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Our perception of deep-sea communities has evolved as various sampling approaches have captured different components of deep-sea habitats. We sampled midwater zooplankton assemblages in Monterey Bay, California to quantify community composition (abundance and biomass) and biodiversity (at the Order level) across three depth ranges, and the effects of sampling methodology on community parameters. We collected zooplankton using two types of opening-closing trawls [Tucker Trawl and Multiple Opening/Closing Net and Environmental Sensing System (MOCNESS)] and video recordings from a remotely operated vehicle (ROV). We quantified the relative contributions of microbes to community biomass using synoptic water-bottle casts and flow cytometry. Overall, the pelagic community was most similar between the Tucker trawl and ROV (dissimilarity = 52.4%) and least similar between the MOCNESS and ROV (dissimilarity = 65.8%). Dissimilarity between sampling methods was driven by the relative abundances of crustaceans and gelatinous taxa, where gelatinous animals (cnidarians, ctenophores, tunicates) were more abundant in ROV surveys (64.2%) and Tucker trawls (46.8%) compared to MOCNESS samples (14.5%). ROV surveys were the only method that sufficiently documented the most physically delicate taxa (e.g., physonect siphonophores, lobate ctenophores, and larvaceans). Biomass was also one order of magnitude lower in MOCNESS trawls compared to Tucker trawls. Due to these large differences, the relative contributions of microbes to total biomass were substantially lower in Tucker trawl samples (mean = 7.5%) compared to MOCNESS samples (mean = 51%). These results illustrate that our view of planktonic composition and community biomass is strongly dependent on sampling methodology.
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Introduction

Sampling ecological communities in the expansive deep ocean is challenging, and our perception of community composition (i.e., the identities and relative abundances of animals) is largely shaped and constrained by collection capabilities. The deep-pelagic ocean (> 200 m) is Earth’s largest ecosystem, representing ~90% of the global biosphere and providing vast habitat space to support a diversity of animals (Robison, 2004; Martini and Haddock, 2017; Haddock et al., 2018). The pelagic ocean contains the highest carbon biomass of animals on earth (Bar-On et al., 2018). Identifying the species that comprise animal biomass is essential for understanding ecosystem structure and global biogeochemical cycling.

Deep pelagic communities are numerically dominated by zooplankton and micronekton, which serve integral functions in the food web (Potier et al., 2007; Choy et al., 2013; Duffy et al., 2017) and biological carbon pump (Steinberg et al., 2008; Ariza et al., 2015; Hernández-León et al., 2019). Obtaining comprehensive data of zooplankton and micronekton communities, however, is logistically challenging. Zooplankton and micronekton are species-rich and phylogenetically diverse, with taxa varying in size, morphology, and swimming abilities. This renders it difficult to capture the entire community using one sampling approach (Skjoldal et al., 2013; Giachini Tosetto et al., 2019). Traditionally, net tows have been the primary collection approach for sampling pelagic ecosystems. Net tows, while effective for capturing many hard-bodied taxa (Wiebe and Benfield, 2003), often destroy gelatinous zooplankton or fragile taxa and therefore underestimate their contributions to pelagic biomass. Estimating biomass of larger, more mobile organisms is also challenging, as some taxa exhibit net avoidance behaviors (Kaartvedt et al., 2012).

As new technologies are developed and sampling capabilities improve, notions of pelagic community composition continue to evolve. For example, paradigms have shifted on the ecological roles of gelatinous zooplankton, soft bodied animals that encompass a phylogenetic assemblage of multiple taxa (e.g., Cnidaria, Ctenophora, Tunicata) (Haddock, 2004; Potier et al., 2007).

Complementary techniques that are better-suited to observe and collect fragile organisms are increasingly used (e.g., in-situ or towed video recordings and observations) and there is a growing recognition of their ecological importance in pelagic ecosystems, particularly in the deep pelagic, where they serve various roles as predators, prey, and mediators of carbon flux (Henschke et al., 2016; Choy et al., 2017; Hays et al., 2018). The degree to which different sampling approaches affect estimates of gelatinous abundance, diversity, and biomass is unclear and requires an examination of quantitative differences in community composition between collection techniques.

Our primary goal was to compare estimates of abundance, taxonomic diversity, and biomass of a midwater community, focusing on differences resulting from three distinct collection techniques. We co-collected community samples with two ships in three depth zones using (1) a Multiple Opening/Closing Net and Environmental Sensing System (MOCNESS), (2) a Tucker trawl with a closing cod-end, and (3) in-situ video camera transects collected by a remotely operated vehicle (ROV). Our secondary objective was to quantify microbial biomass relative to metazoan biomass estimated from MOCNESS and Tucker trawls at two depths. To that end, we used near synoptic water-bottle casts and subsequent flow cytometry. Previous studies have suggested that microbial biomass may be higher than metazoan biomass (Pomeroy et al., 2007; Williams and Ducklow, 2019) but estimates of the contributions of microbes to overall community biomass are highly variable. These discrepancies may be influenced by methodological differences between studies that quantify metazoan biomass (Kaartvedt et al., 2012). We illustrate how potential differences in biomass estimates between trawl systems can influences our perception of microbial contributions to midwater communities.



Methods

Samples were collected concurrently on two oceanographic research vessels (R/V Point Lobos and Point Sur) in September 2004 in Monterey Bay, California. Zooplankton samples were collected using three approaches (Figure 1). First, on the R/V Point Sur, two commonly used opening and closing trawling systems were deployed alternately on three days to collect zooplankton samples. Trawls were equipped with identical flow meters to estimate the water volume for each collection. MOCNESS tows are advantageous for discretely sampling different layers of the water column since multiple nets can be opened and shut sequentially during a single deployment (Wiebe et al., 1985). The MOCNESS had a 1-m2 mouth opening and was equipped with 1-mm mesh nets. A large Tucker trawl was also utilized (Childress et al., 1978), with a single net for discrete sampling of one depth range per deployment (fixed or oblique). The Tucker trawl consists of two nets joined end-to-end by a 1-m diameter stainless steel ring. At the front, an 18.3 m long net with a mesh size of 6.35 mm tapers from the 10-m2 mouth to the 1-m ring. Attached to this ring is a 5 m long net with a 707 µm mesh that tapers into a 1.4 m long cod-end (30 liters). The mouth of the net is opened and closed once per deployment, using a MOCNESS piano key system.




Figure 1 | Hydrographic variables (salinity, oxygen, and temperature) in Monterey Bay collected from a CTD deployment where trawl and ROV surveys were conducted. Three sampling approaches were used for the collection of zooplankton communities (from left to right): Multiple Opening and Closing Net with Environmental Sensing System (MOCNESS) (photo credit: SHD Haddock), Tucker trawl (photo credit: SHD Haddock), and a remotely operated vehicle (ROV) equipped with high-definition cameras to record video observations of organisms (photo credit: Monterey Bay Aquarium Research Institute). Three sampling depths were targeted in the epi- and mesopelagic. Not pictured are two additional Tucker trawl sampling depths in the bathypelagic (1200 and 1850 m). See Table 1 for precise depth ranges for each trawl.



The cod end of the Tucker trawl closes when the net is closed at depth and is thermally insulated to reduce heat shock and damage to specimens (Childress et al., 1978). The trawls were towed obliquely over 100m depth range, with the net opened deeper than target depth and closed shallower than the target depth (Table 1). Trawls were conducted during the daytime at a constant speed of 1.5 knots. This low speed reduces damage to gelatinous specimens in the net (Thuesen and Childress, 1994). We targeted three depths habitats in the epi- and mesopelagic, hereafter referred to as 150, 350, and 750 m, although the depth ranges are ±50 meters, and specific depths differed slightly between trawl systems (Table 1). The midpoint depths of MOCNESS trawls were 150, 350, and 750 m and the midpoint depths for Tucker trawls were 150, 420, and 690 (Table 1). Two additional deployments of the Tucker trawl were conducted at greater depths (midpoint depths were 1195 and 1845 m; hereafter referred to as T-1200 and T-1850) in Monterey Bay (Table 1).


Table 1 | Summary of volume filter and depths (meters) where the net was open and obliquely towed, animal density, carbon biomass, and diversity indices for each community, where M = MOCNESS, T = Tucker, and V = ROV video.



On the R/V Point Lobos, MBARI’s electro-hydraulic ROV Ventana was also used to quantify community composition. The ROV was equipped with a high-resolution video camera system and sensors to collect environmental data (e.g., temperature, oxygen, salinity, etc.). ROV transects were conducted through depth ranges targeting 150, 350 and 750 m for 10 minutes each at a constant speed (55 cm s-1) between 09:00 and 13:00 local time (-122.14°W, 36.54°N). The main video camera was set at its widest angle to maximize the field of view. Transect videos were annotated using MBARI’s Video Annotation and Reference System (VARS – Schlining and Jacobsen Stout, 2006), whereby scientists carefully identified and enumerated organisms captured by ROV videos. ROV speed and field of view, and transect lengths were used to estimate water volume, following Robison et al. (1998) and Robison et al. (2017). The ROV was piloted at 0.5 m s-1 and the average field area visualized was 7 m2 at a focal distance of 1.5 m (R.E. Sherlock, pers. comm.). Transect length was 300 m and volume was approximately 2,100 m3 per transect (Table 1). This volume estimate was used to estimate animal density (individuals/m3) in ROV samples (Table 1).

Net-collected zooplankton were enumerated at sea and identified to the most-specific taxonomic level possible, which varied among taxa. Some specimens were frozen in pre-weighed vials for later processing in the lab. ROV videos were comprehensively annotated on a later date, where animals were counted and identified. We collected physical specimens from trawls and estimated biomass and carbon content to examine the contribution of different taxa to overall community composition. To calculate animal density in trawl samples, we estimated water volume filtered from flow meters and divided the individual counts by the water volume (Table 1). We estimated biomass and carbon content of animals in trawl samples at 350 and 750 m, where specimen wet weights were estimated based on settling volume at sea or measured on frozen specimens in the lab after the cruise. Wet weights were then converted to dry weight using taxon-specific conversion factors (Table ST1). Dry weights were subsequently converted to carbon content (%) using taxon-specific conversion factors from the literature (Table ST1). The same conversion factors were used for samples from both trawl systems.


Microbial Sample Collection and Processing

Seawater samples were collected using Niskin bottles deployed on a CTD rosette on the R/V Point Sur between trawls to quantify microbial abundance and biomass. Samples were collected at four depths (150, 350, 750, and 1150 m). Seawater samples were preserved and stored at -80°C until later batch analysis at the University of Hawaii SOEST Flow Cytometry Facility (www.soest.hawaii.edu/sfcf). Microbial cells were enumerated using flow cytometry (Selph et al., 2011). In brief, samples (0.1 mL) were thawed in batches, stained with the DNA dye Hoechst 33342 (1 µg/mL final), then run on a Beckman-Coulter EPICS Altra flow cytometer, using colinear dual laser excitation (488 nm,1 W; UV, 225 mW) and a Harvard apparatus syringe pump for volumetric sample delivery. Polystyrene beads (0.5 µm and 1 µm diameter) were used to normalize fluorescence and scatter signals. Resulting FCS listmode files were analyzed using FlowJo software (Treestar, Inc.) to distinguish microbial populations based on their fluorescence signals (chlorophyll, phycoerythrin, DNA), as well as forward and right-angle light scatter. Heterotrophic bacteria were distinguished from phytoplankton by their DNA-dye signature and absence of pigment. Prochlorococcus and Synechococcus were separated from larger eukaryotic phytoplankton by their light scatter signatures, as well as their characteristic pigment and DNA signatures. Other phytoplankton (eukaryotes, mostly 2-20 µm pico- and nano-sized cells given the small volume analyzed) had higher light scatter and more chlorophyll fluorescence per cell.

The abundance estimates at each depth were converted to carbon content (gC/cell) and dry weights using the following cell masses: 10 fgC/cell (heterotrophic bacteria), 32 fgC/cell (Prochlorococcus), 100 fgC/cell (Synechococcus), and 3 pgC/cell (picoeukaryotes) (Garrison et al., 2000; Brown et al., 2008; Selph et al., 2011). At each depth, carbon content was summed across the four groups and was multiplied by the trawl volume to obtain microbial carbon estimates for each trawl. Values were converted between carbon content and dry weight using a conversion factor from the literature (Table ST1).



Data Analyses

Equal levels of taxonomic resolution were not possible across sampling methodologies within a specific animal group. Thus, the taxonomic resolution differed between sampling methodologies and taxa. For comparisons across methods, taxa were binned into broad categories: Chaetognatha, Cnidaria, Crustacea, Ctenophora, Fishes, Tunicata, Polychaeta, Mollusca, and Other (low abundance taxa). For comparisons between trawl samples, we also conducted analyses at the order and family level, as most specimens were identified to genus or family. Statistical analyses were conducted using the programming software R (R Core Team, 2017). The data files and code to replicate analyses are available as supplementary files.

We conducted an Analysis of Similarities (ANOSIM) test to examine significant differences in community composition between groups (sampling methods and depths) using the package ‘vegan’ (Oksanen et al., 2019). We then calculated the Similarities Percentages (SIMPER; function ‘simper’) to quantify the dissimilarity between groups (sampling methods and depths) and identify taxa that were driving patterns of dissimilarity. ANOSIM and SIMPER used Manhattan distances of relative abundances of taxa. We used Manhattan Distance (based on relative abundances) rather than Bray-Curtis Dissimilarity (based on counts) because the volume filtered was unequal between samples (Table 1) and therefore could not use raw count data. We used relative abundances rather than abundance because the ROV volumes were approximations (see above) unlike trawl samples which had more precise volume measurements from flow meters. Dissimilarities were averaged across three depths to compare between methods and across three methods to compare between depths.

Lastly, we were interested in the contributions of bacteria and protists to mesopelagic biomass and how sampling method affected those contributions. Cell counts from flow cytometry were converted to biomass and added to metazoan biomass from MOCNESS and Tucker trawl samples collected at 350 and 750 m. We calculated the percent biomass and carbon contribution of each group.




Results

We identified specimens to the most-specific taxonomic level, which varied across taxa and sampling methodology. Of all the taxa collected by trawls, 71% were identified to genus, 85% were identified to family and almost all specimens were identified to order, except for copepods, which were grouped together for all analyses. The overall taxonomic resolution was lower for ROV video, where only 62% of taxa were identified to family and 49% to genus.

Between the three methods and all depths, we identified 62 orders and 153 families across 11 samples (Figure 2A). Excluding the two deepest Tucker trawls, we found the highest number of orders found in Tucker trawl samples (40), followed by ROV video (35), and lastly, the MOCNESS (29). At a finer taxonomic level, the number of families identified in the five Tucker trawls (81) was substantially higher than the MOCNESS (53) or ROV video data (49). If we included the deepest Tucker trawls, the number of orders and families was 46 and 116, respectively. However, we did not sample these depths with the MOCNESS or ROV. Diversity indices, based on taxonomic order, ranged from 0.63 to 2.63 (H) and 0.27 to 0.90 (D) (Table 1).




Figure 2 | (A) Number of taxonomic orders and families and (B) mean relative abundances (%) of broad taxonomic groups of pelagic animals identified in MOCNESS, Tucker trawl, and ROV video samples in Monterey Bay. Taxa in (A) were grouped into gelatinous zooplankton (GZ; cnidarians, ctenophores, tunicates) or non-gelatinous taxa (crustaceans, fishes, mollusks, worms). Pie slices in (B) for gelatinous animals (blue) and crustaceans (orange) are isolated to highlight the primary differences between sampling methods.



The three most abundant taxa in MOCNESS tows were crustaceans (67.6%), chaetognaths (14.6%), and cnidarians (11.7%). Compared to the MOCNESS, the Tucker trawls were less dominated by crustaceans and collected a more diverse community, where the three most abundant taxa were cnidarians (30.3%), chaetognaths (20.5%), and ctenophores (11.8%). The three most abundant taxa in the ROV video were soft-bodied animals: cnidarians (37.3%), tunicates (19.4%), and other (14.6%; Figure 2B; Table ST2), which was largely composed of polychaetes (Annelida).

An Analysis of Similarities (ANOSIM) based on relative abundances of taxa also indicated that differences in community composition were significant between sampling methods (F = 3.4, R2 = 0.53, p = 0.01). Dissimilarity, quantified by SIMPER (based on Manhattan Distances) was highest between the MOCNESS and ROV (65.8% dissimilar), followed by the MOCNESS and Tucker trawl (61.2%). The Tucker trawl and ROV videos sampled communities that were more similar in taxonomic composition (52.4%) than the Tucker trawl and MOCNESS.

When samples were grouped by depth across all sampling methods, there were 22 orders and 34 families found in the epipelagic, which is lower than the number of orders and families found at 350 m (40 and 85, respectively) and 750 m (45 and 79). Crustaceans were the most abundant taxa at 150 m (32.3%) and 350 m (32.9%). At 750 m, the dominant taxa were more evenly distributed among cnidarians (38.1%) and crustaceans (32.3%; Figure SF1; Table ST2). Taxonomic composition was the most dissimilar between 350 and 750 m (57.4%), followed by the 150 and 750 m (52.9%), and lastly between the 150 and 350 m (55.2%). These differences across depth were not statistically significant (ANOSIM; F = 1.14, R2 = 0.14, p = 0.33).

Animal density was highest in the MOCNESS and lowest in the ROV video (Table 1). Biomass estimates were substantially higher for samples collected by Tucker trawls at 350 and 750 m (0.016 and 0.012 mg C/m3, respectively) compared to MOCNESS tows at the same depths (0.003 and 0.002 mg C/m3, respectively) (Table 1). Overall, zooplankton biomass was higher than microbial biomass at both depths. Due to the biomass differences between trawl systems, the relative contributions of microbial biomass were lower in the Tucker trawls from 350 and 750 m (9 and 8%, respectively) compared to the MOCNESS trawls (48 and 53%) at the same depths (Figure 3; ST3).




Figure 3 | Percentage wet weight, dry weight, and carbon for zooplankton broad taxonomic groups and microbes in Monterey Bay identified in MOCNESS and Tucker trawls at 350 (top) and 750 m (bottom). Bars that represent the relative carbon contributions of bacteria and protists are isolated and their values are shown to highlight the differences between trawl types.





Discussion


Community Composition

Our results indicate that sampling methodology dictates the structure of the pelagic community by species composition, numbers, and weights. The most pronounced difference was between the MOCNESS samples, which were primarily composed of hard-bodied crustaceans, and ROV video, which collected a substantial proportion of soft-bodied taxa but largely omits copepods. Further, the dissimilarity between the Tucker trawl and ROV video was driven by minor differences in the relative abundances of several taxa (cnidarians, chaetognaths, ctenophores, and tunicates), whereas the dissimilarities between the MOCNESS and ROV videos were primarily driven by large differences in the proportions of two taxa (cnidarians and crustaceans) between those sampling methods (Figure SF2), suggesting more prominent differences in community composition. The ROV sampling thus captured a higher proportion of gelatinous and soft-bodied organisms (cnidarians, tunicates, ctenophores, and polychaetes) compared to net tows, which highlights the challenges of using nets to sample the full diversity and abundance of gelatinous zooplankton. Chaetognaths were the second most abundant group in both trawls but ranked fifth in abundance in ROV samples.

Within trawl samples, a large range of body sizes was collected, with a wide variety of wet weights and water contents. The largest contributors to wet weight, dry weight, or carbon content were not necessarily the most numerically abundant taxa. For example, cnidarians have higher water content (95%) compared to fishes (80%) (Table ST1). As a result, in three of four trawls where we estimated carbon compositions, hard-bodied crustacean and fishes were the highest metazoan contributors. Cnidarians and ctenophores comprised a substantial proportion of Tucker trawl wet weight biomass, but contributed less to dry weight and carbon content (Figure 3).

Estimating microbial and metazoan biomass and comparing biomass between two trawl types illustrates how sampling methods can substantially affect our perceptions of community composition. Biomass estimates from Tucker trawl samples were substantially higher than those from the MOCNESS, and thus microbes comprised a smaller percentage (< 10%) of community biomass, compared to MOCNESS samples. Using MOCNESS data, therefore, would suggest that microbes represent more than half of the community carbon, whereas based on Tucker trawl data, microbes represent 7x less than carbon from metazoans. The large difference in microbial carbon contributions between the MOCNESS and Tucker trawls highlights the need to understand how sampling gear affects biomass estimates before extrapolating such estimates to regional or global scales.



Sampling Gear Performance

Given the concurrent sampling design we employed, we were able to co-collect samples and account for spatio-temporal shifts in community composition. Thus, the pronounced differences in community composition and biomass were likely driven by differences in gear performance between the three sampling approaches. Inherent biases and gear performance differ across sampling approaches and directly affects the types and abundances of animals captured. For net tow systems, it is well known that towing speed and mesh and mouth size can influence both trawl performance and catch composition (Broughton and Lough, 2006; Skjoldal et al., 2013; Kwong et al., 2018; Giachini Tosetto et al., 2019). In this study, the Tucker trawl and MOCNESS were both towed at 1.5 knots to facilitate the collection of gelatinous animals and minimize the possibility that towing speed itself contributed to taxonomic differences between sampling techniques.

Differences in composition and overall biomass between the MOCNESS and Tucker trawls were likely driven by differences in the physical structure of the net tow systems. First, the Tucker trawl had a larger mouth area and much more gradual taper than the MOCNESS, which may account for some differences in catch composition. Although we did not examine the size structure of specimens in this study, it is possible that larger, more active micronekton were able to avoid the smaller MOCNESS frame compared to the Tucker trawl. However, the primary differences we found in community composition between trawl methods were related to hard-bodied versus soft-bodied animals, which is not likely to be explained by mouth area.

It is more probable that differences in net mesh size and cod-end size and structure between the Tucker trawl and MOCNESS contributed to differences in catch composition. Previous studies have demonstrated differences in zooplankton community composition based on trawl mesh sizes (Skjoldal et al., 2013; Hosia et al., 2017; Giachini Tosetto et al., 2019). Finer mesh retains smaller organisms but decreases overall filtration volume and may therefore increase the avoidance of mobile animals. In this study, the Tucker trawl fore-net was ~4x the length of the MOCNESS net but was tapered, with a smaller mesh size than the MOCNESS. This design was used to reduce filtration pressure on the net, which minimizes the extrusion of animals out of the net compared to the MOCNESS. Thus, the Tucker trawl was better equipped for keeping gelatinous animals intact and extruded fewer animals from the net.

The styles of cod-ends also likely contributed to differences in community composition between trawl methods. The Tucker trawl was equipped with a large (30 L), insulated cod-end with closing capabilities (Childress et al., 1978). The cod-end was closed at a specific depth, allowing the contents of the trawl to be brought up to the surface at a temperature similar to the seawater temperature at the collection depth (Childress et al., 1978) and with minimal damage during the long recovery to the surface. The thermal insulation of trawl contents increases the likelihood that certain taxa, specifically fragile medusae, siphonophores, and ctenophores are recovered intact. In contrast, each net for the MOCNESS was equipped with a standard cod-end that was not insulated or closed when the net was shut. Additionally, MOCNESS nets are collapsed, so the upper and lower surfaces of the nets abrade against each other, and the organisms may be repeatedly washed in and out of the open cod-ends. The trawl contents in the MOCNESS were more likely to be damaged as the net travels through the water column before it retrieved at the surface.

The insulated cod-end and fine mesh on the Tucker trawl likely contributed to the greater taxonomic similarities with ROV compared to the MOCNESS samples. The Tucker trawl, similar to the ROV video, was able to capture many fragile animals, which is evidenced by the higher abundance of gelatinous taxa. These results differ from previous studies indicating catch composition from midwater trawls is dominated by fishes (e.g., Davison et al., 2013) and may be driven by differences in the cod-ends, mesh size, or towing speed between studies. Since ROV sampling was non-destructive, it was the only method that captured the most physically delicate taxa, such as certain species of physonect siphonophores, ctenophores (particularly lobates), and larvaceans. However, ROV-based methods likely under-sample visual predators, highly mobile animals, and animals that are deterred by (or oversample those attracted to) the ROV’s bright lights and considerable noise. Further, ROVs under-sample small zooplankton that are difficult to visually detect on video, especially while the vehicle is in motion as was the case for data collection here. While the MOCNESS was clearly dominated by hard-bodied crustaceans, and the ROV videos were dominated by soft-bodied animals, the Tucker trawl captured the highest number of taxonomic orders and families, including some delicate taxa.



Conclusions

There are numerous challenges to collecting diverse zooplankton and micronekton assemblages and no single sampling approach is adequately suited to capture the entire community. Therefore, a variety of approaches have been developed to target specific taxa and ecosystems. Here we provided a comparison based on a limited number of samples. Our results demonstrate that sampling approach substantially influences quantification of community composition. Video and Tucker trawls are sampling methods that highlight the diversity and abundance of gelatinous organisms that are often destroyed using a MOCNESS approach, whereas MOCNESS trawls capture a higher biomass of crustaceans. The MOCNESS is also convenient for sampling many discrete layers of the water column, unlike single-net trawl systems. Beyond taxonomic differences, our biomass estimates in Tucker trawl samples were an order of magnitude higher than estimates from MOCNESS samples. Our results illustrate that the relative importance of microbes to overall community biomass and carbon content are highly dependent on the method used to sample the community.

Future studies are needed to further quantify differences between visual and trawl methods, particularly in the bathypelagic, where sampling is less frequent and soft-bodied animals are likely bigger contributors to abundance, diversity, and biomass (Robison, 2004). Complementary sampling approaches have improved our estimates of biomass and community composition. For example, recent studies have quantified community composition using acoustics, net tows, and videos (Blanluet et al., 2019), examined diel vertical migration by combining eDNA and acoustic methods (Easson et al., 2020), and shown how fish biomass estimated from trawls is underestimated compared to acoustic estimates due to net avoidance (Kaartvedt et al., 2012). Complementing trawl surveys with visual methods could provide valuable data on soft-bodied taxa that are less frequently captured by net tows. However, we recognize that using multiple sampling approaches is logistically challenging, operationally expensive, and may not be feasible.

As fisheries expand further into the deep ocean (Watson and Morato, 2013) and deep pelagic ecosystems are increasingly affected by a suite of anthropogenic stressors, such as pollution (Taylor et al., 2016; Choy et al., 2019), deep-sea mining (Drazen et al., 2020), ocean acidification (Sabine et al., 2004), and deoxygenation (Doney et al., 2011; Levin and Le Bris, 2015; Danovaro et al., 2017), measurements of biodiversity and community composition are essential for providing baseline data and for predicting the responses of communities to various pressures and environmental change.
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