herbivory (41).  Porites globally are likely a good candidate to study community phenotypes, as other work suggests cryptic species in the eastern tropical Pacific correlate with differences in the presence of Lithophaga mussels and potentially with differences in corallivory (60). 
Cryptic variation may explain variation in recovery and resilience of coral reefs, based on traits that vary in coral susceptibility or resistance to disturbance and subsequent interactions. We highlight that the extended phenotype (including microbes and other interactors like vermetids) is critical to understand variation in the trajectory of communities. 

Methods
The system
	All field studies were conducted in the shallow back reef of Mo’orea, French Polynesia (S17° 28.511' W149° 48.857') within a 0.04  km2 area. The back reef is dominated by massive Porites corals, a mounding coral species complex with poorly resolved taxonomy (49, 50). The small Porites reefs in this area start out as monospecific coral colonies in which coral tissue mortality allows for colonization by other benthic species (Figure S1). Massive Porites corals in Mo’orea are, from a taxonomic perspective, visually indistinguishable and appear to include members that have been previously identified as Porites lobata, Porites lutea and Porites australiensis. On the back reef there are massive Porites reefs that are devoid of vermetid gastropods (i.e., without visible evidence of previous vermetid exposure) and reefs that have vermetids present (i.e., with previous vermetid exposure). Both types of reefs can be found within several meters of each other.  These two reef types are morphologically indistinguishable except for the documented effects of vermetids, which lead to flattened colonies that resulted from the decreased growth of polyps that are in contact with the vermetid nets (35, 38); Fig. S1)
Reciprocal transplant experiment 
The reciprocal transplant experiment took place from 23 February to 9 June, 2015, using 10 reefs with, and 10 reefs without, vermetids.  Reefs were of similar dimensions and depth (height =  61.95 ± 17.5 cm and diameter = 75.9±19.7 cm, vertical distance from the water surface = 2.0 ± 0.3 m; Mean ± SD, Figure S1).  Reefs that lacked vermetids were characterized by high live coral cover (93±4.3%), whereas reefs with vermetids had only 73.6 ±11.3% live coral cover and had 17.9±7 vermetids on them. The remaining cover on reefs was primarily algal turf and crustose coralline algae. 
	From each reef, we removed four cores using a pneumatic drill with a diamond-tipped hole saw attachment (diameter = 3.81 cm diameter, McMaster Carr).  Each core was returned to the lab and excess skeleton from the base was removed using a bandsaw (© Gryphon C40) so that each core was approximately 1.5 cm in height. Each core was then attached to a mesh base using Zspar (© Splashzone). Each core was photographed, buoyantly weighed (61), and placed onto a new reef. The four cores from each origin reef were placed onto four different reefs (but not their origin reef): two reefs with and two reefs without vermetids. Thus, each reef donated, and also received, four transplants -- two from each type of reef.  At the conclusion of the experiment (9 June 2015), cores were retrieved and returned to the lab, where they were photographed and buoyantly weighed. We recovered 68 of 80 cores; those that were lost were likely consumed by corallivores or removed by high wave energy, (nine were missing from corals transplanted to vermetid present reefs and 3 were missing from corals transplanted to vermetid absent reefs).
After the final weighing, samples were cut in half using a bandsaw (© Gryphon C40) and the surface area of each half was measured. One half of each core was then fixed in formalin for tissue thickness analyses. We removed coral tissue from the other half using an airbrush. The tissue slurry was captured in a plastic bag and then poured into a clean 50 ml tube. Volumes ranged from (12-50 ml). The slurry was then homogenized to break up tissue with a tissue grinder. Aliquots (1.5 ml) were removed for Symbiodinium counts and host genetic analyses. Samples taken for Symbiodinium counts were preserved in 10% formalin. Samples taken for host genetic analysis were preserved in DMSO. All host samples were stored at room temperature until analysis. 
Measurements
Skeletal Mass
	Buoyant mass was converted to skeletal mass, using equations from Davies (61).  Because cores were of a standard size, calcification rate was measured as the difference in skeletal mass divided by time (but not adjusted by initial surface area).
Tissue thickness
After removing tissues from formalin, we dissolved the skeleton in 10% HCl. Once dried to a constant mass, we estimated tissue thickness (dry mass per area) by tissue mass divided by surface area. 
Symbiodinium Counts
Counts were completed using a hemocytometer, with 10 subsamples per sample. The average cell count was divided by the volume of the hemocytometer chamber and multiplied by total homogenate volume to obtain the total count. The total cell count was then divided by surface area of the half core to determine cell density (no. per area) and then by tissue thickness to obtain cell concentration (no. per dry mass). 
Host genetic analyses
DNA samples of corals from this experiment and 9 additional reefs (5 with vermetids and 4 without vermetids; n=13 vermetid absent, n=15 vermetid present) were brought back to UGA. Samples were centrifuged, and the excess buffer removed. We isolated genomic DNA following (62), followed by amplification of the mtCOI region (63). PCRs were run at 95°C for 3 minutes, followed by 34 cycles of 95°C for 30s, 45°C for 30s, 72°C for 1:00, and a final elongation step at 72°C for 5 minutes, and held at 12°C). After successful amplification, we digested excess primers using an exonuclease - phosphatase protocol and submitted reactions for Sanger sequencing at the Georgia Genomic Facility. Sequences were trimmed, quality-checked, and aligned in Geneious (64) v 10.2.3 ©. From this alignment, we inferred the phylogenetic relationships among individual haplotypes using a Tamura-Nei distance model (65) and neighbor-joining algorithm without an outgroup. We used 100 nonparametric bootstrap replicates to assess the robustness of the resulting tree. 
Microbial sampling
Before corals were cored from reefs, microbial samples were collected from each reef using 12-ml needle-less syringes to suck up surface mucus. At the end of the transplant experiment, but before coral cores were retrieved, microbial samples were collected from the surface of each core and each reef. Sediment samples were also collected at the start and end of the first transplant experiment. Samples were kept on ice after collection and for transport back to the lab.
In the lab, the mucus was inserted into a 1.5-ml centrifuge tube, centrifuged at 10,000 RPM for 5 minutes, and excess water was removed. Samples were immediately frozen and were transported back to the University of Georgia where they were extracted using the protocol from (66), but with an added initial bead-beating step (0.03g beads added, and vortexed at max speed for 10 mins). Due to low DNA yields, samples were re-extracted from the pellet using Qiagen © Powersoil kits. To remove PCR inhibitors, we added equal volumes of magnetic beads in PEG solution (67). Extracted DNA was sent to IMR-CGEB for sequencing on an Illumina MiSeq platform. The V4 region was sequenced using the 515F and 806R primers.  
We used the dada2 pipeline to complete bioinformatics using the forward reads, including chimera removal (68). We assigned taxonomy using the Greengenes database (69). Following the dada2 pipeline, we imported data into the R packages phyloseq (70) and vegan for further analysis (71). 
Statistical Analyses
	Change in skeletal mass, tissue thickness, and Symbiodinium densities were analyzed using mixed linear models in the nlme package in R (72, 73). Origin reef type (vermetid absent, vermetid present) and recipient reef type (vermetid absent, vermetid present) were treated as fixed effects and origin reef number and recipient reef number nested in origin reef were treated as random effects. 
For analysis of bacterial communities, we compared OTU richness, Chao1 richness and Shannon diversity. To compare OTU richness (the number of unique sequences per sample), microbial data was rarefied to the lowest number of reads using phyloseq (70). Rarefied OTU richness, Chao1 richness and Shannon diversity were analyzed as above.
All (unrarefied) data were converted to relative abundance per sample and composition was compared at the family level based on Bray-Curtis dissimilarity matrices using a PERMANOVA with 999 permutations. We visualized the data using an nMDS plot in 2 dimensions based on Bray-Curtis dissimilarity matrices. We additionally examined families that explained significant variation across the treatments based on PERMANOVA, (i.e., those families that had linear model coefficients > 0.005, which was used as an cut off value for the samples that contribute the most variation in the dataset). PERMANOVA and nMDS were conducted using the vegan package (71).  After determining the families that contributed to significant variation among treatments, we compared the relative abundances of each family separately using the same mixed effects models described above (fixed effects: origin reef type, recipient reef type, origin x recipient; random effects: origin reef number, recipient reef number) using the nlme package in R (73). 
Host mitochondrial sequence data were compared using Hudson’s Snn 
(74) test as implemented in DNAsp (v 5.10.1; (75) to determine if there was significant genetic differentiation among the reefs that had vermetids and those that did not have vermetids (74). 
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Figure Legends

Figure 1a-c. Responses (Mean ± SE) of corals. Outline color indicates the recipient reef type: black indicates transplants to a reef with vermetids, and gray indicates corals transplanted to reef without vermetids. Origin reef types are indicated by the inner color (gray vs. black) as well as shape: circles (vermetids absent) vs. triangles (vermetids present).  Arrows point in the direction of the transplant. Skeletal growth (a) differed based on the origin and recipient reef (Origin: p = 0.01, Recipient: p < 0.0001). Tissue thickness (b) differed based on origin reef (Origin: p = 0.049, Recipient: p = 0.953, Origin x Recipient: p=0.896). Symbiodinium densities showed a significant effect of origin reef (p <0.001), and although not significant, there were trends suggesting an effect of transplant reef type (p = 0.052), and an interaction between transplant and origin reef type (Origin x Recipient: p = 0.098).

Figure 2a-c. Mean± SE of diversity metrics (Rarefied richness, Chao1 richness and Shannon diversity). Outline color indicates the recipient reef type: black indicates transplants to a reef with vermetids, and gray indicates corals transplanted to reef without vermetids. Origin reef types are indicated by the inner color (gray vs. black) as well as shape: circles (vermetids absent) vs. triangles (vermetids present), refer to legend in Figure 2. For each metric, we observed a significant effect of the recipient reef type on diversity (Rarefied richness: F1,37 = 9,72, p = 0.004; Chao1: F1,37 = 8.14, p = 0.007; Shannon: F1,37 = 9.45, p=0.004), but no effects of origin reef (Chao1: F1,18 =0.99, p =0.33; Shannon: F1,18 = 048, p = 0.50; Observed: F1,18 = 1.11, p = 0.31) or an interaction between origin and recipient reef (Chao1: F1,37 = 0.16, p = 0.69, Shannon: F1,37 = 0.001, p = 0.98; Observed: F1,37 =0.20, p = 0.66).

Figure 3. Relative abundance of OTUs by family. Each bar represents a separate sample, and each facet refers to a different treatment (defined by vermetid presence vs. absence on origin and recipient reefs). Families that represent <3% of the sample were combined into the “Other” category. “Unknown” represents groups that were not assigned taxonomy. 

Figure 4. Non-metric multidimensional scaling plot, where each dot gives the mean and error bars indicate the SE for the microbial communities. Data are based on Bray-Curtis dissimilarity matrices. Origin reef types are indicated by the inner color (gray vs. black) as well as shape: circles (vermetids absent) vs. triangles (vermetids present). Outline color indicates the recipient reef type: black indicates transplants to a reef with vermetids, and gray indicates corals transplanted to reef without vermetids. Arrows indicate direction of transplant to reefs that are different from the origin type. We observed significant differences based on origin reef type (p = 0.001) and recipient reef type (p = 0.001), but no interaction (p=0.90). 

Figure 5. Mean ± SE relative abundance of the 18 microbial families that exhibited the strongest responses to the transplant experiment based on coefficients from PERMANOVA (coefficient > 0.005). Origin reef types are indicated by the inner color (gray vs. black) as well as shape: circles (vermetids absent) vs. triangles (vermetids present). Outline color indicates the recipient reef type: black indicates transplants to a reef with vermetids, and gray indicates corals transplanted to reef without vermetids. Refer to legends in Figures 2 and 5. Results of statistical tests are indicated within each plot: O = Origin, R = Recipient, O x R = Origin x Recipient.  Asterisks and ns indicate the p-value: ns: p>0.1; *: p<0.05; **: p=<0.01; if 0.05>p <0.1, the exact p value is given.

Figure 6. Tree based on sequence variation of MtCO1 gene (mitochondrial cytochrome c oxidase). Coral vermetid phenotypes are notably distinct (Hudson’s Snn = 0.877, p < 0.001). Colors indicate the presence and absence of vermetids: orange indicates reefs that lacked vermetids; purple indicates reefs with vermetids. The § symbol denotes the additional samples of vermetid present and absent reefs, which were not part of the transplant experiment.
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