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Can eDNA solve ‘the hard-
bottom problem’?

Sustainable Aquaculture project, NFR#267829, 2017-2020



Marine sediments contain microbial communities that can be used to 
reliably describe benthic enrichment using metabarcoding (eDNA)
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Bedrock Boulder

Broken rocks, gravel & 

cobbles on sediment Gravel & cobbles, medium sand Coarse sand with stones

Sand and mud

Challenging mixed habitat environments
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SIBS (‘floc sampler’) development



Preliminary results - MDS

Generation 2 ‘Substrate Independent 

Benthic Sampler’ (SIBS)







The study sites:

-Bedrock

-No sediment

-Mixed bottom

-Rock, gravel, 

sand



Analytical methods

Marcofauna
• Conventional, established 

‘gold standard’ enrichment 
indicator

• Full taxonomy

• Species count data & indices

• Used to validate enrichment 
status (where possible)

• Very difficult to obtain 
samples. Impossible at 
Southern sites.

Microbial eDNA 
• 5g sediment from core 

surface

• DNAeasy PowerSoil kit

Conventional sediment grab SIBS sampler

Microbial eDNA 
• 500ml sample ‘hoovered’ up

• Contained in sterile bag

• Filtered on to 47mm GFF

• Zymo Quick DNA mini-prep kit

• V3-V4 region of 16s RNA

• Illumina MiSeq sequencing

• Amplicon purification & normalization

• Quality filtering & denoising

• Microbial ASV read abundance data

‘Grab-MF’
‘Grab-eDNA’ ‘SIBS-eDNA’



Substrate assessment categories:

• Distance: distance of station from farm (m)

• Base substrate type: Underlying substrate, e.g. gravel, bedrock, sand

• Mobile substrate type: type of flocculent material, e.g., sand, shell-sand, organic silt etc

• Extent of flocculant cover: extent of loose inorganic and organic layer overlying base 

substrate

• Visual impact category: visual assessment of organic enrichment based on expert 

judgement

• Enrichment stage (ES): Measure of benthic enrichment level based on environmental 

parameters (in this case by b-MBI – explained shortly…)



• Microbial eDNA from SIBS –

read abundance of  ASV’s

• Difference are well 

described by distance from 

farm

• Not prefect – but distance is 

not necessarily a good proxy 

for enrichment…

• Need to dig a little deeper to 

see what is responsible for 

the variances

‘SIBS-eDNA’



‘SIBS-eDNA’
Factors Df SumsOfSqs MeanSqs F.Model R2 Pr(>F)

A. Region 1 2.3028 2.3028 39.320 0.13261 0.001 ***

log(Distance + 1) 1 4.7807 4.7807 81.630 0.27531 0.001 ***

Base Subst Type 5 1.4536 0.2907 4.964 0.08371 0.001 ***

Region:Farm 4 1.9172 0.4793 8.184 0.11041 0.001 ***

Residuals 118 6.9107 0.0586 0.39797

Total 129 17.3650 1.00000

B. Region 1 2.3028 2.3028 36.377 0.13261 0.001 ***

log(Distance + 1) 1 4.7807 4.7807 75.519 0.27531 0.001 ***

Mob Subst Type 4 0.9004 0.2251 3.556 0.05185 0.001 ***

Region:Farm 4 1.8478 0.4620 7.297 0.10641 0.001 ***

Residuals 119 7.5333 0.0633 0.43382

Total 129 17.3650 1.00000

C. Region 1 2.2016 2.2016 38.506 0.12858 0.001 ***

log(Distance + 1) 1 4.7325 4.7325 82.769 0.27640 0.001 ***

Floc Cov Ext 5 2.1466 0.4293 7.509 0.12537 0.001 ***

Region:Farm 4 1.4088 0.3522 6.160 0.08228 0.001 ***

Residuals 116 6.6326 0.0572 0.38737

Total 127 17.1221 1.00000

D. Region 1 2.3028 2.3028 39.407 0.13261 0.001 ***

log(Distance + 1) 1 4.7807 4.7807 81.810 0.27531 0.001 ***

Vis Impact Cat 5 1.5212 0.3042 5.206 0.08760 0.001 ***

Region:Farm 4 1.8648 0.4662 7.978 0.10739 0.001 ***

Residuals 118 6.8956 0.0584 0.39710

Total 129 17.3650 1.00000

Base substrate type

Extent coverage of floc layer Visual impact category

Mobile substrate type



‘Grab-MF’

‘Grab-eDNA’

• Procrust Protest correlation: 

Cor = 0.757, P<0.0001

• … Grab-sourced microbial 

eDNA shows similar differences 

between samples as benthic 

macrofauna

• They are different things, so it is 

unlikely to ever be perfect

‘Grab-MF’ ‘Grab-eDNA’



Sensitive species? → EG I

Tolerant opportunistic species? → EG V

Bacteria (eDNA)

b-MBI = 0*EGI + 1.5*EGII 

+ 3*EGII + 5*EGIV + 12*EGV 

AMBI – Broja et al. (2000)

AMBI Biotic Coef. = [(0 × %GI) + (1.5 × %GII) 

+ (3   × %GIII) + (4.5 × GIV) + (6 × %GV)] / 100

‘GeneCode-ID’ database
(EG’s assigned to bacteria ASV’s)

The b-MBI index
(‘bacterial-metabarcoding biotic index’)

b-MBI

• Only 395 bacterial ASV’s

• Derived from New Zealand 

sediments



‘SIBS-eDNA’

‘Grab-eDNA’

+

A. Df SumsOfSqs MeanSqs F.Mod

el

R2 Pr(>F)

Farm 1 0.3378 0.33780 6.043 0.03130 0.0008 ***

log(Distance) 1 2.3529 2.35285 42.088 0.21799 0.0001 ***

Source of sample (SIBS/Grab) 1 1.5523 1.55228 27.767 0.14382 0.0001 ***

Base Substrate type 3 0.4036 0.13453 2.406 0.03739 0.0088 **

Farm:log(Distance) 1 0.2769 0.27688 4.953 0.02565 0.0028 **

Residuals 105 5.8698 0.05590 0.54384

Total 112 10.7932 1.00000

B.

Farm 1 0.3378 0.3378 6.603 0.03130 0.0004 ***

b-MBI 1 3.4700 3.4700 67.831 0.32150 0.0001 ***

Source of sample (SIBS/Grab) 1 1.2344 1.2344 24.129 0.11436 0.0001 ***

Base Substrate type 3 0.2590 0.0863 1.687 0.02399 0.0691 .

Farm:b-MBI 1 0.1206 0.1206 2.357 0.01117 0.0614 .

Residuals 105 5.3715 0.0512 0.49767

Total 112 10.7932 1.00000

Table 4 Test for significance of (A) distance-based factors (‘Farm’ and ‘Distance’ from farm) in 

relation to Source of sample (SIBS versus grab) and Base substrate type, and (B) 

replacing Distance with b-MBI (assessed Enrichment Stage) using permutational 

analysis of variance (PERMANOVA) based on distance matrices from all SIBS obtained 

microbial eDNA samples. 

‘Grab-eDNA’ ‘SIBS-eDNA’



• Challenging steep bedrock sites

• Previously impossible to assess 

waste prevalence / organic 

enrichment 

• b-MBI from SIBS provides 

invaluable information about 

waste distribution and 

enrichment status

• Raises interesting philosophical 

questions about what it actually 

means…?



Take home messages
• Microbial eDNA extracted from sediment layers overlying almost all marine substrates 

contain valuable information

• Microbial assemblages contain the same ‘species’ that are being used to assess 

benthic enrichment in conventional soft sediments

• A new device (SIBS) has been developed to sample these challenging substrates

• The few microbial ASV’s for which we have assigned EcoGroupings (based on New 

Zealand sediments) already permit us to calculate a meaningful biotic index in Norway 

– this will only get better – fast!

• The tool also has a lot of  potential for mapping the distribution (‘footprint’) of  farms 

irrespective of  substrates – a tracer style approach

• The potential is still relatively untapped (still a lot to learn) 


