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Why quantify biomass?

 Quantify mussels lost
 Quantify mussels gained through 

propagation, habitat improvement, or water 
quality improvement
 Compare sites
 Quantify mussels gained through land 

acquisition

Joel Berglund



Relative biomass or absolute 
biomass
 Relative biomass: “There are six times as 

many muckets at site A than at site B”
 eDNA measurements have already been 

demonstrated to correlate well with traditional 
relative biomass measures in many situations

 Absolute biomass: “There are 10 kg of 
muckets at this mussel bed”
 The field is developing rapidly, but absolute 

biomass is very difficult to measure by eDNA or 
traditional methods



eDNA sources (freshwater mussels)

 Intestinal epithelial cells in feces
 Mucus in pseudofeces
 Gametes 
 Lures and glochidia
 Mantle and gill cells
 Carcasses
 Shells
 Feces from predators



Mitochondrial DNA

*



Well water, 
no fish DNA Outflow, lots 

of fish DNA

Environmental DNA analysis
flow rate: L/hr

eDNA concentration: copies/L

eDNA shedding rate or flux: copies/hr



Approaches

 Quantitative PCR (qPCR), Digital PCR (dPCR)
 Presence and abundance of one target species
 Gives quantitative results

 Next-generation sequencing (Metabarcoding)
 Presence and relative rank abundance of all 

species in targeted taxa using DNA barcode 
sequences
 Gives qualitative results



Freshwater mussel (mucket) 
biomass



Silver carp and bighead carp biomass

Klymus KE et al. 2015. Biol Conserv 183:77



Environmental and physiological factors 
can change the relationship between 
eDNA flux and biomass
 Food availability
 Temperature
 Life stage 
 Reproduction
 pH, microbial activity
 Stress (fishing, predation, disease)
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Klymus KE et al. 2015. Biol Conserv 183:77
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Temperature (bighead and silver carp)

Klymus KE et al. 2015. Biol Conserv 183:77

Bighead carp
Silver carp

No significant 
differences



Bighead and Silver Carp Removal: 
Unified Fishing Method
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Allometric scaling can improve 
biomass estimates (brook trout)

Yates MC et al. 2020. Mol Ecol DOI: 10.1111/mec.15543

Density R2 = 0.59 Biomass R2 = 0.63 Scaled R2 = 0.78

Jeremy Harper © USGS



Spawning events: silver carp



Challenges

 Transport
 How close to the mussels should we sample?

 Degradation rates
 How long does eDNA last?

 Field calibration
 How can we measure biomass in the field?

 Low concentrations
 Common species will give best data

 Contamination



How quickly does eDNA degrade?

λ=0.093
t½=7.5 hr

Lance RF et al. 2017. Manag Biol Invasions 8:343



Relationship between % detection and eDNA 
concentration described by Poisson distribution

 24 replicates per 
sample

 Copies/reaction 
measured with digital 
droplet PCR

 % detection measured 
with quantitative PCR



Klymus KE et al. 2021. Environmental DNA 3:231



Conclusions
 Quantitative eDNA monitoring can estimate 

relative biomass among similar sites

 eDNA signal can be influenced by 
temperature, food availability, and 
reproductive activity

 The precision of eDNA estimates will improve 
as the field continues to mature



Potential eDNA biomass 
applications for an NRDAR case
 Quantify losses/differences of mussels relative 

to reference sites (# of individuals or biomass)
 Use biomass and filtration rates to estimate 

ecosystem services
 Evaluate the return of a species as part of 

achieving a restoration goal
 Evaluate predation rates
 Quantify changes in mussels relative to host 

fish recovery
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