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Benthic Organisms 
Sizes 

Nanobenthos (microflora/microfauna) 

<62μm (shallow-water) 

<42μm (deep-sea) 

Meiofauna 

62μm – 500μm (shallow-water) 

42μm – 300μm (deep-sea) 

Macrofauna 

500μm – 3cm (shallow-water) 

300μm – 3cm (deep-water) 

Megafauna 

>3cm 

Large enough to be identified by bottom photos 



Marine Sediments 

Actual sizes not as important as recognizing scale 

Marine Sediments 

Rarely consist of  just one size 
fraction 

What factors are important to 
biology? 

Surface area 

How much space available for 
colonization 

 grain size =  available 
surface area per gram 

Mayer & Rossi, 1982 



Marine Sediments 

Water 

Marine sediments are overlain by seawater of  varying 
depth 

Water penetrates into sediment, bringing with it 
chemicals, nutrients & O2 

Ability of  water to penetrate and move is 
characterized by :- 

Porosity 

Measure of  space within sediment that can be occupied 
by water 

Permeability 

Measure of  ability of  water to flow through sediment 

Marine Sediments 
Porosity 

Lowest in sands 

Highest in clays 

Permeability 
Highest is sands 

Lowest in clays 

Both factors affect pore water 
chemistry 

O2 is only delivered to marine sediments 
by –  

Water flow 

Burrowers 

Diffusion 

Diffusion usually slow through 
sediments 

Path water takes among sediment grains 
is long 

High tortuosity 

Friedman et al., 1992 



Chemical Gradients 
Steeper than pelagic 

O2 

Sediment 

Hits 0 <2cm 

H2S 

Builds, Anaerobic decomposition 

Redox Potential 

Aerobes 

+ve Eh 

Anaerobes 

-ve Eh 

Giere, 1993 

Many microbial 
and chemical 
reactions in 
sediments 

Aerobic 
decomposition 
major reason for 

O2 

Amount of  
organic detritus 
determines 
strength of  
processes 

Biogeochemistry 

Riese, 1995 



Sediment Microbes 

Bacteria - 109 cells per gram of  sediment 

Decrease in numbers with depth 

But even meters down there are bacteria!  

Bacteria can be ~50% of  total non-macrofaunal 

biomass in upper 1cm 

“Flash Cooking Model” 

O2 limited for aerobes 

Microbes dormant until mixing occurs, then active 

until nutrients and O2 is used up 

Sediment Microbes 

Factors influencing 
microbial biomass 

Grain Size 

Fine sediments 

Organic Carbon 

More organic material = 
more microbes 

Redox Potential 

Mixed – aerobic & 
anaerobic bacteria 

Nitrogen 

Higher N2, higher 
microbes 



Sediment Microstructure 

Colour has no relationship with amount of  oxygen 

Most marine sediments have low oxygen 

Depth of  sulphides 

Organic content of  sediment 

How aerated sediment is by burrowers 

Often considerable separation between depth of  no O2 
and start of  H2S 

Deep-Sea = little to no H2S 

not much organic deposition = low anaerobic 
decomposition 

 low rates of  aerobic activity = higher O2 at depth  

Biological Mediation 

Bioirrigation & 
Bioturbation 

Biological mixing of  
sediments 

Biological mixing of  

gradients 

Wheatcroft et al., 1990 



Biological Mediation 

Deposit feeding has the greatest effect 

Eating, moving, pooping…. 

Next lecture…… 

Reise, 1985 

Biological Mediation 
Burrowing 

Introduce oxygenated water 
deeper 

Animals pump water into 
burrows to aid in digestion 

Meyers et al., 1988 Kristensen, 1988 



Biological Mediation 

Perez et al., 1999 Jorgensen & Revsbech, 1985 

Biological Mediation 

Burrows enhance bacteria and meiofauna 

Increase surface area of  oxygenated sediments 

Organic matter transport 

Reise, 1985 Aller, 1988 



Biological Mediation 
Many species co-living 

Feed and burrow to different depths 

No “fixed” rates 

Tracking redistribution of  material 

Tracers 

Radionucleotides deposited at surface 
234Th, 210Pb, Chlorophyll a 

Shull, 2001 

Physical Flow 

Not just animals that 
change sediment 
properties 

Natural flow can affect 

chemical gradients 

Directly affects where 

fauna lives 

Consequences for 
anthropogenic disturbance 

More anoxic & mixed 

Less fauna, less burrows 

Less N2, O2 etc. 

Huettel & Webster, 2001 



Conclusions 
Properties of  sediments have consequences for 
biological diversity 

Properties of  faunal component can have 
consequences for sediment composition 

Bacteria make up majority of  sediment fauna 

Chemical gradients are steeper in benthos than in 
pelagic 

Gradients can be affected by fauna & flow 

Bioirrigation 

Bioturbation 

Species diversity can be affected by fauna and flow 


