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Abstract 31 

Global change mediated shifts in ocean temperature and circulation patterns, 32 

compounded by human activities, are leading to the expansion of marine oxygen 33 

minimum zones (OMZs) with concomitant alterations in nutrient and climate-active 34 

trace gas cycling. While many studies have reported distinct bacterial communities 35 

within OMZs, much of this research compares across depths rather with oxygen status 36 

and does not include eukayrotic microbes. Here, we investigated the Bay of Bengal 37 

(BoB) OMZ, where low oxygen conditions are persistent, but trace levels of oxygen 38 

remain (<  from 200 to 500m). 39 
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Introduction 54 

Oceanic deoxygenation mediated by global change has decreased oxygen levels by 55 

2% in the last 50 years [1-5]; with oxygen declines below critical thresholds predicted 56 

to impact multiple marine biogeochemical cycles [6, 7]. This deoxygenation is 57 

contributing to the expansion of Oxygen Minimum Zones (OMZs), generally defined 58 

as midwater regions with oxygen concentrations less than 20 M, which occur in upper 59 

bathyal depths (200-1200 m) where limited mixing is combined with oxygen drawdown. 60 

OMZs support complex microbial communities with distinct biogeochemical processes 61 

and rates compared to oxygenated waters [8-11]. OMZs are widespread, including in 62 

the eastern tropical North Pacific, the eastern tropical South Pacific, the Arabian Sea, 63 

and the Bay of Bengal, among others [8, 12]. However, anthropocentric alterations of 64 

the marine environment (e.g., ocean warming and eutrophication) are driving the 65 

vertical and horizontal expansion of OMZs, which are predicted to expand by 7.0 ± 5.6% 66 

by 2100 (RCP8.5 scenario, relative to 1850-1900) . In most OMZs, oxygen 67 

concentrations are low enough to allow denitrification and/or anammox [17], 68 

transforming biologically available nitrogen (NH4, NO3
- and NO2

-) to N2, which is lost 69 

to the atmosphere and explaining 30-50% of fixed-nitrogen losses in OMZs . 70 

Recent studies also suggest the presence of cryptic sulfur cycling in OMZs, where the 71 

production and consumption of reduced sulfur occurs at nearly equivalent rates [22-24]. 72 

Drawdown of oxygen allows these processes to happen in the water column; moreover,  73 

even low levels of oxygen may shape microbial communities and their functions in the 74 

mesopelagic zone. 75 

 76 

A recent analysis of TARA Oceans data found that vertical oxygen gradients 77 

altered protist communities while exerting a modest effect on prokaryotes . 78 

However, these global-scale comparisons of microbial prokaryotes and eukaryotes 79 

cannot disentangle the impacts of oxygen from other spatial and depth-related changes 80 

in environmental variables, including temperature, pressure, nutrients, etc. 81 

. Yet  on microbiomes is critical to predicting 82 

the impacts of deoxygenation on future ocean microbiomes and biogeochemical rates 83 



[31]. Furthermore, while prokaryotes have long been considered to be the major engines 84 

of marine biogeochemical cycles [32], their eukaryotic counterparts can be critical 85 

ecological players through their metabolic activities and their influence on prokaryotes 86 

. Although eukaryotes exhibit less metabolic flexibility [34, 35] and potentially less 87 

resilience with environmental change [36, 37], their distinct metabolic abilities may 88 

complement those of the prokaryotes [34]. While most metazoans are absent from 89 

anoxic waters, diverse microeukaryotes, including protists, fungi, and zooplankton, 90 

inhabit OMZs; thus, oxygen levels can potentially shape their community composition 91 

. 92 
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 102 

 103 

Most OMZ studies currently focus on comparisons between depths within a given 104 

station, which may conflate oxygen status with other depth-related environmental 105 

factors. Considering the critical importance of oxygen for microbially-mediated 106 

biogeochemical cycling, the responses of microbial groups to oxygen levels are an 107 

understudied research area. To that end, we focus on the microbiome of the Bay of 108 

Bengal (BoB) OMZ, where the mesopelagic (200 to 1000 m) exhibits consistent low-109 

oxygen (< 20 µM). The BoB generally retains low oxygen levels despite riverine inputs 110 

of freshwater, which carry large fertilizer loads, enhancing primary productivity in 111 

surface waters and increasing oxygen demand in the water column [49]. However, this 112 

OMZ is comparatively weaker than other permanent OMZs due to the deeper 113 



remineralization depth of mineral-rich particulate organic matter [50, 51]. 114 

Consequently, in comparison with other OMZs, the BoB exhibits lower levels of 115 

denitrification and anammox, which can occur at low levels of oxygen (< 20 µM) but 116 

become significant only with functional anoxia (< 1 µM). These characteristics make 117 

the BoB a good case study of global-change mediated deoxygenation, yielding insights 118 

into how microbial communities respond to localized oxygen depletion, specifically in 119 

restructuring microbial eukaryotic communities. 120 

 121 

2. Materials and methods 122 

2.1 Sample sites and collection 123 

A research cruise on the R/V Shiyan 3 sampled the Eastern Indian Ocean from 124 

March 25 to April 30, 2018. A conductivity-temperature-depth (CTD, Seabird SBE-125 

 bottles was used to collect water samples as 126 

previously described [52]. Samples from 8 stations at up to 10 depths ranging from 5 127 

to 2,000 m were selected for the current study (Table S1, Fig. S1). Environmental 128 

factors, including temperature, pH, salinity, nutrients, CTD-based chlorophyll a 129 

fluorescence, and dissolved oxygen, were measured using previously described 130 

methods [9, 52, 53]131 

-132 

frozen in liquid nitrogen onboard and stored at -80 °C until DNA extraction. 133 

 134 

2.2 DNA extraction, library preparation, and pyrosequencing  135 
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2.3 Quantification of prokaryote, Labyrinthulomycetes, and fungal abundances. 164 
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2.4 Sequence processing 175 
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2.5 Microbial community analysis 205 
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3. Results and discussion 224 

3.1 Environmental parameters 225 
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3.2 Abundance of prokaryotes, Labyrinthulomycetes, and fungi 261 
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3.3 Community characteristics of bacterioplankton, Labyrinthulomycetes, and 289 

fungi 290 
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