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The deep-seabed: mud – lots of it!



Types of sediment



Sediment thickness



Macrofauna & meiofauna



Global patterns of abundance and biomass
with depth

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

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

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



Decreasing food supply with depth
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

Macrofaunal biomass vs annual flux of POC
In sediment traps. Smith & Demopoulos



Rate of particulate organic carbon flux to the
seafloor

Global patterns of flux of POC Ratio of sinking flux
of POC to primary
production in euphotic
zone



“Fluff” or phytodetritus



“Fluff” or phytodetritus



Species zonation with depth

Vertical distribution pattern of seastars
with depth, Porcupine Seabight.
(i) Many species have a specific depth range
(ii) Juveniles often broader than adults
(iii) Communities cluster by depth

(Howell et al.2002 Deep-Sea Research I 49: 1901-1920). 



Community transition zones

Asteroid community changes
at 700m, 1100m & 1400m etc.

Physical environmental Overall diversity is greatest
parameters thought to be at 1,800m but also increases
important (temperature, increases at >4,000m depth
pressure etc.) 



Quantitative sampling of the small stuff



Species diversity with depth

Polychaete abundance & diversity with depth Peak in diversity at intermediate
Paterson & Lambshead 1995 depths
Deep Sea Res. I 42 (7):1199-1214

Rockall Trough



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
(Rex et al. 1981 Ann Rev Ecol
Syst 12: 331-353)



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. II 51: 1689 - 1708



Hyperdiversity in the deep sea

Grassle & Maciolek, 1992 Am. Nat 139 (2): 
313-341 



High local diversity, many rare species

Very high local diversity – the more
samples, the more species

No single species >10% of sample

10 species made up ~ 42% of samples

Many rare species



Who are the most diverse groups?

Polychaetes most
diverse, followed by
peracarid crustacea
and molluscs

(for meiofauna
nematodes are most
diverse)



The global estimate of species diversity

• 233 box cores taken from 10 stations across about 100km
of the seabed (21 m2 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
insects in tropical rain forests.



Local vs regional diversity

• 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)

Species accumulation curve
north to south – rapid
accumulation to 0.1 species per
Km2.

Species accumulation curve
running south to north, rapidly
Goes to asymtote – 0.006 species
Km2

Difference in global species diversity
107 to 105

Decrease in organic C flux
from south to north



Meiofauna & macrofauna - CCFZ

• 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

N = No. samples/
individuals
S = species
D = distance between
samples
Dp = Depth
CFE/ICE = species
Estimators
Lambshead & Boucher 2003
J Biogeogr 30: 475-485



Source-sink hypothesis

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 

Requires that bathyal species
must disperse over massive
distances and vertically across
depths

(Rex et al., 2005)

 Depth range of snails along continental
 slope



Supporting evidence

• 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.



But….

• 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.
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Zoroaster fulgens

Many examples of cryptic species separated by depth…..



Antarctic octopods: invasion of the deep sea

Dr Jan Strugnall, British Antarctic Survey

History!!



G. verrucosa
G. pacifica

G. sp.
G. yamana

G. macrotyla

G. boreopacifica

G. challengeri

G. taniwha

G. gonzalezi
G. antarctica

T. brevis

T. gunteri
T. peninsulae

T. zeiss
T. marshalli

T. rotunda

Velodona

Antarctica is a
centre of origin
for deep-sea 
species



Molecular barcoding work

• 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.



BLAST searches
Similarity by BLAST search against known 18S sequences

• Pontonema vulgare
• Viscosia viscosa
• Tobrilus gracilis
• Campydora demonstrans
• Praeacanthonchus sp
• Enoploides brunettii
• Oncholaimus sp

•• EnoplusEnoplus  brevisbrevis
•• TrischistomaTrischistoma  monohysteramonohystera
•• EnoplusEnoplus  anisospiculusanisospiculus
•• SyringolaimusSyringolaimus  striatochaudatusstriatochaudatus
•• AnaplectusAnaplectus  spsp
•• BelondiraBelondira  apiticaapitica
•• SabatieriaSabatieria  punctatapunctata

No sequences were found showing 100% identical matches
to any known nematode. However, the following were found
as common closest hits (90%+ identical)…



 Unknown taxa?



M-OTU accumulation curve
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Summary M-OTU diversity

1012CRS 844

810CRS 833

1212CRS 829

1220CRS 826

1314CRS 825

44CRS 822

No. MOTUNo. sequencesSample ID



Summary

• 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?


