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Characteristics of Nodule Ecosystems
Outline:
1) Physical Characteristics
2) Ecological Characteristics
3) Regional Patterns

4) Suggestion for PRZ Design



1) Physical characteristics i Heterogenous on multiple scales

Topography: Vast expanse of rolling ridges/troughs at 38001 5500 m
depths punctuated by volcanic seamounts, outcrops, transform faults
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Abyssal Seafloor mostly silt-clay sediments (away from seamounts/faults)
. with heterogeneous occurrence of nodules (1 m 1 >10 km); can be substantial
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Conclusmn To be phyS|caIIy (and ecologlcally)
representative, IRZs and PRZs must integrate and replicate
the full range of seafloor physical heterogeneity (and
resultant habitat quality) over scales up to 100 km (e.qg.,
with a nested de5|gnfor IRZs)
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Hydrodynamically, the CCZ seafloor ecosystem is low-energy and stable

Abyssal Eulerian Mean Velocities

Weekly Averaged Velocities Monthly Averaged Velocities Yearly Averaged Velocities

A. Thurnherr, pers. comm.

- Max short-term velocities at 4-20 m above abyssal seafloor < 20 cm/s, i.e., less than sediment
critical-erosion velocity (no change in turbidity from min to max flow)

- Over weeks to months, Eulerian mean velocities can be in any direction

- Weekly averaged speeds are dominat edt bmpanme s
weekly flow several cmin s' ltypical --- NOT Benthic Sediment Storms!

- Longer averages of net advection yield smaller speeds; yearly averages often <1 cmn s' é



Consequences:

1) Large-scale benthic sediment storms (major erosion/deposition events) unrecorded and likely
absent in abyssal CCZ over ecological times scales (major erosion/deposition events = myth).

2) Sediment-water interface very stable over ecological (decadal +) time scales T

Indicated by i

- Lack of current-related turbidity events
recorded in deep current meter + transmisso-
meter + time-lapse camera moorings
(e.g., Gardner et al., 1984; A. Vink , pers. cmm.; Leitner et al. 2017) =

- Lack of major sediment events recorded in
long-term, near-bottom sediment traps in CCZ
(C. Smith, unpub. data).

- Clear bottom waters in tens of thousands of
benthic images and hundreds of ROV/AUV
dives throughout CCZ over many decades

- Persistence of intact dredge tracks (cm-scale

structure) for decades (26 - 36 y) across CCZ
(e.g., Miljutin et al., 2011; Vanreusel et al., 2016)

26-y old test mining track 4800 m
central CCZ




Example of Abyssal Dispersal Over 26 months

Plume dispersal is dominated by eddy diffusion (spreading over
1000s of km) with very sl ow me
Everywhere is downstream!

Sulphur hexafluoride distribution 12 months (dashed) and 26 months
(solid) after release at yellow dot near abyssal seafloor
Bl Ledwell (2000) X : i :

300 km
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Conclusion: PRZs will need buffer zones of order 50-100 km on all sides:
IRZs will need to address impacts over large scales (10-100 km)



2) Ecological Characteristics of CCZ
a) Stable, Food-Poor Environment with Low Rates/Resilience

Benthic communities rely on attenuated rain of POC from euphotic zone

‘ Suess-Betzer Organic Flux
Relationship .
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R. Carney

Lutz et al., 2007
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Because of high stability and low POC flux/sedimentation rates i
Seafloor ecosystems in CCZ are physically fragile and slow to recoer from

disturbance -

- Much of habitat structure biogenic (delicate) or nodules

- Soft sediment habitats/communities easily disrupted and

Background

Megafauna

Sessile fauna
Crinoidea

Il Ceriantharia
Corallimorpharia

Il Antipatharia
Alcyonacea
Actiniaria

Il Hydrozoa

Il Porifera

Nodule

Isopod on sponge

)
Vanreusel et al 2016 | L \ «

“Amon and Smith, ABYSSLINE

4200 m eastern CCZ

Nematode
- abundance and
obile fauna i . .
Holothuroidea d|VerS|ty St|” reduced

Bl Ophiuroidea

UL in tracks after 26 Yy

Bl Asteroidea
(Miljutin et al. 2011)

Also true for

megafauna
(Vanreusel et al.,
2016)

No-nodule



The nodule habitat is also fragile, & harbors a distinct
& abundant obligate fauna -
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b) The best studied CCZ communities have high local
diversity in all benthic size classes - microbes to megafauna

E.g., total sediment macrofauna in 30 X 30 km UK-1 Stratum A: 12 box
cores, 880 individuals, 227 species collected!

Macrofaunal species accumulation (green) and species richness estimates

in Stratum A
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Why still accumulating species after 12 - 24 box cores in UK-17?
Very long tail of rare, undescribed species.

6T Macrofaunal spp. rank order abundance i 12 box cores pooled

Even with 12 box

S

CE cores and 900
o iIndividuals, 60%
g of species
§ . Singletons + collected are
Doubletons singletons or
doubletons

Species Rank

This pattern is common across CCZ



Macrofaunal species diversity in eastern CCZ is high compared to other deep-sea
localities T e.g., Hurlbert rarefaction curve for UK-1 polychaetes lies above curves
from other soft-sediment localities sampled similarly -
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Estimates of polychaete diversity on a multi-sample scale from deep-sea and high-latitude shelf environments made using
comparable sampling devices (sediment corers). Other data are from Neal et al. (2011).




Other size fractions also show high local diversity of poorly
described fauna in UK-1 Claim (and rest of CCZ?)

Bacteria and Archaea - 113,000 prokaryotic molecular OTUs (16SrRNA genes)
with 97,000 only in sediments + nodules, 94% of the MOTUs are new (Shulse et al. 2016)

Xenophyophores - 29 morphospecies, 28 new to science, = 30% of known global
species richness of xenophyophores! (Gooday, Goineau, et al. 2015)

g5

xenophyophre

Benthic macrofauna i DNA studies indicate >300 MOTUSs of crustaceans, polychaetes, etc.,
many/most new, with many apparently cryptic species (Glover, Dahigren
and Wicklund; Morhbeck, Martinez, et al.)

Relicanthus sp.

Epibenthic megafauna i >200 species estimated in UK-1 area, including ot 2
many new species, e.g., Relicanthus sp. in an new suborder of ———
Cnidaria (Amon et al. 2016)

Mobile scavenging megafauna i Higher species richness (20) in UK-1 area than on margins
of California (7) or Hawaii (12) at similar depths (Leitner et al. 2017)

Conclusion: High diversity and long list of rare species will

require intensive sampling (e.d., > 50 box cores at each time
pt.) to fully assess local diversity and to track any changes




3) Regional patterns (100 T 4000 km scale)
- POC flux varies substantially (>2X) along and across CCZ

Cccz b=

Vanreusekt al. 2016 X -

Lutz et al., 2007
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Abyssal ecosystem structure/function is correlated with annual POC flux and
thus also will vary along and across CCZ

Megafaunal abundance r’=0.94
Macrofaunal biomass r’=0.96
Macrofaunal abundance r’=0.672
Nematode biomass r’=0.921
Microbial biomass r’=0.58

SCOC r’=0.6048

210 Pb D, r’=0.88
Mixed-layer depth r>=0.87
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Variation in annual POC flux
across CCZ
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E.g., Macrofaunal abundance varies dramatically (~3X)

N-S and E-W within the CCZ
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How does community structure vary regionally?
Relatively similar over scales of ~150 of kilometers

NMDS Polychaete Species-Level Community Resemblance

UK-1 Strata A & B

Transform: Fourth root
Resemblance: S17 Bray Curtis similarity

2D Stress: 0.25

Stratum
A A
® B

Similar pattern for megafauna (Amon et al., 2017), and for
macrofauna in GSR claim area (De Smet et al. 2017)
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On scales of 1000 km CCZ fauna and
community structure vary -

E.g., three sites in CCZ (~1500 km apart)

- Major differences in polychaete fauna at
family level (Kaplan Project, Smith et al. 2007)

- Likely driven by productivity gradient il Lot

Polychaete families

100% - ’
80% ];.;-: | Lumbrineridae -

Conclusion:

Sampling I ntensity, design, an
monitoring IRZs/PRZs will need to vary across CCZ due to
differences in faunal abundance and community structure.

E.g., to obtain a given level of statistical power, more samples will
be needed in sparser communities.



Species Ranges? We see a recurrent pattern:

Positive range-abundance relationships across size classes 1

prokaryotes to megafauna | (e.g., Bienhold et al. 2016 for bacteria; Glover et al.,
2002 for polychaetes, Leitner et al. 2017 for mobile scavengers)

|.e., rare species are detected at one to a few localities,
abundant species often are more broadly distributed.

Is this a sampling problem (pseudo-endemism)?

Or a real characteristic of species distributions (as in terrestrial
ecosystems; Gaston 1996)?

Conclusions:

Rare species constituting most of diversity and possibly with
highest extinction risk (i.e., with narrow ranges) will be most
difficult to monitor.

Common species may be generalists with wide distributions and
poor indicators of extinction risk for most of biodiversity in CCZ.




Recommendations for PRZ design in CCZ:

1) To maintain biodiversity, need core area large enough to integrate full habitat
diversity and maintain sustainable populations, i.e., 200 km across (Wedding
et al. 2013; Dunn et al. in prep.)

2) To insure protection from mining disturbance (plumes), need buffer zone of
order 50-100 km (Wedding et al. 2013; Dunn et al. in prep.).

Cannot really fit such a 300 x 300 km PRZ within current exploration claims
(many of which are smaller).

One approach: Each existing contiguous claim is divided into
halves of equal habitat heterogeneity and resource quality: Half
designated a PRZ, the other half mined (si mi 1 ar to establ

Areaso) .



