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The midwater ocean (200 m depth to the seafloor) is the largest biome on the planet, supporting a large percentage of global ocean biomass. Difficulties in midwater exploration constrain knowledge about the organisms and ecology of the critical ecosystems it contains. Pacific Ocean expeditions by NOAA Ocean Exploration explored the faunal distributions of many water column taxa, including continued characterization of a zone of aggregated midwater fauna known as the deep scattering layer (DSL). In 2016, NOAA Ocean Exploration conducted a series of remotely operated vehicle (ROV) dives in and around the Marianas Trench. Four of these dives included midwater transects, ranging in depths from 275 to 4000 m. These were the first midwater explorations conducted in the Marianas region. These dives included a deep dive in the trench (482–4000 m) and one dive centered around a hydrothermal vent cloud (275–408 m). Taxonomic annotations of video footage were used to calculate organismal abundances and Shannon-Weiner diversity indices for each transect, partitioned by depth. Higher diversity and richness levels were found in transects within the deep scattering layer (DSL) than in transects outside of the DSL; however, there was no difference in abundance between transects within, above, and below the DSL. Lower levels of diversity were found inside a hydrothermal vent cloud versus outside. This novel exploration furthers current understanding of the diversity and abundance of deep-ocean species in the Marianas region, provides a baseline for faunal distribution trends that can be referenced in future exploration, and enables predictions of midwater ecosystem diversity in global deep-sea trench environments.
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1 Introduction

Functionally, the midwater refers to the volume of the pelagic ocean between 200 meters and the seafloor interface and accounts for more than 90% of the global biosphere, making up a large portion of global biomass (Drazen et al., 2020; Haddock and Choy, 2024). The midwater spans over many pelagic depth zones, encompassing the mesopelagic (200–1000 m), bathypelagic (1000–4000 m), abyssopelagic (4000–6000 m), and hadopelagic (6000+ m) in some regions. Some surveys estimate that the biomass of fish living in the midwater is hundreds of times larger than the annual global fish catch (Drazen et al., 2020); this does not include the other organisms that live in the water column (such as crustaceans, gelatinous organisms, and other non-fish plankton). A ubiquitous feature of midwater organism distribution is the presence of at least one deep scattering layer (DSL), or area of concentrated biomass that can be seen on acoustic imaging software (Song et al., 2021). The base of the DSL food web is an aggregation of micronekton, including small fishes, crustaceans, gelatinous organisms, and free-swimming molluscs such as cephalopods (Brodeur et al., 2005; Song et al., 2021). Because these layers represent an abundance of food in an otherwise oligotrophic environment, larger organisms can also be observed within the layer boundaries (Barham, 1966; Thys et al., 2015). The boundaries of DSL movement are often controlled by environmental conditions including dissolved oxygen, light intensity, chlorophyll concentration, and temperature. In addition, the observed depths of migrating organisms can differ geographically (Song et al., 2022). Many species found in the DSL also exhibit diel vertical migration, a phenomenon where smaller prey species ascend in the water column to feed in the epipelagic (0–200 m) at night and descend to the mesopelagic (200–1000 m) to hide from predators during the day (Barham, 1966; Song et al., 2021).

The DSL plays an important role in fisheries management and climate change mitigation. Vertically migrating fauna are often economically important, either directly being harvested for food or indirectly as components of the food web supporting other fishery species; the micronekton in the DSL supports many commercial fishes (e.g. tuna, billfish, sharks) (Song et al., 2021). The vertically migrating species of the DSL can also play a role in nutrient cycling and carbon sequestration, following the same processes of the mesopelagic species (Song et al., 2021; Tinta et al., 2021; Burd and Thomson, 2022). Midwater and benthopelagic fishes have been shown to play a large role in the global carbon cycle. The feeding behaviors of these fish are key in capturing carbon from the shallower levels of the midwater and retaining it below the remineralization zone (the threshold where carbon in dead cells can re-dissolve into the water) (Trueman et al., 2014). This carbon will then sink to the bottom of the ocean, where it is added to long-term seafloor storage and eventually sequestered into the sediment. Carbon is also sedimented when midwater organisms die and their carcasses sink to the seafloor; recent studies have indicated that gelatinous zooplankton alone could contribute more than 500 million metric tons of carbon to the seafloor annually (Turner, 2015; Luo et al., 2020).

Despite its functional importance and critical role as one of the largest marine habitats on Earth, the midwater and deep sea are relatively unexplored and not well understood due to their inaccessibility (Webb et al., 2010). The challenges of midwater exploration may result in limited understanding of midwater organisms. Acoustic technologies can give an idea of total biomass in these regions but cannot distinguish between types of organisms. Water column net transects often produce high numbers of robust organisms such as fish and crustaceans; however, this sampling method often destroys more delicate gelatinous fauna. Since most of the biomass seen in the water column is made up of gelatinous organisms such as cnidarians and ctenophores (Lindsay and Hunt, 2005; Haddock and Choy, 2024), damage during collection may lead to severe under-calculations of the diversity in the water column.

Previous ROV studies in the Marianas Trench and other deep-sea trenches have established trends in deep-sea faunal communities based on benthic observations (Gallo et al., 2015; Levin et al., 2016). One commonality is the dominance of species such as Actinaria, Polychaeta, Isopoda, Amphipoda, and Holothuria, especially in the hadopelagic (6000+ m). In the bathypelagic (1000–4000 m), the dominant taxa on the seafloor tend to be Porifera, Anthozoans (Hexacorallia and Octocorallia), Crinoidea, and Holothuria; there is typically a lack of fish, decapod crustaceans, and echinoderms that are not holothurians (Gallo et al., 2015). Notable topographical features such as hydrothermal vents may also impact the faunal diversity seen in these trenches. Despite these descriptions of seafloor communities, very little midwater exploration has been done in deep-sea trenches, particularly around active venting sites.

In 2016, ocean exploration missions conducted by NOAA Ocean Exploration in the Marianas region sought to bridge some of the knowledge gaps in this deep-sea environment. In this unprecedented study, our objective was to characterize organisms (primarily macroplankton and nekton) throughout the midwater in the Marianas region from data collected on these missions and analyze patterns of faunal diversity and abundance.




2 Methods

NOAA Ocean Exploration was founded in 2001 as a United States federal program dedicated to exploring the deep ocean through mapping and exploration. One method of doing this uses remotely operated vehicles (ROVs) and the capabilities of NOAA Ship Okeanos Explorer. In 2016, NOAA and a community of scientific partners explored the Marianas region as part of the Campaign to Address Pacific monument Science, Technology, and Ocean Needs (CAPSTONE) (Kennedy et al., 2019). During one expedition (EX1605L3, Deepwater Exploration of the Marianas; Cantwell and Newman, 2016; Cantwell et al., 2021), the dual-bodied ROV Deep Discoverer conducted 22 dives, spanning a variety of different locations and depths throughout the Marianas region. Four of these dives included midwater transects: Daikoku Hydrothermal Vent, Maug Volcano, Petite Spot Volcano, and Subducting Guyot 1 (Ford and Netburn, 2017; Supplementary Figure S1).

During these dives, the ROV descended to a predetermined depth for preliminary benthic exploration followed by midwater exploration conducted on the ascent. Transect depths were predetermined based on features of interest in the midwater, time available for exploration, and the location of DSLs. The ROV first proceeded to the deepest predetermined midwater depth and conducting further transects in an ascending stepwise fashion (Supplementary Table S1). Acoustic data, collected with a hull-mounted Simrad EK60 echosounder calibrated according to standard methods (Foote et al., 1987; Demer et al., 2015; Copeland and Lobecker, 2021), were utilized to target the DSL depth on each dive. Upon completion of the transect, the ROV ascended to the next shallower depth to conduct another transect. Further transect depths were selected during the dive using the live echosounder data. The transect times were variable and decided by dividing the time left in the ascent of the ROV dive between the planned number of midwater transects. The nine transects at Daikoku (Dive 9) were conducted in a stepladder fashion through a hydrothermal vent cloud with increasing distance from the vent source. The Maug (Dive 3), Petite Spot (Dive 18), and Guyot 1 transects (Dive 16) were conducted laterally as opposed to stepwise, with one forward track per dive (dive depths and transect times are summarized in Supplementary Table S1).

During transects, an Insite Pacific “Zeus Plus” HD video camera with a ROS tilt rotator was utilized to capture 1920 x 1080 pixel resolution video at a 29.97i frame rate. For close-up views of organisms, an Insite Pacific “Titan Plus” HD Pan/Tilt/Zoom camera was used. A light bar with 144,000 total lumens, which could be dimmed for better viewing, was used to illuminate the transects (Ford et al., 2020). Dive footage from the main ROV Deep Discoverer’s camera was uploaded and annotated in real-time and post-expedition with SeaTube V2 (Ocean Networks Canada, Victoria, Canada) (video data access links included in Supplementary Table S1). The midwater transect footage was annotated further and quality-checked by the authors in June 2022. Through this quality-checking process, each organism (primarily macroplankton and nekton, due to the sensitivity of the camera array) was annotated to the lowest possible taxonomic level at the first appearance in the video recording using the World Register of Marine Species (WoRMS) database (for examples, see Figure 1). If an organism could not be visually identified by the authors, video screenshots and SeaTube links with timestamps were provided to relevant subject matter experts with NOAA Ocean Exploration and the Smithsonian National Museum of Natural History. Organism annotations to the lowest possible taxonomic level were used in the diversity and abundance analysis.
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Figure 1 | Organisms observed on ROV footage during the midwater exploration portions of EX1605, Deepwater Exploration of the Marianas. (A) a ray-finned fish (Actinopterygii); (B) a hydrozoan jellyfish; (C) a pelagonemertean worm, most likely genus Dinonemertes; (D) a siphonophore; (E) an eucarid shrimp; (F) a larvacean house (Appendicularia); (G) a group of coelodendridae; (H) a narcomedusid jellyfish; (I) a chaetognath.

Organismal diversity was calculated with the Shannon-Wiener diversity index, (H')=∑i=1spiln(pi), 
 with s being the number of taxa present, and pi
 representing the proportion of individuals belonging to any one taxon. Once the diversity (H) was found for each transect, it was divided by the time in minutes per transect to standardize the diversity values across variable transect times. The result was one standardized value (H/min) per transect. An H value of 0.00 indicated there were no organisms seen, or all of the organisms seen were of the same species; therefore, having no diversity on that transect. The abundance (or number of individuals found in a certain area) of organisms present was also calculated for each transect using A=(# of organisms/minute)
, the total number of organisms seen on camera divided by the total time on transect. This resulted in one standardized abundance number (A/min) per transect.

To perform statistical analysis, dives 3, 16, and 18 were combined into one dataset to compare diversity and abundance indices as a function of depth across all three sites. Each transect was then categorized as being above (n=2), below (n=10), or within (n=3) the DSL across the three dives using Echoview hydroacoustic processing software (Echoview software, Hobart, Australia). For both diversity and abundance data, a Shapiro-Wilk test of normality was performed to evaluate for normality. The diversity dataset was determined to have a normal distribution (p = 0.235). Levene’s test was also used to test the assumption of homoscedasticity, with the data having equal variances (p = 0.603). A one-way repeated-measures ANOVA was chosen due to the normality of the dataset and the repeated location of the dive transects, which potentially allowed for overlap in data collection between transects. Three one-way repeated-measures ANOVA tests were run; the first categorized the transects as “within” or “outside” of the DSL, and the second categorized the transects as “above,” “within,” or “below” the DSL. This transect reclassification was done to compare diversity based on the position of the DSL and the relative depth. To ensure that epipelagic fauna would not impact the test results, the third one-way repeated measures ANOVA was performed to compare diversity indices of dives “within” and “below” the DSL, with the dives “above” the DSL excluded. The same analysis process was applied to the abundance data. However, a Kruskal-Wallace test was applied for abundance instead of the ANOVA test because the data were found to be non-normal (p = 0.00018). In order to gain a more complete understanding of faunal trends in and around the DSL, a species richness analysis was run. Dives were categorized as “above,” “within,” or “below” the DSL and the data were rarefied in order to gain a standardized value for species richness. Species accumulation curves were then calculated separately for each “site” (location relative to DSL position).

Dive 9 (Daikoku Hydrothermal Vent) was considered separately due to the unique nature of exploring the midwater in a vent environment. A qualitative assessment of organismal diversity and abundance was performed at this location as the data collected were insufficient to perform a statistical test. All statistical analyses were conducted using R v 4.2.0 (R software, Vienna, Austria), and statistical test results were considered significant at α = 0.05 (R Core Team, 2022).




3 Results

Across all 78 transects, 501 organisms in 22 unique taxa were observed and annotated (Supplementary Table S2). The organisms observed on the ROV video footage were categorized into 37 groups based on their taxonomic organization (Table 1; for abundance of respective taxa seen on each transect, see Supplementary Table S2). The most common genera observed on camera were crustaceans (335 individuals – 67%, including Sergestidae, Caridea, and Copepoda), hydrozoans (hydromedusae and siphonophores, 37 individuals – 7%), and Actinopterygii (ray-finned fishes, 32 individuals – 6%). Four taxonomic groups were seen across all four dive sites: Appendicularia (larvaceans), Hydrozoa, Chaetognatha (arrow worms), and Salpidae (pelagic tunicate salps) (Supplementary Table S2).


Table 1 | Organismal taxa used to calculate the Shannon-Wiener Diversity Index of each transect, as well as a description of each organismal taxon and on which dives each taxon was observed.
	Classifications Used
	Description
	Dives Observed



	Actinopterygii
	Gigaclass, Ray-finned fishes
	3, 16, 18


	Stomiiformes
	Order, Dragonfishes and lightfishes
	16


	Sternoptychidae 
	Family, Hatchetfishes
	3, 16


	Nemichthyidae
	Family, Snipe eels
	3


	Myctophidae
	Family, Lanternfishes
	16


	Paraliparis
	Genus, Snailfishes
	16


	Cyclothone
	Genus, Bristlefishes
	16


	Medusozoa
	Subphylum, Medusozoans (No further ID)
	18


	Hydrozoa
	Class, hydrozoans (no further ID)
	18


	Narcomedusae
	Order, Narcomedusan hydrozoans
	18


	Trachymedusae
	Order, Trachmedusan hydrozoans
	18


	Arctapodema
	Genus, Trachmedusan hydrozoans
	16, 18


	Colobonema
	Genus, Trachmedusan hydrozoans
	18


	Botrynema
	Genus, Trachmedusan hydrozoans 
	18


	Aegina
	Genus, Narcomedusan hydrozoans
	18


	Atolla
	Genus, Coronate scyphozoans
	16


	Ctenophora
	Phylum, Comb jellies (no further ID)
	9


	Cestidae
	Family, Flat comb jellies
	3


	Bathocyroe
	Genus, Lobate comb jellies
	3


	Thalassocalyce
	Genus, Umbrella-like comb jellies
	18


	Siphonophorae
	Order, Siphonophores (No further ID)
	3, 9, 16, 18


	Calycophorae
	Suborder, Siphonophores with swimming bells and no floats
	3


	Prayidae
	Family, Calycophoran siphonophores
	3, 16


	Sphaeronectes
	Genus, Calycophoran siphonophores
	18


	Crustacea
	Subphylum, Crustacean (no further ID)
	3, 16, 18


	Copepoda
	Class, Copepods
	3, 16, 18


	Caridea
	Infraorder, Caridean shrimps
	3, 18


	Sergestidae
	Family, Sergestid shrimps
	3, 16, 18


	Chaetognatha
	Phylum, Arrow worms
	3, 9, 16, 18


	Foraminifera
	Phylum, Foraminiferans
	3, 9, 16


	Radiozoa
	Phylum, Protists with siliceous tests
	3


	Appendicularia
	Class, Free-swimming larvaceans
	3, 9, 16, 18


	Tomopteridae
	Family, Gossamer polychaete worms
	3


	Salpidae
	Family, Pelagic tunicate Salps
	3, 9, 16


	Coelodendridae
	Family, Phaeodendrid protists
	9, 16, 18


	Pelagonemertes
	Genus, Pelagic ribbon worms
	16


	Paradoliopsis
	Genus, Pelagic doliolid tunicates
	18





Some analyses included a broader taxon as well as a nested subtaxon where finer classification was available. In these cases, the broadest categorization is listed first and bolded, with any recursive classifications following below



Overall, diversity (H) ranged from 0.000 to 0.338 H/min. The transect with the highest H value (0.338 H/min, dive 9) included four different taxa in four minutes (Supplementary Table S2). The diversity value ranged between 0.023 – 0.197 for dive 3, 0.000 – 0.338 for dive 9, 0.000 – 0.427 for dive 16, and 0.064 – 0.230 for dive 18, with dive 9 having the highest single-transect diversity and dive 16 having the lowest (Figure 2; Supplementary Table S4). The overall abundance (A) ranged from 0.000 to 14.69 organisms per minute (A/min). For dive 3, the abundance ranged from 1.50 – 3.77, dive 9 ranged from 0.00 – 1.75, dive 16 ranged from 0.11 – 3.50, and dive 18 ranged from 0.38 – 14.69, with dive 9 also having the highest abundance and dive 16 having the lowest (Figure 2; Supplementary Table S4).
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Figure 2 | Diversity and abundance indices of 15 midwater transects at depths between 450–4000 m in the Marianas region during dives 3, 16, and 18 for EX1605L3. The symbols represent where the transects were collected compared to the deep scattering layer (DSL) location (within or outside). The colors represent the transect dive number (blue = dive 3, red = dive 16, green = dive 18). There was a statistically higher level of diversity found on transects inside the DSL, but no significant difference in abundance within and outside the DSL.



3.1 DSL analysis

The transects taken inside of the DSL had a significantly higher level of diversity than the transects outside of the DSL (F = 5.281, p = 0.039). However, placement of the transect “above” or “below” the DSL had no effect; when dives were classified as “within,” “above,” or “below” the DSL, no statistically significant differences were found (F = 2.507, p = 0.123). This same process was applied to the calculated abundance values for each transect and no significant difference was found in the abundance data when classified as within and outside of the DSL (χ2 = 0.52177, df = 1, p = 0.4701; Figure 2). During the species richness analysis, it was found that the transects within the DSL had the highest richness, followed by the transects below the DSL; transects taken above the DSL had the lowest species richness (Figure 3). The correction for time applied to the organismal observations lends robusticity to these results; however, none of the curves indicated that the sampling effort was sufficient to reach an asymptotic species richness for any of the transect positions.
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Figure 3 | Species accumulation curves calculated for transects positioned “above,” “within,” or “below” the deep scattering layer (DSL). The highest species richness was found within the DSL transects, followed by transects taken below the DSL; the lowest species richness was found in transects above the DSL.




3.2 Hydrothermal vent analysis

Dive 9 at the Daikoku Hydrothermal Vent had nine transects of increasing distance (0–133 m) from the vent source (Supplementary Table S3). For transects within the vent cloud, there was no apparent diversity (either no organisms spotted or only one taxon spotted); however, there was diversity seen in two transects that extended outside of the vent cloud (0.148 H/min at 350 m and 0.338 H/min at 275 m). The transects at 400, 396, 395, and 325 meters had no organisms spotted (no abundance). The transect at 408 m had an abundance of 0.17 A/min, 390 m had 0.38 A/min, 350 m had 1.27 A/min, 300 m had 0.25 A/min, and 275 m had 1.75 A/min (Supplementary Table S3).





4 Discussion

This study is among the first published explorations of the diversity and abundance of midwater fauna in the Marianas region. We found that the position of the DSL may have some significant effect on organismal diversity in the water column, but not on abundance. Our analyses detected significantly greater diversity within the DSL, but no significant difference in abundance. In addition, we found that midwater organismal diversity and abundance may be influenced by the presence of an active hydrothermal vent cloud.

For future research, it will be important to continue to perform midwater ROV transects with a focus on features of interest such as hydrothermal vents, methane seeps, sulfur lakes, and non-venting seamounts. Repeating this study using the advanced ocean exploration technology developed since the 2016 expedition would also be advantageous. For example, acoustically-derived abundance estimates and environmental DNA (eDNA) may be able to give clarity on the distribution patterns of this region (Laroche et al., 2020; Govindarajan et al., 2021). eDNA metabarcoding, which allows for the community analysis of an area using cellular debris taken from water samples, is now used in deep-sea studies (Laroche et al., 2020). These environmental sampling methods are often faster, more cost-effective, and less invasive than traditional surveying methods (Burian et al., 2021). However, they are also dependent on having reliable genetic reference datasets associated with well identified specimens (McElroy et al., 2020; Govindarajan et al., 2021; Dan et al., 2024). eDNA sampling may also include DNA that has cascaded from epipelagic depths (Govindarajan et al., 2021); relying solely on this sampling method may be unsuitable for a study focusing strictly on deep-sea ecology. At the time of surveying for this study, eDNA was not yet being utilized on the Okeanos Explorer. By integrating eDNA investigation into future studies, we may be able to gain a better understanding of midwater diversity by filling in knowledge gaps present in ROV survey studies (such as avoidance behavior or camera limitations) (Laroche et al., 2020). We recommend a holistic approach that integrates multiple approaches (such as eDNA, ROV video transects, organismal sampling, and acoustic sampling) to estimate abundance and diversity in the midwater.

It is crucial to continue integrative midwater exploration, as these findings may establish interest in future research as well as set a baseline for further surveys in similar environments. Midwater research has topical, pressing implications for current issues, such as global overfishing and climate change mitigation. We must continue exploration into this region to further human understanding of this pivotal ecosystem and how it impacts other life on Earth.



4.1 DSL analysis

Overall, the most abundant faunal taxa observed on camera were crustaceans, hydrozoans, and Actinopterygii. Appendicularia (larvaceans), Hydrozoa (hydromedusae and siphonophores), Chaetognatha (arrow worms), and Salpidae (pelagic tunicate salps) were seen at all four dive sites. These findings align with benthic surveys done in the region, which found high abundances of Actinopterygii, medusae, and Salpidae in deep-sea trench environments (Vinogradov and Shushkina, 2002; Tunnicliffe et al., 2013). There was a notable lack of phyonect siphonophores seen during this study; historical sources suggest that DSL stratification may be at least partially credited to these organisms due to the gases present in their swimming bells (Barham, 1963; Davison et al., 2015). Perhaps more noteworthy are the taxa that were only observed once during surveying: Polychaeta (polychaete worms), Radiozoa (Radiolarians), Schyphozoa (true jellyfishes), and Hoplonemertea (nemertean worms). One notable finding was the pelagonemertean worm seen on Dive 16, most likely belonging to the genus Dinonemertes; currently, there are no records of Dinonemertes in the Marianas region (Figure 1). This organism may be related to Dinonemertes shinkaii, which was first identified in the Japan Trench (Kajihara and Lindsay, 2010). New expeditions that include collection of specimens should be conducted to determine if this is a novel species and/or range extension of a currently known species for the region. Such work would likely detect other new pelagic species and range extensions into the Marianas region.

The DSL is typically characterized by a high density of organisms (Vinogradov and Shushkina, 2002; Stefanoudis et al., 2019), so the highest organismal diversity and abundance was expected within the DSL and the lowest diversity and abundance below the DSL. There was a higher level of diversity and species richness seen within the DSL transects, but organismal abundance remained the same throughout the water column. Additionally, we found that there was no significant difference in diversity in transects above or below the DSL (Båmstedt et al., 2003; Brodeur and Yamamura, 2005). This is consistent with other midwater studies that have described a higher concentration of organisms within the DSL (Vinogradov and Shushkina, 2002; Lindsay and Hunt, 2005; Song et al., 2022). However, it is notable that these historical sources describe increased diversity and abundance within the DSL. This study found that organisms seen within the DSL transects were more diverse and species-rich, but not more abundant; organismal abundance was not significantly changed due to DSL positioning. Previous studies also found lower diversity in deep trench environments (Vinogradov and Shushkina, 2002), which may be consistent with the decreased diversity found outside of the DSL in this case. Benthic surveys done in the Marianas Trench (such as Gallo et al., 2015) did not find a clear relationship between depth and biodiversity; this may also suggest that the diversity and abundance of organisms outside of the DSL stays consistent with depth.

There are several factors that may explain these results, but more investigation is needed to further elucidate patterns of abundance and diversity. Consistent abundance values within and below the DSL could support previous suggestions that historical estimates of biological abundance in the deep sea may be underestimated (Govindarajan et al., 2021). It may also be the case that biomass in the DSL has been historically overestimated due to the higher-than-average acoustic reflectance of common DSL organisms (such as Crustacea and Actinopterygii) (Båmstedt et al., 2003; Brodeur and Yamamura, 2005). However, it is possible that the sampling design lacked the sensitivity to pick up on higher abundance in the DSL due to factors like camera limitations and ROV avoidance. A future analysis of the mesopelagic EK60 acoustic data may help to more accurately measure abundance below the DSL by approximating the biomass present. The species accumulation curves did suggest that the sampling effort was not sufficient to gain a full understanding of the midwater taxa present in this environment. Insufficient sampling effort also posed a statistical problem; a multiple test correction (e.g. the Bonferroni correction) would adjust for using multiple statistical tests on the same dataset. However, applying this correction may overcompensate by significantly reducing the threshold for statistical significance, leading to high potential for type II error. A larger dataset would allow for more robust multifactor analysis. More sampling with diverse exploration techniques, especially those that employ more sensitive sampling techniques such as eDNA, are needed to explore these apparent patterns.




4.2 Hydrothermal vent analysis

For the hydrothermal analysis (dive 9), we suspected that there would be more organisms seen in the vent cloud than in the surrounding water due to the important role that hydrothermal vents play as the base of the benthic chemosynthetic food web (Levin et al., 2016). Hydrothermal vents are often surrounded by a higher diversity of benthic life than the surrounding seafloor (Kojima and Watanabe, 2015). Instead, there appeared to be less diversity and less abundance in and around the vent cloud within the water column.

This could be due to either the elevated temperature or the chemical composition of the vent cloud not being conducive to midwater life (Schander et al., 2010). It is also possible that there was microbial life present in the vent cloud since many chemosynthesizers are microbes (Limen and Juniper, 2006), which would be too small to be detected on the ROV cameras and therefore not accounted for in this study. However, this does not explain the lack of visible fauna in the vent column and surrounding area. It is also possible that the fundamental difference between benthic and midwater environments could help explain this contrast. Benthic organisms have more ability to remain in place around the vent source, allowing for adaptation to these unique microhabitats. In contrast, the constant movement present in the midwater would remove organisms before selection could act, preventing species from becoming specialized to the vent cloud ecosystem. It may also be the case that nektonic organisms simply choose to move to a more favorable temperature range or follow food to other locations. There were not enough data in this study to statistically determine diversity or abundance trends surrounding the vent cloud; therefore, more exploration must be done in this unusual microhabitat.





5 Conclusion

This expedition was among the first known midwater explorations done in the Marianas Trench and within an active venting cloud. Therefore, these discoveries serve as a basis for establishing trends in midwater faunal diversity. The purpose of this investigation was to investigate faunal distribution patterns in the Marianas midwater and to compare these patterns with environmental determinants. It was found that organismal diversity and richness may be impacted by the position of the DSL, but that abundance remains consistent throughout the water column. In addition, both diversity and abundance may have been impacted by the presence of a hydrothermal vent cloud. More research is needed to determine why these patterns may have occurred, but these preliminary findings are the first step in understanding this unique habitat.
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