Plastic waste can be found in nearly all marine environments, and ecosystem impacts from this widespread contamination range from physical and biological, to chemical effects. The distributions and fate of plastics in open ocean ecosystems are the most poorly known even though these offshore waters comprise the largest living space on the planet. Communities of deep sea animals form complex food webs from which humans harvest and consume a variety of species, making it important to understand the health implications of consuming seafood from animals that consume plastic.. Within the open ocean, plastics have been globally documented in the surface water and in seafloor sediments of the deepest ocean basins. The mechanisms through which these plastics are transported from the surface to the seafloor, and the interactions with animals living throughout the water column are virtually unknown.	Comment by Anela Choy: Is this a word?! Ecotoxicology is the field of study, hence the change. A bit of a puzzler. And probably a poor word choice anyway.	Comment by Kakani Katija: Yeah. Not a huge fan of the word since it can be jargony.	Comment by Anela Choy: Yeah, let’s take it out! How about just chemical effects? Or toxic effects?	Comment by Kakani Katija: I used chemical since “toxic” may be a more biased term

Microplastics (defined as < 5 mm in diameter) are the most numerically abundant types of plasticsize range within the marine plastic debris field, and may exert the largest ecosystem-scale due to their extremely small sizes and potential for ingestion by pelagic organisms ranging from zooplankton to large predatory fishes. However, the biological impacts on organismal feeding, growth, reproduction, and mortality are poorly known, in part because there is a lack of in situ data on the ingestion and fate of microplastics. To better understand the ability of midwater organisms to ingest and process microplastics, we conducted in situ feeding experiments with abundant filter-feeding larvaceans in Monterey Bay, which were enabled by the concurrent instrument development of DeepPIV at MBARI.	Comment by Anela Choy: Probably too much use of the words “size” and “range” in this sentence.	Comment by Kakani Katija: Got rid of sizes

Larvaceans, or appendicularians, are highly abundant active filter feeders that can be found throughout the ocean. Larvaceans build complex mucus filters that form a “house” in which the animal lives and filters food particles from the water column. Giant larvaceans of the genus Bathochordaeus are generally an order of magnitude larger than most other larvacean species, constructing mucus houses in excess of 1 m in diameter. Once clogged, giant larvaceans abandon their houses and then construct new mucus structures on a daily cycle. Past work by MBARI scientists has shown that discarded Bathochordaeus houses sink rapidly to the seafloor and contribute significantly to the vertical transport of carbon to the deep sea. Recent efforts using DeepPIV at MBARI have measured filtration rates as high as 80 L/hr for giant larvaceans, which comprise the highest reported rates of filtering by midwater organisms. When extending the filtration impact of giant larvaceans to the population level, giant larvaceans have the potential to filter all of the seawater within their principal depth range in Monterey Bay using their mucus house in as little as two weeks. Due to extremely high filtering capacities, giant larvaceans have the potential to significantly concentrate and ingest small microplastics present in the water column, which are of similar sizes as their main food source.	Comment by Kakani Katija: I want to make this point but this is before we introduce the description of DeepPIV

In order to evaluate whether larvaceans ingest microplastics and to determine the size range of ingested particles, additional instrumentation was required. Fortunately, efforts to expand the utility and deploy an already-existing instrument on all ROV platforms at MBARI were already underway. Since early 2015, engineers and scientists (led by Electrical Engineering Lead Alana Sherman and Postdoctoral Fellow Kakani Katija) have been developing DeepPIV, which is an instrument that allows for the visualization and quantification of small-scale fluid motion (Fig. 1). In 2015, DeepPIV was built and integrated on MiniROV; at the end of 2016, DeepPIV was integrated on all of MBARI’s ROVs (Fig. 1). In addition to camera and laser housings, DeepPIV was originally equipped with a dye injector, which was used to release fluorescent dyes to qualitatively visualize in situ fluid motion. The dye injector was modified to allow for the passage of microplastic particles for particle injection studies. This modification enabled in situ feeding experiments of filter-feeding organisms like larvaceans during subsequent midwater cruises. 

In 2016 MBARI scientists injected microplastic particles on actively feeding giant larvaceans (specifically Bathochordaeus stygius) during Midwater Ecology Cruises with Senior Scientist Bruce Robison and Postdoctoral Fellow Anela Choy. Microplastics were observed to enter the inner filters; the remaining microplastics that did not attach to the mucus house were ingestedlarvacean (Fig. 2) and later processed into fecal pellets (Fig. 3).  collected by the ROV, (Fig. ). All size classes of microplastics used in the feeding experiments were ingested. During and after passing of microplastic-rich fecal pellets, the  appeared to swim normally within their holding containers.	Comment by Kakani Katija: This word troubles me in that the quantities of microplastics may be high; “inject” is more precise. Thoughts?	Comment by Anela Choy: Cool with me!	Comment by Anela Choy: We’re giving away basically our whole paper right here, at a relatively good level of detail. Do we want to do that? I guess I’m only feeling slightly hesitant because we don’t have anything in press just yet and who knows if we will by the time the Annual Report comes out. The hope is that yes, we will, but the reality is unpredictable. Just a (paranoid) thought.

Much of that information is also contained within the Figure legends for the photos included below, also directly from our paper.

Maybe I’m not familiar enough with Annual Report pieces to reasonably leverage this concern, and maybe this is the exact level of detail they want?

Unlike microplastics in the water column, microplastic particles trapped within the collapsed filters of discarded Bathochordaeus houses and their fecal pellets, would travel quickly to the seafloor. These relatively fast sinking rates (~500 m/day) would reduce the likelihood of interception, consumption or degradation during their fall to the seafloor. 	Comment by Kakani Katija: Agreed. I removed most of the detail and only focused on the major findings. I also removed detail from the figures and edited the figures themselves.

Results from this work present a novel biological transport mechanism that could move large amounts of microplastics rapidly from very shallow waters into the deep sea. Since discarded houses and fecal pellets of giant larvaceans (in addition to the larvaceans themselves) are widely consumed by other pelagic, midwater, and benthic animals on the seafloor, microplastics could be easily transported through marine food webs. Understanding the rates and concentrations at which microplastics are concentrated by larvaceans and other pelagic filter-feeders and then sink into deep water, will be needed to evaluate the overall impact of microplastics on marine food webs and nutrient cycling in the ocean. Fortunately, with technological developments at MBARI that include instrumentation like DeepPIV, these topics can be directly addressed in the near future.


[image: ]
Fig. 1. Experiments were conducted on board R/V Western Flyer using DeepPIV’s particle injector deployed from ROV Doc Ricketts. 
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Fig. 2. During feeding experiments, microplastics were observed inside and attached to the inner house, and inside the gut of giant larvaceans. Microplastic particles in varying size ranges (from 10 to 600 microns) are represented by different colors (e.g., red, yellow, green, orange). Image corresponds to Bathochordaeus stygius specimen D5 from dive D870 (table S1). Scale bar corresponds to 2 cm. ih – inner house; bt – buccal tube; mp – microplastics; g – gut; tr – trunk; m – mouth; t – tail; r – ramp of inner house.	Comment by Kakani Katija: Could remove the labels to remove detail
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Fig. 2. Collected giant larvaceans were maintained in a cold room, and after 12 hrs, animals and fecal pellets were imaged under a microscope to determine microplastic particle sizefecal pellets contained microplastics. (A) After the 12 hra holding period, the guts of intact individuals were completely evacuated. (B) Microplastic particles were incorporated in the fecal pellets., where the color (e.g., red, orange, yellow, green) corresponds to specific size classes of particles shown at (B) lower and (C) higher magnifications. The fecal pellet in (C) can be seen in the upper left corner of (B). Images shown here correspond to Bathochordaeus stygius specimen D5 from dive D870 (table S1).
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