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The deep-seabed




Types of sediment
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ice rafted carbonate silicacus red clay teerigenous silicousinad clay
Figure 1.4 Distritution of dominant sediment. typas on the Boor of the prasent-day cozans, Note that red clays are ako terigencus sediments.



Sediment thickness

Total Sediment Thickness of the World's Oceans & Marginal Seas
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A digital total sediment thickness database for the world's The distribution of sediments in the oceans is controlled by ‘The data values are in meters and represent the depth to
oceans and marginal seas is being compiled by the National five primary factors: acoustic basement. It should be noted that acoustic basement
Geophysical Data Center (NGDC) Marine Geology & 1) Age of the underlying crust may not actually represent the base of the sediments. These
Geophysics Division. The data are gridded with a spacing of 5 2) Tectonic history of the ocean crust data are intended to provide a minimum value for the
arc-minutes by 5 arc-minutes. Sediment thickness data were 3) Structural trends in basement thickness of the sediment in a particular geographic region.
compiled from three principle sources: previously published 4) Nature and location of sediment sources, and
isopach maps; ocean drilling results, both ODP and DSDP; 5) The nature of the sedimentary processes delivering
and seismic reflection profiles archived at NGDC as well as sediments to depocenters

seismic data and isopach maps available as part of the [OC's 5 =
Geolopica Coophymen Al of the Purfc (GAPA) prcjoc http://www.ngdc.noaa.gov/mgg/sedthick/sedthick.html




Macrofauna & meiofauna




Global patterns of abundance and biomass
with depth

Log Abundance (ind.m-2)

Trend of decreasing abundance and
biomass with depth is a global pattern.

(gCm?)

Log Biomass

It holds for megafauna, macrofauna
and meiofauna but not bacteria.

Rex et al. 2006 Mar Ecol Prog Ser 317: 1-8




Most deep-sea ecosystems rely on the
sinking of organic material from the
surface water layers for food.

Marine snow (particulate organic
carbon).

Decrease in biomass and abundance is
related to the exponential decrease

in the rate of nutrient input from sinking
phytodetritus with increasing depth

and distance from productive coastal
waters.

Standing stock of organisms

can be predicted by rates of particulate
organic carbon flux or chloroplastic
pigment equivalents in sediments

hMacrofaunal Biomass (mg C m-2)
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Macrofaunal biomass vs annual flux of POC
In sediment traps. Smith & Demopoulos



Rate of particulate organic carbon flux to the

seafloor

Carbon flux

Production
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“Fluff” or phytodetritus
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Species zonation with depth
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Vertical distribution pattern of seastars

with depth, Porcupine Seabight.

(i) Many species have a specific depth range
(i) Juveniles often broader than adults

(iif) Communities cluster by depth

(Howell et al.2002 Deep-Sea Research | 49: 1901-1920).
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Community transition zones
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Species diversity with depth
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Diversity with depth

Bathymetric patterns of
expected species diversity
(no. of species expected in
random sample of 50
individuals).

(a) Gastropods

(b) Polychaetes

(c) Protobranch bivalves
(d) Cumaceans

(e) Invertebrate megafauna

(f) Fish
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Expected number of species, E(Ssg)
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(Rex et al. 1981 Ann Rev Ecol

Syst 12: 331-353)

— o
o (@]
T T

w
T




Why is there high diversity at intermediate

depths?

Explanations have centred around local-scale biophysical or ecological
interactions:

Sediment heterogeneity

Patchiness (spatial & temporal mosaic of patches/niches)
Food supply

Oxygen

Levels of catastrophic disturbance with slow recolonization

Intermediate disturbance models

Mid-domain effects
Randomly shuffled species’ ranges free of environmental gradients will
increasingly overlap towards the domain centre to create a richness peak.

Ecotones

Transition zones between ecological assemblages
Gage JD 2004 Deep-Sea Res. 11 51: 1689 - 1708
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TaxoNnoMic COMPOSITION OF SOFT-SEDIMENT BENTHOS FROM

. ' U.S. MinD-ATLANTIC CONTINENTAL SLOPE SAMPLES
L1 auTicaL MiLes s -
0 10 20 30 40 50 £: Species and Family No. of Species No. of Families

DEPTH IN METERS ;; Cnidaria 19 10

i Hydrozoa 6 3

Anthozoa 12 6

Scyphozoa 1 1

L0° Nemertea 22 1

Priapulida 2 1

Annelida 385 49

Polychaeta 367 47

Oligochaeta 18 2

Echiurida 4 2

Sipuncula 15 3

Pogonophora 13 5

3g° Mollusca 106 43

Bivalvia 45 18

Gastropoda 28 18

Scaphopoda 9 4

Aplacophora 24 3

Arthropoda: 185 40

Cumacea 25 4

Tanaidacea 45 8

38° B Isopoda 359 11

Amphipoda 55 16

Pycnogonida | 1

Bryozoa 1 1

Brachiopoda 2 1

ATLANTIC OCEAN Echinodermata 39 13

Echinoidea 9 2

Ophiuroidea 16 6

37° b Asteroidea 3 3

A g - - : Holothuroidea 11 2

75 74 73 72 7 Hemichordata 4 1

. . Chordata 1 1

Grassle & Maciolek, 1992 Am. Nat 139 (2): Toal o =

313-341 B



High local diversity, many rare species

PERCENTAGE CONTRIBUTION OF THE 10 MOST ABUNDANT SPECIES AT 2,100-M [DEPTH

190 / - Replicates
/S Combined,
f;" 2 1 Replicates and Averaged
/ All Times Combined, across Averaged across
120~ o Samples Averaged across  Stations and Stations, Times,
/ Species Ordered by Rank Combined Stations (%) Times (%) and Replicates (%)
f”i ¥ Awrospio dibranchiata (P) 7.1 7.2 1(9.5) 7.7 (16.6) 8.3 (26.9)
120 I 3 Pholoe anoculata (P) 4.6 5.6(17.4) 5.8 (19.2) 6.2 (21.9)
. 2 Spathoderma clenchi (A) 3.9 4.2 (19.5) 4.6 (18.8) 4.9 (18.1)
_,-""30 ] “ Tharyy sp. 1 (P) N} I6(15.4) 39(17.8) 4.2 (17.0)
PR R Prionospio sp. 2 (P} 3l 3.4 (17.6) 3.4 (15.4) 3.8 (159
,-""’ Bz WA Tubificoides aculeatus () .0 310131 3.2 (14.9) 3.4 (14.9)
MO B e, . Prachaetoderma yongei (A) 2.8 2.8 (12.3) 2.9 (14.1) 3.2 (14.9)
| ;a"f 3 7235?0 . 2 Aricidea retrabranchia (P) 22 2.6 (10.2) 2.6 (13.5) 2.9 (14.3)
| 8 779 Zosa Glveera capitata (P) 2.1 2.4 (8.1) 2.4 (11.2) 2.7 (13.00
g; | | 2;%5% o Nemertea sp. 5 (N) 2.1 2.2 (5.4 2.3 (11.4) 2.5 (13.5)
. 100+ ! s —_—
Q | I T
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T
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Many rare species



Polychaetes most
diverse, followed by
peracarid crustacea
and molluscs

(for meiofauna

nematodes are most

diverse)

TOTAL FAUNA

POLYCHAETA
.;‘,/:«» PERACARIDA
I/ 5
Y~ MOLLUSCA
1 1 1 1 1 1 1 1 J
000 2000 3000 4000 5000 6000 7000 8000 9000



The global estimate of species diversity l}: "“‘:.; g
I

» 233 box cores taken from 10 stations across about 100km
of the seabed (21 m? of the seabed)

* 90,677 specimens representing 798 species of animals

* Grassle & Maciolek found they added about 100 species
for each 100km of the seabed they sampled (traversed)

* Extrapolated this figure to the rest of the deep ocean and
estimated that there were certainly more than 1 million
species and maybe as many as 10 million

* Thought to be conservative as they sampled along isobaths
rather than across the depth gradient



Diversity with meiofauna

* Lambshead (1993) noted that the
meiofauna were generally at least
an order of magnitude more
diverse than the macrofauna

* He suggested that there maybe
as many as 100 million species in
the deep sea

Obviously controversial but based
on similar extrapolations for

ot

insects in tropical rain forests. SRR R AN
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Local vs regional diversity ;J %, %
~d 5.0 %

* Local species richness is rarely “saturated”

* The number of species co-existing locally can be
determined to a large extent from inputs from the wider
area

* In many cases, local species richness may reflect regional
species richness.

* An effect of this is that continuous sampling at the local
scale, within an ecosystem, will result in finding more and
more species as you are sampling the regional fauna

* In the case of the deep sea this is a very large pool of
species indeed



Supporting evidence

Nematodes: Clarion Clipperton

Fracture Zone (3000km) (__)Zscl !

Species accumulation curve : : ;
north to south — rapid 3 - | | | o
accumulation to 0.1 species per 0 N
sz. (b) 250

Species accumulation curve B ‘

running south to north, rapidly i

Goes to asymtote — 0.006 species 71
Km?2 0 5 10 15 20 25

N

Difference in global species diversity Decrease in organic C flux
107 to 10° from south to north



Meiofauna & macrofauna- CCFZ 7
A

Nematodes — 71% of species in northern region sampled in southern
organically rich area

Polychaete worms

Core of 30-40 species dominated local to regional (3000km) scales of
sampling

Represent 70-90% of individuals

ncatic N ; )/ FE E -
Location M 5 D Dp CFE ICE N - NO. SampleS/
1 English Channpel 1271200 320 A6 5 1040 2103 (0.9987) 922 H W'H
2 Mew Caledonia Lagoon I0A000 0 333 10 B-1is 1734 (0.9999) 702 IndIVIduals
3 Mersey Estuary Fie842e 323 22 Littoral I84 (09987 327 — H
4 Guadeloupe 10997 140 85 0.5-5 871 00,9972 303 S - SpeCIeS
5  Central Equaronal Pacific Abyssal Plain 217877 218 3195 430145994 360 (0.999%) 281 — .
6 HEBBLE North West Atlantic Abyssal Plain 182432 174 1 4626 623 (0.9999) 238 D = distance between
7 Irish Sea 15/9113 158 10 3956 2R7 10,9997 221
§ Porcupine North East Atlantic Abyssal Plain 6/1211 119 1 4850 306 (0.9999) 160 samples
9  Thames Estuary A0/aT 69 152 Th Litroral 230 (0.999%) 152
10 Fiji, Ono Reef 21700 95 4 30 244 (0.9997) 138 Dp = De pth
11 Clyde Inland Sea Sandy Beach 16/88% 113 50 Low warer 129 (0.9988) 133 .
spring CFE/ICE = species

12 Madeira North East Aclantic Abyssal Plain Y76 71 1 4950 2ET0.999%) 106 .
13  San Diego Trough, Bathyal East Pacific 61381 98 0.5 1050 102 (0.998%) 100 EStlmatOrS
14 Mangrove Swamp, Guyana Inaanay 5 2 Intertidal 131 (0.9992) i
15 Moorea, Polynesia 7700 42 01 1.6-3.1 56 (0.2998) 56 Lambshead & Boucher 2003
16 Mudilar, La Rochelle, France 363600 43 4 Incervidal 65 (0.9986) 49

J Biogeogr 30: 475-485
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Source-sink hypothesis 7 i
A(,J bt ud
Depth (m) » »

The bathyal zone is thought to
act as the “source” population
for the abyssal plains that are
viewed as a giant “sink” for
propagules of bathyal origin

Il ~{||'” i HHH'“'U"

Requires that bathyal species
must disperse over massive

distances and vertically across
depths

Species of Caenogastropoda and Vetigastropoda

(RCX et al., 2005) No.Spp B = A

Figure 2: Bathymetric ranges and modes of larval development for deep-sea prosobranch gastropods collected south of New England in the western

IC 1 5 A mos
North Atlantic. The depth region of the abyssal plain is shaded. Data are from Rex and Warén (1982) with updated species names and locality

Depth range of snails along continental
slope
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* For many groups of deep-sea animals,
diversity is concentrated on the shelf or
bathyal zone.

* Species of these groups tend to occur
across wide depth bands with species
ranges extending into the abyssal zone

* Include: the Echinoida (sea urchins),
Polychaeta (segmented worms),
Decapoda (crabs, lobsters and allies),
Cirripedia (barnacles), Ophiuroidea (brittle
stars), Cnidaria (corals, anemones and
sea pens), Mollusca (clams and snails)
and Sipunculida (peanut worms)

* Mollusca — main group on which Rex
hypothesis was established.



* A smaller group of animals have a much
higher proportion of species that have
narrow depth ranges and which are found
on the abyssal plains and lower bathyal
zone

These include the Porifera (sponges),
Isopoda (crustaceans resembling pill bugs),
Asteroidea (starfish), Holothuroidea (sea-
cucumbers), Echiura (proboscis worms) and
Pogonophora (beard worms). In particular,
the hexactinellid sponges, Asellota
(isopods), Phanerozonia (asteroids) and
Elasipoda (holothurians) are orders that are
predominantly distributed in the abyssal
zone.




Acar plicata

Limopsis tenella 197.1
D e e p ; S h a I I 0‘ n ' Empleconia cumingii
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Zoroaster fulgens

— adult depth range
- -+ juvenile 1angs (whers &t extands
bevond the adult dapth 1anzs)

2500 4
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Dr Jan Strugnall, British Antarctic Survey

Vitreledonella richardi

. Japetella diaphana

*[ Adelieledone polymorpha

81

«Q

Ico
*

Adelieledone piatkowski

Pareledone aurata

89
. Pareledone serperastrata
9
Pareledone subtilis
- Pareledone panchroma

Pareledone charcoti

Pareledone aequipapillae

*

b7 Pareledone albimaculata

Pareledone cornuta

— Pareledone turqueti

Megaleledone setebos
Thaumeledone rotunda
* Thaumeledone gunteri

Thaumeledone peninsulae

Eledonella pygmaea

Graneledone boreopacifica
Graneledone verrucosa

Graneledone antarctica

Velodona togata
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Antarctica is a
centre of origin
for deep-sea
species
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Molecular barcoding work 7 oy i
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* Box core samples from 1st Kaplan cruise: specimens from CRS 822,
825, 826, 829, 833 and 844 (97 individuals).

* Have sequenced ~500bp segment of 18S small subunit ribosomal RNA
gene

* Total of 72 individual sequences generated.

* 72 sequences clustered into 53 distinct MOTU (2bp variation or less).
* Most common MOTU had 6 members.

* Majority of MOTU (45) had only a single representative.
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BLAST searches n i
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No sequences were found showing 100% identical matches
to any known nematode. However, the following were found
as common closest hits (90%+ identical)...

- Enoplus brevis Pontonema vulgare

» Trischistoma monohystera

« Enoplus anisospiculus

« Syringolaimus striatochaudatus
» Anaplectus sp

» Belondira apitica

« Sabatieria punctata

Viscosia viscosa

Tobrilus gracilis
Campydora demonstrans
Praeacanthonchus sp
Enoploides brunettii
Oncholaimus sp



Unknown taxa?

11 e Outgroups

CrtElega, Cyartonema elegans, AY854203
NHM_group1

e Monohysterida

Comesomatidae

o Isolaimium
848_16, 848_16, ARB_B315E303
5 " Tripyloididea
— Plectus_et_al
_— Wilsonema_sc, Wilsonema_schuurmansstekhoveni, ARB_9A569EB7
Plectidae
[ Plectus2

7 Anaplectus
8~~~ Chronogaster
2 " NHM_group2

2 Teratocephalus
Anguilicolla, Anguilicolla_crassa, ARB_AD69720C
[/3Gnathostoma

F a1 " Medium

Myolaimus_sp, Myolaimus_sp_U81585, ARB_86165C49

B Big_group

= Poikilolaimus
RBhabdit

J“2Euteratocephalus

6 — Araeolaimida
ik Paralinhomeu, Paralinhomeussp. ARB_FCCBB4BE
5 P groupX
J“4aNeochromadora

| UncNemad4, uncultured nematode, AY763144
UncNema6, uncultured nematode, AY 7631
ChrTenta, Chromadorita tentabundum, AY854208
UncNem14, uncultured nematode, AY763134
UncNem21, uncultured nematode, AY763127
848_07, 848_07, ARB_21389205
848_15, 848_15, A-RB C4A087DO
848 34, 848 34 ARB 4021D6DC
8_42, 848 42, SBEDES88
SplF'_arad Spilophorella paradoxa, AY854211
848 23, 848_23, ARB_EB4F44
848 29,848 29, ARB_888D47CA

37 Microlaimidae

EthPrate, Ethmolalmus pratensis, AY593942
., Halichoanolai musdolichurus, ARB_15BA0A0S5

Achromadora

Cyatholaimidae

[ 22 f“/_}—)")') Desmodoridae

ProCircu, Prodesmodora circulata, AY284722
[ Campydora_de, Campydora demonstrans, ARB 00833916
_ 25, 826_25, ARB_ CC83B6C

_A,_————— NHM_group2
SyrStria, Syringolaimus striatocaudatus, AY854200

Enoplus
<J—L‘(24 e o NHM_groups <
9 " NHM_group7 —

o NHM_group9 <_
| —-
. [/7NTubli
L4 Enoploides
Alaimus
Trischistoma, Trischistoma_monohystera, ARB_26295AB7
A Aronus
18— Dorylaimina?
6 " Mononchina?

’—l 4 " Trichodorus—ish
5 a] QRS NHM_groupY
~—_— Tobrilus_gra, Tobrilus_gracilis, ARB_2FB1F65D

Prismatolaim, Prismatolaimus_intermedius_AFO, ARB_BD6163CA

4 R Anoplostoma
Adoncholaimus

40 " oOncholaimidae

Uncultured

=3 e NHM_group10 +—



M-OTU accumulation curve

No. MOTU defined
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Summary M-OTU diversity
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~‘ %
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Sample ID No. sequences No. MOTU
CRS 822 4 4
CRS 825 14 13
CRS 826 20 12
CRS 829 12 12
CRS 833 10 8
CRS 844 12 10




* Biodiversity does show patterns of distribution in the deep
sea

* Decrease in abundance and biomass with depth
* Mid-slope peak in species richness (in Atlantic)

* Abyssal diversity comprises a low number of “common’”
species and many rare

* Likely that this represents sampling of the regional fauna
* Corroborated by central Pacific morphological studies

* Consistent with molecular data

* Are the “rare” species really rare?



