
 

LIST OF KEYNOTE ABSTRACTS 

Keynote Talk #1: A Unified View of Life: Holobiont Biology for the 21st Century 

Seth Bordenstein [Director Penn State University Microbiome Center, USA] 

For centuries, biologists catalogued, studied, and improved the biosphere through the lens of 
what they observed in the visible world. Today, many life scientists are adopting a unified 
perspective that integrates microbiology and host macrobiology, offering a new lens through 
which to view the world. This profound convergence of the seen and unseen realms of life 
has driven a synthesis among new and established scientists that unifies biology. Global 
funding programs, meetings, workshops, experiments, and courses are underway with a 
principal message – that the multidisciplinary matrix of holobiont biology presents a more 
valid and enveloping representation of biological organization, form, and function in science’s 
endless search for truth. In this talk, I will discuss these historical shifts, our lab’s research on 
holobiont biology, and several operational and practical steps that can be taken to 
conceptually infuse holobiont biology into the full fabric of a modernized life sciences. 

 

Keynote Talk #2: Sponge Holobionts as Methane Producers in a Warming Ocean 

Laura Steindler [University of Haifa, Israel] 

Ocean surface waters, especially coastal areas, are significant sources of methane emissions, 
a potent greenhouse gas. Understanding novel methane sources and sinks is crucial for 
predicting climate impacts and biochemical feedback. While methane production was once 
thought exclusive to anaerobic archaea, recent discoveries revealed aerobic pathways in free-
living marine bacteria, driven by the metabolism of dissolved organic nutrients under 
nutrient-limited (oligotrophic) conditions. Marine sponges, hosting bacterial densities 2-4 
orders of magnitude higher than surrounding seawater, remain underexplored for their 
methane cycling potential. Using metagenomic and metatranscriptomic analyses we revealed 
genetic potential for aerobic methane synthesis by sponge symbionts, through the 
consumption of organic nutrients. Incubation of sponges with isotope-labeled compounds 
was then used to experimentally test the occurrence of these pathways and reveal the 
environmental controls. Depletion of inorganic phosphate may drive the consumption of 
organic phosphorus compounds, like methylphosphonate, by symbionts, releasing methane 
as byproduct. Considering that sponges filter thousands of liters of water daily, their symbiotic 
microbial communities have continuous access to dissolved organic nutrients, some of which, 
when degraded, release methane. As climate change drives shifts from coral- to sponge-
dominated reefs and exacerbates oligotrophy in the ocean, sponge-associated methane 
production could play a growing role in future warmer oceans. 

 

 

 



 

 

Keynote Talk #3: The jellyfish Cassiopea xamachana as a model organism for the 
study of codevelopment 

Mónica Medina [University of California Los Angeles, USA] 

The jellyfish Cassiopea xamachana serves as a model organism for the study of 
codevelopment, particularly in the context of photosymbiosis with dinoflagellates from the 
family Symbiodiniaceae. This symbiotic relationship is crucial for the jellyfish to complete its 
life cycle. The process of strobilation, which involves the metamorphosis from a sessile polyp 
to a swimming ephyra, is induced by algal-encoded carotenoid pigments. When these 
pigments are released into the host's cytosol, they trigger the retinoic acid pathway, a 
developmental cascade responsible for metamorphosis. Different species of Symbiodiniaceae 
can infect C. xamachana, resulting in varying strobilation outcomes. These photosymbionts 
are associated with distinct microbial communities, forming different algal holobionts. This 
research is relevant to the study of coral-algal symbiosis as several of the photosymbionts we 
have examined in C. xamachana, also establish symbiosis with scleractinian corals. Our 
research aims to elucidate the roles of both the algal symbiont and its associated microbiome 
in influencing the cnidarian host's developmental phenotypic plasticity. 

 

Keynote Talk #4: Elucidating host-microbiota interactions using a hologenome 
concept in fish  

Morten Limborg [Center for Evolutionary Hologenomics, GLOBE institute, Faculty of 
Health and Medical Sciences, University of Copenhagen, Denmark] 

Emerging evidence across all areas of life has revealed the evolutionary importance of the 
intimate biological interactions between animals and their associated microbiota. Both the 
host genotype and the host microbiota have been shown to influence host phenotypes, such 
as growth and disease resilience. The hologenome concept maintains that the host genome 
and the host microbial metagenome are subject to essential biological interactions; thus, both 
should be considered simultaneously as a single interconnected ‘holobiont system’ when 
investigating how animals adapt to their environment. I will present results documenting 
molecular crosstalk between host and associated gut microbiota in farmed salmonid fish 
including how microbial responses contribute to disease response, diet and growth efficiency. 
Interestingly, one novel bacterial species of Mycoplasma sp. shows consistent positive 
correlations with fitness traits such as growth rate and disease resilience and we show how 
such species provide great potential as biomarkers in marine aquaculture production systems. 

To elucidate causative mechanisms by which host species interact with their microbiota 
communities, we apply a zebrafish model to test effects of both specific host genes as well as 
host epigenomic traits in shaping the composition and metabolic functions of its intestinal 
microbiota during phenotypic responses to environmental stimuli. Using CRISPR 
technologies we show that regulated activity of e.g. the tyrosinase (tyr) gene affects the gut 
microbiota composition. We also show that the host can use epigenetic responses as a 



 

mechanism to control its associated microbiota communities. With this presentation I aim to 
demonstrate the value of the hologenome concept to better understand anim  al-microbiota 
interactions in the marine realm. 

Keynote Talk #5: Host-microbiome coevolution: from understanding the past to 
medical applications  

Nicola Segata [CIBIO, University of Trento, Italy] 

Symbioses are the basis of most ecosystems, including those involving humans. However, 
while the composition of the human microbiome is increasingly being uncovered—reaching 
the level of single strains and including yet-to-be-cultivated taxa—the structure of the host-
microbiome symbiosis is less understood. I will argue that a better understanding of the host-
microbiome symbiosis is possible only by exploring how this symbiosis is established and 
maintained through an evolutionary perspective involving primate diversification and 
microbial evolution. I will present some examples within this research direction and show 
how understanding the evolution of the human-microbiome symbiosis at multiple time scales 
can result in applications in biomedicine. 

 

Keynote Talk #6: Application of ecological and evolutionary frameworks to modulate gut 
microbiomes 

Jens Walter [University College Cork, Ireland] 

Live microbial interventions—including probiotics, live biotherapeutic products, and fecal 
microbiota transplants (FMTs)—are used clinically to modulate the human gut microbiome 
and improve health. Despite frequent use and occasional success, their effects range from 
negligible to inconsistent and highly individualized, underscoring our incomplete 
understanding of their underlying mechanisms. This presentation uses concepts from 
community ecology to examine the principles that govern microbiome responses to microbial 
introductions. Drawing on experimental studies in mice, I will illustrate how three key 
ecological principles—the evolutionary history of introduced microbes, priority effects, and 
the structure of ecological niches—determine microbial establishment and community 
dynamics. Integrating these findings can help develop more predictable, effective, and 
personalized microbiome-based therapies. 

 

Keynote Talk #7: Greenhouse gas production and consumption in the sponge 
holobiont 

Torsten Thomas [University of New South Wales, Australia] 

Sponges are efficient filter feeders and as such can make a significant contribution to nutrient 
cycling in the benthic marine ecosystem. Microbial symbionts have been identified as key to 
this nutrient conversion by sponges, however little is known how and to what extent this 
contributes to the production or consumption of greenhouse gases (GHG). Here, I will first 



 

describe recent findings on the substantial, yet variable production of the GHG nitrous oxide 
(N2O) by sponges and how metagenomics and isotope analysis identified the microbial 
pathway involved in this. Depending on the sponge species this either involves microbial 
nitrification, denitrification or a combination of both, which has implications on how the N2O 
production in each sponge species will respond to environmental change. I will then describe 
work on the fixation of the GHG carbon dioxide (CO2) by deep-sea sponges. Through isotope 
labelling and metabolic modelling, the work revealed that CO2 fixation is often driven by 
autotrophic ammonia-oxidising archaea and that this process can support other symbionts 
and the host. Finally, I will also show how the quality of nutrient release by the host can have 
a substantial impact on the net auto- or heterotrophy of the symbiont communities in sponges. 

 

Keynote Talk #8: Linking microbial spatio-temporal niche partitioning to 
biogeochemical cycles in a changing world 

Cameron Thrash [University of Southern California, USA] 

Microbes drive biogeochemical cycling on Earth and are both responsive to, and participate 
in, climate change based alterations of their environment. Determining where and when 
microbes occur, and what controls these spatio-temporal niches, is necessary to predict how 
future environmental changes will alter microbial activity. This talk will focus on recent work 
from our lab delimiting key environmental parameters controlling microbial distributions in 
coastal and estuarine systems, using both cultures and culture-independent approaches, and 
explore methods to model and forecast microbial metabolic distributions in changing climate 
scenarios such as temperature and sea level rise. 

 

Keynote Talk #9: Extending stress resilience through manipulation of the host 
microbiome 

Christian Voolstra [University of Konstanz, Germany] 

Environmental change happens at a pace and magnitude that challenges the ability of animals 
and plants to adaptively response in a sufficient manner. Given the importance of the 
microbiome to host physiology and resilience, current research aims to manipulate the 
microbiome to provide an alternative path to organismal environmental adaptation. Although 
the premise of microbiome rescue are demonstrated in principle, the underlying mechanisms 
or ability to form stable novel associations is unknown. The presentation will summarize our 
efforts in coral reefs and in the lab to develop a standardized experimental platform that 
allows functional screening for microbes that affect thermal stress tolerance. Such effort may 
accelerate the discovery of microbes and microbial mechanisms mediating thermal tolerance 
and our ability to harness them to increase stress resilience in natural populations.   

 

Keynote Talk #10: The phycosphere: microbe-microbe and host-microbe interactions  



 

Lone Gram [Technical University of Denmark, Denmark] 

Microalgae are widely used in biotechnology for production of valuable compounds or for 
carbon capture, and they are also used as live feed in several larviculture productions. Growth 
and productivity of the algae and the ability to suppress pathogens (in aquaculture) depends 
on their associated microbiome, the phycosphere. The phycosphere assembly depends on 
the host algae, and specific bacteria may enhance growth of the algae. Also, with a focus on 
aquaculture, specific bacteria – or combinations of bacteria - may suppress growth of fish 
pathogenic bacteria. The talk discusses such interactions and the use of a GFP-tagged fish 
pathogen to determine how complex microbiomes from different algal hosts can be extracted 
and tested for antagonism against the pathogen. Studies of algal-microbe-microbe 
interactions rely on a combination of classic assays determining growth of bacteria and/or 
algae as well as the range of omics techniques including metataxonomic, metagenomic and 
metatranscriptomics analyses. Concludingly, algal microbiomes interact with their host and 
can potentially be engineered in a direction enabling better algal growth and suppression of 
relevant bacterial pathogens. 

 

Keynote Talk #11: Adapting rapidly: Symbiont strain diversity, horizontal gene 
transfer and mobile genetic elements accelerate evolution in chemosynthetic 
symbioses 

Nicole Dubilier [Director, Max Planck Institute for Marine Microbiology, Head of the 
Symbiosis Department, Germany] 

Microbial diversity at the strain level is increasingly being recognized as a key determinant in 
shaping interactions within microbial communities as well as between microorganisms and 
their hosts. However, we still understand very little about the ecological and evolutionary 
processes that shape strain diversity in symbioses between bacteria and their eukaryotic 
hosts. Theory predicts that in intimate intracellular symbioses, strain diversity is 
disadvantageous because closely related symbionts compete with each other for space and 
resources to the detriment of their host. However, our research has revealed that in deep-sea 
mussels from hydrothermal vents up to sixteen strains of endosymbiotic bacteria coexist 
within single host individuals. In my talk, I will describe the molecular and imaging approaches 
we are using to gain insights into symbiont strain diversity in deep-sea mussels, and how this 
diversity, together with horizontal gene transfer and mobile genetic elements, promote rapid 
adaptation to diverse and changing environments. 

 

 

 

 

 



 

LIST OF ACCEPTED ORAL PRESENTATIONS 

#1:  With a little help from my friends: exploring cyanobacteria contributions to 
sponge metabolism  

Berta Pintó [Universitat de Barcelona - Institut de Ciències del Mar-CSIC, Spain] 

Introduction. Sponge holobionts are key engineers in many marine ecosystems. Through 
their filter feeding, sponges and their microbiomes contribute to nutrient and organic matter 
cycling, coupling the water column and the benthos. Via secondary metabolism, sponges and 
their symbionts produce a wide array of metabolites. While genomic data suggests microbes 
support sponge primary and secondary metabolism, manipulative experiments testing 
microbial influence on sponge physiology and ecological function are still scarce. In this study, 
we experimentally examined how the cyanobacterium Candidatus Synechococcus 
spongiarum, a generalist sponge symbiont, influences nutrient cycling and secondary in the 
sponge Aplysina aerophoba, aiming to uncover the dynamic role of phototrophic symbionts 
in sponge holobiont function. We hypothesize that cyanobacteria provide nutritional support 
and defence to the host  
Methods. We manipulated photosynthesis by maintaining sponges under a 12h light:dark 
cycle or continuous darkness. We used MALDI imaging mass spectrometry to map metabolite 
distribution in the sponge. We investigated in more detail those compounds that co-localize 
with photosymbionts, which were detected by autofluorescence. Oxygen consumption and 
nitrogen and carbon fluxes were measured using the InEx technique to assess holobiont 
nutrient cycling and metabolic efficiency.  
Results and discussion. Chlorophyll a was reduced in the dark. Mass spectrometry imaging 
revealed spatial co-localization of certain compounds with cyanobacteria-rich regions, 
including potentially novel metabolites. Oxygen and carbon fluxes remained similar across 
treatments, indicating that holobiont metabolic plasticity compensates for reduced 
photosynthetic activity. However, nitrogen cycling shifted from net ingestion of dissolved 
inorganic nitrogen (controls) to net excretion in darkness. Our results suggest that 
photosymbionts significantly control sponge role in nitrogen cycling. 

 

#2: Assimilation of branched-chain amino acids by ammonia-oxidizing archaeal 
symbionts of marine sponges 

Bettina Glasl [University of Vienna, Austria] 

Ammonia-oxidising archaea (AOA) are common symbionts of marine sponges, where they 
contribute to the nitrification process and thus to the removal of nitrogenous waste products. 
In general, AOA are considered to be metabolically constrained, conserving energy for 
inorganic carbon fixation from the oxidation of ammonia to nitrite. However, one genomic 
feature that is consistently found in sponge-associated AOA rather than in their closely related 
free-living relatives, is the genomic potential to import branched-chain amino acids (BCAA). 
The presence of genes encoding for a LIV-I BCAA transporter system (livKFGHM) has led to 



 

the hypothesis that sponge-associated AOA are mixotrophic rather than strictly 
chemolithoautotrophic. To test this, we have quantified the uptake of 13C- and 15N-labeled 
BCAA (i.e., valine, leucine and isoleucine) and 13C-labeled dissolved inorganic carbon (DIC) 
by the sponge holobiont Ianthella basta. By combining stable isotope probing with 
fluorescence in situ hybridisation (FISH) and nanoscale secondary ion mass spectrometry 
(NanoSIMS), we were able to visualise the uptake of isotopically labeled BCAA and DIC by 
individual AOA symbiont cells. Our results confirm that sponge-associated AOA are indeed 
mixotrophic, consuming BCAA as an additional carbon and nitrogen source. In addition, the 
uptake of BCAA by symbiotic AOA may modulate BCAA levels within the host and thus could 
affect the activation state of the mTOR signalling pathway, which controls cell growth, 
proliferation, and autophagy of the sponge host. 

 

#3: From the abyss to the atmosphere: the role of deep-sea sponges in the carbon cycle 

Alessandro N Garritano [University of New South Wales, Australia] 

Sponges (Porifera) establish symbiotic relationships with diverse microbial communities that 
contribute to their nutrition through both autotrophic and heterotrophic processes. Whilst 
nutritional strategies in shallow-water sponges are well studied, these mechanisms remain 
unclear in deep-sea counterparts. To better understand these strategies in deep-sea sponges, 
we analysed 72 specimens from the South Atlantic using 16S rRNA gene amplicon sequencing 
and identified microbes with the potential to fix carbon or degrade recalcitrant organic 
molecules. To explore how these microbes impact carbon fluxes, we conducted genomic and 
transcriptomic analyses on the sponges hosting the simplest and most complex microbiomes 
in our dataset. Aphrocallistes beatrix, the simplest holobiont, hosts just two symbionts: an 
autotrophic archaeon, constituting up to 95% of the microbial community, and a 
heterotrophic bacterium. Metatranscriptomic data showed that genes involved in ammonia 
oxidation and carbon fixation are among the most highly expressed by the archaeon, revealing 
its potential to sequester carbon. The most complex holobiont, Calyx sp., hosts 142 microbial 
taxa, five of which are autotrophic. Through ex-situ isotope labelling, we show that microbial 
autotrophy is stimulated by ammonia and that it can fix the equivalent of 20% of the sponge 
biomass annually. Metatranscriptomic data suggest symbiotic degradation of recalcitrant 
compounds, such as hydrocarbons and algae-derived carbohydrates, highlighting the role of 
sponge symbionts in deep-sea carbon cycling. Overall, our findings suggest that deep-sea 
sponges may play a dual role in the carbon cycle—sequestering carbon via microbial 
autotrophy and degrading recalcitrant organic matter via symbiotic heterotrophy. This 
metabolic versatility underscores the contribution of deep-sea sponge holobionts to carbon 
fluxes, connecting sponges at the deep ocean to biogeochemical processes that ultimately 
influence the atmosphere. 

 

#4: The Significance of Microbial Symbioses in Seagrass Blue Carbon Ecosystems 



 

Ulisse Cardini [Stazione Zoologica Anton Dohrn - Genoa Marine Center, Italy] 

Seagrass meadows are widely recognized as key blue carbon ecosystems due to their high 
productivity and carbon storage capacity. However, these systems also mediate the flux of 
climate-active gases such as methane (CH₄) and dimethyl sulfide (DMS), adding complexity 
to their net climate impact. Emerging evidence suggests that microbial symbioses with 
invertebrate hosts play a pivotal role in these biogeochemical dynamics. In this contribution, 
I will present recent findings on how lucinid clams—harboring sulfur-oxidizing symbionts—
affect DMS fluxes in Cymodocea nodosa meadows, with field and mesocosm data highlighting 
the resilience of these associations under heat stress. I will also introduce ongoing work on 
the interkingdom association between the seagrass Posidonia oceanica and the sponge 
Chondrilla nucula, focusing on the potential role of sponge-associated microbes in Nitrogen 
and CH₄ cycling. This work highlights the role of nested interactions in seagrass ecosystem 
functioning and underscores the importance of host-microbe symbioses in shaping coastal 
carbon fluxes in a changing climate. 

 

#5: Animal Metamorphosis Requires Bacteria and the Innate Immune System  

Emily Darin [San Diego State University, USA] 

Diverse animals across the tree of life undergo the life-history transition of metamorphosis in 
response to bacteria. Although immunity has been implicated in this metamorphosis in 
response to bacteria, no functional connection has yet been demonstrated between immunity 
and metamorphosis. We investigated a host-microbe interaction involving a marine 
tubeworm, Hydroides elegans, that undergoes metamorphosis in response to 
Pseudoalteromonas luteoviolacea, a metamorphosis-inducing marine bacterium. By creating 
a novel marine bacteria mediated RNA interference approach, we show that Myeloid 
Differentiation Factor 88 (MyD88), a critical immune adaptor for Toll-Like Receptor (TLR) 
and interleukin (IL) pathways, is necessary for the stimulation of metamorphosis in response 
to bacteria. In addition to a developmental role, we show that MyD88 is necessary for survival 
during exposure to the bacterial pathogen Pseudomonas aeruginosa, showing that Hydroides 
utilizes MyD88 during both development and an immune response. These results provide the 
first functional characterization of the innate immune system involved in an animal's 
metamorphosis. 

 

#6: Navigating captivity: Long-range actin-driven symbiont mobility in an early-
diverging bilaterian 

Grace Zhong [Stanford University, USA] 

Symbiosis is everywhere. Mutualistic animal-microbe symbioses often involve the 
confinement of symbionts to a cellular or tissue niche. Established mutualistic symbionts are 
generally considered nonmotile within the niche due to the often-observed loss of flagella or 
other host-curtailment of symbiont motility. However, an open conundrum in the field is how 



 

symbionts presumed to be static can be part of a dynamic homeostasis. Here we present a 
discovery of long-range actin-driven symbiont mobility that poses an answer to the 
conundrum by challenging the presumption of symbiont immobility. We discover and 
characterize impressive, directed motility of dinoflagellate symbionts within the tissue of 
Waminoa sp. - a species of acoel worms, which are extant members of the earliest diverging 
bilaterians. Using tracking, fluorescence, and electron microscopy, we find that dinoflagellates 
reside in highly branched host peripheral parenchyma cells and can travel more than fifty 
times their body length inside the thin processes of these cells. Although we find using FIB-
SEM that symbionts retain both flagella, we find that it is host actin systems that plays a major 
role in symbiont motility. Long term in toto imaging reveals possible regulating factors of 
symbiont distribution, including regeneration and circadian rhythms. Our findings in this 
early-diverging bilaterian highlight mobility as a factor that may be central to the functionality 
of mutualistic relationships. 

 

#7: Visualization of the Spatial Metabolome and Symbiont Distribution in Ianthella 
basta 

Marie Rutsch [University of Vienna, Austria] 

Marine sponges are a rich source of bioactive secondary metabolites. Within the sponge 
holobiont, these compounds play a critical role in chemical defense and ecological 
interactions. Brominated alkaloids, such as bastadins, are characteristic of the order 
Verongiida and are known for their antimicrobial, antifouling, and cytotoxic properties. The 
tropical marine sponge Ianthella basta contains high concentrations of bastadin, yet its spatial 
distribution and impact on the resident microbiome remain unclear. It is also still debated 
whether bastadin is of microbial origin or synthesized by the sponge host. In this study, we 
visualized the spatial metabolome of I. basta using mass spectrometry imaging (MALDI-MSI) 
and mapped the three dominant microbial symbionts using catalyzed reporter deposition-
fluorescence in situ hybridization (CARD-FISH). We found that bastadin is not 
homogeneously distributed but highly enriched in specific regions of the sponge mesohyl. 
The three symbionts also showed spatial heterogeneity. We further investigate whether 
symbionts co-localize with bastadin hotspots and assess bastadin’s antimicrobial properties to 
better understand its potential role in shaping the microbiome. Understanding how sponge 
symbioses are spatially structured and maintained in the presence of antimicrobial 
compounds provides crucial baseline knowledge for anticipating how such tightly 
coordinated systems may respond to environmental change. As sponges increasingly 
dominate benthic communities and contribute to biogeochemical cycling, insights into the 
mechanisms stabilizing their microbial partnerships are vital for biodiversity preservation in 
a rapidly changing ocean. 

 

 

 



 

#8: Endozoicomonas–cnidarian symbiosis: understanding metabolic interactions in 
their spatial context 

Laura Bulson [EPFL, Switzerland] 

Endozoicomonas is a gammaproteobacterium ubiquitously associated with cnidarians, 
including corals and sea anemones. Genomics, proteomics, and their relative abundance and 
localisation of these bacteria within hosts indicate that Endozoicomonas may be a mutualistic 
member of cnidarian holobionts. However, the functional and metabolic roles of 
Endozoicomonas in hospite remain poorly understood and have not yet been experimentally 
validated. To this end, we use a new temperate photosymbiotic anemone model to employ a 
multipronged approach combining genetic transformation, experimental microbiome 
manipulation and NanoSIMS and correlative imaging. We have isolated two distinct and 
abundant Endozoicomonas strains from the tissues of the Mediterranean sea anemone 
Aiptasia couchii. These bacteria form aggregates with sizes up to 10 µm within the epidermis 
of their host’s tentacles. For functional work, we will tag these strains via use of suicide 
plasmids containing a transposon cassette encoding the fluorescent proteins eYFP and 
mScarlett, which will subsequently be inserted into the chromosome of Endozoicomonas. 
These tagged strains will be isotopically labelled (e.g, with 15N) and then re-inoculated back 
onto their native host. Correlated fluorescence, SEM and NanoSIMS imaging will enable us 
to localise the site of symbiosis of these two bacteria within the host tissues, and assess their 
putative metabolic interactions with other holobiont members in hospite. By studying 
metabolic interactions with subcellular resolution, this approach promises to develop a 
mechanistic understanding of the contribution of two distinct Endozoicomonas strains to 
cnidarian holobiont functioning. This workflow will be applied to experimental assays 
whereby environmentally relevant abiotic factors will be manipulated to investigate how 
these interactions are impacted by a changing climate. 

 

#9: Novel chitinases from Endozoicomonadaceae symbionts provide insights into 
their potential metabolic role in corals 

Tina Keller-Costa [University of Lisbon, Portugal] 

Chitin is the most abundant natural polymer in the ocean and a dietary component of 
suspension-feeding marine animals, including corals. The coral microbiota likely contributes 
to chitin degradation. Our recent comparative genomics study revealed a widespread 
presence of chitinase-encoding genes in the Endozoicomonadaceae family, suggesting their 
role in chitin metabolism [1], though experimental validation is lacking. We investigated two 
novel, uncultivated Endozoicomonadaceae species—Candidatus Gorgonimonas eunicellae 
and Candidatus G. leptogorgiae—abundant in temperate octocorals and discovered by our 
team [2]. Each encodes a unique chitinase gene [1]. We synthesized these genes, and 
heterologously expressed, and characterized the corresponding enzymes, GeuChi18 and 
GleChi18. Activity assays indicated both function as endo-chitinases, cleaving chitin or 
chitodextrins into oligosaccharides, but lack N-acetyl-β-glucosaminidase activity, which 
releases monomers from chitin chain ends. Both chitinases are most active under mesophilic 



 

and mildly acidic (pH 5) conditions. GeuChi18 shows high stability in alkaline medium and 
enhanced activity in saline milieu. GleChi18 is very stable at cold temperatures but has lower 
salinity tolerance. Despite phylogenetic proximity, their distinct responses to abiotic factors 
may promote niche specialization and functional plasticity in the coral holobiont. In a follow-
up study, we identified a novel cultured species, Endozoicomonas lisbonensis, from tropical 
octocorals [3]. The species degrades chitin and displays chemotactic motility on chitin soft 
agar, which could be relevant beyond nutrition, for inter-kingdom signalling or host 
colonization. Collectively, our work advances understanding of chitin turnover by 
Endozoicomonadaceae symbionts of corals. 

[1]daSilva et al & Keller-Costa DOI 10.1038/s43705-023-00316-7 

[2]Keller-Costa et al DOI 10.1186/s40168-022-01343-7 

[3]daSilva et al & Keller-Costa DOI 10.1099/ijsem.0.006696 

 

#10: Unexpected host specificity in symbioses between sulfur-oxidizing bacteria and 
their plant and animal hosts in marine seagrass meadows 

Lukas Leibrecht [University of Vienna, Austria] 

Understanding how partner selection shapes host-associated microbial communities is a 
fundamental challenge in symbiosis research. The marine bivalve family Lucinidae, the most 
species-rich and widespread animal group associating with chemosynthetic symbionts, 
inhabits diverse habitats such as cold seeps, mangroves, and shallow seagrass meadows. They 
are ideal for teasing apart the effects of host and environmental selection because a single 
species can occur in different environments and multiple host species can co-occur in the 
same environment. Using 16S rRNA gene amplicon sequencing, we studied host-symbiont-
environment interactions in three lucinid species (Clathrolucina costata, Codakia orbicularis, 
and Ctena imbricatula), three seagrass species (Halophila stipulacea, Syringodium filiforme, 
and Thalassia testudinum) and corresponding sediment samples from multiple locations on 
the Caribbean island Guadeloupe. This study showed that (i) the seagrass-associated 
microbiome has a higher relative abundance of the lucinid symbiont Candidatus 
Thiodiazotropha than the surrounding sediment, (ii) the dominant environment- and clam-
associated Ca. Thiodiazotropha differ from each other, and (iii) host-symbiont pairings in 
clams are subfamily specific and consistent over time. This challenges assumptions of partner 
flexibility and environmental symbiont sourcing. Symbiont transmission from host adults to 
juveniles, even though they are not transmitted through the germline, may explain the 
unexpected specificity of host-symbiont pairings. 

 

 

 

 



 

#11: Contextualizing symbiosis: microbial interactions, host environments, and the 
dynamics of association  

Marie Vasse [CNRS, France]  

Symbioses are typically defined as persistent interactions between species, yet the ecological 
and evolutionary dynamics underpinning these associations are far from fixed. Mounting 
evidence indicates that the outcomes of microbial interactions—both among microbes and 
with their hosts—vary widely in their context-dependency. In this talk, I explore the 
variability in microbial interaction outcomes and how it influences the stability, adaptability, 
and evolutionary potential of symbioses. Drawing on empirical work on microbial predation 
(Vasse et al., 2024, PLOS Biology), I show that even interactions as seemingly directional as 
predation can reverse under certain ecological conditions, challenging assumptions of fixed 
roles within microbial communities. In a study of the human vaginal microbiota, we found 
that the metabolic activity of individual strains is strongly modulated by the presence of other 
strains or species. These findings underscore that microbial functionality—and, by extension, 
effects on the host—cannot necessarily be predicted from isolated taxa alone. Building on 
these findings, I discuss a conceptual framework that incorporates a spectrum of ecological 
context-dependency within symbiosis. This framework considers how host traits—such as 
immune filtering, niche provisioning, or spatial structuring—can influence whether microbial 
communities experience more stable or more variable environments, with implications for 
predictability and evolutionary outcomes. This work aims to enrich our understanding of 
symbiosis as a dynamic process mediated by fluctuating ecological conditions and multi-scale 
interactions. I argue that incorporating interaction variability into our models of symbiosis can 
better capture the diversity of host-microbe systems and help explain how microbial 
symbioses function as both stabilizing forces and engines of evolutionary innovation. 

 

#12: Decoding Marine Host-Bacteria Symbioses with a New Frontier of Genome 
Editing Technologies 

Amanda Alker [University of Rhode Island, USA] 

Advances in 'omics technologies have significantly expanded our understanding of marine 
microbiome diversity, shedding light on complex microbial interactions within marine 
ecosystems. Yet, detailed mechanistic studies of marine bacteria-animal symbioses remain 
largely confined to a limited number of established microbial chassis and model organisms. 
To bridge this critical gap, it is essential to develop advanced genetic tools capable of probing 
ecologically relevant bacterial species and more intricate biological systems. 

This talk will present my lab's vision and initial progress toward adapting state-of-the-art 
genome engineering techniques—particularly CRISPR-based approaches and microbiome 
editing—to the study of marine bacterial symbioses. Microbiome editing, an innovative 
approach enabled by CRISPR-associated transposases (CASTs), allows precise, species-
specific genetic modifications within complex microbial communities. Many CASTs were 
initially discovered in marine gammaproteobacteria, including members of Vibrio, 



 

Pseudoalteromonas, and Endozoicomonas genera, suggesting that oceanic conditions 
naturally favor the development and application of these genetic tools. 

Our lab specifically targets these marine microbial strains due to their ecological relevance, 
investigating interactions such as pathogenicity in aquaculture, secondary metabolite 
biosynthesis, and intracellular symbioses across diverse marine ecosystems. As climate 
change continues to threaten critical marine environments like coral reefs and aquaculture 
systems, developing and applying such precise genetic tools will be crucial—not only for 
enhancing fundamental biological insights but also for enabling innovative microbial-based 
solutions to ecological challenges in our changing oceans. 

 

#13: Photosymbiosis and immunity in acoel flatworms 

Francesca Pinton [Friedrich Schiller University Jena, Germany] 

Coral-dinoflagellate symbiosis is crucial for coral reef ecosystems and its disruption 
(bleaching) can cause immense damage. The host immune system plays an important role in 
this association and bleaching. However, cnidarians are not the only animals hosting 
photosynthetic endosymbionts. To understand the coevolution of photosymbiosis and 
immunity, we need to investigate other systems too, for example Acoela (Xenacoelomorpha). 
We characterized immune responses in acoels both by in silico searches for immune genes 
and by in vivo immune challenges. Immune signalling pathways conserved in animals and 
downregulated in cnidaria-dinoflagellate symbiosis are absent in acoels and their loss predates 
the occurrence of photosymbiosis in this clade. Upon exposure to the cnidarian pathogen and 
bleaching agent Vibrio coralliilyticus, mortality increases in photosymbiotic adults of the 
acoel Convolutriloba macropyga, whereas the aposymbiotic Hofstenia miamia and C. 
macropyga juveniles are unaffected. We further analysed the effect of V. coralliilyticus on C. 
macropyga adults by confocal microscopy, transmission electron microscopy, and 
transcriptomics, revealing effects on the host and the endosymbionts. Our study sheds light 
on the relationship between photosymbiosis and the host immune system in acoels, 
highlighting the importance of non-canonical systems in researching a phenomenon with 
multiple evolutionary origins, such as photosymbiosis. 

 

#14: Microbes on the move: how behavioural interactions shape microbial 
communities in guppies 

Marco Graziano [University of Padua, Italy] 

Movement underpins all life, and microbes are no exception. Bacteria rely on spatial 
transmission to occupy and maintain ecological niches, often by exploiting host mobility and 
physiology or by establishing mutualistic interactions that ensure their persistence and spread. 
Animal-associated microbiomes are dynamic assemblages shaped by both environmental and 
host-mediated factors, yet the role of behaviour in microbial exchange remains largely 
unexplored. Using the fish guppy (Poecilia reticulata) as a model, we experimentally tested 
how social interactions affect microbiome transmission and assembly. Microbiome-perturbed 



 

and conventionally raised individuals were cohabited under controlled conditions, either in 
direct contact or separated by a permeable barrier allowing microbial passage through shared 
water. This design enabled us to disentangle the effects of physical interaction from 
environmental transmission on microbial exchange, while behavioural metrics (proximity, 
contact time, distance between subjects) were quantified by video analysis. Omic profiling 
revealed that cohabiting males and females developed more similar microbiomes than 
isolated individuals, with convergence being strongest in externally exposed tissues (skin, gills) 
as compared to the internal ones (gonads, intestine). Microbial exchange was non-symmetric 
and sex- and tissue-specific, indicating that host behaviour mediates selective rather than 
passive microbial transmission. Distance between individuals and time spent in proximity 
significantly explained variation in microbial similarity, underscoring behavioural ecology as 
a key driver of microbiome assembly. This integrative approach bridges ecology, behaviour, 
and microbiology, providing an experimental framework to disentangle host, microbial, and 
environmental contributions to the eco-evolutionary dynamics of host–microbe symbioses. 

 

#15: Phages, Probiotics, and Precision Medicine: A Holobiont-Centered Framework 
for Coral Reef Restoration Under Climate Change 

Ty Roach [Viral Information Institute, Duke University] 

All macroorganisms host diverse communities of viruses, microbes, and metabolites that 
collectively form a dynamic ecological unit known as the holobiont. These symbiotic 
interactions are central to host health, metabolism, and development, yet their interactive 
roles under escalating climate stress remain underexplored. In particular, the role of viruses—
especially bacteriophages—as regulators of holobiont homeostasis and microbiome resilience 
has been historically overlooked. We have developed and applied novel single-polyp, multi-
omics methods to investigate the specific roles of viruses, bacteria, and metabolites in 
mediating coral responses to local and global stressors, including thermal bleaching and algal 
overgrowth. Our work demonstrates that coral-associated phages are critical agents of 
microbiome defense, providing a key mechanism to regulate dysbiosis. Furthermore, we 
identify biomarkers that predict coral susceptibility to stress, enabling the identification of 
thermally tolerant coral stock for restoration. Building on these insights, we are advancing 
phage-guided microbiome engineering and precision probiotic therapies to enhance thermal-
stress resistance in reef-building corals as well as shellfish. These approaches are 
complemented by transgenerational analyses, which reveal inherited signatures of resilience 
that can be further leveraged for climate-wise restoration approaches. Our integrative 
framework—combining biomarker discovery, experimental microbiome manipulation, and 
transgenerational insights—establishes a mechanistic and actionable foundation for next-
generation reef restoration. We advocate for the integration of microbiome stewardship, 
phage therapy, gene therapy, and precision medicine interventions at an ecosystem-scale to 
mitigate climate stressors, safeguard biodiversity, and enhance coral reef resilience in the 
Anthropocene. 

 



 

#16: The Aftermath of Bleaching for Current and Future Coral Holobionts 

Pedro Cardoso [KING ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY, 
Saudi Arabia] 

Mass coral bleaching events driven by climate change are increasingly in frequency and 
severity, causing widespread mortality and long-term health impacts on surviving corals. 
Corals that went through bleaching often show reduced reproductive outputs, exhibiting 
lower gamete production, fertility, and larvae survival, though the underlying mechanisms 
remain unclear. One hypothesis is that heat stress disrupts essential molecules available for 
gametogenesis in parent colonies. Bleaching also causes microbiome dysbiosis, favoring 
opportunistic pathogens and potentially affecting microbial inheritance. This study 
investigates how bleaching affects the vertical transmission of microbes and metabolites in 
spawning corals. Colonies of Acropora sp. 1 (sensu Tawaha et al. 2019) with contrasting 
bleaching phenotypes during the Red Sea 2023 mass bleaching event were selected, sampled 
and monitored until their spawning season, when they also had their reproduction and 
offspring analyzed. Heavily bleached corals had reduced carbohydrate and protein contents 
following the peak of bleaching and later produced deformed or smaller eggs, even though 
they released a similar volume of bundles compared to corals that did not present visual signs 
of bleaching. Additionally, microbiomes from parent corals presenting different bleaching 
phenotypes, as well as their embryos, demonstrated significant changes in their overall 
diversities. Finally, untargeted metabolomics will provide insight into parentally derived 
molecules that are altered by heat stress. Understanding the changes in the metabolic and 
microbiological inheritance caused by coral bleaching is essential to unveil what the future 
holds for the next coral generations and guide restoration efforts that focus on the sexual 
reproduction of heat-resistant colonies. 

 

#17: Exploring epibiotic bacterial communities of marine key stone species in the 
Magellan Strait: microbes as bioindicators of the aquatic ecosystem health in a global 
warming scenario 

Eria A. Rebollar [Universidad Nacional Autónoma de México, México] 

The Magellan Strait is a unique region shaped by ancient glacial activity and oceanographic 
convergence of three oceans. This region has been experiencing warming, increasing UV 
radiation, leading to a retreat of glacier coverage. This project aims to investigate the 
biological implications of these environmental changes, by analyzing the diversity of host 
epibiotic microbiomes and gene expression of the holobiont of seven key marine species: 
giant kelp, squat lobster, South American sea lion, Magellanic penguin, king penguin, 
humpback whale and southern king crab. Here, we characterized bacterial communities (16S 
amplicon sequencing) by collecting 735 samples across localities in the Magellan Strait in a 2-
year period. We found that the ecological lifestyle and host taxonomy influenced the 
taxonomic composition of the epibiotic bacteria. Diversity patterns exhibited differences 
among hosts and differed from seawater communities. Our results suggest distinct epibiotic 
bacterial composition among marine species with different degrees of exposure to the aquatic 



 

environment according to host ecology and trophic structures derived from stable isotopes 
analyses. We found contrasting host-specific variation in microbial diversity in response to 
varying levels of UV radiation. These findings likely arise from varying UV exposure and 
differences in behavioral ecology among hosts. This study provides the baseline for a long-
term project to track bacterial microbiomes of key species and oceanic and atmospheric 
variables in the context of climate change. 

 

#18: High temporal resolution of hydrogen peroxide (H2O2) dynamics during heat 
stress does not support a causative role in coral bleaching 

Marlen Schlotheuber [University of Konstanz, Germany] 

Climate change is causing ocean warming triggering the breakdown of the coral–algal 
symbiosis. The proximate cause of this phenomenon, known as coral bleaching, is commonly 
attributed to the overproduction of reactive oxygen species (ROS) by the thermally stressed 
photosynthetic algal symbionts. However, direct evidence that algal ROS production (e.g., in 
the form of H2O2) and coral physiological stress are the ultimate cause of bleaching remains 
ambiguous. Here, we investigated the temporal dynamics of H2O2 and oxygen (O2) 
concentrations during thermally induced coral bleaching to disentangle cause from 
consequence. Microsensors at the tissue interface of Pocillopora damicornis measured H2O2 
and O2 concentrations while exposing single nubbins to acute heat stress. We show that a 
temporary decline in O2 concentration, accompanied by a declining photosynthetic 
efficiency and loss of Symbiodiniaceae and pigmentation, is the initial response to moderate 
thermal stress. This response was neither provoked nor followed by an increased H2O2 
concentration at the coral tissue interface. A steady light-independent increase of H2O2 was 
only detected during high heat stress, resulting in the complete and permanent loss of 
photosynthetic activity. Our findings do not support a direct connection between algal 
photodamage and an increase in H2O2 concentration during thermally induced bleaching and 
suggest that more research on the function of H2O2 is warranted. This notion is further 
substantiated by the observation of an additional source of H2O2, likely oxidative bursts, that 
were common at the baseline temperature and under minor heat stress, while their 
occurrence decreased at moderate and high heat stress. Resolving the multifaceted and 
dynamic roles of H2O2 in coral bleaching is critical to better understand the response of the 
coral holobiont to thermal stress and identifying the processes underlying the breakdown of 
the coral–algal symbiosis. 

 

#19: Integrating parrotfish microbiome into the coral reef bioerosion paradigm 

Andrea Quagliariello [University of Florence, Italy] 

Coral reef islands are fragile landforms highly sensitive to climate change. Parrotfishes 
(Scaridae), especially “excavators” that gouge coral with specialized jaws, are responsible for 
over 80% of new coral sediment production—key to reef island formation. However, the role 
of their microbiomes in sediment formation is still unclear. To investigate this, we analyzed 



 

oral and rectal microbiomes of various parrotfish species (scrapers and excavators) and of the 
herbivorous powder-blue surgeonfish (Acanthurus leucosternon) as a comparison, alongside 
environmental samples (water and coral). Combining 16S rRNA and shotgun metagenomics, 
we found that environmental and dietary factors differently shape the oral and rectal 
microbiomes. Parrotfishes, with their high-protein, low-carbohydrate diet, showed 
microbiomes distinct from the herbivorous surgeonfish. Among parrotfishes, excavators had 
microbiomes enriched in protein metabolism, while scrapers showed more fiber and 
carbohydrate-related pathways, suggesting dietary specialization. Shotgun data revealed 
microbial genes involved in calcium carbonate (CaCO₃) precipitation and dissolution. 
Notably, we isolated two bacterial species—Kocuria palustris and a novel Rossellomorea— 
capable of directly carrying out these processes, pointing to a direct microbial role in coral 
bioerosion and sediment production. 

 

#20: Inoculation of coral juveniles with single-strain probiotic candidates: variable 
persistence and host responses 

Katarina Damjanovic, Lone Høj [Australian Institute of Marine Science, Australia] 

With coral reefs increasingly threatened by anthropogenic disturbances, effective 
intervention strategies are urgently needed. Beneficial microorganisms can enhance the 
health and resilience of adult corals, yet their application to juvenile corals – critical for 
restorative aquaculture – remains underexplored. Here, newly settled Acropora kenti and 
Platygyra daedalea were repeatedly inoculated over two weeks with eight native bacterial 
candidates pre-screened for potential beneficial traits. Each strain was introduced 
individually in a controlled environment to track its fate within coral hosts. Microbiome and 
host responses were assessed up to five days post-inoculation using 16S rRNA metabarcoding, 
fluorescence in situ hybridisation, coral growth measurements, photosymbiont density, and 
phenoloxidase activity as a proxy for coral immune responses. While no immediate health 
benefits were observed, several strains remained prevalent in the microbiome of A. kenti. 
Notably, Endozoicomonas acroporae formed coral-associated microbial aggregates (CAMAs) 
in two-week old spat, marking the first microscopic observation of CAMAs induced by 
bacterial manipulation. In comparison, the microbiome of P. daedalea appeared more 
resistant to colonization, with only a Ruegeria strain persisting in higher abundances. As 
probiotic retention is key for lasting effects and environmental risk assessments, this study 
provides a systemic approach for designing probiotic consortia to support coral aquaculture. 

 

#21: Harnessing the dark side of the force: enhancing coral resistance to pathogens 
through prophylaxis treatments 

Matteo Monti [KING ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY, Saudi 
Arabia] 

Emerging evidence suggests that invertebrate immunity is more complex than previously 
thought. In several organisms, prophylaxis successfully induced resistance against pathogens 



 

by priming hosts for future infections. Furthermore, controlled exposure to pathogens can 
promote the enrichment of anti-pathogenic bacterial strains, contributing to microbiome 
memory and more effective responses to future infections. However, studies investigating 
prophylactic treatments on corals remain lacking. This study aims to: 1) assess Vibrio 
coralliilyticus prophylaxis on the health of the coral Pocillopora verrucosa through the 
chronic exposure to non-lethal concentrations of live and inactivated pathogen; 2) explore 
prophylaxis as a priming tool to stimulate host immunological reaction and microbiome 
memory, boosting coral holobiont resistance to subsequent infections at increasing 
temperatures. Our results show that non-primed samples experienced greater bleaching 
susceptibility and a significant drop in their photosynthetic efficiency compared to 
temperature controls and primed samples. Prophylaxis significantly restructured coral 
associated bacteriomes, enriching validated beneficial microorganisms for corals, while host 
transcriptomic analyses revealed shifts in gene expression patterns in response to heat stress, 
priming and subsequent pathogen infection. Together, these results provide the first evidence 
that prophylaxis treatments exert selective pressures on coral microbiome and host response, 
offering a promising new strategy to enhance coral disease resistance. 

 

#22: Exploring Microbiome Interventions to Combat Climate Stress in Deep-Sea 
Corals 

Taissa Damasceno [Université de Perpignan, France] 

Deep-sea corals play a crucial role in marine ecosystems, relying on symbiotic relationships 
with microorganisms. However, rising global temperatures pose a significant threat to their 
survival, and little is known about their response to thermal stress or the potential for 
microbiome-based interventions to mitigate these impacts. This study evaluated the effects 
of increased temperature and microbiome manipulation on the health of Desmophyllum 
pertusum. Beneficial microorganisms were isolated from healthy corals and applied as a 
microbial consortium during a 30-day mesocosm experiment simulating deep-sea conditions 
with gradual temperature increases up to 12.5°C. Coral health was assessed phenotypically 
through tissue loss and mucus release scores, with fragments collected for microbiome, 
metabolome, and transmission electron microscopy analyses. Results showed significant 
declines in coral health under thermal stress. Corals inoculated with the microbial consortium 
displayed quicker recovery after high-temperature exposure, suggesting a protective effect. 
Microbiome analysis revealed significant shifts in microbial composition across treatments 
(PERMANOVA, p < 0.05), and differential abundance analyses confirmed successful microbial 
manipulation. Integrative analysis with metabolome and microscopy data is ongoing to further 
elucidate the role of the consortium in maintaining coral health under stress. These findings 
demonstrate the potential of microbiome-based interventions to enhance the resilience of 
deep-sea corals to thermal stress, offering promising avenues for conservation strategies in 
the face of climate change. 

 



 

#23: Assessment of the Impact of Saccharina latissima Aquaculture on the Water 
Column Along the Netherlands Coast 

Giorgia Palladino [University of Bologna, Italy] 

The cultivation of Saccharina latissima, a brown kelp of increasing commercial relevance, 
holds potential as a sustainable marine resource. However, its expanding aquaculture raises 
critical questions regarding ecological balance, especially under climate stress. This study 
investigates the microbiome and fungal communities associated with S. latissima and 
surrounding seawater in a North Sea kelp farm, aiming to elucidate the effects of cultivation 
on marine microbial ecosystems. Using amplicon and shotgun metagenomics, we analyze 
temporal and spatial variations in microbial diversity, structure, and potential pathogenicity. 
Special attention is given to the dispersal of microbial taxa between host and environment, 
the emergence of potential pathogens, and the identification of bioindicator species for 
ecosystem health. Our approach combines longitudinal and gradient-based sampling with 
advanced bioinformatics to elucidate how aquaculture practices and environmental variables 
shape host-microbe interactions. This research aligns with the urgent need for microbiome 
stewardship and open data sharing to inform sustainable aquaculture and biodiversity 
preservation. Ultimately, our findings will contribute to actionable strategies for managing 
marine host-microbe symbioses in a changing climate, supporting both food security and 
ecosystem resilience. 

 

#24: Coral disease baseline and characterization of the dysbiotic bacterial 
communities associated with Acropora spp. and Pocillopora favosa in the North Saudi 
Arabian Red Sea 

Marco Casartelli [King Abdullah University of Science and Technology, Saudi Arabia] 

Coral disease epizootics are increasing in frequency in response to climate change, 
contributing to global coral reef degradation, especially in human-impacted areas. 
Environmental stressors can disrupt host-microbiome relationships, shifting the holobiont 
from a balanced to a dysbiotic state dominated by opportunistic and pathogenic microbes. 
While data on disease prevalence and impact are essential for effective reef management 
strategies, characterizing microbial community changes under dysbiotic conditions is key to 
understanding processes involved in disease onset and progression. The present study 
addresses the gap in published information on coral disease in the Northern Saudi Arabian 
Red Sea, particularly around Shushah Island, the focus of recent coastal development and reef 
restoration activities. Combining field surveys, bacterial culturing, and 16S rDNA bacterial 
community profiling, we provide baseline data on coral disease occurrence and characterize 
their associated microbiome. Overall disease prevalence was generally low, though the 
frequency varied by disease type. Microbial 16S sequencing data from tissue of Acropora and 
Pocillopora corals affected by white syndrome revealed a significant shift in community 
composition from healthy congenerics, including enrichment of known disease-related taxa. 
Culturing from analogous tissue samples allowed the isolation of sixty-seven distinct bacterial 
strains, including potential beneficial microorganisms for corals. 



 

#25: Investigating Golgi phosphoprotein 3 (GPP34) and its role in sponge symbiont 
retention 

Sofia Sizikov [University of Haifa, Israel] 

Sponges rely on stable microbial symbioses for key physiological functions, including nutrient 
cycling, chemical defense, and environmental adaptation. Rising seawater temperatures can 
harm the balanced interdependence between sponges and their microbial symbionts, altering 
molecular interactions and microbial community composition, potentially leading to 
holobiont collapse. Understanding the mechanisms underlying symbiont retention is 
important for predicting climate change-driven microbiome shifts. Our comparative 
genomics analysis identified Golgi phosphoprotein 3 (GPP34) as a novel symbiosis-related 
gene family, found in sponge symbionts across several phyla, while absent in taxonomically 
closely related free-living bacteria. Annotated as a phosphatidylinositol 4-phosphate binding 
protein, eukaryotic GPP34 localizes to the Golgi membrane. We hypothesize that 
phagocytized sponge symbionts secrete GPP34 to hijack phagolysosome maturation and 
prevent bacterial degradation. To experimentally test this, we use a heterologous system with 
murine macrophages, which share functional similarities with sponge phagocytic cells. We 
amplified GPP34 genes from Petrosia ficiformis symbionts and engineered E. coli strains to 
express these genes. The effect of GPP34 gene expression on bacterial survival within 
macrophages is now being assessed. If GPP34 interferes with bacterial degradation in 
macrophages, it would suggest conserved immune evasion strategies across distant 
evolutionary lineages, shedding light on symbiont persistence in sponges. 

 

#26: From Gut Microbiome to Genome: Holobiomic Perspectives on Resource 
Efficiency in Atlantic Salmon - A Review. 

Emmanuel Odah [Norwegian University of Life Sciences, Norway] 

Improving resource efficiency in farmed Atlantic salmon (Salmo salar) is key to improving 
aquaculture sustainability. Increasing evidence highlights the role of host-microbiome 
interactions in shaping key phenotypes such as feed conversion ratio, protein retention, 
robustness, and omega-3 fatty acid composition. This review adopts a hologenomic approach, 
considering the salmon and its microbiome as a holobiont being one unit under selection, to 
explore how genomic and microbial factors contribute to these traits. Gut microbiome 
composition is influenced by diet, environment, and host genetics, including loci associated 
with immune regulation, gut morphology, and metabolic efficiency. Host genetics shape the 
microbiota, which in turn influences host gene expression and physiology. Genome-wide and 
microbiome-wide association studies identify some links between microbial taxa and host 
genetic markers involved in growth and nutrient assimilation. We synthesize findings from 
integrative multi-omic analyses that uncover molecular pathways such as bile acid 
metabolism, short-chain fatty acid production, and mucosal immunity. Potential applications 
include genomic selection incorporating microbial covariates (microbiome-based breeding) 
and predictive modeling of host traits from microbial profiles. Challenges remain in 
maintaining microbiome stability across production phases, life stages, and environmental 



 

shifts, which affect phenotype predictability. Nonetheless, incorporating microbial data into 
artificial breeding and functional genomics offers promising strategies for better performance 
under resource-limited conditions. By positioning Atlantic salmon as a model marine 
holobiont, this review advances understanding of host-microbe interactions in aquaculture 
and contributes to next-generation precision breeding within the Horizon Europe HoloGen 
network. 

 

#27: Exploring host-bacteria associations in deep-sea corals from the South Atlantic 
Ocean 

Lilian Jorge Hill, Taissa Damasceno [Federal University of Rio de Janeiro, Brazil] 

Deep-sea corals (DSCs) form essential habitats in the cold, nutrient-poor, high-pressure 
environments of the deep ocean, relying on intricate symbiotic relationships with microbial 
communities to thrive. In this study, we characterized the microbiomes of six DSC species 
collected at Campos Basin, in the South Atlantic Ocean: Desmophyllum pertusum, 
Solenosmilia variabilis, Candidella imbricata, Trachythela rudis, Paramuricea macrospina, 
and Muriceides hirta. Our results revealed that each coral species harbors distinct, host-
specific bacterial assemblages, significantly different from the surrounding water and 
sediment communities. Microbial symbionts were linked to essential functions, including 
nitrogen fixation, sulfur oxidation, carbohydrate degradation, and detoxification processes, 
supporting coral health and resilience. Notably, Candidella imbricata exhibited a unique and 
diverse microbiome dominated by Endozoicomonas montiporae, while Desmophyllum 
pertusum was associated with hydrocarbon-degrading Haliaceae. Functional predictions 
highlighted metabolic specialization across coral hosts, suggesting niche partitioning and 
adaptive symbiotic strategies. These findings underscore the crucial role of microbial 
partnerships in enabling DSC survival in extreme environments and provide new insights into 
the ecological and evolutionary significance of host-microbe symbioses in the deep sea. 

 

#28: Eco-Friendly Active Film and Sealant for Underwater Drug Delivery to Diseased 
Corals 

Vincenzo Scribano [University of Milan-Bicocca, Italy] 

Coral holobiont hosts several symbionts, such as algae, bacteria, archaea, fungi, and viruses. 
Bacteria are major regulators in maintaining holobiont homeostasis, especially in thermal or 
oxidative stress, with their distribution and community composition. However, not all 
symbiotic bacteria have solely beneficial effects on corals; some can induce dysbiosis, and 
others, like opportunistic strains, can leverage community dynamics to thrive and disrupt the 
holobiont equilibrium, inducing coral diseases. These have become a persistent threat to 
reefs, being more frequent and destructive to these ecosystems. To prevent catastrophic 
scenarios, effective technologies to treat outbreaks must be promptly implemented. We 
developed an eco-friendly underwater drug delivery system to efficiently treat bacterial 
infections in corals. This system consists of an antibiotic-loaded hydrophilic film that is 



 

applied directly onto the infected coral tissue, and a hydrophobic bio-based sealant that 
covers the film. The sealant ensures adhesion and prevents drug leakage into the 
environment. . The design was optimized to ensure monodirectional drug release to the 
infected coral tissue within one week of treatment, addressing the infected coral tissue and 
preventing environmental release. This technology successfully inhibited Vibrio 
coralliilyticus in vitro growth and halted the progression of tissue necrosis-like symptoms in 
90% of tested corals. 

 

#29: Microbial diversity of Pacific reefs and their stony corals exceeds current 
estimates of the global prokaryotic diversity 

Kim-Isabelle Mayer [University of Konstanz, Germany] 

Coral reefs are among the most biodiverse marine ecosystems on Earth, providing a habitat 
for one third of all described marine species. Yet, we are uncertain of the prokaryotic diversity 
underlying this macrofauna diversity. Prokaryotic diversity in coral reefs has previously been 
estimated to approximate the total estimated global microbial diversity. This most recent 
estimate of about 2.8 million distinct prokaryotic taxa (ASVs) was based on plankton, fish, and 
coral samples from the Tara Pacific expedition across the Pacific Ocean. However, coral-
associated microbial diversity was represented by only three species, leaving a knowledge gap 
to what extent comprehensive coral species sampling may alter such an estimate. Here, we 
report on an extensive sampling effort using a novel Tara Pacific dataset comprising 2450 
samples across 47 coral genera. Integrating data from these samples into prokaryotic diversity 
estimates, we show that the contribution of corals to reef microbiome diversity is up to three 
times higher than previously estimated, prompting an upwards correction of the reef 
microbiome diversity alone to over 4 million ASVs. This number supersedes the current total 
estimated bacterial diversity on Earth. Our data further show that coral species harbour highly 
uneven microbiomes with some super-diverse coral hosts, the significance of which we 
currently explore. In addition, based on a comprehensive environmental data collection, we 
explore the abiotic and biotic drivers that shape coral microbiome composition. Our work 
highlights the large currently undescribed microbial ‘dark matter’ of coral reefs, at risk of being 
lost before we can fully appreciate and understand its importance to reef function, resilience, 
and survival. 

 

#30: Metatranscriptomic Analysis of Gill Microbiome Plasticity in the Southern King 
Crab Across Glacier-Influenced Sub-Antarctic Fjords 

Rodolfo Farlora [Universidad de Valparaíso, Chile] 

Climate change is rapidly altering the aquatic ecosystems of the Magallanes region and the 
Chilean Antarctic, generating new challenges for marine biodiversity and ecosystem function. 
Microbial communities associated with the external surfaces of ecologically and economically 
important marine species offer valuable insight into environmental change. As part of a 
broader initiative employing omics approaches to characterize the microbiomes of key taxa—



 

including Magellanic penguin, salmonids, Lithodes santolla (southern king crab), and selected 
marine mammals and macroalgae—this study focuses on metatranscriptomic profiling in L. 
santolla. We analyzed the gill-associated microbiome in individuals from two sub-Antarctic 
fjords differing in proximity to glacier influence. While microbial community composition was 
broadly conserved, with Proteobacteria dominating, gene expression profiles revealed 
pronounced site-specific differences. Functional enrichment highlighted shifts in oxidative 
phosphorylation, nitrogen metabolism, and quorum sensing, reflecting modulation of 
microbial activity and interactions by local environmental conditions. In parallel, host 
transcriptomic profiles showed distinct enrichment of immune, metabolic, biosynthetic, and 
signaling pathways at each site, indicative of physiological adjustments linked to glacial 
influence. These findings demonstrate context-dependent transcriptional plasticity within the 
gill holobiont and underscore the utility of metatranscriptomics for revealing functional shifts 
in host–microbiome systems responding to environmental variability in southern polar 
regions. 

 

#31: Microbial discrimination of Vibrio strains by the marine sponge Halichondria 
panicea 

Alexi Pearson-Lund [GEOMAR, Germany] 

Sponges (Porifera) are emerging models of host-microbiome symbiosis, which filter large 
amounts of water and maintain a stable and specific microbiome. However, the mechanisms 
and the extent to which they are able to distinguish between self and non-self are unclear. 
Recent research postulates that ankyrin-repeat proteins (ARPs) are a possible mechanism for 
the sponge to recognize symbionts. To investigate this, we utilized an in vivo phagocytosis 
assay where we incubated Halichondria panicea with either self or non-self isolated 
fluorescently labeled Vibrio, dissociated the sponge cells, and quantified the cellular response 
with Fluorescence Activated Cell Sorting (FACs) and Fluorescent Microscopy after 30 and 60 
minutes. This revealed that the foreign Vibrio accumulated in choanocyte-like cells, while the 
native isolates were transported faster from choanocyte-like cells to archeocyte-like cells. 
Proteomics revealed that both Vibrio isolates elicited an immune response after 30 min, and 
after 60 min, the response to the foreign isolate remained elevated, but was diminished for 
the native isolate. We are now extending this work to investigate the sponge's response to six 
additional Vibrio strains that either possess ARP genes or do not. This will provide further 
insights into the specific molecular mechanisms of microbial discrimination in sponges. 

 

#32: Expanding the diversity of culturable coral-associated bacteria through aerobic, 
microaerophilic and anaerobic conditions: a quest for novel marine drug producers 

Joana Fernandes Couceiro [iBB - Institute for Bioengineering and Biosciences, Portugal] 

Corals play pivotal roles in marine ecosystems and rely on microbial symbionts to function 
and thrive. Coral-associated bacteria are also rich chemical reservoirs for pharmaceutical and 
biotechnological applications. However, most cultivation efforts use conditions that do not 



 

reflect the habitat provided by their host, leaving many coral-associated microorganisms of 
interest uncultured. This study aimed to expand the cultivable diversity of octocoral-
associated bacteria and assess their secondary metabolite biosynthesis potential and 
bioactivities. Bacteria from eight specimens of the temperate octocoral Leptogorgia 
sarmentosa were cultured under aerobic, anaerobic and microaerophilic conditions, and the 
isolates screened for polyketide synthase (PKS) genes. Selected isolates were tested for 
antimicrobial activity against human-pathogenic bacteria. Coral holobionts also underwent 
16S rRNA gene amplicon sequencing to analyse their prokaryotic communities. Amplicon 
sequencing revealed high intra-species microbiome variability and a dominance of hard to 
cultivate Endozoicomonadaceae, Mycoplasmasmataceae and Spongiibacteraceae bacteria, 
contrasting with the culture-based approach where Aquimarina, Vibrio and Shewanella 
dominated. The culture collection comprised 328 strains across 38 genera and 37 isolates 
unclassified at genus level. Thirteen genera had not been cultured previously from corals, 
including Desulfotalea, Halodesulfovibrio and Propinigenium, obtained only under anaerobic 
conditions. Of 196 screened isolates, 45 carried PKS genes. Antimicrobial assays highlighted a 
Bacillus safensis strain for its strong activity against Gram-positive and Gram-negative 
pathogens, including methicillin-resistant Staphylococcus aureus and enteropathogenic 
Escherichia coli. This study shows that varying oxygen conditions broaden the diversity of 
cultivable coral-associated bacteria, providing access to novel taxa and bioactive strains of 
interest to blue biotechnology. 

 

#33: Between the shells: Tracking epigenomics and small RNA regulation in a 
widespread and ancient marine symbiosis 

Sophia Ferchiou [University of Vienna, Austria] 

Symbioses are ubiquitous in the ocean, but so far, we understand little about how most of 
these function at the molecular level. Epigenetics and small RNAs are gaining focus with 
recent technological advances and discoveries about their roles in a few model systems. We 
aimed to investigate the potential roles of these mechanisms in marine lucinid clams, 
characterized by their specific symbiosis with intracellular sulfur-oxidizing bacteria, their 
ancient evolutionary history of symbiosis, and their ecological relevance in marine habitats. 
We employed antibiotic depletion of lucinid symbionts and experimental recolonization, 
combined with a minimally invasive “liquid biopsy” approach developed in oncology, to 
investigate host responses to symbiosis at the systemic level, focusing on epigenetics and small 
RNAs. Using digital PCR and FISH imaging at various stages of depletion and recolonization, 
we demonstrated the success of the protocol and showed that symbionts colonize host 
hemocytes. Sequencing is in progress to investigate potential regulatory mechanisms during 
depletion and recolonization. The results will show how sRNA and epigenetic mechanisms 
shift across symbiosis contexts in adult hosts. By combining multi-omics with the liquid biopsy 
approach, we aim to achieve a significantly more mechanistic understanding of symbiosis 
regulation than has been previously achieved in most non-traditional model systems. 

 



 

#34: Symbiodiniaceae restructuring over the last decade on the hottest coral reefs on 
Earth 

Anna Fiesinger [University of Konstanz, Germany] 

Corals in the Persian/Arabian Gulf (PAG) are resilient to various stressors, whose levels 
exceed those of coral reefs globally. These corals thereby offer insight into mechanisms 
underlying thermal resilience, e.g., regarding the role of endosymbiotic microalgae in the 
family Symbiodiniaceae. Previous studies have identified the thermotolerant species 
Cladocopium thermophilum as broadly associated with corals in the southern PAG. However, 
algal-host specificity at the within-species level and the temporal stability of these 
associations are not well understood. Here, we sampled two dominant stony corals (Porites 
harrisoni, n = 119 and Platygyra daedalea, n = 79) at three sites in the southern PAG and the 
neighboring Gulf of Oman (GO) to explore symbiont assemblage and specificity, whereby a 
prior dataset provided the opportunity to assess symbiont community stability in P. daedalea 
across a decadal time frame. Using high-throughput ITS2 marker gene sequencing and the 
SymPortal framework, we identified distinct ITS2 type profiles of C. thermophilum as the 
dominant symbiotic partners in both coral species in the southern PAG, highlighting high host 
fidelity at the sub-species level. However, we observed notable changes in C. thermophilum 
genotype diversity. In contrast, algal symbiont diversity in the neighboring GO corals 
increased, with formerly prevalent ITS2 type profiles being replaced by novel genotypes. Our 
data suggest a decadal restructuring of algal symbiont assemblage signified by the decline of 
formerly dominant algal type profiles and the emergence of novel genotypes, while it is 
unknown whether the respective coral colonies associated with novel algae or became rare 
or extinct themselves. Understanding long-term algal population dynamics is critical to 
forecast how algal lineage loss or, alternatively, an increase in algal diversity will impact coral 
resilience and survival. 

 

#35: Fecal and skin microbiota of four hospitalized Monachus monachus individuals 

Konstantinos Kormas [University of Thessaly, Greece]  

We analyzed the fecal and skin microbiome of 2 male and 2 female, monk seal (Monachus 
monachus) pups during their 8-10 week hospitalization in one of the MOm rehabilitation 
centers. Pups of the same sex were hospitalized concurrently within a period of three years. 
For all individual, similar feeding regimes were followed. During their hospitalization, feces 
and skin samples were collected separately from all individuals nine and two to four times, 
respectively. Illumina sequencing using universal bacterial primers followed DNA extraction 
with standard procedures. Sequences data analysis was performed with MOTHUR and 
taxonomic classification was performed with the SILVA database. ANOSIM in OTUs 
abundance showed the emergence of two congruent groups (p<0.005; R>0.85) clearly 
separating feces and skin samples for the female pups, with skin samples forming a congruent 
group characterized from representatives of Moraxellaceae and Flavobacteriaceae. For male 
pups skin samples were more dispersed but still very different from feces samples but also 
from female skin samples since Paenibacillaceae prevailed followed by Moraxellaceae. 



 

Female pups feces samples between the first period (0-19 days) were clearly separated from 
the second period (20-77 days). SIMPER analysis showed the prevalence of 
Enterobacteriaceae, Streptococcaceae and Enterococcaceae in the first period and 
Clostridiaceae and Fusobacteriaceae in the second period. Male pups feces samples also 
formed two distinct temporal groups exhibiting different taxonomy between them but also 
with the female pups. Enterococcaceae were the most prevalent group followed by 
Peptostreptococcaceae during the first period, while after 20 days Enterobacteriace prevailed 
along with Eggerthellaceae that were present only in male pups. These differences implied 
tank water influence in the skin microbiome while sex differences could imply sex-driven 
responses of gut microbiome during rehabilitation. 

 

#36: Probiotics for aquaculture production of coral for reef restoration 

Lone Høj [Australian Institute of Marine Science, Australia] 

The prospect of developing bacterial probiotics to support aquaculture production of juvenile 
corals was investigated. Single-strain inoculations in well plates confirmed that the 
microbiome of newly settled Acropora kenti is amenable to manipulation, with individual 
candidates producing differing microbiome responses and coral health outcomes (assessed by 
survival, growth, immune response activation, photosymbiont counts). A consortium of 
Roseivivax, Endozoicomonas, Halomonas, and Pseudoalteromonas was subsequently used to 
test probiotic delivery routes (via water column or diet) and number of applications (two or 
six deliveries) in a flow-through system, with all treatments exposed to an acute temperature 
stress challenge after three weeks followed by one week recovery. In this experiment, 
Roseivivax was prevalent in the microbiome of probiotic-treated corals irrespective of the 
delivery strategy and persisted after heat stress. In comparison, Halomonas was detected at 
lower relative abundances, which decreased significantly once re-application ceased, and 
Endozoicomonas no longer formed aggregates as seen in the well-plate system. While no 
health benefit of probiotic application was observed, this is consistent with emerging 
evidence that coral juveniles are relatively resilient to temperature stress. Future experiments 
should investigate if microbiome manipulation of newly settled corals can mediate delayed 
benefits and stress resilience in older juveniles or colonies. 

 

#37: Candidate foreign genes in symbiont-bearing deep-sea mussel Idas 
modiolaeformis 

Maria Daugavet [University of Haifa, Israel] 

Deep-sea chemosynthetic communities facilitate symbiotic interactions between 
heterotrophic eukaryotes and chemoautotrophic prokaryotes. These close and long-lasting 
relationships may drive horizontal gene transfer (HGT) between the partners. In order to 
identify genes potentially acquired through HGT, we assembled the genome of the deep-sea 
symbiont-bearing mussel Idas modiolaeformis using long Nanopore reads and its 
transcriptome using Illumina reads. We predicted protein sequences based on the gill 



 

transcriptome of mussel and compared them to those of the symbionts. 10 sequences with 
>50% identity and alignment lengths exceeding 100 amino acids were identified as candidate 
HGT-derived proteins. Their presence was confirmed by mapping to I. modiolaeformis 
genome assembly. These candidates will undergo further examination by phylogeny 
construction and protein characterization. Exploring the HGT events will offer insights into 
cross-domain genetic exchange and its role in adaptation to extreme environments. 

 

#38: Microbiome thermal priming is sufficient to confer heat stress resistance in 
bivalve molluscs 

Ilaria Nai [University of Padua, Italy] 

As climate change intensifies global warming and drives more frequent extreme thermal 
events like marine heatwaves (MHWs), the risk of extinction for many animal species 
significantly increases. Thermal tolerance plays a critical role in shaping species’ ecology and 
evolution. Among all animals, ectotherms are particularly threatened by MHWs, as their 
physiology, behaviour, and spatial distribution are heavily influenced by environmental 
conditions. In this frame, microbiomes are emerging as a new frontier in buffering vulnerable 
animals against temperature fluctuations. Building on the well-established understanding that 
the rapid adaptive potential of microbes can benefit their animal hosts, we investigated 
whether this capacity is sufficient to protect hosts from environmental stress, and to what 
extent. We focused on the Manila clam (Ruditapes philippinarum), one of the most widely 
farmed clam species globally, and its associated microbiome. To test this, we transplanted a 
thermal-primed microbiome into naïve clams and then exposed them to a thermal challenge. 
Using 16S rRNA amplicon sequencing, we found that temperature is the primary driver of 
microbiome compositional shifts. Notably, the thermal-primed microbiome formed a 
significantly distinct and more diverse community compared to that of thermally stressed 
control clams. Analysis of host responses showed that clams receiving the primed microbiome 
exhibited significantly higher activity of antioxidant enzymes, such as catalase and superoxide 
dismutase, and experienced lower mortality under heat stress. Altogether, our findings 
demonstrate that a thermal-primed microbiome is sufficient to promote host thermal 
adaptation by enhancing oxidative stress responses and improving survival. This highlights 
the foundational role of microbiomes in facilitating animal adaptation and underscores the 
potential of leveraging microbial interventions to mitigate the impacts of climate change. 

 

#39: Sponge Microbiome: From Pole to Tropic 

Mayanne Freitas [Universidade Federal do Rio de Janeiro, Brazil] 

Marine sponges host taxonomically diverse and functionally specialized microbial symbionts 
that contribute to host metabolism, chemical defense, and environmental adaptation. In the 
era of rapid climate change, understanding how these symbioses persist, and possibly shift, 
under distinct environmental regimes is a frontier in marine holobiont research. The Antarctic 
benthos, shaped by extreme cold and pronounced seasonality, contrasts sharply with the 



 

Great Amazon Reef System (GARS), a tropical environment under the dynamic influence of 
the Amazon River plume, marked by thermal variability, stratified water columns, and 
fluctuating nutrient regimes. Here, we analyze six Antarctic and thirty-five GARS sponge 
metagenomes to reconstruct high-quality metagenome-assembled genomes (MAGs) and 
investigate their functional repertoire in the context of symbiosis and environmental stress. 
Following stringent genome quality assessment, MAGs are functionally annotated using, 
dbCAN, and HMMER (PFAM, KEGG, TIGRFAM) to uncover genes associated with cold 
adaptation, oxidative stress mitigation, acidification resilience, and seasonal metabolic 
plasticity. Symbionts are further classified based on genome size, GC content, biosynthetic 
autonomy, and the presence of hallmark features such as eukaryotic-like proteins (ELPs), 
quorum sensing systems, and biofilm formation genes, traits indicative of intimate host 
association. Co-occurrence patterns with sponge hosts reinforce ecological assignment. 
Importantly, we integrate viral ecology by evaluating the potential role of viral-encoded 
ankyrin repeat proteins, hypothesized to mediate host-symbiont communication and 
reinforce holobiont stability. This pole-to-tropic comparison will provide novel insights into 
the genomic strategies of microbial symbionts under divergent environmental constraints and 
offer a foundation for identifying microbial and viral biosignatures with predictive value for 
climate-driven shifts in marine ecosystems. 

 

#40: Warming alters the marine host-associated microbiomes: a meta-analysis 

Carlos Hernandez Orta [Bangor University, UK] 

Over the past century, Earth’s climate has warmed by ~0.6°C, with a notable rise in daily 
minimum temperatures. This change has disproportionately affected ectothermic animals, 
especially marine species. Host-associated microbial communities (microbiota) are essential 
to host health, supporting immune development and pathogen defense. Climate-driven 
changes to these microbial communities may therefore impact host fitness and survival. This 
study used meta-analysis to assess how various warming scenarios influence marine host-
associated microbiota. A systematic search was conducted in Google Scholar using terms 
including “host-associated microbiome,” “marine,” “microbiota,” “climate change,” and 
“warming.” Studies were included if they: (1) used 16S rRNA metabarcoding, (2) provided raw 
sequencing data and metadata, (3) focused solely on warming effects, and (4) followed an 
experimental design. Sequence processing was performed using QIIME2. Warming 
conditions were classified as control (no increase), moderate warming (1–5°C), and extreme 
warming (>5°C). In total, 1,187 sequences from 37 marine host species were analyzed. Results 
showed that warming affected microbiota in a temperature-dependent manner. Moderate 
warming caused a slight increase in alpha diversity, whereas extreme warming produced a 
more substantial increase and greater variability in response. Beta diversity also shifted, with 
higher temperatures linked to increased community dispersion, indicating greater 
dissimilarity between microbial communities. Responses varied across host phyla, suggesting 
taxon-specific sensitivity to thermal change. In summary, environmental warming alters 
marine host-associated microbiota in ways that depend on both temperature magnitude and 
host taxonomy. These findings underscore the importance of considering both warming 



 

intensity and host identity when predicting the ecological outcomes of climate change on 
host-microbe systems. 

 

#41: How are gut microbes transmitted? An integrative approach to quantify the 
ecological factors driving microbiome transfer in guppies 

Davide Piazza [University of Padua, Italy] 

Microorganisms play an essential role in the health, growth and development of animals, 
collectively forming the microbiota. Despite their renowned importance, the ecological 
factors that drive microbiome transfer - such as host contact and dispersal - remain poorly 
understood. Fish, which comprise the majority of vertebrate species, offer unique advantages 
for studying microbiome ecology, particularly due to their suitability for controlled 
experiments and their relevance in aquaculture and conservation contexts. In this study, we 
chose to investigate the transmission dynamics of the gut microbiome in the guppy (Poecilia 
reticulata). Guppies have been extensively studied in behavioural and ecological research, 
thus providing a tractable system for accurate measurement of animal contact. Specifically, 
we aimed to quantify the relative contributions of host contact and dispersal through water 
to microbiome transfer across individuals. To achieve this, we generated microbiome-
depleted guppies, co-housed them in tanks with conventional animals with and without 
physical contact, and used a multi-faceted experimental approach. This included: (1) 
identification and quantification of host-host interactions (e.g. contact, mating, nipping) (2) 
bacterial growth analysis, (3) metagenomic profiling of the fish gut, and (4) fluorescence in situ 
hybridization. By integrating these parameters, we identified the predominant transmission 
routes of microbial populations and elucidated the ecological factors driving the transfer of 
specific microbial species. This study provides important insights into microbiome dynamics 
in aquatic environments and highlights the ecological processes underlying microbial 
transmission in fish, with potential applications for sustainable aquaculture and environmental 
management. 

 

#42: THE RED GROUPER Epinephelus morio GUT MICROBIOME 

Joanna María Ortiz Alcántara [Universidad Nacional Autónoma de México, México] 

Due to its enormous importance in recent years, research focused on the microbiome of fish 
and other organisms of economic or ecological importance has evolved from describing the 
taxonomic and functionality diversity, to understand the functions that these microorganisms 
play in their hosts. This knowledge is a powerful tool in aquaculture, which allows directing 
nutrition programs to design functional diets, focused on the health and performance of the 
animals. In this work, our objective was to know the community of bacteria and yeast that 
inhabits the intestine of red groupers without sacrificing the animals. For this purpose, a 
sample of the intestine content was extracted to study the bacterial and yeast culturable 
fraction, and the taxonomic biodiversity by sequencing the 16S and 18S rRNA, and ITS gens. 
Microbiological-biochemical techniques and metabolic predictions were used to learn more 



 

about the contribution of microorganisms in metabolic pathways. Gut samples were taken 
with a probe in vivo from adult fish from the long-term grouper program at UMDI Sisal. The 
proteolytic, aminolytic and chitinolytic capacity of isolated strains was tested. Enterococcus 
faecium, Photobacterium damselae, Micrococcus aloeverae, Bacillus cereus, Staphylococcus 
sp., Bacillus cereus, Cytobacillus gottheilii, Acinetobacter lwoffii, Enterococcus faecium, 
Photobacterium damselae, Enterobacter cloacae, Shewanella sp , Micrococcus sp., Candida 
parapsilosis, Penicillium sp., Aspergillus penicillioides and Starmerella etchellsii strains were 
isolated from the intestine. The gut microbiota in E. morio appears to be involved in metabolic 
processes related to food digestion and absorption, vitamin B12 transport, and antibiotic 
resistance. 

 

#43: Fish-coral-microbe interactions: Species-specific effects of damselfish 
associations on Acropora holobiont bacterial and symbiont communities 

Teresa Bednarek [The University of Western Australia, Australia]  

Symbiotic interactions are central to coral reef ecosystems, spanning the coral holobiont’s 
internal microbial partnerships to broader associations with reef fish. Coral-dwelling 
damselfish live in close association with coral colonies, using their branches as shelter. These 
associations can influence the coral's immediate environment through various mechanisms 
including nutrient inputs, oxygen dynamics, and sediment removal, while fish may also serve 
as vectors for microorganisms. Despite their ecological prevalence, our understanding of how 
these fish-coral associations influence holobiont composition and ultimately coral health 
remains largely unexplored. In this study, we investigated how resident damselfish influence 
the coral holobiont composition of Acropora millepora and Acropora digitifera along 
Ningaloo Reef, Western Australia. Coral samples were collected from colonies with different 
levels of resident damselfish association, and analysed for symbiont physiology, as well as 
symbiont and bacterial community composition using ITS2 and 16S rRNA amplicon 
sequencing. Our findings reveal distinct species-specific holobiont signatures between the 
coral species, with A. millepora exhibiting higher symbiont cell density and bacterial alpha 
diversity whereas A. digitifera showed greater symbiont alpha diversity. While both highly 
related species were dominated by symbionts of the genus Cladocopium and bacteria of the 
family Endozoicomonadaceae, they hosted different sequence variants. Most notably, 
damselfish presence and biomass correlated with reduced microbial diversity and subtle shifts 
in bacterial community structure in A. millepora, while A. digitifera remained largely 
unaffected. These new insights represent a temporal snapshot of coral-fish-microbe 
interactions, providing initial evidence and a framework for how ecological associations may 
influence holobiont dynamics and potentially coral health and resilience under changing 
environmental conditions. 

 

 

 



 

#44: Microbial dynamics in nested seagrass-bivalve associations under thermal stress 

Elena Quitanilla [Stazione Zoologica Anton Dohrn, Italy] 

Seagrass meadows are foundational marine habitats that support biodiversity and deliver 
essential ecosystem services. Their resilience under environmental stress may be enhanced 
by facultative mutualisms with lucinid bivalves and their associated microbiomes, yet 
experimental evidence remains scarce. Here, we investigated how Cymodocea nodosa, a 
widespread Mediterranean seagrass, interacts with the lucinid Loripes orbiculatus and how 
their association responds to thermal stress at the microbiome level. Using a controlled 
mesocosm experiment simulating a marine heatwave, we analyzed bacterial and archaeal 
communities across multiple sample types (seagrass leaves and roots, lucinid gills and visceral 
mass, and sediment) via 16S rRNA gene sequencing. Lucinid gill microbiomes remained stable 
regardless of seagrass presence or heat exposure. In contrast, C. nodosa roots exhibited 
greater microbial richness and diversity than leaves and lucinid tissues, second only to 
sediment, and their community composition shifted in response to both lucinid presence and 
thermal stress. These findings reveal a dynamic, microbiome-mediated interaction between 
seagrasses and lucinids, suggesting that presence of lucinid clams can influence seagrass root 
microbiomes and potentially modulate plant holobiont responses to warming. This study 
advances our understanding of the ecological roles of nested seagrass-bivalve-microbe 
associations under climate change and offers valuable insights for developing nature-based 
solutions to enhance coastal ecosystem resilience. 

 

#45: Host species shapes symbiont gene expression in lucinid bivalves from a 
Caribbean seagrass meadow 

A. Carlotta Kück [Max Planck Institute for Marine Microbiology, Germany] 

Chemosynthetic symbioses are nutritional partnerships widespread in Earth’s oceans. 
Lucinidae is the most diverse animal group hosting chemosynthetic symbionts, with hundreds 
of species described. The symbionts are as diverse and belong mostly to the genus Candidatus 
Thiodiazotropha. Host-symbiont pairings can be highly flexible. Some symbiont species 
associate with many host species, and some host species are capable of associating with 
different symbiont species. However, little is known about the functional relevance of these 
flexible host-symbiont pairings. We used three lucinids, Codakia orbicularis, Ctena 
imbricatula and Clathrolucina costata, which co-occur in Caribbean seagrass meadows and 
host the same symbiont species, as a natural experiment to investigate symbiont responses to 
association with different hosts. With transcriptomics, we identified host species-specific 
patterns of symbiont gene expression including those for carbon fixation, cell division and 
cell-wall formation, sulfide oxidation, and amino acid synthesis. This shows that association 
with different hosts affects core symbiont functions. These differences are likely driven by 
host-specific immune factors and ecophysiology that differentially shape the 
microenvironments experienced by the symbionts. Our findings reveal the potential impact 
of diversity on important symbiotic functions and may help to explain their impressive 
biodiversity and ecological success. 



 

 

#46: FishMICRO: Exploring Fish Microbiomes as Sentinels of Climate Change in a 
Rapidly Changing Arctic 

Marco Basili [IRBIM CNR, Italy] 

The Arctic is undergoing unprecedented warming, with the West Spitsbergen Current driving 
a process of "Atlantification" that is reshaping marine ecosystems in Svalbard's fjords. The 
FishMICRO project addresses this environmental transformation by investigating the 
microbiomes of both native and boreal poleward-expanding fish species (e.g., Atlantic cod: 
Gadus morhua, Shorthorn sculpin: Myoxocephalus scorpius). This study aims to establish a 
comprehensive baseline of microbial communities associated with these species and to 
evaluate their potential role as indicators of physiological and ecological adaptation to 
climate-related stressors. Recognizing fish as holobionts—where host and microbiome 
function as an integrated unit—FishMICRO assesses how microbial communities respond to 
shifting abiotic and ecological conditions, such as water temperature, prey composition, and 
reproductive status. Microbiome data will be correlated with otolith age analysis, stomach 
content examination, histological tissue health assessments, and contaminant load data to 
provide an integrated understanding of fish health and environmental interactions. By 
comparing inner and outer microbiomes and analyzing the influence of surrounding seawater, 
FishMICRO will illuminate the role of microbial assemblages in host resilience and ecosystem 
function. Ultimately, the project positions fish microbiomes as sensitive bioindicators of 
climate-driven ecological shifts in the Arctic. This knowledge will enhance predictions of 
species adaptability, inform conservation strategies, and support policy development for the 
sustainable management of Arctic marine biodiversity in the face of global change. 

 

#47: Potential Denitrification by a Canonical Partial Denitrifying Symbiont 
(Candidatus Thiodiazotropha ) of the Deep-Sea Bivalve Lucinoma aequizonata 

Brooke Travis [Harvard University, USA] 

With roughly 400 species worldwide Lucinid bivalves (family Lucinidae), which harbor 
chemosynthetic microbial symbionts, occupy a diverse array of niches including oxygen 
minimum zones (OMZ) in the ocean. Of the lucinids living in OMZs, the deep-sea bivalve 
Lucinoma aequizonata is the most well studied and can survive in anoxic conditions for over 
10 months. It is unclear if the symbiosis relies solely on anaerobic respiration or use alternative 
electron acceptors such as nitrite. To examine this possibility, we used a 15N-nitrite tracer to 
assess the potential of other respiration strategies such as nitrite reduction, annamox or nitric 
oxide dismutation. We found evidence for 15N-dinitrogen gas production suggesting these 
symbionts are potentially capable of complete denitrification, which is novel to the L. 
aequizonata symbiosis. We then used metatranscriptomics to examine L. aequizonata 
symbiont gene expression to determine which metabolic process might explain our observed 
measurements. We then compared these patterns to the metatranscriptomics of another 
deep-sea lucinid, L. kazani, which also dwell in OMZs but have different nutrient limitations 
to investigate the effect of environmental conditions on lucinid symbiont gene expression. 



 

We found notable differences in patterns of gene expression especially in regard to nitrogen 
pathways, methylotrophy, hydrogen oxidation and motility. Together these data expand the 
metabolic repertoire of L. aequizonata chemosymbioses and underscore that symbiotic 
associations living in similar habitats can show marked differences in activity that reflect the 
local geochemical setting. 

 

#48: Potential Symbiotic Mediation of Internal Carbonate Chemistry in Oysters 
Exposed to Tidal pH Variation 

Andrea Unzueta Martinez [Harvard University, USA] 

Marine calcifiers like oyster, Crassostrea virginica, rely on tightly regulated carbonate 
chemistry within their calcifying fluids to build and maintain their shells—structures 
increasingly threatened by ocean acidification. Yet, the molecular mechanisms underlying this 
regulation, and the role of host-associated microbes, remain largely unresolved. Here, we 
integrate high-resolution carbonate chemistry profiling with host and microbial 
transcriptomics to investigate oyster responses to simulated tidal pH fluctuations. Despite 
external acidification, calcifying fluid pH remained remarkably stable, while transient spikes 
in dissolved inorganic carbon (DIC) suggest active internal buffering. Host gene expression 
revealed temporally coordinated activation of ion transport and acid-base regulatory 
pathways, concurrent with microbial upregulation of nitrogen and sulfur cycling genes—
microbial pathways that influence calcification by catalyzing chemical reactions that modify 
local pH, alkalinity, and DIC concentrations. Notably, microbial transcriptional shifts were 
more strongly correlated with internal DIC levels than with ambient seawater conditions, 
pointing to host-mediated modulation of microbial activity. Co-expression network analyses 
linked oyster immune and neurophysiological signaling with microbial redox processes 
capable of altering fluid carbonate chemistry, highlighting the calcifying fluid as a dynamic, 
metabolically integrated host–microbe interface. These findings illuminate potential 
symbiotic mechanisms that may enhance calcifier resilience under climate stress and 
underscore the importance of microbial partners in future strategies for marine biodiversity 
conservation. 

 

#49: Microbiome characterization of the octocoral Briareum asbestinum (Pallas, 
1766): comparative analysis of healthy and bleached colonies 

Teresa Madurell [Institut de Ciències del Mar, Spain]  

Despite being a common and abundant soft coral in tropical waters of the Western Atlantic 
Ocean and Caribbean Sea, the microbiome of Briareum asbestinum remains poorly 
characterized. This study presents the first analysis of the bacterial communities associated 
with the encrusting form of this species, comparing the microbiome community structure 
between healthy and thermally bleached colonies. Samples were collected in the Bocas del 
Toro Archipelago during a natural bleaching event in summer 2023, and analyzed using 16S 
rRNA gene amplicon sequencing. Preliminary results show that healthy B. asbestinum 



 

colonies were dominated by Candidatus megaira, Rickettsiales bacteria that are primarily 
associated with algae and ciliates. The core microbiome consisted included Cyanobacteriales, 
Thermoanaerobaculaceae and Schizothrix. Bleached colonies exhibited a microbiome 
dysbiosis characterized by a higher diversity, and the loss of the dominant taxa (C. meagaira), 
along with the increased dominance of Epibacterium (Rhodobacterales). Epibacterium 
species, besides having a wide range of metabolic capabilities are also known to produce 
antimicrobial compounds against pathogens. Principal coordinate analysis revealed distinct 
clustering of healthy and bleached samples. To establish the baseline microbiome profile for 
B. asbestinum and understanding its microbial dynamics is crucial for predicting this coral 
resilience in warming oceans. 

 

#50: Decrypting Microbial Mechanisms Supporting Symbiosis in the Atlantic Salmon 
Gut 

Dave Edison Rojas [Norwegian University of Life Sciences, Norway] 

Microbial symbionts within the gut microbiota are known to play an essential role in shaping 
host health and nutrition in humans and terrestrial animals. Despite the presumed significance 
for fish, our knowledge, particularly concerning Atlantic salmon (Salmo salar), is still limited. 
The relatively low stability and strong influence of environmental and dietary changes on 
salmon gut microbiomes raises an important question: how critical are gut symbionts for this 
fish? To date, paucity of salmon gut-derived microbial genomes has hindered both the 
understanding of potential microbial functions and the application of functional omics, as 
much of the data does not correspond to available reference genomes. It is an immediate 
priority to identify and describe the ways that salmon depend on the functions of its gut 
microbes. To address this gap, we generated the Salmon Microbial Genome Atlas (SMGA), a 
collection of 211 high-quality bacterial genomes, sourced from both wild and farmed fish in 
freshwater and seawater (1). Bacterial genomes were taxonomically assigned into 14 different 
orders, including 28 distinctive genera and 31 novel species. Benchmarking the SMGA, we 
generated genome-scale metabolic reconstructions of all microorganisms and functionally 
characterized key populations in the salmon gut that were detected in vivo. This involved 
elucidating their capability to break down dietary fibers and release vitamins and other exo-
metabolites with known beneficial effects on the host. This functional characterization was 
validated through in vitro cultivation and untargeted metabolomic analyses. Further efforts 
have resulted in the isolation and genome sequencing of 11 bacterial strains from salmon fry 
(2). Overall, genomic analyses indicate that these microbes can provide salmon with essential 
molecules, including short-chain fatty acids and a diverse array of vitamins B. Together, these 
findings provide a view of the diversity and functional role of the salmon gut microbiota and 
pave the way for understanding the contributions of symbionts to host nutrition and health. 

 

 

 



 

#51: Three Novel Bacteria Associated with Two Centric Diatom Species from the 
Mediterranean Sea, Thalassiosira rotula and Skeletonema marinoi 

Valeria Di Dato [Stazione Zoologica Anton Dohrn, Italy] 

Diatoms are a successful group of microalgae at the base of the marine food web. For 
hundreds of millions of years, they have shared common habitats with bacteria, which favored 
the onset of interactions at different levels, potentially driving the synthesis of biologically 
active molecules. To unveil their presence, we sequenced the genomes of bacteria associated 
with the centric diatom Thalassiosira rotula from the Gulf of Naples. Annotation of the 
metagenome and its analysis allowed the reconstruction of three bacterial genomes that 
belong to currently undescribed species. Their investigation showed the existence of novel 
gene clusters coding for new polyketide molecules, antibiotics, antibiotic-resistance genes 
and an ectoine production pathway. Real-time PCR was used to investigate the association of 
these bacteria with three different diatom clones and revealed their preference for T. rotula 
FE80 and Skeletonema marinoi FE7, but not S. marinoi FE60 from the North Adriatic Sea. 
Additionally, we demonstrate that although all three bacteria could be detected in the culture 
supernatant (free-living), their number is up to 45 times higher in the cell associated fraction, 
suggesting a close association between these bacteria and their host. We demonstrate that 
axenic cultures of T. rotula are unable to grow in medium with low salinity (<28 ppt NaCl) 
whereas xenic cultures can tolerate up to 40 ppt NaCl with concomitant ectoine production, 
likely by the associated bacteria. 

 

#52: Wild fish holobiont monitoring in the German Exclusive Economic Zone  

Raphael Koll [University of Hamburg, Germany] 

The conservation of biological diversity from molecular to community levels is fundamental 
to ensuring ecosystem services. However, there is a lack of in-depth knowledge about 
biodiversity, spatio-temporal dynamics, and trophic interactions, particularly for non-
commercially exploited fish species, which is necessary for an efficient establishment and 
monitoring of protected areas in marine ecosystems. Biotic interactions with complex 
communities of microbiota inhabiting every mucosal surface of teleost fish play a critical role 
in the host&#39;s metabolism, growth, and health on the one hand. On the other, host 
organisms provide habitats for microbes and eukaryotic parasites whose diversity is often not 
recorded but could potentially influence the resilience of ecosystems. In the planned project 
part, non-commercially exploited fish species will be caught in the German North Sea over 
several years and seasons on various types of seabed sediments within protected habitats and 
in between areas of intensive fishing. Alongside, sediment and bottom-near ambient water 
samples will be collected. Via swabs from mucus-rich regions (gills, hindgut), host-associated 
microbial communities will be recorded via amplicon sequencing (16S, 18S, COI), 
complemented by metagenomic data sets (short-read, long- read) describing the possible 
functional spectrum and physiological measurements on the host (body indices, gene/protein 
expression). The project aims to establish a comprehensive baseline of diversity for host-
associated and surrounding microbial symbionts and parasites, and to characterize influencing 



 

variables such as abiotic parameters and potential anthropogenic stressors. Based on these 
data, indicators for holobiont health and the effects of habitat protection measures—such as 
no-fishing zones—will be identified. These indicators will serve as tools for minimally 
invasive monitoring of conservation efforts and early signs of ecosystem change. 

 

#53: First insights into bacterial and microalgal endosymbiont communities of various 
coral morphotypes from Maldives 

Alessia Avesani [Unviersity of Genoa, Italy] 

The Maldivian Archipelago harbors ecologically rich coral reefs, yet the microbiome of its 
corals remains largely unexplored. This study presents the first characterization of microbial 
communities, bacteria and algal endosymbionts, associated with different coral morphotypes 
sampled in May 2022 from four Maldivian atolls (Ari, North Malé, South Malé, Rasdhoo). 
Coral and gorgonian specimens were collected by scuba diving across lagoon and ocean-
facing reefs, spanning depths from 0 to 40 meters. Surface seawater was also sampled near 
coral assemblages. Metabarcoding analyses targeted V4 – V5 variable regions of 16S rRNA 
gene to profile bacterial communities and the ITS2 rRNA region to assess Symbiodiniaceae 
diversity. Coral-associated bacterial communities were highly diverse and mainly influenced 
by coral morphotype rather than depth or location. These communities significantly differed 
from those in seawater. Dominant bacterial taxa included Proteobacteria (10–95%), Bacillota 
(5–10%), and Planctomycetota (<1–30%). Most algal endosymbionts belonged to the genera 
Cladocopium (clade C) and Durusdinium (clade D), with some host-specific variant types 
observed. This work provides the first baseline of coral microbiota in the Maldives, offering 
key insights for future monitoring of reef health and for understanding the potential impacts 
of environmental changes in the region. 

 

#54: A Metabarcoding Approach for Investigating the Stomach Microbiota of the 
Corallivorous Snail Coralliophila meyendorffii (Muricidae, Coralliophilinae) and Its 
Venomous Host, the Sea-Anemone Parazoanthus axinellae (Zoanthidea, 
Parazoanthidae) 

Elisa Nocella [Sapienza University of Rome, Italy] 

The corallivorous snails Coralliophila meyendorffii and its coral host Parazoanthus axinellae 
are appealing candidates for studying symbiotic interactions at the microbiome level. In this 
study, we investigated for the first time the microbial community in the stomach of C. 
meyendorffii and in the polyps of its coral host P. axinellae using as markers multiple regions 
of the 16S rRNA gene. The bacterial community in the stomach of another corallivorous snail, 
Babelomurex cariniferus, that feeds on Cladocora hexacorals, was also investigated for 
comparison. The obtained results indicated the phylum Proteobacteria as the most abundant 
among the analysed samples, with Alphaproteobacteria and Gammaproteobacteria as the 
main classes. Among the investigated communities, some bacterial taxa were recognised in 
line with previous findings in the microbiota of marine invertebrates. As both organisms are 



 

exposed to the same bacteria in their habitats, this might suggest shared environmental 
influences for their microbiota composition. Most of the detected taxa found exclusively or 
predominantly in P. axinellae samples suggest the presence of holobiont components within 
the microbial community of this coral, mirroring those identified in other corals, while the 
stomach microbiome of C. meyendorffii did not indicate a primary role in parasitism. Finally, 
we provide evidence that many of these bacterial taxa are horizontally transferred between 
Parazohantus and Corallliophila. 

 


