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ABSTRACT

Organic-fall habitat islands are established when large organic-rich parcels, such as whale bones
or wood, sink to the generally food-poor deep-sea floor. Organic-fall communities may pass
through a succession of ecological stages, modulated by key ecosystem engineers that influence
the availability of habitat and food resources in these ecosystems. Because biodiversity and
ecosystem functions at organic falls are likely to vary with substrate type, size, and deployment
times, comparisons between ocean regions and depths are problematic. In this study, a replicated
experimental approach has been used to control the effects of substrate type, size, and
deployment times. Three major aspects of organic-fall ecology were explored: patterns and
drivers of biodiversity, the importance of a wood-boring ecosystem engineer to ecosystem
structure and function, and variations in trophic structure between whale-bone and wood-fall
assemblages. Four benthic landers containing replicate whale-bone, wood, and inorganic control
substrates were concurrently deployed for 15 months on the Washington-Oregon margin; two
each at depths of ~1600 and ~2800 m, separated by distances of > 200 km. Whale-bone, wood,
and inorganic substrates supported assemblages with different community structures, even within
landers. Community composition was significantly different between depths and between landers
within a depth, indicating variability on bathymetric and regional scales. Wood blocks at ~1600
m were heavily degraded by wood-boring xylophagaid bivalves, which consumed up to ~90% of
wood-block mass. Xylophagaid boring and defecation increased habitat availability and
complexity as well as the range of nutritional niches; this led to a high abundance of macrofauna
inhabiting the borings inside the wood. Xylophagaid colonization was absent to mild in deeper
wood blocks at sites further offshore, which we hypothesize results partly from lower propagule
supply at increased distances from terrestrial forests. Bulk stable isotope analyses revealed that
co-located whale-bone and wood assemblages had different trophic structures. Whale-bone and
wood were dominant basal food sources; however, the relative importance of background
particulate organic matter (POM) to faunal diets varied among taxa, functional groups, and
between whale-bone and wood substrates, with background POM less important on wood. We
hypothesize that labile particulate organic material in xylophagaid feces provides an especially
important food resource at wood falls. This dissertation provides deeper insight into drivers of

variability and quantifies some important aspects of organic-fall ecology.
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CHAPTER 1

Introduction



1.1 DEEP-SEA BIOLOGY

This dissertation addresses fundamental processes at the bathyal seafloor, a zone from 1000-
4000 m depths that covers about 30% of the ocean floor. Bathyal habitats generally occur on
continental margins and are sediment covered, providing habitat for a huge range of organisms,
from microbes to megafauna (Wei et al., 2010). Continental margins are regions of high
macrofaunal species diversity, in part due to high habitat heterogeneity and the presence of
prominent environmental gradients (Grassle & Mackiolek, 1992; Levin & Dayton, 2009; Levin
& Sibuet, 2012). The down-slope depth gradient is accompanied by environmental variations in
pressure, temperature, oxygen and food availability, which are important drivers of species
turnover and faunal standing stocks (Carney, 2005; Rex et al., 2006; Wei et al., 2010). Deep-sea
ecosystems are generally considered food-poor; most nutrition sinks from the euphotic zone to
the seafloor as particulate organic material (POM), with the supply attenuating with water depth
and increasing distances from regions of high photosynthetic productivity (Lutz et al., 2007).
However, hydrothermal vents, cold seeps, and organic-fall habitats provide important local

exceptions to the food-poor deep-sea paradigm.
1.2 ORGANIC FALLS

Organic falls are habitat islands formed by organic-rich substrates sunken to the seafloor. These
pulses of organic matter lead to enrichment of the otherwise food-poor deep-sea floor, providing
nutrition and habitat for a range of organisms. As discussed below, organic falls influence the
biodiversity, ecosystem function, and geochemistry of seafloor ecosystems, and are an important

contribution to beta diversity on the deep-sea floor.
1.2.1 Organic-fall types

Organic-fall habitats can form on a range of large organic-rich substrates, including sunken
carcasses of whales, large fish, cephalopods, reptiles, and jellyfish, as well as sunken plant
material, such as wood and kelp (Turner, 1977; Smith, 1985; Smith & Baco, 2003; Bernardino et
al., 2010; Sweetman & Chapman, 2011; Hoving et al., 2017; Bryant et al., 2022). This
dissertation focusses on the organic-fall habitats created by sunken whale bones and wood.
Sunken whale carcasses create “whale-fall” habitats (Smith & Baco, 2003). A 40-ton carcass,

comprised of lipid-rich soft tissues and bones, contains around 1.6 x 10® grams of labile carbon
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(Smith, 2007). Whale falls have been found in most ocean basins, with occurrences concentrated
along migration routes and in calving and feeding grounds, typically around ocean margins
(Smith et al., 2015). Terrestrial woody debris is an important component in many aquatic
ecosystems (Maser & Sedell, 1994), and is regionally abundant in the deep sea (Wolff, 1979).
Most wood is expected to enter the ocean from coastlines and river mouths, and storm-triggered
landslides can move millions of metric tons of wood into the ocean in single events (West et al.,
2011). Wood falls are also concentrated along continental margins, especially offshore of heavily
forested coastlines. Although whale bones and wood are compositionally different, they are both
hard substrates with high organic carbon content. Whale-fall and wood-fall can share some
species (Smith & Baco, 2003; Amon et al., 2017a), and because of similarities in geochemical
conditions to other reducing habitats such as vents and seeps, whale and wood falls may have
played an important role in the radiation of deep-sea lineages (Distel et al., 2000; Baco-Taylor,
2002; Lorion et al., 2009; Lorion et al., 2013; Thubaut et al., 2013).

1.2.2 Successional stages

The decomposition of organic-rich substrates progresses through a series of overlapping
successional stages, which are accompanied by changes in community structure, food sources
and geochemical (reducing) conditions. Four overlapping stages are documented for whale falls
(Smith & Baco, 2003). The “mobile scavenger” stage first occurs upon arrival of a whale
carcasses to the sea floor, wherein soft tissues are consumed primarily by megafaunal
scavengers, such as hagfish, sharks, and crustaceans. The fragmentation of the soft tissues by
scavengers leads to localized enrichment surrounding the carcass and the establishment of the
“enrichment opportunist” stage, wherein low-diversity, high-density assemblages of
opportunistic polychaetes and crustaceans dominate. Anaerobic, sulfidic conditions are
established by sulfate-reducing microbes in the “sulfophilic stage”, both in the sediments
surrounding the carcass, as well as within the lipid-rich bones. Sulfidic conditions fuel the
chemoautotrophy of free-living and symbiotic sulfide-oxidizing microbes and support a range of
chemosynthetically-dependent species. Finally, after organic matter has been exhausted from the
skeleton, the inorganic remains provide a complex reef structure during the “reef stage”.
Similarly, Pop Ristova et al. (2017) described four successional stages at wood falls at the deep-

sea floor. First, they describe a “specialist stage” beginning when specialist wood-boring fauna,
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most commonly xylophagaid bivalves, begin to degrade the wood. Next, they describe an
“opportunist stage,” wherein wood-borer biomass attracts and supports opportunistic detritus
feeders, predators, and bacterivores. This is followed by the third, “sulfophilic stage,” during
which enhanced cellulose degradation leads to the development of sulfidic conditions, which
support chemosynthetic organisms. Finally, a “senescence stage” is described, during which the
wood-fall assemblage abundance declines as the wood is disintegrated and dispersed over
surrounding sediments. The Pop Ristova et al. (2017) successional model does not consider
either an initial microbial stage on wood falls (Kalenitchenko et al., 2018a; Kalenitchenko et al.,
2018b) or the possibility of a reef stage. While these successional models are applicable to many
observed organic-falls, temporal-spatial variability of the onset, duration, and biodiversity of
organic-fall stages are expected due variations in environmental parameters, transport processes,
and proximity of source populations, yet drivers of such variability remain poorly understood. It
is often speculated that key ecosystem engineering taxa are important influencers of the
establishment, duration, and progression of organic-fall successional stage (Turner, 1973;
Grassle & Morse-Porteous, 1987).

1.2.3 Key ecosystem engineers

Key ecosystem engineers are organisms that significantly control the availability of biotic and
abiotic resources to other organisms by modifying, maintaining, and/or creating habitats (Jones
etal., 1994, 1997). At deep-sea organic falls, bone-eating Osedax siboglinid polychaetes and
wood-boring xylophagaid bivalves have been widely regarded as key ecosystem engineers due to
their specialization on, and modification of, bone and wood substrates, respectively (Wolff,
1979; Turner, 1973; Rouse et al., 2004).

Female Osedax polychaetes inhabit sunken whale bones by secreting acid to dissolve the
inorganic carbonate matrix, and digest bone nutrients via endosymbiotic heterotrophic bacteria
(Goffredi et al., 2005; Goffredi et al., 2007; Tresguerres et al., 2013; Moggioli et al., 2022).
Bioerosion by Osedax alters bone habitats by (1) increasing structural complexity, (2) modifying
oxygen and reduced-compound fluxes, and (3) destroying juvenile bones, which, in turn,
influence microbial and macrofaunal assemblages, as well as the duration and progression of
successional stages (Braby et al., 2007; Lundsten et al., 2010b; Higgs et al., 2011a; Amon et al.,
2013; Smith et al., 2015; Alfaro-Lucas et al., 2017).
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Xylophagaid bivalves are typically the primary drivers of wood degradation in the deep sea
(Turner, 1973; Tyler et al., 2007; Voight, 2007; Bienhold et al., 2013). Xylophagaids create
boreholes by rasping wood and digest cellulose from wood fragments via endosymbiotic
cellulolytic bacteria (Distel & Roberts, 1997). The boreholes then provide habitat for
xylophagaids and other organisms. The nitrogen content of wood is low, thus xylophagaids
obtain their nitrogenous nutrition either via nitrogen-fixing endosymbionts, or by filtering
particulate organic material from the water column (Voight et al., 2020). Wood boring activity
by xylophagaids modifies the structural complexity of wood falls (initially increasing habitat
space, and later destroying the overall wood-fall habitat), and xylophagaid fecal material may
include wood-degrading microbes that serve as a labile food resource for other wood-fall fauna
(Harbour et al., 2021a). Xylophagaids may also control reducing conditions throughout wood
and surrounding sediments by (1) modifying oxygen and reduced compound fluxes between
borehole interiors and wood surfaces, and (2) producing labile fecal material which provides
organic enrichment, leading to the development of sulfidic niches (Bienhold et al., 2013;
Kalenitchenko et al., 2018a). However, the implications of xylophagaid ecosystem engineering
activity on wood-fall assemblage diversity, biomass, and abundance has yet to have been

quantified.
1.2.4 Food sources and trophic ecology

Whale bones are rich in lipids and proteins, and wood in cellulose and lignin, but the organic
components are only directly accessible to substrate specialists (Gessner, 2005; Higgs et al.,
2011b). Specialist heterotrophic microbes can also decompose whale bone (Borchert et al., 2021)
and wood (Bienhold et al., 2013; Fagervold et al., 2014) directly. Reduced compounds produced
by microbial organic-matter decomposers can further fuel the growth of free-living and
symbiotic chemoautotrophic bacteria (Deming et al., 1997; Smith & Baco, 2003; Treude et al.,
2009; Kalenitchenko et al., 2015; Kalenitchenko et al., 2018b). Dense biofilms composed of
heterotrophic and chemoautotrophic microbes on wood and bone surfaces, as well as on
surrounding sediments can serve as an important food source for grazers and bacterivores
(Bennett et al., 1994; Deming et al., 1997; Kalenitchenko et al., 2018b; Wiklund et al., 2009).
Waste products of substrate specialists may be an important food source for organisms unable to

utilize wood and bone directly. Xylophagaid fecal material contains partially digested wood
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fragments and microbial biomass that can be colonized by wood-decomposing microbes
(Fagervold et al., 2014; Harbour et al., 2021a), which in turn may serve as labile and physically
accessible food components for bacterivorous and deposit-feeding macrofauna. While fluxes of
background, photosynthetically-derived POM at organic-falls may be many orders of magnitude
lower than the organic carbon provided by organic-rich substrates (Smith, 2007), background
POM may still may be an important food resource for at least some organic-fall fauna (Limén et
al., 2007; Portail et al., 2016; Pereira et al., 2022) living on bone/wood substrates. The
availability and relative importance of various food resources are likely to be highly dependent

on organic-fall successional stage.
1.2.5 Variability in organic-fall ecology

Multiple drivers may lead to variability in various facets of organic-fall ecology, including
organic-fall community composition and structure, progression of successional stages, ecosystem
engineering activity, and trophic structure. For example, organic-fall community composition is
influenced by the size (including volume and surface-area-to-volume ratio) and quality (which
varies within and between tree and whale species) of organic-rich substrates (Lamlom &
Savidge, 2003; Smith & Baco, 2003; McClain & Barry, 2014; Smith et al., 2015; Judge & Barry,
2016; Alfaro-Lucas et al., 2017). In addition, drivers/correlates of biodiversity and ecosystem
function considered to be important for background deep-sea ecosystems, including depth,
biogeographic region, and physicochemical conditions, may also influence organic-fall habitats
(Braby et al., 2007; Voight, 2007; Fagervold et al., 2012; Romano et al., 2013; Smith et al.,
2015; Amon et al., 2017a; Pop Ristova et al., 2017; Saeedi et al., 2019).

1.2.6 Organic-fall research

The serendipitous discovery of whale and wood-fall habitats and fauna has occurred throughout
the world’s oceans during seafloor imaging, during dives with remotely-operated and human-
occupied vehicles (Smith et al., 1989; Amon et al., 2013; Sumida et al., 2016; Amon et al.,
2017Db), as well as through trawled wood and bone substrates (e.g., Dell, 1987; Gibbs, 1987;
Marshall, 1987; McLean, 1992; Pailleret et al., 2007; Schwabe et al., 2015; Nishimoto et al.,
2009). Such discoveries provide valuable insights into the natural ecology of organic-falls;

however, important contextual information can be difficult to determine, such as the original



volume/quality and species of the substrates, as well as the time of arrival of the substrate at the
seafloor. High-resolution taxonomic identifications can be difficult to gain through imagery
alone, and quantitative determinations of biodiversity may be unreliable following the recovery
of single substrates and organisms by ROVs, HOVs and trawling.

The experimental implantation of organic-rich substrates in the deep-sea has contributed
valuable insights into organic-fall ecology (Smith & Baco, 2003; Fujiwara et al., 2007; Gaudron
et al., 2010; Bienhold et al., 2013; Cunha et al., 2013; McClain & Barry, 2014; Judge & Barry,
2016; Saeedi et al., 2019; Harbour et al., 2021b). Controlled experimental approaches (Menge et
al. 2002; 2003) involving variations in selected independent variables (such as depth, location,
and substrate types), while controlling for other variables (e.g., substrate volume and seafloor
duration), can help elucidate important drivers of biodiversity, community structure, and
ecosystem function through rigorous hypothesis testing.

1.3 THIS DISSERTATION

This dissertation investigates the ecology of deep-sea organic-fall habitats in the NE Pacific.
Specifically, the (1) drivers of community structure and biodiversity, (2) ecosystem engineering
activity, and (3) the trophic ecology at organic fall habitats, are explored via a comparative-
experimental approach (Menge et al., 2002; Menge et al., 2003). Four benthic Bone and Wood
Landers (BoWLs) carrying replicate whale-bone, wood, and control (inorganic) substrates were
deployed to two depths (~1600 and ~2800 m) and spaced 200 — 400 km apart on the
Washington-Oregon margin seafloor, for a total of 15 months (Figure 1.1). Analyses of the
recovered substrates and associated biota provided the opportunity to quantify various aspects of

organic-fall ecology under various environmental conditions.

Chapter 2 introduces the experimental approach, and documents how depth and substrate type
influence community structure and diversity of wood and whale-bone habitats on the northeast

Pacific margin. This chapter also addresses the natural history of dominant fauna.

Chapter 3 explores the ecosystem engineering role of xylophagaid bivalves by quantifying
relationships between xylophagaid bivalve biomass and wood mass loss, as well as relationships
between xylophagaid bivalve biomass and non-xylophagaid macrofaunal biomass, species

richness, and evenness.



Chapter 4 elucidates the trophic structure of whale bone and wood assemblages and asks (1)
whether trophic structure varies by substrate type, (2) whether organic-rich substrates are the
primary food source for organic-fall macrofauna, and (3) how important background POM is as a

food resource for various functional guilds.

Finally, Chapter 5 summarizes the major conclusions of each data chapter, integrates discussion
of the findings across chapters and other studies, outlines the significance of this research, and

identifies future research directions to build on the results of this dissertation.



wood

control
(slate tiles & vinyl
loop mat)

whale

( bone

,
acoustic
release

Figure 1.1 Schematic diagram and photos of Bone and Wood Landers. (a) Side view of a BoWL at the seafloor with
bins open and substrates exposed. (b) Acoustic release releases bin doors (c,g) and drop the free-vehicle ballast
weight (not shown) on an acoustic signal. (d) Flotation line and (e) glass flotation. (f) Attachment point for radio
beacon and strobe light to allow rapid location of vehicles at sea surface for recovery. (h) Plan view of three Nitex
mesh bins showing position of substrates. (i) Lateral view of one set of mesh bins, with lid open. (j) Douglas fir
wood substrate. (k) Control substrate, consisting of an upturned plastic crate with three 15 x 15 cm squares of vinyl
loop mat and two 15 x 15 cm slate tiles attached. (I) Humpback whale rib bone packages. (m) Humpback whale
vertebral half.
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CHAPTER 2

Depth and substrate type influence community structure and
diversity of wood and whale-bone habitats on the deep NE Pacific
margin

Published as: Young EL, Halanych KM, Amon DJ, Altamira I, Voight JR, Higgs ND, Smith CR
(2022) Depth and substrate type influence community structure and diversity of wood and
whale-bone habitats on the deep NE Pacific margin. Mar Ecol Prog Ser 687:23-42.
https://doi.org/10.3354/meps14005
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2.1 ABSTRACT

Whale bones and wood on the deep-sea floor provide resource pulses that support characteristic
faunal assemblages in an otherwise food-poor environment. To isolate the role of bathymetric
and geographical drivers of organic-fall diversity and community structure, the study of organic-
rich substrates of similar sizes, qualities, and seafloor durations is necessary. We used a
comparative experimental approach to examine the roles of depth, location, and substrate type in
structuring organic-fall faunal assemblages. Four free-vehicle landers containing replicate wood,
whale-bone, and inorganic hard (control) substrates were deployed for 15 mo at depths of ~1600
and ~2800 m, spaced at ~400 km along the Washington-Oregon (USA) margin. The landers
collected a total of ~84890 macrofaunal individuals of 144 species. Wood, bone, and control
substrates supported assemblages with different community structures on all landers. Community
composition was significantly different between depths and between locations at similar depths,
indicating variability on regional and bathymetric scales. Wood blocks at ~1600 m were heavily
degraded by wood-boring xylophagaid bivalves. Xylophagaid colonisation was lower in deeper
wood blocks, which we hypothesize results partly from lower propagule supply as wood falls
decrease in abundance with distance from terrestrial sources of wood. Bone-eating Osedax
colonized whale bones, but bone degradation was low compared to some NE Pacific whale falls
of similar duration; nonetheless, bones exhibited reducing conditions and supported sulfophilic
species. Our study demonstrates quantitatively that co-located wood falls and whale bones
support highly distinct, species-rich assemblages and thus promote biodiversity on the deep-sea

floor.

Keywords: Deep sea; Organic falls; Wood; Whale bone; Community structure; Biodiversity;

Continental margin

12



2.2 INTRODUCTION

Resource pulses are events of elevated, episodic, and ephemeral resource availability that
influence ecological processes in a wide range of terrestrial and aquatic ecosystems (Yang et al.,
2008). A pulsed provision of food to a system, such as carrion (Barton et al., 2013) and dead
wood (Stokland et al., 2012) in terrestrial ecosystems, can have direct effects on consumer
populations as well as indirect effects on community structure (Yang et al., 2010). The input of
large, nutrient-rich parcels of organic matter into food-poor, deep-sea environments creates food-
rich oases known as ‘organic falls’. Sunken animal carcasses, including those of whales (‘whale
falls’; Smith & Baco, 2003; Fujiwara et al., 2007; Lundsten et al., 2010a), large fish (Smith,
1985; Higgs et al., 2014), cephalopods (Hoving et al., 2017), and jellyfish (Sweetman &
Chapman, 2011) , as well as sunken plant material such as wood (Turner, 1977; Romano et al.,
2013; McClain et al., 2016) and kelp (Bernardino et al., 2010), can increase local organic-carbon
flux to the seafloor by orders of magnitude (Smith, 2007; Smith et al., 2014). Organic-rich
substrates, such as wood and whale bones, provide nutrition and habitat to a wide range of
organisms on the deep-sea floor, and influence local geochemistry and ecology (Treude et al.,
2009; Bernardino et al., 2010; Bienhold et al., 2013; Smith et al., 2014; Smith et al., 2015).
Organic falls provide ecological and evolutionary opportunity and habitat heterogeneity, and

ultimately promote biodiversity on the deep-sea floor.

Wood and whale falls can contribute fundamentally different forms of nutrition and habitat to
deep-sea benthos but also share some ecological similarities. Both wood and whale bones are
hard, organic-rich substrates with energy-rich components in largely inaccessible forms. Wood is
mainly composed of recalcitrant, nitrogen-poor cellulose and lignin (Enriquez et al., 1993;
Schowalter & Morrell, 2002; Gessner, 2005) and bone lipids and collagen are locked within a
hard, inorganic apatite matrix (Smith et al., 2015). Wood-boring xylophagaid bivalves (with their
nitrogen-fixing bacteria) and bone-eating Osedax polychaetes are notable examples of specialist
ecosystem engineers that make the recalcitrant or inaccessible resources more available to non-
specialist organisms through production of biomass and fecal material (Turner, 1977; Alfaro-
Lucas et al., 2017). Boring of wood and bone by xylophagaids/Osedax also modifies the physical
structure of these organic-rich substrates, both creating and destroying habitat niches for fauna

living within the substrate (Amon et al., 2017a). Localized organic enrichment of the
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surrounding seafloor can sustain generalized opportunistic fauna, and anaerobic decomposition
of organic matter can also provide reducing conditions that fuel chemoautotrophy and support
chemosynthetically dependent species (Smith & Baco, 2003; Bienhold et al., 2013; Smith et al.,
2015). Wood falls are expected to occur more frequently along continental margins than in the
open ocean as a consequence of nearby terrestrial sources of wood. Whale falls may have an
ocean-wide distribution, but many great whale migration routes and whale mortality are
concentrated along coastlines and ocean margins (Green et al., 1995; Calambokidis et al., 2000;
Smith et al., 2015). Because of these similarities, a portion of whale- and wood-fall assemblages

on continental margins could be shared across the 2 habitat types.

The biodiversity and community structure of deep-sea communities often are driven by physical
environmental conditions (Levin et al., 2001; Carney, 2005). Physicochemical properties,
including bottom-water temperature and oxygen concentration, hydrodynamic and disturbance
regimes, as well as topographic and sediment characteristics, can particularly influence diversity
and spatial distributions/ranges of macrofauna on continental margins. The detrital flux of
particulate organic carbon (POC) sinking from overlying photic zones provides the primary food
to deep-seafloor animals, and thus strongly influences the abundance, biomass, and community
structure of deep-sea communities (Smith et al., 2008; Rex & Etter, 2010; Smith et al., 2018).
Because these drivers frequently co-vary regionally and with depth, deep-sea detritus-based
communities often exhibit bathymetric and regional variations in community structure (Smith et
al., 2008; Rex & Etter, 2010; Wei et al., 2010). Community structure on organic falls may be
additionally influenced by the size (McClain & Barry, 2014) and type (e.g., species of wood;
Judge & Barry, 2016); adult vs. poorly calcified juvenile whale bones, (Smith & Baco, 2003;
Smith et al., 2015) of organic-rich substrates. Organic-fall assemblages also change with time on
the seafloor, passing through successional stages related to the changing availability of habitat
and nutritional sources as the organic-rich substrates are degraded (Smith & Baco, 2003; Smith
et al., 2015; Bienhold et al., 2013; Pop Ristova et al., 2017). Overall, multiple drivers may

influence the biodiversity and community structure of organic-fall communities.

Because drivers of wood-fall and whale-bone communities vary in space and time, simultaneous
deep-sea deployments of replicate wood and whale bones are necessary to compare and contrast

community structure on these substrate types. Results from simultaneous deployments of wood
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and whale bones in the deep sea have been reported from several locations: off Vanuatu (along
with other types of organic substrata, Lorion et al., 2009), on the deep Antarctic shelf where
there are no natural sources of wood (Glover et al., 2013), and on 2 seamounts in the Indian
Ocean (Amon et al., 2017a). However, entire wood and whale-bone communities have not yet
been quantitatively compared in soft-sediment areas typical of most of the deep sea. In addition,
robust comparisons of the drivers of wood-fall and whalebone communities require deployments
of inorganic substrata to serve as controls for the provision of hard substrate alone. Bathymetric
zonation in substrate-specialized taxa has been reported (Braby et al., 2007; Voight, 2009;
Shimabukuro & Sumida, 2019), but only a few published studies have looked at bathymetric
patterns in entire organic-fall communities (Cunha et al., 2013; Saeedi et al., 2019), and these
have not compared wood and whale-bone substrates. Because the study of natural organic falls is
often serendipitous and costly, and because the species, original size, and/or time of arrival at the
seafloor are often poorly constrained or unknown, controlled deployments are an invaluable
approach for the study of organic falls. A comparative experimental approach (Menge et al.,
2002), using standardized substrates, deployment times, and depths is essential to parse the roles
of substrate type and depth as drivers of biodiversity and community structure in organic-fall
habitats.

We employed a comparative experimental approach similar to that of Menge et al. (2002; 2003)
to investigate patterns and drivers of organic-rich habitat biodiversity and community structure in
the deep sea on the Washington—Oregon, USA, margin. Replicate wood blocks, whale bones,
and inorganic control substrates were deployed to 4 seafloor locations at 2 depths (~1600 and
~2800 m) for a duration of 15 mo. In addition to describing the colonization of the experimental

substrates, we addressed the following 4 hypotheses:

(1) Community structure differs between wood, bone, and control substrates deployed for
similar times at similar locations.

(2) Macrofaunal abundance, as well as species richness and dominance, are greater on
organic-rich substrates than on food-poor control substrates.

(3) Community structure of wood, whale-bone, and control assemblages differ with depth.

(4) Control assemblages have greater abundances at shallower depths, where detrital fluxes

of POC are greater.
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2.3 MATERIALS AND METHODS

2.3.1 Experimental design

Free-vehicle landers holding replicate whale-bone, wood, and control substrates (named Bone
and Wood Landers, BoWLs) were designed by C. R Smith for the BoWLS project (Figure S2.1),
and first deployed on the Washington-Oregon margin (this study). Similar landers using the
BoWLs design were subsequently deployed in collaborative projects in the SW Atlantic (Saeedi
et al., 2019; Shimabukuro & Sumida, 2019) and in a Norwegian fjord (Harbour et al., 2021b).
For this study, 4 BoWLs were deployed in April 2013 from the RV ‘Oceanus’ to flat, sediment-
covered areas of seafloor at 2 depths, ~1600 and ~2800 m, spaced ~400 km along the continental
margin, and recovered after approximately 15 mo (Table 2.1, Figure 2.1). A further 2 landers
located at 45° 51.2° N, 125° 09.3° W and 45° 32.3° N, 127° 49.1° W were deployed at the same
time but were not recovered due to apparent failure of acoustic releases. Landers were 3-sided,
with each side composed of 50 x 50 x 50 cm, open-sided bins (n = 3) lined with 500 um Nitex
mesh and a single closing lid (Figure 2.2; Figure S2.1). Replicate colonization substrates were
affixed to the bottom of each bin and to the overlying lid. Colonization substrates consisted of:
(1) ~3060 cm?® (18.3 x 19.0 x 8.8 cm) blocks of untreated Douglas fir Pseudotsuga menziesii, (2)
sections of adult humpback whale Megaptera novaeangliae vertebrae and ribs, and (3) inorganic
hard substrates (controls) with a total surface area of 1125 cm?, consisting of 2 slate tiles (15 x
15 cm) and 3 squares (15 x 15 cm) of vinyl loop mat affixed to the outsides of a plastic crate.
Humpback whale-bone substrates consisted of either halves of lumbar vertebrae (average volume
of 3790 cm?®) with vertebral processes removed, or of packages of 2 or 3 sections of rib bones
(~30 cm, average volume of 2240 cm®). Rib bones have comparable lipid and protein content to
lumbar vertebrae (Higgs et al. 2011) and were used due to a limited availability of replicate
lumbar vertebrae. Each bin contained 1 type of substrate, with control substrates located in the
middle bin of each lander side, and 1 set of wood and bone substrates on either side in
randomized locations. The lids of the landers remained open during vehicle descent and for 15
mo on the seafloor; lids closed, sealing contents in bins, as the ballast was dropped by a central
acoustic release, causing the landers to become positively buoyant and ascend to the sea surface
for recovery (Figure S2.1).
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Table 2.1 Bone and wood lander location, deployment, and bottom water information. Deployments occurred on RV ‘Oceanus’ cruise OC1304A, and
recoveries on RV ‘Oceanus’ cruise OC1406. Dissolved oxygen, temperature, and salinity from CTD casts: n = 3 at locations N-1600 and N-2800, n = 2
at S-2800 and S-1600. Particulate organic carbon (POC) flux estimates for the time period 1998-2010 calculated by Sweetman et al. (2017) using a
model developed by Lutz et al. (2007). Dates are given as yr.mo.d

. [O2] Temp. Sal. POC flux
Location Deployment Recovery
name Lat. (N) Lon. (W) Depth date date (ml Lt +SD) (°C = SD) (ppt + SD) (gCm?yr?)
N-1600 47° 57.46' 126° 2.12' 1596 2013.04.05 2014.06.22 0.7+£0.1 25+£0.1 345+ 0.04 27.34
S-1600 43° 54,52 125°10.42' 1605 2013.04.09 2014.06.27 09+0.1 23+0.1 34.6 £ 0.00 26.78
N-2800 47° 16.20' 127° 35.57" 2666 2013.04.06 2014.06.23 18+0.3 1.8+0.03 34.6 £0.02 4.63
S-2800 43° 52.70' 127° 33.93' 2917 2013.04.08 2014.06.26 2.1 1.7 34.7 4.07
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Figure 2.2 Photographs of substrates following recovery. (A) One side of the N-1600 lander, showing bone (rib
package), control, and wood substrates attached to lid. (B) N-1600 wood block, (C) S-2800 wood block, (D) N-2800
wood block, (E) S-1600 whale vertebra, (F) N-1600 whale vertebra with Osedax rubiplumus, and (G) N-1600 whale

vertebra
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2.3.2 Sample processing

Upon lander recovery, all substrates were photographed on the lander, carefully removed, and
transferred to chilled 20-um filtered seawater. Organic substrates (wood blocks and whale bones)
were cut into quarters. One quarter was frozen at —20°C, one was preserved in 95% ethanol, one
in 10% formalin-seawater solution, and the fourth was allocated to either ethanol or formalin. If
no fauna were present, the substrate was air dried. The contents of the mesh bins were washed on
a 300 um sieve and preserved in either 95% ethanol or 10% formalin—seawater solution. In the
laboratory, contents of all mesh bins were sorted and identified to morphospecies using a
dissecting microscope. Taxonomic experts who identified species, and distinguished undescribed
species, included I. Altamira (annelids), J. Voight (mollusks), Les Watling (crustaceans), and
Ronald Sluys (platyhelminths). Herein, sampling units consist of the contents of each mesh bin.
Sampling units thus include all fauna collected from inside the mesh bin and picked from the
surface of the substrate at the bottom of the bin, as well the estimated abundance of infauna
residing inside the experimental substrata in bins. One quarter of each wood block preserved in
formalin was dissected, fully sorted, and multiplied by 4 to estimate total infaunal abundance in
the block. To account for the various whale-bone microenvironments (Alfaro-Lucas et al., 2017),
subsampling of each whale vertebra consisted of sorting all macrofauna from within (1) 3 x 1
cm?® randomized blocks from the surface of the vertebral body, (2) the outer edge of the vertebral
body (1 cm? around the perimeter), (3) 3 x 1 cm? randomized blocks of the cut surface in contact
with the bottom of the mesh bin, and (4) a 1 cm thick slice of the surface exposed by pre-
deployment removal of the vertebral process (Figure S2.2). Subsampling of whale ribs involved
sorting (1) 3 x 1 cm wide and 1 cm deep bands around the ribs, and (2) a 1 cm deep slice of the
proximal and distal cut edges (Figure S2.2). In all bones, no macrofauna were found deeper than
1 cm from bone surfaces. Faunal abundances were extrapolated to the total surface area of the
bone, based on the total area of each surface type. Surface areas (cm?) of bones were estimated
as in Bennett et al. (1994) by (1) covering vertebral quarters and rib sections with a single
smooth layer of aluminum foil, (2) weighing the foil, and (3) multiplying by the surface area per
unit mass of foil. Surface areas of wood blocks and controls were determined from the measured
dimensions of the substrates. Volumes (cm?) of wood and bone substrates were determined by
water displacement prior to deployment. All epifauna were removed and sorted from the control

substrates (slate tiles and vinyl loop mats). Meiofaunal (e.g., nematodes, hydrozoans, entoprocts,
20



ectoprocts, copepods, and ostracods) and pelagic (e.g., salps and chaetognaths) taxa were
excluded from analyses. Where reasonable, a preferred habitat type was identified for each
morphospecies. Habitat preference was determined in 2 ways: based on (1) the relative
abundance on each substrate type, and (2) information on habitat occurrence of similar
morphospecies/genera/families in the peer-reviewed literature and archived data from collections
of C. R. Smith (Table S2.1). A species was assumed to prefer an individual substrate type if

> 75% of its abundance across our entire study occurred on that substrate type. If > 75% of a
species’ abundance occurred on both wood and bone combined, a preference for organic
enrichment was assumed (generalized-enrichment respondents). Because species responding to
organic enrichment generally attain high abundances (Pearson & Rosenberg, 1978; Smith et al.,
2014), rare species (with <5 individuals across all landers) were assumed to be background
species from surrounding soft sediments, unless taxonomic information suggested otherwise. The
remaining undescribed morphospecies occurring on control and other substrates were assumed to
be generalists attracted to hard substrata/structure. The habitat preference for known species was
based on collection locations for these species reported in the literature and archived data from
the Smith collections. A substantial number (24) of collected species could be differentiated as
morphospecies within genera or families but could not be assigned to a described species. In
such cases, congeneric or confamilial information was used to inform habitat preference (Table
S2.1). Habitats of congeners were listed and considered for morphospecies identified to genus
and ‘cf. species’ level. Preferred habitats of morphospecies identified to family level or higher
were only assigned if there was strong evidence of substrate preference at the family level or
higher. Final designation of habitat type considered both means of determination. Species

authorities are included in Table S2.1.

2.3.3 Statistical analyses

2.3.3.1 Community structure

Multivariate analyses were used to evaluate community structure of assemblages using PRIMER
7 software (Version 7; Clarke & Gorley, 2015b). For community structure analyses, species
abundance data were log(x + 1) transformed to allow rare and common species to contribute to
patterns. A resemblance matrix was constructed using Bray-Curtis similarity and ordinated with

non-metric multidimensional scaling (hMDS). Resemblance matrices performed on
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presence/absence data and on a dataset with xylophagaid bivalves and Osedax polychaetes
removed were also compared to the transformed data using the Spearman’s rank correlation
method by the 2STAGE analysis in PRIMER 7. Significant differences in community structure
were tested using permutational multivariate analysis of variance (PERMANOVA; Anderson,
2001; Anderson et al., 2008) in a 3-factor design including the factors Depth (fixed with 2 levels:
1600 or 2800 m), Substrate (fixed with 3 levels: Bone, Control, or Wood), and Location (random
with 4 levels, nested within Depth). Main and pairwise PERMANOVAs were performed with
9999 permutations under a reduced model. Approximate p-values obtained using Monte Carlo

random draws were calculated due to the limited number of possible permutations.
2.3.3.2 Abundance and diversity

To test abundance and diversity hypotheses, we employed a linear mixed-effect model approach
(Zuur et al., 2009) using the packages ‘lmerTest’ (Kuznetsova et al., 2017), ‘RLRsim’ (Scheipl
et al., 2008), and ‘effects’ (Fox, 2003; Fox & Weisberg, 2019) in R version 4.0.3 (R Core Team,
2020).

Diversity metrics (response variables) were calculated for each sampling unit, including
assemblage abundance (N), species richness (S), Pielou’s evenness (J), Shannon-Wiener
diversity index (H”), expected species richness rarefied to 30 individuals (ES(30)), and total
species richness estimated using the Chaol index (‘Chaol’; Chao, 1984). Species richness was
rarefied to only 30 individuals to allow comparisons across samples with low abundances and to
other studies (Cunha et al., 2013). Because some assemblages had fewer than 20 individuals, it
was not possible to calculate ES(30) for 2 control assemblages (at site S-1600; see Figure 2.1).
Response variables were first checked for normality and homogeneity of variances by inspecting
diagnostic plots (Zuur et al., 2010). A log-transformation was applied to abundance and Chaol
data to meet the assumptions of the tests. Response variables were modelled as a function of
fixed covariates Depth (categorical with 2 levels: ~1600 and ~2800 m), Substrate (categorical
with 3 levels: Wood, Bone, and Control) and an interaction term of Depth x Substrate. Location
was included as either a random intercept, (1|Location), or as a random intercept and a random
slope of Substrate within Location, (1+Substrate|Location), to account for any location-based
differences and the hierarchical structure of the experimental design. Final models were

determined by iteratively assessing the significance of effects, starting with the full model:
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Response variable = Depth + Substrate + Depth x Substrate + (1+Substrate|Location). Optimal
models were assessed using Akaike’s information criterion (AIC), likelihood ratio, and chi-
squared tests to determine the optimal random effect structure and using F-tests to determine
significant fixed-effect structure. Model assumptions were checked during model selection

procedures. We used a significance level of o= 0.05.

2.4 RESULTS

2.4.1 Overall colonization and condition of substrates

We estimated that the lander bins combined collected a total of ~84 890 macrofaunal individuals
after accounting for the subsampling of wood and bone substrates. Abundances overall, and on
organic-rich substrates at all landers, were dominated by annelids (53.6%) and amphipods
(23.1%, Figure 2.3A). Annelids were the most species-rich taxon (67 of 144 morphospecies),
with Dorvilleidae the most abundant (n = 16 635 of 36 008 individuals) and species-rich (S = 13)
family overall, and within 9 of the 12 substrate-lander combinations (Figure 2.3B—D).

Half (n = 72) of all morphospecies were considered background taxa and 68 of these were
represented by <5 individuals across all landers (Table S2.1). Generalized-enrichment
respondents, along with wood and whale-bone specialists, dominated abundances and species
richness of organic-rich assemblages (Figure 2.3E,F). Control assemblages were often dominated
by hard substrate (generalist) taxa; however, control assemblages at site N-2800 were dominated
by generalized-enrichment respondents. Wood/bone specialists and generalized-enrichment
respondents constituted between 30.6 and 81.6% of control assemblage abundance across the 4
landers (Figure 2.3E). Across the 4 landers, approximately half (48.1-52.7%) of morphospecies
occurred only on a single substrate type, and 17.7—-31.6% of morphospecies were found on all 3

substrate types (Figure 2.4).
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each depth and for all landers combined are displayed in Supplementary Figure 2.6.

2.4.1.1 Wood

Wood blocks at N-1600 were crumbling upon recovery (Figure 2.2B) due to heavy boring by 2
species of xylophagaid bivalve: mostly Xylophaga oregona (mean density + SE = 0.90 + 0.18
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ind. cm™) with several individuals of X. microchira (0.0033 + 0.0033 ind. cm~3). Wood borings
contained considerable amounts of fecal material produced by xylophagaid bivalves. The
remainder of the wood infaunal community was dominated by the dorvilleid annelid
Ophryotrocha langstrumpae (4.54 + 1.18 ind. cm ), 2 ampharetid morphospecies
(Decemunciger sp., 0.30 +0.09 ind. cm™ and ampharetid sp. 22, 0.09 + 0.01 ind. cm™), and a
triclad platyhelminth (0.27 + 0.09 ind. cm™®). Strikingly, wood blocks in the bins at S-1600 were
recovered fully intact with no xylophagaid colonization, despite heavy colonization of wood
blocks on the lid directly above. Because the lid wood blocks at S-1600 were heavily colonized
and crumbling, S-1600 wood bins included xylophagaid bivalves and other wood-infauna that

had fallen from the lid into the mesh bins.

Wood blocks on N-2800 were recovered largely intact and lightly bored by xylophagaid bivalves
of 4 species, with an overall mean density of 0.73 + 0.38 ind. cm™ (Figure 2.2D). Xylonora
zierenbergi dominated 2 of the wood replicates, and the third was co-dominated by X. muraokai
and X. zierenbergi. Seven dorvilleid morphospecies were recovered from wood substrates at N-
2800, dominated by O. batillus (0.14 + 0.05 ind. cm™). Wood blocks from S-2800 were fully
intact (Figure 2.2C), with occasional empty boreholes ~2 mm in diameter.

Patches of black discoloration on non-bored wood surfaces were observed at each lander, and the
thiotrophic bivalve Idas washingtonius was found at N-1600 (0.004 + 0.001 ind. cm™3), S-1600
(0.002 + 0.001 ind. cm™3), and N-2800 (0.001 + 0.001 ind. cm™).

2.4.1.2 Bone

Whale bones from all landers displayed black discoloration indicating reducing conditions
(Figure 2.2E—G). Eight large female Osedax rubiplumus individuals protruded from burrows in
bin-affixed rib bones at N-1600 (0.004 ind. cm 2 bone surface area). A further 25 female O.
rubiplumus were recovered from lid-affixed bones across N-1600 (n = 22) and S-1600 (n = 3),
but were not included in the present analyses which concern only bin fauna. Colonization by a
small (trunk length ~2 mm) Osedax sp. B varied across landers, with an average of 0.81 + 0.63
ind. cm2 in bones at N-2800, and 0.005 + 0.005, 0.004 + 0.004, and 0.010 + 0.010 ind. cm™2,
respectively, in bones at landers N- 1600, S-1600, and S-2800. Dorvilleids were also found
living within the bones at all landers. Bone substrates supported the highest abundances of any

substrate type at N-2800, dominated by annelids (including Osedax sp. B and Parophryotrocha
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sp. A) and the amphipod Accedomoera sp. A. Bone assemblages included taxa characteristically
reported from whalefalls and reducing habitats, including at least 5 species of dorvilleid
polychaete, the thiotrophic bivalve Idas washingtonius , the polychaetes Peinaleopolynoe
santacatalina, Vrijenhoekia balaenophila, and species in the gastropod genera Hyalogyrina and
Dillwynella (Table S2.1).

2.4.1.3 Control

Control substrates supported visibly less fauna on substrate surfaces and in bins than did organic-
rich substrates (Figure 2.2A). Slate surfaces were largely free of attached epifauna. Vinyl loop
mats at N-1600, N- 2800, and S-1600 often had visible detritus trapped within ‘spaghetti’ loops,
and detritus was more common on upward-facing surfaces. Across all landers, control bins
collected between 18 and 560 individuals. Organic-rich substrate specialists and generalized-
enrichment respondents constituted between 30.6 and 81.6% of control assemblage abundances
across the 4 landers (Figure 2.3E). Control assemblages included species and genera likely from
background soft-sediment faunas, including the annelids Anobothrus apaleatus, Harmothoe cf.
fragilis, Hesiospina cf. aurantiaca, Sosane wahrbergi, and Prionospio cf. ehlersi (Table S2.1).
Background megafauna included the octopus Graneledone pacifica directly underneath a clutch
of eggs attached to a lid-affixed control substrate at S-1600, and a zoarcid fish in a control bin at
N-2800.

2.4.2 Community structure

The nMDS analysis of morphospecies assemblages shows clustering according to depth, lander
location, and substrate type (Figure 2.5). PERMANOVA indicated that communities at ~1600
and ~2800 m deployments were significantly different (Monte Carlo random draws; p < 0.05),
and depth explained the greatest proportion of variation in community structure (29.1%, Table
2.2). Within a depth, assemblages differed significantly between lander locations (Monte Carlo
random draws; p < 0.05), with lander location accounting for 17.8% of the total variation in
community structure (Table 2.2). Morphospecies assemblages were also significantly different
between substrate types (Monte Carlo random draws; p < 0.05). Significant interactions between

substrate and both depth and lander location (Monte Carlo random draws; both p < 0.05) are
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evident in Figure 2.5, where clustering of substrate types varies within and across individual

lander locations and depths.

Within landers, assemblages were often (8 out of 12 comparisons) significantly different by
substrate type (Table S2.2). Bone assemblages were significantly different between depths
(pairwise PERMANOVA; Monte Carlo random draws; p < 0.05, Table S2.2), while depth-
related differences in wood (Monte Carlo random draws; p = 0.07) and control (Monte Carlo
random draws; p = 0.10) assemblages could be considered marginally significant given the
limited number of depths (n = 2) in the experimental design. Resemblance matrices of presence-
absence data, as well as those with the abundant, substrate-obligate xylophagaids and Osedax
removed, were highly correlated with the main data (2STAGE Spearman rank correlation = 0.92

and 0.99, respectively), indicating that less abundant species contributed to these patterns.

The community structure of wood assemblages on average was more similar at ~1600 m (61.9%)
than at ~2800 m (41.5%). N-1600 and S-1600 wood assemblages shared dominant species and
had similar community structure ( > 40%, Figure 2.5) despite the lack of colonization of the bin-
affixed wood blocks on S-1600. In contrast, average similarity of bone assemblage community
structure was greater within lander locations at ~2800 m depth (54.9%) than at ~1600 m
(39.4%).

2.4.3 Abundance and diversity

2.4.3.1 Patterns across different locations

The density (ind. cm of substrate surface) and diversity (S, J, and Chao1l) of assemblages varied
greatly according to lander location, as indicated by the significance of location, or an interaction
between location with substrate type, as a random effect in all mixed models (Table 2.3). Within
each depth, density and species richness at each substrate type were greater at the northern
deployments than at southern deployments, except for S of bone assemblages at ~2800 m, which
were equal (Figure 2.6; however, see Section 2.5.1 for a discussion about low densities at S-
1600). Assemblage densities of each substrate type at S-1600 were 1-2 orders of magnitude

lower than for assemblages of the same substrate types at other locations.
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Table 2.2 PERMANOVA partitioning and analysis of bone, wood, and control assemblages based on Bray-Curtis dissimilarities of log(x + 1)
transformed abundances. P-values were obtained using 9999 permutations under a reduced model. P-values determined by Monte Carlo random draws
(p(MC)) are shown due to limited number of permutations. Location is a random factor, nested within Depth. All other factors are fixed

Unique Variation
Source df MS Pseudo-F p (perm) permutations p (MC) explained (%)
Depth 1 30508.0 3.86 0.332 3 0.035 29.1
Substrate 2 7873.4 3.37 0.009 9942 0.001 10.7
Location(Depth) 2 7898.8 8.14 0.000 9921 0.000 17.8
Depth:Substrate 2 4756.6 2.04 0.044 9909 0.019 94
Location(Depth):Substrate 4 2334.2 2.40 0.000 9851 0.000 10.5
Residual 24 970.6 225
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Table 2.3 Generalized linear mixed model summary information. Full mixed model information is included in Table S2.4. LRT: likelihood ratio test;

Chisq: chi-squared test. Bold indicates significant (p < 0.050) terms. S: species richness; J: evenness; Chaol: estimated total species richness; R?m:

marginal R? value; R%c: conditional R? value

F- Test
Response Final Model Fixed terms value  p-value R’m Random terms statistic p-value R’
Chisq =
. , .
log(ind/cm?) Depth + Substrate + Depth 7296 <0.001 0.38  (1+Substrate|Location) 22.00 0.001 0.98
(1+Substrate|Location) Substrate 14.88 0.025
Chisq =
S Depth + Substrate + Depth 5.27 0.072 0.18 (1+Substrate|Location) 20.27 0.001 0.93
(1+Substrate|Location) Substrate 0.36 0.724
LRT =
J Depth*Substrate + Depth 0.58 0.527 0.32 (1|Location) 31.36  <0.001 0.87
(1|Location) Substrate 7.22 0.003
Depth:Substrate  23.85 < 0.001
LRT =
log(Chaol) Depth + Substrate + Depth 0.52 0.545 0.04 (1|Location) 1.06 0.040 0.27
(1|Location) Substrate 0.07 0.929
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Figure 2.6 Faunal density (log(ind. cm substrate surface area)) and diversity metrics (S: species richness; J:
evenness; Chaol: estimated total species richness) by substrate type and lander location. Plotted as mean + SE (n =
3). Abundances are estimates based on subsampling of wood and bone substrate infauna.

2.4.3.2 Patterns across different depths

Because lander location is nested within depth, the strong location effects made depth effects on
diversity difficult to detect given the limited replication (2 depths, and 2 landers within each
depth). Nonetheless, there were strong significant effects of depth (p < 0.05) on the density of

assemblages, and of the interaction between depth and substrate type (p < 0.05) on the evenness
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(J) of assemblages (Table 2.3). Within northern and southern locations, patterns of
log(ind. cm™), S, and J with depth were inconsistent across the different substrate types (Figure

2.6). Densities of control assemblages had no clear pattern with depth (Figure 2.6).
2.4.3.3. Patterns across different substrate types

Substrate type overall had significant effects on densities (p < 0.05) and on evenness
(Depth:Substrate, p < 0.05; Substrate, p < 0.05; Table 2.3). There were no consistent patterns of
densities or diversity (S, J, or Chaol) across substrate types within individual landers (Figure
2.6).

2.4.3.4 Additional measures of diversity

Estimated species richness (Chaol) showed no pattern with depth or substrate, but differences
between locations were significant (p < 0.05, Table 2.3, Figure 2.6). Patterns of #’ and ES(30)
closely resembled patterns of evenness, J (Figure S2.4, Table S2.3). Rarefaction and extrapolated
species richness curves, estimated with Chaol, showed no consistent patterns with location or

substrate type (Figure S2.5).
2.5 DISCUSSION

This study revealed that the abundance, diversity, and community structure of replicate whale-
bone, wood-block, and control assemblages after 15 mo on the Washington-Oregon margin
varied with lander location, substrate type, and depth. Our results support our first 3 hypotheses,
i.e., that (1) community structure differs by substrate type; (2) abundance, species richness, and
dominance are greater on organic-rich than control substrates; and (3) within a substrate type,
community structure differs with depth. Our fourth hypothesis, i.e., that control substrates have
greater abundance at shallower depths, was partially supported. However, because the large
variability between individual lander locations influenced our ability to test the hypotheses, we
first consider locational variability before discussing our hypotheses in detail.

2.5.1 Variability by location

We found significant location differences in community structure and diversity within substrate
types at similar depths separated by distances of ~400 km. Because locations within each depth

experienced similar environmental conditions (water masses, temperature, dissolved oxygen
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concentrations, and POC fluxes) and because organic-rich substrates were replicates, our results
suggest that north-south differences in other factors, such as local larval supply, influenced our
results. For example, the northern region of our study area, offshore of British Columbia
(Canada) and northern Washington, is (1) more heavily forested, (2) features more fjords and
other estuaries that could export wood (Emmett et al., 2000; Allen & Pavelsky, 2018), and (3)
has more submarine canyons that could transport water-logged wood downslope than Oregon
and California farther south (Harris & Whiteway, 2011). Therefore, the transport of wood to the
deep seafloor is more likely in the northern regions, which would imply a greater abundance of

wood falls and hence a higher supply of larvae from wood-fall specialists.

The variable occurrence and size of organic-rich substrates on the deep-sea floor likely results in
high spatio-temporal variability of organic-rich habitats, and hence in larval sources for
particular sites on the Washington-Oregon margin. Such variability is likely to yield locational
differences in faunal recruitment and community composition on organic falls. For example,
Voight (2007) observed variability in the composition of xylophagaid species at replicate wood
blocks deployed < 10 km apart, and Tyler et al. (2007) observed substantial temporal variability
in xylophagaid recruitment on replicate wood blocks. Thus, the spatial heterogeneity we
observed within depths is consistent with other organic-fall colonization studies in the deep sea
(Saeedi et al., 2019). Continental margins are characterized by high habitat heterogeneity (Levin
& Sibuet, 2012), and the heterogeneity provided by different types of organic-fall habitats clearly
contributes further to beta diversity along continental margins.

An additional source of variability in this study is the lack of xylophagaid bivalves and other
colonization of wood blocks in bins at S-1600; this is surprising given the heavy colonization in
blocks attached to the lid above. It is unclear whether recruitment was limited for other substrate
types in bins at S-1600. Relatively low abundances across all substrate types at S-1600 suggest
this might be the case, yet we exercise caution in this interpretation given the high variability of
abundances across all landers. Bottom-water oxygen concentrations (~0.9 ml I'Y) did not appear
to be stressful to deep-sea benthos at either of the shallow locations (Levin, 2003), and localized
oxygen depletion within the bins is unlikely over such small scales. Sediment burial of the
substrates during the deployment period also appears unlikely given the scarcity of annelid

families in the S-1600 bins that are characteristic of soft sediments on the NE Pacific margin
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(e.g., Paraonidae, Lumbrineridae, and Cirratulidae; Fauchald & Hancock, 1981; Blake, 2006).
Despite these apparent issues, the community compositions of S-1600 wood assemblages are
most similar to wood assemblages of the other shallow lander (N-1600), apparently because
fauna from the heavily bored wood blocks attached to the lid on S-1600 fell into the bins below.
Additionally on S-1600, bone assemblages included specialist bone taxa, and control
assemblages were comprised of typical background taxa, suggesting that the assemblages of S-
1600 resembled the expected community composition of organic-rich and inorganic hard
substrates. Because of the seemingly anomalous abundance and diversity of S-1600, we refrained
from making statistical inferences on bathymetric abundance and diversity patterns, and instead

only broadly interpret patterns across the remaining 3 locations (see Section 2.5.3.2).
2.5.2 Variability with substrate type — Hypotheses 1 and 2

Wood, bone, and control substrates were colonized by statistically different communities (Table
2.2) in spite of locational variability, a result consistent with Hypothesis 1: Community structure
differs between wood, bone, and control substrates deployed for similar times at similar
locations. Organic-rich substrates generally supported assemblages with higher abundances,
species richness, and dominance than control substrates, which is consistent with Hypothesis 2:
Macrofaunal abundance as well as species richness and dominance are greater on organic-rich
substrates than on food-poor control substrates. Below, we discuss in more detail the community
structure of individual substrate types, and then consider overlap between substrate types.

2.5.2.1 Wood

Wood blocks in this study were colonized by 5 of the 6 xylophagaid species previously described
from wood deployments in the NE Pacific (Voight, 2007). Xylophagaid assemblages at N-1600
and on lid wood blocks at S-1600 closely resembled those recovered in wood blocks at
comparable depths on Axial VVolcano on the Juan de Fuca Ridge, where high densities of
Xylophaga oregona had seemingly outcompeted an early colonizer, X. microchira (\VVoight,
2007). Although Voight (2007) did not report X. oregona densities, comparisons of photographs
and descriptions of recovered wood (i.e., ‘crushable by hand’) suggest that similar xylophagaid
densities and extent of wood degradation were found in both studies. However, xylophagaid
assemblage identity at N-2800 did not resemble those of wood blocks deployed at comparable
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depths only ~50 km away (Voight, 2007), further highlighting the spatiotemporal variability of
wood-fall assemblages. The coexistence of 4 xylophagaid species in the lightly bored wood
blocks at N-2800 may represent an early stage of wood colonization, wherein wood surface area
and internal space are not yet limited. Intraspecific competition among xylophagaid bivalves is
also likely influenced by seasonality in recruitment, reproductive mode, and biotic interactions
(Tyler et al., 2007; Voight, 2007; MaclIntosh et al., 2012). Xylophagaid densities measured in
this study are greater than those measured at many other wood falls (Gaudron et al., 2010;
Bienhold et al., 2013; Romano et al., 2013). Reports of higher xylophagaid densities (Tyler et al.,
2007; Amon et al., 2015; Gaudron et al., 2016) are associated with average xylophagaid shell
lengths smaller than those of this study (~5-12 mm in our study, ~1-10 mm elsewhere). Further
studies involving measurements of body size/biomass and the volume of remaining wood are

necessary to infer the extent of resource competition among xylophagaids.

Degradation of our wood blocks by xylophagaid bivalves allowed an abundant fauna of a few
species to inhabit the wood interior. Thousands of Ophryotrocha langstrumpae dominated the
heavily degraded wood blocks at N-1600, and hundreds of O. batillus occurred inside the lightly-
bored wood at N-2800. Dorvilleid polychaetes, especially those in the genus Ophryotrocha, are
often found in organically enriched and chemically reducing habitats, such as at wood falls and
whale falls (Smith & Baco, 2003; Wiklund et al., 2009; Wiklund et al., 2012; Amon et al., 2013;
Smith et al., 2014; Ravara et al., 2021), in sediments below fish farms (Paxton & Davey, 2010),
near sewage outfalls (Paavo et al., 2000), and at cold seeps and hydrothermal vents (Levin et al.,
2009; Levin et al., 2013). O. langstrumpae was described from both wood and whale falls

(Wiklund et al., 2012), but our data indicate an overwhelming preference for wood.

Stable-isotope analyses revealed that Ophryotrocha spp. occurring at high densities in sediments
surrounding wood and kelp falls off southern California consumed plant material and sulfur-
oxidizing bacteria (Bernardino et al., 2010). Ophryotrocha spp. inside xylophagaid-bored wood
blocks are likely omnivorous, deriving nutrition from the labile fecal material produced by the
xylophagaid bivalves, which also may include sulfur-oxidizing bacteria (Harbour et al., 2021b).
Xylophagaid fecal material could also be a food source for surface deposit-feeding ampharetids
living in the wood borings made by xylophagaids. Specialist ampharetids occur commonly in

reducing habitats, where they are thought to feed on chemosynthetic bacteria (Thurber et al.,
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2010; Eilertsen et al., 2017). The high densities of triclad flatworms found inside our wood
blocks have not been reported elsewhere, and the ecology of these wood-dwelling triclads
remains poorly known. Polyclad flatworms in wood at N-2800 were morphologically similar to
Anicellidus profundus described from wood blocks in the Cascadia Basin and are possibly
xylophagaid predators or scavengers (Quiroga et al., 2006; Voight, 2007). Dillwynella
gastropods were the second most abundant taxon (after the amphipod Accedomoera sp. A) on the
unbored wood blocks on lander S-2800, and this entire gastropod genus is associated with wood
or plant material in the deep sea, likely adapted to feeding on microbial mats on wood surfaces
(Marshall, 1988).

2.5.2.2 Bone

Bone assemblages were often dominated by a few species of mobile crustaceans, contributing to
the high abundance and low evenness of bone assemblages. Dense populations of the
pontogeneid amphipod Accedomoera sp. at N-2800 may have been attracted to odor produced by
soft tissues on the bones; however, amphipods in this family have rarely been reported as
scavengers (Bowman, 1974). Bone assemblages at N-1600 attracted amphipods in the family
Lysianassidae, which contains many scavengers attracted to whale and other carcass falls (Smith,
1985; Smith & Baco, 2003; Lundsten et al., 2010a; Smith et al., 2014). High abundances of
Osedax sp. B and dorvilleid polychaetes were also found in interiors of bones. The dorvilleid
Parophryotrocha sp. A was abundant just under the bone surface on deep landers and appears to
be a bone-interior specialist. Habitat space for Parophryotrocha sp. A inside the bones may have
been facilitated by Osedax sp. B. Capitellid polychaetes were very abundant inside whale bones
at an abyssal seafloor in the South Atlantic (Silva et al., 2016; Sumida et al., 2016), yet only a
few adult individuals were recovered from bone interiors in this study. However, we did find
tens of unidentified juvenile capitellids inside bones, suggesting that capitellids are also utilizing
whale bones opportunistically as an infaunal habitat at NE Pacific whale falls. Bones also
supported mollusk genera known from reducing environments (e.g., Laeviphitus, Hyalogyrina,
and Idas), albeit in low densities, which indicates an early reducing, sulfophilic successional

stage for our bones (Smith & Baco, 2003).

The majority of taxa (by abundance and richness) in our bone assemblages were substrate
specialists plus generalized-enrichment respondents. Species identified as preferring background
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soft-sediment or hard substrates contributed to the richness of bone assemblages, but the majority
of these were represented by only a few individuals. Previous studies suggesting that the
majority of species found at whale skeletons are from the background fauna were conducted
using only video surveys, so these observations are biased towards megafaunal organisms and do
not provide species-level identifications, complicating the resolution of specialist taxa (Lundsten
et al., 2010a; Lundsten et al., 2010b). The collection of macrofauna, especially those residing in
substrata interiors, is required to fully quantify the relative contribution of background taxa to
whale-bone communities (Bennett et al., 1994; Baco & Smith, 2003; Hilario et al., 2015; Smith
et al., 2017; Alfaro-Lucas et al., 2017).

2.5.2.3 Control

Within depths, control substrates generally supported low faunal densities, which is expected
since the substrates themselves provided no exogenous organic input. High abundances of
organic-rich species (wood and bone specialists, as well as generalized organic enrichment
opportunists) occurring on control substrates were likely due to mass effects (Leibold et al.,
2004), whereby high dispersal or spill-over from nearby abundant wood/bone populations
enabled species to establish on normally unfavorable (organic-poor) substrata. This mass effect
very likely inflated community densities, species richness, and dominance in control
assemblages. Mass effects can generally increase the abundance and diversity of assemblages in
areas near organic falls which should be considered in interpretations of similar organic-fall
experiments involving different habitat types in close proximity (Jones et al., 2008; Rouse et al.,
2011; Saeedi et al., 2019; Harbour et al., 2021b). Other than organic-rich species present due to
mass effects, control assemblages were dominated by taxa such as mobile crustaceans
(Eurycopinae sp. A, Schisturella sp. A), anemones, and limpets apparently exploiting the hard
substrates.

2.5.2.4 Species overlap between substrates

The majority of the morphospecies (82 of 144) were found at multiple substrate types. This can

be partly attributed to mass effects, as well as generalized-enrichment respondents (Pearson &

Rosenberg, 1978; Baco & Smith, 2003). One example is O. batillus, a dominant dorvilleid at

wood blocks at N-2800 and on bones at N-1600. As expected from mass effects, species overlap

between substrate types occurred commonly in highly mobile species. Reducing conditions at
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both wood and bone substrates likely allowed chemoautotrophic symbiont-bearing Idas
washingtonius (Deming et al., 1997) to inhabit both our wood blocks and whale bones. Idas
bivalves have often been reported among the most abundant taxa at reducing habitats on wood
and whale falls (Smith & Baco, 2003; Amon et al., 2017a). The relatively low I. washingtonius
densities on our bone and wood deployments suggest that sulfidic conditions were low, either
because of the small substrate sizes, or because the substrates were in early stages of

development after 15 mo.

2.5.3 Variability with depth — Hypotheses 3 and 4

2.5.3.1 Community structure

The community structure of wood, bone and control assemblages differed between depths of
~1600 and ~2800 m, which is consistent with Hypothesis 3: Community structure of wood,
whale-bone, and control assemblages differ with depth. Differences in taxonomic composition
between the 2 depths are consistent with faunal zonation observed in the background deep sea in
the Cascadia Basin, which has a middle slope fauna centered at 1600 m and a lower slope
abyssal fauna centered at 2800 m (Carney, 2005). The 2 depths in this study were bathed by
different water masses flowing in opposite directions (southward-flowing North Pacific Deep
Water at 1600 m and northward-flowing Cascadia Basin Bottom Water at 2800 m; Hautala et al.,
2009) and thus each was likely carrying different larval pools. Temperature, dissolved oxygen
concentration, and hydrostatic pressure vary between the 2 depths (Table 2.1) and may also
influence taxonomic composition through physiological adaptations. Gradients in POC flux are
likely less important in controlling these differences because most of the fauna appear to be
responding directly to the organic-rich substrates, but levels of POC flux may still influence the
background species that colonized the landers. Bathymetric differences in taxonomic
composition are a widespread feature in deep-sea communities (Carney, 2005) and our findings,
along with others (Braby et al., 2007; Cunha et al., 2013; Saeedi et al., 2019), suggest that depth-

related processes also influence organic-fall communities.
2.5.3.2 Abundances

Because POC flux is implicated as an important driver of bathymetric patterns of faunal densities
(Smith et al., 2008; Rex & Etter, 2010; Wei et al., 2010), we predicted Hypothesis 4: Control
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assemblages have greater abundances at shallower depths, where detrital fluxes of POC are
greater. Because control assemblage densities were influenced by mass effects, and because of
the abnormalities at S-1600, we were unable to robustly test Hypothesis 4. However, following
the exclusion of organic-rich substrate specialists and generalized-enrichment respondents from
control assemblages (assuming their presence at control substrates is due to mass effects), faunal
densities were indeed greatest at N-1600 and lower at N-2800 and S-2800 (Figure S2.7). In
contrast, faunal densities of wood and bone assemblages were much more variable between
locations and were not always greater at shallower depths. These results suggest that organic-rich
assemblage abundances are not primarily driven by the bathymetric gradients of POC flux that
drive abundances of control assemblages. Drivers influencing the larval availability of organic-
fall specialists, such as the geographic distribution of wood and whale falls and water-mass
effects, are likely more important than gradients in POC flux in controlling abundances in

organic-fall assemblages on the NE Pacific margin.

Wood falls are expected to occur more frequently closer to terrestrial sources of wood, i.e., at
shallower depths nearer to continental margins. Thus, we expect that propagule densities and
connectivity are greater for wood falls at shallower depths and decline with increasing depth and
distance from shore on the NE Pacific margin (also postulated for the North Atlantic by Cunha et
al. (2013) and by Voight (2015)). This should allow shallower wood blocks to be colonized more
rapidly by the wood-fall fauna than blocks at deeper locations. As indicated earlier, the presence
and extent of xylophagaid bivalve colonization can greatly influence the abundances, species
richness, and dominance of wood-fall communities. Our findings of greater xylophagaid
colonization, overall abundances, dominance, and community structure similarity at ~1600 m
wood blocks (~100 km from shore) compared to wood blocks at ~2800 m depth (~250 km from
shore) are consistent with this proposed mechanism. Bathymetric variability of xylophagaid
propagule density is likely a more important driver of wood-fall community abundance,

structure, and diversity than gradients in POC flux.

The southward-flowing North Pacific Deep Water at a depth of 1600 m might be expected to
transport more xylophagaid larvae from the heavily wooded margins off British Columbia than
does the northward-flowing Cascadia Basin Bottom Water at 2800 m coming from the California

margin. However, for ~2800 m deployments, xylophagaid densities were much higher on the

40



northern landers (Table S2.6). We hypothesize that a greater local abundance of wood falls at the
seafloor in the northern region is more important to xylophagaid recruitment than water masses

transporting larvae from more distant sources.

Similarly, we can hypothesize that whale-fall community structure is, at least in part, influenced
by the distribution and abundance of living whale populations. Whether there are bathymetric
patterns in whale-fall distributions is unclear (Smith et al., 2019; Carretta et al., 2020). However,
the regional distribution of whale populations, and whale migration routes, may provide some
insight into differences in the abundance of whale-fall assemblages along the NE Pacific margin
(Smith et al., 2015; Smith et al., 2019). Great whales are relatively abundant and have migration
routes apparently closer to shore in Central California (including Monterey Bay), whereas
abundances are lower and migration routes are further offshore along the Washington and
Oregon margin (Barlow & Forney, 2007; Forney, 2007). This is likely to yield greater whale-fall
abundance in Monterey Bay and thus greater propagule supply and connectivity between whale
falls for whale-fall specialists (based on the model of Smith et al., 2019) in Monterey Bay. This
may help explain the rapid and dense colonization of whale skeletons by multiple Osedax species
in Monterey Bay (Lundsten et al., 2010b), compared to elsewhere in the NE Pacific (Smith &
Baco, 2003; Smith et al., 2015). Because Osedax can influence the biodiversity (Alfaro-Lucas et
al., 2017) and perhaps longevity of juvenile whale-fall habitats (Lundsten et al., 2010b; Smith et
al., 2015; Smith et al., 2019), ‘hot spots’ of whale abundance could be important in determining
global patterns of whale-fall community structure (Smith et al., 2019). Clearly, further studies on
whale-fall communities and distributions along the NE Pacific margin, along which humpback,
gray, and blue whales migrate (Carretta et al., 2020), and elsewhere are required to address this

hypothesis.

Globally, inputs of whale bones and wood to the deep seafloor have been substantially altered by
historical and ongoing human activities, such as whaling, deforestation, and the modulation of
river geomorphology and watersheds (Butman et al., 1995; Smith; Wohl, 2014; Voight, 2015;
Brazier et al., 2021). Modelling studies have suggested that whaling-induced declines in the
abundance and mean size of whales have exerted extinction pressure on deep-sea whale-fall

specialists and will continue to do so even at proposed sustainable yield scenarios (Smith et al.,
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2019). These ‘downstream’ impacts of anthropogenic forcing on organic-fall biodiversity remain

to be fully evaluated.
2.6 CONCLUSIONS

The composition and diversity of faunal assemblages colonizing wood, whale-bone, and
inorganic hard (control) substrata varied between depths and locations on the NE Pacific margin.
Each substrate type supported a distinct assemblage, although enrichment opportunists and mass
effects yielded some faunal overlaps. Most wood/bone colonists were substrate specialists or
organic-enrichment opportunists, and organic-rich substrates supported higher macrofaunal
abundances, and greater species richness and dominance than control assemblages nutritionally
dependent on sinking POC flux. Differences in community composition of organic-fall
assemblages with depth were consistent with the faunal zonation in background communities in
the Cascadia Basin, but these differences seem unlikely to be driven simply by the decrease in
small POC flux with depth. In particular, downslope differences in biodiversity of wood-fall
assemblages are also likely influenced by a decline in the occurrence of wood-fall habitats with
increasing distance from terrestrial sources of wood. We hypothesize that regions with greater
supply of wood and/or whale falls experience greater propagule supply and connectivity of the
organic-fall fauna, enhancing regional organic-fall biodiversity. The experimental approach and
results of this and similar studies are critical to monitor and understand the implications of
human activities, such as whaling and modulation of forests and waterways, on deep-sea

biodiversity.
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CHAPTER 3

The ecosystem engineering role of xylophagaid bivalves at deep-sea
wood falls

In prep as: Young EL, Treude T, Voight JR, Altamira I, Krause S, Halanych KM, Smith CR. The
ecosystem engineering role of xylophagaid bivalves at deep-sea wood falls

44



3.1 ABSTRACT

Wood-boring xylophagaid bivalves are postulated to be key ecosystem engineers at deep-sea
wood falls. Xylophagaid bivalves are thought to modulate food, habitat, and redox conditions
and thus influence the biomass and diversity of entire wood-fall assemblages; however, these
xylophagaid influences have been poorly quantified. Here, we evaluate the ecosystem
engineering roles of xylophagaid bivalves collected from controlled wood-fall experiments in the
NE Pacific. Replicate wood blocks were deployed to the seafloor at ~1600 and ~2800 m depth in
the Cascadia Basin for 15 months. Xylophagaid bivalves were the primary drivers of wood loss
with their biomass strongly positively correlated with wood mass loss. Xylophagaid biomass was
positively correlated with non-xylophagaid macrofaunal biomass and species richness, and
negatively correlated with non-xylophagaid macrofaunal evenness. Sulfate reduction rates in the
wood blocks varied substantially but were generally low in comparison to those reported from
other organic fall and reducing deep-sea environments. We did find evidence of enhanced sulfate
reduction rates deeper in wood blocks with xylophagaid borings. Based on results and other
studies, we outline five wood-fall successional stages: (1) microbial stage; (2) wood-borer stage;
(3) opportunist stage; (4) wood disintegration stage; and (5) reef stage; and suggest that sulfidic

conditions may occur during each of these stages.
3.2. INTRODUCTION

Coarse woody detritus provides an important source of nutrition and habitat in many aquatic
ecosystems (Maser & Sedell, 1994). In the deep sea, sunken wood forms distinct, organic-rich
habitats known as wood falls which deliver large pulses of organic matter to an otherwise food-
poor deep-sea floor (Turner, 1973; Bienhold et al., 2013) However, wood is a recalcitrant
resource and requires specialized decomposers to convert it into more labile forms for use by
non-specialized organisms. The decomposition of wood on the seafloor follows an ecological
succession in community structure and ecosystem function, likely mediated by key ecosystem
engineers (Bienhold et al., 2013; Hendy et al., 2014).

Wood-boring xylophagaids bivalves are postulated to be the key ecosystem engineers at deep-sea
wood falls, transforming available habitat, food resources and redox conditions of sunken wood.

The creation of xylophagaid boreholes initially increases and diversifies the available habitat,
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allowing non-boring organisms to colonize the interior of wood parcels (Turner, 1973; Wolff,
1979). Extensive boring by xylophagaids can ultimately lead to the complete disintegration of
the wood-fall habitat (Tyler et al., 2007; Romano et al., 2013). Xylophagaids ingest rasped wood
particles, and digestion of wood material is expected to be aided by cellulolytic and nitrogen-
fixing endosymbiotic bacteria (Distel & Roberts, 1997), although some species may also obtain
nitrogen from particulate organic material filtered from the water column (Voight et al., 2020).
Some xylophagaid species are known to line their boreholes with their fecal material, comprised
of undigested lignin (Pesante, 2018; Dore & Miller, 1923), bacteria (Fagervold et al., 2014;
Harbour et al., 2021a), and mucus (Purchon, 1941).The non-lignin component of the fecal
material is relatively labile compared to wood, and is likely a significant food source for other
animals that can’t directly digest wood. Microbial decomposition of the fecal material, as well as
the wood substrate, can lead to reducing conditions supporting chemoautotrophic metabolic
pathways (Kalenitchenko et al., 2018a). Overall, the ecosystem engineering activities of
xylophagaids may control the biomass, abundance, and biodiversity of wood-fall assemblages, as
well as the distribution of sulfidic conditions throughout the wood, but their engineering
activities are poorly quantified.

The progressive decay of wood in terrestrial and marine environments yields a succession of
faunal and microbial communities (Stokland et al., 2012; Nishimoto et al., 2015; Fukasawa &
Matsukura, 2021), as well as changes in the physicochemical properties of the wood and
surrounding area (Fojutowski et al., 2014; Johnson et al., 2014). Pop Ristova et al. (2017, p.21)

have proposed four overlapping (faunal and microbial) successional stages, quoted below:

“1) A specialist stage (McClain & Barry, 2014) occurring within the first couple of months of the
wood arrival at the sea floor and characterized by invasion of woodborers that initialize the
degradation of wood,;

2) An opportunist stage (McClain & Barry, 2014; Bernardino et al., 2010), initiated already
before the sulphophilic stage and lasting for 1-2 years, with a peak during the main growth of
woodborer populations, when detritus-feeders and predatory organisms, e.g., sipunculids,

pycnogonids, sea urchins, as well as bacterivores get attracted by the accumulation of biomass;

3) A sulfophilic stage (duration > 1-2 years; Bienhold et al., 2013; Kalenitchenko et al., 2015;
Kalenitchenko et al., 2016; Ylcel et al., 2013), during which enhanced cellulose degradation
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leads to sulfidic conditions and a colonization by chemosynthetic organisms, i.e., Idas sp.,

siboglinids, takes place;

4) A senescence stage, initiated after the third year of degradation, characterized by the
disintegration of wood logs, the dispersal and burial of the wood-chips, as well as a decline of

numbers of large faunal organisms including reduction of woodborer biomass.”

While there is some empirical support for these successional stages, the biomass and community
structure of wood-fall assemblages, including xylophagaids, as well as rates of wood mass loss,
across these stages remain poorly quantified in the deep sea. Quantitative studies of wood falls
are required to better elucidate the nature of successional processes and role of ecosystem

engineers in detritus-based ecosystems.

Here, we evaluate the ecosystem engineering role of xylophagaid bivalves collected from
controlled experimental deployments of wood blocks in oxygenated bottom-water conditions in
the NE Pacific (Young et al., 2022). Although the experiments were deployed for the same
amount of time, bathymetric and local variability in wood-fall colonization yielded blocks
spanning a broad range of decomposition stages. Because xylophagaids are thought to be major
ecosystem engineers at deep-sea wood falls, their boring activities during the early-to-mid stages
of wood decomposition might be expected to yield a number of successional patterns. First,
xylophagaid biomass is expected to be correlated with wood-mass loss. If xylophagaids drive
habitat availability and the diversity of food sources inside the wood, xylophagaid biomass
should be correlated with species richness and biomass of the non-xylophagaid wood-fall
assemblage. If xylophagaid fecal material substantially increases the availability of labile organic
material at the wood fall, then xylophagaid biomass should be correlated with declining species
evenness as enrichment opportunists increasing dominate the assemblage. Finally, xylophagaid
boring may increase the availability of labile organic material and sulfate inside the wood,
stimulating sulfate reduction deeper in the wood. Thus, for our wood blocks in early-to-mid

successional stages of decomposition, we test the following hypotheses:

(1) Xylophagaid biomass is positively correlated with wood mass loss.
(2) Xylophagaid biomass is positively correlated with non-xylophagaid macrofaunal

biomass and species richness.

47



(3) Xylophagaid biomass is negatively correlated with non-xylophagaid macrofaunal
species evenness.

(4) The presence of xylophagaid bivalves enhances sulfate-reduction activity inside wood
blocks.

Based on our results and a review of the literature, we also discuss modifications to the

successional framework outlined by Pop Ristova et al. (2017).

3.3. MATERIALS AND METHODS

3.3.1 Experimental design

Detailed descriptions of the experimental and lander design are given in (Young et al., 2022).
Briefly, four benthic landers holding whale-bone, wood, and inorganic control substrates were
deployed at ~1600 and ~2800 m depth on the Washington-Oregon margin (Table 3.1, Figure
S3.1). Landers were deployed in April 2013, and recovered after 15 months, by the R/V Oceanus.
Each lander comprised nine 500-pm mesh bins (50 x 50 x 50 cm) arranged in an equilateral
triangle, with one wood, one whale bone, and one control bin on each side of the triangle. Lids
were attached to cover each bin upon recovery. Each bin held two replicate whale
bone/wood/control substrates: one affixed to the bottom of the bin and one to the overlying lid.
The lids of the landers remained open during lander descent and while on the seafloor. An
acoustically-controlled release dropped the ballast and triggered lid closure, sealing contents

inside the bins; the positively buoyant landers then ascended to the sea surface for recovery.
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Table 3.1 Position, location, deployment durations, volumes, and successional stages (as per Pop Ristova et al. 2017) of wood blocks experimentally
deployed in the Cascadia Basin. Dates of deployment and recovery are presented in Young et al. 2022. Initial volumes presented to 3 significant figures.

\k/)\llgsg Station Position Lat. (W) Lon. (N) D(enr:;h Deplo(;&r;;sr;t time Initial volume Succe;si;?g\?; settagf g%f;er Pop
w27 N-2800 Lid 47° 16.20' 127° 35.57 2666 443 3080 specialist
W18 N-2800 Lid 47°16.20' 127° 35.57 2666 443 3080 specialist
W35 N-2800 Lid 47° 16.20' 127° 35.57 2666 443 3080 specialist
w1 N-2800 Bin 47° 16.20' 127° 35.57 2666 443 3080 specialist
W26 N-2800 Bin 47° 16.20' 127° 35.57 2666 443 3080 specialist
W28 N-2800 Bin 47° 16.20' 127° 35.57 2666 443 3080 specialist
W36 N-1600 Lid 47° 57.46' 126° 2.12' 1596 443 3080 senescence
W15 N-1600 Lid 47° 57.46' 126° 2.12' 1596 443 3080 opportunist
W32 N-1600 Lid 47° 57.46' 126° 2.12' 1596 443 3080 opportunist
W30 S-1600 Lid 43° 54.52' 125°10.42' 1605 444 3080 opportunist
W23 S-1600 Lid 43° 54.52' 125°10.42' 1605 444 3080 opportunist
W22 S-1600 Lid 43° 54.52' 125°10.42' 1605 444 3080 opportunist
W13 S-2800 Lid 43° 52.70' 127° 33.93 2917 444 3080 specialist
W4 S-2800 Lid 43° 52.70' 127° 33.93' 2917 444 3080 specialist
W17 S-2800 Lid 43° 52.70' 127° 33.93' 2917 444 3080 N/A
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Wood substrates were replicate blocks of untreated Douglas fir (Pseudotsuga menziesii) wrapped
in 2-mm mesh nylon netting. Wood blocks had an average dimension of 18.4 x 19.0 x 8.8 cm, a
volume of 3080 cm?, and a surface area to volume ratio of ~ 0.44:1 (Table 3.1). Upon lander
recovery, wood blocks were photographed whole, cut into quarters using a reciprocating saw,
and preserved in 10% formalin-seawater solution, 95% ethanol, or air dried if no macrofauna

were present. Samples for bacterial sulfate reduction were treated as described in 3.3.4.
3.3.2 Macrofaunal processing

To obtain data from wood blocks spanning a range decomposition states, quantitative
macrofaunal data were collected from 12 formalin-fixed wood-block quarters: nine from lid-
affixed wood blocks from three locations (N-2800, N-1600, and S-1600), and three from bin-
affixed wood blocks at N-2800. Wood blocks were broken open to remove all macrofauna
retained on a 300-um sieve, macrofauna were then counted, sorted to morphospecies, and
identified to the lowest possible taxonomic level. Taxonomic experts who identified species and
distinguished undescribed species included co-authors I. Altamira (annelids) and J. VVoight
(mollusks), as well as Les Watling (crustaceans), and Ronald Sluys (platyhelminths). Epifauna
were also picked from three unbored, lid-affixed wood blocks at S-2800. Because these epifauna
were collected from whole blocks (not quarters), we consider these epifauna separately from the

main data.

All wood from each sorted quarter was rinsed with deionized water over a 1.4-mm sieve to
separate remaining wood from xylophagaid fecal material. Wood remaining on the sieve was
dried at 60°C to a constant weight to determine post-deployment dry weight of each quarter. The
pre-deployment dry weight of each quarter was estimated from pre-deployment weights of whole
blocks, after accounting for (1) initial moisture content, and (2) wood mass loss during cutting.
Initial moisture content (11.97 % £ 0.72 SD) was determined by drying four non-deployed
blocks at 60°C to a constant weight. Mass change due to cutting (1.94 % + 4.03 SD) was
estimated by quartering the four non-deployed dried whole wood blocks with a similar reciprocal
saw and blades. Wood mass loss (%) was calculated from the ratio of post-deployment dry
weight to pre-deployment dry weight for each quarter. For comparisons with other studies,
volumetric wood consumption rates (cm® wood lost per year) were estimated by converting

wood mass into wood volume, based on measurements of dry wood density (0.45g/cm?).
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Macrofaunal biomass was measured as ash-free dry weight (AFDW,; Mason et al., 1983).
Specimens were dried at 60°C to a constant weight, and then combusted (ashed) at 550°C for 4
hours. The AFDW of organism fragments unidentifiable to species were also measured to
estimate biomass more completely. AFDW was not determined for 76 animals that were too
small to measure with estimated dry masses of < 0.0001 g per wood quarter, i.e., < 0.05 % of
measured biomass on these quarters (Table S3.1). The AFDWs of 19 xylophagaid bivalve
individuals stored in reference collections prior to biomass measurements were estimated from

the mean body masses of conspecifics measured in this study.
3.3.3 Statistical analyses

Linear models were used to test hypotheses regarding relationships between xylophagaid
biomass and 1) wood mass loss, 2) non-xylophagaid macrofaunal biomass, 3) non-xylophagaid
macrofaunal species richness (S), and 4) non-xylophagaid macrofaunal evenness (J). Linear
model analyses were performed using the “lme4” package (Bates et al., 2015) in the software R
version 4.1.1 (R Core Team, 2021).

Macrofaunal assemblage similarity was visualized in a cluster dendrogram based on Bray-Curtis
similarity performed on fourth-root transformed species-abundance data and using the group
average linking method. Results of a SIMPROF test (Clarke et al., 2008) performed with 999
permutations were overlaid on the cluster dendrogram to indicate statistical significance of
clusters. Differences between macrofaunal assemblage structure at different location/positions
were tested using a one-way ANOSIM analysis. Cluster, SIMPROF, and ANOSIM analyses

were performed using Primer-e software (Clarke & Gorley, 2015a).
3.3.4 Sulfate-reduction activity

Sulfate-reduction activity was measured in four wood blocks; W3 from N-1600-Bin, W13 from
S-2800-Lid, W18 from N-2800-Lid, and W25 from S-1600-Bin. Block W3 was colonized by
0.57 inds per cm® wood (Young et al. 2022), while the other three blocks had no xylophagaid
colonization. After wood pieces were split into halves or quarters, subsamples with dimensions
of ~1 x 1 x 2 cm (each with a weight of ~1-3 g) were cut out with a sterile knife in 2-cm
increments along the wood cross section. Individual wood pieces (two replicates per depth) were

then each stored cold and dark in 12-ml glass serum crimp vials with sterile-filtered anoxic
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seawater until further treatment at GEOMAR, Germany a few days later. In the laboratory, the
vials were injected with 6 uL of carrier-free S04% radiotracer (dissolved in water, 370
kBg/sample, specific activity 37 TBq mmol™) and incubated in the dark at 0.5°C for 4 days.
Sterile-filtered anoxic seawater incubated in 12 ml glass serum crimp vials without wood served
as controls. After incubation, the sample liquid was poured into 50-ml plastic centrifugation vials
filled with 15-ml 20% zinc-acetate solution to stop microbial activity and to precipitate sulfide.
Samples were frozen and later analyzed to determine sulfate reduction rates according to the
cold-chromium distillation method (Kallmeyer et al., 2004). The remaining wood pieces were
then weighed wet to determine bacterial sulfate reduction rates per wood wet weight. Estimations
of sulfate-reduction rates per surface area of wood (m?) per day (integrated over the top 6 cm of
wood) were calculated using wet wood density measurements taken upon wood recovery and

were based on the assumption that that the surface area subsampled was 1 cm?,

3.4 RESULTS

3.4.1 General state of decomposition

The wood blocks were recovered in varying states of decomposition. The three blocks from the
S-2800-Lid were completely intact, except for several 1 - 3 mm diameter limnoriid boreholes on
the outward facing surface of W13 (Figure 3.1A) and a 3 mm wide, 9 mm long, and ~2 mm deep
bored trough on the lid-facing surface of W4 (not shown). Traces of microbial mat were patchily
distributed across the surfaces of these wood blocks. Because W13 and W4 were colonized by
woodborers, they represented the “specialist” successional stage as defined by Pop Ristova et al.
(2017). W17 was not bored by woodborers and was not represented in the successional stage
framework defined by Pop Ristova et al. (2017). Wood blocks from N-2800 (Figure 3.1B) were
lightly bored by xylophagaid bivalves and were interpreted to be in the “specialist” successional
stage defined by Pop Ristova et al. (2017), except for W36 which was in the “senescence” stage
(see section 3.4.4). Surfaces of N-2800 wood blocks also had blackened patches and traces of
microbial mats upon recovery. Lid-attached wood blocks at N-2800 were recovered intact with
numerous small (< 1 mm wide) borehole openings, sometimes blackened, on wood surfaces, yet
many boreholes were shallow and vacant (Figure 3.1B). Bin-attached wood blocks at N-2800
were also largely intact, covered with small boreholes and with some degradation of wood-block

corners and edges (Figure 3.1C). Wood blocks from N-1600-Lid and S-1600-Lid were so heavily
52



bored that the blocks were crumbling and easily crushable by hand (Figure 3.1D), interpreted as
representing the “opportunist” successional stage as defined by Pop Ristova et al. (2017).
Boreholes from N-1600-Lid (Figure 3.1D) and S-1600-Lid (not shown) contained significant
amounts of fecal material and wood chips, and in some areas were blackened and smelled of

sulfide.

5-2800-Lidf B N-2800-Lid N-2800-Bin /D - . N:160014d
W35 w1 L5 W32,

Figure 3.1 Representative wood blocks recovered from four different landers after 15 months analyzed in this study.
Two exposed surfaces (front and side) of each block are shown. Arrows indicate examples of limnoriid bore holes
on W13 (I bh), small bore holes (sm bh), and xylophagaids (xy) and fecal material (fm). Here, W13, W35, and W1
are interpreted to represent the “specialist” stage, and W32 represents the “opportunist” stage, as defined by Pop
Ristova et al. (2017).

3.4.2 Macrofaunal community structure

A total of 25,423 macrofaunal individuals belonging to 33 morphospecies were collected from
the 12 wood block quarters (Table 3.2). Phylum Annelida was the most abundant (69% of total
individuals) and species rich, with 17 morphospecies belonging to 10 families. Mollusca was the
second most abundant phylum (27% of total individuals across 9 morphospecies), the majority of
which were 7 different morphospecies of xylophagaid wood-boring bivalve. The third most
abundant phylum was Platyhelminthes, with 4.7% of the total abundance represented by a single
triclad morphospecies, found only at N-1600-Lid and S-1600-Lid. Assemblages at each
location/position were significantly different from one another (ANOSIM, R = 0.759, p < 0.05),
yet N-1600-Lid and S-1600-Lid assemblages clustered with > 73.5% similarity (Figure 3.2).
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Figure 3.2 Cluster dendrogram of wood-block macrofaunal assemblages. Red lines indicate structure with no
statistical support and black lines indicate structure with statistical support, according to SIMPROF analyses

(significance level 5%).
At S-2800-L.id, a single amphipod belonging to the genus Bathyceradocus and two wood-boring

limnoriid isopods were picked from one whole wood block, two anemones were picked from

another block, and the third block had no associated macro-epifauna.

N-2800-Lid wood blocks were colonized by a few macrofaunal individuals (Table 3.2; Table
S3.2). Despite numerous small boreholes the wood surfaces (Fig 3.1B), only two xylophagaid
species at low densities (0-50 individuals, < 0.0636 individuals per cm®) were recovered from

any of these blocks and other macrofaunal species were rare (Table 3.1).

N-2800-Bin blocks were colonized by an average density of 0.870 macrofaunal individuals per
cm?® of wood (+ 0.416 SE, Table 3.2). Xylophagaid assemblages were co-dominated by X.
zierenbergi (58.8%) and X. muraokai (35.1%) and also included two less-abundant xylophagaid
species, Xylophaga corona and Xylopholas crooki. Non-xylophagaid assemblages at N-2800-Bin
blocks were dominated by dorvilleids (Ophryotrocha batillus, 61.1%; dorvilleid sp. 55, 15.67%;
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and O. langstrumpae, 11.5%), and also included 11 other annelid, arthropod, and mollusk

morphospecies.

N-1600-Lid blocks were colonized by an average of 3.28 macrofaunal individuals per cm?® of
wood (£ 0.805 SE, Table 3.2). Xylophagaid assemblages were heavily dominated by Xylophaga
oregona (96.9%). Non-xylophagaid assemblages were composed of 13 morphospecies
dominated by O. langstrumpae (78.9%), followed by the platyhelminth Triclad sp. A (15.6%),
and the ampharetid Decemunciger sp. A (3.9%). Notably, W36 had ~2-3 times fewer
xylophagaid individuals than the other two N-1600-Lid blocks.

S-1600-Lid assemblages were colonized by an average of 6.84 individuals per cm? of wood (+
2.75 SE, Table 3.2) and had a similar composition to N-1600-Lid assemblages (Figure 3.2).
Xylophagaid assemblages were heavily dominated by X. oregona (99.7%) and also included X.
microchira (0.3%). Non-xylophagaid assemblages were composed of 16 morphospecies
dominated by O. langstrumpae (94.8%), followed by the Triclad sp. A (2.8%), the ampharetid
Decemunciger sp. A (1.1%), and the capitellid Capitella cf. capitata (0.6%).

Species richness of xylophagaids and non-xylophagaids, as well as the other diversity parameters
of non-xylophagaid species, varied non-uniformly by lander and wood-block position (Table
3.2).
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Table 3.2 Density (mean + SE) of wood infauna (individuals per cm® deployed wood) per lander/position. Counts and densities (inds.cm wood) for
each wood block are presented in Tables S3.2 and S3.3. S: species richness; H' Shannon-Wiener diversity index; J: evenness.

Phylum, Family Species/Morphospecies N-2800-Lid N-2800-Bin N-1600-Lid S-1600-Lid
Annelida
Ampharetidae Ampharetid sp. 22 - 0.000433 £ 0.000433 0.0178 £ 0.0111 0.0251 + 0.00697
Decemunciger sp. A - 0.00693 + 0.00385 0.0919 + 0.00964 0.0605 +0.00510
Capitellidae Capitella cf. capitata - 0.00390 + 0.00150 0.000433 + 0.000433 0.0342 + 0.00607
Cirratulidae Chaetozone sp. B - 0.000867 + 0.000867 - -
Ctenodrilidae Ctenodrillid sp. 2 - - 0.00173 £0.00173 -
Dorvilleidae Dorvilleid sp. 15 - 0.00606 = 0.00338 - -
Dorvilleid sp. 32 - - 0.000433 £ 0.000433 -
Dorvilleid sp. 54 - - - 0.00173 +£0.00173
Dorvilleid sp. 55 - 0.0295 + 0.00830 - -
%ﬂggfﬁsgs - 0.0217 +£0.0112 1.85+0.517 5.26 + 2.63
Ophryotrocha batillus - 0.115 + 0.0409 0.00650 + 0.00270 0.00650 + 0.00225
Flabelligeridae Flabelligerid sp. A - - - 0.000433 + 0.000433
Hesionidae Sirsoe cf. hessleri - - - 0.0013 +£0.0013
Nereididae Nereidid sp. 6 - - 0.000433 + 0.000433 0.0013 + 0.000751
Protodrilidae Protodrilid sp. 1 - - - 0.000867 + 0.000867
Spionidae Laonice sp. A - - - 0.0013 £ 0.000751
Syllidae Sphaerosyllis sp. A - 0.000867 + 0.000433 - 0.000433 + 0.000433
Arthropoda
Amphipoda Accedomoera sp. A 0.000867 + 0.000867 - - -
Lysianassid sp. A 0.000433 £ 0.000433  0.000867 + 0.000867 0.00477 + 0.00413 -
Sebidae sp. A - 0.000433 + 0.000433 0.00216 + 0.00156 0.000867 + 0.000867
Isopoda Limnoriid sp. A - - - 0.000433 + 0.000433




Table 3.2 (Continued) Density (mean + SE) of wood infauna (individuals per cm® deployed wood) per lander/position. Counts and densities (inds.cm
wood) for each wood block are presented in Table S3.2 and S3.3. S: species richness; H' Shannon-Wiener diversity index; J: evenness.

Phylum, Family Species/Morphospecies N-2800-Lid N-2800-Bin N-1600-Lid S-1600-Lid
Tanaidacea Tanaid sp. A - 0.000433 + 0.000433 - -
Cnidaria
Actinaria Actinarian sp. A - - 0.000867 + 0.000433 -
Mollusca
Bivalvia Idas washingtonius - 0.000867 + 0.000867 - 0.000867 + 0.000433
Abditoconus heterosiphon - - 0.000433 £ 0.000433 -
Xylonora muraokai 0.00260 = 0.00150 0.239 +0.232 - -
Xylonora zierenbergi 0.0195 £ 0.0195 0.401 £ 0.140 - -
Xylophaga corona - 0.00381 + 0.0213 - -
Xylophaga microchira - - 0.0286 * 0.00846 0.00346 + 0.00114
Xylophaga oregona - - 0.907 £ 0.282 1.28 +0.318
Xylopholas crooki - 0.00303 + 0.00156 - -
Gastropoda Dillwynella sp. A - 0.000433 + 0.000433 - -
Platyhelminthes
Triclad sp. A - - 0.366 + 0.0267 0.155 + 0.0864
Total density 0.0013 + 0.00106 0.870 + 0.416 3.28 £ 0.805 6.84+£2.75
Xylophagaid density 0.0221 + 0.0208 0.682 + 0.370 0.936 + 0.281 1.29 +£0.0329
Xylophagaid S 1+0.578 3.33+0.333 2.33+0.333 210
Non- xylophagaid S 0.667 + 0.667 8.33+0.667 8.33+£1.20 10.3+2.96
Non-xylophagaid H' 1.25+0.173 0.704 £ 0.0972 0.302 + 0.0303
Non-xylophagaid J 0.588 + 0.0614 0.336 + 0.0363 0.141 £+ 0.0298
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3.4.3 Macrofaunal biomass

Macrofaunal biomass ranged from 0 - 0.0056 g AFDW per cm? of deployed wood across the 12
blocks (Figure 3.3). Biomass was lowest at N-2800-Lid blocks, intermediate at N-2800-Bin
blocks, and highest at N-1600-Lid and S-1600-Lid blocks. Biomass was particularly variable at
N-1600-Lid, with W36 having relatively low biomass. Xylophagaids dominated biomass

( >95%) at all wood blocks, with Xylonora zierenbergi dominating at 2800-m deployments, and
Xylophaga oregona dominating at 1600 m. Non-xylophagaid biomass contributed 1.2 to 4.6% of
total biomass across landers and positions (Figure 3.3). Although macrofauna were present at N-
2800-L.id blocks, the non-xylophagaid biomass was too small to be measured (Table S3.1). Non-
xylophagaid biomass was dominated by annelid fragments and Capitella cf. capitata at N-2800-
Bin blocks, by Decemunciger sp. A, Ophryotrocha langstrumpae, and Triclad sp. A at N-1600-
Lid blocks, and by Ophryotrocha langstrumpae and Capitella cf. capitata at S-1600-Lid blocks.

Estimated net xylophagaid production (mean + SE) ranged from 0.2 £ 0.4 and 4.2 £ 0.1 g AFDW
per liter of wood per year, and between 6.7 and 128.6 g AFDW per square meter of exposed

wood per year (Table S3.4)
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Figure 3.3 Biomass of A) total assemblages (AFDW, grams per cm® wood), and B) non-xylophagaid infauna Biomass (AFDW, mg per cm? wood).
Individuals with unmeasurable biomass (dry weight > 0.0001 g) are indicated in Table S3.1.
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3.4.4 Wood mass loss rates

Wood mass loss (% loss after 15 mo) varied substantially across location/positions. Mass loss
was lowest at N-2800-Lid blocks, intermediate at N-2800-Bin blocks and highest at N-1600-Lid
and S-1600-Lid blocks (Table 3.3). As expected, wood loss rates (cm® wood bored per year)
increased with the qualitatively assessed successional decomposition stage of each location-
position group (N-2800-Lid and Bin in the “specialist” stages, N1600-Lid and S-1600-Lid in the
“opportunist” stages). However, at W36 (N-1600-Lid), the combination of low xylophagaid
abundance and high % wood mass loss suggests that this block resembled the more advanced
stage of decomposition, during which xylophagaid populations are in decline, resembling the

“senescence” stage defined by Pop Ristova et al. (2017).
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Table 3.3 Wood mass loss rates and xylophagaid densities.

Maximum wood

Maximum wood

% wood mass Number of xylophagaid consumption rate by all consumption rate per
loss over 15 individuals per 770 cm? xylophagaids (cm®wood individual xylophagaid (cm?
Location, Position ~ Wood block months wood bored per year) wood bored per year)
N-2800-Lid W27 1.7 2 10.7 5.35
W18 8.9 0 54.6 N/A
W35 10.2 49 56.9 1.16
mean = SD 6.9+4.6 17.0+27.7 40.7 £ 26.0 3.26 £2.97
N-2800-Bin w1 23.0 1087 139.1 0.13
W26 25.8 166 178.0 1.07
W28 29.5 321 180.5 0.56
mean = SD 26.1+£3.2 524.7 +493.1 165.9£23.2 0.59 £ 0.47
N-1600-Lid W36 91.2 342 511.6 1.50
W15 86.7 1091 517.1 0.47
W32 80.5 729 530.9 0.73
mean = SD 86.1+54 720.7 £ 374.6 519.9+9.9 0.90 £ 0.53
S-1600-Lid W30 84.3 1039 521.5 0.50
W23 91.2 945 574.8 0.61
w22 91.3 985 582.9 0.59
mean = SD 88.9+4.0 989.7 +47.2 559.8 + 33.3 0.56 + 0.06
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3.4.5 Relationships between xylophagaid biomass, wood mass loss and

macrofaunal community structure

Because we are testing hypotheses concerning wood blocks in the “specialist” and “opportunist”
stages of decomposition, four blocks were omitted from the following analyses to test our
hypotheses: W36, which is interpreted to be in the “senescence” stage, and the S-2800-Lid
blocks lacking xylophagaids. Xylophagaid biomass was significantly positively correlated with
percentage wood mass loss (Figure 3.4A), non-xylophagaid macrofaunal biomass (Figure 3.4B),
and non-xylophagaid macrofaunal species richness (Figure 3.4C). Xylophagaid biomass was
significantly negatively correlated both with non-xylophagaid macrofaunal evenness (Figure
3.4D).
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3.4.6 Sulfate-reduction activity

All wood blocks but W13 showed activity of bacterial sulfate reduction. Maximum activity
ranged between 0.3 nmol SO4% g* WW d* (W18) and 3.7 nmol SO4> gt WW d (W25, 0-2
cm). In W18 and W25, the highest activity was found in the surface layer (0-2 cm), while in W3,
the highest activity was detected at 4-6 cm layer. Average sulfate reduction rates integrated over
6 cm of wood depth were greatest for W25, lowest for W18, and intermediate for W3 heavily

w18
N-2800-Lid

bored by xylophagaids (Figure 3.5, Table 3.4).
W25

0-2cmA
2-4cm- r
4-6cmA
$-1600-Bin

o h

.//
2-4cmH
o i
W3
N-1600-Bin

0-2cm-
2-4cmH
4-6cm-
0 1 2 3 4

Sulfate Reduction Rate (nmol g~ WW d™')

Replicate . 1 . 2

Depth into wood (cm)

Figure 3.5 Sulfate reduction activity determined in wood. Points and error bars indicate mean and standard deviation
values of replicate profiles. Left side: Sulfate reduction rates plotted against depth into wood (two replicates per
depth). Right side: Wood showing subsampled depths for sulfate reduction determination. Wood blocks W18 and
W25 were not colonized by xylophagaid bivalves. Wood block W3 was bored by xylophagaids (indicated by arrow).
Note that no sulfate reduction activity was detected in wood block W13 (not shown).
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Table 3.4 Summary of sulfate reduction rates (SRR) at wood blocks and at/surrounding other wood and whale bone deployments. Results from this

study are reported as averages of two replicate measurements + SD.

SRR Integrated depth Reference
(nmol cm2d?) (cm)

W25, S-1600-Bin 3.9+20 6 This study
W18, N-2800-Lid 0.3+0.3 6 This study
W3, N-1600-Bin 09+0.7 6 This study
W13 0 6 This study
Sediments, 0.5 m from wood 130 - 200 10 Bienhold et al. 2013
Cold seep sediments, 10 m from wood 250 10 Bienhold et al. 2013
Pelagic sediments, 10 m from wood 10 10 Bienhold et al. 2013
Sulfide-producing areas of whale bones 89 5 Treude et al. 2009
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3.5 DISCUSSION

Our controlled experimental study of wood blocks deployed at the deep-sea floor for 15 months
in the NE Pacific floor indicate, in agreement with previous studies, that xylophagaid bivalves
dominate macrofaunal biomass at deep-sea wood falls. In addition, our results provide strong,
quantitative evidence that xylophagaids influence important ecosystem functions/properties on
wood falls, including wood-mass loss, biodiversity of wood-inhabiting assemblages, and

reducing conditions within the wood.
3.5.1 Xylophagaids and wood mass loss

The strong positive correlation between xylophagaid biomass and percent wood mass loss
(Figure 3.4) supports our Hypothesis 1, and provides strong quantitative evidence that
xylophagaids can control the degradation of wood in the deep sea (Turner, 1973; Bienhold et al.,
2013). We observed minimal mass loss in wood blocks with no xylophagaid colonization, and a
uniform, highly significant pattern of increasing mass loss with increasing xylophagaid biomass.

Wood degradation was extensive at our 1600-m deployments, where ~90% of wood mass was
lost after 15 months on the seafloor. In another study, Douglas fir deployed at comparable depths
(1520 m) was similarly consumed after 10 months following colonization by the same
xylophagaid species (Voight, 2007). The rapid and near-total degradation of wood blocks
suggests that wood may be a substantial and important food source for specialized benthic
communities at depths of 1500-1600 m in the Cascadia Basin, offshore of heavily wooded
coastlines. Rapid ( < 1 year) and total destruction of wood blocks has been reported elsewhere in
the deep sea (Tyler et al., 2007; Romano et al., 2013), suggesting that very rapid, near total
fragmentation resulting from xylophagaid boring can be one fate of wood material on the deep-

sea floor on continental margins.

In contrast, xylophagaid biomass was low or absent, and between 1.7 and 29.5% of wood mass
was lost after 15 months at our deeper, 2800 m deployments. There was no visible evidence of
unsuccessful xylophagaid settlement (e.g., small, empty boreholes) on our southerly S-2800
blocks suggesting limited larval supply, despite previous reports of xylophagaid recruitment
within ~140 km on wood at comparable depths after longer, 24-month deployments (Voight,
2007). This suggests that larval supply in this area is patchy in space and/or time. The presence
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of numerous shallow and or vacant boreholes at our northerly, N-2800 location suggests that
xylophagaid larvae had settled but may have disappeared due to post-settlement predation;
tanaids, galatheids and acotylean polyclad flatworms were collected from the bins surrounding
N-2800 wood blocks (Young et al., 2022). Each of these taxa are considered to be potential
xylophagaid predators at other wood falls (Turner, 1977; Voight, 2007; McClain & Barry, 2014).
Thus, processes influencing recruitment and post-settlement survival of xylophagaids may limit
xylophagaid population growth and biomass production, in turn influencing decomposition and

community succession of wood-fall habitats in the deep sea.

While it is clear that xylophagaid boring is directly responsible for the vast bulk of wood-mass
loss in ours and in other deep-sea experiments, it is worth noting that wood-mass loss in the deep
sea may result from other processes as well. For example, wood at our 1600-m deployments was
highly fragmented and crumbling, and wood fragments are likely to have fallen, or have been
eroded, from our mesh bags prior to complete xylophagaid consumption. Other wood consumers,
e.g., limnoriid isopods, can also play a role in wood-mass loss, although their contribution in our
experiments was minimal. A single wood-boring limnoriid isopod with extremely small biomass
was collected from our wood block at S-1600-Lid, and two further limnoriids were found at a S-
2800-Lid block. Limnoriids often cause significant wood decay in shallow marine environments
(Borges et al., 2014), but their presence at deep sea wood-falls has been reported infrequently
(Kussakin & Malyutina, 1989; Schotte, 1989; Judge & Barry, 2016) with little indication of a

substantial contribution to wood-mass loss.

Some mass loss may also have occurred from microbial decay. Fungi are major wood
decomposers in terrestrial environments (Lustenhouwer et al., 2020) and their contribution to
mass loss in marine environments is still being documented (Bjordal, 2012). Under in vitro
experimental conditions inaccessible to xylophagaid larvae, fungi from tropical and sub-tropical
shallow marine habitats caused up to 10% of mass loss of submerged wood over 6 mo at 25°C
(Bucher et al., 2004), although the wood had a surface area to volume ratios 10-fold greater than
the blocks in our study. A few species of fungi have been described from sunken wood in the
deep sea (Dupont et al., 2009; Kohlmeyer, 1977; Nagano et al., 2019) but their contribution to

mass loss remains undocumented. However, the extent of fungal decomposition in our
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experiments is likely small compared to degradation by wood-boring bivalves, since the unbored

wood in our experiments sustained very little wood-mass loss.
3.5.2 Xylophagaids influence on the non-xylophagaid macrofauna

As predicted in our Hypotheses 2 and 3, xylophagaid biomass was significantly correlated with
non-xylophagaid macrofaunal species richness, evenness, and biomass. Our results quantify
some of the ecosystem engineering roles of xylophagaid bivalves during succession and

decomposition at wood-fall habitats.

Prior to colonization of wood by xylophagaids, food resources and habitat complexity appear to
be relatively low at sunken wood, which thus support wood-fall assemblages with low
abundances and species richness. Wood surfaces did serve as an attachment substrate for
anemones, but these are likely to be suspension feeders or planktivorous predators, and not
reliant on the wood as a food source. Microbial mats and films on our wood surfaces may have
also provided a labile food source for bacterial grazers such as Dillwynella gastropods (Young et
al., 2022) or wood-associated Bathyceradocus amphipods (Larsen & Krapp-Schickel, 2007,
Judge & Barry, 2016).

Colonization by wood-boring xylophagaid bivalves mediates a change in the wood-fall habitat
and biotic assemblage. The creation of boreholes increases habitat area and complexity, and the
production of fecal material provides a more labile food source (compared to wood) for other
organisms. As xylophagaid biomass further increased in our experiments, the apparent large
production of fecal material appears to have supported assemblages dominated by opportunists,
such as thousands of dorvilleid polychaetes, large capitellid polychaetes, and surface-deposit-
feeding ampharetids. We hypothesize that the food source for these opportunists is xylophagaid
fecal material, which may be rich in labile bacterial biomass (Fagervold et al., 2014; Harbour et
al., 2021a) but also include xylophagaid mucus (Purchon, 1941) and undigested wood material
rich in lignin (Dore & Miller, 1923; Pesante, 2018). Xylophagaid fecal material and tissue
contains a higher proportion of nitrogen than wood (Voight et al., 2020), and thus the provision
of nitrogen to the wood-fall assemblage is an additional important ecosystem engineering role of
those xylophagaid species with nitrogen-fixing endosymbionts. Detailed trophic analyses of
wood-fall food sources, e.g., through stable-isotope analyses, are merited to better elucidate food

webs on deep-sea wood falls. The increase in food and space facilitated by the xylophagaids also
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appears to allow other less abundant trophic types, such as scavengers and other deposit feeders,

to inhabit wood-falls enhancing species richness the overall assemblage.

One wood block in our experiments appeared to be in the “senescence” stage (Pop Ristova et al.,
2017), in which xylophagaid populations have declined, leading to low xylophagaid biomass
combined with high wood mass loss. While the non-xylophagaid assemblage at this block
appeared no different from other blocks in the “opportunist” stage, we hypothesize that a
reduction in xylophagaid biomass will eventually lead to a reduction in fecal material and a
decrease in opportunists dependent on this rich, labile food resource.

3.5.3 Xylophagaids and sulfate-reduction activity

Xylophagaids may be predicted to modulate sulfidic conditions on wood falls in two ways; (1)
through the production of labile fecal material, inside burrows, on wood surfaces, and dispersed
to nearby sediments, providing a substrate for sulfate-reducing bacteria (Bernardino et al., 2010;
Kalenitchenko et al., 2018Db), and (2) by pumping seawater sulfate and electron acceptors (e.g.,
oxygen and nitrate) via siphons through bore holes inside the wood (Kalenitchenko et al.,
2018a). Sulfide production can also occur, independently of xylophagaid colonization, from
sulfate-reducing bacteria consuming small, labile organic components of the wood
(Kalenitchenko et al., 2018b; Kalenitchenko et al., 2018a).

Our findings support some of these predictions. We observed sulfate-reduction activity, albeit at
low levels, in three of four wood blocks, including two blocks that were not colonized by
xylophagaid bivalves. Sulfate reduction activity was generally greater at the surfaces of unbored
wood block than in the interior. In a wood block bored by xylophagaids (W3), one profile
indicated sulfate-reduction activity 2-3 times greater at a depth of 6 cm than on the wood surface,
consistent with our Hypothesis 4 that xylophagaids facilitate sulfate reduction deeper into the
wood (Kalenitchenko et al., 2018a). A replicate measurement in the same wood layer, however,
indicated very low levels of sulfate reduction activity (Figure 3.5), suggesting this phenomenon
is heterogeneous. More replicate observations, carefully oriented to xylophagaid boreholes and
fecal material, are required to further elucidate the relationship between xylophagaids and sulfate

reduction within wood falls.
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Overall, sulfate-reduction rates in wood blocks were very low, and even absent on one wood
block (Table 3.4). Sulfate-reduction rates on our wood surfaces were 2-3 orders of magnitude
lower than those measured in sediments surrounding wood blocks deployed around methane
seepage in the Eastern Mediterranean, which were colonized by chemosynthetic Idas mussels
(Bienhold et al., 2013; Table 3.4). Sulfate-reduction rates were also up to 2 orders of magnitude
lower than at sulfophilic-stage whale bones, which were also colonized by chemosynthetic
bacterial mats, vesicomyid clams, and Idas mussels (Treude et al., 2009). Low sulfide production
rates may explain why only a few Idas mussel individuals, which gain nutrition via
chemosynthetic sulfide-oxidizing symbionts (Deming et al., 1997; Duperron et al., 2008) ,

occurred our wood blocks.
3.5.4 Wood-fall successional stages

Biotic communities and geochemical properties on deep-sea wood falls change over time, and
wood-boring xylophagaid bivalves are clearly important facilitators of these successional
changes. While we did observe wood blocks consistent with the “specialist”, “opportunist”, and
“senescence” successional stages, some wood blocks in our study were not adequately described
by the successional stages outlined by Pop Ristova et al. (2017). Based on our results and those
of other studies (McClain et al., 2018; Bernardino et al., 2010; Bienhold et al., 2013; Pop Ristova
et al., 2017; Kalenitchenko et al., 2018a), we propose an updated characterization of successional
stages during the colonization and decomposition of deep-sea wood falls. These stages are
continuous (i.e., overlapping) and are named after the dominant functional groups and the overall
characteristics of the wood-fall habitat, similarly to the identified successional stages on whale
falls (Smith & Baco, 2003; Smith et al., 2015). These wood-fall successional stages are as
follows: (1) a microbial stage; (2) a wood-borer stage; (3) an opportunist stage; (4) a wood
disintegration stage; and (5) a reef stage. Based on our measurements and other studies, propose
that sulfidic conditions, albeit often at low levels, can occur during each of these stages. A
conceptual diagram of wood mass remaining, macrofaunal biomass, and sulfidic conditions

through these hypothesized wood-fall successional stages is presented in Figure 3.6.
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3.5.4.1 Microbial stage

Several studies indicate that microbes can dominate the early phases of wood-fall decomposition,
before colonization by xylophagaid bivalves (Bienhold et al., 2013; Kalenitchenko et al., 2018a).
The Pop Ristova et al. (2017) model did not describe any stages prior to woodborer colonization.
Marine bacterial genera that may produce cellulases have been found on wood surfaces after as
little as 1 day of immersion (Bienhold et al., 2013). Microbial communities themselves exhibit
temporal succession in community structure on wood falls, including a transition in dominant
metabolic strategies from heterotrophy to chemoautotrophy associated with a shift from localized
aerobic to anaerobic conditions (Palacios et al., 2006; Palacios et al., 2009; Fagervold et al.,
2012; Kalenitchenko et al., 2016). Microbial biofilms and/or mats likely serve as a labile food
source for bacterial grazers during early phases, such as nematodes (Schwabe et al., 2015) and

gastropods of Dillwynella (Nishimoto et al., 2009).
3.5.4.2 Wood-borer stage

This stage is characterized by the colonization and transformation of deep-sea wood parcels by
wood-boring bivalves. Initial settlement of xylophagaids to wood in the deep sea can occur
within 2-3 months (Turner, 1973, 2002; Tyler et al., 2007; Romano et al., 2013). Xylophagaid
boreholes increase habitat complexity and can provide shelter for many organisms, even when
inhabited by xylophagaids (Wolff, 1979; Schander et al., 2010). Labile food resources are also
increased and diversified throughout this stage for a range of functional groups including
opportunists, scavengers, and predators, through the provision of xylophagaid biomass and fecal
material. Because wood contains little nitrogen, some xylophagaid species with nitrogen-fixing
endosymbionts provide wood-fall assemblages with significant sources of organic nitrogen
(Distel & Roberts, 1997; Voight et al., 2020). This stage most closely aligns with the “specialist”
stage defined by Pop Ristova et al. (2017), but specifically highlights the importance of wood-
boring specialists.

3.5.4.3 Opportunist stage

This stage is characterized by wood-fall assemblages numerically dominated by opportunist taxa,
such as dorvilleid and capitellid polychaetes, likely responding to organic enrichment from

increased production of labile xylophagaid fecal material and/or xylophagaid biomass. This
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opportunist stage was defined by Pop Ristova et al. (2017), has also been observed in sediments
surrounding wood falls (Bernardino et al., 2010), and is analogous to the enrichment-opportunist
stage described at whale-fall habitats (Smith & Baco, 2003; Smith et al., 2015).

The establishment and extent of the opportunist stage at wood-falls may be highly dependent on
the dominant species of xylophagaids at a wood fall. Not all xylophagaids line their boreholes
heavily with fecal material; This trait may be largely restricted to one subclade of xylophagaids,
which includes X. dorsalis, X. washingtona, X. oregona, and X. crooki (\Voight et al., 2019). For
example, Xylonora zierenbergi, which belongs to a xylophagaid subclade that does not heavily
line burrows with fecal material, was the dominant xylophagaid collected from wood at ~3200 m
in the NE Pacific, and non-xylophagaid assemblages did not appear to support dense
assemblages of enrichment opportunists as described in our study (McClain & Barry, 2014). In
our study, X. zierenbergi and X. muraokai (also belonging to the same subclade) dominated
xylophagaids at intermediately bored wood at N-2800, and opportunists, while present, were
reduced in abundance compared to the 1600 m wood parcels where X. oregona was dominant.
Further investigation is required to determine whether wood intensely bored (versus
intermediately bored) by X. zierenbergi and/or X. muraokai can support abundant opportunist

populations.
3.5.4.4 Wood disintegration stage

Eventually, xylophagaid populations may reach carrying capacity as wood parcels can no longer
support additional boreholes. During this stage, a decrease in xylophagaid biomass and fecal
material will be followed by a decrease in the biomass/abundance of opportunists and predators,
and other species relying on xylophagaids. The disintegration of the wood block, potentially
aided by mechanical fragmentation from bottom currents, can disperse wood chips into the
surrounding sediment, enriching the benthos for years after the initial fragmentation of the wood
(Bernardino et al., 2010; Bienhold et al., 2013). Pop Ristova et al. (2017) described a similar
stage as a “senescence stage”, however it is unclear whether this refers to the senescence of the
wood-borer populations, or the senescence of the entire wood-fall ecosystem. While this stage
may represent the terminal stage of wood-fall succession, particularly for small and/or heavily

infested wood parcels, it is also possible that the wood-fall persist into a reef stage (see next
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section). We propose the name “wood disintegration stage” to unambiguously describe the

physical characteristics of this successional stage.
3.5.4.5 Reef stage

While some studies have indicated rapid total disintegration (within 9-13 months) of deep-sea
wood falls (Tyler et al., 2007; Romano et al., 2013), others document persistence of wood with
vacant xylophagaid boreholes after 5.5 to 7 years (Bernardino et al., 2010; McClain & Barry,
2014; Pereira et al., 2022). Vacant xylophagaid boreholes can provide habitat for other infauna,
and the intact wood parcel may serve as hard substrate for species feeding on organic carbon
independent of the wood parcel (e.g., background particular organic-carbon flux), analogously to
the reef stage observed for whale falls (Smith & Baco, 2003; Smith et al., 2015). The
establishment and duration of a reef stage at wood falls may depend heavily on factors
influencing the colonization and survivorship of wood-boring bivalves, such as predation
pressure and/or low oxygen conditions (Pereira et al., 2022). The size and surface-area-to-
volume ratios of wood parcels likely also influence the establishment and persistence of a reef
stage. Because the depth of boring by xylophagaids is limited by siphon lengths, it is likely that
xylophagaids bore to a maximum and then die out before fragmenting very large wood parcels.
This stage was not captured by the previous successional stage model proposed by Pop Ristova
etal. (2017).

3.5.4.6 Sulfidic conditions

Sulfidic conditions likely occur within most of the wood-fall successional stages, although the
origin of the sulfidic conditions appears to vary over time. During the microbial stage, anaerobic
bacterial decomposition of labile wood components by sulfate-reducing bacteria may provide
sulfide for chemoautotrophic bacterial mats on the wood surface (Kalenitchenko et al., 2018b;
Kalenitchenko et al., 2016; Kalenitchenko et al., 2018a; Yicel et al., 2013). During the wood-
borer and opportunist stages, xylophagaid fecal material provides rich labile organic substrates
for sulfate-reducing bacteria (Fagervold et al., 2014; Kalenitchenko et al., 2018a). Under heavy
xylophagaid colonization, fragmentation of the wood, and or fecal ejection by some xylophagaid
species, may disperse xylophagaid fecal material onto the surrounding sediments, which also
may become sulfidic (Bernardino et al., 2010; Bienhold et al., 2013).
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At whale falls, the sulfophilic stage is characterized by a dominant, high density, species-rich,
and trophically complex assemblage dependent on chemoautotrophic production (Smith & Baco,
2003; Smith et al., 2015). While typical, chemosynthesis-associated fauna, such as Idas mussels
(Bienhold et al., 2013; Pop Ristova et al., 2017; Romano et al., 2013) and siboglinid polychaetes,
have been reported at wood falls, assemblages numerically dominated by chemosymbiotic fauna
have not been documented at sunken wood at locations far from geologically-mediated reducing
conditions. The limited wood-fall food-web studies have not identified chemoautotrophic
production as an major food source for wood-fall assemblages (Nishimoto et al., 2009; Harbour
et al., 2021a) however, chemosynthetic nutrition does appear to be important for multiple species

inhabiting sediments surrounding late-stage wood falls (Bernardino et al., 2010).
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Sulfide production from labile wood components

Sulfide production from xylophagaid fecal material
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Figure 3.6 Hypothesized changes in biomass, wood mass remaining, and sulfidic conditions throughout the proposed successional stages of deep-sea
wood-falls, assuming ultimate total disintegration of the wood substrate. Initial colonization of sunken wood by microbial assemblages during the
“microbial stage” may lead to a low rate of wood-mass loss. Once wood is successfully colonized by wood-boring xylophagaids, a subsequent increase
in xylophagaid biomass coincides with rapid rates of wood-mass loss throughout the “wood-borer stage”. An increase in xylophagaid biomass and
xylophagaid fecal material supports an increase in opportunist biomass during the “opportunist stage”. During the “wood disintegration stage”.
continued xylophagaid boring leads to fragmentation and disintegration of the wood substrate, yielding a reduction in xylophagaid biomass as wood
resources available for boring become depleted and habitat loss for wood-fall macrofauna. Sulfidic conditions may occur during all successional stages,

first primarily sustained by microbial utilization of labile components of the wood, and later sustained by microbes decomposing xylophagaid fecal
material and other biomass.
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Many factors likely influence the general applicability of our proposed wood-fall successional
stages (Figure 3.6). For example, available species pools and larval supply rates will vary
between biogeographic regions and depths (Young et al., 2022), and wood-parcel size and wood
characteristics may influence wood-fall community structure, diversity, and ecosystem functions
(Judge & Barry, 2016; McClain et al., 2018). In addition, proximity to other reducing habitats
may influence the colonization and development of sulfidic assemblages (Gaudron et al., 2010;
Cunha et al., 2013; Pereira et al., 2022). Additionally, temporal progression and degree of
overlap between stages likely depends heavily on the identity, colonization rate, and boring
characteristics of xylophagaid bivalves. More standardized, controlled wood-fall experiments,
such as conducted here, are highly desirable to further result the nature and variability of wood-

fall succession.
3.6 ACKNOWLEDGEMENTS

We thank all of those involved in the fabrication, deployment, recovery, and procesing of the
Bone and Wood Landers. Special thanks go to Kathleen Ruttenberg who provided access to a
muffle furnace, to Philip Rapoza for providing help with sectioning wood blocks, and to Kevin
Christensen and Hailee Neal for their help sorting wood samples. This research was supported by
the National Science Foundation (grants OCE-1155703 awarded to C.R.S and OCE-1155188
awarded to K.M.H).

76



CHAPTER 4

Trophic ecology of whale-bone and wood-fall habitats in the deep
NE Pacific

In prep as: Young EL, Halanych KM, Bernardino AF, Drazen JC, Smith CR. Trophic ecology of
whale-bone and wood-fall habitats in the deep NE Pacific
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4.1 ABSTRACT

Organic-fall habitat islands are important components of deep-sea benthic ecosystems, providing
concentrations of organic carbon at the otherwise food-poor seafloor. We used stable isotope
analyses to investigate and compare the trophic structure and nutritional sources of macrofaunal
assemblages collected on whale-bone and wood substrates experimentally deployed in the NE
Pacific, at a depth of 1605 m for 15 mo. The overall trophic structure of whale-bone and wood-
fall assemblages differed. Bayesian-mixing models indicated that organic-rich substrates were
the dominant basal food sources for the majority of the 14 wood taxa and 9 whale-bone taxa
sampled. The relative importance of background particulate organic matter (POM) to faunal diets
varied among taxa and functional groups. Three deposit-feeding and omnivorous species were
sampled from both substrate types, and background POM was of greater importance to those
three species collected on whale bones compared to wood. We suggest that this is due to the
greater availability of labile particulate material produced by key ecosystem engineering, wood-
boring xylophagaid bivalves at wood falls. In contrast, bone-eating Osedax annelid ecosystem
engineers did not contribute to the production of particulate food resources on this 15-month
time scale, but microbial biomass on whale bone substrates may have been an important
particulate nutritional source for fauna. We conclude that bone and wood falls provide an
important nutritional source to specialized consumers and also to trophic generalist macrofaunal

types in the deep sea.
4.2 INTRODUCTION

Most deep-sea benthic habitats are nutritionally dependent on the flux of particulate organic
matter (POM) from overlying surface waters. Large organic-rich substrates, such as sunken
whale carcasses and wood, create seafloor habitat islands known as organic falls (whale-falls and
wood-falls, respectively), and can provide the benthos with a pulse of organic carbon many
orders of magnitude greater than provided by background POM flux (Smith & Baco, 2003).
Organic falls are becoming increasingly recognized as common features on the deep-sea benthos
and play an important role in maintaining biodiversity and ecosystem functioning in the deep sea
(Smith et al., 2015; McClain & Barry, 2014; Harbour et al., 2021b).
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Organic-fall habitats support faunal assemblages that include a range of functional groups (Smith
et al., 2015; Harbour et al., 2021b). Specialist taxa, with specific adaptations that allow for the
utilization and alteration of the otherwise inaccessible and recalcitrant components of whale bone
and wood, are particularly important components of organic-fall assemblages. At whale-falls,
specialists include bone-eating Osedax siboglinid annelids. Osedax produce acid to bore into
bone (Tresguerres et al., 2013), and, aided by endosymbiotic bacteria, consume the collagen, and
possibly lipids, locked within bone material (Goffredi et al., 2005; Goffredi et al., 2007;
Moggioli et al., 2022). Wood-eating xylophagaid bivalves are the most notable specialists at
deep-sea wood falls. Xylophagaids rasp wood to create boreholes, simultaneously ingesting the
rasped wood particles and digesting the cellulose via cellulolytic endosymbiotic bacteria (Distel
& Roberts, 1997). Because wood is nitrogen poor, xylophagaids obtain nitrogenous nutrition
either via nitrogen-fixing endosymbionts, or by filtering POM from the water column (Voight et
al., 2020). Both Osedax annelids and xylophagaid bivalves are considered key ecosystem
engineers (Jones et al., 1994) at organic-falls because they modulate the physical environment,
including habitat and food availability, which in turn can regulate the structure and biodiversity
of the entire organic-fall assemblage (Alfaro-Lucas et al., 2017; Alfaro-Lucas et al., 2018;
Chapter 3). Organic-fall assemblages often include “enrichment opportunist” taxa (Smith &
Baco, 2003), such as deposit-feeding capitellid polychaetes (Alfaro-Lucas et al., 2017),
omnivorous/bacterivorous (Chapter 3) dorvilleid polychaetes (Cunha et al., 2013; Wiklund et al.,
2009; Young et al., 2022), and grazing gastropods (Smith & Baco, 2003; Cunha et al., 2013).
Predatory and/or scavenging carnivores can constitute the higher trophic levels of organic-fall
food webs (Turner, 1973; Smith & Baco, 2003; Bernardino et al., 2010).

A variety of food sources are available to fauna at organic falls. While organic-fall substrates
(e.g., whale bone and wood) themselves are energy rich, the carbon is not necessarily directly
available to the entire assemblage. In addition to the substrate specialists mentioned previously,
consortia of free-living, heterotrophic microbial decomposers can also utilize whale-bone and
wood materials (Bienhold et al., 2013; Fagervold et al., 2014; Borchert et al., 2021). The reduced
compounds produced by heterotrophic bacteria decomposing the organic matter can also fuel the
growth of free-living chemoautotrophic bacteria, sometimes forming dense mats on wood or

bone surfaces and surrounding sediments (Bennett et al., 1994; Kalenitchenko et al., 2018b).
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Both heterotrophic and chemoautotrophic biofilms may serve as an important food source for
bacterivores (Deming et al., 1997; Wiklund et al., 2009). Another potentially important food
source for fauna unable to directly utilize organic-fall substrates are the waste products of
specialist decomposers. Xylophagaids produce fecal material composed of partially digested
wood fragments which include lignin (Pesante, 2018; Dore & Miller, 1923), wood-decomposing
bacteria and fungi (Fagervold et al., 2014), and mucus (Purchon, 1941). One particular
xylophagaid clade, which includes Xylophaga dorsalis and X. oregona, characteristically
accumulates fecal material inside boreholes and around siphons (Voight et al., 2019); this fecal
material may serve as an important food source for particulate-feeding deposit feeders and
bacterivores (Chapter 3). Photosynthetically-derived POM is also a food source available to
fauna at organic falls and may be especially important for deposit feeders on organic-fall
surfaces. While the diets of organic-fall fauna may be hypothesized by the natural history of
functional groups, stable isotope analyses can provide more direct evidence of the relative
importance of each food source (Nishimoto et al., 2009; Alfaro-Lucas et al., 2018; Harbour et al.,
2021a).

Here we use stable isotope analyses (Deniro & Epstein, 1981; Peterson & Fry, 1987) to elucidate
the (1) trophic structure, and (2) relative contributions of dietary sources to fauna collected from
whale bones and wood in the deep sea. We conducted an experimental study of organic-fall
habitats, whereby replicate parcels of whale-bone and wood were concurrently deployed for ~15
months at a single site, S-1600, on the Washington-Oregon margin seafloor at a depth of ~1605
m (Young et al., 2022). Upon collection, the whale bones were essentially intact but very lightly
bored by multiple species of bone-eating Osedax polychaetes, and colonized by enrichment-
opportunists (Smith & Baco, 2003). Dark patches and thin bacterial mats on bones suggested
early signs of a sulfophilic successional stage (Young et al., 2022). The wood blocks were in an
advanced “wood disintegration stage” (Chapter 3) as evidenced by heavy colonization and
boring by xylophagaid bivalves, as well as by the presence of opportunistic and predatory taxa.
Assemblages on whale-bone and wood substrates were distinct, yet some species occurred on
both substrate types (Young et al. 2022). Using the isotopic signatures of fauna and dietary
sources collected in this experiment, we address the following hypotheses for replicate, co-

located whale-bone and wood substrates deployed at the deep-sea floor for 15 months:
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(1) Whale bone and wood falls display different food-web structure.

(2) On average, a greater proportion of the diet of organic-fall fauna comes from the organic-
fall source, rather than from background POM.

(3) Deposit feeders and omnivores on wood obtain a lower proportion of their diet from
background POM sources than the same species on bone substrates, because of the
increased availability of particulate xylophagaid fecal material at wood compared to

particulate food sources at whale bones.

4.3 MATERIALS AND METHODS

4.3.1 Study area

The study site is on the continental slope ~100 km offshore of Washington and Oregon, USA,
and is heavily sedimented and features numerous canyons and channels. The Washington and
Oregon coastlines are heavily wooded, and multiple rivers provide natural sources of sunken
wood to the continental margin (Young et al., 2022). Resident and migrating populations of large
cetacean species (Green et al., 1995; Calambokidis & Steiger, 1997; Barlow & Forney, 2007),
and natural whale falls (Lundsten et al., 2010a) are present in this region. Areas of methane
seepage and gas-hydrate deposits are also present along the Washington-Oregon margin (Suess,
1985; Kastner et al., 1998). Site S-1600 (43° 54.52° N, 125° 10.42° W) has a water depth of
~1605 m, and the seafloor is bathed by slowly southward-flowing North Pacific Deep water
(mean flow of ~1 cm s!; Hautala et al., 2009). Mean (+ SD, n = 2) seafloor water temperatures
(2.3°C +£0.1), salinity (34.6 + 0.0) and oxygen concentrations (0.9 ml It + 0.1) were measured
during lander deployment in April 2013 (Young et al., 2022).

4.3.2 Experimental design

Benthic landers holding replicate whale-bone, wood, and inorganic control substrates were
deployed on the Washington-Oregon margin seafloor in April 2013 and were recovered after ~15
months. This present study addresses stable-isotope data collected from wood and bone
substrates from site S-1600 (Young et al., 2022). The lander was comprised of nine 500-pum
mesh bins (50 x 50 x 50 cm) arranged in an equilateral triangle. Plastic lids spanning the three
bins on each lander side were held open while the lander was on the seafloor and closed to seal

bin contents during the ascent and recovery of the lander. Each lander side contained one bin
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each with whale bone, a control slate substrate (always positioned in the middle), and a wood
block, with replicate colonization substrates attached to both the bottom and the lid of each bin.
Whale bone substrates were sections of adult humpback whale (Megaptera novaeangliae)
lumbar vertebral halves (~3790 cm?®) or ribs (~2240 cm?®), and wood substrates were 18.4 x 19.0
x 8.8 cm (~3080 cm®) blocks of untreated Douglas fir (Pseudotsuga menziesii). The whale bones
in this study were blackened upon recovery which indicated reducing conditions (Young et al.
2022), and some bone and surfaces appeared white, which we interpret as the presence of
bacterial mats that were largely washed off during lander ascent to the surface (Figure S4.1).
Whale-bone surfaces were colonized by four large Osedax rubiplumus individuals, as well as an
average 7.3 individuals of a small Osedax species per bone (Osedax sp. B, averaged across 3
bones; Young et al. 2022). Wood blocks attached to the lid were crumbling due to heavy
colonization by xylophagaid bivalves, while wood blocks attached to the bottom of mesh bins
were not colonized by xylophagaid bivalves and were blackened, with no evidence of microbial
mats (Figure S4.1). Woody debris from lid wood blocks had fallen into the mesh bins below. To
obtain an estimated isotopic signature of background POM, surface plankton was sampled at site
S-1600 and between sites N-1600 and N-2800 (Young et al., 2022) by towing a 63pum-mesh
plankton net from the RV ‘Oceanus’ on June 22" , 23", and 27", 2014. Contents of the nets
were washed with 20-um filtered seawater into sterile vials and large zooplankton were removed

under a dissecting microscope before samples were frozen.
4.3.3 Stable isotope analysis

Upon lander recovery, the mesh bins and substrates were immediately transferred to chilled 20-
um filtered seawater. Bone and wood substates were cut into quarters using a reciprocating saw
and preserved in either a 10% formalin-seawater solution, or 95% ethanol. Mesh bags were
rinsed with chilled 20-pm filtered seawater and contents were split in half; one half preserved in
a 10% formalin-seawater solution, and the other in 95% ethanol. Stable isotope measurements
were conducted on three occasions (Batch 1, Batch 2, and Batch 3). “Batch 1” macrofauna were
identified and picked from substrates and mesh bins immediately following lander recovery,
placed in sterile plastic vials (using sterile forceps) which were immediately frozen, later
transported to the University of Hawai'i at Manoa, and stored at -20°C until tissue preparation in

November 2016. “Batch 2”” macrofauna were prepared in July 2017, either directly from
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formalin-preserved wood blocks, or from mesh bin contents preserved in 10% formalin and later
transferred to 80% ethanol. “Batch 3 macrofauna were prepared in July 2022 from whale bone
and wood mesh bin contents preserved in either 95% ethanol or preserved in 10% formalin and
later transferred to 80% ethanol. Different preservatives and storage durations have been
reported to have taxon-variable effects (no effect, enrichment, or depletion) on stable isotopic
signatures (Fanelli et al., 2010). Because no universal corrections are appropriate, and because
effects on stable isotope signatures are expected to be minor in comparison to the observed
differences in isotopic signature between nutritional sources, we report the data with no

corrections applied.

Macrofauna were sorted and identified to lowest possible taxonomic level. We attempted to
sample as much of the community as possible, especially taxa that contributed most to the
overall biomass, where sufficient material was available for analyses (Young et al.2022; Chapter
3). For small organisms, multiple individuals were pooled to obtain a sufficient sample mass
(Table S4.1). Tissue subsamples of the bivalve Xylophaga oregona were taken only from the
siphon. Macrofauna/tissues were rinsed in deionized water, placed in individual glass vials in a
60°C oven and dried to a constant weight. Tissues were ground to a fine powder using a sterile
ceramic mortar and pestle, and 0.5 mg of material was transferred to tin capsules, sealed, and

sent to stable isotope facilities.

Surface plankton and whale bone subsamples were dried at 60°C, ground to a fine powder, and
0.5 mg of material was placed in each tin capsule and included in Batch 1 analyses. Small pieces
of wood were subsampled from areas of bulk-frozen wood-block quarters with no visual
evidence of biological colonization and were similarly dried and ground to a powder. Because
wood has an extremely low nitrogen content, ~2 mg of powder was prepared for each wood
sample and were analyzed in Batch 2. Xylophagaid fecal material was identified as another
potential food source for wood organisms. Xylophagaid fecal material was subsampled from
xylophagaid burrows in wood block quarters that were preserved (1) in 10% formalin-seawater
solution, (2) in 10% formalin-seawater solution and later transferred to 80% ethanol, and (3)
frozen. Dried and powdered xylophagaid fecal material samples weighing 0.5-1.0 mg were
analyzed in Batch 2. Because we were unable to sample enough bacterial mat from whale bones

deployed in this study, we instead use carbon and nitrogen isotopic signatures of bacterial mats
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(including Beggiatoa spp.) collected from a natural (not implanted) blue or fin whale skeleton
sampled at 1240 m depth in the Santa Catalina Basin in 1991 and 1999 (Baco-Taylor, 2002;
Smith & Baco, 2003).

Batch 1 and Batch 2 samples were analyzed for carbon and nitrogen weight and isotopic
composition (**C/*2C and °*N/**N) at Washington State University using a Costech elemental
analyzer interfaced with a Micromass Isoprime isotopic ratio mass spectrometer. Batch 3
samples were analyzed for carbon and nitrogen weight and isotopic composition (}3C/*2C and
15N/HN) at the Biogeochemical Stable Isotope Facility at the University of Hawaii at Manoa
using a Costech ECS 4010 elemental combustion system coupled to a Thermo Scientific Delta V
Advantage isotope ratio mass spectrometer. Measurements are reported in d notation relative to
international standards (atmospheric nitrogen for §°N and Peedee belemnite for §*3C) in per mil

(%o) units.
4.3.4 Statistical analyses

Each species/taxon was assigned to a functional group (bone/wood specialist, deposit feeder,
microbial grazer, omnivore, mobile generalist, or carnivore) based on a literature review (Table
4.1). Taxa known to specialize on organic-rich substrates were categorized as bone/wood
specialists. Feeding guilds of polychaetes (deposit feeders and omnivores) have been well
defined by Jumars et al (2015). All gastropods in this study were determined to be microbial
grazers. Taxa were categorized as mobile generalists if they had the capacity of mobility between
experimental bins, and also occurred on multiple substrate types. Carnivores included predatory
or scavenging taxa with limited mobility, relative to the experimental bins. A lipid correction
was mathematically applied to the 5!3C of macrofaunal samples with C/N values > 3.5,
(8%3Ceorrected = 8**Cuncorrected — 3.32 + 0.99 x C:N) according to (Post et al., 2007). Mann-Whitney
U tests were used to compare 5*3C and §*°N signatures of bone and wood taxa, and xylophagaid

fecal material and wood sources, because isotopic data were not normally distributed.

Community-wide Layman metrics (Layman et al., 2007) were estimated in a Bayesian
framework (Jackson et al., 2011) to quantify and compare the trophic structure of bone and wood
food webs and functional groups in bivariate (8*3C and §*°N) isotopic space. The following
metrics were calculated: §*3C range (CR), 8*°N range (NR), total area of the convex hull

containing the means of functional groups (TA), mean distance of functional group means to the
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centroid (CD), mean nearest neighbor distance of functional group means (MNND), and standard
deviation of nearest neighbor distance (SDNND). Interpretations of these metrics are addressed
in the discussion. Isotopic niche-width metrics were determined in order to describe and compare
the isotopic niche size of bone and wood functional groups. Standard ellipse areas corrected for
sample size (SEAc) and Bayesian estimates (and 95% credible intervals) of standard ellipse areas
(Jackson et al., 2011) were calculated. The SEAg of Capitella cf. capitata populations collected

on bone and wood substrates were also estimated and compared.

Layman and isotopic niche width metrics were estimated using the Stable Isotope Bayesian
Ellipse (SIBER) package (Jackson et al., 2011) in R version 4.1.1 (R Core Team, 2021) based on
model runs with two Markov chains of 20,000 iterations, with a burn-in of 1,000 and a thinning
of 10. Pair-wise comparisons of metric estimates were conducted by calculating the proportion of
overlapping posterior distributions, and were considered significant when probability of overlap
exceeded 95% (Jackson et al., 2011). Bone omnivore (n = 1) and wood microbial grazer (n = 1)
data points were omitted from the calculation of Layman and isotopic niche width metrics due to

insufficient sample sizes.

Bayesian mixing models (MixSIAR) were used to estimate the proportional contributions of
different food sources to the diets of bone and wood fauna (Moore & Semmens, 2008). Potential
food sources for each functional group were determined by conducting a literature review (Table
4.1). Because we were unable to measure the isotopic signature of wood bacterial mats, we
instead used a combined wood signature (average of wood and xylophagaid fecal material
signatures) to infer wood as the basal source of nutrition for wood microbial grazers and wood
omnivores. If X. oregona is truly xylophagous, it is expected to obtain carbon from wood and
nitrogen via endosymbiotic bacteria (Distel & Roberts, 1997; Voight et al., 2020). Therefore, to
determine the dietary contributions to X. oregona, we used the §*3C signature of “Wood” sources
measured in this study along with the 5!°N signature of organic-matter produced by N-fixing
bacteria (Hoering & Ford, 1960; Delwiche & Steyn, 1970; Macko et al., 1987; Minagawa &
Wada, 1986; Carpenter et al., 1997). Trophic enrichment factors (§°C: 0.1%o = 2.2 SD n = 157;
S1N: 2.6%o0 £ 2.0 SD n = 155) from the literature determined from controlled feeding
experiments of aquatic invertebrates (Brauns et al., 2018), and were adjusted for each functional

group according to inferred trophic level (TEF x 1.5 for omnivores and mobile generalists, TEF
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x 2 for carnivores; Table 4.1). MixSIAR models with uniform priors and a process x residual
error structure were run using the MixSIAR package (Stock & Semmens, 2016; Stock et al.,
2018) in R (R Core Team, 2021). Model runs were comprised of 3 Markov chain runs, each with
1,000,000 iterations, a burn in of 500,000 and a thinning rate of 500. Model convergence was
assessed by examining Gelmin-Rubin and Heidelberger-Welch and Geweke diagnostic tests.
Three data points were identified as potential outliers following the estimation of 95%
confidence mixing (Smith et al., 2013) and are indicated as such throughout. Estimates for model
runs with all functional groups supplied with all potential sources (Wood combined, Whale bone,
Bone bacteria and Surface plankton) are presented in Tables S4.3 and S4.4 and Figure S4.3.
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Table 4.1 Whale-bone and wood taxa sampled in this study, along with potential food sources and assumed trophic enrichment factors (TEF). Bo, bone;
SP, surface plankton; Ba, whale bone bacteria; Wo, wood; XF, xylophagaid fecal material, Wo(c), wood (combined; wood and xylophagaid fecal
material). *Xylophaga oregona potential sources are wood (Wo) for carbon and nitrogen-fixing bacteria (NF) for nitrogen.

Functional . Potential
Substrate group Taxa Class, Family Sources TEF References
Bone Bo_ne_ Osedax rubiplumus P_olychagta, Bo, SP +1 (Rouse et al., 2004)
specialist Siboglinidae
Deposit Laonice sp. A Polych_aeta, Bo, Ba, SP (Jumars et al., 2015)
feeder Spionidae
. . Polychaeta,
Capitella cf. capitata Capitellidae +1 (Jumars et al., 2015)
Capitella cf. ovincola Pol)_/cha_eta, (Jumars et al., 2015)
' Capitellidae N
Microbial Hvalogvrina so. A Gastropoda, Ba. SP (Marshall, 1988; Wareén et al., 1996;
grazer yalogy P- Hyalogyrinidae ' Astrom et al., 2019)
. Gastropoda, N
Dillwynella sp. A Skeneidae +1 (Marshall, 1988; Nishimoto et al., 2009)
Polvchaeta (Wiklund et al., 2009; Bernardino et al.,
Omnivore Ophryotrocha batillus ycnaea, Bo,Ba, SP  +15 2010; Jumars et al., 2015; Alfaro-Lucas
Dorvilleidae
etal., 2018)
Mobile . . Bo, Ba, e
generalist Ophiuroid Ophiuroidea Wo(c).SP (Pearson & Gage, 1984; Smith, 1985)

Amphipoda sp. K

Eurycopinae sp. A

Malacostraca

Malacostraca,
Munnopsidae

+1.5

(Bowman, 1974; Bousfield & Hendrycks,
1997; Cadien, 2015)

(Wolff, 1962, 1976)
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Table 4.1 (Continued) Whale-bone and wood taxa sampled in this study, along with potential food sources and assumed trophic enrichment factors

(TEF).
Substrate Functional Taxa Class, Family Potential TEF References
group Sources
Wood Bivalvia, - .
Wood specialist Xylophaga oregona Xylophagaidae Wo,NF +1 (Voight et al., 2020)
I?gggsr't Laonice sp. A Pg;?’g:%e;:’ XF, SP (Jumars et al., 2015)
Capitella cf. capitata gg:)}i/tcer:;iizt:é (Jumars et al., 2015)
Decemunciger sp. A AF;r?:)ﬁr;Z‘taitgée (Zottoli, 1982; Jumars et al., 2015)
Ampharetid sp. 22 A?%;?ggtgée +1 (Jumars et al., 2015)
N Polychaeta,
Flabelligerid sp. A Flabelligeridae (Jumars et al., 2015)
Microbial . (Lesicki, 2009; Haszprunar et al.,
grazer Limpet sp. A Gastropoda Wo(c), SP +1 2022)
Polvchaeta (Wiklund et al., 2009; Bernardino et
Ophryotrocha batillus Dori//illeida’e al., 2010; Jumars et al., 2015; Alfaro-
Lucas et al., 2018)
(Wiklund et al., 2009; Bernardino et
%:]hrs);?j;c:cgg gg%?ﬁgﬁ};‘é al., 2010; Jumars et al., 2015; Alfaro-
9 P Lucas et al., 2018)
Omnivore Dorvilleid sp. 54 gg%?ﬁgf;ﬁg Wo(c), SP +1.5 (Jumars et al., 2015)
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Table 4.1 (Continued) Whale-bone and wood taxa sampled in this study, along with potential food sources and assumed trophic enrichment factors
(TEF).

Substrate Functional Taxa Class, Family Potential TEF References
group Sources
Phylum
Carnivore Triclad sp. A Platyhelminthes, Wo(c), SP (Sluys, 1989)
Tricladida
. Polychaeta,
Polynoid sp. A Polynoidae (Jumars et al., 2015)
Sirsoe cf. hessleri Poly_chgeta, (Jumars et al., 2015)
Hesionidae
Nemertean sp. A Phylum Nemertea +2

(Thiel & Kruse, 2001)
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4.4 RESULTS

4.4.1 Stable isotope signatures

A total of 91 faunal samples (25 collected from whale bones, 66 collected from wood), and 32
source samples were analyzed (Figure 4.1; Table 4.2). Stable isotopic signatures were obtained
for 14 (out of 36) wood taxa, which included 9 of the 10 most numerous taxa (Young et al.

2022), and 7 of the 8 most dominant by biomass (Chapter 3). Nine (out of 30) whale bone taxa

were analyzed, which included 6 of the 10 most numerous taxa (Young et al. 2022).

Potential food sources had distinct §*C and 5'°N signatures, although signatures of wood and
xylophagaid fecal material were similar (Figure 4.1; Table 4.2). Xylophagaid fecal material §*C
was lower than wood by an average of 1.1 %o (U =9, p = 0.01). The §*°N of xylophagaid fecal
material was not significantly different from that of wood (U = 41.5, p = 0.401). Whale bone was
had the highest §*3C and §*°N values. Both surface plankton and bone bacteria sources had §°C
signatures intermediate to whale bone and wood, and surface plankton 5°N was higher (by 8.4
%o) than the 81°N of whale-bone bacteria. Wood fauna had lower §'3C values than bone fauna
(median for wood fauna = -21.6 %o, median for bone fauna = -20.2 %o.; U = 340.5, p < 0.01) and
8N (median for wood = 2.15, median for bone = 9.7; U = 48.5, p < 0.01). Estimates of all
Layman metrics were significantly greater for bone macrofauna compared to wood macrofauna,

indicating a different trophic structure between the two substrate types (Table 4.3).

The standard ellipse areas of functional groups on bone and wood substrates varied (Table 4.4).
Bone specialist SEAg was significantly greater than wood specialist SEAg. The SEAg of wood
deposit feeders was not significantly greater than bone deposit feeders (p = 0.851) and they did
not overlap. The SEAg of Capitella cf. capitata on wood was not significantly greater than on

bone (p = 0.805) and they did not overlap.
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Figure 4.1 Stable isotope biplot of species collected from whale-bone and wood substrates, and potential food
sources. Points/intersections indicate mean values and error bars indicate standard deviations.
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Table 4.2 Means and standard deviations (SD) of 8*3C, 8*°N, and carbon/nitrogen ratio (C/N) of whale-bone and wood-fall taxa. *Mean and SD
calculated from n = 2 values. $Whale-bone bacteria from Baco-Taylor 2002.

813C (%o) 515N (%) CIN

Substrate Functional group Taxa n Mean SD Mean SD Mean SD
Sources Surface plankton 3 -23.6 0.4 9.0 0.9 8.5* 1.4*
Whale bone 6 -15.6 1.6 121 0.5 3.9 0.9
Whale-bone bacteriat 3 -20.4 0.9 0.6 3.6 NA NA
Wood 5 -24.9 0.5 -2.7 0.6 297.6 18.7
Xylophagaid fecal material 13 -26.0 11 -2.3 1.2 65.7 41.7
Bone Bone specialist Osedax rubiplumus 4 -14.2 1.7 111 2.3 5.8 1.0
Deposit feeder Laonice sp. A 2 -23.4 0.2 7.4 0.1 3.7 0.1
Capitella cf. capitata 7 -20.5 0.7 8.8 1.1 4.0 0.3

Capitella cf. ovincola 1 -20.7 - 10.1 - 4.2 -
Microbial Grazer Hyalogyrina sp. A 6 -19.6 0.5 8.8 0.9 3.8 0.1

Dillwynella sp. A 1 -21.6 - 11.3 - 3.7 -

Omnivore Ophryotrocha batillus 1 -21.6 - 11.0 - 4.4 -

Mobile generalist Ophiuroid sp. A 1 -19.4 - 15.3 - 5.7 -

Amphipod sp. K 1 -15.6 - 20.2 - 4.6 -

Eurycopinae sp. A 1 -20.5 - 12.9 - 3.9 -
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Table 4.2 (Continued) Means and standard deviations (SD) of 83C, 8'°N, and carbon/nitrogen ratio (C/N) of whale-bone and wood-fall taxa.

813C (%o) 515N (%) CIN

Substrate Functional group Taxa n Mean SD Mean SD Mean SD
Wood Wood specialist Xylophaga oregona 15 -22.0 0.8 0.0 0.7 5.0 0.7
Deposit feeder Laonice sp. A 5 -21.4 0.7 1.3 2.4 4.3 0.7
Capitella cf. capitata 15 -20.3 0.9 2.2 1.0 6.0 2.0
Decemunciger sp. A 3 -22.1 0.1 1.6 2.2 4.3 0.3

Ampharetid sp. 22 1 -21.8 - 6.8 - 4.3 -

Flabelligerid sp. A 1 -21.6 - 4.1 - 3.6 -

Microbial grazer Limpet sp. A 1 -21.8 - 3.8 - 44 -

Omnivore Ophryotrocha batillus 1 -21.6 - 5.6 - 3.9 -
Ophryotrocha langstrumpae 10 -21.4 0.3 3.1 0.8 4.8 0.8

Dorvilleid sp. 54 1 -20.5 - 8.3 - 3.8 -
Carnivore Triclad sp. A 9 -21.8 0.4 2.4 1.3 44 0.7

Polynoid sp. A 1 214 - 10.5 - 3.7 -
Sirsoe cf. hessleri 2 -21.6 0.1 6.4 0.0 3.7 0.0

Nemertean sp. A 1 -19.2 - 19.7 - 4.2 -
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Table 4.3 Bayesian estimates (posterior mode and 95% credible intervals) of community-wide Layman metrics for
bone and wood assemblage trophic structure.CR = 313C range. NR = 315N range, TA = total area of the convex hull
containing the means of functional groups, CD = mean distance of functional group means to the centroid, MNND =
mean nearest neighbor distance of functional group means, and SDNND = standard deviation of nearest neighbor
distance.

Bone Wood

Metric Mode 95% ClI Mode 95% ClI
NR 7.5 56,94 5 42,58
CR 6.9 53,85 11 0.6,1.8
TA 23.2 15.7,31.1 25 11,4
CD 3.9 3.2,4.6 1.7 15,2
MNND 3.8 3.1,4.6 1.7 14,2
SDNND 2.9 19,37 0.6 02,11

Table 4.4 Standard ellipse areas (SEA) of functional groups. SEAg (Bayesian-inferred) estimates are posterior
modes and credible interval (Cl). SEAc (small-sample corrected) ellipses are plotted in Figure S4.2.

Substrate Functional Group n SEAC SEAs SEAg 95% ClI

Bone Bone specialist 4 13.7 8.9 2.2,30.9
Deposit feeder 10 3.8 3.3 18,7

Microbial grazer 7 35 2.8 1.2,6.7

Mobile generalist 3 6.8 17.5 3,816

Wood Wood specialist 15 15 1.4 08,24
Deposit feeder 25 6 5.7 3.8,84

Omnivore 12 2 1.8 0.9,33

Carnivore 13 6.2 6.6 3.8,12.2

Bone Capitella cf. capitata 7 1.9 1.6 0.7,3.8
Wood Capitella cf. capitata 15 3 2.6 15,46

4.4.2 Dietary sources

Overall, organic-fall sources were the dominant basal food source of macrofauna analyzed
(Figure 4.2; Tables 4.5-4.8). Averaged across all taxa, organic-fall sources (the total of wood,
xylophagaid fecal material, whale bone and whale-bone bacteria sources) accounted for 68.8% of
diet source (range 33.7 — 95.8%), and surface plankton had an average contribution of 31.2%
(range 4.2 — 66.3%; Figure 4.2).
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Whale bone and wood comprised most of the diet of bone and wood specialists, respectively,
although the diet of O. rubiplumus contained a higher proportion of surface plankton than that of

X. oregona.

Wood deposit feeders derived most of their diets from xylophagaid fecal material, with varied
contribution of surface plankton (median proportion 0.11 — 0.42). The contribution of surface
plankton to the diet of Laonice sp. A collected from whale bones was ~3 times greater (median
proportion = 0.3) than the contribution of surface plankton to Laonice sp. A collected from wood
(median proportion = 0.11). The probability that the dietary proportion of surface plankton of
Laonice sp. A collected from whale bones was greater than the dietary proportion of surface
plankton of Laonice sp. A collected from wood was 0.787. Similarly, the contribution of surface
plankton to the diet of Capitella cf. capitata collected from whale bones (median proportion =
0.26) was greater than the contribution of surface plankton to Capitella cf. capitata diets

collected from wood (median proportion = 0.19; probability = 0.711).

Most of the diet of bone and wood microbial grazers was derived from bone and wood sources,
respectively. Dietary proportions of omnivores varied between species, but organic-fall sources
were most important. The median proportion of diet derived from surface plankton sources
ranged between 0.15 and 0.58 across the three dorvilleid polychaetes taxa collected from wood.
The contribution of surface plankton to the diet of O. batillus collected from bone (median =
0.44) was greater than at wood (0.37; probability = 0.607).

Whale bone was the dominant food source of the three mobile generalist taxa collected from
whale bones. Wood was the dominant food source of Triclad sp. A. However, two carnivores
from the wood substrate assemblages had surface plankton dominated the diets (Polynoid sp. A,
and Nemertean sp. A), and wood and surface plankton co-dominated the diet of Sirsoe cf.

hessleri.
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Figure 4.2 Average dietary proportions for whale-bone and wood fall taxa, determined by MixSIAR modelling. *Isotopic signature outside of mixing

polygon. 1 n = 1 isotopic signature outside of mixing polygon.
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Table 4.5 Dietary proportions (mean + SD) of whale-bone taxa, determined by MixSIAR modelling. Calculated from Bayesian posterior distributions.

Substrate Functional group Taxa Wood (combined) Whale bone Bone bacteria  Surface plankton
Bone Bone specialist Osedax rubiplumus - 0.69 +0.22 - 0.31+0.22
Deposit feeder Laonice sp. A - 0.06 £ 0.05 0.62 +0.22 0.32+0.22
Capitella cf. capitata - 0.22 +0.07 0.52+0.13 0.26 +0.12
Capitella cf. ovincola - 0.23+0.12 0.44 +£0.19 0.33+0.2
Microbial grazer Hyalogyrina sp. A - - 0.75+0.16 0.25+0.16
Dillwynella sp. A - - 0.58 £ 0.23 0.42£0.23
Omnivore Ophryotrocha batillus - 0.2+0.14 0.36 £0.21 0.44 £0.23
Mobile generalists Ophiuroid sp. A 0.03+£0.04 0.63+£0.23 0.19+£0.22 0.14+£0.16
Amphipoda sp. K 0.03£0.03 0.67+£0.21 02+0.21 0.1+£0.08
Eurycopinae sp. A 0.06 £ 0.07 0.5+0.23 0.23+0.23 0.21+0.2

Table 4.6 Dietary proportions (mean = SD) of wood-fall taxa, determined by MixSIAR modelling. Calculated from Bayesian posterior distributions.

Substrate Functional group Taxa Wood (combined) Wood éﬁ;?%‘:?ear'igl Surface plankton
Wood Wood Specialist Xylophaga oregona - 0.96 + 0.03 - 0.04 +0.03
Deposit feeder Laonice sp. A - - 0.89+£0.06 0.11+£0.06
Capitella cf. capitata - - 0.81+0.05 0.19+0.05
Decemunciger sp. A - - 0.86 = 0.07 0.14 £ 0.07
Ampharetid sp. 22 - - 0.6+0.13 04+0.13
Flabelligerid sp. A - - 0.67+£0.14 0.33+£0.14
Microbial grazer Limpet sp. A 0.66 +0.17 - - 0.34+0.17
Omnivore Ophryotrocha batillus 0.63 £0.07 - - 0.37£0.07
Ophryotrocha langstrumpae 0.85+0.03 - - 0.15+0.03
Dorvilleid sp. 54 0.42 +0.07 - - 0.58 + 0.07
Carnivore Triclad sp. A 0.78+0.13 - - 0.22£0.13
Polynoid sp. A 0.34+0.24 - - 0.66 +0.24
Sirsoe cf. hessleri 0.48 £0.22 - - 0.52 +0.22
Nemertean sp. A 0.34+0.20 - - 0.66 £ 0.20
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Table 4.7 Dietary proportions (median, and 2.5% and 97.% confidence intervals) of whale-bone taxa, determined by MixSIAR modelling. Calculated

from Bayesian posterior distributions.

Substrate Functional group Taxa Wood (combined) Whale bone Bone bacteria Surface plankton
Bone Bone specialist Osedax rubiplumus - 0.73(0.17,0.99) - 0.27 (0.01, 0.83)
Deposit feeder Laonice sp. A - 0.05(0.01,0.18) 0.63(0.15,0.96) 0.3 (0.01, 0.79)

Capitella cf. capitata
Capitella cf. ovincola
Hyalogyrina sp. A
Dillwynella sp. A
Ophryotrocha batillus
Ophiuroid sp. A
Amphipoda sp. K
Eurycopinae sp. A

Microbial grazer

Omnivore
Mobile generalists

0.02 (0, 0.15)
0.02 (0, 0.1)
0.03 (0, 0.25)

0.22 (0.07, 0.35)
0.23 (0.02, 0.49)

0.18 (0.01, 0.51)
0.67 (0.12, 0.97)
0.73 (0.16, 0.93)
0.5 (0.08, 0.94)

0.51 (0.28, 0.78)
0.41 (0.1, 0.85)
0.77 (0.39, 0.98)
0.58 (0.15, 0.96)
0.34 (0.03, 0.83)
0.09 (0, 0.8)
0.11 (0, 0.73)
0.16 (0, 0.81)

0.26 (0.03, 0.49)
0.32 (0.01, 0.74)
0.23 (0.02, 0.61)
0.42 (0.04, 0.85)
0.44 (0.03, 0.85)
0.08 (0, 0.56)
0.08 (0, 0.29)
0.14 (0, 0.68)

Table 4.8 Dietary proportions (median, and 2.5% and 97.% confidence intervals) of wood-fall taxa, determined by MixSIAR modelling. Calculated

from Bayesian posterior distributions.

Substrate  Functional group Taxa Wood (combined) Wood Xylophagaid fecal material  Surface plankton
Wood Wood Specialist Xylophaga oregona - 0.96 (0.89, 1) - 0.04 (0, 0.11)
Deposit feeder Laonice sp. A - - 0.89 (0.76, 0.98) 0.11 (0.02, 0.24)

Capitella cf. capitata
Decemunciger sp. A
Ampharetid sp. 22
Flabelligerid sp. A

Microbial grazer Limpet sp. A

Omnivore Ophryotrocha batillus
Ophryotrocha langstrumpae
Dorvilleid sp. 54
Carnivore Triclad sp. A
Polynoid sp. A

Sirsoe cf. hessleri
Nemertean sp. A

0.66 (0.27, 0.96)

0.63 (0.49, 0.79)
0.85 (0.79, 0.91)
0.42 (0.29, 0.57)
0.79 (0.47, 0.96)
0.29 (0.02, 0.9)
0.49 (0.05, 0.91)
0.29 (0.09, 0.87)

0.81(0.72, 0.9)
0.86 (0.71, 0.98)
0.58 (0.36, 0.88)
0.67 (0.4, 0.94)

0.19 (0.1, 0.28)
0.14 (0.02, 0.29)
0.42 (0.12, 0.64)
0.33 (0.06, 0.6)
0.34 (0.04, 0.73)
0.37 (0.21, 0.51)
0.15 (0.09, 0.21)
0.58 (0.43, 0.71)
0.21 (0.04, 0.53)
0.71 (0.1, 0.98)
0.51 (0.09, 0.95)
0.71 (0.13, 0.91)

98



4.5 DISCUSSION

Stable isotope analyses revealed that food web structure at experimental (co-located and
concurrent) organic-fall deployments differed between whale-bone and wood substrates.
Organic-fall substrates were the dominant basal food source for the faunal assemblages, and the
importance of photosynthetically-derived, background POM varied among taxonomic groups
and between whale-bone and wood substrates. Results of this study were consistent with each of
our three hypotheses, which we discuss below following a discussion of the potential dietary

sources used in this study.
4.5.1 Dietary sources at organic-falls

The overall divergent isotopic signatures of whale bone, wood, and surface plankton provides a
strong basis for determining the relative importance of basal food resources in organic-fall
assemblages. Both whale bone and wood are complex materials comprising organic components

with differing labilities and isotopic signatures.

Whale bones (considered as organs, versus tissues) consist of a mineralized proteinaceous matrix
surrounding marrow and interstitial organic material within bone spaces. Collagen, the dominant
protein found within the bone tissue matrix, and lipids, stored inside bone spaces, are the two
major food sources available to whale bone fauna, and make up ~10-20% and ~10-50% of bone
composition, respectively (Higgs et al., 2011b). Previous isotopic studies of whale bones suggest
that the 5'3C of collagen is greater (by ~5-8 %o) compared to lipids (Stott et al., 1997; Baco-
Taylor, 2002; Onishi et al., 2018), and the §*3C signature of whale bones measured in this study
are more resemblant of bone collagen. Whale bone sources in this study were sampled from the
exterior of bone substrates, which may have contained less lipids, possible due to prior bacterial
degradation and/or seepage from bone spaces (Allison et al., 1991; Deming et al., 1997; Schuller
et al., 2004) and due to the less porous outer layers of the bone (Higgs et al., 2011b). The
microbiome of bone surfaces in marine environments comprises a consortium of heterotrophic
and chemoautotrophic microbes, with a range of metabolisms specialized for various reactions
associated with bone decomposition (Borchert et al., 2021). Many studies have reported the
presence of conspicuous sulfide-oxidizing microbial mats on and surrounding whale bones on
the deep-sea floor (Smith et al., 1989; Smith & Baco, 2003; Sumida et al., 2016). The isotopic
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signatures of our whale bones were similar to those of lipid-depleted bones reported by Baco-
Taylor (2002), and therefore use of their values for whale bone bacteria is likely appropriate. The
large range in bacterial 8'°N values (-0.7 — +7.8 %o) reported by Baco-Taylor (2002) warrants
further investigation into the basal food sources and metabolic strategies (e.g., heterotrophy,
autotrophy) of microbial communities on whale bones. Whale-bone bacteria 5:3C values reported
by Alfaro-Lucas et al. (2018; ~ -30 %o) were considerably lower than those of Baco-Taylor
(2002; ~ -21 %o) and Deming et al. (1997; ~ -21 %o). Lower §23C signatures (~35 %o) are
frequently interpreted as a signal of chemosynthetically produced organic matter (Ruby et al.,
1987). However, the whale bones from which the bacterial mats were collected (Alfaro-Lucas et
al. 2018) had particularly lower §*3C values (~ -27 %o, A. Bernardino, pers comm). Therefore,
we cannot be certain that the whale-bone bacteria signatures reflect a chemosynthetic origin
versus the signature of the whale-bone material itself. It is possible that the greater 5!3C values of
bacteria reported by Baco-Taylor (2002) and Deming et al. (1997) may incorporate a greater

signal from the heterotrophic versus chemoautotrophic components in the microbial mat.

Holocellulose (a-cellulose and hemicellulose) and lignin are the dominant constituents of wood,
and each have distinct isotopic signatures. The §*3C signature of holocellulose is ~ 1 %o greater,
and the 813C signature of lignin is ~ 2 %o lower relative to the isotopic signature of bulk wood
(Loader et al., 2003). The differential isotopic signatures within wood explains why
xylophagaids, which utilize (via symbionts) the cellulose component of wood, have much greater
513C values compared to the bulk wood signature (Nishimoto et al., 2009; Harbour et al., 2021a;
Voight et al., 2020). The lower 5'3C values of xylophagaid fecal material compared to bulk wood
has been observed in other studies (Voight et al., 2020; Harbour et al., 2021a) and likely reflects
the greater proportion of lignin in fecal material after xylophagaid symbionts have digested the
cellulose components (Dore & Miller, 1923; Pesante, 2018). Lignin is highly refractory and an
unlikely direct food source for most macrofauna, but it may be decomposed by bacteria and
fungi (Kohlmeyer, 1977; Dupont et al., 2009; Ohta et al., 2012; Fagervold et al., 2014; Nagano et
al., 2019), which may, in turn, serve as a labile food component for bacterivorous macrofauna.
We found no evidence of filamentous bacterial mats on wood blocks upon recovery, although
mats could have been washed off during recovery, and other microbial films may have been

present (Fagervold et al., 2014). White filamentous sulfur-oxidizing bacterial mats collected
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from sunken wood blocks and kelp bundles in a Norwegian fjord had isotopic signatures lower in
313C by ~1 %o and greater in 3N by ~4 %o compared to bulk wood signatures (Harbour et al.,
2021a). Microbial mat signatures were also similar to those of xylophagaid fecal material, which
may indicate a predominance of sulfur-oxidizing bacteria on fecal material but could
alternatively reflect the greater proportion of §**C-depleted lignin. Future studies should
investigate in more detail the macromolecular composition of xylophagaid fecal material, as well
as the isotopic signatures and fractionation of heterotrophic and chemoautotrophic microbes
living on and metabolizing whale bone and wood substrates.

We used isotopic signatures of surface plankton as a proxy for the isotopic signature of
background POM at the seafloor. The actual isotopic signatures of detrital plankton material
available to benthic organisms may differ from this surface signal. An enrichment in POM §°N
with depth due to progressively increased microbial degradation as particles sink throughout the
water column is well documented (Saino & Hattori, 1980; Altabet et al., 1999; Hannides et al.,
2013) and has been reflected in greater §*°N of benthic organisms with depth (Mintenbeck et al.,
2007; Bergmann et al., 2009). The §*°N of surface plankton reported here are greater (~ 4 %o)
than POM signatures collected from surface, 0.7 um-filtered seawater samples in a nearby region

(Miller et al., 2010) which is likely due to the presence of zooplankton material in our samples.
4.5.2 Whale bone and wood falls display different trophic structure

Bulk stable isotope analyses revealed that fauna collected from co-located whale bones and
wood blocks after 15 months had different isotopic signatures according to substrate type.
Broadly, isotopic signatures of fauna collected from wood blocks more resembled the isotopic
signatures of wood sources (wood substrate and xylophagaid fecal material) and were different
to isotopic signatures of fauna collected from whale bones, which more resembled isotopic
signatures of whale bone and background POM sources. Moreover, the isotopic signatures of
three faunal species collected from both whale bone and wood substrates differed by substrate
type, further highlighting the differing provision and assimilation of food resources at co-located
organic-rich habitats.

Comparable studies of co-located (cow) bone and wood deployments found the opposite result:

isotopic signatures of co-located bone and wood fauna were similar to one another, and trophic
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niches of bone and wood fauna overlapped (Pereria et al., 2022). The cow bone and wood
deployments of Pereira et al., (2022) were conducted at and near regions of active methane
seepage, and chemosynthetic carbon sources derived from seepage were hypothesized to
contribute a greater source of carbon to organic-fall fauna than the organic substrates themselves.
Notably, xylophagaid colonization was light to absent at the wood blocks examined by Pereira et
al. (2022). We hypothesize that these wood blocks experienced a weaker ecosystem engineering
role of xylophagaids on nutritional resources, compared to wood blocks examined in our study,
and this plays an important role in driving differences in wood assimilation and trophic structure

by organic-fall fauna.

In this present study, estimations of Layman metrics (Layman et al., 2007; Jackson et al., 2011)
were used to quantify various components of community trophic structure; however the
traditional interpretations of each metric may not be directly applicable to these organic-fall
systems (Hoeinghaus & Zeug, 2008). For example, greater 3*°N range (NR) values are often
interpreted to suggest more trophic levels within a system, yet here the greater NR at whale bone
more likely reflects the greater §*°N values of whale bone as basal food source compared to
wood. Whale bone bacteria also had a large range in 8*°N signatures. Similarly, greater §**C
range (CR) values are suggested to indicate a greater diversity of basal food sources, yet the
greater CR of whale bone fauna compared to wood fauna in this study more likely reflects the
greater difference between the 83C of whale bone and surface plankton, compared to wood and
surface plankton. Mean distance to centroid (CD) is a measure of the overall trophic diversity,
mean nearest neighbor distance (MNND) is a measure of trophic redundancy, the standard
deviation of the nearest neighbor distance (SDNND) informs the evenness of trophic niche
distributions in isotopic space, and total area TA is a measure of overall trophic diversity. In our
study, each of these metrics may have been influenced by incomplete sampling of whale bone
and wood assemblages, which may have excluded key functional groups. Nonetheless,
quantification and statistical comparison of the isotopic data available do indicate differences in

the assimilation of food sources between co-located whale bone and wood faunal assemblages.
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4.5.3 Greater contribution of organic-fall sources versus background POM

sources to diets

Results of MixSIAR modelling indicated that that most of the organic matter entering the food
web came from the respective organic fall sources, and a relatively minor component appeared to
be derived from background POM sources. This finding aligns with our expectations, because
the supply of background POM to S-1600 (Young et al., 2022; Lutz et al., 2007) represents a
small fraction of the organic carbon supplied by the organic-rich substrates, provided the
organic-rich substrate material is made accessible by bacterial degraders and/or substrate
specialists. For comparison, we estimate that each wood block in our study contained ~7500 g C,
assuming that wood is 50% carbon (Lamlom & Savidge, 2003), and each vertebral half
contained ~1300 g organic matter, assuming that cetacean bones are 28.6% organic matter (Kim
etal., 2014).

The relative importance of background POM to diets varied across functional groups and
species. Background POM was of minor importance to substrate specialists, X. oregona and O.
rubiplumus, which confirms their specialization on organic-rich substrates. The contribution of
background POM to the diet of O. rubiplumus (~ 30%) is likely an unreliable estimate, because
Osedax does not appear to have the capacity to consume particulate material (Rouse et al., 2004),
and indeed other stable isotopic studies have indicated that Osedax is assimilating whale-bone
collagen (Goffredi et al., 2007; Alfaro-Lucas et al., 2018; Onishi et al., 2020). Our result may
drive from a single outlying data point (Figure 4.2), or because TEF factors are less reliable
when endosymbionts are involved. Microbial grazers on whale bones examined in this study
were predominantly consuming whale-bone bacteria, with some contribution of background
POM sources indicated by the model. This result aligns with other studies, where congenerics of
Hyalogyrina and Dillwynella at organic-fall habitats (Nishimoto et al., 2009; Smith et al., 2014),
as well as at other reducing habitats (Astrém et al., 2019), are thought to be predominantly
microbial grazers. Whether wood-fall limpets consume microbes associated with rasped wood
fragments (Wolff, 1979; Marshall, 1985) or are consuming wood material itself (Zbinden et al.,
2010), has been widely considered for various limpet-like groups (Lesicki, 2009; Haszprunar et
al., 2022). Wood was a primary basal food source for the unidentified limpet examined in our

study; however, without a specific isotopic signature of the wood microbial community, we are
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unable to determine a specific feeding strategy. The mobile generalists collected on whale bones
were mostly dependent on whale-bone sources (including whale bone bacteria), suggesting that
they do not travel between different substrate types, although more replicate samples including
of individuals collected from wood substrates are desirable to make stronger inferences on their
trophic strategy. Carnivores collected from wood, except for Triclad sp. A, derived a greater
proportion of their diet from background POM, as indicated by MixSIAR modelling. The greater
5'°N values could alternatively suggest these carnivores are feeding at a higher trophic level than
considered in the MixSIAR model (TL = 3) or that they were more mobile than expected and
foraged outside of the experimental bins. The utilization of background POM in deposit and

omnivores are discussed in more detail below (Section 4.4).
4.5.4 Availability of particulate food sources at whale bones and wood

The provision of available, labile food resources at organic-fall habitats is especially important to
deposit feeding and omnivorous/bacterivorous taxa and varies between whale bone and wood
substrates. These taxa consistently fed more on wood sources of organic matter than on bone at
their respective organic fall enrichment sites (Figure 4.2). Three species in our study were found
on both whale bone and wood substrates. Because substrates in our study were co-located, we
can assume that both substrate types received equal amounts of background POM food
resources, yet taxa on whale bones appeared to derive a greater proportion of their diet from
background POM than did wood-fall taxa. We hypothesize that this is because of the lesser
availability/volume of particulate food sources at our whale bones compared to our wood block
substrates. Free-living microbes on bone surfaces are likely the major whale-bone-derived food
source accessible to deposit-feeding and omnivorous/bacterivorous taxa at early-stage, whale-
bone substrates (Wiklund et al., 2009; Alfaro-Lucas et al., 2018). While we were unable to
quantify the microbial resource, the biomass was undoubtedly smaller than that of the particulate
xylophagaid fecal material present at the highly degraded wood blocks, because boreholes were

filled with fecal material.

These findings highlight the differences between organic-fall ecosystem engineers and the food
webs they facilitate. Osedax annelids do not create particulate material, and their presence
appears to be negatively correlated with and/or inhibit the production of microbial biomass on

bone surfaces (Higgs et al., 2011b; Alfaro-Lucas et al., 2017). Xylophagaid bivalves that produce
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abundant fecal material provide a particulate food source to deposit and bacterivorous species in,
on and surrounding the wood substrates and may also influence within-matrix and surface sulfur
cycling and microbial biomass production (Kalenitchenko et al., 2018b). For those xylophagaid
species that do not produce abundant fecal chimneys, or at earlier stages of wood degradation,

background POM is likely to be a relatively more important food source (Harbour et al., 2021a).
4.5.5 Generalizability to other organic-fall food webs

This study investigated the trophic structure of whale-bones in an early-reducing stage, and wood
blocks in a late “wood-disintegration” stage at a single location in the NE Pacific Ocean. The
trophic structure and dominant nutritional sources of whale-bone and wood assemblages is
strongly influenced by the degradational stage of the organic-rich substrates. Stable-isotopic
studies have demonstrated a transition in dominant nutritional sources throughout whale-fall
successional stages, from a primary reliance on whale soft tissues during mobile scavenger
stages, to including bone lipids during enrichment opportunist stages, and then an increasing
reliance on chemosynthetic organic matter from early to late sulphophilic stages (Baco-Taylor,
2002; Smith & Baco, 2003; Alfaro-Lucas et al., 2018; Onishi et al., 2020). We expect that the
transition to “reef stage” of succession would be accompanied by a transition to nutritional

dominance of background POM.

Similarly, dominant nutritional sources are expected to vary throughout the successional stages
of wood-fall decomposition (Chapter 3). Following the arrival of wood at the seafloor and the
onset of the microbial stage (Chapter 3), microbial (heterotrophic and chemoautotrophic)
biomass may become an important food source, especially for grazers. At this stage, background
POM is likely also important to suspension feeders such as anemones utilizing the wood as an
attachment substrate. During the wood-boring stage, wood-derived carbon is the dominant food
source for wood-borers and other functional groups. Nitrogen-fixing bacteria or background
POM can contribute organic nitrogen to xylophagaids and the base of the food web (Voight et
al., 2020). In cases of light degradation by wood borers, background POM and microbial
biomass likely remain important for non-specialist wood-fall taxa (Harbour et al., 2021a; Pereira
et al., 2022). During the opportunist stage, increased biomass of opportunistic taxa is sustained
by the production of xylophagaid fecal material and/or xylophagaid biomass. The increased

opportunist biomass may also support a greater biomass of carnivores, increasing the length of
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the overall food web. During the wood disintegration stage, wood-derived material (wood
particles and xylophagaid fecal material) becomes an increasingly dominant food resource for
surrounding sediment infauna, and the accompanying organic enrichment supports the
production of chemosynthetic organic matter throughout surrounding sediments (Bernardino et
al., 2010). Wood blocks that instead transition to a reef stage (instead of a terminal disintegration

stage) would host assemblages increasingly dependent on background POM nutritional sources.

Overall, the establishment and duration of organic-fall successional stages, and hence organic-
fall trophic structure, is influenced by many factors. The extent of colonization by substrate-
specialist ecosystem engineers is an important driver of organic-fall successional stages (Chapter
3; Alfaro-Lucas et al., 2017), and is influenced by larval supply, which may vary regionally and
with depth (Young et al., 2022). The size (McClain & Barry, 2014), quality (e.g., juvenile versus
adult whale skeletons; Smith & Baco, 2003; bone lipid content; Higgs et al., 2011b; Smith et al.,
2015; and wood species; Judge & Barry, 2016) of organic-rich substrates also influence organic-
fall assemblages and successional stage progression. Proximity of organic-rich substrates to
reducing habitats can also influence the contribution of chemosynthetically-derived nutritional
sources, and hence trophic structure (Pereira et al., 2022). Standardized experimental studies of
organic-fall habitats, such as used here, positioned at different depths, biogeographic regions,
and spanning multiple successional stages are important to further our understanding of trophic

structure and nutritional sources at organic-fall habitats.
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5.1 DISSERTATION OVERVIEW

Organic-falls are important components of deep-sea seafloor ecosystems. In particular, sunken
whale bones and wood foster widespread, specialized, organic-rich ecosystems at the generally
food-poor deep-sea floor. Through a comparative-experimental approach, this dissertation
explored three general aspects of whale-bone and wood-fall ecology at the deep-sea floor:
patterns and drivers of biodiversity (Chapter 2), the role of a key ecosystem engineer in
modulating community structure and ecosystem function (Chapter 3), and trophic structure
(Chapter 4).

5.2 CHAPTER 2

Chapter 2 reports the overarching findings of the controlled, experimental emplacement of
replicate bone, wood, and inorganic hard substrates at four locations and two depths (~1600 and
~2800 m) on the Washington-Oregon margin. These experiments tested four fundamental
hypotheses regarding patterns of community structure and biodiversity, i.e., (1) Community
structure differs between wood, bone, and control substrates deployed for similar times at similar
locations, (2) Macrofaunal abundance, as well as species richness and dominance, are greater on
organic-rich substrates than on food-poor control substrates, (3) Community structure of wood,
whale-bone, and control assemblages differ with depth, and (4) Control assemblages have greater
abundances at shallower depths, where detrital fluxes of POC are greater. After 15 months on the
seafloor, a total of ~84,890 macrofaunal individuals of 144 species had colonized the 36 bins and
bin-affixed substrates (4 landers x 3 substrate types x 3 replicates). Whale bones at all locations
were in an early sulfophilic stage, whereas wood substrates stages varied by depth and location,
ranging from a microbial stage (intact and uncolonized by xylophagaid bivalves) to a wood
disintegration stage (wood crumbling from heavy colonization and boring by xylophagaid
bivalves). Overall, the community structure of assemblages varied with substrate type, depth, and
at different locations within a depth, which highlights how organic-rich substrates (even of

standardized sizes and qualities) can contribute greatly to beta-diversity of continental margins.

This study asked whether generalized bathymetric patterns of biodiversity observed in other
detritus-based deep-sea ecosystems also apply to organic-falls. The bathymetric distribution of

organic-fall community composition was indeed consistent with faunal zonation of background
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benthic communities in the Cascadia Basin (Carney, 2005). Control assemblages, after
accounting for mass effects from nearby dissimilar substrates, exhibited patterns of faunal
abundance similar to studies of deep-sea detritus-based ecosystems, with greater abundances at
shallower depths where POC fluxes are greater (Wei et al., 2010). Conversely, organic-fall
assemblage abundance and diversity was highly variable across the four locations and did not
conform with bathymetric patterns expected of background detritus-based ecosystems. Because
Osedax polychaetes and xylophagaid bivalves appear to regulate the biodiversity of whale-bone
and wood organic-fall assemblages, respectively (e.g., Alfaro-Lucas et al., 2017), drivers that
influence the larval availability of key ecosystem engineers and hence successional stages are
hypothesized to be more important for organic-fall faunal density and diversity than bathymetric
gradients of POC flux.

Because of equipment failures, only two (rather than three) landers were recovered from each
depth zone during this study. Additional experiments, with greater replication within each depth
horizon could help to determine whether the generally greater abundance and species richness at
northern locations was a localized phenomenon, or a feature of a latitudinal, along-margin

gradient.
5.3 CHAPTER 3

The importance of xylophagaid bivalves and their roles as ecosystem engineers at deep-sea wood
falls has long been the subject of speculation (Turner, 1973), but not directly studied. In Chapter
3, the ecosystem engineering effects of xylophagaid bivalves on wood falls was quantified by
exploring relationships between xylophagaid abundance/biomass and (1) wood mass loss, (2)
macrofaunal assemblage abundance and diversity, and (3) microbial sulfate reduction.
Xylophagaids were the primary drivers of wood mass loss. Wood mass loss rates have only been
reported on a few other occasions (Fagervold et al., 2014; Amon et al., 2015), and this
information is valuable for understanding the longevity of wood-falls and inferring
remineralization rates of terrestrial organic matter in the deep-sea. The presence and biomass of
xylophagaid bivalves had significant implications for the wider wood-fall assemblage.
Xylophagaid bivalve biomass increased through early-to-mid successional stages wood of
decomposition; during these stages, non-xylophagaid macrofaunal biomass, species richness and

dominance were directly related to xylophagaid biomass. Wood boring by xylophagaids
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increased habitat availability and complexity, which allowed a greater biomass and species
richness of other non-boring macrofauna to also inhabit wood parcels. High dominance within
wood-fall assemblages during early-mid stages was due to large populations of opportunistic
dorvilleid, capitellid and ampharetid polychaetes. We hypothesize here that the abundant and
relatively labile (compared to wood) xylophagaid fecal material was a key food source for these
opportunists (addressed further in Chapter 4). Sulfate-reduction rates in wood blocks were low
but were enhanced deeper in one wood block where xylophagaid borings were present. Future
studies involving more replicate measurements, carefully oriented to xylophagaid boreholes and
fecal material, are required to better elucidate the hypothesized role of xylophagaids in

modulating the development of sulfidic niches in wood blocks (Kalenitchenko et al., 2018a).

Based on findings in this chapter and the scientific literature, | presented a revised model of four
to five successional stages on wood falls after arrival at the deep-sea floor. (1) The first is a
“microbial stage”, during which biofilms of heterotrophic and/or chemoautotrophic microbes
develop, supporting bacterivores. (2) This is followed by the “wood-borer stage” which
diversifies habitat and food resources. Xylophagaid bivalves, through boring and fecal
production, appear to be the key drivers of this successional stage in the deep sea. (3) The
“opportunist stage” follows, during which enrichment opportunists dominate wood assemblages;
this is analogous to the enrichment-opportunist stage at whale-fall habitats (Smith & Baco, 2003;
Smith et al., 2015). Eventually, xylophagaid growth slows, and the reduction in biomass and
fecal production provides less nutritional support to the wider wood-fall assemblage. (4) The
terminal phases of wood-fall decomposition may exhibit a “wood disintegration stage”, wherein
the wood substrate is fragmented and dispersed throughout surrounding sediments , and/or (5) a
“reef stage” wherein xylophagaids have died out and remaining wood structure provides
attachment sites primarily for hard-substrate species feeding on background POM. A number of
deep-sea wood fall studies (Bienhold et al., 2013; Pop Ristova et al., 2017) have suggested the
presence of an additional “sulfophilic stage” of wood-fall decomposition, analogous to that
described at whale falls (Smith & Baco, 2003), characterized by high density, species-rich, and
trophically complex assemblages dominated by a few species trophically dependent on
chemoautotrophic production. In this study, we found little evidence to support such a sulfophilic

stage at wood-falls. There was no dominance of taxonomic groups suspected to host
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chemosynthetic endosymbionts (Chapter 2), sulfate reduction rates at wood were low (Chapter
3), and we failed to find stable-isotope signatures characteristic of chemoautotrophic production
within the wood-fall food web (Chapter 4).

The data used in this chapter was collected from wood blocks deployed for similar times (15
months) at multiple locations/depths that exhibited different levels of xylophagaid colonization
and wood degradation. Future studies, in which replicate wood blocks are sampled at multiple
time points from single locations could test this successional model, and further elucidate how
wood-fall decomposition and succession vary by location and depth.

5.4 CHAPTER 4

In Chapter 4, bulk stable-isotopic analyses were employed to investigate the trophic structure of
whale bone and wood assemblages at a single location. Organic-rich substrates were the
dominant basal food sources for the majority of taxa sampled on whale-bone and wood, as
indicated by Bayesian-mixing model analyses. These finding indicate that whale-bone and wood
organic materials are important in providing nutrition (as well as habitat) for numerous species in
found in these habitats. Background particulate organic matter (POM) had variable but minor
importance in the diets of the organic-fall faunas. The availability of particulate material derived
from organic-rich substrates varied between wood and whale bones; xylophagaid bivalves
produced abundant labile particulate fecal material allowing wood derived carbon to support
many deposit-feeding and omnivorous taxa on wood parcels. The availability of background
POM was expected to be similar at the co-located whale-bone and wood substrates, yet
background POM was more important to the whale-bone than the wood-fall fauna. This finding
highlights the importance of key ecosystem engineers in the trophic ecology of wood-falls, and
especially the importance of xylophagaid bivalves that produce abundant particulate fecal
material (Chapter 3).

A variety of studies could build on the results of this research. Firstly, more complete sampling
of whale-bone and wood assemblages will provide an improved understanding of the overall
trophic structure. Better characterization of potential food sources is especially important for
mixing model analyses. The importance of microbial activity, especially at various stages of

wood-fall succession, is becoming increasingly recognized (Kalenitchenko et al., 2018b), and
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future studies quantifying the importance of heterotrophic and chemoautotrophic microbial
biofilms as food sources in whale-bone and wood-fall communities could be very informative.
Similarly, xylophagaid fecal material clearly contains a range of organic compounds (including
microbial biomass) so detailed compositional and isotopic characterization of these components
would be a valuable contribution to the field. Compound-specific stable isotope analyses would
be a powerful tool to help elucidate the incorporation of microbial food sources (Potapov et al.,
2019).

This stable isotope study focused on (a) whale bones lightly bored by Osedax in the early
sulfophilic stage, and (b) on wood blocks in the wood-borer to opportunistic stages of
succession. The relative importance of various food resources is hypothesized here to change
across whale-bone and wood-fall successional stages, and the nature and duration these
successional stages are hypothesized to vary with depth and the regional larval supply of key
ecosystem engineers (Chapter 2). Time series studies of succession on whale bones and wood
falls at multiple depths and different regions are needed to test these hypotheses. It is also
hypothesized here that the relative importance of background POM decreases with depth
(Chapter 2), which also could be addressed via standardized time-series studies across

bathymetric gradients.
5.5 FUTURE STUDIES

The BoWLs experimental approach has been successfully deployed in the northeast Pacific (this
dissertation), the southwest Atlantic (Saeedi et al., 2019; Shimabukuro et al., 2022), in a
Norwegian fjord (Harbour et al., 2021b; Harbour et al., 2021a), and in the Southern Ocean (Craig
Smith, pers. comm). In aggregate, these studies suggest that organic-fall communities vary by
region and depth, and, even while being largely independent from background POM flux, exhibit
bathymetric differences in community structure (Saeedi et al., 2019; Shimabukuro et al., 2022).
Further standardized BoWLs experiments will help to elucidate particular bathymetric and
regional patterns, for example indicating whether the diversity of whale-bone and wood-fall
assemblages varies across ocean basins with different abundances and exploitation histories of
whales and forests. Target locations for future BoWLs deployments may be informed by
distributional models of cetacean migration pathways and mortality hot spots (Johnson et al.,

2022), as well as distributional models of oceanic woody debris. If deployed far from terrestrial
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sources of wood, the deployment of standardized BoWLs experiments could reveal particularly
interesting biodiversity and ecological findings underlying oligotrophic surface waters and
beneath ocean gyres that may accumulate natural and anthropogenic woody debris (Amon et al.,
2017b; Lebreton et al., 2018).

Future BoWLs experiments might next focus on the temporal succession of organic-fall
assemblages, by deploying multiple landers in one location and recovering individual landers
sequentially. These experiments could allow study of successional stages of wood
decomposition, as well as providing information on the rates of initial colonization and
succession of ecosystem engineers, and the amount of time taken for substrates to disintegrate
and/or form a reef stage. To capture all successional stages, lander recovery schedules would
likely need to vary with water depth and substrate types. For instance, for wood at ~1600 m
depth on the Washington-Oregon margin, | recommend recoveries at 3, 6, 12, and 18 months to
capture all stages of wood-fall succession. At ~2800 m depth, recoveries at 12, 18, 21, and 24
months may be more appropriate. Longer deployment durations are advised for studies
prioritizing whale-bone degradation, because depletion of large lipid reserves may be slow
(Smith et al., 2015; Smith et al., 2019).

A major feature of the BoWL lander design is the use of 500-um mesh bins that retain substrates
and fauna. The benefit of this approach is that the entire organic-rich substrates and communities
can be collected, which has provided us important quantification of whale-bone and wood
communities, as well as accurate estimates of substrate decomposition rates. However, this
approach limits direct contact with underlying sediments, which may be an important feature of
natural organic falls. This may have prevented some fauna with limited mobility, such as
burrowing organisms, to colonize the substrates and mesh bins. This also may have had
implications for the geochemistry and decomposition of the substrates themselves; In this
experiment, some whale bone sections attached to lander legs that had direct contact with the
sediments showed strong evidence of reducing conditions (blackened) and had outer-bone layers
that were heavily disintegrated (Figure S5.1). Alternative experimental organic-fall approaches
have involved placing and recovering organic-rich substrates, wrapped in coarse (~2-5 mm)
mesh netting, directly on/from the seafloor using an ROV (e.g., McClain & Barry, 2014; Amon

et al., 2017a). This approach has the advantage of collecting faunal assemblages not biased by
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mobility and allows for visual observations and push-core collections of surrounding sediments
and sediment fauna (Bernardino et al., 2010, McClain & Barry, 2014).

However, fauna are inevitably lost during the collection of these parcels, and estimations of
faunal richness and abundances are therefore considered as lower limits (Amon et al., 2017a). A
future modification of the BoWLs lander could have organic-rich substrates affixed to solid
surfaces that are designed to be partially buried into sediments and involve a mechanism to
enclose the entire solid surface, surrounding sediments, and organic-rich substrates in a fine (500
or 300 um) mesh netting upon collection of the lander. Future studies might investigate and
quantify the compositional and functional differences between organic-rich assemblages that
were deployed with and without direct contact to surrounding sediments to better understand the

implications of varying experimental collection designs.

The research presented within this dissertation has provided important advancements to the
growing field of deep-sea organic-fall ecology, which has relevant implications for science and
society. Further organic-fall research is especially required in lesser-studied regions already
threatened by anthropogenic seafloor activities (including deep-sea mining and trawling) to
investigate their importance and value to local and regional biodiversity, as well as to inform
appropriate management practices (Amon et al., 2017b). Although seemingly far removed from
Earth's atmosphere, there are multiple ways in which deep-sea habitats are vulnerable to the
effects of climate change (Sweetman et al., 2017). Regarding organic-fall habitats specifically,
climate change is hypothesized to particularly impact the distribution and supply of organic-rich
materials to the deep-sea by influencing whale mortality and migration pathways, and by
enhancing the transportation of wood to the seafloor via rivers and coastlines due to an increased
frequency and intensity of extreme climatic events. Advancements in the field of organic-fall
ecology are critically required to identify, predict, and track impacts of climate change on
organic-falls and to inform management and conservation of deep-sea habitats. Proposals to
deposit on the deep-sea floor large amounts of organic carbon in the form of macroalgae and
woody debris are increasingly gaining attention as a carbon dioxide removal (CDR) strategy to
contribute towards climate mitigation (Zeng, 2008; Strand & Benford, 2009; Keil et al., 2010;
Kokubu et al., 2019; Ricart et al., 2022), despite a current lack of scientific evidence and

regulation. Organic-fall research revealing decomposition rates and geochemical impacts, such
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as presented within this dissertation, are a crucial precursor to elucidating the feasibility,

management approaches, and potential consequences of such endeavors.
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Table S2.1 Habitat designation of each morphospecies. Based on relative abundances across substrate types (Table S5), morphospecies were assigned
to: Bo: bone; Wo: wood; Co: control; GE: generalized enrichment (bone and wood); HS-Ge: hard substrates, generalists across all substrate types; and
Bac(Ra): rare morphospecies (with < 5 individuals across all locations) considered background taxa. Based on information presented in the literature,
morphospecies were assigned to the following habitat types: Wha: whale fall, Wo: wood fall, Ke, kelp fall, Ma: non-cetacean mammal bone, GE:
organic enrichment, Ve: hydrothermal vent, Se: cold seep, MH: methane hydrate, Ba: background, ss: soft sediment, and n/a (itr): habitat information
not available, insufficient taxonomic resolution. Habitats of morphospecies based on literature searches are not always exhaustive but highlight
occurrences at organic falls and other reducing habitat types. (CRS) indicates habitat information provided by collections of Craig R. Smith. Final
habitat designation was determined from both relative abundances and literature/archived information, and justifications are provided under comments.
Final habitat designations are as follows: Bac: Background, HS-Ge: Hard substrate (generalist), HS-NE: Hard substrate (non-enrichment), Ind:
Indeterminate, GE: Organic enrichment, Wha: Whale bone, Wo: Wood.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
ANNELIDA
POLYCHAETA
ACROCIRRIDAE
Acrocirrid sp. 3 Bac(Ra) n/a (itr) Bac Benthic forms associated with sediments (Jumars et al. 2015).
mZIcar%eclrI]ie(iJ;ga cf. Bac(Ra) Ba, Wo Bac Genus widely occurring in deep-sea sediments (Blake & Narayanaswamy

2004). Previously found on wood falls (CRS).

AMPHARETIDAE

Anobothrus apaleatus

HS- Described from Cascadia Margin cold seeps and from an inactive
Reuscher, Fiege & Wehe, HS-Ge Cs, Ve, Wha Ge hydrothermal vent on the Pacific-Atlantic ridge (Reuscher 2009). Reported
2009 from southern California whale falls (CRS).
Speciose family, mostly associated to sediments (Jumars et al. 2015). Some
Ampharetid sp. 21 Co n/a (itr) Bac  species associated with reducing habitats (Eilersten et al. 2017, Quieros et al.
2017). Most abundant on control substrates.
Ampharetid sp. 22 Wo n/a (itr) Wo Abundant in wood interior.
Speciose family, mostly associated to sediments (Jumars et al. 2015). Some
Ampharetid sp. 23 Bac(Ra) n/a (itr) Bac  species associated with reducing habitats (Eilersten et al. 2017, Quieros et al.
2017).
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
Abundant in wood interior. Only described species is found in sediments
Decemunciger sp. Wo Wo Wo surrounding decaying wood (Eilersten et al. 2017). Found at wood falls
(CRS).
Sosane wahrbergi . . )
) Bac(Ra) Ba(ss) Bac Described from soft sediments (Eliason, 1955)
(Eliason, 1955)
Sosane sp. A Bac(Ra) Ba, Wha Bac Speciose genus from soft sediment habitats (Read & Fauchald 2021a). Found on whale
bones (CRS).
CAPITELLIDAE
. . Genus frequently associated with organic enrichment in the deep sea (e.g., Grassle &
Capitella cf. capitata GE GE GE Morse-Porteous 1987). Previously found at wood falls (CRS).
. - Genus frequently associated with organic enrichment in the deep sea (e.g., Grassle &
Capitella cf. ovincola Bo GE GE Morse-Porteous 1987)
- ) . i Family associated to organic enrichment but also present in background multicores
Capitellid sp. 10 HS-Ge /a (itr) HS-Ge (Table S6). Occurs at all substrate types.
Capitellid sp. 13 Bac(Ra) n/a (itr) Bac Family associated to organic enrichment but also present in background multicores

(Table S6). Rare (doubleton) suggests background.

CIRRATULIDAE

Genus includes species that are most dominant at bathyal depths off northern California
Chaetozone sp. A Bac(Ra) Ba, Wha Bac (Blake 2006). Previously found in association to whale bones (CRS).
Genus includes species that are most dominant at bathyal depths off northern California
Chaetozone sp. B Bac(Ra) Ba, Ke Bac (Blake 2006). Previously found in association to kelp falls (CRS)
Cirratulid sp. 14 Bac(Ra) Ba(ss) Bac A dominant family in continental-slope soft-sediments off northern California (Blake

2006) and in background multicores (Table S6).

CTENODRILLIDAE

- . taxon inquirendum (Read & Fauchald 2021b) but may be associated to organically
Ctenodrillid sp. 2 Bac(Ra) /a (itr) Bac enriched substrata (Jumars et al. 2015). Rare (doubleton) suggests background.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
DORVILLEIDAE
Dorvilleid sp. 15 GE n/a (itr), Wha GE Most abundant on organic substrates. Previously found inside whale bone (CRS).
Speciose family often associated to enrichment but also present in background
Dorvilleid sp. 32 Bac(Ra) n/a (itr) Ind multicores (Table S6). Here found on wood and previously found at wood falls (CRS).
Indeterminate because there is only one individual here.

_— n/a (itr), Wo, Speciose family often associated to enrichment but also present in background
Dorvilleid sp. 39 Bac(Ra) Bo GE multicores (Table S6). Previously found in association with wood and bone (CRS).

_— i - ) Speciose family often associated to enrichment but also present in background
Dorvilleid sp. 54 HS-Ge /a (itr) HS-Ge multicores (Table S6). Occurs at all substrate types.

Dorvilleid sp. 55 Wo n/a (itr) Wo High abundance on wood substrates.

_— - Speciose family often associated to enrichment but also present in background
Dorvilleid sp. 56 Bac(Ra) n/a (itr) Ind multicores (Table S5). Rarity suggests background is likely.

I . Speciose family often associated to enrichment but also present in background
Dorvilleid sp. 58 Bac(Ra) /a (itr) Ind multicores (Table S5). Rarity suggests background is likely.
Ophryotrocha batillus GE Wha, Wo GE Described from whale bones and wood (Wiklund et al. 2012).

Wiklund et al., 2012 GE Wha, Wo GE Described from whale bones and wood (Wiklund et al. 2012).
Ophryotrocha craigsmithi Bac(Ra) Wha Wha Described from whale bone (Wiklund et al. 2009).

Z\é\égklund, Glover & Dahlgren, Bac(Ra) Wha Wha Described from whale bone (Wiklund et al. 2009).

Wo Wha, Wo Wo Described from whale bones and wood (Wiklund et al. 2012).

Ophryotrocha langstrumpae
Wiklund et al., 2012 Wo Wha, Wo Wo Described from whale bones and wood (Wiklund et al. 2012).
Ophryotrocha longicollaris Bac(Ra) Wha GE Described from whale bones (Wiklund et al. 2012). Here also found on wood.
Wiklund et al., 2012 Bac(Ra) Wha GE Described from whale bones (Wiklund et al. 2012). Here also found on wood.
Ophryotrocha magnadentata GE Wha, Wo GE Described from whale bones and wood (Wiklund et al. 2012).
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies

Habitat Comments
Relative  Lit./Archived Final
abundance data.
Wiklund et al., 2012
Habitat information of genus is scarce/inaccessible, but one species is described from
Parophryotrocha sp. A Bo n/a (itr) Wha background deep-sea sediments (Hilbig & Blake 1991). Highly abundant in bone
interior in this study.
FLABELLIGERIDAE
L . Speciose family, infaunal in sediments or hard substrates, sometimes commensal on
Flabelligerid sp. 7 Bac(Ra) /a (itr) Bac echinoderms (Jumars et al. 2015). Rarity suggests background is likely.
HESIONIDAE
. i ) Speciose genus, although some species described from whale carcass (Summers et al.
Gyptis sp. A HS-Ge  BaWha  HS-Ge 2015). Found on whale bones and kelp falls (CRS).
Hesiocaeca sp. A GE Wha, Ve, Se, GE Taxon inquirendum, closely related to Sirsoe with conspecifics from reducing habitats
p- MH (see Sirsoe cf. hessleri). Previously found in association with whale bones (CRS).
- . Hesiopina aurantiaca is widely distributed and H. vestimentidera is associated with
Hesiopina cf. aurantiaca Bac(Ra) Ba, Ve Bac east Pacific hydrothermal vents (Pleigel 2004).
Wha. Ve. Se Congenerics described from whale falls (Summers et al. 2015), hydrothermal vents
Sirsoe cf. hessleri Wo i\/IH’ ' GE (Blake 1991) methane hydrates (Desbruyeres & Toulmond 1998), and cold seeps
(Rouse et al. 2018).
Vrijenhoekia balaenophila . . . . .
3 . Bo Wha Wo Wha Described from whale bones (Pleigel et al. 2008) but also associated with wood (Saeedi
Pleijel, Rouse, Ruta, Wiklund & P et al. 2019, this study). Previously found in association with bones (CRS).
Nygren, 2008
LUMBRINERIDAE
Highly speciose family, most of which are infaunal (Jumars et al. 2015). Family has
Lumbrinerid sp. 1 Bac(Ra) n/a (itr) Bac

been reported at whale falls (Fujiwara et al. 2007) and associated with sunken wood
(Samadi et al. 2010). Rarity suggests background is likely.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies

Habitat

Comments

Relative  Lit./Archived Final
abundance data.
MALDANIDAE
Specoise genus, congenerics reported dominating soft sediments (e.g., Kendall 1996,
Maldane sp. A Bac(Ra) Ba(ss) Bac Holte & Gulliksen 1998, Astrém et al. 2016).
NEREIDIDAE
Nereidid sp. 6 Bo n/a (itr) Ind Highly speciose family from a variety of habitats (Jumars et al. 2015). More abundant
on bone, but not very abundant overall.
OPHELIIDAE
Speciose family mostly found in sandy sediments (Parapar et al. 2021) but also found
Opbheliid sp. 4 Bac(Ra) n/a (itr) Bac associated with wood (e.g., Harbour et al. 2021, McClain et al. 2016) and whale falls
(Fujiwara et al. 2007). Rarity suggests background is likely.
Speciose family mostly found in sandy sediments (Parapar et al. 2021) but also found
Opbheliid sp. 5 Bac(Ra) n/a (itr) Bac associated with wood (e.g., Harbour et al. 2021, McClain et al. 2016) and whale falls
(Fujiwara et al. 2007). Rarity suggests background is likely.
Speciose family mostly found in sandy sediments (Parapar et al. 2021) but also found
Opheliid sp. 6 Bac(Ra) n/a (itr) Bac associated with wood (e.g., Harbour et al. 2021, McClain et al. 2016) and whale falls
(Fujiwara et al. 2007). Rarity suggests background is likely.
PARAONIDAE
Aricidea cf. rubra Bac(Ra) Ba, Wha, Bac Highly speciose genus. Previously found associated with bones and in sediments 2 m
Wo from wood fall (CRS).
Congenerics described from background deep-sea sediments (e.g., Hartman &
Paraonides sp. A Bac(Ra) Ba(ss) Bac Fauchald 1971). Family commonly dominates deep-sea sediment communities (Jumars
et al. 2015, Table S6).
PECTINARIIDAE
Pectinariid sp. 1 Bac(Ra) n/a (itr) Bac Family inhabits sediments (Jumars et al. 2015). Rarity suggests background is likely.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
PHOLOIDAE
Pholoid sp. 1 Bac(Ra) n/a (itr) Bac Family inhabits sediments (Jumars et al. 2015).
PHYLLODOCIDAE
Sige brunnea Bac(Ra) Ba(ss) Bac Described from fine, silty sediments (Blake 1992, Fauchald 1972). Found in
(Fauchald, 1972) association with whale bone and in sediments surrounding 5 yr. wood fall (CRS).
POLYNOIDAE
Ba. Wo Most abundant on control substrates. Speciose genus, three species described from
Harmothoe cf. fragilis HS-Ge WHa Ké HS-Ge organic falls (Pettibone 1985, 1993). Previously found in association with kelp and
' whale bones (CRS).
Peinaleopolynoe santacatalina GE Wha. Ke GE Described from whale bone (Pettibone 1993), but more abundant on wood in this
Pettibone, 1993 ' study. Previously found in association with kelp and whale bones (CRS).
SCALIBREGMATIDAE
. . - Family found in soft sediments, with at least one occurring at hydrothermal vents
Scalibregmatid sp. 2 Bac(Ra) /a (itr) Bac (Jumars et al. 2015, Parapar et al. 2011). Rarity suggests background is likely.
SERPULIDAE
Seroulid sp. 1 Bac(Ra) n/a (itr) Bac Highly speciose family, generally attached to hard substrata (Jumars et al. 2015).
P P- Rarity suggests background is likely.
SIBOGLINIDAE
Osedax rubiplumus
Rouse, Goffredi & Vrijenhoek, Bo Wha Wha Species is bone substrate specialist (Rouse et al. 2004).
2004
Osedax sp. B Bo Wha Wha Species is bone substrate specialist (Rouse et al. 2004).
SPHAERODORIDAE
Most species found in sediments, some species reported in sediments surrounding
Sphaerodorid sp. 1 Bac(Ra) n/a (itr) Bac

whale falls (Shimabukuro et al. 2017), seeps (Levin & Mendoza 2007) and
hydrothermal vents (Aguado & Rouse 2006). Rarity suggests background is likely.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
SPIONIDAE
Aurospio cf. dibranchiata Bac(Ra) Ba(ss) Bac Common background deep-sea polychaete genus (Guggolz et al. 2020).
Highly speciose family from a variety of habitats (Jumars et al. 2015) including whale
. falls (e.g. Lundsten et al. 2010a, Fujiwara et al. 2007), hydrothermal vents (e.g. Blake
Spionid sp. 13 Bac(Ra) Ba(ss) Bac & Mackiolek 1992) and seeps (e.g. Blake & Ramey-Balci 2020). Dominant family in
background multicores (Table S6).
Laonice sp. A HS-Ge Ba, Wha, Ke, Bac Common background deep-sea polychaete genus. Previously found at whale, kelp, and
Wo wood falls (CRS).
. . . Common background deep-sea polychaete genus (Guggolz et al. 2020). Previously
Prionospio cf. ehlersi Bac(Ra) Ba(ss) Bac found in sediments surrounding organic falls (CRS).
. . Common background deep-sea polychaete genus. Previously found in association with
Prionospio sp. A Bac(Ra) Ba(ss) Bac whale bones (CRS).
SYLLIDAE
. . Highly speciose family found in all benthic habitats (Jumars et al. 2015), mostly found
Syllid sp. 13 Bac(Ra) n/a (itr) Bac on hard substrata. Rarity suggests background is likely.
Speciose genus from a variety of habitat types (Nygren 2004). Subfamily and genus
Proceraea sp. A Bac(Ra) n/a (itr) Bac often specialised carnivores of sedentary invertebrates (Martin et al. 2017). Rarity
suggests background is likely.
Highly speciose genus from a range of habitat types, including NE Pacific
. ) Wha, Se, Ve, ) hydrothermal vents (Blake & Hilgib 1990) and surrounding seeps (Bernardino et al.
Sphaerosyllis sp. A HS-Ge Ba HS-Ge 2010b). Here found across all substrate types and previously found in association with
whale bones (CRS).
TEREBELLIDAE
Terrebellid sp. 8 Bac(Ra) n/a (itr) Bac Highly speciose family found in a variety of ha_bltgits (Jumars et al. 2015). Rarity
suggests background is likely.
Genus includes 13 species of tube-dwelling polychaetes from soft-sediment habitats,
Neoamphitrite sp. A Bac(Ra) Ba(ss), Ve Bac one species described from sediments surrounding hydrothermal vent (Reuscher et al.
2012). Previously found in association with whale bones (CRS).
CLITELLATA
HIRUDINEA
Hirudinid sp. A GE n/a (itr) HS-Ge Was also present on lander floats, with egg cases.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
ARTHROPODA
AMPHIPODA
Amphipod sp. G Bo n/a (itr) Ind More abundant on bone, but not very abundant overall. Insufficient taxonomic
information.
Amphipod sp. H HS-Ge n/a (itr) HS-Ge Insufficient taxonomic resolution, occurs across all substrate types.
Amphipod sp. J GE n/a (itr) GE Occurs in high abundances on bone and wood substrates.
Amphipod sp. K HS-Ge n/a (itr) HS-Ge Insufficient taxonomic resolution, occurs across all substrate types.
Bathyceradocus sp. A Wo Wo Wo Genus exclusively associated to wood (Jazdzewska & Ziemkiewicz 2019).
Euonyx sp. A Bac(Ra) Ba Bac Genus is ectoparasitic on echinoids (Lowry & Kilgallen 2014).
Isacid sp. A HS-Ge n/a (itr) HS-Ge Speciose family from a variety of habltattsyézsorton et al. 2021a). Occurs at all substrate
Lysianassid sp. A GE GE GE Common deep-sea scavenging family (e.g., Smith 1985).
Oedicerotid sp. A Bac(Ra) n/a (itr) Bac Speciose family from a variety of habltats_(H_orton et al. 2021b). Rarity suggests
background is likely.
Currently seven species recognised from general or undefined deep-sea habitats
. i ) (Kilgallen & Lowry 2014) but including one species associated with wood near
Schisturella sp. A HS-Ge Wo, Ve,Ba  HS-Ge hydrothermal vents on the Juan de Fuca ridge (Larsen 2007). Occurs at all substrate
types.
. Species have been associated with wood falls (e.g., Larsen 2007, Amon et al. 2017),
Sebid sp. A GE Wo, Ma, Ve GE cow carcasses (Hilario et al. 2015) and hydrothermal vents (e.g. Wang et al. 2019).
CARIDEA
Caridean sp. A Bac(Ra) Ba Bac Common, highly mobile deep-sea taxa.
CUMACEA
Cumacean sp. A Bac(Ra) n/a (itr) Bac Insufficient taxonomic information. Rarity suggests background is likely.
DECAPODA
. Genus known as scavengers and predators in the deep sea, also previously associated
Chionocetes sp. A Bac(Ry) ~ Ba Wha  Bac with whale falls (e.g., Lundsten et al. 2010a)
Paralomis sp. A Bac(Ra) Ba, Wha Bac Genus known as scavengers in the deep sea, also previously associated with whale falls

(e.g., Williams et al. 2000).
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
GALATHEOIDEA
. . Occurs in all marine habitat types. Abundant and diverse, especially in the Pacific
Galatheid sp. & Bac(Ra) /a (itr) Bac Ocean (Macphearson et al. 2010). Rarity suggests background is likely.
Munidopsis albatrossae W.E. Ba(ss), Wha Widely distributed soft-bottom species (Pequegnat & Pequegnat 1973, Garcia Raso et
Pequegnat & L.H. Pequegnat, Bo . " Wha al. 2008), also found on cow bones (Dong et al. 2019) and whale bones (Lundsten et al.
1973 Ma 2010a).
Munidopsis cascadia Ambler, Bo Ba Wha Wha Described from regional background fauna (Ambler 1980) but also reported in high
1980 ' densities at California whale skeletons (Williams et al. 2000).
Genus known from background, but frequently associated with wood and whale falls
. . " Ba, Wo, (e.g., Williams et al. 2000, Smith & Baco 2003, Kemp et al. 2006, Jones &
Munidopsis cf. antonii GE Wha GE Macphearson 2007, Hoyoux et al. 2012, Macphearson et al. 2014, Sumida et al. 2016,
Dong et al. 2019).
Genus known from background, but frequently associated with wood and whale falls
Munidonsis cf. lignaria GE Ba, Wo, GE (e.g., Williams et al. 2000, Smith & Baco 2003, Kemp et al. 2006, Jones &
P 19 Wha Macphearson 2007, Hoyoux et al. 2012, Macphearson et al. 2014, Sumida et al. 20186,
Dong et al. 2019).
ISOPODA
Eurycopinae sp. A HS-Ge n/a (itr) 'ése Speciose subfamily from a variety of habitats (Bokyo et al. 2008b).
Eurycopinae sp. B Bac(Ra) /a (itr) Bac Speciose subfamily from a variety of habitats (Bokyo et al. 2008b). Rarity suggests
background is likely.
Species described from deep-sea soft sediment habitat (Shultz 1966) but has been
llyarachna profunda Shultz, GE Ba(ss), Wha, GE reported in high densities at whale falls (Smith & Baco 2003), surrounding wood falls
1966 Wo (Bernardino et al. 2010a), and in association with tube worms (C. R. Smith, unpubl.
data).
Ischnomesid sp. A Bac(Ra) n/a (itr) Bac Speciose family from a variety of habltat_s (Bober et al. 2019). Rarity suggests
background is likely.
Isopod sp. H Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Isopod sp. J Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Isopod sp. K Bac(Ra) Wha, Wo Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Speciose family from a variety of habitats (Bokyo et al. 2008a). Species of the family
Janirid s GE n/a (itr) Wha, GE Janiridae have been reported in high abundances at shallow-water whale falls (Linse et
p- Wo al. 2014) and associated to decaying plant material in marine environments (e.g., Wolff

1979).
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.
MYSIDA
Mysid sp. A Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
NEBALIIDAE
HsGe  mave T Onledess e o o o e et (it 2019) v
ey mave B O e e ™ 010
TANAIDACEA
Tanaid sp. A Co n/a (itr) ',_\E Insufficient taxonomic resolution. Most abundant on control substrates.
Tanaid sp. B Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Tanaid sp. C Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Tanaid sp. D Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Tanaid sp. E Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Tanaid sp. F Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
PYCNOGONIDA
Pycnogonid sp. A Co n/a (itr) FN?E Insufficient taxonomic resolution. Occurs mostly on control substrates.
CHORDATA
ACTINOPTERYGII
Zoarcid sp. A Bac(Ra) Ba Bac Common in deep-sea and scavenging fish communities (Pearcy et al. 1982).
CNIDARIA
ACTINARIA
Actinarian sp. HS-Ge n/a (itr) 'éi Insufficient taxonomic resolution, occurs across all substrate types.
ECHINODERMATA
GORGONOCEPHALA
Gorgonocephalan sp. A Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.

OPHIUROIDEA

Ophiophthalmus normani (Lyman Common background species (e.g. Summers & Nybakken 2000), also associated
187p9) P y HS-Ge Ba, GE Bac with organic enrichment (e.g. macroalgal falls: Smith & Hamilton 1983, jellyfish:

Shepard & Marshall 1975, dead fish: Smith 1985).

Ophiuroid sp. B Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Ophiuroid sp. C Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
MOLLUSCA

APLACOPHORA

Aplacophoran sp. A GE n/a (itr) GE Insufficient taxonomic information. Occurs only on organic-rich substrates.
BIVALVIA

Genus has two species, including one from hydrothermal vent (Schein-Fatton 1985).

Bathypecten sp. A HS-Ge Ba, GE Ind Low overall abundances.

Bivalve sp. B HS-Ge n/a (itr) Fgé Insufficient taxonomic resolution, occurs across all substrate types.
Bivalve sp. E HS-Ge n/a (itr) I-ése Insufficient taxonomic resolution, occurs across all substrate types.
Bivalve sp. F GE n/a (itr) Ind More common on organlcjrl_ch substrates_, a!though I_ow abundances overall.

Insufficient taxonomic information.

Bivalve sp. G Bo n/a (itr) Wha Most abundant on whale bones.

Bivalve sp. H Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Bivalve sp. | Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.

Wha Wo Thousands of individuals found at Pacific whale skeletons (Smith et al. 1989, Bennet
Idas washingtonius (Bernard, 1978) GE SR GE et al. 1994). Also found in association with wood (Dell 1987, Smith & Baco 2003)
Se, Ve
and hydrothermal vents and seeps (Bennet et al. 1994).

Xylonora corona (Voight, 2007) Wo Wo Wo Wood substrate specialist (Voight 2007).

Xylophaga microchira (Voight 2007) Bac(Ra) Wo Wo Wood substrate specialist (Voight 2007).

Xylonora muraokai (Turner 2002) Wo Wo Wo Wood substrate specialist (Turner 2002).

Xylophaga oregona Voight,2007 Wo Wo Wo Wood substrate specialist (Voight 2007).

Xylonora zierenbergi (Voight, 2007) Wo Wo Wo Wood substrate specialist (Voight 2007).

Xylopholas crooki Voight, 2007 Wo Wo Wo Wood substrate specialist (Voight 2007).
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative Lit./Archived Final
abundance data.
GASTROPODA

Putative genus associated with vents (e.g. Mullineaux et al. 2005) a brine pool
(Vestheim & Kaartvedt 2016) and cold seeps (Ritt et al. 2010).
Majority of species within this genus are described from wood-falls (e.g., Kunze et
Dillwynella sp. A Wo Wo, Wha Wo al. 2011) but also reported at whale falls (Fujiwara et al. 2007). Highly abundant on
wood at S-2800.

cf Laeviphitus sp. Bo Ve, Se Wha

Eulimid sp. A Bac(Ra) Parasitic Bac Family exclusively parasitic to echinoderms (Warén 1983).
Gastropod sp. H Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Gastropod sp. | Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Gastropod sp. J Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Gastropod sp. K Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Gastropod sp. L HS-Ge n/a (itr) Ind Insufficient taxonomic resolution and low overall abundances.
Gastropod sp. M Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
Gastropod sp. N Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.

Congenerics described from wood (Marshall 1988, Warén et al. 1996, Hasegawa

Hyalogyrina sp. A Bo \X\/ﬁé SK8‘e Wha 1997), vents, and seeps (Warén & Bouchet 1993, 2001, 2009). Also reported from
' whale falls (Smith & Baco 2003) and kelp falls (Bernardino et al. 2010a).
Genus found commonly at hydrothermal vents (e.g., Warén & Bouchet 1986, Linse
Provanna cf. macleani GE Wha, Ve, GE et al. 2019) and reported from whale falls (Smith & Baco 2003). Also found at fossil
' Se, Wo seeps, whale falls and wood falls (e.g., Amano & Little 2014, Kiel & Goedert
2006).
LIMPET
Limpet sp. A Wo n/a (itr) Wo High abundance on wood substrates.
Limpet sp. B Bac(Ra) n/a (itr) Bac Insufficient taxonomic resolution. Rarity suggests background is likely.
NUDIBRANCH
Ziminella abyssa Korshunova,
Martynov, Bakken, Evertsen, Fletcher, Co Ba(ss) Bac Described from soft-sediment habitats (Korshunova et al. 2017).

Mudianta, Saito, Lundin, Schrodl &
Picton, 2017
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Table S2.1 (Continued) Habitat designation of each morphospecies.

Morphospecies Habitat Comments
Relative  Lit./Archived Final
abundance data.

OCTOPODIDAE

Graneledone pacifica Voss & Pearcy, General deep-sea species that broods eggs attached to hard surfaces (Robinson et

1990 Bac(Ra) Ba Bac al, 2014).
NEMERTEA
Nemertean sp. GE n/a (itr) GE Insufficient taxonomic resolution. Most abundant on organic-rich substrates.

PLATYHELMINTHES

Triclad sp. A Wo n/a (itr) Wo Abundant in wood interior.

Similar to polyclad flatworms found in association with sunken wood in the

Polyclad sp. A Wo Wo Wo Cascadia Basin (Voight 2007, Quiroga et al. 2006).
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Table S2.2 Pairwise PERMANOVA comparisons of bone, wood, and control assemblages, based on Bray-Curtis
dissimilarities of log(x+1) transformed abundances. P-values were obtained using 9999 permutations under a
reduced model. p-values determined by Monte Carlo random draws (P(MC)) are shown due to limited number of
permutations. Significant differences in community composition (p(MC) < 0.050) after Bonferroni correction for
multiple comparisons are indicated in bold. Location is a random factor, nested within Depth. All other factors
(Substrate, Depth) are fixed.

. Unique Average
Location Groups t P(perm) perm. P(MC) similarity %

For pairs of substrate types, within each lander location.

N-1600 Wood, Bone 2.324 0.098 10 0.021 42.2
Wood, Control 2.729 0.104 10 0.011 49.2
Bone, Control 1.730 0.102 10 0.064 49.7

S-1600 Wood, Bone 2.388 0.103 10 0.020 25.2
Wood, Control 2.162 0.101 10 0.026 19.7
Control, Bone 1.627 0.101 10 0.077 21.0

N-2800 Wood, Bone 3.570 0.101 10 0.004 415
Wood, Control 2.708 0.099 10 0.011 419
Control, Bone 2.338 0.101 10 0.017 48.9

S-2800 Wood, Bone 1.713 0.098 10 0.063 35.8
Wood, Control 1.766 0.096 10 0.060 33.6
Control, Bone 2.094 0.094 10 0.030 29.6

For pairs of depths, within each substrate type.

Wood 2800 m, 1600 m 1.881 0.327 3 0.07 17.7

Bone 2800 m, 1600 m 1.946 0.329 3 0.044 194

Control 2800 m, 1600 m 1.602 0.334 3 0.103 10.7
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Table S2.3 Generalized linear mixed model summary for H’ and ES(30) response variables.

. . F- 2 Test } 2
Response Final Model Fixed terms value Pc(>F) R“m  Random terms statistic p-value Rc
He Depth 127 0377 036  (1|Location) "fggz <0001  0.62
Depth*Substrate + '
(1|Location) Substrate 1.58 0.224
Depth:Substrate 10.48 <0.001
. LRT =
ES(30) Depth 1.10 0.404 0.42 (1|Location) 15,53 <0.001 0.80
Depth*Substrate + .
(1|Location) Substrate 7.91 0.00
Depth:Substrate 21.92 <0.001
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Table S2.4 Generalized linear mixed model supplemental information.

Fixed Effects

Random effects

Model - -
Name Estimate Std. Error t value Name Variance

(Intercept) 1.69 0.38 4.43 Location (Intercept) 0.52

log(N) ~ Depth + Depth2800 1.80 0.22 8.02 SubstrateControl 0.15

Substrate + SubstrateControl -0.49 0.21 -2.32 SubstrateWood 1.01

(1+Substrate|Location) SubstrateWood 0.45 051 0.87 Residual 0.05

(Intercept) 18.03 4.57 3.95 Location (Intercept) 63.58

+5 ~ Depth + Substrate Depth2800 9.27 4.04 2.30 SubstrateControl 32.61

(1+Substrate|Location) SubstrateControl -0.42 3.16 -0.13 SubstrateWood 69.23

SubstrateWood 3.67 4.37 0.84 Residual 10.84

(Intercept) 0.74 0.12 5.97 Location (Intercept) 0.03

Depth2800 -0.26 0.17 -1.50 Residual 0.01
J' ~ Depth*Substrate + SubstrateControl 0.08 0.05 1.72
(1|Location) SubstrateWood -0.24 0.05 -5.15
Depth2800:SubstrateControl 0.00 0.07 0.01
Depth2800:SubstrateWood 0.40 0.07 5.99

(Intercept) 2.19 0.27 8.15 Location (Intercept) 0.10

Depth2800 -0.70 0.38 -1.85 Residual 0.14
H' ~ Depth*Substrate + SubstrateControl 0.28 0.22 1.28
(1|Location) SubstrateWood -0.63 0.22 -2.90
Depth2800:SubstrateControl -0.16 0.31 -0.52
Depth2800:SubstrateWood 1.13 0.31 3.68
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Table S2.4 (Continued) Generalized linear mixed model supplemental information.

Fixed Effects

Random effects

Model - :
Name Estimate Std. Error t value Name Variance

(Intercept) 10.88 1.61 6.76 Location (Intercept) 4.40

Depth2800 -3.87 2.28 -1.70 Residual 2.33
ES(30) ~ SubstrateControl 2.62 1.00 2.61

Depth*Substrate +

(1|Location) SubstrateWood -4.07 0.88 -4.61
Depth2800:SubstrateControl -1.66 1.34 -1.24
Depth2800:SubstrateWood 6.45 1.25 5.17

(Intercept) 3.68 0.22 16.87 Location (Intercept) 0.05

log(Chaol) ~ Depth + Depth2800 -0.20 0.27 -0.72 Residual 0.18
Substrate + (1|Location) SubstrateControl 0.06 0.17 0.37
SubstrateWood 0.02 0.17 0.09
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Table S2.5 Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages = SE (n = 3).

PHYLUM, N-1600

S-1600 N-2800 S-2800

CLASS/ORDER,
FAMILY,
Morphospecies

B

B B

ANNELIDA

POLYCHAETA

ACROCIRRIDA
E

Acrocirrid sp. 3 - - - -

Flabelligella cf. 267 +2.67 - -

0.33+0.33
macrochaeta

AMPHARETID
AE
Anobothrus
apaleatus
Ampharetid sp.
21
Ampharetid sp.
22
Ampharetid sp.
23

Decemunciger sp.

033+
- 033  2*1 -

- 4.33+2.33 -

10.67+ 16.67 %
3.76 5.46

- 0.33+0.33 -

918.33 0.67 +
265.54 0.33

Sosane wahrbergi - -
Sosane sp. A - -

288 £+ 37.55 -

1.67 £ 0.67 40 £ 22.48

0.33+0.33 -
1+0.58 -

CAPITELLIDAE
Capitella cf.
capitata
Capitella cf.
ovincola

Capitellid sp. 10 - - - -

9.33+£3.53 1+0 067+033 3+£1.73

033+£033 2+115033+x033 1=+1

0.33+0.33

267+
0.33

0.33+£0.33 - - - - -

033+ 0.33%
1.33+1.33 033 033 - - -

2+153 - 1.67+0.88

0.33+
0.33

0.33+
0.33

11.33 % 067+ 0.33%
5.04 0.67 0.33

0.33+0.33 - - - - -

0.67 %
0.33
0.33%
0.33

12.67 = 133+
6.57 1.33

4+4 - - -

1.67
0.33

6 +3.46 1+1 8+£153 -

9+265 5+4 0.67+0.33

233+ 10.33%

1.33+£0.67 1+0.58 2.33 9.84

3%3
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C W B C w B C
Morphospecies
Capitellid sp. 13 - - - - - - - - 0.67 +0.33 - - -
CIRRATULIDAE
0.33% 0.33%
Chaetozone sp. A - 0.33 0.33 - - - - -
Chaetozone sp. B - - - - - - 2.67 £ 2.67 - - - - -
. . 0.33+
Cirratulid sp. 14 033 - - - - - - - - - - -
CTENODRILLIDA
E
Ctenodrillid sp. 2 - - - - - - - - 0.67 £ 0.67 - - -
DORVILLEIDAE
A 267+ 0.33+ 133+ 25.67 + 19.33 + 133+
Dorvilleid sp. 15 133 11.33 +6.98 0.33 1.67 £0.67 133 11.05 15.38 0.33+0.33 - 088
- 133+
Dorvilleid sp. 32 133 - - - - - - - - - - -
Dorvilleid sp. 39 - - - - - - - 1+1 - - - -
- 733+ 0.67+ 067+ 033z
Dorvilleid sp. 54 3x2 4+351 353 32 033 - 0.67 £0.67 0.67 £0.67 - 0.67 033
Dorvilleid sp. 55 - - - - - - 105 £ 27.79 - - - - -
I 0.33+ 0.33+
Dorvilleid sp. 56 033 0.67 £ 0.67 0.33 - - - - - - - -
Dorvilleid sp. 58 - 0.33+0.33 - - - - - - - - - -
Ophryotrocha 277.67 £ 1433+ 967+ 067% 2133+ 233%
batillus 81 +11.53 246.8 71+451 318 8.21 067 430 +158.88 13 £5.57 961 133 18+17.01-
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600

S-1600

N-2800

S-2800

CLASS/ORDER,
FAMILY, W B
Morphospecies

B

B

Ophryotrocha
craigsmithi
Ophryotrocha
langstrumpae
Ophryotrocha
longicollaris
Ophryotrocha
magnadentata

Parophryotrocha

sp. A

0.33+0.33

13897 +

361189  0%?2

2+1.15

28.33 %
28.33

FLABELLIGERI

DAE
Flabelligerid sp. 7 - -

HESIONIDAE
Gyptis sp. A

Hesiocaecasp. A 1.33+1.33 0.33+£0.33

Hesiopina cf.
aurantiaca

Sirsoe cf. hessleri 0.33 +0.33 -

Vrijenhoekia
balaenophila

28.67 +
12.57

0.33+0.33 2.67+£2.196.33+3.18

- 0.33+0.330.33 +0.33

1.33+1.33 0.33+0.330.33+0.33

84.67 +
14.52

7.33+£5.330.67 £ 0.672.67 + 0.67

0.33+0.33

0.33+0.33

4+153

0.33+
0.33

0.33+
0.33

033+
0.33

033+
0.33

067+ 83.67= 033 +0.33 2.33 % )

0.33 40.58 1.2
- 0.33%£0.33 0.33+0.33 -

601.67 =
164.29

167+

- 0.33%0.33 0.88

033+
0.33

1+058 033*

0.33
0.67 +
-  0.67%033 - - 033

- 033%033 - - -

0.67 +

- 1+1 067

1.33+0.67 -

0.33+
433+0.3312.67+1.45 033

0.33+0.33

0.33+0.33

433+ 1.67

0.67+
0.67
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600

N-2800 S-2800

CLASS/ORDER,

FAMILY, w B C w B C w
Morphospecies

B C w B C

LUMBRINERIDAE

Lumbrinerid sp. 1 - -
MALDANIDAE

Maldane sp. A -

0.33+0.33 - - - -

0.33+0.330.33+0.33 - - - -

NEREIDIDAE

Nereididsp. 6  1.33+1.330.33+0.33 0.33+0.33 - - -

OPHELIIDAE

Opheliid sp. 4 - - - - - 0.33+£0.33
Opheliid sp. 5 - - - - - 0.33+0.33
Opheliid sp. 6 - - - - - - -

PARAONIDAE
Aricidea cf. rubra - - - - 0.33+£0.33 - -
Paraonides sp. A - - - - - - -

PECTINARIIDAE
Pectinariid sp. 1 - - 0.33+£0.33 - - - -
PHOLOIDAE

Pholoid sp. 1 - - 0.33+0.33 - - - -

16712 -

- 0.33+0.33 0.67 £ 0.67
- - - - 0.33+0.33

0.33+0.33
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM,

N-1600

S-1600

N-2800

S-2800

CLASS/ORDER,
FAMILY, W
Morphospecies

B C

B

B

B

PHYLLODOCIDAE

0.33+

Sige brunnea 033

POLYNOIDAE
Harmothoe cf. fragilis 2.67 + 1.2

Peinaleopolynoe 033+
santacatalina 0.33

SCALIBREGMATIDA
E

Scalibregmatid sp. 2 -

SERPULIDAE
Serpulid sp. 1 -

SIBOGLINIDAE

Osedax rubiplumus -

Osedax sp. B -

SIGALIONIDAE
Sigalionid sp. 3 -

1.67 + 13.67
0.88 4.33

- 0.33+0.33

- 0.67 +0.67

2.67 *
2.67
9.33+
9.33

0.67 %
0.33
0.33+
0.33

0.67 +
0.67

0.67+
0.67

733+
7.33

1+
0.58

0.33+
0.33

1194.67
918.27

0.67 %
0.67

0.67+
0.67

12+12

0.33%
0.33
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C w B C
Morphospecies
SPHAERODORIDA
E
. 133+
Sphaerodorid sp. 1 133 - - - - - - - - - - -
SPIONIDAE
Aurospio cf. ) i i i i i 033+ i i i i
dibranchiata 0.33
- 0.33+
Spionid sp. 13 - - - - - - - - - 033 -
. 233+ 633+ 767+ 167+ 033+ 0.67%
Laonice sp. A 033 219 273 088 26712 1+1 2+0.58 - 167+1.2 033 067 -
Prionospio cf. ) ) 033+ ) ) ) ) ) ) ) ) )
ehlersi 0.33
Prionospio sp. A - - - - - - - - - 0.33% 0.67 %
pio Sp. 033 033
SYLLIDAE
. 0.67 + 0.33+
Syllid sp. 13 - - - - - - - - 033 - 0.33
Proceraea sp. A - - - - - - 0.33+0.33 - - - - -
. 067+ 033+ 033+ 2233+ 033z 4.67 £
Sphaerosyllissp. A 2+1 1+0.58 13+10.15 033 033 033 6.69 0.33 2+153 371 2+153 -
TEREBELLIDAE
. 0.33+ 0.67+
Terrebellid sp. 8 033 0.67 - - - 0.33+0.33 - - - - -
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. VValues are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDE
R, FAMILY, w B C W B C W B C W B C
Morphospecies
. 0.67 £ 0.33 %
Neoamphitrite sp. A 0.33 033 - - - - - - - - -
CLITELLATA
HIRUDINEA
L 133+ 267 033z 0.33 %
Hirudinid sp. A - 0.67 £0.33 133 219 033 - 033 - - - 1+0.58
ARTHROPOD
A
AMPHIPODA
Accedomoera ) ) i i i i 703.33 1447 + 280 + 30+ 72+ 15+ 451
sp. A 117.94 531 67.12 19.43 46.49 -
. 0.67 0.33 %
Amphipod sp. G - 0.67 +0.33 - - - - - 1+0.58 0.33 - 033 -
: 033+ 0.33 % 033+
Amphipod sp. H - 1.67 £0.88 - - - - 0.67 £ 0.67 033 1+0.58 033 - 033
. 1.67 17.67 £ 26.33 033+ 033z 133
Amphipod sp. K7 7 11.61 10.35 033 033 38%13 ) 1.33 ; ) )
Bathyceradocus 0.67 £ 3.67 %
sp. A - - ; ; ; ; 6+153 ; 067 186 ; ;
Euonyx sp. A - - 0.67 + 0.67 - - - - 066;31 - - 0(')3;31 -
lsacidsp. A - . 367267 - : : 141 : : - o
Lysianassid sp.  9.67 = 20.67 = 0.67+ 2.67+ 0.33+
A 731 1822 1%33%376 - ) - 8£265 33 ) 0.67 0.33
Oedicerotid sp. ) ) i i i i i i 0.67 + i i
A 0.67
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600

N-2800 S-2800

CLASS/ORDER,
FAMILY,
Morphospecies

w B C W B

B C w B

C

Schisturellasp. , o7, 1 7626.67 + 25.1748.33 + 26.96 - -

A
Sebidae sp. A 8.33£2.19 433+£145 1058 -
CARIDEA

Caridean sp. A 0.67 £ 0.67 -

2%1

067+033- - 0.33+0.33
CUMACEAN
Cumacean sp. A - - - - - -

DECAPODA
Chionocetes sp. A - - 0.33£0.33
Paralomis sp. A - 0.33+£0.33 - - - -

GALATHEOIDEA

Galatheid sp. E -
Munidopsis
albatrossae
Munidopsis

cascadia

Munidopsis cf.

antonii

0.33+0.33 - - - -

1.33+0.671+0580.67+033 1+0

- 3.67+1.76 1.33+0.67 -

0.33+0.33

0.33+£0.33 3+252

2.67+0.67 16.33+2.191.33+0.33 1+058 4.67+273

16.33+2.8517.33+536 7=*1 1+0.58 6+252

0.33+0.33

0.67 £ 0.670.33+0.33 -

0.67 £ 0.67

0.67 +0.67

1+0.58
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM,

N-1600

S-1600

N-2800

S-2800

CLASS/ORDER,
FAMILY,
Morphospecies

w

B

C w B

C w B

C

Munidopsis cf.
lignaria

ISOPODA
Eurycopinae sp.
A
Eurycopinae sp. B -
Ilyarachna
profunda

Ischnomesid sp. A -
Isopod sp. H -
Isopod sp. J -
Isopod sp. K -

Janirid sp. -

0.33+0.33

MYSIDA
Mysid sp. A -

NEBALIIDAE
Nebalia sp. A 1+1
Nebalia sp. B -

TANAIDACEA
Tanaid sp. A -

2+153 - -

033+0.33-133+133 2+2

0.33+0.33

0.33+0.33
0.67+0.67 - -

0.33+0.33 - -

1.33+0.885.33+285 - -

0.33+£0.33 - -

1.33+0.88 1.33+1.33

- 4.67+2.6 2%1

0.67 +0.33

11.67 + 3.84120.67 + 78.6848.67 + 16.222.67 + 2.1928.67 + 20.42 24 +8.02

- 1.67+0.88

- 2+1.15

0.33+0.330.33 +0.33 - -

- 3.67+1.458.33+1.21.33+0.88

- 2+153 1+0.58

3.33+1.860.33+0.33 -

0.67 £0.33
0.33+0.33

151



Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800

CLASS/ORDER,

FAMILY, w B C W B C W B C W B C
Morphospecies

Tanaid sp. B - 0.33+0.33 - - - 0.33+0.33 - - - - - 0.33+0.33
Tanaid sp. C - - 0.33+0.33 - 0.33%+0.33 - - - - - - -
Tanaid sp. D - - - - - - - - - - - 0.33+0.33

Tanaid sp. E - - - - - - - - 0.33+£0.33 - - -
Tanaid sp. F - - - - - 0.33£0.33 - - 0.33+£0.330.33+£0.33 -

PYCNOGONIDA
Pycnogonid sp. A - - - - - - - - - 2.33+£2.33 - 7 +3.06

CHORDATA
ACTINOPTERYGII
Zoarcid sp. A

- - - - - - 033033 - - -

CNIDARIA
ACTINARIA
Actinarian sp. 0.67 +0.33 - 0.33+0.33 - - - 333%+0.881.33+0.333.33+0.671.67+0.88 1+0.58 0.33+0.33

ECHINODERMATA

GORGONOCEPHALA

033+

Gorgonocephalan sp. A - 0.33 - - - - - - - - - -
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages = SE (n = 3).

PHYLUM,

N-1600

S-1600

N-2800

S-2800

CLASS/ORDER,
FAMILY,
Morphospecies

wW

B

B

B

B

OPHIUROIDEA

Ophiophthalmus
normani

Ophiuroid sp. B
Opbhiuroid sp. C

MOLLUSCA
APLACOPHORA

Aplacophoran sp. 3334333 2+153
A 33+3. +1.

BIVALVIA
Bathypecten sp. A
Bivalve sp. B
Bivalve sp. E
Bivalve sp. F
Bivalve sp. G
Bivalve sp. H
Bivalve sp. |

1.33+0.88 3+1.53

1.33+1.330.67 £ 0.67

5+231

0.33+0.33

0.33+0.33

0.67+0.67 1+0.58 0.33+0.330.33+0.33
19+451 17+2.08 23.67 +3.530.33 +0.33 -
0.33+0.332.67+2.19 6.67+1.2

1.67+1.2 0.33+0.33

0.33+0.33

0.67 £ 0.67

5+2.08
1+1

1+1 0.67%0.670.33+0.33

0.67+£0.33

0.33+0.33

0.33+0.33

0.33+0.330.33+0.330.33+0.33 -

0.33+0.33

0.33+£0.33

0.33+£0.33
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800

CLASS/ORDE

R, FAMILY, W B C W B C W B C W B
Morphospecies

Idas 967+ 967+ 033+ 233+ 067+
washingtonius > *3 186 <S*L73733£328 5o g3z 267267 543 - - 0.67

Xylonora ) ; . - - - 119 +65.29 - - - }
corona

Xylophaga 1+1 : . 033£033 - . . i . i .
microchira

Xylonora 736.67 £

muraokai 718.69
Xylophaga 275133 2533+

oregona 555.59 i i 3.28 i i i i i i i
Xylonora 1280.67 =

Zierenbergi 412.66

Xylopholas
crooki h B - - - - 11.33+3.48 - - - -

GASTROPOD
A

cf Laeviphitus 0.67 + 033+ 167%
sp. - - - - - 067 6.67+4.41 47+265 5+1.53 0.33 0.88

Dillwynella sp. 033+ 033% 033+ 0.33= 0.67+
A 0.33+0.33 - - - 033 033 2+153 033 033 17+1 067

o 0.67 +
Eulimidsp. A 0.33£0.33 067 - - - - - - - - -

Gastropod sp. ) i 0.33% i i i i i i
H 0.33 0.33+0.33 0.33+£0.33
0.33+

Gastropod sp. | - - 0.33 - - - - - - - -

Gastropod sp. J - - - 1+1 - - - - - - -

233+
1.33

033+
0.33
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM,
CLASS/ORDER,
FAMILY,
Morphospecies

N-1600

S-1600

N-2800 S-2800

w

w B C w B C

Gastropod sp.
K
Gastropod sp.
L
Gastropod sp.
M

Gastropod sp. N

Hyalogyrinasp. A 4+252 4533+13.86 3+0.58

Provanna cf.
macleani

LIMPET

Limpetsp. A 0.67 £0.67

Limpet sp. B

NUDIBRANCH
Ziminella abyssa

OCTOPODIDAE

Graneledone
pacifica

NEMERTEA
Nemertean sp.

- 1.33+0.33

0.67 +0.33 -

0.33+

0.33+0.33

0.33+0.33 12.33+8.35 1+0.58

0.33 - - - - -

1.67+1.67 - 1.33+0.88-
4+2 1.67+0.67 - - - -

1+058 24.33+18.560.67+0.67 5+2.08 0.67+0.67 - - - - -

- 0.33+0.33

1.67+0.33 1+1

0.67+£0.33 0.67 £0.67

1.67+0.88

0.33+0.33

- 0.33+0.33 - - - -

1.67 +0.880.67 £ 0.670.67 + 0.671.67 + 1.670.67 + 0.33 -
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Table S2.5 (Continued) Abundance (individuals per mesh bin) of fauna collected from BoWLs landers. VValues are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C w B C W B C W B

Morphospecies

PLATYHELMINTHES
Triclad sp. A 819 +274.532.67 £ 1.76 60 + 18.03 58 + 33.05 - - - - - -
Polyclad sp. A - - - - - - 17.33+2.91 0.33+0.33 -
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Table S2.6 Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM,
CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY,
Morphospecies W B C W B C W B C W C
ANNELIDA
POLYCHAETA
ACROCIRRIDAE
3.0e-04
Acrocirrid sp. 3 - - - - - - - - - - +
3.0e-04
2.0e-03 2.5e-04
Flabelligella cf. macrochaeta + - - * - - - - - - -
2.0e-03 2.5e-04
AMPHARETIDAE
1.6e-04 1.8e-03 1.5e-03 2.4e-03 1.5e-03
Anobothrus apaleatus - * * - - - + - + - +
1.6e-04 8.9e-04 1.1e-03 3.0e-04 7.8e-04
3.9e-03 2.5e-04
Ampharetid sp. 21 - - + - - - + - - - -
2.1e-03 2.5e-04
2.1e-01 9.5e-03 1.2e-02 1.8e-04 3.0e-04 9.9e-04 2.2e-04 3.0e-04
Ampharetid sp. 22 + - * * + + * + + - -
2.8e-02 3.3e-03 4.0e-03 1.8e-04 3.0e-04 9.9e-04 2.2e-04 3.0e-04
Ampharetid sp. 23 - - 3.0e-04+3.0e-04 - - - - - - - -
6.8e-01 3.8e-04 1.5e-03 3.0e-02 8.4e-03 5.9e-04 2.5e-04
Decemunciger sp. + + * * - - * - * * -
2.0e-01 2.0e-04 5.9e-04 1.7e-02 3.7e-03 5.9e-04 2.5e-04
3.0e-04
Sosane wahrbergi - - + - - - - - - - -
3.0e-04
8.9e-04 2.5e-04
Sosane sp. A - - + - - - + - - - -
5.1e-04 2.5e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C w B C
Morphospecies
6.9e-03 5.4e-04 5.9e-04 2.2e-03 3.7e-03 5.9e-04 9.4e-03 1.2e-03 7.4e-04 5.9e-03
Capitella cf. capitata + + * + + + * - + + + -
2.6e-03 5.5e-05 3.0e-04 1.3e-03 1.9e-03 3.0e-04 4.9e-03 1.2e-03 7.4e-04 1.5e-03
2.5e-04 1.2e-03 3.0e-04 7.4e-04 5.3e-03 3.0e-04 3.0e-03 3.2e-03 5.9e-04
Capitella cf. ovincola + + + + + + + - - - + +
2.5e-04 7.6e-04 3.0e-04 7.4e-04 1.3e-03 3.0e-04 3.0e-03 2.5e-03 3.0e-04
9.9e-04 6.2e-04 2.7e-03 1.2e-03 2.0e-03 9.2e-03
Capitellid sp. 10 - - - - - - + + + + + +
4.9e-04 3.5e-04 2.7e-03 2.5e-04 2.0e-03 8.7e-03
5.9e-04
Capitellid sp. 13 - - - - - - - - + . } }
3.0e-04
CIRRATULIDAE
3.0e-04 3.0e-04
Chaetozone sp. A - - + - - + - - - - - ;
3.0e-04 3.0e-04
2.0e-03
Chaetozone sp. B - - - - - - + - - - - -
2.0e-03
2.5e-04
Cirratulid sp. 14 + - - - - - - - - - - -
2.5e-04
CTENODRILLIDAE
5.9e-04
Ctenodrillid sp. 2 - - - - - - - - + - . ;
5.9e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C wW B C

Morphospecies

DORVILLEIDAE

2.0e-03 5.6e-03 3.0e-04 1.2e-03 7.3e-04 1.9e-02 1.2e-02 3.0e-04 9.1e-04
Dorvilleid sp. 15 + * * + + - * t + - + -
9.9e-04 3.3e-03 3.0e-04 4.9e-04 7.3e-04 8.2e-03 9.9e-03 3.0e-04 5.4e-04
9.9e-04
Dorvilleid sp. 32 + - - - - - - - - - - -
9.9e-04
6.5e-04
Dorvilleid sp. 39 - - - - - - - * - - - -
6.5e-04
2.2e-03 2.0e-03 6.5e-03 2.2e-03 3.7e-04 4,9e-04 4.6e-04 49e-04 2.3e-04
Dorvilleid sp. 54 + + + + + - + * - * * -
1.5e-03 1.7e-03 3.1e-03 1.5e-03 1.8e-04 4.9e-04 4.6e-04 4.9e-04 2.3e-04
7.8e-02
Dorvilleid sp. 55 - - - - - - * - - - - -
2.1e-02
2.5e-04 4.4e-04 3.0e-04
Dorvilleid sp. 56 + + + - - - - - - - - -
2.5e-04 4.4e-04 3.0e-04
1.6e-04
Dorvilleid sp. 58 - + - - - - - - - - - -
1.6e-04
Ophrvotrocha 6.0e-02 1.4e-01 6.3e-02 1.1e-02 5.4e-03 5.9e-04 3.2e-01 8.7e-03 1.9e-02 1.7e-03 1.1e-02
b P” y + + + + + + + + + + + -
atillus 8.5e-03 12e-01 4.0e-03 2.4e-03 4.6e-03 509e-04 1201  40e-03  85¢-03 9.9e-04 1.1e-02
Ophryotrocha i 1'62'04 ] ) ) ) ) ) ) ) ) )
craigsmithi 1.66-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C W B C
Morphospecies
Ophryotrocha 1.0e+01 3.5e-03 2.5e-02 6.3e-02 5.9e-04 6.2e-02 2.2e-04 2.1e-03 2.9e-04
langstrumpae * * * * i * * * * i * i
2.7e+00 1.5e-03 1.1e-02 1.1e-02 3.0e-04 3.0e-02 2.2e-04 1.1e-03 2.9e-04
2.5e-04 2.3e-04 7.4e-04
Ophryotrqcha i i ) ) ) ) . N ] N ) )
longicollaris 2.5¢-04 2.3e-04 7.40-04
1.5e-03 3.7e-03 5.9e-04 2.0e-03 1.8e-04
Ophryotrocha + . + . . i i i i i i i
magnadentata 850-04 26e-03 5904 49e-04 18e-04
1.4e-02 2.5e-04 1.8e-04 2.5e-04 3.9e-01 1.5e-03 1.3e-01 5.9e-04
Parophryotrocha sp. A - + - + + - * * + - + +
1.4e-02 2.5e-04 1.8e-04 2.5e-04 1.1e-01 7.8e-04 7.1e-02 5.9e-04
FLABELLIGERIDAE
2.5e-04 3.0e-04
Flabelligerid sp. 7 - - - + - * - - - - - -
2.5e-04 3.0e-04
HESIONIDAE
2.5e-04 1.4e-03 5.6e-03 6.2e-04 3.0e-04
Gyptis sp. A * + * - - - - * + - - -
2.5e-04 1.1e-03 2.8e-03 3.5e-04 3.0e-04
9.9e-04 1.6e-04 4.9e-04 4.9e-04 2.3e-04
Hesiocaeca sp. A + + - - - - + - - + + -
9.9e-04 1.6e-04 2.5e-04 2.5e-04 2.3e-04
1.6e-04 3.0e-04 2.5e-04
Hesiopina cf. aurantiaca - + * - - - * - - - - -
1.6e-04 3.0e-04 2.5e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C w B C w B C w B C
Morphospecies
2.5e-04 3.0e-03 1.8e-04 7.4e-04 8.7e-04 4.9e-04
Sirsoe cf. hessleri + - - + + - * + - + - -
2.5e-04 1.1e-03 1.8e-04 7.4e-04 4.4e-04 4.9e-04
. . 9.9e-04 1.6e-04 3.0e-04 1.9e-04 3.2e-03 8.3e-03 3.0e-04 3.2e-03
Vruenhoe_kla + + + i + i + + + i + i
balaenophila 0.9e-04 1.6e-04 3.0e-04 1.9¢-04 2.56-04 1.1e-03  3.0e-04 1.3¢-03
LUMBRINERIDAE
3.0e-04
Lumbrinerid sp. 1 - - + - - - - - - - - -
3.0e-04

MALDANIDAE
2.2e-04 3.0e-04

Maldane sp. A - + + - - - - - - - - -
2.2e-04 3.0e-04

NEREIDIDAE
9.9e-04 2.2e-04 2.5e-04 1.1e-03
Nereidid sp. 6 + + - + - - - - - - + -
9.9e-04 2.2e-04 2.5e-04 7.4e-04
OPHELIIDAE
2.5e-04
Opheliid sp. 4 - - - - - - + - - - - -
2.5e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, B c B c W B C B c
Morphospecies
2.5e-04 3.0e-04 5.9e-04
Opheliid sp. 5 - - - + - + . +
2.5e-04 3.0e-04 5.9e-04
3.0e-04
Opheliid sp. 6 - - - - - - - +
3.0e-04
PARAONIDAE
1.8e-04
Aricidea cf. rubra - - + - - - - -
1.8e-04
3.0e-04
Paraonides sp. A - - - - - - - +
3.0e-04
PECTINARIIDAE
3.0e-04
Pectinariid sp. 1 - + - - - - - .
3.0e-04
PHOLOIDAE
3.0e-04
Pholoid sp. 1 - * - - - - - -
3.0e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C w B C w B C W B C
Morphospecies
PHYLLODOCIDAE
2.5e-04
Sige brunnea * - - - - - - - - - - -
2.5e-04
POLYNOIDAE
2.0e-03 8.2e-04 1.2e-02 4.9e-04 3.7e-04 8.9e-04
Harmothoe cf. fragilis * + + * * + - - - -
8.9e-04 4.3e-04 3.9e-03 2.5e-04 3.7e-04 5.1e-04
. 2.5e-04 2.5e-04 2.5e-04 4.9e-04 4.5e-04
Pemaleopolynoe + i i + i i + i + +
santacatalina 2.50-04 2.50-04 2.50-04 4.9e:04 4.5e-04
SCALIBREGMATIDAE
3.0e-04
Scalibregmatid sp. 2 - - + - - - - - - -
3.0e-04
SERPULIDAE
5.9e-04 4.9e-04
Serpulid sp. 1 - - + + - - - - - -
5.9e-04 4.9e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C w B C w B C w B C
Morphospecies
SIBOGLINIDAE
1.3e-03
Osedax rubiplumus - * - - - - - - - - - -
1.3e-03
4.6e-03 4.1e-03 8.1e-01 1.0e-02
Osedax sp. B - * - - * - - * - - * -
4.6e-03 4.1e-03 6.3e-01 1.0e-02
SIGALIONIDAE
3.0e-04
Sigalionid sp. 3 - - - - - - - - - - - *
3.0e-04
SPHAERODORIDAE
9.9e-04
Sphaerodorid sp. 1 + - - - - - - - - - - -
9.9e-04
SPIONIDAE
Aurospio cf. ) ) ) ) ) ] ] 2'3i'04 ] ) ] ]
dibranchiata 2 30-04
2.9e-04
Spionid sp. 13 - - - - - - - - - - * -
2.9e-04
1.7e-03 3.5e-03 6.8e-03 1.2e-03 1.5e-03 8.9e-04 1.5e-03 1.5e-03 2.5e-04 5.8e-04
Laonice sp. A * * + + * * * - + + + -
2.5e-04 1.3e-03 2.4e-03 6.5e-04 6.1e-04 8.9e-04 4.3e-04 1.1e-03 2.5e-04 5.8e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S$-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C W B C w B C
Morphospecies
: . 3.0e-04
Prionospio cf. ) ) + ) ) } i} ; i . - -
ehlersi 3.00-04
2.5e-04 4.3e-04
Prionospio sp. A - - - - - - - - - + + .
2.5e-04 2.2e-04
SYLLIDAE
5.9e-04 3.0e-04
Syllid sp. 13 - - - - - - - - + - - +
3.0e-04 3.0e-04
2.5e-04
Proceraea sp. A - - - - - - + - - - - -
2.5e-04
1.5e-03 5.4e-04 1.2e-02 4.9e-04 1.8e-04 3.0e-04 1.7e-02 2.2e-04 1.8e-03 3.5e-03 1.3e-03
Sphaerosyllis sp. A + + + + + + + + + + + -
7.4e-04 2.9e-04 9.0e-03 2.5e-04 1.8e-04 3.0e-04 4.9e-03 2.2e-04 1.4e-03 2.7e-03 9.3e-04
TEREBELLIDAE
2.5e-04 5.9e-04 2.5e-04
Terrebellid sp. 8 + - + - - - + - - - - -
2.5e-04 5.9e-04 2.5e-04
4.9e-04 1.6e-04
Neoamphitrite sp. A + + - - - - - - - - - -
2.5e-04 1.6e-04

165



Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C W B C w B C
Morphospecies
CLITELLATA
HIRUDINEA
3.3e-04 9.9e-04 2.0e-03 3.0e-04 2.3e-04 8.9e-04
Hirudinid sp. A - + - * + + - + - - - +
1.6e-04 9.9e-04 1.7e-03 3.0e-04 2.3e-04 5.1e-04
ARTHROPODA
AMPHIPODA
5.2e-01 9.5e-01 2.5e-01 2.2e-02 5.2e-02 1.3e-02
Accedomoera sp. A - - - - - - * * * + * *
8.7e-02 3.7e-01 6.0e-02 1.4e-02 3.1e-02 4.0e-03
3.3e-04 6.2e-04 5.9e-04 2.1e-04
Amphipod sp. G - + - - - - - + + - + -
1.6e-04 3.5e-04 3.0e-04 2.1e-04
8.2e-04 4.9e-04 2.0e-04 8.9e-04 2.5e-04 3.0e-04
Amphipod sp. H - + - - - - + + + + - +
4.3e-04 4.9e-04 2.0e-04 5.1e-04 2.5e-04 3.0e-04
1.2e-03 9.4e-03 2.3e-02 2.5e-04 3.0e-04 9.9e-04 1.2e-03
Amphipod sp. K + + * - + * + - + - - -
1.2e-03 5.6e-03 9.2e-03 2.5e-04 3.0e-04 9.9e-04 1.2e-03
4.4e-03 5.9e-04 2.7e-03
Bathyceradocus sp. ) ) ) ) ) ) + i} + + . -
A 1.1e-03 5.9e-04 1.4e-03
5.9e-04 4.3e-04 2.3e-04
Euonyx sp. A - - * - - - - * - - * -
5.9e-04 2.2e-04 2.3e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C w B C W B C w B C
Morphospecies
3.3e-03 7.4e-04 4.5e-04
Isaeid sp. A - - + - - - * - - - + -
2.4e-03 7.4e-04 4.5e-04
7.2e-03 1.0e-02 1.1e-02 5.9e-03 4.2e-04 2.0e-03 3.0e-04
Lysianassid sp. A * * + - - - * * - + - *
5.4e-03 9.0e-03 3.3e-03 2.0e-03 2.1e-04 4.9e-04 3.0e-04
5.9e-04
Oedicerotid sp. A - - - - - - - - * - - -
5.9e-04
2.0e-03 1.3e-02 4.3e-02 8.7e-04 8.9e-04 4.9e-04 7.2e-04 3.0e-04
Schisturella sp. A + + + - - - - * + * + +
1.3e-03 1.2e-02 2.4e-02 4.4e-04 5.1e-04 2.5e-04 7.3e-05 3.0e-04
6.2e-03 1.0e-03 3.9e-03 7.4e-04 2.7e-03 8.9e-04 4.9e-04 2.1e-04
Sebidae sp. A + + + + - - + * - * + -
1.6e-03 4.7e-04 1.3e-03 4.3e-04 1.3e-03 4.4e-04 4.9e-04 2.1e-04
CARIDEA
4.9e-04 5.9e-04 3.0e-04
Caridean sp. A * - + - - + - - - - - -
4.9e-04 3.0e-04 3.0e-04
CUMACEAN
2.3e-04
Cumacean sp. A - - - - - - - - - - + -
2.3e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, B C B C W B C w B C
Morphospecies
DECAPODA
3.0e-04
Chionocetes sp. A - * - - - - - - - -
3.0e-04
1.6e-04
Paralomis sp. A + - - - - - - - - -
1.6e-04
GALATHEOIDEA
2.2e-04
Galatheid sp. E + - - - - - - - - -
2.2e-04
. . 2.5e-04 2.1e-03 5.9e-04
Munidopsis ) ) ) ) ) ) ) + + +
albatrossae 25604 17¢-03 5.9e-04
2.0e-03 1.1e-02 1.2e-03 7.4e-04 3.2e-03 5.9e-04
Munidopsis cascadia - - - - + + + + + +
4.9e-04 1.6e-03 3.0e-04 4.3e-04 1.6e-03 5.9e-04
. . 1.2e-02 1.1e-02 6.2e-03 7.4e-04 4.2e-03 8.9e-04
Munidopsis cf. ) ) ) ) + 4 + + 4 +
antonii 2.1e-03 3.1e-03 8.9e-04 4.3e-04 1.6e-03 5.1e-04
. . 9.9e-04 8.2e-04 3.5e-03 1.5e-03 5.9e-04
Munidopsis cf. ) ) ) ) + + ) + + +
lignaria 6.5e-04 8.2e-04 1.9e-03 7.7¢-04 3.0e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C B C w B C w B C
Morphospecies
ISOPODA
3.0e-04 7.5e-04 1.8e-03 8.6e-03 7.6e-02 4.3e-02 2.0e-03 2.0e-02 2.1e-02
Eurycopinae sp. A - - + + + + + + + + +
3.0e-04 7.5e-04 1.8e-03 2.8e-03 4.8e-02 1.4e-02 1.6e-03 1.4e-02 7.1e-03
2.3e-04 3.0e-04
Eurycopinae sp. B - - - - - - + + - - -
2.3e-04 3.0e-04
2.5e-04 1.0e-03 1.9e-04 2.7e-03 5.9e-03 1.2e-03
llyarachna profunda + + - + - - - - + + +
2.5e-04 7.4e-04 1.9e-04 1.1e-03 4.7¢-04 7.8e-04
5.9e-04
Ischnomesid sp. A - - - - - - - - - - +
3.0e-04
3.0e-04
Isopod sp. H - - - - - - - - - - +
3.0e-04
1.8e-04
Isopod sp. J - - - + - - - - - - -
1.8e-04
5.9e-04
Isopod sp. K - - + - - - - - - - -
5.9e-04
1.5e-03 6.4e-04
Janirid sp. - - - - - - - . + + }
1.1e-03 3.6e-04
MYSIDA
3.0e-04
Mysid sp. A - - + - - - - - - - -
3.0e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, W B C B C w B C w B C
Morphospecies
NEBALIIDAE
7.4e-04 6.5e-04 4.7e-03
Nebalia sp. A * * + - - - - - - - -
7.4e-04 4.4e-04 2.5e-03
1.2e-03
Nebalia sp. B - - - - - + - - - - -
6.5e-04
TANAIDACEA
3.0e-04 1.5e-03 3.0e-03 2.5e-04 2.7e-03
Tanaid sp. A - - * - - + - + + } +
3.0e-04 8.5e-04 1.6e-03 2.5e-04 8.9e-04
2.2e-04 3.0e-04 3.0e-04
Tanaid sp. B - + - - + - - - - - +
2.2e-04 3.0e-04 3.0e-04
3.0e-04 1.9e-04
Tanaid sp. C - - + + - - - - - - -
3.0e-04 1.9e-04
3.0e-04
Tanaid sp. D - - - - - - - - - - +
3.0e-04
3.0e-04
Tanaid sp. E - - - - - - - + - - -
3.0e-04
2.5e-04 2.5e-04 2.1e-04
Tanaid sp. F - - - - - + - - + + ;
2.5e-04 2.5e-04 2.1e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM,
CLASS/ORDER,
FAMILY,
Morphospecies

N-1600

S-1600

N-2800

S-2800

w B C

w

B C w

B

B C

PYCNOGONIDA

Pycnogonid sp. A

CHORDATA
ACTINOPTERYGII

Zoarcid sp. A

CNIDARIA
ACTINARIA

Actinarian sp.

ECHINODERMATA
GORGONOCEPHALA

Gorgonocephalan sp. A

4.9e-04 3.0e-04

2.56-04 3.0e-04

2.2e-04

2.26-04

2.5e-03

6.5¢-04

8.8e-04

2.56-04

3.0e-04
+

3.0e-04

3.0e-03
+

5.9¢-04

1.7e-03

1.7¢-03

1.2e-03
+

6.5¢-04

6.2e-03

2.7¢-03

7.9e-04  3.0e-04
+ +

51e-04  3.0e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C W B C w B C
Morphospecies
OPHIUROIDEA
9.9e-04 1.7e-03 4.4e-03 3.0e-04
Ophiophthalmus normani * + + - - t - - - - - -
6.5e-04 9.5e-04 2.1e-03 3.0e-04
1.9e-04
Ophiuroid sp. B - - - - * - - - - - - -
1.9e-04
3.0e-04
Ophiuroid sp. C - - - - - - - - - - - +
3.0e-04
MOLLUSCA
APLACOPHORA
2.5e-03 9.8e-04
Aplacophoran sp. A + + - - - - - - - - - -
2.5e-03 7.5e-04
BIVALVIA
5.9e-04 7.4e-04 1.9e-04 3.0e-04 2.0e-04 3.0e-04 2.5e-04
Bathypecten sp. A - - + + + + - + + + - -
5.9e-04 4.3e-04 1.9e-04 3.0e-04 2.0e-04 3.0e-04 2.5e-04
1.4e-02 9.4e-03 2.1e-02 2.5e-04 4.4e-03
Bivalve sp. B * + + * - + - - - - - -
3.3e-03 2.0e-03 3.1e-03  2.5e-04 1.9e-03
2.5e-04 1.4e-03 5.9e-03 5.0e-04 8.9e-04 2.5e-04
Bivalve sp. E * + + - * + + - - - - -
25e-04 1.1e-03 1.1e-03 5.0e-04 8.9e-04 2.5e-04

172



Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B B C
Morphospecies
9.9e-04 4.4e-04 7.4e-04 3.6e-04 3.0e-04
Bivalve sp. F * * - * * * - - - -
9.9e-04 4.4e-04 7.4e-04 3.6e-04 3.0e-04
1.0e-03  3.0e-04 4.3e-04 2.3e-04
Bivalve sp. G - * * - * - - * - -
8.0e-04  3.0e-04 2.3e-04 2.3e-04
3.0e-04 2.5e-04
Bivalve sp. H - - * - - - * - - -
3.0e-04 2.5e-04
3.0e-04
Bivalve sp. | - - - - - - - - - *
3.0e-04
9.6e-03 5.4e-03 2.7e-03 5.4e-03 5.6e-03 3.0e-04 2.0e-03 1.5e-03 4.5e-04
Idas washingtonius + + + + + + + + * -
2.2e-03  1.4e-03 1.5e-03 2.4e-03 2.8e-03 3.0e-04 2.0e-03 2.7e-04 4.5e-04
8.8e-02
Xylonora corona - - - - - - + - - -
4.8e-02
7.4e-04 2.5e-04
Xylophaga microchira * - - * - - - - - -
7.4e-04 2.5e-04
5.4e-01
Xylonora muraokai - - - - - - + - - -
5.3e-01
2.0e+00 1.9e-02
Xylophaga oregona + - - + - - - - - -
4.1e-01 2.4e-03
9.5e-01
Xylonora zierenbergi - - - - - - * - - -
3.1e-01
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C w B C
Morphospecies
8.4e-03
Xylopholas crooki - - - - - - + - - - - ;
2.6e-03
GASTROPODA
5.9e-04 4.9e-03 3.1e-02 4.4e-03 2.5e-04 1.3e-03
cf Laeviphitus sp. - - - - - * * * + + + -
5.9e-04 3.3e-03 2.4e-03 1.4e-03 2.5e-04 6.3e-04
2.5e-04 1.8e-04 3.0e-04 1.5e-03 2.3e-04 3.0e-04 1.3e-02 4.5e-04 2.1e-03
Dillwynella sp. A + - - - * * * * + + + +
2.5e-04 1.8e-04 3.0e-04 1.1e-03 2.3e-04 3.0e-04 7.4e-04 4.5e-04 1.2e-03
2.5e-04 4.4e-04
Eulimid sp. A + + - - - - - - - - - -
2.5e-04 4.4e-04
3.0e-04 2.5e-04 2.5e-04
Gastropod sp. H - - + + - - + - - - - -
3.0e-04 2.5e-04 2.5e-04
3.0e-04
Gastropod sp. | - - + - - - - - - - - -
3.0e-04
7.4e-04 3.0e-04
Gastropod sp. J - - - * - - - - - - - +
7.4e-04 3.0e-04
2.5e-04
Gastropod sp. K - - - - - - + - - - - -
2.5e-04
9.9e-04 8.9e-04
Gastropod sp. L - - - + - + - - - - - R
2.5e-04 7.7e-20
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C W B C
Morphospecies
5.9e-04
Gastropod sp. M - - * - - - - - - - - -
3.0e-04
3.0e-04
Gastropod sp. N - - - - - * - - - - - -
3.0e-04
3.0e-03  2.6e-02 2.7e-03 2.5e-04 8.8e-03 8.9e-04 1.5e-03 9.1e-04
Hyalogyrina sp. A + * * * * * - - t - + -
1.9e-03 1.0e-02 5.1e-04 25e-04 6.6e-03 5.1e-04 1.5e-03 5.4e-04
3.0e-03  1.1e-03
Provanna cf. macleani - - - - - - * * - - - -
1.5e-03  4.8e-04
LIMPET
4.9¢-04 8.9e-04 1.8e-02 3.7¢-04 4.4e-03  4.9e-04
Limpet sp. A + - + + + + + - - - - -
4.9¢e-04 5.1e-04 1.4e-02 3.7¢-04 1.9e-03 4.9e-04
2.5e-04 2.2e-04
Limpet sp. B - - - * - - - + - - - -
2.5e-04 2.2e-04
NUDIBRANCH
1.5e-03  7.4e-04 1.5e-03
Ziminella abyssa - - * * - * - - - - - -
3.0e-04  7.4e-04 7.8e-04
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Table S2.6 (Continued) Density (individuals per cm? substrate surface area) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, N-1600 S-1600 N-2800 S-2800
CLASS/ORDER,
FAMILY, w B C w B C w B C w B C

Morphospecies

OCTOPODIDAE

3.0e-04
Graneledone pacifica - - - - - * - - - - - -
3.0e-04
NEMERTEA
5.9e-04 4.9e-04 1.2e-03 4.1e-04 5.9e-04 1.2e-03 4.3e-04
Nemertean sp. - - + * - - * * * * * -
3.0e-04 4.9e-04 6.5e-04 4.1e-04 5.9e-04 1.2e-03 2.2e-04
PLATYHELMINTHES
6.1e-01 1.3e-03 5.3e-02 4.3e-02
Triclad sp. A + + + + - - - - - - - -
2.0e-01 8.7e-04 1.6e-02 2.4e-02
1.3e-02 3.0e-04
Polyclad sp. A - - - - - - + - t - - -
2.1e-03 3.0e-04
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Table S2.7 Density (individuals per cm? substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

) N-1600 S-1600 N-2800 S-2800
PHYLUM, CLASS/ORDER, FAMILY, Morphospecies
w B w B w B w B
ANNELIDA
POLYCHAETA
ACROCIRRIDAE
Acracirrid sp. 3 - - - - - - - -
8.7e-04 1.1e-04
Flabelligella cf. macrochaeta + - + - - - - -
8.7e-04 1.1e-04
AMPHARETIDAE
8.1e-05 6.5e-04
Anobothrus apaleatus - + - - + - - -
8.1e-05 5.0e-04
1.1e-04
Ampharetid sp. 21 - - - - + - - -
1.1e-04
9.4e-02 5.4e-03 8.0e-05 4.4e-04 8.6e-05
Ampharetid sp. 22 + - + + + + - -
1.2e-02 1.8e-03 8.0e-05 4.4e-04 0.0e+00
Ampharetid sp. 23 - - - - - - - -
3.0e-01 1.6e-04 1.3e-02 3.7e-03  0.0e+00 1.1e-04
Decemunciger sp. * * + - + + + -
8.7e-02  8.2e-05 7.3e-03 1.6e-03 1.1e-04 1.1e-04
Sosane wahrbergi - - - - - - - -
1.1e-04
Sosane sp. A - - - - + - - -
1.1e-04
CAPITELLIDAE
3.1e-03 3.1e-04 9.8e-04 1.6e-03 4.1e-03 0.0e+00 3.3e-04 2.6e-03
Capitella cf. capitata * * * + + + + +
1.2e-03  6.2e-05 5.7e-04 8.5e-04 2.1e-03 3.3e-04 3.3e-04 3.3e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
1.1e-04 4.9e-04 3.3e-04 3.3e-03 1.3e-03 1.2e-03
Capitella cf. ovincola + + + * + - - +
1.1e-04 2.9e-04 3.3e-04 1.5e-03 1.3e-03 8.0e-04
4.4e-04 2.7e-04 5.4e-04 7.1e-04
Capitellid sp. 10 - - - - + + + +
2.2e-04 2.0e-04 1.1e-04 7.1e-04
Capitellid sp. 13 - - - - - - - -
CIRRATULIDAE
Chaetozone sp. A - - - - - - - .
8.7e-04
Chaetozone sp. B - - - - + ) ) )
8.7e-04
1.1e-04
Cirratulid sp. 14 + - - - - - - -
1.1e-04
CTENODRILLIDAE
Ctenodrillid sp. 2 - - - - - - - -
DORVILLEIDAE
8.7e-04 3.2e-03 5.4e-04 3.2e-04 8.4e-03 5.2e-03 3.2e-04
Dorvilleid sp. 15 + + * * * + - +
4.4e-04 1.6e-03 2.2e-04 3.2e-04 3.6e-03 4.8e-04 1.9e-04
4.4e-04
Dorvilleid sp. 32 + - - - - - - -
4.4e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
2.6e-04
Dorvilleid sp. 39 - - - - - + - -
0.0e+00
9.8e-04 1.7e-03 9.8e-04 2.3e-04 2.2e-04 3.5e-04 2.2e-04 1.9e-04
Dorvilleid sp. 54 + + * * * + t t
6.5e-04 1.5e-03 6.5e-04 1.3e-04 2.2e-04 3.5e-04 2.2e-04 1.9e-04
3.4e-02
Dorvilleid sp. 55 - - - - * - - -
9.1e-03
1.1e-04 1.7e-04
Dorvilleid sp. 56 + + - - - - - -
1.1e-04 1.7e-04
1.4e-04
Dorvilleid sp. 58 - + - - - - - -
1.4e-04
2.6e-02 1.2e-01 4.7e-03 4.1e-03 1.4e-01 5.5e-03 7.6e-04 4.0e-03
Ophryotrocha batillus + + * + + + t t
3.8e-03 1.1e-01 1.0e-03 3.8e-03 5.2e-02 3.7e-03 4.4e-04 3.7e-03
1.4e-04
Ophryotrocha craigsmithi - + - - - - - -
1.4e-04
4.5e+00 1.7e-03 2.8e-02 2.7e-02 8.6e-05 1.0e-04
Ophryotrocha langstrumpae + + + - + + - +
1.2e+00 4.3e-04 4.7e-03 1.3e-02 0.0e+00 1.0e-04
1.1e-04 1.8e-04 3.3e-04
Ophryotrocha longicollaris - - - - + + + -
1.1e-04 1.8e-04 3.3e-04
6.5e-04 2.9e-03 8.7e-04 8.0e-05
Ophryotrocha magnadentata + + + + - - - -
3.8e-04 2.4e-03 2.2e-04 8.0e-05
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
1.2e-02 1.1e-04 8.0e-05 1.1e-04 2.1e-01 5.1e-02
Parophryotrocha sp. A - + * + + + - +
1.2e-02 1.1e-04 8.0e-05 1.1e-04 9.1e-02 2.1e-02
FLABELLIGERIDAE
1.1e-04
Flabelligerid sp. 7 - - * - - - - -
1.1e-04
HESIONIDAE
1.1e-04 1.1e-03 2.7e-04
Gyptis sp. A + + - - - + - -
1.1e-04 9.7e-04 1.8e-04
4.4e-04 1.4e-04 2.2e-04 0.0e+00 2.2e-04 1.9e-04
Hesiocaeca sp. A + + - - + + + +
4.4e-04 1.4e-04 1.1e-04 1.1e-04 1.1e-04 1.9e-04
1.4e-04 1.1e-04
Hesiopina cf. aurantiaca - + - - + - - -
1.4e-04 1.1e-04
1.1e-04 1.3e-03 8.0e-05 3.3e-04 5.3e-04 2.2e-04
Sirsoe cf. hessleri + - + + + + t -
1.1e-04 5.0e-04 8.0e-05 3.3e-04 3.0e-04 2.2e-04
4.4e-04 1.4e-04 1.5e-04 1.4e-03 4.5e-03 1.2e-03
Vrijenhoekia balaenophila + + - * * * - +
4.4e-04 1.4e-04 1.5e-04 1.1e-04 2.0e-03 3.7e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
LUMBRINERIDAE
Lumbrinerid sp. 1 - - - - - - - -
MALDANIDAE
8.3e-05
Maldane sp. A - + - - - - - -
8.3e-05
NEREIDIDAE
4.4e-04 8.3e-05 1.1e-04 3.9e-04
Nereidid sp. 6 * * + - - - - +
4.4e-04 8.3e-05 1.1e-04 2.5e-04
OPHELIIDAE
1.1e-04
Opheliid sp. 4 - - - - + - - -
1.1e-04
1.1e-04
Opheliid sp. 5 - - - - + - - -
1.1e-04
Opheliid sp. 6 - - - - - - - -
PARAONIDAE
8.0e-05
Aricidea cf. rubra - - - + - - - -
8.0e-05

Paraonides sp. A - - - - - - - -
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w w B
PECTINARIIDAE
Pectinariid sp. 1 - - - - - - -
PHOLOIDAE
Pholoid sp. 1 - - - - - - -
PHYLLODOCIDAE
1.1e-04
Sige brunnea + - - - - - -
1.1e-04
POLYNOIDAE
8.7e-04 5.9e-04 2.2e-04 3.0e-04
Harmothoe cf. fragilis * * + + - - -
3.9e-04 3.8e-04 1.1e-04 3.0e-04
1.1e-04 1.1e-04 1.1e-04 2.2e-04 3.7e-04
Peinaleopolynoe santacatalina + - + - + + +
1.1e-04 1.1e-04 1.1e-04 2.2e-04 3.7e-04

SCALIBREGMATIDAE
Scalibregmatid sp. 2
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B B B
SERPULIDAE
2.2e-04
Serpulid sp. 1 - - * - - -
2.2e-04
SIBOGLINIDAE
1.1e-03
Osedax rubiplumus - + - - - -
1.1e-03
4.0e-03 3.3e-03 5.8e-01 3.6e-03
Osedax sp. B - + - * + +
4.0e-03 3.3e-03 5.3e-01 3.6e-03
SIGALIONIDAE
Sigalionid sp. 3 - - - - - -
SPHAERODORIDAE
4.4e-04
Sphaerodorid sp. 1 + - - - - -
4.4e-04
SPIONIDAE
1.8e-04
Aurospio cf. dibranchiata - - - - + -
1.8e-04
1.0e-04
Spionid sp. 13 - - - - - +
1.0e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
7.6e-04 2.1e-03 5.4e-04 8.1e-04 6.5e-04 0.0e+00 1.1e-04 2.0e-04
Laonice sp. A + + * + + + * +
1.1e-04 9.8e-04 2.9e-04 2.6e-04 1.9e-04 1.1e-04 1.1e-04 2.0e-04
Prionospio cf. ehlersi - - - - - - - ;
1.1e-04 2.6e-04
Prionospio sp. A - - - - - - + +
1.1e-04 1.6e-04
SYLLIDAE
Syllid sp. 13 - - - - - - - -
1.1e-04
Proceraea sp. A - - - - + - - -
1.1e-04
6.5e-04 2.5e-04 2.2e-04 8.0e-05 7.3e-03 8.6e-05 1.5e-03 4.6e-04
Sphaerosyllis sp. A + + * + + + + +
3.3e-04 1.4e-04 1.1e-04 8.0e-05 2.2e-03 0.0e+00 1.2e-03 3.2e-04
TEREBELLIDAE
1.1e-04 1.1e-04
Terrebellid sp. 8 + - - - + - - -
1.1e-04 1.1e-04
2.2e-04 8.1e-05
Neoamphitrite sp. A + + - - - - - -
1.1e-04 8.1e-05
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
CLITELLATA
HIRUDINEA
2.3e-04 4.4e-04 8.9e-04 1.8e-04
Hirudinid sp. A - + * + - + - -
1.2e-04 4.4e-04 6.7e-04 1.8e-04
ARTHROPODA
AMPHIPODA
2.3e-01 5.9e-01 9.8e-03 3.5e-02
Accedomoera sp. A - - - - * * * *
3.9e-02 3.7e-01 6.3e-03 2.7e-02
2.3e-04 2.7e-04 7.2e-05
Amphipod sp. G - + - - - * - *
1.2e-04 1.8e-04 7.2e-05
5.9e-04 2.2e-04 9.0e-05 1.1e-04
Amphipod sp. H - + - - * * + -
3.8e-04 2.2e-04 1.0e-04 1.1e-04
5.4e-04 6.8e-03 1.1e-04 4.4e-04
Amphipod sp. K + + - * + - - -
5.4e-04 5.3e-03 1.1e-04 4.4e-04
2.0e-03 0.0e+00 1.2e-03
Bathyceradocus sp. A - - - - + + + -
5.0e-04 5.4e-04 6.1e-04
2.7e-04 1.9e-04
Euonyx sp. A - - - - - * - *
1.5e-04 1.9e-04
3.3e-04 3.7e-04
Isaeid sp. A - - - - + - - *
3.3e-04 3.7e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
3.2e-03 8.6e-03 2.6e-03 1.8e-04 8.7e-04
Lysianassid sp. A + + - - + + + }
2.4e-03 8.0e-03 8.6e-04 1.9e-04 2.2e-04
Oedicerotid sp. A - - - - - - _ .
8.7e-04 1.1e-02 5.3e-04 2.2e-04 3.6e-04
Schisturella sp. A * * - - - + + +
5.8e-04 1.1e-02 3.0e-04 1.1e-04 1.0e-04
2.7e-03 7.4e-04 3.3e-04 1.2e-03 5.2e-04 2.2e-04 7.2e-05
Sebidae sp. A * * * - * * + *
7.1e-04 4.9e-04 1.9e-04 5.8e-04 3.1e-04 2.2e-04 7.2e-05
CARIDEA
2.2e-04
Caridean sp. A + - - - - - - -
2.2e-04
CUMACEAN
1.9e-04
Cumacean sp. A - - - - - - - +
1.9e-04
DECAPODA
Chionocetes sp. A - - - - - - - .
1.4e-04
Paralomis sp. A - + - - - - - .
1.4e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
GALATHEOIDEA
8.3e-05
Galatheid sp. E - + - - - - - -
8.3e-05
1.1e-04 1.6e-03
Munidopsis albatrossae - - - - - - * *
1.1e-04 1.4e-03
8.7e-04 5.9e-03 3.3e-04 1.2e-03
Munidopsis cascadia - - - - * * * *
2.2e-04 2.8e-03 1.9e-04 4.9e-04
5.3e-03 5.6e-03 3.3e-04 2.6e-03
Munidopsis cf. antonii - - - - * * + +
9.3e-04 2.3e-03 1.9e-04 1.7e-03
4.4e-04 3.6e-04 1.5e-03 5.2e-04
Munidopsis cf. lignaria - - - - * * t t
2.9e-04 3.6e-04 8.5e-04 2.7e-04
ISOPODA
6.0e-04 3.8e-03 3.7e-02 8.7e-04 1.4e-02
Eurycopinae sp. A - - - + + + + +
6.0e-04 1.3e-03 2.2e-02 7.1e-04 1.2e-02
1.8e-04
Eurycopinae sp. B - - - - - + - -
1.8e-04
1.1e-04 8.0e-04 1.5e-04 0.0e+00 1.2e-03 3.1e-03
llyarachna profunda + + - * - * + +
1.1e-04 6.8e-04 1.5e-04 1.1e-04 4.7e-04 1.2e-03

Ischnomesid sp. A - - - - - - - -
Isopod sp. H - - - - - - - -
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B B w B w B
8.0e-05
Isopod sp. J - - + - - . }
8.0e-05
Isopod sp. K - - - - - . }
0.0e+00 6.5e-04 3.3e-04
Janirid sp. - - - - + + +
1.1e-04 5.0e-04 1.7e-04
MYSIDA
Mysid sp. A - - - - - - .
NEBALIIDAE
3.3e-04 5.1e-04
Nebalia sp. A + + - - - - -
3.3e-04 4.0e-04
5.4e-04
Nebalia sp. B - - - + - - -
2.9e-04
TANAIDACEA
6.5e-04 1.1e-04
Tanaid sp. A - - - + - + -
3.8e-04 1.1e-04
8.3e-05
Tanaid sp. B - + - - - . .
8.3e-05
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B
1.5e-04
Tanaid sp. C - + - - - -
1.5e-04
Tanaid sp. D - - - - - -
Tanaid sp. E - - - - - -
1.1e-04 1.1e-04 7.2e-05
Tanaid sp. F - - * - t t
1.1e-04 1.1e-04 7.2e-05
PYCNOGONIDA
7.6e-04
Pycnogonid sp. A - - - - * -
7.6e-04
CHORDATA
ACTINOPTERYGII
Zoarcid sp. A - - - - - -
CNIDARIA
ACTINARIA
2.2e-04 1.1e-03 5.3e-04 5.4e-04 2.7e-04
Actinarian sp. + - * * + +
1.1e-04 2.9e-04 2.5e-04 2.9e-04 1.8e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B B w
ECHINODERMATA
GORGONOCEPHALA
8.3e-05
Gorgonocephalan sp. A - + - - - -
8.3e-05
OPHIUROIDEA
4.4e-04 7.4e-04
Ophiophthalmus normani + + - - - -
2.9e-04 3.8e-04
1.5e-04
Ophiuroid sp. B - - - + - -
1.5e-04
Ophiuroid sp. C - - - - - -
MOLLUSCA
APLACOPHORA
1.1e-03 8.0e-04
Aplacophoran sp. A + + - - - -
1.1e-03 6.8e-04
BIVALVIA
3.3e-04 1.5e-04 9.0e-05 1.1e-04
Bathypecten sp. A - - + + + +
1.9e-04 1.5e-04 9.0e-05 1.1e-04
6.2e-03 5.3e-03 1.1e-04
Bivalve sp. B + + + - - -
1.5e-03 1.3e-03 1.1e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B B
1.1e-04 1.1e-03 2.1e-04 1.1e-04
Bivalve sp. E + + - + + - -
1.1e-04 9.7e-04 2.1e-04 1.1e-04
4.4e-04 1.7e-04 3.3e-04 1.6e-04
Bivalve sp. F + + * + - - -
4.4e-04 1.7e-04 3.3e-04 1.6e-04
4.7e-04 1.9e-04 1.8e-04
Bivalve sp. G - + - * - + -
2.9e-04 9.5e-05 1.8e-04
1.1e-04
Bivalve sp. H - - - - * - -
1.1e-04
Bivalve sp. | - - - - - - -
4.2e-03 3.1e-03 2.4e-03 3.8e-03 8.7e-04 8.8e-04 3.7e-04
Idas washingtonius + + * * * + +
9.8e-04 9.5e-04 1.1e-03 2.6e-03 8.7e-04 4.6e-04 3.7e-04
3.9e-02
Xylonora corona - - - - + - -
2.1e-02
3.3e-04 1.1e-04
Xylophaga microchira + - + - - - -
3.3e-04 1.1e-04
2.4e-01
Xylonora muraokai - - - - * - -
2.3e-01
9.0e-01 8.3e-03
Xylophaga oregona + - + - - - -
1.8e-01 1.1e-03
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B w B
4.2e-01
Xylonora zierenbergi - - - - + - - -
1.3e-01
3.7e-03
Xylopholas crooki - - - - + . i} }
1.1e-03
GASTROPODA
2.2e-03 1.7e-02 1.1e-04 7.6e-04
cf Laeviphitus sp. - - - - + + + +
1.4e-03 7.3e-03 1.1e-04 4.9e-04
1.1e-04 8.0e-05 6.5e-04 1.8e-04 5.6e-03 3.7e-04
Dillwynella sp. A + - - + + + + +
1.1e-04 8.0e-05 5.0e-04 1.6e-03 3.2e-04 3.7e-04
1.1e-04 1.7e-04
Eulimid sp. A + + - - - - - -
1.1e-04 1.7e-04
1.1e-04 1.1e-04
Gastropod sp. H - - + - + ; i} )
1.1e-04 1.1e-04
Gastropod sp. | - - - - - - - .
3.3e-04
Gastropod sp. J - - + - - - - .
3.3e-04
1.1e-04
Gastropod sp. K - - - - + - - .
1.1e-04
4.4e-04
Gastropod sp. L - - + - - ; - .
1.1e-04
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
w B w B w B B
Gastropod sp. M - - - - - - .
Gastropod sp. N - - - - - - -
1.3e-03 1.4e-02 1.1e-04 4.0e-03 3.2e-04
Hyalogyrina sp. A + + + + - - +
8.2e-04 4.5e-03 1.1e-04 2.6e-03 1.9e-04
1.3e-03 7.0e-04
Provanna cf. macleani - - - - + + -
6.5e-04 4.9e-04
LIMPET
2.2e-04 8.0e-03 3.0e-04 2.2e-04
Limpet sp. A + - * + + - -
2.2e-04 6.1e-03 3.0e-04 2.2e-04
1.1e-04 8.6e-05
Limpet sp. B - - + - - + i}
1.1e-04 0.0e+00
NUDIBRANCH
3.3e-04
Ziminella abyssa - - + - - - -
3.3e-04

OCTOPODIDAE
Graneledone pacifica
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Table S2.7 (Continued) Density (individuals per cm3 substrate) of fauna collected from BoWLs landers. Values are averages + SE (n = 3).

PHYLUM, CLASS/ORDER, N-1600 S-1600 N-2800 S-2800
FAMILY, Morphospecies
W B W B W B w B
NEMERTEA
2.2e-04 5.4e-04 1.8e-04 5.4e-04 2.6e-04
Nemertean sp. - - + - * * * *
2.2e-04 2.9e-04 1.8e-04 5.4e-04 1.6e-04
PLATYHELMINTHES
2.7e-01 1.0e-03 1.9e-02
Triclad sp. A + + + - - - - -
9.0e-02 7.9e-04 1.1e-02
5.7e-03
Polyclad sp. A - - - - * - - -
9.5e-04
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Figure S2.1 (a) Side view of a BoWL at the seafloor with bins open and substrates exposed. (b) Acoustic release,
which will release bin doors (c,g) and drop the free-vehicle ballast weight (not shown) on an acoustic signal. (d)
Flotation line and (e) glass flotation. (f) Attachment point for radio beacon and strobe light to allow rapid location of
vehicles at sea surface for recovery. (h) Plan view of three Nitex mesh bins showing position of substrates. (i)
Lateral view of one set of mesh bins, with lid open. (j) Douglas fir wood substrate. (k) Control substrate, consisting
of an upturned plastic crate with three 15 x 15 cm squares of vinyl loop mat and two 15 x 15 cm slate tiles attached.
(I) Humpback whale rib bone packages. (m) Humpback whale vertebral half.
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B—iv

Figure S2.2 Whale bone subsampling schematic. (A, B) Lumbar vertebra of a humpback whale. Prior to
deployment, transverse and spinous processes were removed and the remaining vertebral body was cut in half along
the vertical axis. Cut locations are indicated by purple dashed lines. (C) Halved vertebral body. Vertebral bodies
were attached to landers with the cut side in contact with the bottom of the mesh bins. (D) Subsample of vertebral
body halves. After recovery, vertebral body halves were cut into four quarters (green dashed lines). (E, F) Vertebral
eighth with transverse process oriented dorsally (E) and laterally (F). Subsampling of vertebral eighths involved
extracting and sorting: (i) 3 x 1 cm® blocks from the vertebral body surface, (ii) the outer edge of the vertebral body,
1 cm2 around the perimeter, (iii) a 1 cm-thick slice of the exposed surface at the base of the transverse process, and
(iv) 3 x 1 cm?® blocks from the cut surface in contact with the bottom of the mesh bin. (G) Rib sections. Subsampling
of rib sections involved extracting and sorting: (v) 3 x 1-cm-wide and 1-cm-deep bands, and (vi) 1-cm-thick slices
from the cut edges.
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Figure S2.3 Typical salinity, temperature and oxygen profile measured on the Washington-Oregon margin during
deployment cruise.
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Figure S2.4 Shannon diversity, H’, and expected species richness rarefied to 30 individuals, ES(30), by substrate
type and lander location. Plotted as mean (n = 3) + SE.
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Figure S2.5 Rarefaction curves of assemblages, plotted by station and substrate type. Endpoints are double the
sample size.
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Figure S2.6 UpSet plots of (a) 1600 m deployments, (b) 2800 m deployments and (c) all lander locations.
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Figure S2.7 Faunal density (log(individuals per cm? substrate surface area)) and species richness (S) of adjusted
control assemblages by lander location. Control assemblages were adjusted to account for mass effects by removing
organic-enrichment, wood specialists and whale bone specialists (Table S2.2).
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SUPPLEMENTARY MATERIAL FOR CHAPTER 3
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Figure S3.1 Positions of bone and wood landers on the Washington-Oregon margin, NE Pacific. Station names

reflects position (North, N, and South, S) and approximate depth (1600 or 2800 m).
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Table S3.1 AFDW (g) of wood-fall taxa. Asterisks (*) indicate unmeasurable biomass, with the number of individuals presented in parentheses.

N-2800 Lid N-2800 Bin N-1600 Lid S-1600 Lid
Ez%lillj;]’ Species/Morphospecies W27 W18 W35 W1 W26 W28 W36 W15 W32 W30 W23 W22
Annelida
. 7.00E-
Annelid fragments - - - 0.0076 04 0.0085 0.0068 - - - - -
Ampharetidae Ampharetid sp. 22 - - - - *(1) - *(1) 6'%3'5' 2'%35 0.0011 4'%3'5' 0.0014
Decemunciger sp. A - - - *(1) 2'%35 5'%35 0.0314 0.0315 0.019 0.0169 0.0177 0.0255
Ampharetid fragments - - - - - - - 0.0045 0.0035 0.0044 0.0015 0.015
Capitellidae Capitella cf. capitata - - - 0.004 0.0198 0.0096  *(1) - - 0.0158 0.0439 0.0712
Capitellid fragments - - - - - - - - - 0.0133 - 0.0085
Cirratulidae Chaetozone sp. B - - - *(2) - - - - - - - -
- - 2.00E-
Ctenodrilidae Ctenodrillid sp. 2 - - - - - - - - 04 - - -
Dorvilleidae Dorvilleid sp. 15 - - - - 3'%35 *(5) - - - - - -
Dorvilleid sp. 32 - - - - - - - *1) - - - -
Dorvilleid sp. 54 - - - - - - - - - - - *(4)
Dorvilleid sp. 55 - - - 0.0021 0.0017 0.001 - - - - - -
Ophryotrocha —_——_ 600E-_ 400E- 44119 00265 00168 0.0306 0.0169 0.1081
langstrumpae 04 04
Ophryotrocha batillus - - - 00019 0.0018 9'%3'5' 4'%35' 2'%3'5' x2)  *5)  *2)  *@®)
Dorvilleid fragments - * - - - - - 0.0052 0.0039 0.0061 0.0022 0.0304
Flabelligeridae Flabelligerid sp. A - - - - - - - - - - - 0.0015
Hesionidae Sirsoe cf. hessleri - - - - - - - - - - - *(3)
Nereididae Nereidid sp. 6 - - - - - - *1) - - *(1) - *(2)
Protodrilidae Protodrilid sp. 1 - - - - - - - - - - - *2)
Spionidae Laonice sp. A - - - - - - - - - *(2) - *(1)
Syllidae Sphaerosyllis sp. A - - - - *(1) *1) - - - - - *(1)
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Table S3.1 (Continued) AFDW (g) of wood-fall taxa. Asterisks (*) indicate unmeasurable biomass, with the number of individuals presented in

parentheses.
N-2800 Lid N-2800 Bin N-1600 Lid S-1600 Lid

E;‘%'i‘f;“’ SMpng:ﬁSO/species W27 W18 W35 W1 W26 W28 W36 WI5 W32 W30 W23 W22

Arthropoda

Amphipoda Accedomoera sp. A - *(2) - - - - - - - - -
Lysianassid sp. A - *(1) - - 7.00E-04 0.0026 *(1) - - - -
Sebidae sp. A - - - 3.00E-04 - *4)  *) - - - *(2)

Isopoda Limnoriid sp. A - - - - - - - - - - *1)

Tanaidacea Tanaid sp. A - - *1) - - - - - - - -

Cnidaria

Actinaria Actinarian sp. A - - - - - *1) *) - - - -

Mollusca

Bivalvia Idas washingtonius - - - *(2) - - - - *(1) - *(1)
Abditoconus heterosiphon - - - - - - *) - - - -
Xylonora muraokai 0.005 0.0018 0.2313 - 0.0142 - - - - - -
Xylonora zierenbergi - 0.6108 1.117 1.0419 0.9526 - - - - - -
Xylophaga corona - - 0.0058 0.0013 0.0214 - - - - - -
Xylophaga microchira - - - - - 0.0065 0.0056 0.0038 0.001 3.00E-04 0.0014
Xylophaga oregona - - - - - 0.542 2.7046 3.4835 3.506 3.6006 3.6269
Xylopholas crooki - - *(3) *(4) - - - - - - -
Xylopahgaid fragments - - 0.4  0.4823 0.8589 0.3713 0.2264 0.3271 0.5076 0.2026 0.3741

Gastropoda Dillwynella sp. A - - - - *) - - - - - -

Platyhelminthes
Triclad sp. A - - - - - 0.0286 0.0208 0.0123 0.0085 7.00E-04 0.0364

Triclad fragments

0.011 0.0016 0.0103 0.0032

0.0108
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Table S3.1 (Continued) AFDW (g) of wood-fall taxa. Asterisks (*) indicate unmeasurable biomass, with the number of individuals presented in
parentheses.

N-2800 Lid N-2800 Bin N-1600 Lid S-1600 Lid
Ez%lilr;]’ Species/Morphospecies W27 W18 W35 W1 W26 w28 W36 W15 W32 W30 W23 W22
Total AFDW (g) 0005 O 1.2216 1.7703 15503 1.8687 1.0125 3.0275 3.8806 4.1145 3.8868 4.3112
Mean + SD g AFDW 0.4089 + 0.7039 1.7298 + 0.1630 2.6402 +1.4728 4.1042 +0.2124
Mean + SD inds cm3 0.0005 + 0.0009 0.0023 + 0.0002 0.0035 = 0.0019 0.0054 = 0.0003
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Table S3.2 Counts (individuals per quarter wood block) of wood-fall taxa.

N-2800 Lid N-2800 Bin N-1600 Lid S-1600 Lid
Phylum, Family ~ Species/Morphospecies w27 W18 W35 W1 W26 W28 W36 W15 W32 W30 W23 W22
Annelida
Ampharetidae Ampharetid sp. 22 - - - - 1 - 1 30 10 22 9 27
Decemunciger sp. A - - - 1 4 11 77 79 56 52 39 49
Capitellidae Capitella cf. capitata - - - 3 1 5 1 - - 19 25 35
Cirratulidae Chaetozone sp. B - - - 2 - - - - - - - -
Ctenodrilidae Ctenodrillid sp. 2 - - - - - - - - 4 - - -
Dorvilleidae Dorvilleid sp. 15 - - - - 9 5 - - - - - -
Dorvilleid sp. 32 - - - - - - - 1 - - - -
Dorvilleid sp. 54 - - - - - - - - - - - 4
Dorvilleid sp. 55 - - - 24 11 33 - - - - - -
?;’nhgr;‘r’ff;;gz S 29 - 21 801 2160 1304 3115 1098 7943
Ophryotrocha batillus - - - 149 44 72 4 9 2 5 2 8
Flabelligeridae Flabelligerid sp. A - - - - - - - - - - - 1
Hesionidae Sirsoe cf. hessleri - - - - - - - - - - - 3
Nereididae Nereidid sp. 6 - - - - - - 1 - - 1 - 2
Protodrilidae Protodrilid sp. 1 - - - - - - - - - - - 2
Spionidae Laonice sp. A - - - - - - - - - 2 - 1
Syllidae Sphaerosyllis sp. A - - - - 1 1 - - - - - 1
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Table S3.2 (Continued) Counts (individuals per quarter wood block) of wood-fall taxa.

N-2800 Lid N-2800 Bin N-1600 Lid S-1600 Lid
Phylum, Family  Species/Morphospecies W27 W18 W35 W1l W26 W28 W36 W15 W32 W30 W23 W22
Arthropoda
Amphipoda Accedomoera sp. A - - - - - - - - - - -
Lysianassid sp. A - - - - 2 10 1 - - - -
Sebidae sp. A - - - - 1 - 4 1 - - - 2
Isopoda Limnoriid sp. A - - - - - - - - - - - 1
Tanaidacea Tanaid sp. A - - - 1 - - - - - - - -
Cnidaria
Actinaria Actinarian sp. A - - - - - - 1 1 - - - -
Mollusca
Bivalvia Idas washingtonius - - - - 2 - - - - 1 - 1
Abditogonus i i i i i i i 1 i i i i
heterosiphon
Xylonora muraokai 2 4 542 - 11 - - - - - -
Xylonora zierenbergi - - 45 518 158 250 - - - - - -
Xylophaga corona - - - 24 4 60 - - - - - -
Xylophaga microchira - - - - - - 29 28 9 4 1 3
Xylophaga oregona - - - - - - 313 1062 720 1035 944 982
Xylopholas crooki - - - 3 4 - - - - - - -
Gastropoda Dillwynella sp. A - - - - - 1 - - - - - -
Platyhelminthes
Triclad sp. A - - - - - - 308 296 241 113 7 237
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Table S3.3 Densities (individuals per cm®wood) of wood-fall taxa.

N-2800-Lid N-2800-Bin N-1600-Lid S-1600-Lid
EQ%Iin ’ Species/Morphospecies W27 W18 W35 W1 W26 W28 W36 WI5 W32 W30 W23 W22
Annelida
Ampharetidae Ampharetid sp. 22 - - - - 0.0013 - 0.0013 0.039 0.013 0.0286 0.0117 0.0351
Decemunciger sp. A - - - 0.0013 0.00519 0.0143 0.1 0.103 0.0727 0.0675 0.0506 0.0636
Capitellidae Capitella cf. capitata - - - 0.0039 0.0013 0.00649 0.0013 - - 0.0247 0.0325 0.0455
Cirratulidae Chaetozone sp. B - - - 0.0026 - - - - - - - -
Ctenodrilidae Ctenodrillid sp. 2 - - - - - - - - 0.00519 - - -
Dorvilleidae Dorvilleid sp. 15 - - - - 0.0117 0.00649 - - - - - -
Dorvilleid sp. 32 - - - - - - - 0.0013 - - - -
Dorvilleid sp. 54 - - - - - - - - - - - 0.00519
Dorvilleid sp. 55 - - - 0.0312 0.0143 0.0429 - - - - - -
Ophryotrocha langstrumpae - - - 0.0377 0.0273 104 281 1.69 4.05 1.43 10.3
Ophryotrocha batillus - - - 0.194 0.0571 0.0935 0.00519 0.0117 0.0026 0.00649 0.0026 0.0104
Flabelligeridae  Flabelligerid sp. A - - - - - - - - - - - 0.0013
Hesionidae Sirsoe cf. hessleri - - - - - - - - - - - 0.0039
Nereididae Nereidid sp. 6 - - - - - - 0.0013 - - 0.0013 - 0.0026
Protodrilidae Protodrilid sp. 1 - - - - - - - - - - - 0.0026
Spionidae Laonice sp. A - - - - - - - - - 0.0026 - 0.0013
Syllidae Sphaerosyllis sp. A - - - - 0.0013 0.0013 - - - - - 0.0013
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Table S3.3 (Continued) Densities (individuals per cm3wood) of wood-fall taxa.

N-2800-Lid N-2800-Bin N-1600-Lid S-1600-Lid
EQ%Iin ’ Species/ Morphospecies W27 W18 W35 W1 W26 W28 W36 WI5 W32 W30 W23 W22
Arthropoda
Amphipoda Accedomoera sp. A - 0.0026 - - - - - - - - -
Lysianassid sp. A - 0.0013 - - 0.0026 0.013 0.0013 - - - -
Sebidae sp. A - - - 0.0013 - 0.00519 0.0013 - - - 0.0026
Isopoda Limnoriid sp. A - - - - - - - - - - 0.0013
Tanaidacea Tanaid sp. A - - 0.0013 - - - - - - - -
Cnidaria
Actinaria Actinarian sp. A - - - - - 0.0013 0.0013 - - - -
Mollusca
Bivalvia Idas washingtonius - - - 0.0026 - - - - 0.0013 - 0.0013
Abditoconus heterosiphon - - - - - - 00013 - - - -
Xylonora muraokai 0.0026 0.00519 0.704 0.0143 - - - - - -
Xylonora zierenbergi - 0.0584 0.673 0.205 0.325 - - - - - -
Xylophaga corona - - 0.0312 0.00519 0.0779 - - - - - -
Xylophaga microchira - - - - - 0.0377 0.0364 0.0117 0.00519 0.0013 0.0039
Xylophaga oregona - - - - - 0406 138 0935 1.34 1.23 1.28
Xylopholas crooki - - 0.0039 0.00519 - - - - - - -
Gastropoda Dillwynella sp. A - - - - 0.0013 - - - - - -
Platyhelminthes
Triclad sp. A - - - - - 0.4 0.384 0.313 0.147 0.00909 0.308
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Table S3.4 Estimated net xylophagaid production.

Net xylophagaid production per

Net xylophagaid production per liter of wood (mean m of exposed wood surface area

Lander/Position * SE) (mean + SE)
(g AFDW Lt yr?) (g AFDW m2yr?)
N-2800-Lid 02204 6.7+6.7
N-2800-Bin 1.8+0.2 55.9+3.1
N-1600-Lid 27+16 83.6 £ 28.0
S-1600-Lid 42+0.1 128.6 £ 2.2
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SUPPLEMENTARY MATERIAL FOR CHAPTER 4

Table S4.1 Isotopic signatures and C/N ratios of taxa used in this study.

Taxa Substrate  Replicate Preservative Batch n  &BC (%) &N (%) C/N  8'°C (%o) Post et al. 2007
Amphipoda sp. K Bone V12A Etoh, Acidified 3 1 -16.8 202 46 -15.6
Capitella cf. capitata Bone R4A F->E 3 6 -21.4 101 44 -20.4
Capitella cf. capitata Bone V4A F->E 3 1 -22.4 75 43 -21.5
Capitella cf. capitata Bone V4A F->E 3 1 -21.3 82 38 -20.9
Capitella cf. capitata Bone VAA F->E 3 1 -20.9 84 38 -20.5
Capitella cf. capitata Bone V4A F->E 3 1 -20.8 8 38 -20.4
Capitella cf. capitata Bone VAA F->E 3 1 -20.8 10 39 -20.3
Capitella cf. capitata Bone V4A F->E 3 1 -19.9 9.7 4 -19.3
Capitella cf. ovincola Bone R4A F->E 3 4 -21.5 101 4.2 -20.7
Dillwynella sp. A Bone V4A F -> E, Acidified 3 1 -21.9 113 37 -21.6
Eurycopinae sp. A Bone R4A F -> E, Acidified 3 4 -21 129 39 -20.5
Hyalogyrina sp. A Bone V12A F->E 3 3 -20.4 102 36 -20.2
Hyalogyrina sp. A Bone V12A F->E 3 5 -19.5 9 37 -19.2
Hyalogyrina sp. A Bone V12A F->E 3 4 -19.3 9.3 37 -19
Hyalogyrina sp. A Bone R4A F -> E, Acidified 3 2 -20.7 75 39 -20.2
Hyalogyrina sp. A Bone R4A F -> E, Acidified 3 1 -20.1 84 38 -19.7
Hyalogyrina sp. A Bone V4A F -> E, Acidified 3 1 -19.5 85 38 -19.1
Laonice sp. A Bone V12A F->E 3 1 -23.8 7.4 3.7 -23.5
Laonice sp. A Bone V4A F->E 3 1 -23.4 73 36 -23.2
Ophiuroid sp. A Bone R4A Etoh, Acidified 3 1 -21.7 153 57 -19.4
Ophryotrocha batillus Bone V4A F->E 3 3 -22.6 11 44 -21.6
Osedax rubiplumus Bone Vla Frozen fresh 1 1 -17.5 102 45 -16.4




Table S4.1 (Continued) Isotopic signatures and C/N ratios of taxa used in this study.

Taxa Substrate  Replicate  Preservative  Batch n  8%C (%) &N (%) CIN 813C (%o) Post et al. 2007
Osedax rubiplumus Bone Vla Frozen fresh 1 1 -14.9 125 5.3 -13
Osedax rubiplumus Bone Vla Frozen fresh 1 1 -16 134 6.6 -12.8
Osedax rubiplumus Bone Vb Frozen fresh 1 1 -17.6 8.3 6.6 -14.4
Ampbharetid sp. 22 Wood W30 Etoh 3 1 -22.7 68 4.3 -21.8
Capitella cf. capitata Wood W30 Frozen fresh 1 2 -22.5 2.2 5.4 -20.5
Capitella cf. capitata Wood W30 Frozen fresh 1 2 -21.3 2.8 4.6 -20.1
Capitella cf. capitata Wood W30 Frozen fresh 1 3 -22.3 2.6 6.2 -19.5
Capitella cf. capitata Wood W30 Frozen fresh 1 3 -23.5 2.6 7.8 -19.1
Capitella cf. capitata Wood W30 Frozen fresh 1 2 -24.2 2 9 -18.6
Capitella cf. capitata Wood W30 F->E 2 1 -21.7 2 3.9 -21.2
Capitella cf. capitata Wood W30 F->E 2 1 -21.6 29 41 -20.9
Capitella cf. capitata Wood W30 F->E 2 1 -21.3 0.8 3.9 -20.8
Capitella cf. capitata Wood W30 F->E 2 1 -21.3 2.8 4 -20.7
Capitella cf. capitata Wood W30 F->E 2 1 -21.1 3.1 4 -20.5
Capitella cf. capitata Wood W30 Formalin 2 1 -24.7 1.8 6.5 -21.6
Capitella cf. capitata Wood W30 Formalin 2 1 -24.9 16 7.2 -21.1
Capitella cf. capitata Wood W30 Formalin 2 1 -23.8 3.1 6.2 -21
Capitella cf. capitata Wood W30 Formalin 2 1 -25.1 -0.4 8.9 -19.6
Capitella cf. capitata Wood W30 Formalin 2 1 -24.6 3.2 8.9 -19.1
Decemunciger sp. A Wood W30 F->E 2 2 -22.9 -0.1 4.1 -22.2
Decemunciger sp. A Wood W30 F->E 2 1 -23.1 0.7 43 -22.2
Decemunciger sp. A Wood W30 F->E 2 2 -23.2 4.1 4.6 -22
Dorvilleid sp. 54 Wood W30 F->E 3 1 -20.9 8.3 3.8 -20.5
Flabelligerid sp. A Wood w19 F->E 3 1 -21.8 4.1 3.6 -21.6
Laonice sp. A Wood W25 Frozen fresh 1 1 -22.7 3.7 46 -21.5
Laonice sp. A Wood W30 Frozen fresh 1 1 -22.6 0 5.4 -20.6
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Table S4.1 (Continued) Isotopic signatures and C/N ratios of taxa used in this study.

Taxa Substrate Replicate  Preservative  Batch n  83C (%) 8N (%) CI/IN 83C (%o) Post et al. 2007
Laonice sp. A Wood W30 Etoh 3 1 -22.1 -09 338 -21.7
Laonice sp. A Wood W6 Frozen fresh 1 1 -21.4 4 4 -20.8
Laonice sp. A Wood W30 F->E 3 1 -22.6 -05 338 -22.2
Limpet sp. A Wood W19 F -> E, Acidified 3 11 -22.8 38 44 -21.8
Nemertean sp. A Wood W30 F->E 3 1 -20 19.7 4.2 -19.2
Ophryotrocha batillus Wood W25 F->E 3 13 -22.1 56 3.9 -21.6
Ophryotrocha langstrumpae Wood W30 F->E 2 11 -22 25 39 -21.5
Ophryotrocha langstrumpae Wood W30 F->E 2 15 -22 3.3 4 -21.4
Ophryotrocha langstrumpae Wood W30 F->E 2 14 -21.9 35 41 -21.2
Ophryotrocha langstrumpae Wood W30 F->E 2 12 -21.9 35 4.2 -21.1
Ophryotrocha langstrumpae Wood W30 F->E 2 16 -21.9 36 43 -21
Ophryotrocha langstrumpae Wood W30 Formalin 2 11 -23.9 35 52 -22.1
Ophryotrocha langstrumpae Wood W30 Formalin 2 20 -23.5 22 52 -21.7
Ophryotrocha langstrumpae Wood W30 Formalin 2 10 -23.5 3.7 53 -21.6
Ophryotrocha langstrumpae Wood W30 Formalin 2 21 -23.7 19 55 -21.6
Ophryotrocha langstrumpae Wood W30 Formalin 2 17 -23.9 3 6.1 -21.2
Polynoid sp. A Wood W6 F->E 3 1 -21.7 105 3.7 -21.4
Sirsoe cf. hessleri Wood W25 F->E 3 1 -21.9 6.4 3.7 -21.6
Sirsoe cf. hessleri Wood W25 F->E 3 1 -21.8 6.4 3.7 -21.5
Triclad sp. A Wood W30 F->E 2 2 -22.2 22 38 -21.8
Triclad sp. A Wood W30 F->E 2 2 -22.3 1.7 39 -21.8
Triclad sp. A Wood W30 F->E 2 2 -22.1 1.8 4 -21.5
Triclad sp. A Wood W30 F->E 2 1 -21.7 21 38 -21.3
Triclad sp. A Wood W30 F->E 2 2 -21.8 58 3.9 -21.3
Triclad sp. A Wood W30 Formalin 2 2 -23.6 1.9 47 -22.3
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Table S4.1 (Continued) Isotopic signatures and C/N ratios of taxa used in this study.

Taxa Substrate  Replicate  Preservative Batch n  8%C (%) 6N (%) C/N 8%C (%o) Post et al. 2007
Triclad sp. A Wood W30 Formalin 2 2 -24 18 52 -22.2
Triclad sp. A Wood W30 Formalin 2 2 -23.6 2.6 5 -22
Triclad sp. A Wood W30 Formalin 2 2 -23.9 19 55 -21.8
Xylophaga oregona Wood W30 Frozen fresh 1 1 -22.6 -0.2 4 -22
Xylophaga oregona Wood W30 Frozen fresh 1 1 -22.9 -0.2 44 -21.9
Xylophaga oregona Wood W30 Frozen fresh 1 1 -22.6 0 45 -21.5
Xylophaga oregona Wood W30 F->E 2 1 -23.2 -04 438 -21.8
Xylophaga oregona Wood W30 F->E 2 1 -22.8 -0.2 4.2 -22
Xylophaga oregona Wood w30 F->E 2 1 -23.2 -0.2 46 -22
Xylophaga oregona Wood W30 F->E 2 1 -23.5 16 6.3 -20.6
Xylophaga oregona Wood w30 Formalin 2 1 -24.5 -11 46 -23.3
Xylophaga oregona Wood W30 Formalin 2 1 -24.8 -05 538 -22.4
Xylophaga oregona Wood w30 Formalin 2 1 -24.2 -0.3 46 -23
Xylophaga oregona Wood W30 Formalin 2 1 -24.1 02 51 -22.4
Xylophaga oregona Wood W30 Formalin 2 1 -23.8 03 438 -22.4
Xylophaga oregona Wood W30 Formalin 2 1 -24.6 06 58 -22.2
Xylophaga oregona Wood W30 Frozen 2 1 -23 -05 6.1 -20.3
Xylophaga oregona Wood W30 Frozen 2 1 -23.8 09 54 -21.8
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Table S4.2 Isotopic signatures and C/N ratios of sources used in this study.

Source Replicate Preservative Batch n  8BC (%) &°N (%) CIN

Surface plankton ST3t0?2 Frozen fresh 1 1 -23.2 80 NA

Surface plankton Station 6 Frozen fresh 1 1 -23.9 9.3 7.5
Surface plankton Station 6 Frozen fresh 1 1 -23.7 9.7 9.4
Whale bone Outer leg C S-1600 Frozen fresh 1 1 -15.9 12.1 3.9
Whale bone Outer leg C S-1600 Frozen fresh 1 1 -14.9 11.6 3.6
Whale bone Outer leg C S-1600 Frozen fresh 1 1 -145 12.3 34
Whale bone V4b S-2800 Frozen fresh 1 1 -18.5 11.7 5.8
Whale bone V8b N-2800 Frozen fresh 1 1 -15.7 12.9 3.6
Whale bone V8b N-2800 Frozen fresh 1 1 -14.2 12.0 3.2
Whale bone bacteria - SCB 99 - Mat NA Frozen NA NA -21.2 7.39 NA

Whale bone bacteria - SCB 99 - Mat NA Frozen NA NA -21.3 -2.78 NA

Whale bone bacteria - SCB 99 - Mat NA Frozen NA NA -20.2 -0.66 NA

Whale bone bacteria - SCB91 Beggiatoa sp. NA Frozen NA NA -23.4 78 NA

Whale bone bacteria - SCB91 Beggiatoa sp. NA Frozen NA NA -21 6.9 NA

Wood W30 Frozen 2 1 -24.4 -3.3 3147
Wood W30 Frozen 2 1 -25.0 -25 31038
Wood W30 Frozen 2 1 -25.0 -3.4  306.2
Wood w30 Frozen 2 1 -24.6 -20 2854
Wood W30 Frozen 2 1 -25.6 -24 2710
Xylophagaid fecal material W30 F->E 2 1 -25.2 -0.7 181.6
Xylophagaid fecal material W30 F->E 2 1 -25.2 -0.5 67.8
Xylophagaid fecal material W30 F->E 2 1 -25.7 -1.2 64.7
Xylophagaid fecal material W30 Formalin 2 1 -26.5 -1.6 94.8
Xylophagaid fecal material W30 Formalin 2 1 -26.6 -2.6 57.5
Xylophagaid fecal material W30 Formalin 2 1 -26.4 -3.0 48.1
Xylophagaid fecal material W30 Formalin 2 1 -28.2 -2.8 21.3
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Table S4.2 (Continued) Isotopic signatures and C/N ratios of sources used in this study.

Source Replicate Preservative Batch N 83C (%) N (%o) CIN
Xylophagaid fecal material W30 Formalin 2 1 -28.2 -2.6 20.7
Xylophagaid fecal material W30 Frozen 2 1 -25.0 -1.5 89.2
Xylophagaid fecal material W30 Frozen 2 1 -25.4 -5.3 78.0
Xylophagaid fecal material W30 Frozen 2 1 -25.0 -2.5 49.7
Xylophagaid fecal material W30 Frozen 2 1 -25.4 -2.8 41.2
Xylophagaid fecal material W30 Frozen 2 1 -25.4 -2.3 40.0
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Table S4.3 Dietary proportions for whale-bone and wood fall taxa, determined by MixSIAR modelling, when all taxa are supplied all food sources.
Values are means * standard deviations, calculated from Bayesian posterior distributions.

Substrate Functional group Taxa Wood (combined)  Whale bone  Bone bacteria  Surface plankton
Bone Bone specialist Osedax rubiplumus 0.06 £ 0.04 0.86 + 0.07 0.04 £ 0.05 0.04 £ 0.03
Deposit feeder Laonice sp. A 0.38£0.13 0.14 £ 0.07 0.11+0.12 0.37£0.16
Capitella cf. capitata 0.27 £ 0.07 0.37 £ 0.06 0.13+0.09 0.24 £ 0.08
Capitella cf. ovincola 0.20+0.11 0.35+0.13 0.14+0.15 0.31+0.18
Microbial grazer Hyalogyrina sp. A 0.28 +0.08 0.45 +0.06 0.13+0.11 0.14 £ 0.08
Dillwynella sp. A 0.15+0.10 0.26 +0.13 0.14+0.16 045+0.21
Omnivore Ophryotrocha batillus 0.18+£0.11 0.25+£0.14 0.24+£0.8 0.33£0.20
Mobile generalists Ophiuroid sp. A 0.03+0.04 0.64 +0.23 0.19+0.22 0.13+0.15
Amphipoda sp. K 0.03+0.03 0.68 £ 0.20 0.20+0.21 0.09 £ 0.08
Eurycopinae sp. A 0.06 £ 0.07 0.51+£0.23 0.23+£0.23 0.20£0.20
Wood Wood Specialist Xylophaga oregona 0.77 £0.06 0.22 £0.06 - 0.01+£0.01
Deposit feeder Laonice sp. A 0.71+0.07 0.28 + 0.07 - 0.02 £ 0.02
Capitella cf. capitata 0.62 £ 0.07 0.37£0.06 - 0.01+£0.01
Decemunciger sp. A 0.76 £ 0.07 0.22 +0.06 - 0.02 +0.03
Ampharetid sp. 22 0.68 £ 0.07 0.31+£0.07 - 0.02 £ 0.02
Flabelligerid sp. A 0.69+0.10 0.28 +0.09 - 0.03 £0.06
Microbial grazer Limpet sp. A 0.71£0.09 0.26 £ 0.08 - 0.03+0.05
Omnivore Ophryotrocha batillus 0.55+0.14 0.32£0.08 - 0.13+£0.16
Ophryotrocha langstrumpae 0.62+£0.10 0.34+£0.09 - 0.04 £0.04
Dorvilleid sp. 54 0.46 +0.09 0.44 +0.07 - 0.11+0.10
Carnivore Triclad sp. A 0.61+0.05 0.34+£0.03 - 0.05+0.05
Polynoid sp. A 0.46 +0.16 0.36 = 0.07 - 0.19+0.20
Sirsoe cf. hessleri 0.50+0.14 0.34 +0.05 - 0.15+0.17
Nemertean sp. A 0.31+0.09 0.58 + 0.06 - 0.11+0.09
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Table S4.4 Dietary proportions for whale-bone and wood fall taxa, determined by MixSIAR modelling, when all taxa are supplied all food sources.
Values are medians, and 2.5% and 97.% confidence intervals calculated from Bayesian posterior distributions.

Substrate  Functional group Taxa Wood (combined) Whale bone Bone bacteria Surface plankton
Bone Bone specialist Osedax rubiplumus 0.05 (0.01, 0.16) 0.87 (0.7, 0.96) 0.03 (0, 0.19) 0.03 (0, 0.11)
Deposit feeder Laonice sp. A 0.38 (0.1, 0.63) 0.12 (0.03, 0.32) 0.08 (0, 0.42) 0.38 (0.05, 0.68)
Capitella cf. capitata 0.27 (0.12,0.39)  0.37(0.26,0.48) 0.11(0.01,0.34) 0.24(0.08, 0.41)
Capitella cf. ovincola 0.2 (0.03, 0.44) 0.34 (0.1, 0.6) 0.09 (0, 0.58) 0.3 (0.03, 0.68)
Microbial grazer Hyalogyrina sp. A 0.29(0.08,0.41)  0.46 (0.32,0.57) 0.1(0,0.4) 0.14 (0.02, 0.31)
Dillwynella sp. A 0.13(0.02, 0.4) 0.25 (0.05, 0.58) 0.08 (0, 0.6) 0.47 (0.04, 0.8)
Omnivore Ophryotrocha batillus 0.17 (0.01,0.43) 0.24(0.02,0.56) 0.2 (0.01,0.66) 0.32(0.02, 0.74)
Mobile generalists Ophiuroid sp. A 0.02 (0, 0.16) 0.68 (0.11, 0.97) 0.1 (0, 0.79) 0.07 (0, 0.53)
Amphipoda sp. K 0.02 (0,0.1) 0.74 (0.16, 0.93) 0.11 (0, 0.73) 0.07 (0, 0.29)
Eurycopinae sp. A 0.03 (0, 0.24) 0.5 (0.08, 0.94) 0.15 (0, 0.81) 0.13 (0, 0.69)
Wood Wood Specialist Xylophaga oregona 0.76 (0.67,0.93)  0.24 (0.06, 0.31) 0 (0, 0.05)
Deposit feeder Laonice sp. A 0.7 (0.59, 0.88) 0.29 (0.1, 0.38) 0.01 (0, 0.08)
Capitella cf. capitata 0.61 (0.52,0.8) 0.38 (0.19, 0.47) 0.01 (0, 0.04)
Decemunciger sp. A 0.75(0.62,0.89)  0.23(0.09, 0.33) 0.01 (0, 0.12)
Ampharetid sp. 22 0.68 (0.53, 0.81) 0.3(0.18, 0.44) 0.01 (0, 0.09)
Flabelligerid sp. A 0.69 (0.5, 0.89) 0.29 (0.1, 0.44) 0.01 (0, 0.19)
Microbial grazer Limpet sp. A 0.71(0.53,0.89) 0.27 (0.09, 0.42) 0.01 (0, 0.17)
Omnivore Ophryotrocha batillus 0.58 (0.15,0.74)  0.33(0.13,0.44) 0.07 (0, 0.6)
Ophryotrocha langstrumpae 0.61 (0.48,0.88)  0.36 (0.07,0.43) 0.03 (0, 0.16)
Dorvilleid sp. 54 0.47 (0.24, 0.6) 0.44 (0.27, 0.56) 0.07 (0, 0.38)
Carnivore Triclad sp. A 0.62 (0.5, 0.69) 0.34 (0.27,0.4) 0.04 (0, 0.17)
Polynoid sp. A 0.5 (0.06, 0.67) 0.36 (0.22, 0.48) 0.11 (0, 0.69)
Sirsoe cf. hessleri 0.54 (0.14,0.67)  0.35(0.23,0.44) 0.09 (0, 0.61)
Nemertean sp. A 0.32 (0.12, 0.46) 0.58 (0.46, 0.7) 0.09 (0, 0.34)
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Figure S4.1 Photos of organic-fall substrates upon lander recovery. A) whale vertebra \VV2a, B) lid-attached wood
block W30, C) bin-attached wood block W6
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Figure S4.2 SEAcellipses of whale-bone and wood functional groups, as well as Capitella cf. capitata. Open circles
are individual bone samples, open triangles are individual wood samples.
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Figure S4.3 Average dietary proportions for whale-bone and wood fall taxa, determined by MixSIAR modelling, when all taxa are supplied all food
sources. *Isotopic signature outside of mixing polygon. 1 n = 1 isotopic signature outside of mixing polygon.
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SUPPLEMENTARY MATERIAL FOR CHAPTER 5

Figure S5.1 Whale rib bones attached to outside of BoWL lander (in contact with surrounding sediments) at S-1600.
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