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Identifying the factors influencing ecological succession is a central pursuit in ecology. Modern 

studies of succession disentangle stochastic and deterministic processes that influence the predictability of 

community assemblages (Chesson 2000; Fargione et al. 2003; Dumbrell et al. 2010; Måren et al. 2018). 

Recent decades have seen development of methods for characterizing microbial community composition 

and succession via metagenomics (Venter et al. 2004; reviewed in Handelsman 2005). This is promising 

for oceanic microbial ecology, where many microbes remain uncharacterized and disperse with ease 

(Müller et al. 2014; Brum et al. 2015; Sunagawa et al. 2015). Microbial biofilms are major contributors to 

biomass and ecological function in aquatic ecosystems (Battin et al. 2003) and pioneer re-colonization 

after primary disturbances (Gulmann et al. 2015). Efforts are ongoing to resolve the factors influencing 

microbial community assemblage and to adapt successional theories to oceanic microbiomes (Woodcock 

and Sloan 2017; Zhou and Ning 2017).  

Succession in microbial hydrothermal vent ecosystems is not well understood due to the recent 

discovery and extreme depth of these habitats (Corliss et al. 1979; German et al. 2010). Hydrothermal 

microbial communities are diverse and exist in a disturbance-prone environment (Reveillaud et al. 2016; 

Fortunato et al. 2018). This environment provides myriad opportunities to study succession in microbe-

dominated ecosystems (Marcus et al. 2009; Sylvan et al. 2012; Gulmann et al. 2015). I use the framework 

proposed by Zhou et al. (2014) for predicting compositional stochasticity after disturbance in a 

generalized fluidic ecosystem. I expand the considerations of this model to assess hydrothermal system 

succession. With an updated model, I predict that the magnitude of deterministic influences immediately 

post-disturbance may serve as predictors of compositional stochasticity as succession progresses. 

Regardless of initial deterministic selection, differences in pre- and post-disturbance geochemistry will 

lead to communities that do not resemble pre-disturbance communities (Figure 3). 

 

Stochastic and deterministic models for community assembly 

Zhou et al. (2014) propose a framework for predicting compositional stochasticity (CS) in fluid 

microbial ecosystems under different disturbance types and ecosystem fluidities (Figure 1). This 
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framework compares antithetical deterministic and stochastic influences on community assemblage 

during succession. Deterministic (or “niche”) factors shape niches and species interactions to produce 

predictable community compositions under stable environmental conditions (Cowles 1899; Schoener 

1974; Buss and Jackson 1979; Harrison 1979; Brändle and Brandl 2001). Purely deterministic models (for 

example, Tilman, 1990) use abiotic and biotic interactions to predict community assembly. 

Stochastic community assemblage is associated with removal of competitive or selective 

interactions (Sale and Dybdahl 1975; Birch 1979; Grossman 1982). Stochastic models represent 

unpredictable population trajectories as a product of random disturbances, dispersal, ecological drift, and 

speciation (see Vellend (2010), Chesson (1991) and Grossman et al. (1982) for precise definitions of 

these processes). Neutral theory (Hubbell 2001) hypothesizes that community assemblage of ecosystems 

occurs via the above stochastic processes. In stochastic (or “neutral”) assemblage, ecological interactions 

are disregarded. The stochastic mechanisms of neutral theory have since been integrated into predictive 

theories for community assemblage (Tilman 2004), but many theories of community assemblage use 

neutral theory as a null condition to prove that deterministic factors are causes decreases in assemblage 

stochasticity (Dini-Andreote et al. 2015). Succession studies attempt to relate the magnitude of niche and 

neutral processes to succession trajectories (Ofiteru et al. 2010; Kreyling et al. 2011; Langenheder and 

Székely 2011). 

The frameworks of Zhou et al. (2014) and others (Ferrenberg et al. 2013; Dini-Andreote et al. 

2015) claim that disturbances may increase compositional stochasticity (CS) by relaxing competitive 

interaction (Figure 1A,1C) or decrease CS by removing species and reducing biomass (Figure 1B,1D). 

Zhou et al. additionally identify dispersal via fluidity as the primary distinction between fluidic 

ecosystems and non-fluidic ecosystems after disturbance. Increased fluidity in aquatic ecosystems 

increases dispersal of marine microbes and resources, modifying CS by distributing limiting nutrients and 

dispersing colonizing members of regional populations (Elderfield and Schultz 1996; Marsh et al. 2001; 

Lennon and Jones 2011; Müller et al. 2014). 

This model must be revised to reflect environmental, microbial, and successional dynamics 



Hoffert - 4 

 

unique to hydrothermal ecosystems. Zhou et al. present a flawed argument for changes in CS after 

deterministic disturbance, contradicting the trend observed by studies on microbiome succession. The 

corrected prediction is applied to hydrothermal eruptions, which impact both nutrient input and 

deterministic disturbance to predict post-disturbance stochastic potential. I consider specific ecological 

and stochastic dynamics in hydrothermal vents, and integrate these considerations to predict several 

trajectories for hypothetical hydrothermal ecosystems after disturbances. 

 

Correction to fluidic ecosystem succession model 

Zhou et al. (2014) predict compositional stochasticity (CS) shifts in the post-disturbance phase 

based on how various disturbances differentially alter competitive and environmental selection  

(Houseman et al. 2008; Kreyling et al. 2011) (Figure 1). Nutrient inputs increase CS by relaxing 

competition for limiting resources (Bik et al. 2012; Werner et al. 2014) (Figure 1A,1C). Disturbances that 

intensify resource limitation (i.e. drought) or increase mortality (i.e. fire) are predicted to decrease CS 

(Figure 1B, 1D). This untested prediction conflicts with observed stochastic community assemblage 

during succession (Ferrenberg et al. 2013; Jurburg et al. 2017; Måren et al. 2018). Zhou et al. failed to 

identify that disturbances decrease competition by lowering biomass and reducing species richness 

(Grime 1977), facilitating stochastic recruitment from regional species pools. This creates a net stochastic 

community composition post-disturbance, despite deterministic influences and contrary to the predicted 

trend (Chase and Myers 2011; Woodcock and Sloan 2017) (Figure 1B).  

Influences on succession in hydrothermal vents 

Hydrothermal vents form when heat and pressure in crustal rocks facilitate geochemical reactions 

with seawater (Elderfield and Schultz 1996) (Figure 2). Dynamic seafloor geology produces frequent 

intense disturbances (German et al. 2010; Kinsey and German 2013) as a result of hydrothermal 

interactions and variable tectonic pressures fracturing seafloor rock, extruding large amounts of lava and 

chemical-enriched fluid trapped within the crust (Haymon et al. 1991, 1993; Tolstoy et al. 2006; 

Chadwick et al. 2013; Zahirovic et al. 2015). Trapped hydrothermal fluids are released, diminishing 
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selection imposed by resource limitation and facilitating transient blooms of regional species (Butterfield 

et al. 1997). Rock surface formation during eruption reduces deterministic selection by reducing biomass 

and competition (Grime 1977). In conjunction with increased dispersal in fluid ecosystems, the removal 

of deterministic influences by eruption increases potential for regional colonization in the post-disruption 

environment (Mullineaux et al. 2010). 

Deterministic influences diminish the potential for stochastic community assemblage after 

hydrothermal eruptions. These influences alter CS immediately post-disturbance and persist into 

ecosystem recovery. For example, hydrothermal communities often reflect vent geochemistry (Connelly 

et al. 2012; Akerman et al. 2013; Reveillaud et al. 2016; Anderson et al. 2017). Reactions between 

percolating seawater and minerals at high temperature produce hydrothermal fluids enriched with 

metallic, sulfuric, and organic species (Jannasch and Mottl 1985) (Figure 2). Hydrothermal fluid 

composition is influenced by specific geological contexts (German et al. 2010) and impacts the metabolic 

substrates available to coincident microorganisms and macrofauna populations (Brazelton et al. 2010; 

Vrijenhoek 2010). Geochemical moderation of colonization and community composition is found in 

mature communities (Flores et al. 2011), and in early succession, where Epsilonproteobacteria often 

dominate due to their fitness in sulfur-rich post-eruption environments (Gulmann et al. 2015; O’Brien et 

al. 2015). Competition-communities are capable of inhibiting community structure shifts via competitive 

exclusion of colonists in terrestrial and hydrothermal systems (Fargione et al. 2003; Gulmann et al. 2015). 

Hydrothermal microbes driving biogeochemical cycle mediation can further prevent ecosystem invasion 

by controlling resource availability (Marcus et al. 2009; Fortunato et al. 2018). Deterministic geochemical 

controls limiting colonization and invasion from regional pools decrease stochasticity following 

disturbance. 

Specific variation in dispersal ability exists among species (Vrijenhoek 2010; Anderson et al. 

2015), and is deterministically related to species traits, interactions with macrofauna, and vent site 

connectivity. High endemicity is found when species disfavor endospore formation (Anderson et al. 

2015), communities have low connectivity (Opatkiewicz et al. 2009), or lack of macrofauna capable of 
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facilitating microbial movement and colonization (Klose et al. 2015; O’Brien et al. 2015; Troussellier et 

al. 2017). High endemicity indicates deterministic interactions selecting local species to dominate 

colonization (Opatkiewicz et al. 2009; Mino et al. 2017). The combined magnitude of early deterministic 

geochemical, macrofaunal, and hydrological interactions in specific vent contexts determines the degree 

of deviation from a stochastic community of early colonizers. Some of these deterministic controls on 

succession also operate to decrease CS over time, particularly if a community is capable of 

biogeochemically or competitively excluding colonizers. 

In post-disturbance hydrothermal sites, stochastic processes associated with geochemistry and 

dispersal work to increase CS in the manner predicted by neutral theory (Chave 2004). Hydrothermal 

fluids evolve after hydrothermal eruptions to reflect stochastic geochemical processes in the subseafloor 

(Von Damm et al. 1995; Butterfield et al. 1997). Stochastic evolution of fluid geochemistry and 

introduction of opportunistic species will act against long-term deterministic variables to increase CS if 

the existing community is unable to competitively exclude invaders. The large initial potential for 

stochastic community assembly and influence of stochastic factors indicate hydrothermal ecosystems will 

enter alternate states rather than return to pre-disturbance communities. 

 

Updating predictive framework for hydrothermal systems 

 My updated model predicts compositional stochasticity after hydrothermal eruption in two 

phases: immediately post-disturbance and during community formation over time (Figure 3). In the 

immediate post-disturbance phase, potential maximum stochasticity (SM) is large due to ecosystem 

fluidity and hydrothermal eruptions reducing deterministic influence. The actual compositional 

stochasticity (SA) is diminished by site-specific deterministic influences of geochemistry on colonization, 

the site’s hydrological connectivity, and interspecific relationships of microbes with macrofauna capable 

of facilitating recolonization. The difference between SM and SA (ΔS) is the degree to which deterministic 

influences diminish compositional stochasticity. In a highly connected ecosystem with diverse post-

eruption geochemistry and low macrofaunal community, we would predict a relatively small ΔS and 



Hoffert - 7 

 

therefore a relatively stochastic initial community. For an isolated community, ΔS is large as lack of 

hydraulic distribution selects locally endemic species for colonization. The extent to which initial 

communities are deterministic may influence development of the later post-disturbance communities. 

 The second phase of the model predicts the dominant influence on community composition 

(stochastic or deterministic) from the magnitude of ΔS. I hypothesize that a deterministic initial 

community is better able to engage in competition, resource partitioning, and metabolic cycling in 

selective geochemical conditions. This stable community diminishes CS over time by buffering stochastic 

fluid evolution, mediating biogeochemical cycling and preventing opportunistic colonization. This 

prediction uses geochemical selection, but a large ΔS from poor hydrological connectivity will also 

diminish the stochastic effect of dispersal and prevent colonization. A stochastically assembled initial 

community (small ΔS) is not selected based on competitive ability and thus is unstable over time. Finally, 

because post-eruption geochemistry does not resemble pre-disturbance geochemistry, it is probable that 

neither deterministic nor stochastic assemblage will lead to convergence on pre-eruption assemblages. 
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Figures 

 

  A              Fluidic           B        Fluidic   
 

     
 

 C            Non-fluidic         D    Non-fluidic 
 

      
 

Figure 1 – From Zhou et al. (2014). A conceptual framework for modeling the relationship between 

stochasticity and succession with differences in ecosystem characteristics and disturbance types. Four 

models are depicted: (A) fluidic ecosystems with nutrient inputs, (B) fluidic ecosystems with biomass-

reducing disturbance, (C) non-fluidic ecosystems with nutrient inputs, and (D) non-fluidic ecosystems 

with biomass-reducing disturbance. Initial compositional stochasticity is arbitrary. Plot x-axes correspond 

to a context-specific successional timescale. Nutrient inputs increase compositional stochasticity and 

biomass-reducing disturbance reduce compositional stochasticity in both ecosystem types. Fluidic 

ecosystems recover initial stochasticity and composition due to increased dispersal and resource fluidity. 

 
Figure 2 – From Jannasch and Motl (1985): an overview of the geochemical processes leading to 

hydrothermal vent formation and fluid ejection at the seafloor.  
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Figure 3 – Updated model for compositional stochasticity. Initial compositional stochasticity (S0) is 

arbitrary. Maximum potential compositional stochasticity (SM) is generated by a combination nutrient 

inputs and disturbance during hydrothermal eruption. Actual compositional stochasticity (SA) reflects the 

diminished compositional stochasticity as a result of context-specific deterministic influences, including 

geochemistry, connectivity, and macrofaunal relationships. ΔS = SM - SA, and is analogous to the extent 

of deterministic influence during initial succession. I predict a large ΔS will lead to a stable community 

capable of diminishing SM over time through exclusion of colonizers and negation of geochemical shifts. 

A moderate to small ΔS community will not exhibit similar stable, and may change according to shifts in 

geochemistry, colonization, or other stochastic processes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Hoffert - 10 

 

References 

 

Akerman, N. H., D. A. Butterfield, and J. A. Huber. 2013. Phylogenetic diversity and functional gene 

patterns of sulfur-oxidizing subseafloor Epsilonproteobacteria in diffuse hydrothermal vent fluids. 

Frontiers in Microbiology 4:185. 

*Anderson, R. E., J. Reveillaud, E. Reddington, T. O. Delmont, A. M. Eren, J. M. McDermott, J. S. 

Seewald, et al. 2017. Genomic variation in microbial populations inhabiting the marine subseafloor at 

deep-sea hydrothermal vents. Nature Communications 8. 

Anderson, R. E., M. L. Sogin, and J. A. Baross. 2015. Biogeography and ecology of the rare and abundant 

microbial lineages in deep-sea hydrothermal vents. FEMS Microbiology Ecology 91:1–11. 

Battin, T. J., L. A. Kaplan, J. D. Newbold, and C. M. E. Hansen. 2003. Contributions of microbial 

biofilms to ecosystem processes in stream mesocosms. Nature 426:439–442. 

Bik, H. M., K. M. Halanych, J. Sharma, and W. K. Thomas. 2012. Dramatic shifts in benthic microbial 

eukaryote communities following the deepwater horizon oil spill. (A. Moustafa, ed.)PLoS ONE 7:e38550. 

Birch, L. C. 1979. The effect of species of animals which share common resources on one another’s 

distribution and abundance. Fortschritte der Zoologie 25:197–221. 

Brändle, M., and R. Brandl. 2001. Species richness of insects and mites on trees: Expanding Southwood. 

Journal of Animal Ecology 70:491–502. 

Brazelton, W. J., K. A. Ludwig, M. L. Sogin, E. N. Andreishcheva, D. S. Kelley, C.-C. Shen, R. L. 

Edwards, et al. 2010. Archaea and bacteria with surprising microdiversity show shifts in dominance over 

1,000-year time scales in hydrothermal chimneys. Proceedings of the National Academy of Sciences 

107:1612–1617. 

Brum, J. R., J. Cesar Ignacio-Espinoza, S. Roux, G. Doulcier, S. G. Acinas, A. Alberti, S. Chaffron, et al. 

2015. Patterns and ecological drivers of ocean viral communities. Science 348:1261498. 

Buss, L. W., and J. B. C. Jackson. 1979. Competitive Networks: Nontransitive Competitive Relationships 

in Cryptic Coral Reef Environments. The American Naturalist 113:223–234. 

Butterfield, D. A., I. R. Jonasson, G. J. Massoth, R. A. Feely, K. K. Roe, R. E. Embley, J. F. Holden, et al. 

1997. Seafloor eruptions and evolution of hydrothermal fluid chemistry. Philosophical Transactions of the 

Royal Society A: Mathematical, Physical and Engineering Sciences 355:369–386. 

Chadwick, W. W., D. A. Clague, R. W. Embley, M. R. Perfit, D. A. Butterfield, D. W. Caress, J. B. 

Paduan, et al. 2013. The 1998 eruption of Axial Seamount: New insights on submarine lava flow 

emplacement from high-resolution mapping. Geochemistry, Geophysics, Geosystems 14:3939–3968. 

Chase, J. M., and J. A. Myers. 2011. Disentangling the importance of ecological niches from stochastic 

processes across scales. Philosophical Transactions of the Royal Society B: Biological Sciences 

366:2351–2363. 

Chave, J. 2004. Neutral theory and community ecology. Ecology Letters. Blackwell Science Ltd. 

Chesson, P. 1991. Stochastic Population Models. Ecological Heterogeneity. 



Hoffert - 11 

 

———. 2000. Mechanisms of Maintenance of Species Diversity. Annual Review of Ecology and 

Systematics 31:343–366. 

Connelly, D. P., J. T. Copley, B. J. Murton, K. Stansfield, P. A. Tyler, C. R. German, C. L. Van Dover, et 

al. 2012. Hydrothermal vent fields and chemosynthetic biota on the world’s deepest seafloor spreading 

centre. Nature Communications 3:620. 

Corliss, J. B., J. Dymond, L. I. Gordon, J. M. Edmond, R. P. V Herzen, R. D. Ballard, K. Green, et al. 

1979. Submarine Thermal Springs on the Galapagos Rift. Science 203:1073–1083. 

Cowles, H. C. 1899. The Ecological Relations of the Vegetation on the Sand Dunes of Lake Michigan. 

Part I.-Geographical Relations of the Dune Floras. Botanical Gazette 27:95–117. 

*Dini-Andreote, F., J. C. Stegen, J. D. van Elsas, and J. F. Salles. 2015. Disentangling mechanisms that 

mediate the balance between stochastic and deterministic processes in microbial succession. Proceedings 

of the National Academy of Sciences 112:E1326–E1332. 

Dumbrell, A. J., M. Nelson, T. Helgason, C. Dytham, and A. H. Fitter. 2010. Relative roles of niche and 

neutral processes in structuring a soil microbial community. ISME Journal 4:337–345. 

Elderfield, H., and A. Schultz. 1996. Mid-Ocean Ridge Hydrothermal Fluxes and the Chemical 

Composition of the Ocean. Annual Review of Earth and Planetary Sciences 24:191–224. 

Fargione, J., C. S. Brown, and D. Tilman. 2003. Community assembly and invasion: An experimental test 

of neutral versus niche processes. Proceedings of the National Academy of Sciences 100:8916–8920. 

*Ferrenberg, S., S. P. O’Neill, J. E. Knelman, B. Todd, S. Duggan, D. Bradley, T. Robinson, et al. 2013. 

Changes in assembly processes in soil bacterial communities following a wildfire disturbance. Isme 

Journal 7:1102–1111. 

Flores, G. E., J. H. Campbell, J. D. Kirshtein, J. Meneghin, M. Podar, J. I. Steinberg, J. S. Seewald, et al. 

2011. Microbial community structure of hydrothermal deposits from geochemically different vent fields 

along the Mid-Atlantic Ridge. Environmental Microbiology 13:2158–2171. 

*Fortunato, C. S., B. Larson, D. A. Butterfield, and J. A. Huber. 2018. Spatially distinct, temporally 

stable microbial populations mediate biogeochemical cycling at and below the seafloor in hydrothermal 

vent fluids. Environmental Microbiology 20:769–784. 

German, C. R., A. Bowen, M. L. Coleman, D. L. Honig, J. A. Huber, M. V Jakuba, J. C. Kinsey, et al. 

2010. Diverse styles of submarine venting on the ultraslow spreading Mid-Cayman Rise. Proceedings of 

the National Academy of Sciences 107:14020–14025. 

Grime, J. P. 1977. Evidence for the Existence of Three Primary Strategies in Plants and Its Relevance to 

Ecological and Evolutionary Theory. The American Naturalist 111:1169–1194. 

Grossman, G. D. 1982. Dynamics and Organization of a Rocky Intertidal Fish Assemblage: The 

Persistence and Resilience of Taxocene Structure. The American Naturalist 119:611–637. 

Grossman, G. D., P. B. Moyle, and J. O. Whitaker,. 1982. Stochasticity in Structural and Functional 

Characteristics of an Indiana Stream Fish Assemblage: A Test of Community Theory. The American 

Naturalist 120:423–454. 



Hoffert - 12 

 

*Gulmann, L. K., S. E. Beaulieu, T. M. Shank, K. Ding, W. E. Seyfried, and S. M. Sievert. 2015. 

Bacterial diversity and successional patterns during biofilm formation on freshly exposed basalt surfaces 

at diffuse-flow deep-sea vents. Frontiers in Microbiology 6:901. 

Handelsman, J. 2005. Metagenomics: Application of Genomics to Uncultured Microorganisms. 

Microbiology and Molecular Biology Reviews 69:195–195. 

Harrison, G. W. 1979. Stability under Environmental Stress: Resistance, Resilience, Persistence, and 

Variability. The American Naturalist 113:659–669. 

Haymon, R. M., D. J. Fornari, M. H. Edwards, S. Carbotte, D. Wright, and K. C. Macdonald. 1991. 

Hydrothermal vent distribution along the East Pacific Rise crest (9°09′-54′N) and its relationship to 

magmatic and tectonic processes on fast-spreading mid-ocean ridges. Earth and Planetary Science Letters 

104:513–534. 

Haymon, R. M., D. J. Fornari, K. L. Von Damm, M. D. Lilley, M. R. Perfit, J. M. Edmond, W. C. Shanks, 

et al. 1993. Volcanic eruption of the mid-ocean ridge along the East Pacific Rise crest at 9°45-52′N: 

Direct submersible observations of seafloor phenomena associated with an eruption event in April, 1991. 

Earth and Planetary Science Letters 119:85–101. 

Houseman, G. R., G. G. Mittelbach, H. L. Reynolds, and K. L. Gross. 2008. Perturbations alter 

community convergence, divergence, and formation of multiple community states. Ecology 89:2172–

2180. 

Hubbell, S. P. 2001. The unified neutral theory of species abundance and diversity. Princeton University 

Press, Princeton, NJ. Hubbell, SP (2004) Quarterly Review of Biology 79:96–97. 

Jannasch, H. W., and M. J. Mottl. 1985. Geomicrobiology of Deep-Sea Hydrothermal Vents. Science 

229:717–725. 

Jurburg, S. D., I. Nunes, J. C. Stegen, X. Le Roux, A. Priemé, S. J. Sørensen, and J. F. Salles. 2017. 

Autogenic succession and deterministic recovery following disturbance in soil bacterial communities. 

Scientific Reports 7. 

Kinsey, J. C., and C. R. German. 2013. Sustained volcanically-hosted venting at ultraslow ridges: Piccard 

Hydrothermal Field, Mid-Cayman Rise. Earth and Planetary Science Letters 380:162–168. 

Klose, J., M. F. Polz, M. Wagner, M. P. Schimak, S. Gollner, and M. Bright. 2015. Endosymbionts 

escape dead hydrothermal vent tubeworms to enrich the free-living population. Proceedings of the 

National Academy of Sciences 112:11300–11305. 

*Kreyling, J., A. Jentsch, and C. Beierkuhnlein. 2011. Stochastic trajectories of succession initiated by 

extreme climatic events. Ecology Letters 14:758–764. 

Langenheder, S., and A. J. Székely. 2011. Species sorting and neutral processes are both important during 

the initial assembly of bacterial communities. ISME Journal 5:1086–1094. 

Lennon, J. T., and S. E. Jones. 2011. Microbial seed banks: The ecological and evolutionary implications 

of dormancy. Nature Reviews Microbiology. 

Marcus, J., V. Tunnicliffe, and D. A. Butterfield. 2009. Post-eruption succession of macrofaunal 



Hoffert - 13 

 

communities at diffuse flow hydrothermal vents on Axial Volcano, Juan de Fuca Ridge, Northeast 

Pacific. Deep-Sea Research Part II: Topical Studies in Oceanography 56:1586–1598. 

Måren, I. E., J. Kapfer, P. A. Aarrestad, J. A. Grytnes, and V. Vandvik. 2018. Changing contributions of 

stochastic and deterministic processes in community assembly over a successional gradient. Ecology 

99:148–157. 

Marsh, A. G., L. S. Mullineaux, C. M. Young, and D. T. Manahan. 2001. Larval dispersal potential of the 

tubeworm Riftia pachyptila at deep-sea hydrothermal vents. Nature 411:77–80. 

*Mino, S., S. Nakagawa, H. Makita, T. Toki, J. Miyazaki, S. M. Sievert, M. F. Polz, et al. 2017. 

Endemicity of the cosmopolitan mesophilic chemolithoautotroph Sulfurimonas at deep-sea hydrothermal 

vents. ISME Journal 11:909–919. 

Müller, A. L., J. R. De Rezende, C. R. J. Hubert, K. U. Kjeldsen, I. Lagkouvardos, D. Berry, B. B. 

Jørgensen, et al. 2014. Endospores of thermophilic bacteria as tracers of microbial dispersal by ocean 

currents. ISME Journal 8:1153–1165. 

Mullineaux, L. S., D. K. Adams, S. W. Mills, and S. E. Beaulieu. 2010. Larvae from afar colonize deep-

sea hydrothermal vents after a catastrophic eruption. Proceedings of the National Academy of Sciences 

107:7829–7834. 

*O’Brien, C. E., D. Giovannelli, B. Govenar, G. W. Luther, R. A. Lutz, T. M. Shank, and C. Vetriani. 

2015. Microbial biofilms associated with fluid chemistry and megafaunal colonization at post-eruptive 

deep-sea hydrothermal vents. Deep-Sea Research Part II: Topical Studies in Oceanography 121:31–40. 

Ofiteru, I. D., M. Lunn, T. P. Curtis, G. F. Wells, C. S. Criddle, C. A. Francis, and W. T. Sloan. 2010. 

Combined niche and neutral effects in a microbial wastewater treatment community. Proceedings of the 

National Academy of Sciences 107:15345–15350. 

Opatkiewicz, A. D., D. A. Butterfield, and J. A. Baross. 2009. Individual hydrothermal vents at Axial 

Seamount harbor distinct subseafloor microbial communities. FEMS Microbiology Ecology 70:413–424. 

Reveillaud, J., E. Reddington, J. McDermott, C. Algar, J. L. Meyer, S. Sylva, J. Seewald, et al. 2016. 

Subseafloor microbial communities in hydrogen-rich vent fluids from hydrothermal systems along the 

Mid-Cayman Rise. Environmental microbiology 18:1970–1987. 

Sale, P. F., and R. Dybdahl. 1975. Determinants of Community Structure for Coral Reef Fishes in an 

Experimental Habitat. Ecology 56:1343–1355. 

Schoener, T. W. 1974. Resource partitioning in ecological communities. Science (New York, N.Y.). 

Sunagawa, S., L. P. Coelho, S. Chaffron, J. R. Kultima, K. Labadie, G. Salazar, B. Djahanschiri, et al. 

2015. Structure and function of the global ocean microbiome. Science 348:1261359. 

Sylvan, J. B., B. M. Toner, and K. J. Edwards. 2012. Life and death of deep-sea vents: Bacterial diversity 

and ecosystem succession on inactive hydrothermal sulfides. mBio 3:1–10. 

Tilman, D. 1990. Constraints and Tradeoffs: Toward a Predictive Theory of Competition and Succession. 

Oikos 58:3. 



Hoffert - 14 

 

———. 2004. Niche tradeoffs, neutrality, and community structure: A stochastic theory of resource 

competition, invasion, and community assembly. Proceedings of the National Academy of Sciences 

101:10854–10861. 

Tolstoy, M., J. P. Cowen, E. T. Baker, D. J. Fornari, K. H. Rubin, T. M. Shank, F. Waldhauser, et al. 

2006. A sea-floor spreading event captured by seismometers. Science 314:1920–1922. 

Troussellier, M., A. Escalas, T. Bouvier, and D. Mouillot. 2017. Sustaining Rare Marine Microorganisms: 

Macroorganisms As Repositories and Dispersal Agents of Microbial Diversity. Frontiers in Microbiology 

8:1–17. 

Vellend, M. 2010. Conceptual Synthesis in Community Ecology. The Quarterly Review of Biology 

85:183–206. 

Venter, J. C., K. Remington, J. F. Heidelberg, A. L. Halpern, D. Rusch, J. A. Eisen, D. Wu, et al. 2004. 

Environmental Genome Shotgun Sequencing of the Sargasso Sea. Science 304:66–74. 

Von Damm, K. L., S. Oosting, E., R. Kozlowski, L. Buttermore, G., D. Colodner, et al. 1995. Evolution 

of East Pacific Rise hydrothermal vent fluids following a volcanic eruption. Nature. 

Vrijenhoek, R. C. 2010. Genetic diversity and connectivity of deep-sea hydrothermal vent 

metapopulations. Molecular Ecology. 

Werner, J. J., M. L. Garcia, S. D. Perkins, K. E. Yarasheski, S. R. Smith, B. D. Muegge, F. J. Stadermann, 

et al. 2014. Microbial community dynamics and stability during an ammonia-induced shift to syntrophic 

acetate oxidation. Applied and Environmental Microbiology 80:3375–3383. 

Woodcock, S., and W. T. Sloan. 2017. Biofilm community succession: A neutral perspective. 

Microbiology (United Kingdom) 163:664–668. 

Zahirovic, S., R. D. Müller, M. Seton, and N. Flament. 2015. Tectonic speed limits from plate kinematic 

reconstructions. Earth and Planetary Science Letters 418:40–52. 

*Zhou, J., Y. Deng, P. Zhang, K. Xue, Y. Liang, J. D. Van Nostrand, Y. Yang, et al. 2014. Stochasticity, 

succession, and environmental perturbations in a fluidic ecosystem. Proceedings of the National Academy 

of Sciences 111:E836–E845. 

Zhou, J., and D. Ning. 2017. Stochastic Community Assembly: Does It Matter in Microbial Ecology? 

Microbiology and molecular biology reviews : MMBR 81:e00002-17. 

 

 

 

 

 


