
Benthic oxygen demand = 
sediment respiration = benthic 
metabolism

Aerobic demand measured as O2 consumption 
in cores or in situ

Oxygen is the most efficient electron acceptor
highest  ∆G; The other acceptors are vertically 
structured
Electrons are transferred as H+ ions
(1/2 H2 H+ +  e-)

Total metabolism measured as CO2 production

CO2/O2 rates = respiratory quotient (RQ)
= 0.8 - 1.2 for aerobic respiration
> when anaerobiosis is present

Convert O2 to CO2 with RQ, subtract from total
CO2 production to partition aerobic vs anaerobic

Sulfate reduction (primary anoxic respiration)
measured with 35S incorporation into sulfides





Vertical structure of electron acceptors



A summary of biogeochemical processes in
marine sediments



Sediment redox reactions

Shortage of electron acceptors leads to 
negative electrical potential in 
'reducing' sediments measured with
an electrode in mV. 

Zero mV is the redox potential discontinuity
Generally means anoxic sediments, but is 
not a measure of oxygen



Oxygen in sediments

Diffusion limited relative to consumption

Organic loading = excessive consumption = 
zero oxygen (e.g. hypereutrophication)

Vertical structure





Reducing sediments and the RPD



The sulfur cycle

Primary form of anaerobic metabolism
due to availability of sulfate

Sulfate reducing bacteria cannot use glucose;
only low chain C compounds like acetate -
important coupling to fermenters

Reduced product  (sulfide) is toxic and 
oxidized by O2 and by chemoautotrophs

Reduced product is also stored as minerals
(e.g. pyrite)







The Nitrogen Cycle

All POM decomposition and animal excretion yields 
ammonia from protein

Ammonia is nitrified to nitrate (chemoautotrophs)

Nitrate is denitrified to ammonia or nitrogen gas 
(anaerobic heterotrophs)

N2 pathway is a net loss to marine systems 



Fluxes of oxygen and other
solutes are measured directly, 
either influxes or effluxes at the
sediment-water interface

Closeup of incubation core
Note stir bar and burrows

Cores in water bath with stirring motors and sampling 
ports

Methods
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Who is respiring?
Partitioning of benthic metabolism - Barents Sea
(Piepenburg et al. 1995 Mar. Ecol. Prog. Ser. 118) 



Vertical gradients in oxygen

Profiles are the balance between consumption
and diffusion; these shapes may thus be used to
calculate consumption rates.

but, bioturbation disrupts the profiles 
e.g. straightens them and leads to more complex
models

Flux J = D (dC/dz) where
D is diffusion coefficient, and dC/dz
is the solute gradient



Bioturbation has a variety of impacts on the 
sediment surface and subsurface

Surface structure and rougness (tubes, burrows, mounds)

De-compacted sediment surface and increased porosity

Increased erodibility

Changes in grain size through feeding and pelletization

Deepening of oxygen penetration and the RPD

Changes in solute fluxes



Fauna have a huge influence on the sedimentary 
environment via bioturbation, including sediment 
texture and its interaction with the sediment column and 
BBL. These interactions are known as animal-sediment
relations.



Tubes and tracks in the deep sea



Surface porosity effects - note easily resuspended 
surface



Sediment sorting by deposit feeders - feeding 
and fecal pellets alter grain size



Burrows, galleries, and deposit-feeding



Animal-sediment relations in the context of 
disturbance and succession (originated by Pearson/
Rosenberg/Rhoads





The Benthic Boundary Layer (BBL)

Bottom friction causes shear in the lower water column
and a log decrease in velocity
Friction is a function of grain size (roughness)

shear stress τ =  µ (dU/dz)

i.e. the velocity gradient scaled by dynamic
viscosity
units of M L-1 T-2

It is thus force per unit area as follows:

F = ρ CD Area U2

where ρ is density, CD is drag coefficient, A is
area, U is velocity
F/A =  τ  =  ρ CD U2

Define friction velocity U* = (τ /ρ)1/2

U*2 =  CD U2

Z0

Z

U
sediment

z0 ~ d/30



The 'Law of the wall'

Velocity gradient as a function of roughness

U Z   =  U * /κ  [ ln  (z /z0 )]
w h e re κ  is vo n  K a rm a n ’s co n sta n t

ln (z/z0)

U

slope = U*/κ



The BBL affects:

solute exchange
particulate deposition and resuspension
renewal of food for benthos
suspension feeding rates
larval dispersal and settling
and interacts with bioturbation

An example with oxygen profiles and flow



Berg et al. 2003. MEPS 261: 75-83


